ARC DI SCHARGE METHOD, ARC DI SCHARGE APPARATUS, AND FUSED SI LI CA CRUCI BLE.
MANUFACTURI NG APPARATUS BACKGROUND OF THE I NVENTION 5 Field of the

I nvention The present invention relates to an are di scharge nmethod, an arc
di scharge apparatus, and a fused silica crucible manufacturing apparatus,
and nore particularly, to a technique duitable for preventing el ectrode
oscillation during arc discharge when vitreous  silica powder is heated and
mel ted for vi AR PECHARCEMESHORARE PECHARREATARATE, 400 FUSER
Application No. 2008-242874, filed on Septenber 22, 2008, the content of
whi ch is incorporated SM%WHQIBWMWEKCTMGMPAMWS the Related Art A
fused silica crucible used for pulling single-crystal silicon is generally
15 manufactured by an arc nelting nmethod. This nmethod is a nethod of

manuf acturing a fused silica crucible by accunulating vitreous silica

powder on an inner surface BACHKGROUND GRIEIBDINVENTOON provi di ng carbon
el ectrodes above the vitreous silica-deposited |ayer, and heating the
Vi treousssi FietPofdedRsbdiRd | ayer by the arc discharge for vitrification.
Japanese Patent No. 03647688 discloses a technique related to arc nelting in

a_ 20 _manuf act ur i'lc‘}{ll spgfsgﬁﬁﬁ%n%n ReldtbkS6 dn ﬁc:dgst%g%gé HietnBb Sanl¥c BlsGhalR! 11 Ng, and

JP- A- 2002- 68841 oses a technique re to el ectrodes used for arc

di sch . i L tly. : i ficl f
vt co oper AR bETustERRN € inb S AIRIDal il BUIRGE pBHEIEAEREY D)
300 , df t hi th i i t f f d sili
oruci blo. capabRies Rl Rireefiia eitclpgConTBb SRR o Rfvlteah ™,
addition, due to demagg for reduction in size of a device or the |ike,

there 2 i sSHCaRIWsEsdeashand Beltsdiar virHifaiets i n cruci bl e properties such as

an internal state of a
10 Priority is claimed on Japanese Patent Application No. 2008-242874, filed on

September 22, 2008, the content of which is incorporated herein by reference.

Description of the Related Art
A fused silica crucible used for pulling single-crystal silicon is generally
15  manufactured by an arc melting method. This method is a method of manufacturing a
fused silica crucible by accumulating vitreous silica powder on an inner surface of a
mold made of carbon, providing carbon electrodes above the vitreous silica-deposited
layer, and heating the vitreous silica-deposited layer by the arc discharge for vitrification.
Japanese Patent No. 03647688 discloses a technique related to arc melting in a
20  manufacturing process of a fused silica crucible by arc melting, and JP-A-2002-68841
discloses a technique related to electrodes used for arc discharge.
In addition, recently, due to demand for higher efficiency of device operation,
the diameter of a manufactured wafer has increased to over 300 mm, and for this, there is
a requirement for a fused silica crucible capable of pulling single crystals with a large

25 diameter. In addition, due to demand for a reduction in size of a device or the like, there



fused silica crucible, which may directly affect the properties of single
crystals under pulling. 5 SUMWARY OF THE | NVENTI ON However, when a fused
silica crucible with a |large dianeter of 30 to 40 inches is manufactured,
t he amount of power needed for nelting the vitreous silica powder

i ncreases, and accordingly oscillation »f an el ectrode which occurs during
the start of arc discharge cannot be ignored. 10 As descri bed above, when
el ectrode dseptrangrdemandior iprrodamentyincrmsitle Broperties sick as 1 internal gate ofarr ent
that flows through an arc is changed due to the oscillation, and the

el ect r ode ifsseflgilich emcibbg ivhichineay dingetlyt affechtbe propemias Ofﬂi@lgetystﬂsiusdaresul ts in
further increases in the anplitude of the generated el ectrode oscillation.
As a resul tpullingere is a problemin that the generated arc becones unstabl e,
and the effect of this on the state of the nelted 15 vitreous silica powder
cannot be ignored. In addition, there was a problemin that when electrode
oscillation increases, snmall pieces generated fromthe el ectrode fall off

due to sthe oscillation, ancggnmpwﬁmgm@ﬁwﬂm\ﬁ used silica crucible
deteriorate. In addition, there was a problemin that when the anplitude of

el ectrode oscill 9‘% r'\DﬁJneaaﬁge% SHECQ%{'lﬁ:lql%W tﬁ‘aﬁ’a?%f&@hleﬂe} %ﬁé%gﬁ&ﬁeﬁhe“ rode

may break. 20 In0 reven € 0SCl thon ectro I'ncr easi ng
of the stren elect ode mat er of the

o e St gl e gty rgrLaete e e M A SR MR Ol armrer of
the el ectrade, have, bee n5| er.ed.  Ho t he manuf acturi process
of a" T used J0TEn S HREPRITED S " o ARG Wik pr oG R BEERT Lol o hs ued.

and the conposition thereof is released into a vitreous S|I|ca powder

mel ting 25 Wichusperonet befgrared.ore, due to effects on the crucible properties,

those other than a 3 carbon el ectrode cannot be used. In addition, in the
case whidr e t he eledescobed ahosexprhen elestrode oscillation occurs during the start of arc

discharge, current that flows through an arc is changed due to the oscillation, and the
electrode is further oscillated due to the current change. This results in further increases
in the amplitude of the generated electrode oscillation. As a result, there is a problem in
that the generated arc becomes unstable, and the effect of this on the state of the melted

15  vitreous silica powder cannot be ignored. In addition, there was a problem in that when
electrode oscillation increases, small pieces generated from the electrode fall off due to
the oscillation, and the properties of the fused silica crucible deteriorate. In addition,
there was a problem in that when the amplitude of electrode oscillation increases, there is
a possibility that the electrode may break.

20 In order prevent the oscillation of the electrode, increasing of the strength of the
electrode, such as changing the material of the electrode to a material with higher
strength, or increasing the diameter of the electrode, have been considered. However, in
the manufacturing process of a fused silica crucible, an arc discharge electrode itself is
consumed, and the composition thereof is released into a vitreous silica powder melting

25 atmosphere. Therefore, due to effects on the crucible properties, those other than a



i ncreased, power density is decreased, and arc output becones unstable. This
may have an adverse effect on the crucible properties. In addition, those
effects due to electrode oscillation occur at first due to an 5 increase in
output of the arc nmelting caused by the increase in the crucible dianeter.
The invention is designed to solve the3above-nentioned problens. Objects of
the inventigon are: (1) to_prevent the generation_of electrqde osci]lation,
(2) to aciPBwa elsptrodecamat bs ysedon In addition ingthe sosewheie theflecrofediamet ison of
cruci bl e properties and achi eve an inprovenent thereof, and (4) to provide
a net hod dneteased, appar density indperprsed, and prslontpabbesomes unstablge- dlisgoay haxe c
melting. According to a first aspect of the present invention, there is
provi ded amm advagseldifedi acthacmpeibtegirbprdtiésnc| udi ng t he steps of : heating and

mel ting a non-conductive object by arc discharge using a plurality of

car bon el ect r odgsadditichnthose gffects dae geclatroddscillatid? oPat fiebtAlue aongh setting a
rati o of the distance between a contact position at which the carbon

el ect r desn&Ged¥e in utHRBF Aetard¥nblfing dsRe by BE irRdseinlthddticiBRWidnetdrhe di anet er
of the carbon electrode during the start of the arc discharge to be in the

range of 0 to O7fe ;RfhifdnGOackidned %&oﬁ%@ﬁ@é&vghﬁﬁﬁﬁ{ﬁgrmd jectdtF Present
f the d ntact p

invention, the ratio o | stance between the c osition at which
t he carbo &Sk S cone in contact w th each other and the front end to
t he diane?gfhoéﬁ%ﬁgﬁ%arbon el ectrode during the start of the arc discharge

is set to be in e _ran of 0 Lo 0. so that .t he anplitude of el ectrode
oscillation thaff)g%gﬁyggglﬁ eﬁﬁra{-‘%da??é@“ﬂ%s%sﬁ@%%mi s prevented from being
greater than O. %?3 25 tinmes the, el ectrode dianmeter. Therefore, even when
el ectrode osci | (Rt Bhgyee Lebilizptigpes 4

10 (3) to prevent the deterioration of crucible properties and achieve an

improvement thereof, and

(4) to provide a method and an apparatus which are applicable for large-output
arc melting.

According to a first aspect of the present invention, there is provided an arc

15  discharge method including the steps of: heating and melting a non-conductive object by
arc discharge using a plurality of carbon electrodes in an output range of 300 to 12,000
kVA; and setting a ratio of the distance between a contact position at which the carbon
electrodes come in contact with each other and a front end to the diameter of the carbon
electrode during the start of the arc discharge to be in the range of 0 to 0.9.

20 According to the arc discharge method of the present invention, the ratio of the
distance between the contact position at which the carbon electrodes come in contact
with each other and the front end to the diameter of the carbon electrode during the start
of the arc discharge is set to be in the range of 0 to 0.9, so that the amplitude of electrode
oscillation that occurs during the arc discharge is prevented from being greater than 0.15

25  times the electrode diameter. Therefore, even when electrode oscillation occurs, it does



not expand but converges and settles down, so that it is possible to
generate a stable are. According to the present invention, it is preferable
that the power density of the carbon electrode be set to be in the range of
40 to 1,700 kVA/cnR. According to the are discharge nethod of the present
|nvent|on the power 5 density of the céarbon electrode is set to be in the
range of 40 to 900 to 1,700 kVA/c so that it is possible to allowthe
Lorent z f orkokexpead bu@oaveweedmﬁl@rdommget is pogsitde for geaeratecaissiablg &3¢ on to be
in an acceptable range so as to prevent an increase in oscillation, and it
is possible to dccavingletiyenesreritieentioeitis peéraddeihat te powertdsngtyrnidiege.
According to second aspect of the present invention, there is provided an
arc 10 di sarimingiecapfebeaetto Hedn theeatge pf4@tud, Tm]kVAigmé non- conduct i ve obj ect
by arc discharge wusing a plurality of carbon el ectrodes in an output range
of 300 to 12, 000 AcYdinighe tHedird\@ischatpd netidyddP theqhr@chtinoasionfthefovare ar r anged
such that the rati o of the distance between a contact position at which the

carbon e ecidnSflest thOMRvdnti&ABEAR kettb bOinBE Finglt 610 BP0 & 1,76PRIARRE bo the
di anmeter of thé carbon electrode is in the range of 0.00% to 0.9. ‘15

