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HEATI NG APPARATUS USI NG THE SAVE HEATER BACKGROUND OF THE | '
of the Inv resent invention relates to a carbon %MWA
object seammmum WNMEnd a fluid heating apparatus using t

and nore partlcgwgr y to a carbon wire heating object sealing h8&¥r haV|ng
an excellent heating characteristic which allows it to be used preferably

for sem conductor processing and a fluid heating apparatus using the sane
heater. Description of the Related Art _Sem conductor nanufacturing

processi ng reqU|?%%BQWrWEBEt%%%%¥%@u@%J%%ﬁt$%ALEN@eHEﬁTﬁ8aBNPreatnent
t f d f h h
ox dat i o i £ 1 PR s BN R erR! SRR RESE R ns T n the heat

treatment process absol utely needs to be non-generation source of a
substance which deteriorates sem conductor perfornmance such as inpure

netal. For the reason, a LAkER bﬁD“@?C9HEh N Egﬁ of its heating el enent
conposed of tungsten and He~§+%e—+s—eﬁve+e§—mr@ﬁ—ﬂu rtz glass has been
often used; 1§ theQuartz gl ass for covering the heating el ement conposed
of tungsteﬁeand t he £ %appens to be danmaged when the heater is used, for

exanple, in a Sﬁﬁ@cﬁf@é@ﬁ@ RPEWE A6h UFE NG 5 0E8Ss Ehebdn atpmsphere,
cleaning fluid, 1

heating object sealing heater and a fluid 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 |ike are contam nated with the netal, so that wafers
are also further contam nated. Even if the quartz glass pipe is not

darmaged, there exists such a problemthat the netallic contam nation nay be
generated fromthe heating el ement through the quartz glass. From

vi ewpoints for preventing the netallic contam nation with inpure nmetal, the
i nventors have proposed a carbon wire heating el enent sealing heater which
can be used as a sem conduct or manufacturing heater, which is nore

advant ageous than the netallic heating el ement (Japanese Patent Application
Lai d- Openghond2600:81886) th#hilskearbencantemfheaedngiehetkat heksl,

manuf actured by knitting plural bundles, each bundl e being conposed of
ultra fineochhdbnwifbepsaret slReatbnghespaentynisasadh | eEvandift she
tenperature rising/declining characteristic is nore excellent than a
convent i ofBRT kBt dLRFE RéBEi A§ BPEnEANadRd. i taeRPgRXLERPePUftre durability
is excellent Ender nonogidizin atnnsghere. Because this carbon éLre is

manuf act uPEEPHG™KAPEE A epWﬁFﬁElBGnSP 53BiBAtLBhpBaEd°Ef IFFREAESFboN

fib , 1t h | lent flexibilit heat i | t d

(bors. 4 hgs.m ggpesll sal, Lher\RLLx Lhenea beatLpg. el erontcompose

easily into Varb?Sﬁ SQQngﬂﬁﬁé'QEroﬁrégéRgiﬁ @h%eﬂ%98ﬂ§ﬁ8t°r manuf act uri ng
Fcular uct or

heater. In recent "years, par y I n senrcon nmanuf act uri ng

i”d“StriaFoBEEﬁQnaEESndhg%ﬁt?ﬁpﬁ&etRétﬁ@teEhQaEnQEEEokgcﬁﬁééed mor e and

nore for large capacity egration of the sem conductor circuit and

i mprovemeptopbs¥hehdchabenf Qi reeduati g eficmeat BasibagnnhdarBrded iomre
strongly. To neet such denmands, nore strict tenperaturée control than before

has been denapdedseBonst hesepasonduatbeahahuththulresy heatefg whevdnness so
as to heat a treatnent furnace and the |like to a desired condition has been
demanded. iAl hheaghdirhnsagaphenthiane theatmenglélienbprtitsegl edgmkeater is very
excellent in views of prevention of inpure netal pollution as described
above, genéepahemeoPabkatkAppdtisasnocanLliadePpkacloef 28A0eRa®8RY -pi pe
(quartz glass pipe) in which the carbon wire heating el enent was seal ed was
noti ced when thﬁglﬁeé@éboﬂa§1@§edheﬁéﬂﬂgc@ﬂ@mﬁytﬂnlé rapBéackiredhBat i ng

el enent sealing heater having.a U shaﬁ?d side view, having a straight

heating pSPLFEARENBLPEGY BEAOKEEH EEF H&Pdéﬁrpﬁéﬁg 6A™BeER%Rds of the
sane straiggt pgntion t rog%hbeach b?nt @or%Lon, genengtion of ;@eie bl ack
spots was AGERcEUCGEREPRD SAPEE 5t he L5 abk 3L phHs CERAFREYi AfeP"Fa¢E of t he

| ¢ o : I . r : . o r :
IR i S im0 i TR st LYk S ettt D e
heat ther@QXe@QHﬁknghgﬂeﬁeQ%%%%nk@oﬁgqth@gallic 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



Accordingly, the inventors of the present invention have noticed that
generation of the black spots occurs under influences of absorption water
gquantity of the carbon wire in which the el enment pipe (quartz gl ass pipe)
is 3 sealed in and the inside dianmeter of the el enment pipe (quartz gl ass
pipe) as a result of accunul ated researches on the cause thereof and then,
reached the present invention. As shown in Figs. 27A and 27B, the term nal
portion of the aforenentioned carbon wre heating el enent sealing heater
conprises a glass pipe 421, wire carbon materials 423 acconmodated w thin
this glassnb¢®eaMQqn|@fath©n®¢@sg@@d@©b@é careaiboandi kepheuenagt epénent
422 accommpdated in the glass pipe 421 and ni pped by the w re carbon

mat eri al sY42Bd Bake af powEedeEhbry @5nﬁ@§F|h@SmP?@n4§ﬁmé@@6ﬁn@§§€ed wi thin
the gl ass pipe 421 and nlpFed b% the wire carbon materials 423. A quartz
gl ass nen%gFOQQ%ycong?l@%? ngu e h@%@%?dﬁal%05%d§tFéchEﬁ@EFEEtPBGan openi ng

d t 421 421 dt bo heat | t
42 Pgrih??%aﬁgidt%ﬁ%h%?g?ass%géngﬁaneﬂgﬁﬁaﬁ?go “hotachaniaanen fig end |

portion 4§1§t's Sltﬁhiégsc g%rlctﬁ Sgo gveﬂg internally | oaded
substance SuUCh™as e €ar bon 68 |ng &P 8-t Ae wire carbon

mat eri al @23, {hom | $IPhGe O ha Ehet hexather nap glréaecehage BHeH og end
portion (not own) e ass plpe IS c ose ot her ass menber
with the gopRegthRgquk! e 424 |ntroduced out thereof. Such a structure
connects the carbon wire heating elenent 422 with the power supply
connecting W reaPdhehgettheal tyrboronghet Reaing €aeROALMBELLEALS 423.
Conventionally, when the wire carbon materials 423 4 were accommodated in
the termhahtporisonetgl agsepiprtd2i) vieawa conpressadishabveé, ifnparwire
carbon materials 423 were | oaded in the glass pipe 421 by batch. For the
reason, imesahepohkgttonesstfascasbstiomhova, Fogne2@Biocanoéntlpokti on of the
carbon wire heating elenent 422 is deflected toward a wall side of the
gl ass pi pep4s. oAsan ieBEFtfaas ghown PheFPpt PIAe daperipheiyssf an
opening end portion 421a may nmake contact with the carbon wire heating
el ement 492Pe}flﬁhﬁhéﬁFthemF@ébﬁBaWFﬁa BPefbRe 222MSRE VRE §rRaispi pe 421
make a direct contaﬁ each otger (becaus pressed), reaction between

z

car bon (cyaanaoaba? w?%?o??aﬁraﬁﬁ §§e¥a§tu§e ntact poi nt, so that
breaking of wirg_ | ogcg aL th F regards %hg %hape of
E ?ernlna 8r?

the heater ternina pOf%IO% an® LS aped ion-as § Pn Fig.

28 is a'sﬁeg§§9 héglﬁ?de gzéﬁhggh E?HE'QEeQ'SHavigg %;%%rﬁﬁ 9” material s

423 are | oa on a s e gl ass pi pe batch so as to fix

the Carboﬂeﬂkiﬁgh?@kkEgneEﬁHEPEoégae@nQ1EheﬂerhﬂﬁaanQQ@1Wh%eoﬁ?%b%ﬂg
el ement 422 is introduced to the other side 426b of the glass pipe 426. In

the neantengs bhetheakemenNBtRabgHy psrtovrednhabegd ehchheedtther side 426b.
If the carbon wire heating elenment 422 is bent at this term nal portion,

the wire parbdanpayeneabsid@3cdr ehswel béacknspde st kasbeot ipedt.i on of the
L- shaped gl ass pipe 426 as shown in Fig. 28 so that the carbon wire heating
el ement 422 is peessetiiagaphsthehelankespwbibl oof thheighagsface 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



5 pi pe 426. As a result, the carbon wire heating el enment 422 nakes a
contact with the wall face of the gl ass pipe 426, so that reaction between
carbon (C) and quartz (Si02) progresses at this contact point, thereby

| i kely generating breaking of wire, which is a technical problemto be

sol ved. As described above, nore strict tenperature adjustnent control has
been demanded in the sem conductor manufacturing field. For this purpose, a
heat er capabl e of heating a treatnent furnace and the like to a desired
state or a heater having directivity in radiati on heat has been demanded.
Parti cul agdyled nim dwedt €hef dnsheéat dhgmébhert oatheneélémenacpipeomits

| ateral direction, appearance of a heater having increased radiati on heat
in the difecaron goiashepipeliaal apraseltl| af enatuditatedonyshascheen
demanded. For exanple, if as shown in Fig. 29A, the aforenentioned rod-Iike
heat er 470nishereatee Veereehl #yd thenat Freachedt tha phes@ntection of the
vertical plane is increased. However, because only a heating elenment 471 is
provi ded, 1&VeREI - i n which radiation heat is transmtted is small. Thus,
to increase the radiati on heat transni ssi regjon, it.,is_necessary to
provide with pl%ﬁaﬁh?%ﬂ-+?k§l%%at2?§ el agZ%t gh@ LpBPERBht PBAEHCPod- | i ke
heater 470 IQ this case, . a % anti£¥ of.congecglng t?rnin | s 4;2

cor r espondf ng"% ot RESATbEP GF CRECPBAYTFRe ARkt BY s ST EFEGUPPEY "Pher eby

| eadi ng tQ I e st b KS1a [echni r , be sol ved.
By fornin%e%E%%a§§ﬁ%9% %%e%tgg?%sggkggp?g%é-%?ﬁg h%g 8? ﬁskgggégaeringly as

shown i n Eﬁg'ag?%éggtéﬁgévi’?h%ﬁa%kEhgiggsrﬁ&jb@tLl?'i‘ hgah bsmbheds@itted in

the direction o e vertica ne can be expanded. Further, 1n this case,

the quantitytef hheaepsnegiiagntetihhakseiddti 4200k ckBRmeasedds@nmuch as
the case of the rod-Iike heater 470. However, because the heating el enent

476 meandehénglyestpepkl y2isahar negpwdt byatheederer sapredngapterithere is a
limt in increasing the radiation heat in the direction of the verti cal

pl ane. As4Zigscanied pbeee, sthplgarbonewtiaghedtriend2dl emeptmeealtienly heat er
is very excellent in views of prevention of inpure netal pollution. The

i nvent or swbthihetheegéassi nipat #8h sodshdered bvh&heappiiecagirdbes t hereof in
t he sem conductor manufacturing field. As a result, they have noticed that
the techn®abgyiedn Hé3apphi aHarszadfprardMRBRELng2apFaratds Uaidor éached t he
present invention. K SUWARY,OF THE | NVENTI ON The present invention has been
acconpl i shedteb Bal0ePPHE 4BoFenNBESERFLEE FBCHHFB&ngFBQIEHEtéH& a first

obj st of 450 BF BB oL IMETLLSD, 311 9ol BHLIZRuERr UG gl g el eren

ggggfpgﬁféléﬂeﬁﬁaﬁbﬂgiksiﬁﬁ?hhuégg Baat cgeRBLALLARN 1 GRALAGT BU 3R 1S
421la. This opening end portion 42la 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



Further, the present invention has been acconplished 7 to solve the
above-descri bed technical problens and a second object of the present
invention is to provide a carbon wire heating el enent sealing heater in

whi ch contact between the carbon wire heating elenent and a glass pipe is
prevented and breaking of the carbon wire heating el enent is bl ocked by
accommodati ng the carbon wire heating elenent substantially in the center
of the glass pipe. Further, a third object of the present inventionis to
provi de a carbon wire heating el ement sealing heater which suppresses

di f f usi orwefe pattomandasatisiantkeef tenmi halhpartionpdoineal riby 4L usi on of
such pollutant substance as inpure netal froma heating elenent, pollution
on a proctssi ngompiestedssbabeketihet isecapbbanwnpéehéatbng2él wAEAt seal i ng
heater having directivity in radiation heat and capabl e of increasing

radi ati onl®R %dihnat@?rézﬁﬁénpbpevé?@iEélbﬁFﬁhe. Fart RBe, rg§af8trt Atobj ect
of the present. invention is to grovide a fluid Eﬁatinﬂ aggaratgs whi ch
suppr esse3OBF FHIEF on°BES pbf bt ant SRABEt AAcELEr of’ PhedRe&PEr POBAMP cul arl y

di ffusi f h | | b i . | h i
el eront . 361 FOF | GREGH" " bf GcBESE QU 0Bl BRE™F 5 1B obReACTEREE I GPAHaaL i ng
appar at s, igy| 10, eceLl opl.. 035 [ eS| 80CE BT OPELL Y. (CaRRE 20 AR essi ng

generation of particles an 0SSI'b réduce™in Srze. To achieve the

first objggtpp .tE?Aingfﬁé%QBha%ngf b BE@MHHSdeﬁdCEEQQQdN 49 18egking

el ement seal 1 ng heater a carbon wire heating el enent using

carbon fihers &snegatefditA 8ngUBRLEOH! R38BERGA ngWaEEREA RSO PtiTEN Wat er
gquantity of the carbon wire heating elenment is 2 X 10-3 g/cnB or |ess.

Accordi ngthe aagbberwaspeRtadinghelkemnvant uon, ahlerdel glpsevipded @2¢arbon
wire heating el enment sealing heater in which a carbon wire heating el enent
produced byk&nat tii ngepl doatacar banhf ebehsoicbesedbedaius ea poeaiser ) gl ass
menber, wherein absorption water quantity of the carbon wire heating

el enent i se@ckig0-BegvweaB oarbess.(CThendarbemtwi r(éiReat Phgoetenent akeal ed
in the quartz glass nenber absorbs a relatively |arge water content. Thus,
as shown #ncantaftorPhptredet tbatf braakandgt Rifs Waksor st ildkkokdt &© content and
the carbon wire react with each other when the tenperature rises and at the
time of cB86FRAgati t82FeBBEPhg nol ecul e adheres to the inner face of the

el enent pipe (ayartz glass pipg) as Lhe Rlagk spot, Reagthon formla C +
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



Therefore, to suppress the aforenentioned reaction, the absorption water
quantity of the carbon wire heating elenent to be sealed in the quartz

gl ass nmenber is set to 2 x 10-3 g/cnB or |ess. Because the carbon wre
heating el ement sealing heater of the present invention utilizes a carbon
W re heating el ement whose absorption water quantity is 2 x 10-3 g/cnB or

| ess, generation of the black spots is suppressed so that an excell ent heat
generation characteristic having a snall unevenness in heat generation can
be obtained. 9 Preferably, the quartz glass nenber is tubular and a ratio
bet ween theépdi 4pet erasfat hesaat ponhai cerbeat whge eheaehhgaatlehbrti a8kde

di aneter of the quartz glass pipe is 1:2 to 5. If the ratio of the inside
di anet er mékeheaqoantacyl esshpthbe wallefscehah Phehghashepiipaméeér of the
carbon wire heating element is assumed to be 1, a possibility that the
carbon wi ge Bhdtt heachhen batecen chcbguakty gnésquprbé tBkez2kont act with
each other is high and at a portion where they are not in contact, a

di st ance PF@ﬁfﬁﬁéeéaﬁﬁohhmﬁr@OHEQFFn@oéﬂénehheféthélkﬁﬁﬁrgﬁaééaéﬁnﬂhe
quartz glass pipe is very snall. Therefore, ,if_the aforenentloned bl ack
spot s occBFeaEﬁ@9 af eWhEE- sERLFRr &8 ?nE?ﬂEn%ﬁ@lqﬂéPP%eﬁlﬁgs Bi pe, but
concentrateg a the inner face of the quartz glass pipe, |ocated at the
shortest TPst&fice. As a result, the black spots are visible fromthe

appear ance of tgg 8g§999bgﬁr§bgg%tlﬂgrglgg@g&tsggﬁbgga@g Ler and unevenness

in heat generation occurs at ortron 'S no preferable. On

the ot herahandenbhct BBt ab1Ongt bBEn! AShdRaghatR! EheObehiBoAUAEL 61O asS

pl pe excee en t I anet er e carbon w re heati ng el enent is

assumed t@ahﬁfactbeaﬁ capaghty @Brthﬁlgugﬁkéogéa8§ RbReekNehpases ¢ that
heat response at the ?IHE of tenperature rise/fall drops, which is not

preferabl peaPigfernabkyatinBgtUrahnped eaabenewihigeheat angeehesanttaeal i ng
heater having a straight heating elenent is 10 provi ded and term nal
portions areaphesutdedhanihgt Hierdsivhtgugh bedtiapaohi brat Wher beent he
carbon wire is disposed off the center portion of the quartz gl ass pipe. If
a carbon demendledti n§aekénehbrioseénabsbepteonfor 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,



water quantity is 2 x 10-3 g/cnB or |ess as descri bed above, even if the
carbon wire heating elenent is disposed off the center of the quartz gl ass
pi pe, generation of the black spot is suppressed, so that a carbon wire
heating el ement sealing heater having a snmall unevenness in heat generation
and excel |l ent heat generation characteristic can be obtained. If the ratio
of the inside dianeter of the quartz glass pipe is 2 to 5 when the dianeter
of the carbon wire is assunmed to be 1, even if the carbon wire is disposed
off the center of the quartz gl ass pipe, generation of the black spots is
suppr essedhsoht hat aateanbhbdnalv peobeahi hg kkesehtvedeal i ng heater having a
smal | unevenness in heat generation and excel |l ent heat generation
characteristic Banfbenbhy ad neeat Togacheweett heosefoadrbbfectibé t he present
invention, there is provided the carbon wire heating el enment sealing heater
i n which hayteneddd mﬁéndeéi@ﬁéMta@néhowarb@nFmBre288atthg erghent 1ns
sealed in the glass nenber, conprising: a glass pipe disposed at an _end
portion oVhigk Eharr2dgphssnnBader 1anBrrBFNAEEBAMdRAt PRgIERECEABNPBEL i On of

t he carbon wire heating.elenents a wire garbon_nenper for njpping an end
portion ofPEhBSELI BB a}?aelian H%a??ﬁ@néﬁgnenFPrgﬁara f@rﬁbﬁglc 8Fti on

whose end_j s accommpdated,_ in the glass pLpe andlmhi 2 contains a connecting
wire for Bhﬁegugﬂ b y R pﬁha S?“B%ﬁ%%%gségrmfP% éaﬁg n ieRfBers, wherein the
wire carbop NENDEL %8 ﬁBBgt%%UEEQ ggsglgkak gj%8d9§3 8”h@§€9&eg760”posed of
W re carbon"rmaterral's, an e carbon wre Rea I'ng~el'énent 1's di sposed

substanti ghly L8 t BecSaBEeEnaf nEhe s akasIoRbng aTRnGeLiRephHEal wire carbon

bundl es. In the carbon wre heating €l ement sealing heater of the present
inventionyekhecuing ¢ar bepmEBNREENI § Eeeabtb@hgdeafgabUtaltw@&e gar on
bundl es each conposed of the wire carbon materials and the carbon wire
heati ng el emedt ihsidtspasedgamhagrhbeaplvhahentr éncanbodibundlies aid
substantially in the center of the glass pipe. That is, the wire carbon
bundl e hasha franttiieh pflamechucking portion of a drill, a drilling machine
or the like, thereby trying to |l ocate the carbon wire heating elenent in
the center of the dtassibegeabpsvea kbsuterbphewéaebbaawing Béameng el enent
i s disposed substantially in the center of the glass pipe, thereby

el i m nati A§2A1pEsBEBERIt St HEEYt RECEALBBR Wr ¥1REEt PhgPERFRBAL OB fmake
contact with the glass piﬁe.,Cbnseggentl , reactiagn between the glass pipe
and the ciPBBREWFE2heRPIAYLEPBment RRs 1BYERGRESaRd HPEaRFRGSOHE the wire due

hi ! d., Th he.h [ i f, b ded
r omar kabl § 6 EoRBar BhoL 0ok RoRVERL: ORA Loaagre. PV ERGr L bitRuse the

carbon WIEgm}gonductor 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 generation of the
black spots is suppressed, unevenness in heating is small
and heat generation characteristic is excellent.