According Lgtihg ga{sﬁoléﬂ{osaﬁwtﬂee%@,@mg&%ﬁ&aﬂé thRe stx%@g;ea#rmgm@az the

carbon electrodes are arranged suc e rati o I Stance between
t he cont act E@S{‘t 8763 hbd gn el e(;[trodees Come N, contcfugt wth

each other &n %‘b° Fé’hi‘“ %"r‘i&"? ef“Hé“"a‘P BRI SR FsE I e i 5 i s i n
the range of Q,to so t hat t he hi, h output arc discharge apparatus

n
used as a h@ﬁf‘b?éﬁ?lloéfvﬁ‘ﬁgﬁn%ﬁ%‘?lﬁ‘iﬁ FP?F@‘ %‘PB&% Ve#E®a fused silica 20

cruci ble of 24 inches or greater, the anplitude of electrode oscillation
generat ed duri ng Aceprdingrte sesoad aspegef the prwsentamveation thsne Warowidedraaater t han
0.15 tinmes the electrode diameter. Therefore, even when el ectrode
osci | | alQ ondisnbenge spparatusiioe beativg aekpaltids buon~cmduetmg:ecévjecah3darc altsckgtgaansi on i n
el ectrode oscillation that may affect the quality of the fused silica
cruci bl e causige glureligrif eskboCelastegieeintanyoutput range d0Sith 1 2000k Goriecladiag:a st abl e
arc and 25 enhance the quality of the manufactured fused silica crucible.
the carbon electrodes which are arranged such that the ratio of the distance between a
contact position at which the carbon electrodes come in contact with each other and a
front end to the diameter of the carbon electrode is in the range of 0.001 to 0.9.
15 According to the arc discharge apparatus of the present invention, the carbon
electrodes are arranged such that the ratio of the distance between the contact position at
which the carbon electrodes come in contact with each other and the front end to the
diameter of the carbon electrode is in the range of 0 to 0.9, so that in the high-output arc
discharge apparatus used as a heat source in a manufacturing process of a fused silica
20  crucible of 24 inches or greater, the amplitude of electrode oscillation generated during
the arc discharge is prevented from being greater than 0.15 times the electrode diameter.
Therefore, even when electrode oscillation occurs, it does not expand but converges, and
an expansion in electrode oscillation that may affect the quality of the fused silica

crucible can be prevented. Consequently, it is possible to generate a stable arc and

25  enhance the quality of the manufactured fused silica crucible.



5 Wen the output range is smaller than the above-nentioned range, there is
a possibility that an arc does not continues, which is not preferable. Wen
the output range is greater than the above-nentioned range, excessive costs
are required, which is also not preferable. In addition, when the ratio of
t he di stance between the contact 5 posifion and the front end to the

di aneter of the carbon electrode is not in the above-npentioned, range,

el ectrode osci | | AYperibe opiRgTangs ipyrealienthay theghp venmentioned range. dege 1% e, | n
addition, in the case where an angle between the el ectrode axial lines is
not in a predseibiity batranrnyedes oot eontipues avideh sadeprefsrghles \Wiean thteutpiitect r odes
come in contact wth each other at the front ends, the ratio of the

di st ance betangein gteater than tlecboposintiopad fdgerecdssive fastrare wruiredo whivh isli anet er

of the carbon electrode may be in the range of 0.001 to 0.9. In addition,

i n the abovasomipteiasie.r aingdditisherheh g wiicbiie distaatetatwedn!tRe compicact

position and the electrode front end is |l ess than or equal to 50 mm and

great er 4 hagosfiion aféltRfrdnPerll t0he ditHetBUTMdXiafionleRirydd 89St thillen or equal to 20
nm and greater than or equal to O nm a proper arc can be generated. 15

Here, an ef el nfihiiéilel FidgRAGe e ddcati 5! RERnRROVRCRI dobe manufact ured

o i c t
fused silica crumiafﬂe I's not recogni zegﬁ‘| en existing crucibles with a small

diamet er of ol APOUGGE il AEIRS MBS TRRNGAGIY S o dBURVSE, s @ resul

of detail ed 1'nspecti ol e inventors ere nay bé a case where
el ectrode osci.ll ation,causes spats,i an i nner surface,state.as ruci bl e
or oper Ly whiQLE ERetPrabs s Guertb s pAfet oI bR Ve thece IS0 deS P i festadler of or e,
by preventing el ectrode oscillation, it _is_ possible to enhance the
properties it £4¢8 offer gk the (IPPLEARS, GI€ HR0G e HFEase ebteen disckpntact POSHIOBr uci bl e.
In addition, accordigg to the present invention, it is preferable that the

pover Hensindhefrontigad tosthe digmstes ef the garbereelaatiode mag bejimthe mange 9hB80bto 40 to

1,700 kVA/cn2. According to the present invention, the power density of the
car bon el ec®.pod addition, in the above-mentioned range, when the distance between the contact

position and the electrode front end is less than or equal to 50 mm and greater than or
equal to 0 mm, and more preferably less than or equal to 20 mm and greater than or equal
to 0 mm, a proper arc can be generated.

15 Here, an effect of electrode oscillation described above on the manufactured
fused silica crucible is not recognized when existing crucibles with a small diameter of
up to about 22 inches were manufactured. However, as a result of detailed inspection,
the invent'c’>rs fbund that there may be a case where electrode oscillation causes spots in |
an inner surface state as a crucible property which were not conventionally deemed to be

20 aproblem. Therefore, by preventing electrode oscillation, it is possible to enhance the
properties of the inner surface of the manufactured fused silica crucible.

In addition, according to the present invention, it is preferable that the power
density of the carbon electrode be set to be in the range of 40 to 1,700 kVA/cm?.
According to the present invention, the power density of the carbon electrode is

25  setto be in the range of 40 to 1,700 kVA/cm?, so that it is possible to control the Lorentz



25 set to be in the range of 40 to 1,700 kVA/cnR2, so that it is possible to
control the Lorentz 6 force that is a cause of the increase in el ectrode
oscillation to be in the range of the acceptable range so as to prevent an
increase in oscillation. Therefore, it is possible to allow the generated
el ectrode oscillation to converge. Hereg when the power density is snaller
than the range, an are is not continued, which is not preferable. Wen the 5
power densifesge fhat racavserof thedncresse in elpgjede psedllagiopite bmi@éﬁ)@rana@ eldhe ode
oscillation is greater than 0.15 tines the el ectrode di aneter, el ectrode
osci | | at i oracéeptablerrengst does uiprevantian imereasedn ostiidatioar gEhaefors it iswnssibleits not
preferable. In addition, the carbon el ectrode nay have a contact portion

i ncl udi ng tdliew thogenattedriirbdedscitlatiénte conivenge. € bére, avhen tHegoskeademsioy ist he
contact portion nmay be a cone 10 shape of which the dianeter decreases

toward the sia0ed thilWle redgh, radREAE B0t GaTRuc WMRICh isQiot Prefefably € WhHaPRel N whi ch
curvature breakpoints do not exist in a cross-sectional outline along the

axial Tisne C&fwef BsARIsDP & MR OGRe, ARGHPNNI of BleltiRle BEGRAR i§ grgaesi on, the

carbon el ectrode nmay have a contac portion including the contact position
at the fro . h t . | e cone
shape of \Aﬁlﬂ%nﬁ(ﬂﬁ%ﬁ%%@g@%@?ﬁ%@r@%g@%&gé%ﬁtaﬁgr}% rst%%gédéengfl’%}itﬂ% uaﬁgat ed cone
shape, or a,.curve shape.in i ch curvature breakpoints do not exist in a

cr oss-sectidésf‘fg‘l‘rg?)fﬂ)?sl’ﬁ’z“%‘llﬁﬁ%p{%@m@ﬁi al line of the carbon el ectrode.
Specifically, the carbon electrode is configured in a columar bar shape so
as to allow the folditiaznthe caben glsetrads may\have feontashportion H{SL{dﬂgﬁh‘bf whi ch t he
di aneter decreases toward the front end, 20 and the contact portion has a
shape wi t hogntagidesitior aibe fipaheadsandthe hape ofitheenntast postionway hee coiet h anot her

el ectrode at only a single point. That is, the shape of the contact portion
i s set Kucishegeatf vehighohe diemetendéonenses toward tivr foerd leng @siuntcased euine lshapeodrizer

el ectrode is only one point, one line, or one surface so as not to allow

t he car bon cahechapede svhich cnewaeure breakpoints do not exist in a cross-sectional outline along ’

the axial line of the carbon electrode.
According to the present invention, the carbon electrode may have a contact
portion including the contact position at the front end, and the shape of the contact
15  portion may be a cone shape of which the diameter decreases toward the front end, a
truncated cone shape, or a curve shape in which curvature breakpoints do not exist in a
cross-sectional outline along the axial line of the carbon electrode. Specifically, the
carbon electrode is configured in a columnar bar shape so as fo allow the front end
thereof to have the contact portion of which the diameter decreases toward the front end,
20  and the contact portion has a shape without concave portions such that it comes in
contact with another electrode at only a single point. That is, the shape of the contact
portion is set such that a portion having a re-approach position with another electrode is
only one point, one line, or one surface so as not o allow the carbon electrodes to come
in contact with each other at two or more points in this contact portion. In addition, the

25  carbon electrode may have a shape in which the diameter decreases basis to the front end



in contact wwth each other at two or nore points in this contact portion. In
addition, the 25 carbon el ectrode may have a shape in which the dianeter
decreases basis to the front end 7 along the entire |l ength. The carbon

el ectrodes are provided, and they cone in contact with each other at only
the contact portions of the front end. Bpecifically, the carbon el ectrodes
may be di sposed such that the ridge lines fromthe front ends forma

pol ygonal é@%@tQ%%EW%FH@htO 5 the nunber of the el ectrodes toward an apex.
In addition, the dianeter of the contact portion of the electrode front end
decr eases t owar d Theearborogiectrodes droprovided, and thesiceme frecantast with sedhbanthps abasi er

and prevent electrode oscillation. Accordingly, it is possible to prevent

t he di scharogly the corttect podiensefithafrentehd.t hpeeifieally; tetearbon eleceddes tay de
oscillation is nore likely to occur, and the discharge is performed only

fromthe calidpasdd speh thatthe YilgeClinesl o thé fromitenBafoemtalpelygond aute gpooidingns at t he
el ectrode front end portion, so that it is possible to simultaneously

real i ze st hehgRBEBRbF 88 eRttrédes ith@arpdpex| | BIEdRIN, th BiaRicRY 6fhe @Bntakf
el ectrode oscillation. According to the present invention, it is preferable

that a rati i I nsumed
Lﬁaft%l ngr’t!% egell ¢ §bnt@hd déé?é‘asﬁs?tBQ% thd ﬁ?ﬂt ei%&g' ﬁ:o§r83ﬁ? ('gr%gg EGH% afk®@

per unit d scharge be 1n the range o . 6. According
i nut os of RPEHE U AR el S P LY APRRTES. PRGU I i mnt o (e
076, 5o 1 nae Bechelpe g e SR S M PO e e PR OE OB 2 el y an
TP boot T5ahcRSEaek e i oty Fop SRS

preventing el ectrode oscillation, According to another aspect of the present
i nvent i ®n, nohbave thescopedigipgeiipna pat the electrode front end portion, so that it is possible to

simultaneously realize the generation of a stable arc flame and the prevention of
electrode oscillation.