Further, the present invention has been accomplished



heati ng el enent runs substantially through the center of the plural wre
carbon bundl es, their resistance can be adjusted easily. To achieve the
second object of the present invention, there is provided the carbon wire
heating el ement sealing heater in which any one of the aforenentioned
carbon wire heating elenent is sealed in the glass nmenber, further
conprising: a first glass pipe disposed at an end portion of the quartz

gl ass nmenber and for acconmpdating a part of the carbon wire heating

el enent; a second gl ass pipe having the same axis as that of the first

gl ass pi peo asdl $or tlae coabvvdatie sgr Aibe@ntleponi cobh ptohl poweanduppl y
connecting wire for supplying electric power to the carbon wire heating

el enent aselcamd epld] pot t Hntlo¢ phesent bbnventeoheasi ng prewkde; aand a

term nal portion accommopdated in the first and second glass pipes in a
conpr essedaspen evand hast hggacherentaspdhinenbertesrini phiag chataarbon
wire heating el ement and power supply connecting wire, wherein the wire
carbon neRderess Ebnstarherdvbiephan %nqA?éeﬁangoﬁnﬁuﬁdgééséoﬁﬁ@@eaSof wire
carbon materials and the carbon wire heatlggaelenent is dlsggsed

subst ant i RFFYSPReE n@nd et ef K oRIt Ak Hlassap HﬁﬁﬁghFﬁElﬁgu FMGNFe carbon
bundl Int h t | h th t
“vent s ont8 RESCFEAcBT R CEEPNaAL ERE BRASS BrRS HAde: R EaPHORLAPFE theat i ng
el ement '§u8¥§59€9?§f9lgﬁe@ %2 eREebNE W f .gﬂgsgop%gés reason is

suppr essed er Sservice € can éxt ended remar kabl 'y

as_compared 10 pyPORYENtLonal -axaIPLE: EUTLRET - DECRUSE, B  2BE0D W re

heating el enment runs substantT al rough t center ural wire

carbon bupdl gsovibei & é§§béﬁaﬁ§§eCﬁ@a@?n@dbMéﬁ@ﬁteééhhingpﬁé5t69|ar|y1
according to the present invention, a part of the carbon"wire heating

el ement lﬁhﬁ@nogapgaéggesndibeuénbﬁtogl9551ﬁt§atw@ubgtaﬁc@nﬁr@mrth@n of the
power supply connecting wire for supplying electric power and an end
porti on ofiedbergcapbohnimuilerhegatii ifuslienent anehapodimbdatedubsttheesecond
gl ass pipe. Thus, the quantities of the wire carbon nenbers in
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.
To achieve the first object of the invention, there

is provided a carbon wire heating element sealing heater in



t he second gl ass pi pe for acconmodating the end portion of the power supply
connecting wire for supplying electric power and in the first glass pipe
for acconmodating a part of the carbon wire heating el enment can be changed.
Therefore, by nmaking the quantity of the wire carbon nmenber in the second
gl ass pipe for nipping the end portion of the power supply connecting wre
| arger than that of the wire carbon nenber in the first glass pipe, the
connecting wire can be nipped firmy thereby preventing electric resistance
from becom ng unstable. Further, preferably, the quantity of the wire

car bon nmewbiclks acceonbodavidei hebhbngeebatlegtassipgpearbohatdgbershas t hat of
the wire carbon nenbers accommbdated in the first glass pipe. By naking the
quantity statee Wire ganbbn gbabermeémbés, whheesrcahdogbassnpiwpeelrar ger
than that of the wire carbon menber in the first glass pipe, the connecting
w re can ®eantppedofi theycaneerbyipeebeating elesentcipedi ¥t adce from
becom ng unstable. Preferably, the wire carbon bundles are acconmpdated in
the gl ass9pFPe FuckEthat FHUSH-BACC FrAGRAE BIPeFe W ré'@ar bon bundl es
are located on an introduction Sidﬁ gf the carbon wire heating elenent in
the gl ass'PYPRLHOR’ atiehfodat PRGVEAEIeRd BEPPIORIER PRETLRPHEACHERE heati ng

| . The, wi bon. bungl f ol ded. b d furth h
Fol ded- batRepeyY | BRACEE HReVUi B AarBERCBURAT Bo  &F 6T ICRLERTBR 1 ne

oL oductpausids o) Lnecpatbon ce Deetingselement o tieoigss i pe

Thus, dus are e quartz gl ass nenber

n which thecarbonsui renbeat | fheeLerenbsbIpteahedatoom bigceng pertion of

t he gl ass pi pe. nsequently, reaction be ust and "an inn 1 of

the quartgngl asspb8BNRere AdBeshgnetBREREf 1502t heiprmey/ gl by wagwenness in
heat generation and the |ike can be prevented. Further, this structure

makes it easy tThénsgrbohheicennesting wiegmehbr sgghetihéncenpr gasedzw re
carbon nmenbers and ensures that a tip portion thereof is fixed nore firmy,
t her eby aghaswi mgmkséababszedssapptyavfivelgclrirgeporeer Eovntkert,. preferably,
the gl ass pipe for accommopdati ng 15
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,0 < 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 107°
g/cm? or less, generation of the black spots is suppressed

so that an excellent heat generation characteristic having

a small unevenness in heat generation can be obtained.



an end portion of the carbon wire heating elenent is forned linearly, the
carbon wire heating elenent and the wire carbon bundl es are disposed
substantially in parallel to axes of the glass pipes, and the carbon wre
heating el enent is introduced froman end portion of the glass pipe.
Because the carbon wire heating elenent is disposed substantially in the
center of the glass pipe even if the glass pipe for acconmopdati ng an end
portion of the carbon wire heating elenent is forned linearly, the end
portion of the glass pipe and the carbon wire heating el enent never nake
contact w th eaodeiterly Furtidegyapref@ladd ymeiher fis stulghbss qmgpea f or
accommodating a part of the carbon wire heating elenment is forned linearly
whi | e t heratetontke giess pPipedfanetec onfrodat | ogrieod porei bast ohgt he power
supply connecting wire for supplying electric power to the carbon wire
heating e¢ksresnt axed thee chrdpbde viliandieatri pf ehengneris gbraedeipaedrly, the
carbon wire heating el ement and the wire carbon bundles are di sposed

subst ant i &1% yt? > parkf | 'ehe torbkesobithhelreide Ahamakesndl gFass pipes, and

the carbon wire heatln element is |ntroguced fromsn end For}%l on of the
first gl s88HFHeIlFe (PR chdel 8PS ot NHRcAULReR hERR af bRe bf e&ffng

I [ i d sub h f the gl h d
port1 on S, ?v?fgﬁ L8 St e 2T RAR0 P PReA g el enent  never
make contgﬁsm L6750, cn ' BErubl oy L. prevhgussxapLe, Burther

pref er abl e for accomuodat| e carbon wre |ng el ement

Is forme ng %7 98 f@%:%%ﬁ%'rﬁaﬁé‘ 298{% E‘h ?géﬁ%th rS¢al gdgnt Dgcarbon

Wi re heat he car on wre bundles are di spose su stantlally

in paral lgl 4 0,4Pei@xeshdFOM 8Ly OPLOI NG el @Qﬁ%h@ﬂ of 8b§tgh@§5f96ﬂe to a
sealing end portion thereof, and the carbon wre heat i ng element is

pr ef er abl yhé nt4 oisloie egli & omeapDRg & hemvht et6athenihoedl escat oa brat portion
of the glass pipe. A though a conventional heating elenent in which a

term nal quoaittonghags cathonisv verhesmahy. el Enenéfare, seéll edein a gl ass
menber is structured through a L-shaped bent portion, this L-shaped gl ass
pi pe is chbpgetenbinehdpbackospatt obeutar bbaywere hett sAgtépesdnt and

Wi re carbon bundl es are disposed substantially in parallel to the axis from
t he openllff@‘sbﬂﬁﬂ PR t denrbE ‘ﬂh@sglﬁ‘sﬁepl bet ugoneephsasedl Pﬂgtbﬁdlﬁaﬁfl on.

The carbon wire_heating el enment is introduced out fromanong the wire
carbon bubfesCht thfedPrh Zp%}%?%npb?ethéoﬁﬁégg ﬁFtheTﬁaoﬁg§§§ing functi on

of the wire carbon nenber is exerted in an area fromthe bent portion to
t he seal |(ﬁjgsre?fac?)0rt| on. Thus, such an inconveni ence that the wire carbon

rener ane S"oLLen Alaife DOOL BOLL{onse; beb e GRCORPM Lfchentng,
seen in the,coryeati gpatn-shapsH 9&9@SheheﬁngCémem@n@vgegﬁéng17

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



Further, the length of the glass pipe fromthe bent portion to the sealing
end portion is preferred to be set to nore than 1.5 tinmes the inside

di aneter of the glass pipe extending fromthe bent portion. Contrary to
this, if the length of the glass pipe fromthe bent portion to the sealing
terminal is less than 1.5 tines the inside dianeter of the extending gl ass
pi pe, the pressing function of the wire carbon nenbers in the area fromthe
bent portion to the sealing end portion is weak, so that like the
conventional L-shaped gl ass pipe, the wire carbon nenbers are swollen at

t he bent pootidedaaddttbercanbbnport eoheatragpedbendad omkiestla pnéssi ng
contact with the inner wall face. In the nean tinme, the glass nenber and
gl ass pi pehraoeghrkeért redrt bobe, nuderein qulae t zagbas swheabes . dtspobed, the
sheath pipe is preferred to be conposed of quartz glass nenber. Further to
achi eve thEfthhedconfectprortive 9f ekt diaventybassthépPe-is provided the
carbon wire heating el ement sealing heater, conprising a heater portion
made of quartz §f a3sCpripen fotrackemhbiat ¢heheny ThePdOmFeerhedti ng

el ement, sealing termnal portions provided on both ends of the quartz
gl ass pi p&abFrt %aﬂEéFﬁrlﬁogtfokgana/ﬁmcoﬁﬁe $FHPT e 7F Mat PP 0¥PAES on t he

i t ] ti wh in_the. heat t 1s f d i_.nd
The quar {5V GRact Bbec@RPPAl Ty aPTrERlTye JTPRLLhS AUaPeSCyl 4EE hipe
t endi ' | ¥ LS f d. i [
The top SR BOFt o APt FORE ar &P or nEt Rl r CErarTy Bnd (ha < aArERg. b1 mi na

portions g f 08 MBdoBte £8YAPOLLI oRSEOL LheLOHARt 2o 0hageiRlPESeRlthe heater

portion extended to sides of the sanme faces. As descri bed above, the quartz

gl ass pip§e$§iMQUHQa§@Erﬁban?naFBﬁaYQVﬁhéﬁénﬁéé§Clh9He§ﬂdgéH6rQH§6hZ gl ass
pi pe extending in the vertical direction is formed |inearly. The quartz

gl ass pi pgsdoaxtselenp Redtbgthernpobhi enaraceetosotd eancihkarly and both
end portions of this quartz glass pipe are extended on the sanme face side,
whi |l e theoksealnad.term nal portion is formed at each end portion thereof.
Therefore, heat radiation fromthe carbon wire heating el enment is generated
| ess at the cir&fl trequatig gf atkepipeidaddianatyrnafietlhe ghertnear quartz
gl ass pipe_extending in the vertical direction. For the reason,  heat

radi ati on9tASEhBLIEEr &8t foRCoP WhoBrENeafipraheropti AhehearBPBr WL T8irecti on

can be increased. Because the heater. portion is fornmed by, w ndi t he
gs assumeg to be 5, even ?f Ehe carbon wgre gs éisposeggof?

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.

To achieve the second object of the present
invention, there is 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
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quartz glass pipe spirally in the vertical direction, the linear quartz

gl ass pipe is disposed in the back and forth direction relative to a
radiation direction and further, if seen in the direction of the vertical

pl ane (lateral direction) with respect to the quartz glass pipe, linear
quartz gl asses tube placed rearward are | ocated in each interval between
the quartz gl ass pipes placed forward. That is, radiation heat in the
direction of the vertical 19 pl ane (lateral direction) can be increased
by radiation fromthe linear quartz glass pipes |ocated forward and

rearwar d. heatihereléemnents; passi &l eetwinbl aporhitat whdsat end having a smal |

| ocal deflection in the direction of the vertical plane by adjusting that

i nterval . aFoerhedatedeiguane zghkassppppesndf whhehheaneaiper i on are
extended on the sane face side and the sealing termnal portion is fornmned
at each efdNPOEEidE VhErebPr PevalséUPReYsBaPPAg PEr APHAFCPELEI BATEs for med
on the sane face side of the heater portion, connection to a power supply

i s made e8R¥POANTEBRBEFt eWRPHRIROtRReWSESI FAGOPBr RERRFTpdFti on formi ng side
across the hegter rt%on actf as_a rad#ati n a'de. Therefqre, radiation
can be intPea %HuBg dP5pBSRAYLav FEFI ERFPRY gPB 8r PRBOFPRe“6n"thE seal i ng

t er m nal orfion fﬁrnin addition, ther rovi ded %he car bon
ma n 1S

. arbo ria Sidgﬂ Lpe ca 'wire Eei%igg el éme i
Wi re heati ng e?ema sea?!na eat er OF ?Ple presen? rnvention, conprising a

heater pogiLonsORde, Ok GHALLT 1! 255 RLPEC)HPL rA6G0 Eggbggﬁgone of the

g 1?! dg& (
af orenenti oned carbon wre heating el ement conposed of car i bers,

seal ing tenhshpalnhpopiiPRS REe¥i dedpen BAhR1eads of the quartz glass pipe of
the heater poftion and a connecting termnal provided on the sealing

term nal portiony Mﬂérééﬁb&ﬁewbﬁétﬁéaﬁﬂﬁéiQMehénﬁoégﬁdih? weadergothe
quartz glass pipe spirally vertically while the quartz glass pipe extending
vertical | yhesptessrtd Lhteatliynandhtheiguackzbghassmpiepesson the top and
bottom portions are forned circularly, and the sealing term nal 20
portions aresfdtnbddabfeptiupstt wbns obrbhe buadiiesgkasd popessefl blie heat er
portion extended to sides of the sanme faces, the sealing term nal portion
i ncl udi ngthegrase pippeohonatesdairsdaninghancentoportirenhertihg carbon wire
heating el ement and wire carbon nenber accommodated in the glass pipe in a
conpr essefl8PghE aAdEEPORPEPRARGNENtBRIPPUEELOH1ER FREPCAr BBRMEe heati ng
el ement, the wre carbon_ nenber, being constituted _of plyral wre carbon
bundl es eﬁEﬁ EB&ﬁB@EHlBElﬁjFE EB?bSﬁgﬁﬁFeP?a%g? ERESEaPBBR *wi re heating
el enent bei ng dj sed appng the plural w.re.carbon_bundl es and
substantial ly i%ﬁggelﬁén ¥ 8?r?h§a5E8§SE%P§%? éﬁghaagggfgéﬁanFeaheating
el ement s | e .can_achi he_a cri first econd and
third objgg%gﬂg?gtﬁégééﬁg ??n§.8¥ﬁég'ig,gggggg%§o§€?§ﬁ36t8§pF8%ide a carbon
wire heatingeel enBREp§ERLLREgheat ebchReWRheh caenenatiior ekatthegbl ack spots
i s suppressed, heat generation characteristic is excellent wwth a smal
unevennesglefeheatngener athesr bfeakienglakst bepear bar w resheati rgeel enent
is blocked, the carbon wire heating el enent sealing heater having a
di rectivi tyrbonr adirat heatheat cardeaapabl eisgboisedr eadistgntddildty am heat in
the direction of the vertical plane. Preferably, the curvature radi us of
t he quart thgl asstpirpeff bheedlesscplipel y therehyceltimifiaténigi mes t he out si de
di aneter of the quartz glass pipe.

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




If the curvature radius is less than twi ce the outside dianmeter of the
quartz gl ass pipe, when forned into 21 circular, the inside of the quartz
gl ass pipe is deforned, so that the carbon wire heating el ement may make a
contact with the inner wall of the quartz glass pipe, which is not
preferable. Further, if the curvature radius exceeds five tines the outside
di aneter of the quartz glass, the wdth of the heater increases and the
radiation in the vertical direction increases, which is not preferable.
Further, preferably, the ratio between the thickness of the heater portion
formed ciheatanbyedémehe guast zupkasatanlibethirdagbf the eehekrperri pher al
portion and on the side of an inner peripheral portionis 1:1.1 to 2.
Because thbkethilokaéswiova thebshdbuofllele itheér pesiiphenak pant ben is forned
| arger, heat capacity on the side of the inner peripheral portion can be
set | argerdimptedradpatyon on the side of the inner peripheral portion can
be set snmaller. Radiation heat fromthe |linear quartz glass pipes disposed
back and forth tan2belpreveReederpbrh BeifAgtr adi Ahedrrasandi recti on

per pendicular 1o the girection of .the vertical plane (Ilongitudinal

directi onJPVEOFLRBr , CPAFE <Fr BEPULECFeAfoFEERCR HArEI BR2RdPEONg a | arge

stress in ihe hgater resent jinvention in its carbon wire

of the i
heating efehth i§?3%58ﬁn583£85 iR ¥ FFEIF?yw8Hﬁd%%u§BF; gl ass pipes by a
pr edet o1, AEfleRUbL L BHCHOLG ErohNgS #RY nBREVAD LRgngRTeLY" sgh19h 3,0gmge of

the |iKke. r, e clrcu uar ass pi pe s pr to be

formed W §38598BmBE rONEuLPHEDRT B8 Eggingpeao¥ﬁ§gqegQFggebg%SOf the quartz

gl ass pipe wth respect to adjacent circular quartz-glass pfpe. Wnding of
the quartajghassdphpeadennsl yorsibheber abbeghgeaysgibhe radiali aagheat in

the direction of the vertical plane (lateral direction) is i1ncreased.
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



However, because the heater portion is fornmed by wi nding the quartz gl ass
pi pe spirally in the vertical direction, the linear quartz glass pipe is
di sposed in the back/forth direction with respect to radiation direction.
Therefore, if the glass pipe is wound too densely, radiation heat fromthe
| i near quartz gl ass pipe disposed in the back cannot be used effectively
and the side of an inner peripheral face of the wound quartz gl ass pipe
reaches an abnormally high tenperature. To avoid this, the quartz gl ass
pipe is preferred to be wound with a gap nore than a tinme the outside

di aneter odatde spavice gl hfs Papebel éxtérdgdprémathakeyt agesompakeds,

radi ati on having a smaller |ocal deflection in the vertical direction can
be obt ai ned. a Rrefieeabl gnat hexampben wivnetheai i hgcealieaenheseakbag heat er
further conprises a heater top holding nenber fornmed on the top such that
it makes Wironiertingtdlemenhnewns agebstanhbatiycthapughathe geassrpipe, a
heat er bottom hol di ng. mepber fornmed on the bottom such that it nakes a
contact wihthd Bliterlfutee ofarhenchredlias, qbbeis geaistpnpe aAg Be23

heat er holglng $§rtion constituted of a linking nenber for |inking the
heater topShofErRge#Bhber with the heater bottom hol di ng menmber. Because

t he heater hoId#ngqgorLiOf is grovided, me Qanical S rength pf t he heater
portion can be THCFEASEY therpyChrEVEntP ng e BAREGRE PPBVIEI8H’ of the

h b | di ) ¢ : | ati

rort er RSl 08 EADPCAERBE i BB RUES b oer BRLAL 8L SNcBARLAREBACEn | 1l ase

bi Pe i NCr RSP 50 Lhabar adbathom bnakhenuepbiealndbreehbopofep be reduced.

Pref erably, ater to ol di ng nmenber i ded to the inside of a

circular 1¢ 8bRSScPLRG &QEQEﬂOQnshﬁﬁl?QH%M@&bétEE@ peater ahat ham
hol di ng menber is welded to the outside of the circular quartz gl ass pipe

formed onehdepbptiom oFuthbecarposrf @iabl eathfgcalbmenw eecheati ng el enent
seal ing heater further conprises a heater top holding nenber fornmed on the
top and paowomeddansddent hikecsecohdr gtjaast pigkass pipe with a predeterm ned
gap, a heater bottom hol di ng menber fornmed on the bottom such that it makes
a contact with Bmuputehefgeenoitiees efrtheéavigeacazbghavsmpepe and a heater
hol di ng portion constituted of a |linking nenber for linking the heater top
hol di ng nehdefedpi@d ghashehiee BOFt afrABIEAA§iRENEEL. eREcRASEIPReOT
pr edet er m ned %gg is provided between the inside of the circular quartz
gl ass pi pEN?oPHEDT oRUPREYt 6RNARETLRE Wa&EefOFopURBIEIRE AERBGEF1Ca col Iision
BEEWEEn tB§w§§ 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



quartz gl ass pipe and the heater top hol ding nenber due to vibration or the
| i ke can be avoi ded thereby preventing a damage. This gap is preferred to
be nore than 0.2 mm Further, preferably, a bottomface of the heater
bott om hol di ng nmenber is | ocated above the bottomface of the sealing

term nal portion. Because the bottom face of the heater bottom hol di ng
menber is |ocated above the bottom face of the sealing termnal portion, if
the heater is placed on a horizontal plane, the bottomface of the heater
bott om hol di ng nmenber never nmakes a contact with an installation surface.
Ther ef or ethevescohdveldsapiye bratgon tampphaedof othé heireasanboh the

eart hquake or the like, the bottomface of the heater bottom hol di ng nenber
never mnakesmiaeroim achewtihst helasstaipal i bne scohaeetithewieby pantkeeting a
portion linking the sealing termnal portion with the quartz gl ass pipe
froma dambgeed| firhby neaet¢he, préechoitoneieacervt réeineaves boemom

hol ding nmenber is preferred to be |ocated above the bottom face of the
seal i ng tle®PhbNd perstadpl®y 0.5 nmor nore. If there is a difference in

hei ght of 0.5 nmor nore, the bottomface of the heater bottom hol di ng
menber never makES EEEAct COF (L EReCTRRERI PR EAS sHiF § areCediBrdaFed

tical yibrat due to_th K t K b
b event | nif o BanRpaS S 1B BRnT G5B EReC 1 bt ERICRY ekt POt é?a%.Ef HBS1 ded the

fluid heat |n _ gpgéﬁ}ggngie% ~Rresent |nvgn£hon Lng §§Hea?eheatlng

pi pe for ) |ng supp i 8d froma |Uld sup ?9 source

portion f€$QEQa§£8H”91£$eh%§€R gePéHSnéng "Bfg gia993%5§e9k8§5 pipe for

accomod ng any one o renentlone carb ating el enrent and

a hOUS'ngaéQémﬁSSQBYHQaEhQQeBBepBEQRbﬂgoP'Qﬁeaegrbbﬁ h@@éeﬁeae&hg
wherein filler material resisting passing fluid is disposed inside the

heating ptpendhtl e a diffusion plate is forned integrally with an upstream
side face of the filler material. Because filler nmaterial acting as

resi stance for passwhgegasrbsndbsposes aréhioldbe beaki agdptpethehe passing
fluid can be provided with an appropriate residence tine. As a result, the
flui d passhagf¢thdedghatkhephbetiong pfpetheanibe sappbinedundihsaasaffici ent
heat by radiation heat fromthe heater portion so that the tenperature can
be rai sed'eeabepredeteenintyodnetirnr shée, ofhEhe| apubpRsYLRg PRPEGGH t he
heat i ng plfe can be made to remain, the sizes of the heatln% g pe and the
heat er po?tPBANEahRbEREedli2d. PFﬁ?tlchHFrydﬁéEaE§@ fhetdpffusienkprate is

f d lly with the fil]l th t f f th
£711er '”%a?%z}n¥@agn9nfpﬁautbaeéﬂgg ?Lé?ﬁﬁ°“ ﬁsgfﬁgrﬁéasﬁ'gﬁsigéeii °
di ffused bg ghe dtffu OP Flat$ ﬁndtgag %bgﬁgghgh gng r%lo%ce on

t he upstrean15|de ace-o nater|a nsequent Y, Bécause gas
flows thrgyg glggglgg Legion of the filler material, residence of gas is
i mproved and eat exch ge efficiency is inproved.