According to the present invention, it is preferable that a ratio of the diameter of
the carbon electrode to a length consumed per unit during arc discharge be in the range of

15 0.02t00.6.

According to the present invention, the ratio (length consumed per unit
minutes/electrode diameter) of the diameter of the carbon electrode to the length
consumed per unit during arc discharge is in the range of 0.02 to 0.6, so that it is possible
to generate an arc flame that can supply an amount of heat needed for arc melting to a

20  non-conductive object (vitreous silica powder), and simultaneously, realize an advantage
in preventing electrode oscillation.

According to another aspect of the present invention, there is provided an
apparatus for manufacturing a fused silica crucible by molding raw powder into a mold
for crucible forming, and heating and melting the compact thereof by arc discharge,

25  including: the mold for charging and molding the raw powder; and the arc discharge



apparatus for manufacturing a fused silica crucible by nolding raw powder

into a nold for crucible formng, and heating and nelting the conpact

t hereof by arc discharge, 25 including: the nold for chargi ng and nol di ng

the raw powder; and the arc discharge 8 apparatus according to any one of

t he above-nenti oned aspects. According8o third aspect of the present

invention, there is provided a manufacturing nethod of a fused silica

cruci bl e, aen#ptRssAceRyding te gprans ot theaboysyymertionpdhaspects.vi t r eous silica powder

into a crucible nold; and a discharging step by heating and 5 nelting a

fused silica cruss¢dotdingp thirdaspees of thegeesemfiimgntion thereisipraridsd acar bon

el ectrodes in an output range of 300 to 12,000 kVA for manufacturing the

fused sil i oanghessngmethpdbes fusedelici onditile, cdinpribiag:gi fogniag sfep by dbrudesa an ar e

di scharge stating step of setting a ratio of the distance between a contact

posi tion awitwbagdilidalpewder b @lidblt hdsand 0 dBchaigit@ste@by hadtih andach ot her and

a front end to the dianeter of the carbon el ectrode during the start of the

10 are di seRaimge hedRRich Brukib® By2R6 BisSiards B3k alphurBiit) oR Bstbémelddtfodeld mChar ge

mai ntai ning step of increasing the distance between the carbon el ectrodes

after the j r ' t E@?ﬁi Vi hayv hlered, as

expl ai ned %é?%tg/{,ﬁa ogﬁg(?#o?%’%og(r\@ tg?rélgltu%o e %s@?ﬁﬁéa(t??lgﬁa ?gﬁgg%é%t ed to

such an extgoltRakLAehHS 8 ASRGLS R 5iOhall stallf g of s@ﬁlngaqgt' 5@&@: 15 In
ute oeet Tt &roR &f'é e

t he case where mn on occurs inThe’c ro uring the

arc di schar. ue to the change i | ectrode sitions caused by. the

osci 11 at 1 ofiREpehedve acbaftigEon ol viieh s en BREHHES e BB Vit que <o
t he generate i nut urrent oscillatign, the Lorentz force is _exerted on
the ol ect r 6d otgAand onhepfl te thad! 16 PEDE R ClBGEIE KRG SHECE e,  When
the anplitude of electrode oscillation increases, the current 20 oscillation
furt hed0i naycakissharge Rybegn ghe rpngsad 0i004 tef.P aed an are dischargesmaintséniag $en okt y t hat

el ectrode oscillation continuously increases so as to eventually cause

el ectrode lncesmkiagthe distance between the carbon electrodes after the arc discharge starting step.

The inventors have considered, as explained below, a mechanism where
electrode oscillation is generated to such an extent that there is deterioration of the arc
melting state.

15 In the case where minute oscillation occurs in the carbon electrode during the
arc discharge, due to the change in electrode positions caused by the oscillation, there is a
change in the supplied current. In addition, due to the generated minute current
oscillation, the Lorentz force is exerted on the electrode, and the amplitude of electrode
oscillation increases, 'When the amplitude of electrode oscillation increases, the current

20  oscillation further increases. By such promotive effects, there is a possibility that
electrode oscillation continuously increases so as to eventually cause electrode breakage.

However, the inventors found that in the case where the amplitude of the
oscillation generated in the carbon electrode during arc discharge is suppressed to be less
than or equal to 0.15 times the electrode diameter, due to the interaction between

25  electrode oscillation and the change in current caused by electrode oscillation, the



However, the inventors found that in the case where the anplitude of the
oscillation generated in the carbon el ectrode during arc discharge is
suppressed to be less than or equal to 0.15 tines the el ectrode dianeter,
due to the interaction between 25 el ectrode oscillation and the change in
current caused by electrode oscillatiof the 9 increase in the el ectrode
oscillation is prevented, and the oscillation can_be converged. It is though
that in t hé"ERevE-hesestode gscligsion i rrevenidgnd the esllgHemcad kecopydeedosci | | ati on
occurs, an_increase in Lorentz force caused by the change in current and

el ectrode Ids8iopghthaign thesabgve-meptiengd amplitude, eange evenwhen gieciiode pscipgion
oscillation can be prevented. 5 On the contrary, in the case where the

anpl i t ude ofcurfien owsabd iatlioamtgyforesrcansed by the chargedmrimwent etdbelestrode during t he
arc discharge is greater than 0.15 tinmes the electrode dianeter, there is a
possi bi | i t wsdilkaionéd grevencdearpishe incrhsedn eleomddervscillation danbe preversted.0  eventual |y
cause el ectrode breakage. Therefore, in order to control the acceptable

limt af the LopgHeZoh®4r§Sn ' MeeiasOwhdrt tidtahplitids of@EREANADnIRnéated i al | ow t he
anplitude of 10 el ectrode oscillation to be in the above-nentioned range,

the fol I owgnG:aRRAL ISR IuNRE the 2€8iscHafbedsSHehtbORan 6.05 lifies ARSfcHbR € arc

nmelting is performed on a non-conductive ~“object as in the manufacturing

Drocess of diiedURGE il hdsGi 16 fBodb BeitsRoRodi AR BoptliShEreadl fo M1 LI NG | S

performed on a conductive erial suc Ir arge has to be 15

started between.the el ectrodes. Accardingly, it is ne sary .t | Low t he

el ectrode fe?/%ﬁ‘fanyéﬁ‘%fg efegtr%%gq;%qka%f. &erteﬁogf’ “{1 ﬂ@eﬁﬁoscgﬂté?clg © %ﬁcg%t%@? @Wltcr osses
the axial line of the electrode.. Therefore, electrode oscillation is nore

[ kety to GERS Loy G e s PR Lo saes o oAERods fbl v an' ob) ect
needs to be nelted as.,in the manufacturing process of the fused silica
cruci b8, jeleciredepseiflation g be in the pkovisrraetionsd rapges thefollavriag candifians Msree state 20
managenent in the vicinity of the surface of a vitreous silica powder
conpact thaet.is to

In addition, in the case where arc melting is performed on a non-conductive
object as in the manufacturing process of the fused silica crucible, unlike a case where
arc melting is performed on a conductive material such as iron, a discharge has to be

15  started between the electrodes. Accordingly, it is necessary to allow the electrode front
ends to converge, so that the discharge direction crosses the axial line of the electrode.
Therefore, electrode oscillation is more likely to occur. In addition, unlike a situation in
which simply an object needs to be melted as in the manufacturing process of the fused
silica crucible, it is necessary to more precisely perform the temperature state

20  management in the vicinity of the surface of a vitreous silica powder compact that is to
be melted. Therefore, more accurately controlling the position state or the like of the
electrode is required.

According to the present invention, the power density device an amount of
power supplied per unit area in an electrode cross-section perpendicular to an electrode

25  center axis in an electrode. Specifically, it is represented as a ratio of power supplied to



be nelted. Therefore, nore accurately controlling the position state or the
like of the electrode is required. According to the present invention, the
power density device an anount of power supplied per unit area in an

el ectrode cross-section perpendicular to an electrode 25 center axis in an
el ectrode. Specifically, it is represepjed as a ratio of power supplied to
10 an electrode to a cross-sectional area of the el ectrode perpendicular to

t he el ect r gtectro@d1ioas crovsissctivinalbar@nstithd édéctolie petpaxicalar kethgelec@ddeabout 15 to
25 mm preferably about 20 mm fromthe electrode front end, that is, the

amount of ¢diRr RAVETa Soditich ol 4-4idAddgHNEY abBhteIGtts 06 ehnk, RsteraBsGbb@P8lmmr ea (cm) .
Specifically, the above-nenti oned range naybe 5 set by setting the el ectrode

di aneter afoh R Q%I £8nt@hd 2Rat FAnRRint &F thd oW BGpIRd (1820/the 40 mm
preferably in the range of 025 to 35 mm and nore preferabl’y 030 mm In

addi tion, . ' i an 2ha {0 assicht L4 urring
during thgécglt%g% ?rgg% &gﬁ&lgir %Ie%?crsﬁzzgafs tg{;&ﬁgnig’ {gg%%?‘%g@@tgb H %ége?l{nﬁ‘gﬁegf starting
arc neltin that is, at the, tinme of starti an increase in erature at
Whi ch the TR Sl slgered diasteis ot e euiomes Wi o b uberapes of G03R

i nfluenced, is suppressed, so that it is possible to performproper are

mel ting. Helmm, pieéeratdn it the vinge hed25e0 B6 mna|asd moseiprefeeabliud3G mour i ng ar e

di scharge is different according to the size of the manufactured object.
When a fused si Ih additien)elebhr®le@bciBation Has the highsst passibiigtof bechrrigg dueingt h of
about 120 mmover 60 mnutes, that is, a length of 15 about 2 mm per mnute

i s consumegle staA of ik [dRBhard) 8Ad AETTRE & K HREST BeiARAD kb1 tHatts, AER

di scharge apparatus according to the present invention is applied to

2 o A Bkt SR chASR i rg 75 0
arc di 0% hagiﬁcea’ po%é‘}) ig }ﬁghl§ ?ﬁiﬁl%l’njseﬁgis ts&beprré@d, 38 {hgtyiit ﬂ%ogﬂ?ﬂe % perform proper
arc melting,

Here, the length of the carbon electrode per unit during arc discharge is different
according to the size of the manufactured object. When a fused silica crucible of 32
inches is manufactured, a length of about 120 mm over 60 minutes, that is, a length of

15  about 2 mm per minute is consumed.