Consequently, reaction between dust and an inner wall
of the quartz 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

15



| ler material on the upstreamface side of the filler material, the

| ler material never partially drops and generation of particles or the

ke due to that reason can be prevented. There is provided the fluid
heati ng apparatus conprising a heating pipe for heating fluid supplied from
a fluid supply source, a heater portion formed around the heating pipe and
made of quartz gl ass pipe for accommpdati ng any one of the aforenentioned
carbon wire heating el ement and a housing for accommodating the heating
pi pe and dheehdgpertpontodnthaheashonfwiterheateng aélersnst i sgf passddng
fluid is disposed inside the heating pipe while a diffusion plate is forned
i ntegral | yingahlyn Upsteabberderé aeeabing helénenerandteh¢avirehe fluid
heating apparatus conprising: a glass pipe for acconnndatin? an end portion
of the ca?dehomiPentbasi aEc eferRpscAt SAPSeadt patty ot cPa¥ablabater portion;
W re carbon nenber accommobdated in the glass pipe in a conpressed state and

g l .
for nippi MLAMCENEHFLFDH BIPERe BT LERSWFREPHRAYIFY BFRMERE and a
term nal rtion acconmodated ip an end rtion, of the gl as i pe and
having a %ﬁ%ﬁ n%ub%lﬁgggﬂ %%??ngr%Wr%nn?%geBOB l?%eoEoE%?egiﬁgsmﬁre car bon
menber, the wire carbon nenber being constituted of plural w re carbon
bundl es é%%%ebonposed of wire carbon materials, the carbon wire heating
el ement being dhspased agongs hiG, b8! kit £aGaLPOR NS o3 80ds 20
substantially in the center of the glass pipe: e Tluid heat ng appar at us
enpl oyi ngs gy&ha R £AT PPN M £ R hEaL{ DY EepRBt ;$88ki pgpbealen gantaghi eve the
abovedescri bed first,” second and fourth objects at t%e sanme tinme. That is,
it is posgibse popdr ovt dgc8ohhtbidt DGt hRgeARPBb At Usni BfWOhehcgepenat i on of
the bl ack spots is suppressed, heat generation characteristic is excellent
W th a smadteunexyeingsslemncheal sgéoenatli bhnaadl by eakengnadf pbheicarbdén wre
heating el enent is blocked, the fluid heating capacity having an excell ent
gas resi deheegpaopepipeaaddchpabtaerbbénbeing heatheg eéduwent havsrze. Here,
the diffusion plate is preferred to be fornmed integrally with the filler
mat eri al Bake heodbaptt vebin eade ¢herof the filler material. If the

diffusion plate is formed integrally with the filler material on the
downst r eam si deF'taeebf PRRIeTEPEY, nhlher fAaFstgasarasPHefcEChroperty can be

i d. Furth the fill terial tjal d ti
o e s EACRS e L0E L LAFL, B B oboneter BRLLb LY g2y generatior
preferablgo %hg iiRLSElgﬁ%ﬁﬁialthg gggégaﬁghég?héhggf?ggrtz gl ass bead, the

di ffusion pfa e is aqu z-glass™p usion plate is fused
with at | ag t iLlLer patgri Lor by EushAgithe quartz
beads.togg?ﬁé?ggﬁ?éthg gﬁ%rgsggléh% ?ik%ﬁqug%?z g?ggg %egds ggg enpl oyed as
the f|||e&i9@t§6ka£u§?§ylh difEusi enpplatetbstaempaspdnofidequartz gl ass
pl ate, they can be integrafed 28

heating element and the carbon wire heating element is

26 Furt her, because the diffusion plate is fornmed integrally with the
fi
fi
i

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 1s 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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easily by fusion. Further, preferably, the diffusion plate is conposed of a
disc-l1ike quartz glass plate containing plural through holes and the ratio
of openings per unit area by the through holes is larger on an outer

peri pheral portion than in the central portion. Because the ratio of the
openi ngs per unit area on the outer peripheral portion is fornmed |arger
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 fromthe entire face on the upstreamface side of the filler

nateriaJ.ofﬁe@.xﬁﬁglﬁhegggééi@wg éingmthhe entire region of the filler
material, thereby inproving gas residence property and heat exchange

efficiency. FurBlhethebeqatistetdiel head eflpod tp e | Soxli sposadoddolmng t he
outer periphery, nore highly efficient heating can be achi eved by diffusing
gas in thehalicactomnmwbdfe theatingrepeméphery Hodnd@dainexchasgepeffi ci ency
can be raised securely. Preferably, the filler material fornmed by fusing

t he shortwithlemn | ¢ke prEFion gizescbbatls sogbetherthe gashpstdhte forned by
fusing together two kinds of the beads, that is, bead of 6 to 12 mmin

di amet er REREHY o henendt | #nd ehl heaRoBeRbir of Pungbes 02 hth fhSEPARBt er and 4
to 10 mmin length at the nixing rate of 1:4 to_4:1 in quantity. Secause
the fill eFURRtAPT AL EOPoRY of 1het Sublt aft®s 267 Omf 3R RSBy P usfg t he

tz beads, t t i i d within the, heati i i nt roduced
iﬁfﬁ|§2:?§§§$+° e%ﬁﬁ%hégggéigfﬁf%%ﬁﬁif%Q%eﬁﬁéeiggéggaﬁ%ggﬂa??ﬁ?%ggﬁgt?ﬁSth
r 0 provide w
surPabIe ?%%i é%tg ?ﬁ%ﬁ #%ggaﬁé%%yﬁ%a%i%ﬁéﬁg?%g %géF%?g%g§tionprepeats

Cransni ssi o, oh &LLACHEQN. aR6ALT ERLNG: AOGoLELACKRRI D SOMR! beated vay

i nside the substance. As ar e introduced gas can supplied with

a sufficigatt heatofluant i §yasdhsrgbore, heat exchange efficiency is
excell ent” and the sizes of the heating pipe and heater portion can be

reduced. Furthexltipsedier@abtynvémel PosDshéyt Ongactompstr eanvsidr af the

filler material formed by fusing the shortcolum like quartz glass beads is

smal | er otrethenpbrostt yownatdecapsbneanrsi 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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Because the porosity on the downstreamside is forned snaller than that on
the upstream si de, gas residence property can be inproved. BRI EF

DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagram showi ng a heater in which
the carbon wire heating el enent of the first enbodi ment of the present
invention is sealed, nore particularly a schematic sectional view of a
carbon wire heating elenent sealing heater having a U shaped section,
having a strai ght heating section and term nal portions on both ends

t hereof via each 30 bent section; Fig. 2 is a schematic diagram of the

carbon wire (heptitiges| epRAt Jendtl. oBAChS glssbepabiCcreent tRRAbeMiew of a
straight heating portion of the carbon wire heating el enent sealing heater,
nore specpbrehdbhyta dhagsaslshoweng poessenwWher prafeatred het weegethe

di anmeter of the carbon wire and an inner dianeter of quartz glass pipeis 2
to 5; Figto3Bors shachénbt ttmsecthenahsvdewdbbmatstr afghhehgatssg portion
of the carbon wire heating el enent sealing heater, and nore specifically a
di agr am shbome ngxbecdsegwheew the bantopbetwesn the di ameter of the carbon
wire and the inner diameter of quartz glass pipe is less than 2; Fig. 4Ais
a schematic sect?PdrBERrYi B BhdW nyfather kendarhpeft Lba elasRePhegter in

whi ch the_carbon wire according to the second enbodi nent of the present

i nvent i onfFem skl efenhnBoRbi €N spectPEcaPRYIAIsEREMSAAL éﬁe&ﬁépoﬁgaphe axis

or 1 on o3 Ruheer Tha G LAS AEPBRFBbNON F°HBAE PR EPoRUAE SaRcHEdi ng 1o
Speci 1 carts BESSrRS inbREo g pbhai HHFa: SRBRPRCAERRE s TeTR ass pi pe:
errmnal Baris ok Shoun TorE B G ok 60 bRci S 4 eHenbt BOSSaPToRSl i ew
show ng ay&Re] fisathep ofkthentershpahtPOhhlon-ghabhe heaker plipewhi ch

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
preferred to be made of quartz glass member. Further, the
sheath pipe is preferred to be composed of quartz glass
member.

Further to achieve the third object of the present
invention, there is 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 quartz

glass pipe extending vertically is formed linearly and the
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31 the carbon wire heating elenent is sealed, and nore specifically a
sectional view along the axis of the glass pipe; Fig. 6B is a sectional
view along the line I-1 of Fig. 6A;, Fig. 7 is a diagramshowi ng the entire
structure of the carbon wire heating el enment sealing heater enploying the
term nal portion shown in Fig. 6; Fig. 8 is a sectional view show ng a case
in which the length froma bent portion of a glass pipe to its sealing end
portion is less than 1.5 tines the inner dianeter of an extended gl ass
pipe; Fig. 9 is a sectional view show ng other nodification of the term nal

portion; 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.

As described above, the quartz glass pipe is wound
spirally in the vertical direction and the quartz glass
pipe extending in the vertical direction is formed
linearly. The quartz glass pipes on the top and 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 quartz
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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Fig. 10 is a perspective view showing a third embodi nent of the carbon wire
heating el enent sealing heater of the present invention; Fig. 11 is a side
view of the sealing end portion of the carbon wire heating el enent sealing
heater shown in Fig. 10; Fig. 12A is a diagramshow ng a section of the
quartz gl ass pipe and nore specifically a sectional view along the line I-I
of Fig. 11; Fig. 12B is a diagramshow ng a section of the quartz glass and
nore specifically a sectional view along the line I-1 of Fig. 11: Fig. 13A
is a longitudinally sectional viewshowing 32 an internal structure of
the seal i R§2BRd (paFEr8A BLrpr§ion) can be increased by radiation

from the linear quartz glass pipes located forward and
rearward. Further, it is possible to obtain heat radiation
having a small local deflection in the direction of the
vertical plane by adjusting that interval.

Further, the quartz glass pipes of the heater portion
are extended on the same face side and the sealing terminal
portion 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 side 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.

I 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 quartz glass 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
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10; Fig. 13Bis a laterally sectional view showing an internal structure of
the sealing end portion of Fig. 10; Fig. 14 is a perspective view show ng
the sealing pipe constituting the sealing termnal portion; Fig. 15 is a
side view for explaining a subject of the third enbodinent; Fig. 16 is a
maj or portion enlargenent diagramfor explaining a nodification of the
third enbodinent; Fig. 17 is a major portion enl argenent diagram for

expl aining the nodification of the third enbodinent; Fig. 18 is a front
view for explaining the nodification of the third enbodinent; Fig. 19 is a
si de sectponialons eawrehbornegdtde ¢odrphrehdodi aEnthef avastpresens i nvention
for explaining a gas (fluid) heating apparatus enplaoying the carbon wire
heating ePEpentoSete n@e%‘é%ﬁel?oﬁﬂ@lheeﬁg%%@ﬁ@ FAvehdpsnot the same

faces, the sealing terminal portion including a glass pipe
for accommodating an end portion of the carbon wire heating
element and wire carbon member accommodated in the glass
pipe in a compressed state and for nipping an end portion
of the carbon wire heating element, 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 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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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 plate disposed within the
heating pipe; Fig. 22 is a diagram showi ng schematically gas (fluid) flow,
Fig. 23 is a diagram show ng manufacturing process for the filler materi al
and diffusion plate; 33 Fig. 24 is a front view of the diffusion plate;
Fig. 25 is a diagram show ng manufacturing process of the filler materi al
and diffusion plate according to a nodification of the gas (fluid) heating
apparatus; Fig. 26 is a sectional view showing a nodification of the gas
(fluid) hebté¢wbpappthat issadd af dilagranashowyhgss pipe is deformed,
so that the carbon wire heating element may make a contact
with the inner wall of the quartz glass pipe, which is not
preferable.
Further, if the curvature radius exceeds five times
the outside diameter of the quartz glass, the width of the
heater increases and the radiation in the vertical
direction 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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changes of the neck portion; Fig. 27A is a sectional view show ng the
termnal portion of a conventional heater or a sectional viewin parallel
to the axis of the glass pipe; Fig. 27B is a sectional view taken along the
line I-1 of Fig. 27A; Fig. 28 is a sectional view show ng conventi onal

other termnal portion; Fig. 29A is a schematic di agram show ng a
conventional heater, which is a rod-like heater; and Fig. 29B is a
schemati c di agram of a conventional heater, which is a sheet-|ike heater
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS A first enbodi nent of the

carbon wire heathfgh&t eremd Seathgr head£fz0§14be pigsents ppveatiea will be
described with reference to Figs. 1 to 3. A carbon wre heating el enent
seal i ng heatie¢ floimed with a gap of one to three times the outside
diameter of the quartz glass pipe with respect to adjacent
circular quartz glass pipe.

Winding of the quartz glass pipe densely is
preferable because the radiation heat in the direction of
the vertical plane (lateral direction) is increased.

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 quartz 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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conprised of a straight heating portion 2 and term nal portions 3 provided
on both ends of the heating portion 2 so that it is configured with a
U shaped section as shown 34 in Fig. 1. The heating portion 2 is
constituted of a quartz glass pipe 20 accommodating a carbon wire (heating
el ement) 4, which is a heating el enent conposed of carbon wire fiber bundle
and contains a straight portion 21. This quartz gl ass pipe 20 conprises the
straight portion 21, bent portions which are bent on both ends thereof so
as to be joined to each termnal portion 3 and | arge-di aneter portions 23
each conphsatgrahpadingfpbheiber abnatipotédooaf3a Thekingemneflbapeter C of
the quartz glass pipe 20 is fornmed such that if the diameter D of a carbon
wire, whi thnkihg beedbsgtébetobabetding mssbeedwibhbehé, heaseratio is 2 to
5 as shown in Fig. 3A. In the neantinme, the carbon wire (heating el ement)
may be dePobhed Bpighngdepehairng on a case, so that its section becones
elliptical. In this case, with a short dianeter of this ellipse as 1, the
i nner di anet er %?%?U%%etE%aP?%t%Fa§%1%¥%% POrTsoyet er AT PEHASS: t hat t he
ratio is as shown above. The t n ortlon 3.has a connectin mnre 31
and in a @?ﬁﬁ?%lﬁ%itéFrﬁnthe gegh? E%FtPBﬁElgnrgaﬁlpﬁ tR6r8AEE%as shown
in Fig, 1. Because thes ternlg §ortlﬁns 3 _have % saﬂe §tructure one
terninal portToN @rﬁfFP HBY9d8serTBed FeVtariing gB?t B3 conpri ses a
| ar ge- di p 2 h S 2 stralght pi pe 32
gﬁg Egm 5ia?ﬁg ﬁeﬁgei ?mﬁE?ggé QL?|gﬂ95§flaPiog

acconmod arge-di a ur al wi re carbon

mat eri al s, §§f@£ﬁgﬁagdaz grwhéblnhggﬁ st gbgbg pr€h§2cagc99gyi ssion state,

a sealing glass pipe 3 seal 1 ng an rtion of e quartz gl ass plpe
20 and theosnanesbiBlow be BheMgdsret 5M89§t§ﬂpé\/\ln8£@3ksg§d 9B thgtsealing

gl ass pi pe 34.
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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The carbon wire (heating elenent) 4 is sandw ched anong plural wre carbon
materials 33 accommbdated within the straight pipe 32 in conpression state
and connected and the connecting wire 31 is connected to this wire carbon
materials 33. Next, the carbon wire (heating elenment) 4 will be described
with reference to Fig. 2. This carbon wire (heating elenent) 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 characteristic is nore excellent than
t he convestaobal ghesal bige Shhdmelde heaténgtep eneddinagtménbéheduei tohas an
excel l ent high-tenperature durability in the nonoxidizing atnosphere.
Because thilsrgaidonow tkei $ikancdachberedobyeénthéragyppueaenbindl @s of fine
carbon single-fibers, it has a higher flexibility than a heating el ement
const it utéamafie barBhecarpap haterédéraed tosbshapeedehann@b?| iy and
processability are nore excellent. More specificall¥, t he af orenenti oned
carbon wire (heBeFhgeel epenfgrapivr askoitorohpesedl byhknheatay about 36

10 bundl es each constituted of about 3000 to 3500 carbon fibers each having
the di amePebtelr Botding NeRPeFotSekanpred #Pavei hbe BokhPTt E8SBoPé or

br ai ded rope about 2 mmin dianeter. Further, as the carbon wire (heating
el emrent) ﬁ,eaS%%fb%ﬁ RFF%lﬂfihp%BEb?Btion water quantity of 2 x 10-3 g/cnB

i d. B th b ti it f.th b ' heat i

i emont) 4 15 SHETTSSF BNt | BAC bRt WeRre apLor Bt1 AR TRt o SahaT A BN i ro 1 o
Suppr esseflefibol 8ot L AEa0La! SABCLALUECHLL 86 EDSCRUCRLLY soadheg! o of
reactive nol ecul es ack spot) onto an inner surface of a quartz gl ass

pi pe 20 i§e§HP@£§S$§Qti§H?”iEftﬁ@aﬁéﬁgérb?&“ﬁﬁgcéésgﬁpéiHBrﬂ@EﬁEa@”d car bon
wire of 2 x 10-3 g/cnB or |ess occurs, this reaction produces no bl ack spot

in this cgsgneputh@nbyttbhnrhbacksfthe nekcatfpettbe healiggneeabeen
characteristic of a heater adheres to the inner surface of the quartz gl ass
pi pe 20. never makes a contact with an installation surface.

Therefore, even if vertical vibration is applied for the

reason of the earthquake 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 earthquake or the like, thereby
preventing a damage.