In addition, when the arc discharge method and the arc discharge apparatus
according to the present invention is applied to manufacture the fused silica crucible,
they can be applied to any method including a manufacturing method of adding vitreous
silica powder during arc discharge, that is, so-called thermal spraying and a

20  manufacturing method in which vitreous silica powder is not added during arc discharge,
that is, a so-called rotational molding.

In addition, the present invention can be applied to anywhere, such as, to a
method of supplying arc power supply such as AC two-phase, three-phase, and DC, or
regardless of the number of the electrodes, if it is possible.

25 According to the present invention, the generation of an arc flame as a heat



20 manufacturing nmethod in which vitreous silica powder is not added during
arc discharge, that is, a so-called rotational nolding. In addition, the
present invention can be applied to anywhere, such as, to a nethod of

suppl ying arc power supply such as AC two-phase, three-phase, and DC, or
regardl ess of the nunber of the electregdes, if it is possible. 25 According
to the present invention, the generation of an are flanme as a heat 11

sour ce for séRéd fofheRing@MofRBALIGEHV/Ebj PR WRdouk Yilitd SewiderSdanibe @tabm‘ﬁ&ﬁﬂc&}) can be
stabilized by preventing instability of an arc caused by el ectrode

oscillati OBrevE}hﬁx ShIRlity lof ak Src RARSL Q%Qecﬁidae BEQWAtRE. t TRerdfofe, fliispdaGbe met hod
and the are discharge apparatus capable of nmanufacturing a fused silica

cruci bl e ' : i t : [ l.l.ed 5
senicondugg%égggggﬁé@géﬁgggﬁrﬁﬂ%@ﬁﬁﬂggﬁggggagﬁ%ﬁﬁé??%ge“%%?é? the crucible
properties_th can be enhanced.are.faciors that. have effects . aon e
Pt oper t 1 o oo € EaluRGr LG et s S OodR s BopEit ot L i ca
cruci bl g su.c{)lmﬁ‘g, t.helgvi t%f :hcﬁ ion %t ate on the inner surface of the
cruci bl 8, tH&C 1OE SIHRETHSEU PR "eSePFEMSTSsi ze in a thickness direction,
the OH group content, inpurity distributjons, 10 unevenness of the surface,
and non- uni f or m Attt pyeiblerpranesiies shat gansbegnhancsd arerfastansithat haveediertsn. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a front view schematically
i |l ustrati ogtherprepegtiagiof & kemigenduglonsinglesrystebpulted drom thg fessd silicepeiltlenent  of
the present invention. FIG 2 is a view schematically illustrating the
posi tions efchaasthoritdfiation stdieondlie intdresudace ofl itechailde, thpphbitdisrimdoor di ng to
t he enbodi nent of the present invention. FIG 3 is an enlarged view
schemat i calahd/bubblessieriabithickriessoditecis, tedDs gifup cbftetpiniyinity dikgibtiticdes of the
arc di scharge apparatus according to the enbodi nent of the present

10  unevenness of the surface, and non-uniform distribution states in a crucible height

direction.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a front view schematically illustrating an arc discharge apparatus
15  according to an embodiment of the present invention.

FIG. 2 is a view schematically illustrating the positions of carbon electrodes of
the arc discharge apparatus according to the embodiment of the present invention.

FIG. 3 is an enlarged view schematically illustrating front portions of the carbon
electrodes of the arc discharge apparatus according to the embodiment of the present

20  invention.

FIGS. 4A, 4B, and 4C are time charts respectively showing a change in
inter-electrode distance, an example of a current amplitude, and an existing current
amplitude, with time in an arc discharge method according to the embodiment of the
present invention.

25 FIG. 5 is a flowchart of the arc discharge method according to the embodiment



20 invention. FIGS. 4A 4B, and 4C are tinme charts respectively showi ng a
change in inter-electrode distance, an exanple of a current anplitude, and
an existing current anplitude, with time in an arc di scharge nethod
according to the enbodi nent of the present invention. 25 FIG5 is a
flomchart of the arc discharge nethod d42cording to the enbodi nent 12 of the
present invention. FIGS. 6A 613, 6C, and 6D are views schematically

i |1 ustrati ofthepgsentiprentiohs of carbon el ectrodes of an arc discharge
apparatus accordi ng to another enbodi ment of the present invention. 5

DETAI LED DESCRI PEIGEN6AFOBHIC, lan/ERrareoneweschematicaldy illugiatimgdront pertiensgd  net hod
and ‘an arc di scharge apparatus according to an enbodi nent of the present

i nvent i on walbbn blectdelss of dneaic disthargeapparang accbulingte anctbercmpmdinentofthawi ngs. 10
FIG 1 is a side view schematically illustrating the arc di scharge apparatus
accordi ng tpgesthiénefbiedi nent of the present invention. In the figure,
reference nuneral 1 denotes the arc discharge apparatus. In the

descri pti on, the arc di scharge apparatus 1 according to this enbodi nent is
used as a heat source in a manufacturing process of a fused silica crucible

of 24 inches or 15 gr %MILEWPTMWQ%%ZI}WEN?OQ” apparatus for

performng arc nelting on a non-conductive ne Is not limted by the

i bl e di . : d
e 'al 50 not 1 PERgar A4S SRR Bl il BUERRRG ARG AERAE 0% T

this enbOdlt(r)rgxll’] gmfboncfl:rlnlejn o the%?eslerlltlirlljvsetn{ig& V%lql llvendels:clzn%ed with reference to the

accompanying drawings.
10 FIG. 1 is a side view schematically illustrating the arc discharge apparatus
according to the embodiment of the present invention. In the figure, reference numeral
1 denotes the arc discharge apparatus.
In the description, the arc discharge apparatus 1 according to this embodiment is
used as a heat source in a manufacturing process of a fused silica crucible of 24 inches or
1S  greater. However, as long as it is an apparatus for performing arc melting on a
non-conductive member, it is not limited by the crucible diameter, apparatus outputs, and
the purpose as a heat source, and is also not limited by this configuration.
The arc dischérge apparafus 1 in this embodiment includes, as illustrated in FIG.
1, a mold 10 which can be rotated By a rotating device (not shown) and defines the outer
20 appearance of a fused silica crucible. A raw powder (vitreous silica powder) is charged
into the mold 10 by a predetermined thickness so as to become a vitreous silica powder
compact 11. Inside the mold 10, a number of air passages 12 which are open to the
inner surface and connected to a pressure-reducing device (not shown) are provided to
reduce the pressure in the vitreous silica powder compact 11. At an upper position of

25  the mold 10, carbon electrodes 13, 13, and 13 for arc heating, which are connected to a



1, a nold 10 which can be rotated by a rotating device (not shown) and
defines the outer 20 appearance of a fused silica crucible. A raw powder
(vitreous silica powder) is charged into the nold 10 by a predeterm ned

t hi ckness so as to becone a vitreous silica powder conpact 11. Inside the
mol d 10, a nunber of air passages 12 wiBch are open to the inner surface
and connected to pressure-reduci ng devjc not shown), are provided to
reduce the PBWE"S%‘B;’B]@! device (et h &ﬂf‘spfgwﬁ%‘&%ﬁé Yitgehssilice PRWderst  an upper
position of 25 the nmold 10, carbon el ectrodes 13, 13, and 13 for_are
heating, wsPERaAlE cHisrfatoaglectodes 13, 13pandel3 canbprljotrd tocrovevstticalliodtn) , are
provided to heat the vitreous silica powder conpact 11. The carbon

el ect r odes shawn bgarrewsdl 48l 2 amthip digute| by\oa ¢lecodenpsitipn settisgdaveesd), anshown by
arrows T and Din the figure by an el ectrode position setting device 20, and
i nt er - el ectinteddedtiodt distancesD carelsaltesetbe set. 5 The are di scharge apparatus |
is a high-output apparatus for heating and nelting a non-conductive object

(vitreoys silicaThomtdisthddge dpparaths 3 GOahigE-ouputgpphiatusdoiticatingaidanelting
el ectrodes 13, 13, and 13 in an output range of 300 to 12,000 kVA. FIG 2 is

a side vi ey Rghendicticabtjdct 'F]Ji{réb'ifs kifich POwdeREoyPR8S Bistiabse Wingitheplaml B#bon

el ectrodes of the arc discharge apparatus according to the ‘enbodi nent of the

present . 1Q,doaygRY50M, 1P 53 BABuPIEE! §1386% Fooclidyaand 13 are el ect rode

bars with e sane pe so as to p orm for exanple, AC three-phase

(R-phase, S-phas nd. T phase), ar i.schar.ge nd..as ol ust,rated in FIGS
1 and 2, the axi gﬁG il%aéséldél)??&a%}éenbar%ﬁg'dg%g aégg %‘P ﬁlogngnrsé)\;g%esce 0r%i angul ar

pyram dal shape, wi an X therehel ow gt an_.angle,0l. FIl G is an

o ot ged v BRIl At e RO o1 e n e o gt SRS HESSEh, bon

el ectrodes .of the arc discharge apparatus according to the enbodi nent of the
presentl0 i AR¥EREOHN .

The carbon electrodes 13, 13, and 13 are electrode bars with the same shape so
as to perform, for example, AC three-phase (R-phase, S-phase, and T-phase) arc
discharge, and as illustrated in FIGS. 1 and 2, the axial lines 13L are provided to form a
reverse triangular pyramidal shape with an apex therebelow at an angle 61.

15 FIG. 3 is an enlarged view schematically illustrating front portions of the carbon
electrodes of the arc discharge apparatus according to the embodiment of the present
invention,

The carbon electrodes 13 have a substantially columnar bar shape, and as
illustrated in FIGS. 2 and 3, at a front end 13a, a contact portion 13¢ including a contact

20  position 13b at which the carbon electrodes 13 come in contact with each other, and the
contact portion 13c has a truncated conical shape in which the diameter decreases toward
the front end 13a to have a front end surface 13d of the front end 13a and a peripheral
surface 13e that is the diameter-reduction portion.

An angle 02 between the peripheral surface 13e and the axial line 13L of the

25  carbon electrode 13 is set such that when the carbon electrodes 13 come in contact, the



The carbon el ectrodes 13 have a substantially col umar bar shape, and as
illustrated in FIGS. 2 and 3, at a front end 13a, a contact portion 13c
including a contact 20 position 13b at which the carbon el ectrodes 13 cone
in contact wwth each other, and the contact portion 13c has a truncated
coni cal shape in which the dianeter degfeases toward the front end 13a to
have a front end surface 13d of the front end 13a and a peripheral surface

Be that i scédigtfbsiight Bbi§ BOHEiahSNoMBE Edrtddt paloR MY, EndpreROIbIE €M>1:480,
peri pheral surface 13e and the axial line 13L of the 25 carbon electrode 13

I's set suchthat f?@%&iﬁg’ﬂ?ﬁ %R% cgge%ﬂ{rgtgﬁ?xég A% dodeaP ﬁﬁ%%&l?g Eli}ﬁdm

contact position € range o0 contact porti

preferably 1>2x02. weye for _exanple, even in the case where 01=2x02,
PGt ho. ol BE THY o £ POTEE DharephthE HNGRLE SARE Geb e ERCTL ABRFIeh SRR ¢ he
truncated cone and IEe uni form di anet er, Bgrtion a range in which the
contact poafangsin whish the coptagtposifign 43b isfn th sangg of e conariprainide isMt not 5
excluded. The length LI of the contact portion 13c is set to L2<Ll for a

di stancé Lexdlydsth the front end 13a to the contact position 13b, and set
such that a ratio L2/Ris in the range of 0 to 0.001 to 0.9 for the

di amet er R of t hHEhedengtiohl ef the comals padion @Bc soetrte &2<Uhbwa distancdé@drodent on t he
angl e 01 between the axial lines 13L of 10 the carbon el ectrodes 13 and the
angl e 02 bédieiemneddiSapetheRbatactposition H3ie adBet art thdoe ratXL AR it innke thidge of t he
carbon el ectrode 13, so that those ranges are set to satisfy the

above- ment bOMRA.6MNGi0tI BPthe didMedd R &f tRcarbdh didbuddepodi ment, the contact
position 13b is set to be on the border between the front end surface 13d

and the peripher co%wefﬁgﬁa}%g?efg%gt6&1@183]9%{3@&%%6%&&%#&%@%0{ront end

13a to the contact position to z and 3, the

di st an(ig ! %he%gr Ior? lélselcgodseg ? gl(ljd the angle 62 between the peripheral surface 13e and the

axial line 13L of the carbon electrode 13, so that those ranges are set to satisfy the
above-mentioned conditions.
In addition, in this embodiment, the contact position 13b is set to be on the
border between the front end surface 13d and the peripheral surface 13e, and the distance
15 L2 from the front end 13a to the contact position 13b set to zero. However, in FIGS. 2
and 3, the distance is obviously stated.
The contact portion 13c¢ of the carbon electrode 13, as illustrated in FIGS. 2 and
3, has a shape without concave portions such that it comes in contact with another carbon
electrode 13 at only a single point. In other words, the shape of the contact portion 13c
20  is set such that a portion having a re-approach position with another electrode is only one,
that is, one point, one line, or one surface so as not to allow the carbon electrodes 13 to
come in contact with each other at two or more points at the same time in the contact
portion 13c and other portions, In this embodiment, when 81=2x62 is set, the carbon

electrodes 13 and 13 comes in contact with each other in only one line over the entire



The contact portion 13c of the carbon electrode 13, as illustrated in FIGS.
2 and 3, has a shape w thout concave portions such that it cones in contact
wi th another carbon electrode 13 at only a single point. In other words,

t he shape of the contact portion 13c 20 is set such that a portion having a
re-approach position with another eledtrode is only one, that is, one
point, one line, or, one surface sp as not to allow the carbon el ectrodes 13
to come iFredhehthe fiaeleRTeddetiPIRORN. 2t two or nore points at the sane tine
in the contact ortion 13c and. other Porti ons. In this _enbodi ment, when
01=2x02 is set, The earben dleirode] st tinels thaba wfig of the dismaterByoLBARBIGIMA 1 h_each
other in only one line over the entire 15 Ilength of the dianmeter-reduction
portion. Thamaenrpodionghereefitoddength Gopswesd poriunit during azc disgbargeds intthe di aneter R
of the uniform dianeter portion thereof to a |ength consuned per unit
during ar eanfesfldd2de0i6s in the range of 0.02 to 0.6. 5 Although the

di aneter R of the carbon electrode 13 is determ ned depending on the

condi tisons such shotighehediapefer Rfof tecattos eltcedeande detéienaidepandigd orf aw powder
to be nelted which i1s defined by the dianeter (size) of the fused silica

cruci bl e, BEbHARIohS Sih ab BRRAIAL 8 tBe alcRiBschdrp® tREBHRH daWpodla tf bar € ) )
di scharge, and the required electrode stréngth, and in addition to this, in
terns of r‘,@@ﬁ]» : i : L i . the carbon
el ectr odeerlllg&lhs urltg ng?{e? ZJ tt%hclfagﬁgﬁg%é)g{}? t|lef:a d;%l,i l%gﬁﬁbé%%ﬁggﬁhﬁél ica
cruci bl e qf i nches: 1.s . t f t mmis consuned
over 60 mﬂ%‘? %r%t}lpef ﬂlgt% 1r1|{esx}eg§era]l{é§ga§1ﬂ51§gi céﬁs r%khgg%g’ ag%ﬁh%ur FQ}S‘%ESF%&%‘% ute. The

di ameter R of the.carpon electrode 13.in this e is 20.t0,3Q.to 100 to 120
15 Thotehand g eititds B8 it Bnsshactubee iRty PRy ioh BEASIREL ol oo
wth a artigle size of less than or ,equal to 0.3 nm preferably | ess than
or equ Re ql?ﬁfargmelﬁgyoée 13 1s further restricted.

Specifically, when a fused silica crucible of 32 inches is manufactured, a length

of about 120 mm is consumed over 60 minutes, that is, a length of 2 mm is consumed per
minute. The diameter R of the carbon electrode 13 in this case is 20 to 30 to 100 to 120
mm,

15 The carbon electrode 13 is formed of high-purity carbon particles with a particle
size of less than or equal to 0.3 mm, preferably less than or equal 0.1 mm, and more
preferably less than equal to 0.05 mm. When the density thereof is in the range of 1.30
to 1.80 g/cm’, or in the range of 1.30 to 1.70 g/em’, the density difference between the
carbon electrodes disposed at the corresponding phases can be less than or equal to 0.2

20 g/em’. Due to the high uniformity as described above, a generated arc becomes stable,
and local deficiency of the carbon electrode 13 can be prevented.

The arc discharge apparatus 1 in this embodiment is set such that the power
density of the carbon electrode 13 is in the range of 40 to 900 to 1,700 kVA/cm® when arc
discharge is performed in the manufacturing process of the fused silica crucible.

25  Specifically, a power of 300 to 500 to 2000 to 6000 to 10000 to 12,000 kVA is supplied



preferably | ess than equal to 0.05 mm When the density thereof is in the
range of 1.30 to 1.80 g/cnB, or in the range of 1.30 to 1.70 g/cnB, the
density difference between the carbon el ectrodes disposed at the
correspondi ng phases can be less than or equal to 0.2 20 g/onB. Due to the
high uniformty as described above, a dénerated arc becones stable, and

| ocal deficiency of the carbqon el ectrode 13 can be prevented. The arc

di schar ge é%gﬁFQP@%dE“FWBQﬁwgméﬁbﬁﬁpﬁﬁﬁwrF§h§§Pe gedYet hat the power density
of the carbon electrode 13 is in the range of 40 to 900 to_1, 700 kVA/ cn®
when arc di schaFegeleciroge pesitionesgtting deviee %ﬁaﬁﬁmé‘iﬁt i illpgradda 856 lof the fused
silica crucible. 25 Specifically, a power of 300 to 500 to 2000 to 6000 to
10000 to 13w@€ingwaits 31 faugpprotihgithe carbont dhestrodesidnlblaad {3 entbcapablopf h t he set
di anmeter R described above. The el ectrode position setting device 20

i ncl udes, astting Intesetentredtt distareke$D]a horimopabmbvengentidévice f2d altowingthpporti ng t he
carbon el ectrodes 13, 13, and 13 and capable of setting inter-electrode

di stancgs [upmriiun 2Nt noW® HerimRRtallf Qv 6 Rertiof] nidvemehiWbvich orfalloWitipahé | Ng uni t
21 to nove horizontally, and a vertical novenent device for allow ng the

SUppor t i Ng sifoktngdhit@ D atd e AZ AR hdVerIEHY BEREY theR¥f GRfipied fine®REY | gured in

one body to nove vertically. In the supporting unit 217 the carbon

o ectr ode. L3nbsc FMBBRL! ik hPuf Ok Snf b DU ARG P Kilghtaly 22, and o

rotation device tor contro d (b e setting
shaft 22 is_included. ln order ont.rol. the.inter-el rode 10.di stance D
bt voen t naoRAASHE G aidls B b 2005 RualHoch B B SuRSRRRR ko 5 17 e
angl e of the capbon el ect.rode s controlled by th ot ati pn device, and
Ehe hort zortoelr of o Endle ST TR OGS ndh BRIFE OS0MRE ety ety ¢ he

hori zont al novenent device. In _addition, the height of the supporting unit

21 is d8nt ditangyDibytviasa theesarbop glectipdrs dd ard 1384 shawn byernastp gl ¥ol, theng t he

hei ght of the electrode front end 13 a with respect to the 15 bottom
posi ti on ofanglhef the carbomsleeiraded] igeontreledduyrtharstatipe device, and the horizontal

position of the supporting unit 21 is controlled by the horizontal movement device. In

addition, the height of the supporting unit 21 is controlled by the vertical movement

device thereby controlling the height of the electrode front end 13a with respect to the
15  bottom position of the vitreous silica powder compact 11.

In addition, in the figure, the supporting unit 21 and the like are illustrated only
for the left carbon electrode 13, however, other electrodes are supported by the same
configuration, and the heights of the carbon electrodes 13 can be individually controlled.

Hereinafter, an arc generation method according to this embodiment will be

20  described.

FIGS. 4A, 4B, and 4C are time charts respectively showing a change in
inter-electrode distance, an example of a current amplitude, and an existing current
amplitude, with time in an arc discharge method according to this embodiment. FIG. §
is a flowchart of the arc discharge method according to this embodiment.