To achieve the fourth object, there is provided the

fluid heating apparatus of the present invention comprising
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Knitting span of the aforenentioned carbon wire (heating elenent) is 2 to 5
mm In the nmeantine, preferably, the knitted cord or braided rope carbon
wire (heating el enent) 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) froman outer surface of the carbon wre.
Preferably, the carbon fiber fuzz fromthe surface is 37 0.5to 2.5 mm
The carbon fiber is preferred to be conposed of a high purity from

vi ewpoi nts of equality in heat generating property, stability in durability
and the |a Keealndhd oipelefor cheablng distigerieption Bneantdeffuddtity of

i npure substance contained in the carbon fiber is preferred to be 10 ppm or
less in tTHPRLBISASFCHe| Y2 hdF PPFeieh abPymed R Rkt Foy BE2T#pore
substance contained in the carbon Liber i S 3%g$n1or | es When t he carbon

wire (hediRy FEMBIG AL i QIFHERr{ T b tPE h n%?‘a‘é“‘%?g?ﬁén%uﬁwz gl ass
Phe. quar (961 Se e prlBtog bt iEd o Casat T hg. B hand) 5o Erendarbon
he quar o0 4Rt 1of o5 A B §ad "8 “he= CRAT SHEE, ~ Y ERETRERSREGH "
P S S R R N R

Because ag; $HONWG i hEife dhetREaCARHOPipErgnheathiNg; eEEEEBL peatbngsheat er
1 is a heater having a U shaped side configuration and conprising the

strai ght heatedgiPEs§iON @ anchthe tpspieah poati pase3opr eMededloarbot h
ends via the bent portions, the carbon wire (heating elenent) 4 is disposed
off the cemteriai.the quartz glass 20. That is, as shown in Fig. 3A the
carbon wire (heating elenent) 4 is disposed within the center of the 38
quartz gl ass pijec20ssuthl idmatmaher tal bont Wihg eas heasiagaetentar) 4 nakes

contact with the inner surface of the quartz gl ass pipe 20.
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, the 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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At this tinme, the inside dianeter Cs of the quartz glass pipe 20 is fornmed
so as to have the ratio of 2 to 5 when the dianeter D of the carbon wre
(heating elenent) 4 is assuned to be 1 as shown in Fig. 3A. Because when
the dianmeter D of the carbon wire (heating elenent) 4 is assuned to be 1, C
of the quartz glass pipe 20 is forned of 2 to 5, area of a contact portion
A wre (heating elenent) 4 and the quartz reduced. On the other hand, if as
shown in the inside dianeter to have the rati o Between the carbon gl ass
pipe 4 can be Fig. 3B, the ratio is less than 2 when the dianeter D of the
carbon wire (hepiitige€) everdlsd tise agsredidn pealle iBerarmadof the contact
portion B between the carbon wire (heating elenent) 4 and the quartz gl ass
pi pe 20 imntegrehbedyiwhi chei §ihbér pneferabl eonBehauspstbheamnsade di aneter
C of the quartz glass pipe 20 is fornmed so as to have the ratio of 2 to 5,
a di st anceide bef ween fhelearbanewiak, (heat Engleremeheyidl seenrif it is a
non-contacting portion, and an opposing face of the quartz glass pipe 20 is
| ong. ForPahelaehgonropyeandfageheratbpeneht Ponkdchpackrspbe (i&actiag

nol ecule) is generated, it is diffused wwthin the quartz glass pipe 20, so
that thint®l BeXtfFE¢RFPR ¢ nRd BYeVePhsfide of the quartz gl ass pipe 20.
Because no bl ack spot.is forped concen#rated on,a specific portion of the
quartz gl ass pi%@@ ,l%opﬁ%%fgﬁﬁ Hheve Hégsh?gtbaﬂegaP@H?t t he ot her

hand, if th ' f the inside di , Of : I '
xooeds SLOMRRETHED ot T EH'D BTPENECEabBBh Pr 51 ChiacPRELaFEnEhER P

dt 1 h i t Jar t i 20,1
et oased 06 RAh oS RRR O cRphrRE Rt PORE L ne B ARERAELRET  soy fal |

drops, whigheisgnoloer gherablie ofhgnblagkssngt plpkngoguartz glass pipe 20

is likely to be"generated at a portion eaSy to cool.
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 comprising: 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 portion 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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Therefore, if the inside dianeter C of the quartz glass pipe 20 is

i ncreased too much with respect to the dianmeter D of the carbon wire
(heating elenment) 4 (the ratio of the inside diameter C of the quartz gl ass
pi pe exceeds 5 when the dianeter D of the carbon wire (heating elenment) is
assunmed to be 1), the distance d in Fig. 3Ais increased, so that the bl ack
spot becones likely to be generated at the portion easy to cool. In
conclusion, it is preferable that the inside dianmeter C of the quartz gl ass
pipe 20 is fornmed so as to have the ratio of 2 to 5 when the dianeter D of
the carboguwkstenthealiyngnetraesentdri 6fasrenglate pepd. Because carbon wire
heating el ement sealing heater 1 having such a structure utilizes a carbon
wire (heating eleeefil)id hbasingbsppptabaswaheiogimgt stghi s 2axbdf-3 g/ cnB
40 or |ess, generation of the black spot is suppressed even if electric
power is supel hedtingt héevanbomeni irg(heatengceheashtiyve &hd ebseefal | of
tenperature is repeated, so that an excellent heat generation
characterﬁ@EFélhﬁﬂhfkrﬁtbesﬁéaﬂﬁngndnévéﬁhbsgbﬁaﬂtBeaﬁathﬁaﬁﬁ@@ The
absorptlon water quantity of the carbon wire heating elenent is preferred
to be 2 xt10e3 ofEAB 6F/1&8siFnpassihle FR RAPERIPt =i §18édl BEAFANEhe quartz
gl ass nenber. This is achieved b u t he_absorption water quantity

dj usti_n
of the cafBBATAFIE ﬁ@awpﬁﬁhegﬁﬁﬁﬁ?tbgPoPé g@ﬁlpﬁac n8Pe6Adi-Ei on for seal i ng

h b h h d
o aret er °%U%“Pr§ﬁse§(1aﬁ?¥g§§§§5’5. peh2rAedstEp 2 tRR L8 BREean kR o D of

the Carbo 1th ﬁgﬂi'HHeSFﬁ L) i hggﬁegébbgth tQﬁdbE§8§k§R§: ES il e

suppresse an exce heat ene Ion characteris

heat i ng ueﬁgeeg%éncamrgeh@t%? @@@me@@gpb%cﬁe&sleaee@la%bon Wire
heating el enent seal ing heater (straight portion |ength 0 M) was

produced HehRgn§arRPACM eBalhRat hAJeRE8MERL) Bé&lBngHEE@éeBEo§Q§Q&Dt|0n
wat er quantltles and tenperature rise test was carri ed out under a

f ol | ow ngan@ndapbbhesefapet AgcBOkthargeBanattonnotitzhe bl ack spot. In the
meant i me, upon manufacturing of the heater, pressure inside the quartz
gl ass pipe 20 wdsré,tohe diffubéaheplbeapeésapuefeoted200CoeTénpredture rise
condition 41
integrally with the filler material on the downstream side
face of the filler material. 1If 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
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.
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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Tenperature rise atnosphere: atnosphere open system El enent tenperature:
Qperating tinme: Table 1 shows a result of this tenperature rise test.

[ Tabl e 1] Heater manufacturing conditionAbsorptionQuantity of Quantity

of I nside dianeter of quartz glass i a mmRati o of pipe inside dianmeter when
the wire dianmeter is 1lwater quantity (g/cnB)pipes having the
gener ati onbl ack spots (piece)Conparative425 x 10-5S of 5Infiniteexanple

11 nfinite9910Exanpl e 1421 x 10' 40 of 50000 In the carbon wire heating

el ement sealing heater using the carbon wire (heating elenent) having a
smal | easily by fusion.

Further, preferably, 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.

Because 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 pipe, so that gas flows from the entire face on the
upstream face side of the filler material. As 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 portion 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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absorption water quantity, no generation of the black spot was found. Using
four kinds of quartz gl ass, pi pes having different inside dianeters, a
carbon wire heating el enent sealing heater (straight portion: 800 M) was
manuf actured and the tenperature rise test was carried out under a
follow ng condition so as to confirm generation of the black spot. Upon
manuf acturing of the heater, pressure inside the quartz glass pipe 20 was 1
torr under a heater 42 tenperature of 1200C. The absorption water
gquantity of the carbon wire for use was 1 x 10-4 g/cnB or |ess. Tenperature

ri se condidinosd TenpRrsainyg echid seuaat b dpied €. t adanisaher € dpeposydt em El enent
t enper at ur e:
within the heating pipe, gas introduced into the heating
pipe passes through fine passages bent and intersecting in
complicated way, constituted of the filler material, 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
substance.

As a result, the introduced gas can be supplied with
a sufficient heat quantity. Therefore, heat exchange
efficiency 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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Qperating tinme: Table 2 shows a result of this test. [Table 2] Heater
manuf acturing conditionQuantity of Quantity oflnside dianeter ofRatio of

pi pe insi depi pe havi ngbl ack spotsquartz gl ass pi pedi aneter when

t het he(pi ece)mmire dianmeter is lgenerationConparative3l.55exanple 21 of
2Exanpl e 2420 of 20Exanpl e 3630 of 20Exanpl e 41050 of 20Conparativeld70 of
20exanple 3 In case where the ratio of the inside dianmeter of the quartz
gl ass pipe was 2 to 5 when the dianeter of the carbon wire (heating
elenent) was 1, it was recogni zed that generation of the black spots was
suppr essasent nsédeiconparati ve exanple 3, the heat capacity was | arge and
heat responsibility was inferior. Using quartz glass pipes 3 mim 10 mmin
i nsi de di anmet erfidk shapeda caclanati ¢ edheqtamgo £l enentasieahi njrbeat ers were
manuf actured and tenperature rise test was carried out under a follow ng
condi ti on(keaaéng celtemeghl ze 43

Fig. 3A is a schematic sectional view of a straight
heating portion of the carbon wire heating element sealing
heater, more specifically a diagram showing a case where a
ratio between the diameter of the carbon wire and an inner
diameter of quartz 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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generation of the black spots. In the neantinme, upon manufacturing 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 less . Tenperature rise condition Tenperature

ri se atnosphere: tenperature was raised with a heat insulation pipe set
outside a heater pipe. Elenent tenperature: Operating hour; Table 3 shows a
result of this test. [Table 3] Heater manufacturing conditionShort-tine
research resultlnside dianeter of quartz glass i a nmRatio of pipe inside
di amet er yhenciHBoMi fEre heating element is sealed, and more

specifically a sectional view along the axis of the glass
pipe;

Fig. 6B 1s a sectional view along the line I-I of
Fig. 6A;

Fig. 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-I 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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di ameter is 1Bl ack spotSi White spotQuantity of pipes having the

gener ati onConparative3l.5Infinite* 1linfinite* 1lFour of Fiveexanple

400l nfinite* linfinite* linfinite* linfinite* 1linfinite* linfinite*
1Exanpl e 5105000ne of Fi ve002*200*300l O ~ Notes: *1 means that it generates
on only straight portion (heating elenent) of quartz glass pipe. *2 neans
that thin black filmis generated on straight portion (heating el enent) of
quartz glass pipe. 44 *3 nmeans that black spot is generated on a

| ar gedi amet er portion of the quartz glass pipe. The conparative exanple

bl ack spois mtemhzsbd shrtetspeotsf(Sh¢ $é¢ahivsgberd ponftiomedftRag.increasing
the inside dianeter the black glass pipe provides an effect of suppressing
the bl ackl@pots and white spots (Si). As described above, the carbon wre
heating el enents The conparative exanple 4 has not only generation of black
spots but al so Wdtel3pois gStateralhgsseebhonaki deewi A BRI o quart z

gl ass pipe provides an effect of suppressing the black As described above

t he Carbohnng%a%e%FFﬁﬁt%F%n%ﬁtthe sealing énd portion of Fig. 10;

Fig. 14 is a perspective view 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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seal ing heater of the present invention suppresses generation of the black
spots, so that a carbon wire heating el enent sealing heater having an
excel | ent heat generation characteristic can be obtained. Next, the second
enbodi nent of the carbon wire heating el enent sealing heater of the present
invention will be described wth reference to Figs. 4A and 4B. This

enbodi nent has a feature particularly in the termnal portion of the carbon
wire heating elenment sealing heater. Like reference nunerals are attached
to the same conponents or simlar ones to those showmn in Figs. 1 to 3 and a
det ai | ed descrimig.orp4 siom timtht Ardeatef thes mhinddudgiosd igatsdhown in Figs.
4A and 4B conprises a glass pipe 100 for accomobdating a term nal portion
of the carbon Vviie (IHeats ry ddasgrem )shiqwing enayau Hort ueitbersr 3 shich are
accommodated in the glass pipe 100 in a conpressed state and nip an end
portion ofthe helkkebhorm vk riea heand i ef eweon Hlael accordEed ity aire 31 for
45 electric power supply, whose end portion is accommpdated in the glass
pi pe 100 Bel frahion of pide’l $3s t hel ehtdreaielndi P28 BoH nenbers 33. The
gl ass pipe 100 is forned of quartz glass and has a cylindrjcal,K shape
straight in itssi £With aoo??FW%or‘f’r%"ﬁsSWgA? JRF 2L Gt er

(not sho itutes, a heater main_ b IS _connected to an open

whi ch dy,
tnd por 1 e bt HFREY gretity peath TR Bt S e e &1 ament 4
i's introd&%%g ésro(ggttMQ r(l)é)&?_ ecprd Jg%gti on 100a and pl aced inside the heater
& porF |%ntl a

mai n body: open end "is slightly constricted to prevent

nternally filled, myprial such.aside sanbomulle healing.glegent 4, the

Wi re carbon ne rom j unpi ng out. e oth and, an open end
portion 100b: 0énthe gl assvPhPeoddD heaterl 86 W sb-01H851 0V sy pgnber
(sealing glass pipe 34) with the connecting wire 31 introduced out. This
enbodi menpat$1 0k I fed ettie f4013 the ties ngnass perpéopn shown in Fig. 1 in that
the straight pipe 32 accormmbdated in the |arge-dianeter portion 23 in Fig.
1 is not providedy. THE vis ea casdiaiomehbeted3talkeconkéndg utleel bindé htee wre
carbon bundl es 33a, 33b, 33c, each bundl e being conposed of wi re carbon

mat eri al secThBigarbboh; wi re heating elenent 4 is placed anong the three
uniformw re carbon bundles 33a, 33b, 33c such that it disposed
substantial ly ifldhetteht & ¥FCtHenatheni eheshPY BN af PO Bubel@5 consti t ut ed

of three each bundl e being .
other terminal pdrtion;

Fig. 29A 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-1like 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

34



The carbon wire heating uniformwre carbon is disposed glass pipe 100.
33a, 33b, 33c are 46 inserted and | oaded into the inside of the glass

pi pe 100, these wire carbon bundl es 33a, 33b, 33c have a function as a
chucking portion of a drill or a drilling machine so as to position the
carbon wire heating element 4 in the center of the glass pipe 100.
Consequently, the carbon wire heating elenent 4 is disposed substantially
in the center of the glass pipe 100. It is inportant that the carbon wire
bundl es are uniformand the quantity of the bundles is three or nore odd
nunber i niriteg. tO. di spose the carbon wire heating elenent 4 in the center
of the glass pipe 100. If the quantity of the wire carbon bundles is even
or those bundl etharteaminqumdorigni2 is doidicubted oodli spgsarthe car bon
wire heating elenent 4 in the center of the glass pipe 1. Thus, the wire
carbon bunties B3¢ BBbhiceIumedet prefercedben beras (hapfone atepessi bl e.
For exanple, if the wire carbon bundles 33a, 33b, 33c are structured using
ei ght wir®e céhbon haterhedting ebement peereeapfyoft garpRewiaebbihbptindl es
each conposed of three wire carbon materials are fornmed while a wire carbon
bundl e coPpRed I tGRP IR IRS car bbRehelRerParsiPre £or nedhiff ApRELGuantity of

the wire carbon bundles is three or nore odd nunber, it . is, difficult to
| oad t hord T35 BHES of Geeompbiegs Fhe robEanrREobarEiape? I ThBrBEor o 1t 1's

particul arl referable t rovide with thr iformw. re_carbgn bundl es.
a7 The R BBRTL AR R s PESE Farbhta ' G088 PREERERT EbofoclBotRent i <

used. As 18l i {6 SALROR LRI £11 bt D6, SAMENNEaRs L gafaLON W re heating

el enent 4 1s used and about es each conpos out 3000 to 3500

carbon fibers; haying Lhendianptingf aopher 19s VAL £0LmEXAMPLErt{oi M are
knitted into a knitted cord or a braided rope about 2 mMmin dianeter as a

carbon wize. As the wire carbon material, a carbon w re having absorption
wat er quantity of 2 x 10-3 g/cnB is used and the sane carbon wire 4 as the
first enmbodi mermrhabibute kKndltdmege spanocanthéuguaotzcaiben pipgl eofiibers is
enpl oyed.
formed such that if the diameter D of a carbon wire, which
will be described later, is assumed to be 1, its ratio 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. 1In 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 reguire 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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According to a preferred enbodi nent 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

Wi re carbon nmenber so that end portions of the wire carbon heating el enent
can be nipped firmy. The total nunber of the wire carbon bundl es 33a, 33b,
33c is preferred to be larger than at |east the quantity of the carbon wire
heating el enents 4 to be buried therein and if the quantity of the wire
carbon bundles is five or nore tinmes that of the carbon wire heating

el ement s,wirefertddry melecidle 32 sdsd@needs sed ediciethn t ties ebyr slgipt essi ng
heat generation fromthe wire carbon bundles 33a, 33b, 33c. Fig. 5 shows a
t er mi nal wigre i Bh o edmededdicon estattal Ppos¢a bimgholwmss npHpgs34 4%0and 4B i s
applied. This termnal portion is provided with a sheath pipe 101 for 48
accommpdaigaginheaaforemat i vred gl e pigpet 00l ang Biléfélaf@ zagd akke menber
102 of the heater nmain body is fornmed integrally with the sheath pipe 101.
Ther ef or SO G rthuf beg utl Mipdet Hodt we s e ﬂ@{r@ﬁ%‘}’l%‘é‘ﬁt@%nt}é‘hom in Fig.
4, a manufacturing nethod for the termnal portion shown in Fig. 5 nay be
used. Thu¥Eat e (FrdFhdA1RBrifon shown in Fig. 5 will be described here

while a descrigﬁion ahout the nuf act ur i nethog for the termnal portion

hown i n Figs. I 4 2 (%6 T A HEdS (1 ORTEE, 2 ot t et PAEETAE  hr ough ¢ h
?ngrgelgfléﬁz shgaghlpiggllol ggde g{ gé §g239lg jﬁ%ﬁdg%gdp r%'gHrgggthe ©
car bon vviareorh%aﬁflunga el Enent -4 snpnéss%d %%r ough ?%e |%S|ge o‘?l llﬁe gl ass pip

100, (2] MBI s ity ity ay e kdedbagh ans

gui de string 1Is to eac portions. Then, the

Wi re carbofe burch &se 33, wB3b, 38365 acenRebt 64 tHtenibeyglassaphes | 00 by
taking care so that the guide strings do not entangle with each other with

the carbamtwereaheatzng elenent 4 located in the center of the glass pipe
100. Because the wire carbon bundles 33a, 33b, 33c are fol ded back, the
gquantity of thaNemtre tdes hoarheat evied s(lodaehed dolerddet doubkeslwbehin t he
gl ass pipe 100. (3) The guide string is pulled further while adjusting the
Wi re car bdesdboiok@swB33a, r8Bbredde o Fhat £he carbon wire heating el enent 4
is located in the center of the wire carbon bundles 33a, 33b, 33c and the
fol ded back 99 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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portions of the wire carbon bundl es 33a, 33b, 33c are |located at an open
end portion 100a of the glass pipe 100. Because the carbon wire heating

el enent is accomobdated (fixed) within the glass pipe 100 such that it is
conpressed by the wire carbon bundl es having the fol ded back portions, a
high fixing force can be maintained. (4) Portions of the wire carbon
bundl es 33a, 33b, 33c protruding froman 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
tensi on oiOthendaepomaahr eohsbitnged| efrealbout and0@i hal BYOO0t penbohe open end
portion 10la of the sheath pipe 10l is closed. The wire carbon nenber 33 is
conprisedfb$eﬁﬁu?ﬁthh@V%Pgetgﬁrﬁbﬁm%Dﬁﬁl@§ 3380 33pumg3EoraekapPbduced by
gathering_w re carbon material together and the carbon wire heating el enent
4 is di sposl Brbhge t FelbFer afo¥ReCk A hohdaf r eoBtindPRYt 33aMM38R, 33¢ such
that it i§.|00ﬁted substantially in the center of the glass pipe. That is,
the wire TaPBBh®bundl es 33a, 33b, 33c achieve a function |ike a chuck
portion of a drill or a drilling machine so,as to locate t arbon wire
heating e ement P4 FIEE net bentsr R Eoher or aa AErhed o6 e igh i EELRL ! 1 he
carbon w ti e n I LSPp S alkysi Iz ar of

t he gIasségfggﬁlggggoaﬁﬂgt5?gogéggbﬁoﬁgﬁgﬁeagghﬁg%% g#t ?h%aglggg%bipe 100
50 and g¢an,bggi ntroduced out. Consequently, reaction between the glass
pi pe 100 and the carbon wre heating element 4 is avoi ded thereby
suppressi ng brepktagsOf tMer 8o 88Ept Ooh st & LagQAnt 20¢ bhuShet BErbEAt er
service |life can be prol onged remarkably as conpared to a conventi onal
exanpl e. kFuréheheabengusteimbattanbon whatlheathbgiehebedtedni s passed
substantially in the center of the wire carbon bundles 33a, 33b, 33c, its

r esi st ancebsanphtondyjaseedardschyboBevwauseishesuppkededelask pbet tams of the
wi re carbon bundl es 33a, 33b, 33c exist on the introduction side (opposite
side to thé tonpecetrngewriey.of Conecauehbhyw pehpearingfekreashiva of the

gl ass pi pe 100 which acconmodates the end portion of the carbon wire
heati ng ePehtrElas (PlpFbvERPE) dOBECAAB 4NPETf PBELBAEePENg RAHEECEhe quartz
gl ass nmenber 102 for_sealing the carbon wire heating el enent 4 through the
end porti®ndSdfPtRE Wr&ScaFBBAReBERAr es 33a, 33b, 33c and the dust and dirt
fromreacting w,th an_inner, wall, of the artz. glass nber .1 02_and
adhering to geﬁ%yg?elﬁeg??ﬁglﬁﬂeegﬁﬂggg.ggsorptgon wal&1°&hd' carBoh

wire of 2 x 1073 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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Further, this structure facilitates insertion of the connecting wire into a
conpressed wire carbon nenber and enables the tip portion of this
connecting wire to be fixed nore firmy so as to achieve stabilized power
supply. In the neantine, the absorption water quantity of the carbon wre
heating elenent 4 is preferred to be 2 x 10-3 g/cnB or less in the
condition that this is sealed wthin 51 the quartz gl ass nenber
Consequently, generation of the black spot is suppressed, so that a carbon
wire heating el enment sealing heater having an excellent heat generation
charact erPsbi tocanSbemebt ai ned. Further, the termnal portion of the second
enbodi nent will be described with reference to Figs. 6A to 8 According to
t hi s enbodi nentThascaroon fHoFr gbs Brefpdred, ta easemppped108 #or
acconmodat ing the carbon wire heating elenent 4 is formed in the shape of
letter T thgepﬁréEélfﬁ@meﬁaeﬁEP%PBﬁ 2638av8libyneéd BE2hndeREr&RéP8of and a

iral t I [ | 04 for t h in body._i tended f bent
or 1 on 16885 ThE- CAFORHLAFY o Redt FRGL LI EifonPI4EaRILERE Ao BaPBERTbund os
33a, 33b,, 33 . ' d tanti gl i | el _t h other f
opgn end B8r%V%%g1g%§€§§§“?§§gi8gr?h§ kﬁalgBES%g%yiﬁgagggggﬁeoglggs L?ggan
103 and t ' . i i S.i th i
carbon bundPesea88, HhhE= 851 17 EhE RakpopotibBh PsBTsroERE o Ret e pe
103. A lengthohloof Lhe ghassrRkPes103nl[0ahRe DABL.PRLLEQR,LOG Lo the
sealing end portion 103a 1s set to 1.5 tinmes or nore the 1 nside di aneter of

the gl asstpkpgudfdieyt erdedphremstBsthapt Pehth9R<403h. tBecadssohhe carbon
wire heating elenment 4 is disposed anong the three wire carbon bundl es 33a,

33b, 33c apndekocatedppubstantkally in the center of the glass pipe 103, 52
such an event that as shown in Fig. 8 the wire carbon nenbers 33 pl aced
fromthe bent p@hénonhhd08brbonthersedheagirgdepoemendon 103a anseswoll en at
the bent portion 103b so that the carbon wire heating el ement 4 nmakes a
contact winhot hbei hneideabf wWhthquaptesgdresnpipe 86cupseferably,

only the fuzz 4a make contact with an inner wall 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 (Si0;) 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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If the length of the glass pipe 103 fromthe bent portion 103b to the
sealing end portion 103a is less than 1.5 tines the inside dianeter of the
ext ended gl ass pipe, pressing function of the wire carbon nenber 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 nenbers 33 are swollen at the bent portion 103b and
the carbon wire heating element 2 nakes a contact with the inner wall with
a pressure is likely to occur. Because the carbon wire heating el ement 4,
the wire @@toh gkass iRdze 20 reucharpont bumell @3ridda, wBBd, (B8stamd connecti ng
wire 31 in this nodification are the same as descri bed above, description
of these &iRIHents Nakedr ¢erenCinaxtth athaninzer v PhER et ABAtORI | be

descri bed based on Fig. 7. (1) The carbon wire heating elenent 4 is passed
from t he B 2R 3ot tRHRE 198c of the gl ass pipe 103 through the bent
portion 103b a then through the, spiral gl ass pipe 104 and introduced out
from the open g%d tgbﬁ ito]ﬁ“ﬁ’04gl%fl’?%e‘£%l%€%m%tf%’g rzpls %g LR 9URERE, the wire
car bon bundl es 33 b, 33c_are folded back an ' ring i s attached
to each é?ﬂ?%% 'Hﬁ%é%§5%%k§%%ﬁ?§o%§.g h?%a%%Y%eg%$r?%%9$sg%n%rg%uéed out
fromthe i 103a: o h S, pl.pe o] i ng. Then,

t he mﬁre‘@%%géﬁﬂgdﬁg%giggaaﬁ b{hésgagégﬁpﬁ?%gd(%%ggpﬁﬁeég?§§§£%ige | 03 by

taking cafe $Oshd thHepgui dgs sirbhgsigopngt entangl e with each other with
the carbon wre heating element 4 located in the center of the glass pipe

| 03. Because t hee £ GREDPN: haing] SR B3R, D33P, t BSCcarBoh ok ded back, the
guantity of the wire carbon materials of each bundl e doubles within the

gl ass pi pehddBing IR 1dhengui deistasomagméd pol bedlf uthbeinwhdbedadpaseng t he
wi re carbon bundl es 33a, 33b, 33c so that the carbon wire heating el enent 4
is |ocated of the genter ofathepiwee2Carbohobuadl s B3de BBb, r38toand t he
fol ded back portions of the wire carbon bundl es 33a, 33b, 33c are | ocated
at an opent eZEdtchEatiameqo% of coneagt aserpipe RoBetmeeaushet ferkarbon wire
heating el ement. i s acconnodat ed %fixed% wi thin the_glass pipe 103 such that
it is conptedsErdpyirtechprenthr bornBubbdfedupATFNgleRE PoPEed HGaBkbe
portions, a high fixing force can be maintained. (4) Portions of the wire
carbon burdteS %3a, 33b, 33c protruding froman end portion 103c of the

gl ass pi pe 103(§re cut

together with héﬁtt%% %gﬁ%% ﬁ%éﬁ{aiggéfitgg%ﬁgggog?gogsgsigﬂelgggigs fused

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 i1f 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

guartz glass pipe 20, so that thin black film is formed
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54 Resi stance is adjusted by adjusting tension of the carbon wire heating
element 4 and finally, the open end portion of the glass pipe and its
heat er side open end portion are closed. A nodification of the term nal
portion shown in Fig. 5 will be described with reference to Fig. 9. Like
reference nunerals are attached to the sane nenbers as or simlar ones to
the nmenbers shown in Fig. 5, a detailed description thereof is omtted.
This nodification has such a feature that the glass pipe 100 shown in Fig.
5is divided to two sections. That is, this nodification includes a first
gl ass pi p;diE faf tdoecomeodat iqigpss pairge cf0 Lt he carbon wire heating el enent
4 and a second gl ass pipe 106 for acconmodati ng the end portion of the
connecting wir&busy rsugpladhgretecs i opmekrcanceeratedorn Wi re heati ng
el ement 4 and the end portion of the carbon wire heating el ement 4 and
havi ng t HPeEel e artaeon Hef firstaypriss plpes 1wHoe 1Tke 1hehoEEngar bon
menber 33 at the termnal portion shown in Fig. 5, the first and second

gl ass pi pEEVIIREIDE AR S wire carbon nenbers 107, 108 for ni pping

the carbon wire heating . elenent. 4, the electric .power supplying
connecting wr eorélt%]en 025 Hided Sﬁlee.raﬁfeo vﬁ?# etkg%rjbrb?% nbers 107, 108
are conposed aof plur i re_carbon bundl es each conposed of w re carbon
mat eri al s(%ﬁmf(egtet'lﬁeéjvﬁa%r eelyi%:%r G Henbet s S%l%ende}f%%ec(ﬁgr o"ﬁh%lryé%%eati ng

el ement %f[ﬁéiée}pﬁﬁe&f AIpng. 4 orELvy{ asgﬁp?épjgmio%i_érﬁ%ﬁ@ bpn buodheg and

substanti a e centre of t g the neantine, the

carbon wiy¢e fieat | ng,eledBintc a0t § hor WHE GR4PORn Jeabersid07>408sare

di sposed substantially in parallel”to the first and second gl ass pi pes 105,

106. Partidrddegarsonwdt eceaisdg e 8pBiée 4ot Sthd £ eméagbon bundl es and
substantially in the center of the glass pipe 105 In the neantine the

car bon witemgesd tunte et Bsenta ¥l adcbphe whieh negbess pOIfetBlare The

di sposedsubstantially in parallel to the t and second glass Part of the
carbon wibkladieatpoly &b erlentquartsz agrtassopaped20 nis heikel gt tgl ass pi pe 105
and an end portion of the connecting wire 31 for supply electric power and
an end parenerpipddtdle Tardonion reasigatdngoelenent 4 are accommodated in the

second gl ass pi pe 106. For the reason, the quantities of the wire carbon
menbers 107, 108QEREeE aditistiql ins1%R 43Rt ARC seEohe gHA_EE Bi pes 105,

106.
06 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/cm3
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Thus, the wire carbon nenbers 108 can be accommpdated densely within the
second gl ass pipe 106 for accommbdati ng the connecting wire 31 whose
connecting condition with the wire carbon nmenbers 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
| 08 thereby stabilizing electric resistance value, If speaking
specifically, if the length of the glass pipe 100 showmn in Fig. 5is 300 mm
or nore, when the wire carbon nenber 33 is inserted and acconmodated, its
frictiona®t rbesst sheeeratiprrehste RbackasPehel i FePraepondnerder 533
cannot be acconnndated densel y. Consequently, the nip of .the end
portion of ?%%r%%hﬁ%%?¥nbsm??%Phl%%cBﬂeEh%ng?é%?% WéBetﬁg?aEF%%trlc
resi stance value c? ratlon | agp ed to S term na

‘E@r ¢

porti on. Thefent ¥ eﬁbf%/g?{% @l gt gEReh? 1300°Knf oF“nor8, the gl ass

pipe is leéded to %e§€tﬁ €63$g?£gglguan gcgérgggl¥1&§tﬁarbon menber s

t
108 in the s%c%%deg?as |ng on-of th

connect i ngi [ i gﬁ@ﬁ &@msgsté%g bBenguaRL Lyqof Lhe wire car bon

menbers 1 % In the T ass pr pe 5 so as to pass, accommpdate, nip the

connecting W rer3d $b§@1§t15ﬁ0ﬁ§§§rt&@a%t£€ycéfb@ﬁe”8&?86§ wifer nipping
the end portion of the connecting wire can be accommpdat ed densely,

deflecti one®fihdecBbRELE | EsT EBEEEANER t/@| HE DSxSUPPT gyead slespidL Mibration
applied on the term nal portion, thereby stabilizing electric resistance.

Next, a nanstfaeé uihnghiehhod ferséhteliein tAeé goaktengithewnmenbEirg. 9 Wl |
be descri bed. (1) After passing through the inside of the sheath pipe 101
made of dUlats zigl asksiewadeby pdjtsonngf thheabarbphivnrwaheat gngneliegent 4

i s passed through the inside of the glass pipes 105, 106. (2) Next, plural
the wire chrbon berdteswire hertiedgbatkmant Be§ardesseling psdattached to
each of the fol ded back portions. Then, the wire carbon bundles are pulled
into the $Ppdithen E%Eoﬁ%ab¥%§st5?p6§r@95 wips RRRLENGaRLAGSBEr élso t hat

t he gui de strlngs do ﬂOt entaggle with each other. At this time, the carbon
wire heatthg SPeReAtI42FE REPPSFn the center of the first and second gl ass

pi pes 105, 106. Ig t he. églgfngECk 805% ons of tpe mﬁre carbon287

é 1ns1 € quartz glass pipe
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
quantities 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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bundl es are | ocated at the open end portion of the first glass pipe |O05.
(3) After that, the first glass pipe 105 is inserted into the sheath pipe
101 nmade of quartz glass. (4) Another wire carbon bundle is fol ded back and
the guide string is attached to the fol ded back portion. Then, the guide
string is passed through only the inside of the second gl ass pipe 106 and
this wire carbon bundle is pulled into the inside of the second gl ass pipe
106, so that the fol ded back portion is |located at the open end portion of
the second gl ass pi pe 106. Meanwhile, when the plural the wire carbon

bundl es are pulTeftPeratire sl greratinsspiere o Jassririte ppefe sYF4em t hr ough
the inside of the second gl ass pipe 106 at the sane tinme. Thus, as conpared
to a case for theemensttRRRaHIRR 105, two wire carbon bundles (two wire
carbon bundl es are produced because a single wire carbon bundle is fol ded
back) are accorftRRiER et N tHi%' t he second gl ass pipe 106. (5) After that,
the seco as ipe 106 is inserted. into the sheath, pi pe 101 nmade of

quart z gpgigieﬁf $%$ St?nﬁ?s?L% %éce%ﬂﬁgF%Eﬁﬁﬁﬁi%rﬁo%l$§ t%%krted up to a
position where an end face of the second gl ass pi pe 106 makes contact with
an end face of the first glass pipe 105. (6) Portions of the wire carbon
bundl e prpfégggng]fronlan end portion 106a of the second glass pipe 106 is
cut out @nd—Tenoved—58 7 —After—that7etectricyresistanceg vatue 1S
adj ust ed-by—adj-ustiQEr paneume gandifipn, o or LoAPSAPHE heQAHY °k1 e AN Of { he
connectijng wire 3lInjids diamster | Retio pfrirs itside spederd gl aspipgihpdngl 06 blackdpdty nal |y,
t he open| end por t | @Qquatd iass of didnkeer shadich p| @anthDl i $the basetbnf i (pitge) and
conpleted. As a rgsidim) t he| gikaiddeleyis #f  t DG/oWFr € carbon nenbers 108 iin the
second gfrass_pipel I06 Wi chf ni pS the end pPErJi QR Of T connecting wijre 31
can be @énp at%‘gerit han t hel qQuantity of t1g )\E/vil(rae caéﬁg‘ﬁ rrenbeﬁiil[sﬁ"‘—%cg?—'rn t he
first glle&&mlihe 105, so that the connect|{ng wire 31 insertedBio the
second gl ass pi pel 106 can be nipped firmy. The absorption Per quantity

of the clarbon wirg 9
10

Example 1 4 2 1 x 10* 0of5 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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heating elenent 4 is preferred to be 2 x 10-3 g/cnB or less in the
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 accommbdati on, a contact between the gl ass pipe and
the carbon wire heating el enent can be bl ocked and thus, a heater in which
br eaki ng eFMPEEREAF DAL W2 @0 Keat iThe abkammtion pajeide HwaH: Hey obk ai ned.
Next, a third enbodi nent of the carbon mﬁreﬁheati@g el ement seal i ng heater
of the prERentafroentith WP¥iude %3S Lgest?i b8dl tATrefeFence to Figs. 10
to 14. As shomnrin Fig. 10, this hg&ter carbon wire heating el enent
seal i ng heat er) JHR L ¢ setSa RF¥ATEY I Porti on 220, sealing termina
portions 230 pgpvngqa@@ gothsgnds 8f ﬁhg heater%ﬁgrtion 220 ang a heater
hol di ng portion TR 5 %ol%ﬂng T HEORRA e?'p%??? $20. Pt Ars-Heat er
portion 220, it i prtion is constituted of a quartz gl ass
pi pe 220a mhicﬁﬁggggi%gggﬁggf%ﬁ%r%érbon wire heating el enent 4 conposed of
carbon fiber bugdles and fopaed spirally with linear portions and circular
portions. The sane carbon wre heat generating elenent 4 as the first
enbodi mentaph se Useghowbal issulbeoguanis gtass pipe 220a is wound spirally
in the vertical direction. The quartz gl ass pipe 220a extended vertically
is formed linearly while the quartz gl ass pipe 220a at the top and bottom
portions pfg,forped circularly. If speaking further in detail, as shown in

Fi gs. 10amd 11— tiy,S.guart ASS PiaE 220a CoMRrises R oduction
port i ons-225—enne 1%£&igwwﬁ%gU@Ei$ﬁﬂﬂf%%ngnal JQP?Wgﬁgfz ngﬁgyggtended
horizontll Iy, a fi[4gideidiamgtennd, tR_ obnipe Wsisien yPIPE SaYRRe Phﬁkﬁlﬂﬁ%ti on
portion 225 and ex}eundieglaspwiped | dinmater when the cf theul ar por fpiens) 222 ext ended

fromthe first |inpaimportion 22[lwira df@esérds li negsnepaioni on 223 ext ended
l'i nearl y| dgwesa#iét fsomthe top c|[jgular portion|222 and a|Rottom cifcul ar

UJ

portion %%énﬁ%éfnded fromthe second |linear portiefiz223. 60
Example2 |4 2 0of2 0
Example3 |6 3 0of2 0
Example4 |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, it was recognized that
generation of the black spots was suppressed. 1In 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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The quartz glass pipe 220a is fornmed spirally by connecting the first

straight portion 22I,

the top circul ar

portion 222,

the second straight

portion 223 and the bottomcircular portion 224 and then repeating this
conbi nati on by connecting to the first straight portion 221 again and by

wi ndi ng

sever a

tines.

Fi nal |

Y,

to the introduction portion 225, which is connected to other sealing
portion 230. The carbon wire heating elenent 4 is accommobdat ed
inside this quartz glass pipe 220a and this carbon wire heating el enent 4

&R A hEc S 68 | D19 LIST M RALpPOE T | Ofn 2806 thEQHOME heupshT oduct i on

t er m nal

i s wound
portion

225,

the first straight portion 221,

the top circular

the bottomcircular portion 24 is connected

portion 222,

the seconghslfadohtimgrdinea2es, apdetferboih oMiEi ti8l ghaport HDAsE24 sever al

times and after that,

introduced to the other sealing term na

portion 230.

The i ntr gstitsd | D0 wpos t1 onsr 225t as eh s oot dednparstersace 120e°®i deTtand t he

seal i ng

t er m nal

portions 230 are fornmed on one side of the heater

portion

220. Becabssorpieidtrearate pogtanni2200f sther oedoby windi Agrt heequwast 2 gl ass

pi pe 220a spirally |in the vertical

di rect

i on,

pi pes 2208 1®319/2m3)omrkess sposed before and after in the radiation

directio

n. That is

(221, 223) di spo¥eeHtore Bhie feeiithePeases radiating heat in the

direction of a vertical P
11. 61 TeRRLLAGETE nel S

e side of,the, heater

(Pt Bhotin§Usakt . PARS opp

of Fig.

t he same
power so
t he seal
t he radi

further.

gl ass plates from outside atnosphere in viewoints of

piss

| ane

| ateral di

¢
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an
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the straight quartz gl ass

radi ation fromthe straight quartz glass pipes 220a

arr ow

nmed on
n,be connected to a

thetsBrhEri on side of
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Example 5
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5

0

0

One of Five

0

2%2

0*3

0

0
0
0
0

Notes:

(heating element)

of quartz glass pipe.

*1 means that it generates on only straight portion

*2 means that thin black film is generated on

straight portion

(heating element)
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Because the thickness B of the inner peripheral side is forned larger, its
heat capacity is larger than the other portions. Thus, at the top circul ar
portion 222 and the bottomcircular portion 224, heat radiation in the
direction of the inner periphery is weaker than heat radiation in the
direction of the outer periphery. Further, radiating heat fromthe straight
quartz gl ass pi pes di sposed 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

hi gh stress in themdé®as ethaf bHhechresentisnyentiabtewhbnhaatsegevdat es the
carbon wire heating elenent within a quartz glass pipe wound spirally with
a predet edhametet epsrteohoofethbeqgebyt prevensi pgpgenerati on of danage or
the Iike. The curvature radius r of each of the top circular portion 222
and the bottomcircular portion 224 is formed to be twice or nore to five
times or less the outside diameter of the quartz glass pipe 220a. If this
curvature radi ubhe ¢enpaiativiancxamripattk2ag ngs pnpe gevaratheni asi de of
the quartz_ gl ass pi pe 220a_may be deforned when the circular portion is
formed. Potd¢heSPebzonutthbfe VRIEECAPALFeaPit hat IFhB28cEBRTiDdat ed 63

carbon wire heating el enment 4 may nake contact with the inner Il of the
LD o CR e 6 PN da TR TBKE CROLEE) ot hleb e ok Ao hana, O 1 the

cur VAU S, £ SKESF el 48 HEPERLBE QULBLARSLaTELS! ke cuerte

gl ass pip% 'ncreas an radi atron in the

vertical gj ti i a whikeh is not preferable. The first and second
st rai ght % é??o%§&22§$£§2§gﬁgse(ggréngth of four tines or nore the outside

of the quartz oA&sgePtPELEd0fbot 8, OLRET c¥BKHS. wirkenghhinfy Lwepener nore
the length of the top circular portion 222 and the bottom'circul ar portion

224. Becagsglihg héasbtrapd speopdesthal gAveROibhOoBEPE2Ess843 have a |ength
of twice or nore the length of the top circular portion 222 and the bottom

circul ar penérabidrdofradeablaskhepbtsn tbetHateat camboh wheevertical plane
(lateral direction) can be nade |arger than the radiation heat in the
vertical deaethgoaledantnseavahgThéseerFhgvifh@) abetweedlehe feartz gl ass

pi pes 220a at the top circular portion 222 and the bottom circul ar portion
224 can bgeBeretied ahpreprpaierycaganabet Absainedrval is smaller, the

radiation heat in the direction of the vertical_ plane (lateral direction)
can be increasediext, 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

45



However, because the heater portion 220 is fornmed by w nding the quartz

gl ass pipe 220a spirally in the vertical direction, the straight quartz

gl ass pi pes 220a (221, 223) 64 are di sposed before and after in the

radi ating direction. Therefore, if the quartz glass pipe is wound too
densely, radiation heat fromthe straight quartz gl ass pipe 220a (221)

di sposed after cannot be used effectively, so that the inside of the wound
quartz gl ass pipe 220a is heated abnornmally. Thus, preferably, the circular
quartz gl ass pipe 220a (222, 224) is wound with at |east a gap of one to
three ti Eredthel QUISHISE ShRPIB) erwiddsd hendIUss £ tZi g aBS 4 Pemm@@ar ¥t 1n r espect
to an adjacent circular quartz glass pipe. The heater hol ding portion 240

i ncl udes #hdegitess tpwipdol @O nongi yiel 411 provpsiedl Hy dontaatipresded he i nsi de
of the circular quartz glass pipe 220a (222) fornmed on the top, a heater
bot t om hotdiengcqoitpen 2d@nipeovi 32d i Theontas: mipd 10@ outSodeedfof he
circular quartz glass pipe 220a (224) forned on the bottom and |i nki ng
menbers A% Atz Jlaks nnd heaheat @yl inpr ol Wi sip s pet vafilglvg t hn t hies heat er
bottom hol di ng pi pe 242. Then, the top circular quartz glass pipe 220a
(222) and®¥he et ROt R RGP HeCRM- are wel ded together. The bottom
circular quartz glass pipe 220a (224) and the heater bottom hol di ng pi pe
242 are wel ded & dYEHet . I FTT HEETPG he(M Gy e tfekceRst WefeRY i th t he