25 The arc discharge method according to this embodiment includes, as illustrated



In addition, in the figure, the supporting unit 21 and the |ike are
illustrated only for the left carbon el ectrode 13, however, other

el ectrodes are supported by the sane configuration, and the heights of the
carbon el ectrodes 13 can be individually controlled. Hereinafter, an arc
generation nmethod according to this entbdinent will be 20 described. FIGS.
4A, 4B, and 4C are time charts respectively show ng a change in

i nt er - el ectylBfe @istopailaf setting ayelpgirode byitial Pesitiors AsteR $3|of starie heRPWeR exi sti ng
current anplitude, with tine in an arc discharge nethod according to this
enbodi ment supply@ gep §3 obinereasieg e electiode distangeca glep 8haf ediustiag lap dlegleqdsr di ng to
this enbodinent. 25 The arc di scharge nethod according to this enbodi nent

i ncl udes, distandel astep 86 efiselting anreldetr@le kejght, and e sted S6 of termatatingithepnwed ect r ode
initial position, a step S2 of starting the power supply, a step S3 of

i ncreasi ngs@wplyel ectrode di stance, a step S4 of adjusting an el ectrode

di stance, a step S5 of setting an el ectrode height, and a step S6 of

termnaging the [R@WAtep SIUGTRMing Bn bRctidde ifitidlPoStiowhowalih FIG sapf&! ect r ode
initial position shown in FIG 5, after charging vitreous silica powder

(r aw powdetardifl GubR iRk Bokerd il S ithe AB1A10%nd HIAAAADHSS B! | 2 povder

conpact 11 into a desired shape, as ill'ustrated in F and 2, the carbon

| ectrodes_: : i, Oty . ol I i h
wth an - apcsewniiospBf ol Tile bdEy PN S AR AR U SPOED o
illustrated jin Fl 0.1 he,front 13 ' tact, witk h ot her,
ther eby setEPOIReHRTen ol -did | AR B 55 e Reami il nafe v8p B 32 or
starting the power supply shown in Fig. 5, power supply to the carbon
el ect r odes ey therebelogngt thesangle & betwesy tg@(axtuﬂém lﬁ’és%lféd’i‘ flad. above by

a power supply device (not shown), froma tine tOshown in FIG 4. In this
st at e, 1@r cthe front ends 13a come in contact with each other, thereby setting the electrode initial

positions.

Next, in the step S2 of starting the power supply shown in Fig. 5, power supply
to the carbon electrodes 13, 13, and 13 is started at the power set as described above by a
power supply device (not shown), from a time t0 shown in FIG. 4. In this state, arc

15  discharge does not occur.

In the step S3 of increasing an electrode distance shown in FIG. 5, the
inter-electrode distance D is increased by the electrode position setting device 20 from
time t1 as shown in FIG. 4, while tl;e carbon electrode 13, 13, and 13 maintain the reverse
triangular pyramid shape with an apex therebelow as illustrated in FIG. 2.  In response

20  to this, a discharge starts to be generated between the carbon electrodes 13 and 13.
Here, the power supplied by the power supply device is controlled to allow the power
density of each carbon electrode 13 to be in the range of 40 to 1,700 kVA/cm?.

In the step S4 of adjusting an electrode distance shown in FIG. 5, from time t2
shown in FIG. 4, the inter-electrode distances D are controlled by the electrode position

25  setting device 20 to satisfy the condition as a heat source needed for melting the vitreous



15 di scharge does not occur. In the step S3 of increasing an el ectrode

di stance showmn in FIG5, the inter-electrode distance Dis increased by the
el ectrode position setting device 20 from tine ti as shown in FIG 4, while
the carbon electrode 13, 13, and 13 nmaintain the reverse triangular pyramd
shape with an apex therebelow as illusigated in FIG 2, In response 20 to
this, a discharge starts to be generated between the carbon el ectrodes 13
and 13. Heliea pavier pongsict Huipphd stade yliert e qngledd] is mpintamedev Heee, it cont r ol | ed
to allow the power density of each carbon electrode 13 to be in the range

of 40 to lcofd]l &\MREé povder slipplich ©y HeQiowddlsupblyaldivies id iginihed kedliowogle di st ance
shown in FIG5, fromtime t2 shown in FIG 4, the inter-el ectrode di stances

D are cont pgldr@endiy of BRhRhM6h EREFdRAI IS bOh theRndEbt 4018 1900IkSA/FPF t 0 satisfy
the condition as a heat source needed for nelting the vitreous 18 silica

powder cong m%isléﬁﬁg@%%w%&n{e@ StaRiB M8 t%gehéraﬂ@ril 5t fedifidarcHer e, the

diflx%ly,itﬂe ;
control of the power supplie e power supp evice i's maintained to

al l ow t he ens;: of each carbon electrode 13 to be in the range of
40 to 1?708813%“cb%§%u%g'0r dingly, the arc discharge state becones stable,

and the generation.qaf. a_staple_are 5 can.be caontinued., I n addition,
fromtime t3 shc}ﬁﬁd&ﬁorﬁlf@m Bme Bshoyp i F@Hfﬁ%g&r‘f{’%ﬂleé?ts&@?%@é‘e di stances D
to be further increased my be perfaqrnmed by the el ectrode positjion setting

devi ce 20. diganges D to bgdurthegincreasqdmayhe nepfapned pydhe glgetinde pagjliomnseinget r ode

di stance, in the step 10 S5 of setting an electrode height illustrated in
FIG 5, théevwtedd rode height T is controlled by the el ectrode position
setting device 20 to satisfy the condition as the heat source needed for
mel ting the vit rAidhesasid timaasio tbstepddngfadiusting dnrelechredsdistanceninghestethe angl e
01 is maintained. Here, the control of the power supplied by the power
suppl y1@levSg ef sesting an electrode height illustrated in FIG. 5, the electrode height T is controlled
by the electrode position setting device 20 to satisfy the condition as the heat source
needed for melting the vitreous silica powder compact 11 in the state where the angle 61
is maintained. Here, the control of the power supplied by the power supply device is
maintained to allow the power density of each carbon electrode 13 to be in the range of
15 40to 1,700 kVA/em?.
In the step S6 of terminating the power supply shown in FIG. S, at time t4 shown
in FIG. 4, after the melted vitreous silica powder compact 11 becomes a predetermined
state, the power supplied by the power supply device is stoi)ped. By the arc melting, the
vitreous silica powder is melted to manufacture the fused silica crucible.
20 In addition, in each of the steps, the pressure in the vicinity of the vitreous silica
powder compact 11 may be controlled by the pressure-reducing device connected to the
air passages 12.
According to this embodiment, in the step S1 of setting an electrode initial

position, the carbon electrodes 13, 13, and 13 come in contact with each other, and by

25  setting the range of the distance L2 between the contact position 13b and the front end



mai ntai ned to allow the power density of each carbon electrode 13 to be in
the range of 15 40 to 1,700 kVA/cnR2. In the step S6 of term nating the
power supply shown in FIG 5, at time t4 showmm in FIG 4, after the nelted
vitreous silica powder conpact 11 becomes a predetermined state, the power
supplied by the power supply device isistopped. By the arc nelting, the
vitreous silica powder is nelted to nanufacture the fused silica crucible.
20 | n addi }3ade be the abarchmertionpdrangegsdhe ratie tothe dipmeter Rrofithecaybai nity of the
vitreous silica powder conpact 11 may be controlled by the

pr essur e- r dehoide §3,gower distributincis stdrtedintthestera$d ofistesimgthe pdRer sipplyr di ng to
this enbodinent, in the step Si of setting an electrode initial position,

t he car bonTienetht amptitudd 3f eldcdrodanstillafion tiaeodcarscwhérathé distahtesdasyeentizer, and by
25 setting the range of the distance L2 between the contact position 13b and

the front emsbnldectrddd BArdQRt fnBe Q?S?oﬂiﬂ&%h@ﬁgeﬂ; dlvhg8e distahd¥eant e fept O t he
di aneter R of the carbon electrode 13, power distribution is started in the

t S2; of ' i ' i d
osar 1 Lo o P e e o e e odes
13 t g food ' § St th t 5
S4 af o uSPRREPS o Rabin Seck 0 B RINGLEE R, SN GRER Akl 12 L b
0.15 ti t he , di f th b | ect todg 13, ..sqg that
i 1 ust r ot o i QGTRAE oot 488 nEienge L ARuR By 4Bpuee s8R 1 1 ot on

does not occyr. In addition, the anplitude of electrode . oscillatiqn can be
pr event ed pefaiions cqreshied fomaeing ereptethas () erlRad FRIDCGHEEER R of -t ho

carbon el ectrode 13. Accordingly, even if electrode oscillation occurs, it
does not 1teesupamelertpdeddnvAswedingneverifilessodepapillationqscumsat deas nps possi bl e
to generate a stable arc. In addition, when the anplitude of el ectrode
osci | | ¥ i oexpasd bwsonvsrgesdnd settips dawn, sugh that ib ks nobsible (0 geperatemsiatlharcdi anet er R
of the carbon electrode 13, el ectrode oscillation

In addition, when the amplitude of electrode oscillation is controlled to be not

greater than 0.15 times the diameter R of the carbon electrode 13, electrode oscillation
can converge within 12 seconds from the time t1 shown in FIG 4.
When the amplitude of electrode oscillation is controlled to be not greater than

15  0.10 times the diameter R of the carbon electrode 13, electrode oscillation can converge
within 8 seconds from the time t1 shown in FIG. 4.

When the amplitude of electrode oscillation is controlled to be not greater than
0.05 times the diameter R of the carbon electrode 13, electrode oscillation can converge
within 4 seconds from the time t] shown in FIG. 4.

20 According to this embodiment, in the step S3 of increasing an electrode distance,
the step S4 of adjusting an electrode distance, and the step S5 of setting an electrode
height, the control of the power supplied by the power supply device is controlled to
allow the power density in each carbon electrode 13 to be in the range of 40 to 1,700
kVA/cm®.  Therefore, it is possible to allow the Lorentz force that is a cause of an

25  increase in electrode oscillation to be in an acceptable range for preventing the increase



can converge within 12 seconds fromthe tinme tl shown in FIG 4. Wen the
anplitude of electrode oscillation is controlled to be not greater than 15
0.10 times the dianmeter R of the carbon el ectrode 13, el ectrode oscillation
can converge wthin 8 seconds fromthe tinme tl shown in FIG 4. Wen the
anplitude of electrode oscillation isxgontrolled to be not greater than
0.05 tinmes the dianeter R of the carbon el ectrode 13, el ectrode oscillation
can converigescillationi and4t is pessihistofallow eldstrods gseillationsganewatedrin fegarbon 20
According to this enbodinment, in the step S3 of increasing an el ectrode

di st ance, elt¢dredsiPp cBdvarge.adj usti ng an el ectrode distance, and the step S5
of setting an electrode height, the control of the power supplied by the
power supply dewn this énsbodinndnt,ahd shdpé of thatdntast pditiop d¥esf theambdnyelédrodach car bon
el ectrode 13 to be in the range of 40 to 1,700 kVA/cnR. Therefore, it is

possi bl e t B jgkdtQuen tha it nRB i cdn@ict Rith BRdthdr SarBokt Slésteode 1 3aNodP alsigleease i n
el ectrode oscillation to be in an acceptable range for preventing the

i ncreasg. (Z)I%inti ﬂﬂaﬂ?,%iedgh?&ni HADing AR€Labfroch POGHSA Rith ahSinél o & Shiy e

oscillati gener at In the carbon electrode 13 to converge. “In this
enbodi nent

B e

act carbon el ectrode 13 at
I i I i.nt., that i. ti havi - . h iti ith
oot her el SesedeBenBipn i ukety Ty fut e SR R% A 5 BREISERERR0T i cchar go
id f th b I 3 wh I d illati i
kol y Lo RPN BaheRavet Sihe SontE 2PioR 36 ARATGREY.A i PR e onty

at the front end of the contact portion 13c. Accordingly, it is possible to
si mul t aneow@nlaneeusly tealizetibe grnawtion plomstele arc dlpaplapd theereventien ¢fnd t he
prevention of 10 el ectrode oscillation. According to this enbodi nent, the
car bonl®k| edeatrodeostBlatisn.set such that the ratio

According to this embodiment, the carbon electrode 13 is set such that the ratio
of the diameter R of the uniform diameter portion thereof to a length consumed per unit
during arc discharge is in the range of 0.02 to 0.6. Accordingly, conditions, such as the
output of the arc discharge, the amount of raw powder to be melted which is defined by

15  the diameter (size) of the fused silica crucible, the melting temperature, the time needed
to maintain arc discharge, and the required electrode strength are simultaneously satisfied.
Therefore, it is possible to generate an arc flame that can supply an amount of heat
needed to melt the vitreous silica powder cémpact 11 for arc melting, and simultaneously,
realize an advantage in preventing electrode oscillation.