Pﬁgt ﬁ(raat e%gﬁl?]g:‘ﬂ%l %L&%%ﬁ%ﬁg&g}?ﬁ‘% ﬁ‘g‘% e%%é‘??fm‘ P%Ié iré‘ngJirg%of‘? %nngg
Provi si ¢ . Y 40 i .
s'[ (r)\e“n;!t ﬁn% E}ﬁéjec e% %?ﬁp‘ge;tfg%‘ Zggl“?lh(garqre c(i}g p"!r'lgneec ?‘#glnlﬁ g%fgﬁ%ﬁﬁnacgghl o

ot he , . .
e yg%ﬁ&@&@é&@%ﬁ%ﬁ&?@#%@ SEOoR! %%4&&@1?%§§portion

instal lation performance. Furt eat capacity o e circu

where the; fiepders ol g Hge PORL19NLS4P, i s attached to the circularly fornmed
quartz gl ass pipe 220a (222, 224) increases, thereby decreasing the

radi ation on t hensidsewfeddepdNesn PRIOPNES ad1 Pt 1 Prednist hestedexd, the
structure of the sealing termnal portion 230 wll be described with

ref erenceptevdigsintdrndBYy 3Bl etidndderildl sseelal angtherdanabnpeitéon 230
contains a connecting line 31 and a single heater portion 220 requires two
seal i ng tlegatiivay ebenénnss 230haswisheowarporigemddr Bachose jweséngeal i ng
term nal portions 230 have the sanme structure, one sealing termnal portion
230 will P&t desettjtpleg. 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 thfee
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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This sealing term nal portion 230 includes a glass pipe 231 conposing the
sealing termnal portion, a straight pipe 232 accommopdated inside the gl ass
pi pe 231, plural the wire carbon materials 33 accommobdated in the straight
pipe 32 in a conpressed state, a sealing glass pipe 235 for sealing an end
portion of the glass pipe 231 and the connecting wire 31 nmade of tungsten
provi ded on the sealing glass pipe 235. The carbon wire heating el enent 4
i ntroduced fromthe introduction portion of the quartz gl ass pi pe 200a has
the sane structure as the carbon wire heating elenents of the 66 first
enbodi nentnsank edcordl kebdell nemto TUie tasbde of rehdeatisg pleaeh®O4 is
connected by a structure in which it is nipped by plural the wire carbon
mat er i al sti3sactbrtroerteen | Purgkest 333 gh?3hi p@3@32avig t hi fureleleh ads pi pe
23l in a conpressed state and the connecting wire 31 of the sealing

term nal HoFYPRBBPILELIMMREtREAFDt her v rér Ehlbos Rackt?al 0335 The

sealing glass pipe 235 is caonstituted of, froma fusion side with the glass
oi pe 231,5% ROTHAFS Thacs Hitt | bh 53e0nt g atebeRbal | 1y PoFt FORE35b and

tungsten | as ortion c. As shown in Fig. 14, the connecting wire
234 made %#v%%%g f% s(@ﬁp%oﬁﬁ tted to the carbon wire acconmodated wi thin

the straight pi i conpl e t i i - gq b e pinch
seal ing porti on@%%%%ﬁ%%é’_ tun%s?%ﬁkg?@\)ﬁ{gf%s@e%%ﬁ o%f%g C. %’h%g

pi nch- seakh{ H9, DOk L4 AN L3061 4 51§ of redn of cLppgsten (N Haybno, gt hepaal
expansion coefficient near the tungsten (W constituting the connecting

wire and the fusi ofs SisfiscOfadhecighasendi PerEsd & srd opngdiof quartz gl ass.
Because the pinch-sealing portion 235d is formed of tungsten (W gl ass

havi ng a Ghefomh £x@atisé ofusnef £y cbenthaeannduagsi ent Ve consmbteti ng the
connecting wre 234, the glass portion (pinch-sealing portion 235d) can be
pr event edodid anurhies ngi daoeded w t dishesaathexpansoonwinvhenhéheingnnecti ng
wire 234 is at high tenperatures. 67
element 4 in the center of the glass pipe 100. TIf the
quantity 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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Further, because the sealing glass pipe 235 (quartz gl ass pipe 235a) to be
fused with the glass pipe 231 is made of the sane quartz glass as the gl ass
pi pe 231, it can be prevented from bei ng damaged with thermal expansion.
Further, using high purity quartz glass enables to protect fromnetallic
pollution. Further, the graded sealing portion 235b is forned between the
quartz glass portion 235a and the tungsten (W gl ass portion 235c. The side
in contact wwth the quartz glass portion 235a in which its Si 02 conponent
and W gl ass conponent change gradually is conposed of quartz gl ass
conponent or ndltley icdrbd@vivigees Qigdtiatg tdiemmalt )expansedniicoetd | £1ent
thereto, this nmaterial being oriented so as to adjoin the Wglass portion
235b. Thembadiengriades sead i nAportionwRB5hsa mhos end her hal , eXxipansaoa
coefficient is distributed with a gradient so as to nake its thernal
expansi orPitvedd | dietadppr oxd Prathkeathing cflementv gl bssus¢d prdviliedt bet ween
the quartz glass portion 235a and the tungsten (W glass portion 235c,
t her eby preVEHIGIRS t9CYy| G 2B5R1m B0 ot dlatrb@deafiiRe® o t her mal

[ eratures. As shown in Figs. 13A and 13B, in the

i at high tq
gég?infllgotnfe]rah*ﬁrréﬂlﬁa‘bfrf oo anHeeeatbon WP red HEM i HF etedEM 4 Ts ni pped
by the plural the wi b terials 33 i d st at d
of ect i odfty TIEH PTG 11 oHectTDE o 317 (i BLIRC t ROl AR the
W re car b?{}rm?%dq wlﬁé% ls;%%?’a ggrc@éjrgewipg carbon wire heating elenent 4 is
ed directly to

not connec e connecting wWire but through the plural the

W re carbon nat;gsri@{% @t’ir@ce“ ) %;gen%{\?%ec%ar Péé&%ﬂ%tﬁavf@@nec“ on

bet ween the wire carbon mat on wire heating el enent 4

i s never J@glerponse wyesr i fuihei beatt ng el pgreng/ERAchesudedi Shat egper at ure.
Further, because the tenperature drops sufficiently within the wire carbon

mat eri al ssade ddEOSONNEEL | DNa v the t hEer SONGRISEH NEe Mt I EbbSt NRA 1 PBERG| 00Se

t hereby excellent electric connection being maintained. Additionally,
carbon copgronentd funzz hef ptariabn t hienad ¢ ef Clae boni sreeepialsd33 exert
reduction action so as to suppress increase of oxidation on the conductive
wi res and conséguemding gemer apiefenfed spardinamt bef ptleeeptedentthen t he
carbon wire heating elenent 4 is sealed within the quartz glass nenber, the
absor pt i oinveitekouant Peydbe ¢he? che bdNWir ¢ eChBRPT n@abﬁéﬁégﬁ 4sjis preferred

to be 2 x 10-3 g/cnB or |ess. Consequently, generation_of the black spot is
bl ocked, E¥EFHERD atR R DOHLTF r €2 HRAR | Mg et @nentS skaF Al heal eFPRADENG an

| I ent_ heat ti terjstig. be obtaiped. A ding to th
hi Tl ot RERTSG1e Che DPECCHE | ERT | Ghent He® sGaF Ro: Pr A nalepor ti on 230

adopt any 519 et et ok Ral shTPSHERLRN o8 echdtenbalbihnt ke o
result, theseihs OIONEHedcan CBEPINEd 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 quantity 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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wire heating el enent sealing heater in which contact between the carbon
wire heating elenent and the gl ass pipe is bl ocked and breaki ng of the
carbon wire heating elenent is inhibited. The manufacturing nethod for the
third enbodiment will be described wth reference to Figs. 10 and 11. (1)
The introduction portion 225, the first straight portion 221, the top
circular portion 222, the second straight portion 23 and the bottom
circular portion 24 are forned and the quartz gl ass pipe 220a i s wound
spirally. After that, the quartz gl ass pipe 31 having a dianeter | arger

t han t he apronmodd Gissy pilpe 220cenent icreed t@lade phpeotdet and portion 225.
(2) The carbon wire heating elenent 9 is passed between the quartz gl ass
pi pes 231yFrWivi delhoh e entd2 off tee queter ghass pope 22080rH8) Next,
the carbon wire heating elenent 4 is inserted into the straight pipe 232
and the wiee®Erbbn ek 3herteh aetotmblht ed in the straight pipe 232 in
a condition that their insertion sides are in a U shape. At this tipme, an
i ntroduction stMSIFIF pasted PHYURH T Hel 1B MR Pot T oh Bnt e FBLf Tt e

b nber. i nsertion, si by pulling that introdyction string, th
W e car DO MEHDATASS Bart b abcoTbHt EEC AT AT TRECGH T &P GRERDI po 232 1 n

2, COMDY eSo8th M A! G CONSEUBILA V1o  Beq 025 o, VL e, hegt] ngglenppL s i xed

re carbon nenber  and” carbon Wt é heati ng’ el enent

pr ot rudi ng L am . J0c 1 o SLabROrki pryare gyt of L ald), Then nkbe Straight

pi pe 232 In W re carbon ne and the carbon wre heating

el ement 4,13f € aC WAL ethh NaBo CONMPRESREGu BLRL Erifgl REERLQAeb Rt PrLhe
quartz gl ass pipe 231. (5) Next, the connecting terimnal 31 of the sealing

gl ass pi pee@dnd B paserdedsisow@sih oFcoaness ghacipi ¢al kyrthenearbon wire
heating el enent 4 with the connecting termnal 31. (6) Next, the quartz

gl ass pipe 231 énd Fhestsead ftngr gbassimg peh23dglar €hé usedi deget hehewhi | e

i ntroducing inactive gas, for exanple, nitrogen gas froma gas introduction
port (notshxmwin)piee ak01 andde nof heuareati agaser nanakngopbrbnof30f thet he
meantime, the nitrogen gas protects the carbon wire heating el ement 4 and
the wire @fIn m%ﬁ%eh%aggn@r©h¢%@mhg4dé@ePﬁéﬁaﬂe§h§9u§éa?gﬁgin5ide

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
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 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

49



(7) After the other sealing termnal portion 3 is forned, the inside of the
quartz gl ass 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-descri bed manufacturing nethod enables a
heater of this enbodi nent to be manufactured easily. Next, a nodification
of the third enbodinment will be described with reference to Figs. 15 to 18.
Li ke reference nunerals are attached to the sane conponents or simlar
conponents to the nmenbers shown in Figs. 10 to 14 and a 71 detail ed
descri pt ippritimiecf ishomitedadivrs leurddde sredida hadl3la, f&3t aeein prevention
of damage on the circular quartz glass pipe 222 fornmed on the top and
prevent i orraftethrdyeammorepornd o for tobmeet i the thlaseapipg 1@ ni nal
portion 230 with the quartz glass pipe 221. If an unexpected external force
as i ndi cRRRUSL drirov@aiaon pelgricheat N Hrekeesnt rbin 2 ¢rorredaigdke or the
like or a worker is applied to the quartz glass pipes, 220, 221 as shown in
Fig. 15, Si¥ed jwiidohetehs dreorife W0 gtuehethifartz ¥ ass pi pes 220,
221 so that the y_be damaged. |If as sho in Fig. 15 the bottom face of
t he heat e‘?o%’f?%?‘ﬁqﬁoqﬂiw p"i”g’ée Zglazrk?%nlkb‘é%‘}lf\g%ls Bté?%%‘? h@%o??lo‘% ace of the
seal i ng q%g s]§i$§.2%§ of ﬁh S aliq% %erninal Oéti09n230 égrotruded by

t he | engt iS, - heater 2 |%§?ﬁ Vides T ot PO TAt2°3f the heater
bott om hol di ng pjp : e cgg% i a te | force
P3 is applied t%! )aepp%rftlel%ﬁé(Béﬁhl o avg%rn%/: énat(;rsg(%}ﬁeg%ga i ngﬁtae’r nm3§%(1’l ib%?ti on
230 with ghe Quaite B&asSaRi &6d 23drt 1 HRtoPOER O Bs oy be fgaaged by

vibration or the |ike. According to this nodifiCation, a portion likely to
be damagesibyostich an external force as vibration is inproved. As shown in
Fig. 16, a hallow heater top holding rod-like body 25Z is provided with a
predeterm ned gep) tAftodr athathhethsSigea®d phee cioCul ariguerted glmss pi pe 222
formed on the top. 72
the sheath pipe 101 of guartz 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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Further, as shown in Fig. 17, the bottom face of the hallow heater bottom
hol ding rod-like body 254 is | ocated a predeterm ned di stance t2 above the
bottom face of the sealing termnal portion 230. Different fromthe
above-descri bed enbodi nent, as shown in Fig. 18, the heater top hol ding
rod-1i ke body 251 is fixed by the circular quartz glass pipe 222 fornmed on
the top and the snall-dianmeter, hallow circular quartz gl ass rod 245.

Li kewi se, the heater bottom hol ding rodlike body 254 is fixed by the
circular quartz glass pipe 224 forned on the bottomand the small-dianeter,
hal | ow ciardil @an deaar izt gpdssed ogi246. Because the predetermned gap t1

exi sts between the inner side of the circular quartz glass pipe 222 forned
on the top and Gdresemianerlyoprdttdion bddvesikeodd a5, Pipe ol 1§ sanmh

bet ween the quartz gl ass pipe 222 and the heater top hol ding rod-1|ike body
251 can b @A Een thiefebye bt Bverti et dhnkye? Vesied cfeF$yy a col lision

bet t] tif f _th t I [ 222 t.h d
Strai ght BOTRTGRS % 6P £ HAS HoBtH™ € o hol i ot o %8 bt 2510 8an be
i ded. Thi t1 i f dto be 0,2 f ' int of
avol di ng SHERSE TR | 75T BhC° Bhbetses Hee Bof Thh §ate- OPT ke hbater  bot t om
hol di -]l ike.b 254 s | d d 1 hed di b
he. bott onrReesar ottt Ty SR R R B U RO EFC BRSPS RhE, &1

pl aced 0%%{$%L%ﬁf‘é aﬂ%ﬂﬁ‘i‘ reldiferdB 4 PQ%Q&%&&Cﬁuﬂﬁté%ié‘FF%einbOttOm

hol ding ro ody 254 never mmkes contact wth an installation face.

Thus, evemd fcagrdl CaF VhOTr@lioncaspaRpbhed) dye339, the, casthquake or the
| i ke, the bottom face of the heater bottom hol di ng rod-1ike body 254 never

makes cont@sisthhide thenipstadiiaiton daselyt hereby protecting the portion B
(introduction portion 225) which connects the sealing termnal portion 230

with the quart Betasse pilpe 22Uddéd dmak davmgeon deaniwtiné eyitdecpriecet er m ned
distance t2 is preferred to be 0.5 mmor nore. The reason is that if there
is a difflewrdtesi d3hei b, 0330. xhwt opn nbhe, inheodottbonf acdeof the heater
bottom hol ding rod-like body 254 never nmkes contact with the installation
face even(@Pp@%bt@e$%@%atov¥%$a@@@me¢§l%@pW1é@)d%é thet pareart Wgtidke or the
| i ke. Further, the_heater top holding rod-like body 251 is fixed with the
circul ar RRAFIBY g heBeRt pd %gztlﬂ%r%ﬂ%npm% 10p whécknacsnarrdarsfet er

hal | i reul tz gl d 245 and. the heater bottom hol di d-1iKk
body 254 T251F3REPRFthOE T cHREUPAFDYiar 5 ol 535 BF pE* FBPREG o the bot tom.

and the supLysdjangler Dokl o el bculaL 0upila ohass 0 adb., Thys, ot he

heater p i on 0"can be maintained and eve arg orce is

cool o, A0pDalLow el CULat AyeEhs ohaasy pte.2pactAq Brapdarnecd oo o
carbon w fgrbeghi fHe €&8AEPSrtions 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 insertion 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 quantity of the
carbon wire heating element 4 is preferred to be 2 x 1073

3

g/cm”® or less in the condition that this is sealed within
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74 4 is sealed in the quartz glass nenber, the absorption water quantity
thereof is preferred to be less than 2 x 10 g/cnB. Consequently, generation
of the black spot during usage is suppressed, so that a carbon wire heating
el ement sealing heater having an excellent heat generating characteristic
can be obtained. According to the heater of the third enbodi nent as

descri bed above, there is no diffusion of pollutant substance, particularly
no diffusion of pollutant substance such as inpure netal or the |ike from
heati ng object. Thus, pollution of a processing object is suppressed, so

t hat a hedterglmmting b secténibedy. of Corask @temnl heajermeda thpabd £ ofie
intensifying radiation heat in the direction of a vertical plane can be

obt ai ned.bNexdt , spEY | 18 o ke TEedpp@ dthist i prrhdr whrdoreak Fedheat i ng

el enent sealing heater of the fourth enbodinment_will be described. A case
wher e gaselemeisedseal ity sheatgd MATINpRRxPred hRNT nhert ag¢nor2hieef er ence
to Figs. 19 to 24. As, shown in Fig.,6 19, a gas heating apparatus 300 of the
present i PRATR T LT | S QF?RQE?%@F%ipe 301 for heating gas supplied

froma gas sup ource,, a heater portion 302 faormed spirally around an
outer peri pher%‘%"ftﬁi% ht’é'éefi%egrr?ﬁrbaefﬁﬁ]ftﬁ%tog n@bef a1 TFY Dody 303 nmade of

quartz gl | C [ofe) eat.l.ng pj d heat portion
302 & ol e O AR Rl P ReLk T rebPEe g EBat a0, Far Tt
accommodag i ng the heating pipe 75 301 and the heater portion 302 a high
purity heat insulating material 305 provided between the heat insulating

body 303 and t he-howsimg 394%nh s CONEEEhdg: PI P& S06«n W Chi§S. aggas
i ntroduction pipe, whose end is connected to a gas supply source while the

other entang EONNECGESss pipe heatiog Htpemsddaandyateeonsgebbngwpipe 307,
which is a gas introduction pipe, whose end is connected to the heating
pi pe 301 wéit end hel @tdretr £ndsi Socoadech ethé oslaasend£ohduceor Theat iag
processi ng furnace (not shown). As shown in Fig. 21, filler material 312,
whi ch rest steabibssi end gesrahoh al 034 f Usi Dorpedt et 3d8 anéd thspesédanddt hin the

heati ng pi pe 301.
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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A heat generating portion of the heater portion 302 is constituted of the
quartz glass pipe 311 in which the carbon wire heating el enent 4 (not
shown) as a carbon fiber described in the first enbodinent is sealed and
di sposed spirally on the surface of the heating pipe 301. As shown in Fig.
19, this quartz glass pipe 31l is conprised of a spiral quartz gl ass pipe
31lla, 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 gl ass pipe 31lla, and a straight pipe 311c (not shown) connected
to the otdiech eavd @fennthetlspt rad shewh zigl Bsg. p8 petBd laifercsupporti ng t he
spiral structure of the quartz glass pipe 31lla. The spiral quartz gl ass

pi pe 3llaneygmermi Thtebaoed hf7on théebent apght ipnpe8331td, ta 1scahinghe
carbon wire heating el ement 4 is accommodated in the spiral quartz glass
pi pe 311£7APHEFOUUERIR fabtn $Hel ser sz ghtheipest 3rapt 1811803 seal i ng
termnal portion 317 as shown in Fig. 19 is provided on each end portion of
the strailftRt pilrescagam @Hﬁ%.h??kén%h%l?%?%fnélm%%?%i%nC%nB?CFhEthrst

enbodi nent,, this seal'fg term nal gortion 317 has a connecting line 317a
for summgﬁ?mf%ﬂ%%tV?t 1Y HAs? tRF S UF DR VR Fe®hEdE P ng el enent 4, the sane

one as the car i re, heat.ing.el.ement of the first_.enbodi t is used. The
heat er portionbg€2¥$%ehﬁ?€%ht%% %%?b%%a%fr%l%%a é%gfg?%ngggﬁggn%ealed in

| ts q“art§o§% 5 P PS é% pRg Qeéf?ﬁ&eén?ﬁé%rﬁ%BﬁcFbXaE%?Pl@sgoﬁﬁgﬂtiO”a'

hi gh purity siTicon carbide heater, “so netallrc utron harnful for

sem conduct Or: Wak €1y ngeNeL 8hé 08; QhePAFTLEl BRe 88DERALLHO0J1QEs! PRPHEITY Qgas
and the |like are suppressed. The absorption water quantity 1s 2 x 10-3

g/ cnB or pesssang genet abhonr ofhé hei bt agkrepnt méMpENY39SAGEmI SheUppr essed,
so that a heat generation characteristic is nore excellent. Usually, the
heati ng phget 30drtSohi or 0Bl to Bheykeéalihgabnghppetobnt taRspasentagyart z
glass about 1 to 3 mmthick. After the filler material 312 and the

di f fusi onspl Glhet 3483 shewactonfibdat 8d{1ike heabhmgnpipeadOL-Ebapkdsed with
side end plates provided with the connecting pipes 306, 307 and seal ed
firmy. Theasszlesp¢effeethve drabbewrthetfbbei véreeagrhpnonenherfedsdi ng

pi pe 301 are set_up apgropriately considering 77 ,
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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the quantity of gas to be heated, heating tenperature, gas heat capacity
and the |like and usually, the effective dianeter is 50 to 100 mmwhile the
effective length is 100 to 200 mm As the filler nmaterial 312 to be

di sposed within the heating pipe 301, a substance by fusing short-colum

| i ke transparent quartz beads as shown in Fig. 21 together is used. The
shape of the quartz glass bead is not always restricted to a short-col um
| i ke shape if that shape is capabl e of absorbing radiation heat and

provi di ng passing gas with heat effectively but spherical shape, rotary

el liptical shape) hort,- adleun ey ldaxirdrc dursdiape, 3 3add 3 shijre are t he |i ke
may be adopted. However, any shape which causes distortion upon fusion or
i kely gefdrdaddariacksl ar quhigmpistgr uppni sisAgeadlsedioto praflerabl thand t he
short-colum cylindrical shape is preferred because it is as cheap as
possi bl e Tmdieshach pruceyss and ot hegu ¥dasoisi n@aoauset feducedrolt i vity
of quartzes property of the quartz glass or the like is not so | arge, nost
heat enerfgP® rdismRaeETF dREHEE A bih of rietheatafy RiRGeht3 P EPEe heat er
portion 302 to the interior of the heating pipe 301 through the quartz

gl ass pi p&34¥P%ont ai ni ng the sane carbon wire heating el ement is radiation

heat. For the reason, ,the filler nmaterial, 31 ithin t heat i ng pi pe 301
is preferred t t 1 Hs PErEhtC PR ﬁ%ﬁrh ° %‘j‘;\#’ak%%a’crklﬁo%o‘fe 78  The
reason i t, if the filler immateri 2 i b i ation heat
i s absor el}aﬂ%ydt]h%gosﬁtr ac fapsé)sr tflglo%é ngO%h]be)’ b?%%%?%o%%f%h%)gy%#s% e surface

portion i ilac%aétj.ﬁ/iﬂf?tc%j'nég érb@art%ié %igwtggéﬁl owvsr:l'gr i w1 L apspar ent body,

proj ected radiation heat reaches a Tenter portion through transm ssion,

reflecti qryand, refracid o iy Cosmlical et FRARET in SehaScéRrdeabs tigei Nteri or
of the filler material 312 equally. Consequently, gas passing through the