20
Examples

In addition, in this embodiment, the contact portion 13c has a truncated cone
shape; however, the following configuration can be employed.

FIG. 6 is a view schematically illustrating front portions of carbon electrodes of

25  anarc discharge apparatus according to another embodiment of the present invention.



of the dianmeter R of the uniformdianeter portion thereof to a length
consuned per unit during arc discharge is in the range of 0.02 to 0.6.
Accordi ngly, conditions, such as the output of the are discharge, the
amount of raw powder to be nelted which is defined by 15 the dianeter (size)
of the fused silica crucible, the nelping tenperature, the tinme needed to
mai ntain arc discharge, and the required el ectrode strength are

si mul t aneous| y he ¢ashaneadectrodhancerdinegdo thetpréssntineentiph is seosugkthatag e an are
flame that can supply an ampbunt of heat needed to nelt the vitreous silica
powder cornjbhastrated in FIGk 6 Ay the diahvieten gf thanatben etedttoda édA sbytinuondpntiécramsan advant age
in preventing electrode oscillation. 20 Exanples |In addition, in this
enbodi mentfront the basepotivi t eHetfiomendd3I3althe dRAnieted RO €t ficwbend Fadpsst thowever ,
the follow ng configuration can be enployed. FIG6 is a view schematically

i1l ustrat ivegmhN®ManABe dib@BRr RI of e BAR RItRA! 4AARS I8 surfioe 3FY Adifp tHd schar ge
appar atus accordi ng to anot her enbodi nent of the present invention. 21 The

car bon sel : e ' S ' (i ' tiRat as

1 ust Pat eoie RS A Aga ncald BRED Aol B shilR, or3 DR B I0:  uous v
decr eases S ' t : | R2 of
the front ngnc?%tég?dsp%eot?at% ggb%hgggmellgrﬁ’ %h%ﬁﬁsf ﬁ%ﬂg%ﬁaﬁe&%?‘fﬁf@%ﬁ% {lﬁé base
portion, apd the side surface 13f along .the 5 entire length js formed as a

P uncat ed RiRd: Wbyt Reskninu ot Stsdfe G st br FaE aoRe 1 Bt ¢ on
end 13a of a garhon el ectrode 13B, which is, as illustrated in FIG 6B, a
curve shapi!line i ot heciariparelieso @&%ieﬁwgpla@nﬂptmgﬁl% the shape
cross-sectional outline along the axial Iine 13L of the carbon el ectrode
13C, for &kaspntect partion|1p¢ pear e fontendrdpef a earbonselegiiode H3Caviighisacrvgor ti on 13c
near a front end 13a of a carbon el ectrode 13C, which is a curve 10 shape in
whi ch,10as shageus whizheas illustfatedin BIC;. 6Chthe basspopsipnthapa péripherl pafacphdr al surf ace
13h

configured as a truncated cone that continues from the uniform diameter portion, a
portion at a side of a front end 13a from the truncated cone smoothly continues from the
truncated cone, and curvature breakpoints do not exist in a cross-sectional outline along
the axial line 13L of the carbon electrode 13C, for example, an elliptic arc shape or an arc
15  shape, a cone shape in which, as illustrated in FIG. 6D, the diameter continuously
decreases from the base portion of a carbon electrode 13D to a front end 13a may be
employed.
Here, as illustrated in FIGS. 6A and 6D, since the diameter of the base portion of
the contact portion 13c is different from the diameter R1 of the base end of the electrode
20  itself, in order to set the range of the ratio L2/R or the like, as illustrated in the figure, the
electrode diameter R is set to a diameter at the position of the base portion of the contact
portion 13c in the electrode axial line 13L, that is, a diameter at a length L1 from the
electrode front end 13a.
Hereinafter, Examples of the present invention will be described.

25 As the carbon electrode 13 described above, carbon electrodes with the



configured as a truncated cone that continues fromthe uniformdi aneter
portion, a portion at a side of a front end 13a fromthe truncated cone
snoothly continues fromthe truncated cone, and curvature breakpoints do

not exist in a cross-sectional outline along the axial line 13L of the
carbon el ectrode 13C, for exanple, an glliptic arc shape or an arc 15 shape,
a cone shape in which, as illustrated in FIG 6D, the dianmeter continuously

decr eases followinghtembrsms werd prepared, amd aradisclmrgd wastpeddend3iddentha front end 13a
may be enployed. Here, as illustrated in FIGS. 6A and 6D, since the

di anmet er ofollowinglzasditipmy tb nmnufatturd dfasaiilicaciuciiie. t i ere, hivder the corfditnent from
the dianmeter RI of the base end of the electrode 20 itself, in order to set

the range g ad followsithdrebdlsBf e can klekiBoded 33 nlith poivepdeasitiesot40ao0fli?more, the
el ectrode dianeter Ris set to a dianeter at the position of the base

portion of \WWheme ARtAGmpaRR@rtion Be in the el ectrode axial line 13L, that is,
a dianeter at a length LI fromthe electrode front end 13a. Hereinafter,

Exanpl es of the .1 RVEeRy | wi || be described. 25 As the carbon
el ect ro%e 13 des@?ﬁgggﬁ%%%é? lélgr Jon el ectrodes with the 22 fol | ow ng

di mensi ons were pr.en: d arc discharge was perfornmed under the
fol |l ow ng condi ﬁ‘%ﬂ‘@%@%ﬁﬂf acture a fused silica crucible. Here, under the

condition set 35 follows, the results of the carbon electrodes 13 with
power densities [§PCeANg Bg: 30BN/ cnp were compared. 5 Cruci bl e di aneter:

32 inches OQutput: 3,000 kVA Processing tine: 30 m nutes El ectrode shape:
front end truncdtiedrods shapedront gnd truncated cone

01: 16°
10 02: 7°
Carbon electrode diameter R: 70 mm
Contact portion length L1: 50 mm
Contact position L2: 10 mm from the electrode front end
Power density of carbon electrodes: 30, 50, 800, 1200, 1800, and 2000
15  kVA/em?,
As aresult, in the case of a power density of 30 kVA/cm? in the carbon electrode,
an arc was not normally generated. However, in the case of a power density of 50
kVA/cm?, an arc was normally generated.
In addition, in the cases of power densities of 800 and 1200 kVA/cm? in the
20  carbon electrodes, electrode oscillation was not greater than 0.15 times the carbon
electrode diameter R, and as schematically illustrated in FIG. 4B, the generated
oscillation converged. However, in the cases of power densities of 1800 and 2000
kVA/cmz, electrode oscillation was greater than 0.15 times the carbon electrode diameter
R, and as schematically illustrated in FIG. 4C, the generated oscillation started increasing,

25  such that the manufacturing of the crucible was stopped.



10 02: 7 Carbon el ectrode dianeter R 70 mm Contact portion length LI: 50
mm Cont act position L2: 10 mmfromthe el ectrode front end Power density of
carbon el ectrodes: 30, 50, 800, 1200, 1800, and 2000 15 kVA/cn2. As a
result, in the case of a power density of 30 kVAJcnR in the carbon

el ectrode, an arc was not normally geserated. However, in the case of a
power density of 50 kVA/cn2, an arc was nornmally generated. In addition, in
the cases of poweam ghembpyd regnlissit gpdd bheeen thgbthr gapcssied ¢lectrode oscaldationr bon

el ectrodes, electrode oscillation was not greater than 0.15 tinmes the carbon
el ectr ode wnzeraedyy Ritingilae prsves densitiof thalcérpon electxde 48 éalbé in th @ngelds 40t he
generated oscillation converged. However, in the cases of power densities
of 1800 and IZWOGVAKN. en?, el ectrode oscillation was greater than 0.15 tines
t he carbon el ectrode dianeter R, and as schematically illustrated in FIG

4C, the gener at eikxfFxkpériradntd) Exahples R4 chah@ingabd ¢lectrodd fiontcdnd icbaeactt he
manuf acturing of the crucible was stopped. 23 Fromthe above results, it

coul d be sgamichatwillhe deenespat ed el ectrode oscillation converged by setting
t he power ‘density of the carbon electrode 13 to be in the range of 40 to

L 00 VALETE, N sty (ARSI R LA B th st e [1ont
onder e BoRH I B SR AL B o BARGE WhERATS
fused St oS e ¥ribIE R b antpibude of Sectfode Dsciflation and Siecirode bréakhge ™
were inspected.
10 Crucible diameter: 32 inches
Output: 3,000 kVA
Processing time: 30 minutes
Electrode shape: front end truncated cone
01: 16°
15 82:7°
Carbon electrode diameter R: 70 mm
Contact portion length L1: 50 mm
Power density of carbon electrode: 800 kVA/cm?.
The results are shown in Table 1.
20 [0061]

[Table 1]



01:
R7W

3,000 kVA
The results are shown

Qut put :
front end truncated cone

R 70 mm Contact portion length L 1:

800 kVA/ cn?.
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Q N N WPt WAWAN 2 WAV WMWYV 25 Fromthe results, it could be seen that as
shown in Experinmental Exanples 1 to 3, when the ratio of the distance

bet ween the contact position and the front end to the carbon el ectrode
dianeter was in the range of 0 to 0.9,25el ectrode breakage did not occur,

and sinul taneously, the state of the manufactured fused silica crucible was
preferabl e. 5 |Frogdi¢ rdsults, iticaulidisess thatamshown in Expé¢rimentdl dixemplss pitobl ens
caused by the arc discharge state and device states where the crucible had
pr oper t i eswinmtth¢ mtibef the dibtdnoe betpudn the gorsachpbsiticorand thed fromd eodhtoctbe a st at e where
the nelting process could not be perfornmed wuntil the thickness or the outer

di anet er ofarida@leetrodd dilmfeteensy i thedegdeofd tv 89U €lSctrodB Breakaggidid gotwbare even
when the shape had desirabl e di nensions, arc nelting was insufficient 10 and

t he bubbl eyRaph@heBS, RO stafet teqfarubachirsdiufddCiIRA rdci& wadpreRdbld. ONS
configured as non-air bubble layers in the vicinity of the inner surface of

the crupible. " BagsiidehPliblesq and25FaliCrpelGuBhibhyChilPof dighicoan sati sty

desired standards 1 n all crucible properties ‘suc ape and the

0 Sur 8553k G ol EARETBE g TR ol 1 BLGEs By cPanai
pulling single-crystal, such as a state where the melting process could not be performed
until the thickness or the outer diameter of the crucible reached desired values, and a
state where even when the shape had desirable dimensions, arc melting was insufﬁcient
10 and the bubble content was not reduced to a sufficient level at portions configured as
non-air bubble layers in the vicinity of the inner surface of the crucible. "Pass" refers to
a state where a crucible that can satisfy desired standards in all crucible properties such
as the shape and the inner surface state.
Next, Experimental Examples 4-6 prepared by changing the electrode front end
15  shape will be described.
The electrode front end shape was configured as the shapes illustrated in FIGS.
6A to 6D, and under the same conditions as those in Experimental Examples 1-3
prepared by changing L2, arc discharge Was berformed with L2 being 10 mm from the
electrode front end. In this state, the ratio between the electrode amplitude and the
20  electrode diameter was obtained. The result is described along with discharge states.
Discharge direction: discharge in a downward direction (electrode axial line
direction) from the electrode front end surface 13a
Amplitude of electrode/Diameter of electrode: smaller than 0.15

Arc break/Electrode fall: None

25 [0064]



The el ectrode front end shape was configured as the shapes illustrated in
FIGS. 6A to 6D, and under the sane conditions as those in Experinental
Exanpl es 1-3 prepared by changing L2, arc discharge was perfornmed with L2
being 10 nmfromthe electrode front end. In this state, the rati o between
the el ectrode anplitude and the 20 el exg rode di aneter was obtai ned. The
result is described along with discharge states. D scharge direction:

di scharge in a doafdikerd agiCemparpiive K matahesdiange injfroat enfl sheps, pon) from t he
el ectrode front end surface 13a Anplitude of el ectrode/ D aneter of

el ect r ode: elsamtié ef whiklathe@lishieterAnayedsesiakatd thetledde frahl endNoodu@bar[ 0064] 26

In addition, as Conparative Exanples with the change in front end shape, an
el ectrode ¢léctrotie,ah eldoodd wilietueivennRsy & asgkndriodigiostidnheere uedtandde: front end, a
columar electrode, an electrode with unevenness at a cylindrical portion
were used dbdharkevas PeiFhiRE GRrdAUNBG thO{arREhMAHRON RANEKEFetiéld thame
conditions. Ratios between the 5 el ectrode anplitude and the el ectrode

di anet [ ' ' : . ' d '

Di scha?{:]e édl?érnggtéfugl : g%qgﬂgggtdeagg}aé%ﬁbgrnggl%%h%esdgﬁg? g%ﬁlg?' gglﬁ‘jﬁ ersal surface
13e) due po an.ungaqual electric field Anplitude of el ectrode/Di aneter of

el ect r ode: grea%er than 0.15 10 Are break/Electrode fall: Yes Fromthe
results, it coul e seen that. with the sha il lustrated jn Fl , a

Stabl e arc coul dSDUEAPaoBR G R SorRaR Reiserpigt it heberel Sl 2 67 10

prepared by changing the ratio between the electrode dianeter and the
diste Eﬁff“il‘ﬁg

| ength con 8" Prgdug] flgetr are discharge will be

Amplitude of electrode/Diameter of electrode: greater than 0.15
10 Arc break/Electrode fall: Yes

From the results, it could be seen that with the shape illustrated in FIG. 6, a
stable arc could be generated properly.

Next, Experimental Examples 8-10 prepared by changing the ratio between the
electrode diameter and the length consumed per unit during arc discharge will be

15  described.

The ratio between the electrode diameter and the length consumed per unit
during arc discharge was changed from 1.8 to 87.5, and under the same conditions as
those in hExperimental Examples 1-3 preparéd by changing L2, arc discharge was
performed with L2 being 10 mm from the electrode front end. In this state, the ratio

20  between the electrode amplitude and the electrode diameter was obtained. The result is
described along with discharge states.

[Table 2]
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Fromthe result, it could be seen that as shown in Experinental Exanples 8
to 10, it is preferable that the ratio LL/R of the electrode dianmeter R to
the length LL consuned per unit during are discharge be in the range of
0.02 to 0.6. Wiile preferred enbodi nents of the present invention have been
described and 5 illustrated above, it28should be understood that these are
exenpl ary of the present invention and are not_to be considered as
linmiting. Addit Femwsthegesulisit epidd be sass that ag shews in Expraimented Exaraples § toat i ons can
be made wi thout departing fromthe spirit or scope of the present

i nvent i on. 10a8éopreferagleythatttheratipo 48hof thevleetrade didmeterdd totthe lsagtbddsi dered as
being limted by the foregoing description, and is only limted by the
scope of tdoasupdaededt hifinglaat dischai2@ be Whihe range of @D2ed0.6s: 1. An arc di scharge
met hod conprising the steps of: heating and nelting a non-conductive object
by arc di schar gavhiki piefe@edértibaaihénts ofth©presont Hoentdheal¢ Bedadedchibéandut put
range of 300 to 12,000 kVA;, and setting a ratio of the distance between a

cont acts PO §tfai aBbveMiishbuld BEuSRIARNA thA 1RG 4o dREmPIARRfitRE eRAACt Wi th each
other and a front end to the dianeter of the carbon” el ectrode during the

start of t; i i he.ran ) : ” 2. The are
di schar ge lﬂgﬁrﬁgg aﬁajdc%g ? gtlrtg ge icgnsg(ﬁ: é%dnrlﬁs ixﬁﬁt\}dé r g@% Rgm%é)\%g%sl%gh%btai}u%%s’t he
car bon el ect,r in,th 0 kVA/

de_is..set to b range_of 40 1o 1..70 . 3. An arc
Grsonar ge. SsHREmoBir o Sa Fe At A PRbRy e Fon 8 shil sl . oy r 6
di scharge using a plurality,of carbon e] ectrodes in, an out pyt range of 300
to 12,000 ReRAtinyestipR . AcnofiiRele bt PALEVERIORH 4t Eo b fongeRd 88008 hat a
rati o of the distance between a contact position at which the carbon

el ect r odesliBitisebyithe fserome degsriponpaf ianhelmiehbigthe peapgof s @ppdedie di anet er

of the carbon electrode is in the range of 0 to 0.9.
10 claims.



4. The arc discharge apparatus according to claim3, wherein a power density
of the 20 carbon electrodes is set to be in the range of 40 to 1, 700
kVA/cnm2. 5. The arc di scharge apparatus according to claim3 or 4, wherein

t he carbon el ectrodes have a contact portion including the contact position
at the front end, and 25 the shape of 2%he contact portion is a cone shape of
whi ch the di aneter decreases 30 toward the front end, a truncated cone
shape, or Wheltys aimedd¥ie in which curvature breakpoints do not exist in a
cross-sectional outline along the axial line of the carbon electrode. 5 6.
The arc di scharge apparatus according to any one of clainms 3-5, wherein a
ratio of the diameter of the carbon electrodes to a |l ength consuned per
unit during gircarddischiragegpethodcamprising theasigps off 0. 02 to 0.6. 7. An apparatus
for manufacturing a fused silica crucible by nolding raw powder into a 10
nmol d for cruci blheatingrand ngitingrachoheahduetivastjeatrbl arcrtischivge asinpaplurdliter eof by
arc discharge, conprising: a nold for charging and nol di ng raw powder; and
the arcs di gfehdog eleatiiRs i AfSoudift @ngde BH300Q0 ADYOPRVALEndCl ai n 3-5. 15 8. A
manuf acturing nmethod of a fused silica crucible, conprising: a formng step

by formng a vi Tsétﬁﬁqé@raﬂo!df% FRONE betwRbiPa @oxﬁa[c%'ﬁé éh dTWHEbh tROhrBordi schar gi ng
step by heating and nelting a fused silica crucible by arc discharge using

I i ; ot
manut nct ur ooy P e SR A Eane Qad B SR i 3R9E iR D, (g

ica g whereirn the discharging
step inclu

i <hance Horoeano ikt 3 S B8R Bihdl Bl et Rl B8 Cue come i

10 2. The arc discharge method according to claim 1, wherein a power density of the

carbon electrode is set to be in the range of 40 to 1,700 kVA/em?.

3. Anarc discharge apparatus for heating and melting a non-conductive object by arc

discharge using a plurality of carbon electrodes in an output range of 300 to 12,000 kVA,
15 the carbon electrodes which are arranged such that a ratio of the distance between a

contact position at which the carbon electrodes come in contact with each other and a

front end to the diameter of the carbon electrode is in the range of 0 to 0.9.

4. The arc discharge apparatus according to claim 3, wherein a power density of the

20  carbon electrodes is set to be in the range of 40 to 1,700 kVA/cm”.

5. The arc discharge apparatus according to claim 3 or 4,
wherein the carbon electrodes have a contact portion including the contact
position at the front end, and

25 the shape of the contact portion is a cone shape of which the diameter decreases



contact with each other and a front end to the dianeter of the carbon
el ectrode during the start of the arc discharge to be in the range of 0.001
to 0.9 and an arc di scharge naintaining step of increasing the distance
bet ween the carbon el ectrodes after the arc 25 discharge starting step.
30

toward the front end, a truncated cone shape, or a curve shape in which curvature
breakpoints do not exist in a cross-sectional outline along the axial line of the carbon

electrode.

5 6. The arc discharge apparatus according to any one of claims 3-5, wherein a ratio of
the diameter of the carbon electrodes to a length consumed per unit during arc discharge

is in the range of 0.02 to 0.6.

7. An apparatus for manufacturing a fused silica crucible by molding raw powder into a
10  mold for crucible forming, and heating and melting the compact thereof by arc discharge,
comprising:
a mold for charging and molding raw powder; and

the arc discharge apparatus according to any one of claims 3-5.

15 8. A manufacturing method of a fused silica crucible, comprising:
a forming step by forming a vitreous silica powder into a crucible mold; and
a discharging step by heating and melting a fused silica crucible by arc discharge
using a plurality of carbon electrodes in an output range of 300 to 12,000 kVA for
manufacturing the fused silica glass crucible,

20 wherein the discharging step includes an arc discharge stating step of setting a
ratio of the distance between a contact position at which the carbon electrodes come in
contact with each other and a front end to the diameter of the carbon electrode during the
start of the arc discharge to be in the range of 0.001 to 0.9 and an arc discharge
maintaining step of increasing the distance between the carbon electrodes after the arc

25  discharge starting step.