interior pfadheghigatiom. pime-80de cae bei heateebeguahhyleIhesgshapsp pf the
transparent quartz glass bead is short-columm cylindrical and its size is

sel ect ed Fhpraps | 8 eled depeindi tige cugasi peroabihe i viré veatboat i on

resi stance pressure loss). Usually, 4 to 15 mmin dianmeter and 4 to 15 nm
in | engt mateniseds ehdcach omeierdbllyles vothiamthe diaseteipantd08.to 12
mmin length is adopted. Particularly, a substance formed by fusing two

ki nds of short-col dit ciidrirsteaingues teu bl e@ st weler ofhBleo 12 Mmin
dianeter and 6 to 12 mm|n Ien%tt)h and 4. to 10 mmin dianeter and 4 to 10 mm
in | engt PFHUEARE aiba ¥HEE CRFPRANERECHI 3424 7P a: 3¢ nBPetprbf BRGDI v,
6:4 or 8:2) is unJikely to generate cracks.or chipping or acceptable in
terms of $4T99hg 158 %gﬁwga% %‘P%%J%u{ e-F 05RCaReY; gﬁ-g?ﬁecaw? sPbn plate
313 made of quartz gl.ass S _for n ps am si f quartz
gl ass beatgn? gﬁlrrlé% U kg rzn%%n???ﬁg%ghaﬁ?é?i a]%gl 8i ﬁ?%g?gﬁ?géw{j?ﬁkt he sane

quartz glgss. dead Serikd FHPStANEE-RYLENGLIO8 982l N83p, 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 from 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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79 like. As shown in Fig. 24, this diffusion plate 313 has plural through
hol es 313a. The quantity of the through holes increases as it goes fromthe
center thereof toward its outer periphery. That is, a rate of openings per
unit areas is higher on the outer periphery than on the center portion.
Because the disc-like diffusion plate 313 nade of quartz glass is fornmed on
the upstream side face of the quartz glass by fusion with this quartz gl ass
bead formed substance (filler material 312), gas introduced into the
interior of the heating pipe 301 is diffused fromthe center portion toward
the outer peri Resrystapaend sdigdfiusited plvatasl 1303, 1rsp teretidn off gk from t he
entire upstream side face of the filler material 312 into the interior.
Parti cul &A5PPedduse haad g lrandt ¢ perd dhintakrba 61 tMemRG peri phery
is formed higher than the central portion, gas introduced into the heating
pi pe 301 R HiFT wfedhoiaf s mERSUtREN pdrd pHaN e oS tdRe IRER ISR pi pe 301, so

that gas flows fromthe entire upstreamside face of the filler materi al
312. Cons%)q‘&érﬂr} ﬁregfg%ed%\ﬁ through the entire region of the filler
material 312. Theref.ar.e, .hecau as .flows t.hrough the.entire region of the
filler materi a[g §‘PZJ,1 SR Shver sth“oen S &P Iigcsl Shproved dhn aEe Jg%l's

resi dence i .S -f;ur i proved, . cﬂy_§ i ffasi ong pl 13 is forned

i nt egral Iejy @011 %%et{%éeé%ipbgﬁofgdaln&gi e Pfefa%:rg@eo?d({ hﬂéﬁh Ir?'eraﬁn%%ri al 312 by

fUSi On Ofy dhedride® nidrier J14 | e MRLEIIALG 32 1% NP iR LY {8Uartz gl ass

bead) separated, thereby preventing generation of particles or the like. As

means f orsiadil 1 Nchedasd aHd averdsm tdhenwntin ersdir fRces aetdel apst r eam si de
of the filler material 312, it is permssible to formthe outside dianeter

of the diddatstipt jpratthedlsb S |@iittwed. t he i nside di anmeter of the heating
pi pe 30l so as to forma gap between the both with a structure that the
di ffusi on pl at 1313 nedinutcatused hig hsudie shefdd ngrei e 30dhe Sucsa
structure enables to protect the heating pipe 30l from being defornmed upon
product i @ipe Ntk BhawprioviFig di rerssi diial ded albe 1wy . 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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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 exenplified, if the inside dianmeter of the
heating pipe 301 is 56 nm the length thereof is 205 mm and the thickness
thereof is 3 mm a diffusion plate 313 in which the outside dianeter
thereof is 53 nm the thickness is 3 mmand 37 through holes each having
the dianmeter of 3 mmexist can be used. To ensure a structure in which the
outer peripheral face of the diffusion plate 313 and the inner peripheral
face of twerdesdrigh fpyped B4H e rmsrghitialtloy aid i the costtaet of flused, the
i nside dianeter of the heating pipe 301 is forned to be substantially the
sane as thesutpipe J15. dianBtemadntiee dittHestorogl ater8 BeatTong npr ove
heat efficiency of the heater portion 302 by reflecting heat rays radi ated
from t he sleenent pbrandrtBoX o vearhon Heemesirs | Hell atdhgpodyl Iw3sedver s
the heating pipe 301 and the heater portion 302. Then, the heat insulating
body 303 ?Lgoﬁﬂ%rbibk@dlm YhiRRpEhel Hous? NS0l r ¥ 34 a3 §ONA MBS purity heat
insulati&g,nate %@J %g% such as glass wool is |oaded in a space between the
heat ins %R?%g{ dy! %03 and the housing 304 or in a gap between the heat

i nsul ati ng body. 303 t he heater portion 303. t hough t he housi ng 304
for acconmodat iy t hoglh it g Tty btb?f&% ?%I%?rhtallryl%o as to formthe

t h : | Ng. i d t d
outer shape. ol 10 a7, heatl o preor e OO0, o orslerfetle beelsyel e
t I teri , i b . Thi
quar olge (B Sihaloc it for, sl o R a1 eree, s Dy, T

heat er patdd qpb BOZorNe thee Neatpdmsil At | e Pl R ec BOBe2f €4 aggommodat ed. The
side end face of the housing 304 has openings for introducing out the

connect i ngc@mesd306d S tlendsddenseql 4469 B Bven n@é . pord+ obhSlreoh he
heater portion 302. According to the third enbodi nent, preferably, the
seal i ng tEhren qaniporievoBlfhadopts canybot ruetivees 0107 helt@roamabeporti ons
of the second enbodi nent. Consequently, 82

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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a contact between the carbon wire heating elenent and the glass pipe is
prevented, so that a carbon wire heating el enent sealing heater in which
breaki ng of the carbon wire heating elenment is suppressed can be obtai ned.
Next, a method for manufacturing a formed body (filler material 312) and
the diffusion plate 313 with the quartz gl ass beads will be descri bed.
First, two kinds of quartz glass beads produced by cutting a transparent
quartz glass material rod of 6 to 12 mMmmin diameter to 6 to 12 mmare m xed
at aratio of for exanple, 7 (larger bead): 3 (smaller bead) so as to
produced iSualbyat 600 1o dpPDlegiecetshe Adermimmbl pyrtidwe. di ffusion plate
313 is produced fromquartz glass plate and the through hol es are nade at
predet er mi ned pPusig.i ons the algradeter Mirdpentpige ThedQ0 asnstrown in Fig.
23, a carbon jig 314 is placed in a quartz cylinder (heating pipe 301) and
the diffUse®sr pif IS iRIPR UL ALY HER@ORC TR tPREtlehe rikegl ass beads
are poured onto this diffusion plate 313. After that, this quartz cylinder

(heati ng PiPet B )of Sthppried satlorn Bebaes i €38 tpl the ndeerntsIhade of

he quar HEY 20t bhaRST LPRLTReRee por i BF 5E08 (1 obEh, BYHEPC 56 asvE 6 pr oduce
Fused i tht o BYT T Tedt (oo By Sl That | thay 41 EC i ne BgPA ed. AL this
(heat i ng e 5010 Tt RaE oy 4r 41 SEray ™ AP ndnghe Uoaee . T

manuf act Wdfinégd0ad 2pp!ied é@bﬁ@@tiﬁ? hike gonvephignal ly is not applied
to quartz glass beads in the vicinity of the diffusion plate 313, but the

quartz gl ass beagdlsa e friseh v tdathen dhdhiston3 pf@i%f'%@irbd thei en@wn
a

weight. As a result, separation of the quartz glass beads can be bl ocked

t her eby qeswet b ofif of hPacdhedesiandwi he 81 keabhebagasdpphessedd Because the
filler material 312 produced in such a way is disposed in the heating pipe
301, gas demsebucedeftctibte dEathagepeperB8Olrpassesntarvaghefine passages
bent and intersecting in conplicated way, constituted of the filler

mat eri al SIPpressed dospiowidebnithosuappbiedreri that termenakadi ati on heat

fromthe heater portion repeats_ transm ssion, refraction, scattering and
reflecti dPPTH dnpiRestRY wWadPths7Hedt heSFirierTRat8FRrAF®312. As a result,

t he i ntroduced gas, can be s lied with a sufficjent heat anount, . B Thus,
host exenange dISTer dh P RRtRPLl Ehng i eRad ot cboS tepRt Ralr PAGt P Be. and

heater;xgﬁé&w can Pe rgdugfg. ge auge.%hﬁ diffusion plate 313 is forned
integral l'y on the uﬁ%treé%15|d% facebt the filler material 312, gas

ol oL 5, DRSSP 0 20 L Bkt st on
upstreamsigle fatenfietbe fhhler yuhsti ahn3d4d 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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84 Consequently, gas flows through the entire region of the filler
material 312, so that gas residence is inproved and heat exchange
efficiency is inproved. Further, the filler material 312 is never partially
separated and generation of particles therewith can be prevented. A twodot
chain line in Fig. 22 indicates gas flow Next, a nodification of this
enbodi nent will be described with reference to Figs. 25, 26. Although
according to the previous enbodi nent, the diffusion plate 313 is formed on
the upstream face of the filler material 312, according to this enbodinent,
the diffusirohlqd afmes 3Gt Gatartehd orpred end ther st retnt iacki asd
downstream face of the filler material (cylindrical fornmed body) 312. The
di f fusi org i@ 1393 Idtovi ded on this upstream face has the sane structure
as the diffusion plate of the previous enbodi nent. Although the diffusion
plate 3I6 basiclal)l P& thetsard sthintturel a%s therdli ¥ usiont prateedf t he

previ ous enbodi nent, the outside dianeter of the djffusion plate 316 is

f or med to“’_ﬂiep it I%"_reattﬁé_rpjtf?f’e %%i’%?ed%i%e‘ﬁlé?r*ﬁ ‘ﬂf%s%eati ng pi pe 30l .
rurther 11 VR 9 luon ot gls Lhe,flifusian lale i lo ke
sl et and g ) e} de, dlaneter, of Uis. heating plae 301 hen produci ng

odi'es a usi on at es Mg such quartz gl ass

beads, t t . al ay st i fysi op_pl at
313, 516 B TEIET ant U B T e TRE AT S0k Cabbot Tent Snd ol shown in Fi g

25, the o idthsl diSe Pl@Cethd A Ne GUas tZa eybh ndeha{beati g ptge 301)
and the diffusion plate 313 is nounted thereon. Further, the quartz gl ass

bead and it sgeonchsidd ust othd! b Cordd bgBses pbased1 08, t bbstHat feséon plate
313. After, this quartz cylinder (heating pipe 301) is applied into the
car bon nefftel dad ibelrk qad rispdn tigol ceBidd at caibovpari ghd psrpiasedft her eon
and heated at 1450C or higher so as to fuse the quartz gl ass beads
parti al | ytheogetdmwrd tolascywiperi€al forned body. At the sane tine, the
first, second diffusion plates
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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313, 316 are fused with the cylindrical forned body so that they are
integrated. Further, the cylindrical forned body 312a is fused wth the
quartz pipe (heating pipe 301) so that they are integrated. If the outside
dianeter of the first diffusion plate 313 is fornmed to be snmaller than the
i nside 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

i nside diameter of the heating pipe 301, both of themare fused together so
that they are integrated. On the other hand, because the second diffusion
plate 316 is fofhedfitebetspl leredthait thesigtsinche dralmet ers afd fuecdreat i ng
pi pe 301, both of themare not fused or integrated. That is, because a |oad
is appliédy tagl tuet ipmartensgias soB6-he bemdwohyw ressdatgi ndee savond 4i f f usi on
plate 316, the quartz glass beads are defornmed so that the second diffusion
pl ate 3| &hg Mennemudg (Yithe3kebpnthsr el o plHhe FAB°nd dased to be
equal to the inside dianeter of the heating pipe 30l and both of themare
fused togdttferlOhAndniiRahey scdhdPRFT FRRTE FPP R B8 it @20 the

heatin i.pe 301 are deforne | ackipng di nensional_ stability, which is not
pr ef ergblosé{)eaég%é?f%e a &g & C?ffe‘?o#]clg“}% HKPI FEP L he qu)altrtz gl ass beads
| ocat ed above a wei ght. frgm above, . f usi ortions eck portions) of
the quartz gl aggs baeardassq‘é % 1Y egequaéé%%%eofrﬂp "‘l”glfﬁ Glagr%aﬁfnst PT%%%%Sd as it
oes fro by | to. the eads
gownvvar dnfb%ggolnlgsgg%?scg?%@tail_eé%%sé %gglo(??%ﬂnf%? %gqﬁrgéj%ﬁcgl‘gésgéﬁoegds IS
smal | er than fhe; il O ROTE{ A0 ﬁ'eﬁ%t L L 08 Pérc%@f Ay ten gl ass beads

| ocat ed upward. The reason iIs that e neck portion is larger, the gap

bet ween thestitidy Zo Bl @S WPee&lScd SbSBhé e ANC1 0T 1ML MECK: POF tyDAsE S
smal ler, the gap between the quartz glass beads is |arger. Therefore,

por osity mipd OBppes Shae e tdend ottty bedye f ®1 neels byt ddisimgo t hige quart z
beads together is formed to be smaller than the porosity on the | ower side.
In the nmesatome,gldwes uppes B0 @lecat bdisipoedediboty. responds to the
downstream side of the heating pipe while the | ower side responds to the
upstream si de dfhe Rodretn pigler gpuantity 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 quartz 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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Here, the sizes of the fusion portion (neck portion) of the quartz gl ass
beads were neasured. Upon the neasurenent, a formed body was di pped in
hydrogen fluoride solution and a tine until the quartz gl ass beads dropped
was neasured and the size of the neck portion was cal cul ated fromthat
measured tine. More specifically, because the quartz glass was etched in HF
sol ution having 160 density kmih, a tine until the quartz gl ass bead.
measured and by multiplying this tine by velocity and a constant (the
constant is etching is progressed fromboth sides of a quantity (size of

t he neck gesd¢ridrgd ofitwasreidadnmsd. t Canseguehd [yo Bs. shbswnshowki gn 26, at a
vel ocity of 8 dropped was that etching 2 because the the neck portion), an
et ched porigonl@hathidmater wesa8oormwore thea tibwnse Fenentsi sieabige it was
4 ~mon the upstreamside. As evident fromthis, it was verified that the
porosi ty RPRtde) uel reamrsirs wadigalrgje RPFTEOR he2Qoresatingn t he
downstream si de was snall. Because the porosity in the forned body on the

downst r ear SMHR ¥ PPl BYS F430 iF QRkARlar® LY asendeads thgetariels snaller
than the porosity t he upstream side, gas reside an be_ i nproved

Lher by RS R (27 0 i OVenRTA el Mot LRk dhaGRo 1 £1 081 ENEyRoHethdse t he

di ffusion ﬁlaﬁes are foéned #$@egrally on the upstream and downstream si des
of the fitler ?&ﬁ%ﬁi%ﬁf 14 ler material is not partially separated

thereby B8 Preyant g pardi chea a0 06, |1 ke 5o behng. oener ot od

thereby. Al though an exa _ gas’ls_enp 0 a id by a fluid
heating appar 8bns; 4Iskids ¢ hencad bop pi @aP@étdgﬂgsﬂﬁ{@@tﬁ@é' ingcheater of

the present invention has described above, even I f liquid such as pure

water is dseshhdddessd Bhe J@Srbdhey BREEnOPELRY | ONera8gt el f e6hp638dber
obt ai ned. As described, this enbodi ment enables to obtain a
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 quartz 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 quartz 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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fluid heating apparatus enpl oying the carbon wire heating el enent sealing
heat er whi ch can be reduced in size, having excellent gas residence and
heat exchange efficiency and capabl e of suppressing generation of particles
and the like. 89 CLAIMS: 1. A carbon wire heating el enent sealing heater
in which a carbon wire heating elenment using carbon fibers is sealed in a
quartz gl ass nenber, wherein absorption water quantity of the carbon wre
heating elenent is 2 x 10-3 g/cnB or less. 2. A carbon wire heating el enent
sealing heater in which a carbon wire heating el ement produced by knitting
pl ural carbon fiteerquarst seqlass ipi@e R4 z1i gl Bsmerendyeirra Wherkey n absor pti on
wat er quantity of the carbon wire heating elenent is 2 x 10-3 g/cn8 or

| ess. 3. drenectribon Wie ef hiest | sigrel gnerosebdn i heatlee aerotdiaglan claim
1 or 2, wherein the quartz glass nenber is tubular and a ratio between the
di anet er AT cAddbont v ree pread | wigral @ rpoahton 23 mndet ki dpeteemof t he
quartz glass pipe is 1;2 to 5. 4. The carbon wire heating el enent sealing
heateramﬁ&ﬁ%ﬂ#ﬁftRP%ﬂ%ﬁ?n%@4kﬁﬂ@rﬁP%PLF%@@&%%P%O%@%@u?%%?b%aﬁh??ebé
straight heating, el enent is_provided and termn pal tions are provided on
both ond<COMSGHI bR o7 LTS e EPRE e CHrbORe hi F42 HeatT A8l ement |'s
di sposed off .the center. portion of.th uartz gl ass pipe. 90 5. The

car bon i TEYHUAT | 16761 Shari™ten! | by Rokler - ascar B T hEer B R 1 or 2
further | SI ng, g i S e p i o he quartz
gl ass neﬁ%%?géé% %rﬁ%d%%%%%gggﬁngétﬁ@éegﬁe%%r ?ggg%fgéﬁggggr%%%’mﬁre
heati ng ﬁggﬁﬂf i DENber « NI PPL RS i of the
car bon mﬁ&e ea%?ﬁawgﬁéﬁgﬁé?ggnd a fe?%?%g épg%??%ngaﬁggéggﬁg ?go'

accommodat ed i nTide-HHass i Pe Ragk W CAl &Rt R NSia seRRRRbANGM re for
power supply ni pped by conpressed wire carbon nenbers, wherein the wire

carbon neidmerdé stigpfnsqudvt edgDispl pipd L0& sadboni busdriesncenpesed of wire
carbon nmaterials, and

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. 11.
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the carbon wire heating elenment is disposed substantially in the center of
the gl ass pi pe anong the plural wire carbon bundles. 6. The carbon wre
heati ng el enent sealing heater according to claiml1l or 2, further
conprising: a first glass pipe disposed at an end portion of the quartz

gl ass nmenber and for accommopdating a part of the carbon wire heating

el enent; a second gl ass pipe having the sane axis as that of the first

gl ass pi pe and for acconmodating an end portion of a power supply
connecting wire for supplying electric power to the carbon wire heating

el ement and an Bamhysw ttilen odalimg ceedmmail reoheatnng 20 ement foamed a
termnal portion accomobdated in the first and second glass pipes in a
conpr essexh sthe esaimel facs ngide Wi etlearonterenpertdan 220y dhepi agnt he
carbon wire heating el enent and power supply connecting wire, wherein the
wire car Bom eepiReted tomstPevteds @R r et uradt wihewehr dfl bvindl 88 conposed of
wire carbon materials and the carbon wire heating el enment is disposed
substanti%ﬂ@%ﬁ}?@t$%ﬂ%eﬁ?e?h%ff??@@%ﬂ%&ssh@%eoén%%% tPRlprar 8 TR rel car bon

bundles. 7. The c n wre heating el enent seal] heater according to
APHRORRUSI A fok GRS Nt IR R S P v T IR

t he second glg@f?hiqué§ lfﬂ@%g p?%g?éQgéT%Lr%gf%%%iﬁﬁféi%QQ pepber s

accomodated i n eTirst gra eating el ement

seal 1 ng hapl ko AGLOIHH N0 40 &%g&%%%e?l% Tee HREREI Mob es UhT £352L.R0N

bundl es are acconmpdated in t ass pip ( ( -back portions
of the “‘{ﬁbf@§§@nt@@n9$§§a@{§nlP&?%Fgrpn RD tRisoducitep;ghdg19fet he

carbon wire heating elenent in the glass pipe for acconmodatiihg the end

portion of3¢hei€alHoprdfELalbeat t H0eRbEFPNEhe IondhEokBADAMNMY se heati ng

el ement sealing heater according to claim6, 7 or 8 wherein the first

gl ass pi pehéofia hceppamsbdn ngl acpal éadf shbet cachoadvwbeewbeat twg el ement i s
formed linearly while the second gl ass pi pe for acconmobdati ng end portions
of the 92quapomeylsuppbyatenntromnguinsidef atmsapphéyengnelréevpotnpswer to
the carbon wire heating el enent and the carbon wire heating elenent is
formed |ioeaihgrovérertr @bnhiwh ephedtynghereabariandct Ardwreélearbon
bundl es are di sposed substantially in parallel to axes of the first and
second gl255ipipReY - anfitthe Rapbohat et AeBEPHg Rl BReAt INEePAREb¥uced from

n en rtjon of th ir I i pe,
an end p%ﬂ%tg tgé éegl{ngS%egmfgglppggtions 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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10. The carbon wire heating el enent sealing heater according to claimb5,
wherein a glass pipe for accommobdati ng the carbon wire heating elenent is
farmed in a T shape while an end thereof is sealed, the carbon wire heating
el ement 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 introduced from
anong the wire carbon bundles at a bent portion of the glass pipe. 11. The
carbon wire heating el enent-sealing heater according to claiml, 2 or 3,
conpri si repch hefat Bre phi 1 $onaméadee odnduat tzighassopt pens o22accdhdpdati ng a
carbon wire heating el enent conposed of carbon fibers, sealing term nal
portions Provicedorchbah redsion 22 audrthe ghattopi perofilahe heater
portion and a connecting termnal provided on 93 the sealing term nal
portion, REFEIH 43k et R t1edeT sther same bJ i1 eneiPBSt he quartz gl ass
pi pe spirally vertically while the quartz gl ass pi pe extending vertically
is formed |inedtdSPuTHY te RiGERed a%sof)i%%% W?ﬁep?@pp%‘ﬁﬁagoﬁ%‘?n

portions are_forned circularlg, and the segling ierninaL ortjons are
s e ﬂgaté

f or med ailiﬁéffﬁﬁ i BAEIDE 7 the® et t ZCPaSEtPi p of9th PCportion
ext ended § %ﬁCE§r€Eo.Q? Sﬁﬂﬁ?f?&@Sthézg?gggigéﬁPQP ggigeaﬁ%ggagéenent

seal i ng hea according to craim1, CONPrising a heater portion

made of c%ﬁgtgo%%ﬁﬁscﬁfggliPr ?f&?&ﬂ“??&l” e§tC9589QtTéﬁeigggBé”9 el ement

conposed carbon fibers, se ng term nal portions provi on both ends

of the quaftzc@ &$SoPi Pee Ofnkde ﬁ@@ifﬁe??riéoﬂeéﬁgratHQHnﬁéékng term nal
provi ded on the sealing term nal portion, wherein the heater portion is

formed byradigh nenthe ewardzrgbassnpbpetrdi batby F@fibﬁékby while the
quartz gl ass pipe extending vertically is forned linearly and the quartz
gl ass pi pes on Fuecliop, amdd bot iom pedt | Dnematlee f ot n@tlglet rquaatty, and the
sealing termnal portions are formed at end portions of the quartz gl ass
pi pes of ghesheaipes pdisporcaexibended andsafiesrotanhkespnmevénted, from
sealing termnal portion including a glass pipe for acconmodating an end
portion dfeime eadbabedi te hedir@gtdgn 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 quartz glass pipe 220a.

If this curvature radius r is less than the quartz
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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el ement and wire carbon nenber accommpdated in the glass pipe in a
conpressed state and for nipping an end portion of the carbon wire heating
el enent, the wire carbon nenber being constituted of plural wre carbon
bundl es each conposed of wire carbon materials, the carbon wire heating

el ement bei ng di sposed anong the plural wre carbon bundl es and
substantially in the center of the glass pipe. 13. The carbon wire heating
el enent sealing heater according to claim 1l or 12, wherein a curvature
radius of the quartz glass pipe formed circularly is twice or nore to five
times or ¢agson hel vetkeatel oy apkernendf 4 tihey quake zcghbast pvpeh ttde The car bon
w re heating elenent sealing heater_ according to claim1l, 12 or 13,

wher ei n alnea¥ okt vebnthhededreknaebasofribe heddervihpbehi 8B 1ok ned
circularly of the quartz glass on the side of an outer peripheral portion
and on t Herefmeakie an Phneie petipherardpottibaeisuavatyreorediys rThe
carbon wire heatipg elepent sealin ngat r accordipg to any one of the
Claims LIEXGFI9S WHEF o MG Rt P Ut BhORONEPRG. REnBer LIS WARHRE PLaFfe

i nsi de of i rcul ar, | i pe f d h whi L h
bot t om noP B WEroR TS Wb 28 TeFERE oiFCFenchiavRc 88 Mt feledr "olarc 2
gl ass pi pg, fofred. on; Lhe @g%%&‘lo&?%ngp a§8§P°@h%%£eiQe§B£”9 el ement

seal i ng heater accordi ng arm erein a bottomface of the heater
bott om hol di pg,-tepber is |ocated above the bottom face of the sealing
term nal portion. 17. A fluid heating apparatus conprising a sealing heater

according to claidndi Pt Zan@ HEAEAAIsPEREghOIpbeibRY $hu| dos9pRhied froma
fluid supply source, a heater portion forned around the heating pipe and

made of quarédqgghass pope foOneacepnabdat thg dlhiescaeben vheeqheating el enent
conposed of carbon fibers and a housing for accommodating the heating pipe
and the hgbies popei 2A0awheneohhér| verdspt eriahgtbsost tnfcpassimgreluid is
di sposed inside the heating pipe while a diffusion plate is forned

i nt egral | ¥hei 1énabh upst teantspdeifavéanfpoheidn| P82 anderhal boi8omA f| uid
heati ng appar at us according to claim1~, wherein the glass pipe
accompdatEsC@laengopbt @R oA2tdf the carbon wire heating el ement at an end
portion of the heater portion;, wire carbon nmenber is acconnnda&gﬂ in the

n,
gl ass pipe in PLoMpFessed Sthtk 787 APPPPAgSaR*&AAt pBPEFOR"Bf “Ehe car bon

wre heating elementiand.a Lermoal BOrELOD LR.256RNTRIGEORLN BY end
circular portion 222 and the bottom circular portion 224,
radiation heat in the direction of the vertical plane
(lateral direction) 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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power supply connecting wire nipped by the conpressed wi re carbon nenber,
the wire carbon nenber is constituted of plural wire carbon bundl es each
conposed of wire carbon materials, the carbon wire heating elenent is

di sposed anong the plural wire carbon bundl es and substantially in the
center of the glass pipe. 19. The fluid heating apparatus according to
claim17 or 18, wherein the filler material is short-colum |ike quartz

gl ass bead, the diffusion plate is a quartz glass plate while the diffusion
plate is fused with at | east one face of the filler material fornmed by

fusi ng t ereudkipodeddse fogetdret .af20r Tire fhelithdisstimy dppechiws. accordi ng
to claim17 18 or 19, wherein the diffusion plate is conposed of a

di sc-1i keChpizgioreyl ok Prat@asii o9 DiRe al s trpwughtdol @ensmtlyt he ratio
of openings per unit area by the through holes is |arger on an outer

peri pher afaPrtioh hemh F5R H R et Iordidnt 2 AlasheP 1P 4 $eat i ng

appar at us ccomgggg to aqg one of clains 17 to_20, wherein the porosity on
a downstr ki Fee RSt her F18T remlertal v e et oyt iRt hg ThetRBbrt col um

| i ke quart,z glass,beads .is snaller on the porosjt t he upstream side. 97
Ay A AL R AT IR, B8 AR AR ABL G0, RE 11 OALES AT RCR. Au. AaLr
A&. A9. m'%r r. Au& Aa9. ALr. A As9. A& As9. A A Aa. A. A A@ A9u. Al * _. Au9. AL
r. A A9. Au. A& CAUL Aa. Au9. AL Aa&. Aa. A& Au&. Aa&. Au&. A. AS. Au. Aa. Aa&. Au& Aa9. A

N. Au. Aa. Aa&. Au&Aa A%é%%@ligu@gbﬂ&ﬁ@qwﬁ%ﬁsgﬁﬁg@266@. A9. Au9

A . AQ9. Aa&. AN A; . Au."A0”z]
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F6FQ&I}JJJ) K/ K\ L} xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca] ca] ca] ca] cdltea] oz toa} dad ok roa ] e Tiade o £4] Tad L LdNPRRUWDXSE Ef pp ~ ~ ahdgf
nf {gi H | | msoqqt =v>vww} xsni d_Z]i% cal] ca] ca] ca] ca] ca] ca] ca] ca] caLca ca) cal ca
p

] ca] ca] cded g calra] ¢4} cafew cH) cedrdel] ehfleafleal Wp2ige~o ®F} xsni d
_Z]]ca] ca]ca]ca] ca]ca]ca]ca]ca]cal ca% ca] ca% ca; cal ca] ca] ca%ca] caJ ca] ca] ca] ca
] ca] ca] caftafeeafeadta)erss Pt 4120@ | 22) tormed on the top, a

| mhe” vl,cel cal sal calcalcal eal oal cal gpd gl sal sabog calgelep! galgal ggl oal cal
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 holding 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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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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sealing terminal portion 230 is connected to the wire
carbon materials 33.

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

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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Further, because the sealing glass pipe 235 (quartz
glass pipe 235a) to be fused with the glass pipe 231 is
made of the same quartz glass as the glass pipe 231, it can
be prevented from being damaged with thermal expansion.
Further, using high purity quartz glass enables to protect
from metallic pollution.

Further, the graded sealing portion 235b is formed
between the quartz glass portion 235a and the tungsten (W)
glass portion 235c.

The side in contact with the quartz glass portion
235a in which its Si0O, component and W glass component
change gradually is composed of quartz 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
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materials 33.

Because the carbon wire heating element 4 is not
connected directly to the connecting wire but through the
plural the wire carbon materials 33 accommodated in a
compressed state, connection between the wire carbon
material 33 and the carbon wire heating element 4 is never
made loose even 1f the heating element reaches a high
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 quartz glass member, the absorption water
quantity of the carbon wire heating element 4 is preferred
to be 2 x 107° 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 heating element sealing heater in which contact

between the carbon wire heating element and the glass pipe

is blocked and breaking of the carbon wire heating element

is inhibited.

The manufacturing method for the third embodiment
will be described with reference to Figs. 10 and 11.

(1) The introduction portion 225, the first straight
portion 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 quartz 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 quartz 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

member and carbon wire heating element protruding from a
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distal portion are cut off.

(4) Then, the straight pipe 232 in which the wire
carbon members 33 and the carbon wire heating element 4 are
accommodated in a compressed state is inserted into the
quartz glass pipe 231.

(5) Next, the connecting terminal 31 of the sealing
glass pipe 235 is inserted 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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detailed description thereof is omitted.
This embodiment has a feature in prevention of damage
on the circular quartz glass pipe 222 formed on the top and
prevention of damage on a portion B for connecting the
sealing terminal portion 230 with the quartz glass pipe
221.
If an unexpected external force as indicated by
arrows Pl, P2 due to vibration from the earthquake or the
like or a worker 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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10 10 Further, as shown in Fig. 17, the bottom face of the
hallow heater bottom holding rod-like body 254 is located a
predetermined distance t; above the bottom face of the
sealing terminal portion 230.
Different from the above-described embodiment, as
shown in Fig. 18, the heater top holding rod-like body 251
is fixed by the circular quartz glass pipe 222 formed on
the top and the small-diameter, hallow circular quartz
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 ti exists between the
inner side of the circular quartz glass pipe 222 formed on
the top and the heater top holding rod-like body 251, a
collision between the quartz 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 quartz 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 1f a heater is placed on a horizontal plane, the
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bottom face of the heater bottom holding rod-like body 254
never makes contact with an installation face.

Thus, even if vertical vibration is applied due to
the earthquake or the like, the bottom face of the heater
bottom holding rod-like body 254 never makes contact with
the installation face, thereby protecting the portion B
(introduction portion 225) which connects the sealing
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
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4 is sealed in the quartz glass member, the absorption

water quantity thereof is preferred to be less than 2 x 107

> g/cm®. Consequently, generation of the black spot during
usage 1is suppressed, so that a carbon wire heating element
sealing heater having an excellent heat generating
characteristic can be obtained.

According to the heater of the third embodiment as
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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301 and the heater portion 302 a high purity heat
insulating material 305 provided between the heat
insulating body 303 and the housing 304, a connecting pipe
306, which is a gas introduction pipe, whose end is
connected to a gas supply source while the other end is
connected to the heating pipe 301 and a connecting pipe
307, which is a gas introduction pipe, whose end 1is
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 311lb 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 31llc (not shown) connected to the other end of the
spiral quartz glass pipe 31la for supporting the spiral
structure of the quartz glass pipe 3lla.

The spiral quartz glass pipe 31la communicates with
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the straight pipes 311lb, 31lc and the carbon wire heating
element 4 is accommodated in the spiral quartz glass pipe
311la and introduced from the straight pipes 311b, 3llc.

A sealing terminal portion 317 as shown in Fig. 19 is
provided on each end portion of the straight pipes 31lb,
31lc. Like the terminal portion 3 of the first embodiment,
this sealing terminal portion 317 has a connecting line
317a for supplying 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 1077 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
rm 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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the quantity of gas to be heated, heating temperature, gas
heat capacity and the like and usually, the effective
diameter is 50 to 100 mm while the effective length is 100
to 200 mm.

As the filler material 312 to be disposed within the
heating pipe 301, a substance by fusing short-column like
transparent quartz beads as shown in Fig. 21 together is
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 as cheap as
possible and easy to process and other reasons.

Because heat conductivity of quartzes property of the
quartz glass or the like is 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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The reason is that if the filler material 312 is the
black body, radiation heat is absorbed by the surface
portion of the black body while only the surface portion is
locally heated. If the filler material 312 is transparent
body, projected radiation heat reaches a center portion
through transmission, reflection and refraction in
complicated manner, so as to heat the interior of the
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 1is
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 1s 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 quartz 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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like.

As shown in Fig. 24, this diffusion plate 313 has
plural through holes 313a. The quantity of the through
holes increases as it goes from the center thereof toward
its outer periphery. That is, a rate of openings per unit
areas is higher on the outer periphery than on the center
portion.

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 periphery 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 cpening 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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on the upstream side face of the filler material 312 by
fusion or the like, the filler material 312 is not
partially (quartz glass bead) separated, thereby preventing
generation of particles or the like.

As means for allowing gas to flow from the entire
surface on the upstream side of the filler material 312, it
is permissible to form the outside diameter of the
diffusion 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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diameter of the diffusion plate 313.

To improve heat efficiency of the heater portion 302
by reflecting heat rays radiated from the heater portion
302 outward, the heat insulating body 303 covers the
heating pipe 301 and the heater portion 302. Then, the
heat insulating body 303 is disposed within the housing
304.

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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(filler material 312) and the diffusion plate 313 with the
quartz glass beads will be described.
First, two kinds of quartz glass beads produced by
cutting a transparent quartz glass material rod of 6 to 12
mm in diameter to 6 to 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

83



""F)"1090& ()-F)"1099& ()-F)"1099& ()-bH F)"10%& ()-F)"10%0& ()-/K,
""F)"109%0& ()-1F)"109%0& ()-F)"109%0& ()-F)"109%0& ()-bH F)"109%0& ()-F)"109%0&
()-7K
"U"F)"1090& ()-1F)"1090& ()-F)"109%0& ()-F)"10%& ()-bH F)"10%& ()-F)"10%0&
O)-7K, ""F)"10%0& ()-1F)"1090& ()-F)"109%& ()-F) "1099& () - 6gN-
"10%8 & ()-F)"1090& () -/ K,
""F)"1090& ()-F)"109%0& () -F)"10%& () - F)"lO%@&'() 6nmv|[:- ' ,2 10% & ()- LO
108 & ()- 1.Z2108& ()- ,108& ()- * 10 & () -
(s10% & (<;)u3\t¢7289:y|1{ﬂW@J@' EHa0IngY w8 &) B oM &H9y ardl0% & () -
6s10% & ()-' 410 & ()-:r |[:NA410 T@OW& ()- 108 & ()- 109 & () -
10% & () -integma&gd.- ' nl0% & () - 7IJijvaNA410 T9+4s!1 109 & () -%
9+s! 10W & ()-% 9+s! 10U & ()-% 9+s! 10U & ()-% @O0W & () -’
@10% & () - va@{W@@}ts ey ganuadstirms & (Hear eenliosd &q )the
9+s! 10%B & ()-%)?

top liKe conventionally is not applied to quartz glass

beads in the vicinity of the diffusion plate 313, but the

quartz glass beads are fused with the diffusion plate 313

by their own weight. As a result, separation of the quartz

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 exchange 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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Consequently, gas flows through the entire region oﬁ
the filler material 312, so that gas residence is improved
and heat exchange efficiency is improved. Further, the
filler material 312 is never partially separated and
generation of particles therewith can be prevented. A two-
dot chain line in Fig. 22 indicates gas flow.

Next, a modification of this embodiment will be
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 quartz glass beads, the quartz
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glass bead and the first, second diffusion plates 313, 316
are manufactured like the previous embodiment and as shown
in Fig. 25, the carbon jig 314 is placed in the quartz
cylinder (heating pipe 301) and the diffusion plate 313 1is
mounted thereon. Further, the quartz glass bead and the
second diffusion plate 316 are placed on this diffusion
plate 313.

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 c¢ylindrical 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 diffusion 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
316 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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beads by pressing the second diffusion plate 316, the
quartz glass beads are deformed so that the second
diffusion plate 316 sinks. Thus, if the second diffusion
plate 316 is formed to be equal to the inside diameter of
the heating pipe 301 and both of them are fused together,
not only the second diffusion plate 316 but also the
heating pipe 301 are deformed, lacking dimensional
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 guartz 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 1s 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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a quantity (size of the neck portion) of an etched portion
was obtained.

Consequently, as shown in Fig. 26, that quantity was
80 um on the downstream side while it was 4 pum 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
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Although an example in which gas is employed as fluid
by a fluid heating apparatus using the carbon wire heating
element sealing heater of the present invention has
described above, even if liquid such as pure water is used
instead of gas, the same operation and effect can be
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.

89



[ &A5s | [: NA49/ 10 !S#s!I 109 & ()-f! "110%g +& ()-! 71108 & ()- ! 110% & () -
M10%B & ()- 'M10% & ()-s @ VvW9/ 1&!T10%B & ()- '&!110% & ()-10!10!10! !'I=
108 & ()- !'SHSI10B & ()-f 'sSHs!10% & ()-f h|[:vU49/ ! 'n3%!10%N8 & ()-!
1s3%!10% ()- !3%!'10W8 & ()- M10%!& ()-S'M10%B & ()-S & !'10%
>& () -hkl m4hvU49/ 's!'10% a& ()- &&!'10% & ()- !'V&&! 10%s! a& () -
I &&! 10%a& ()-10!'10'10! 1= 1098 & ()-dIvW49/ Ix 1098 & ()- !
109 & ()-10as! alOas!alOas'!a! !l= 10%s!a& ()- !'s!10%s!a& ()-
| s!10%s!a& ()-J}d|[:vU49/ I TiSHE 110 & ()-f! I[SH 110% & ()-f 'SH 110%
& ()-f! &MATOR:& ()-3 &M 109 & () -3 10% & ()-dghijvw9/ SM 10% & () -
ISM 1098 & ()- '109& ()-F ! 11098 & ()-F 10!10!10! '1 =109 & () -
L1111 [ NA49/ 10'11.0/A1 @alrbdn= wiQ9 &e@ting £lengats (9alling tesatdg i - 1
108 & ()- !' 109%& ()-!""0$] $V&&| [ NA49/ 10 ! " 110%4!4& ()-! 1 1109 & ()-
y: 1 109%44&NAch 1a 1ganbynawg: 19 -heaioing (hgqnt 3ising 1qpRE@ (jilgers 1is
sealed in a quartz glass member, wherein
absorption water quantity of the carbon wire heating

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 1073 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.

90



&'=">7?2 @' ($)vW49/ z 104 & ()- !Vz 10% & ()- ![z 10% & ()-10! 10! 10!

1=109% & ()- 'F4, 109% & ()-$)* ++,,,,,|[NA49/10!10!10!! 1Y=10%& ()-! !d,
10 & ()- !, 109 & ()- " '109& ()- ! 1109 & ()-,--.S001|[: NA49/10 !!
109K} K& ()- ! |y9!10%!& ()-! !y9!l109k}!Kk& ()- !&D10% k& ()-F

8&10% ! & ()-F 1&10%}! k& ()-F 1'2}33333355vU49/ !d ! 10% & ()-
1 1109% ()-10k}!k10k}!k10k}'k = 109%}!k& ()- !'sO ! 109%}!k& ()-Y !

10% ! & ()- 55k5@6Y77!9|[:vU49/ | 1.t110% & ()-9! “110%Rg &&' () -

1"11098 & ()- '[7110% & ()- !"110% & ()- 110% & ()-!9%$99&9' 9p99 : J; vU49/
IM 109 & ()- &M 10%! +& ()-S &M 10% &' ()-S ! &M 10%&' () - S10! 10! 10!

1 =109 & ()-J;;<==n>q>r>|[:-410!! 11=108& ()- !.:110% & ()-! !.:110% & ()-!
M10%!! & () 15 MAB%Gaxhon 1M e 09 & {1)g rebener?? @G@Bbivd Ohéater 109 & ()-9
yM 10%& ()-3 !'yM10% & ()-3 &M 10% & ()-F &M 10% & ()-F

10! 10! 9B| ME%M@M@ 19%@s a@nwh%aocvqmqgslm&ao% glgys pipel 10%g
& ()- L' 10% & 0% ()-91EaEzFFdGGzI | [: bW410 | 1* 110%s! a& ()- |!-
10%! &' ()dspose o%lsara&ereé - iayopt ghhg - @armlg_b@ﬁSa@ewep ard

10904 | }1~111 FKxKLM/U410 1d | 109 ( 0% & & 1 109B& () -
I d& '18‘)’4%}( ;a%%‘m%%‘éjsm%l %I%rlqizpci’@’éfhéla%‘f(ti KD PBERGSV U410

1 S bttt SN A s 8 a5, 108

i 3 g 0 STRMSAL el (AR Loitore

11098 & 63 rZZSL 2Ny L@ﬁ&’ éloa/&ébrﬁﬁoéateéol/ﬁ&uéé 15:1«'5%08/@\% ,
llO%& )-101101 101 11=109% & NaaT6107 101151 17 v=100 & () -

'1096@h{&h céntéﬂ@&6§-&&nn@@ﬁléggﬁﬁré)fér 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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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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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 glass pipe of

the heater portion and a connecting terminal provided on
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glass 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.

12. 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 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 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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the carbon wire heating element being disposed among

r|aI

the plural wire carbon bundles and substantially in the

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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circular quartz glass pipe formed on the bottom.

16. The carbon wire heating element sealing heater
according to claim 15, wherein a bottom face of the heater
bottom holding member is located above the bottom face of

the sealing terminal portion.

17. A fluild 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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power supply connecting wire nipped by the compressed wire
carbon member,

the wire carbon member is constituted of plural wire
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.

2l. 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.
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