DESCRI PTI ON EXPANDED GRAPHI TE SHEET, METHOD OF PROTECTI NG CARBONACEQUS
CRUCI BLE USI NG THE EXPANDED GRAPHI TE SHEET, AND SI NGLE- CRYSTAL PULLI NG
APPARATUS 5 TECHNI CAL FI ELD [ 0001] The present invention relates to
an expanded graphite sheet that is reinforced by carbon fibers, a nmethod of
protecting a carbonaceous crucible that uses the expanded graphite sheet as
a lining for covering the inner surface of the carbonaceous crucible, and
10a single-crystal pulling apparatESERETIPNEs t he sanme. BACKGROUND ART

[ 0002] Expanded graphite sheets have excell ent heat resistance and
excel | ent EGReNDIgui @RARHEF e Bt T, t ME TFO® Dt OF SRE@BSONING hexRBON ASEAUSor
packi ng, val ve sheets, gaskets, 15 separators for fuel cells, and the |ike.

Pat ent DoCRYRITBLL UEBal A3ES EXPANDDE @RARAIEE SHIEMNiLeDHIReE! H-srRyshihect ed
to a refining process under a hal ogen gas at nosphere at 2000C or higher to

obtain a hyghipurifparexpagded graphite sheet with an inpurity content of 15
ppm or |ess. This expanded graphite sheet is used also in a sem conductor

manuf agt u 0[ 0003] Her ei nbel ow, a hi gh-purity expanded
graphﬁfe gﬁ eE ggggﬁg%xg sem conduct or manufacturing process is described

as an exagRJﬁ A typical single-crystal pulling apparatus in a
sem condu @ ]nanufacturing process is a single-crystal pulling apparatus
for a Czochral ski process (the process is hereinafter e e ed to as a "CZ

process," and t hBe DISEHHAERien rf‘éa‘%‘fOeﬁir% epangedagraphitecshegidbaly g resfopcediby t hi s

si ngl e- crystalfpulllng appar atus for .
carbon fibers, a method of protecting a carbonaceous crucible that uses the expanded

graphite sheet as a lining for covering the inner surface of the carbonaceous crucible, and
10 asingle-crystal pulling apparatus that uses the same.

BACKGROUND ART

{00021

Expanded graphite sheets have excellent heat resistance and excellent gas-liquid

impermeability. For this reason, they are used for packing, valve sheets, gaskets,
15 separators for fuel cells, and the like. Patent Document 1 discloses that the expanded
graphite sheet is subjected to a refining process under a halogen gas atmosphere at
2000°C or higher to obtain a high-purity expanded graphite sheet with an impurity
content of 15 ppm or less. This expanded graphite sheet is used also in a semiconductor
manufacturing process.
20 [0003]

Hereinbelow, a high-purity expanded graphite sheet used in a semiconductor
manufacturing process is described as an example. A typical single-crystal pulling
apparatus in a semiconductor manufacturing process is a single-crystal puiling apparatus
for a Czochralski process (the process is hereinafter referred to as a “CZ process,” and the

25  apparatus is referred to as a “CZ apparatus™). In this single-crystal pulling apparatus for



the CZ process, a graphite crucible and a quartz crucible are directly in
contact with each other. Therefore, the contact surface of the graphite
crucible that is in contact with the quartz crucible turns into silicon
carbide (hereinafter SiC) because of the reaction between the quartz

cruci ble and the graphite crucible, or the reaction with the SiO gas or 5
the like that originates fromSi, resulting in defects such as cracks, due

to the difference in thei.nial .expansi on_coefficient t n,SiC.

ar aphi t & 14 ZgPaGr Cor g ek A BBne el kSN PP DRl Sy .,
expanded graphjte sheet is interposed between the quartz crucible and the
graphite O%P‘iﬁci bhereloge, dae ?‘Hlt%\*i%‘ifgcteﬁéf the; gep Ercf‘&@ée at i, ﬁl"gaﬁﬁl ke the
cruci bl e, whereby breakage of the graphite crucible can be prevented to
keep t he quafte efcitlpt Wensappardliews rohigle( fhsreipadiprphie) ’%‘fééu$a9§ﬁhe Deretitent 1) .
[ 0004] [Patent Document 1] Japanese Patent No. 2528285 DI SCLOSURE OF THE

| NVENTI O%cRREBLENGuFQ BEciSCLVEDhBYafEe ENVBNT loOMelBEB00571th the Si0 ddowmever ,

t he conventional expanded graphite sheet is weak in ternms of strength

becausge ithe iiBe fhar sREnitYs HGONViLSSIlAG 1l dFeasd anh sexpakgddde gr dpldiff@ence in
Therefore, the follow ng problens arise when installing the sheet on the

I nner surfaee; %ﬁgéﬁ%nc GBS bEQREOISiE04) TRtk NNRY ofMF fiacRIwRSf sidhea

graphite cruci has a curved surface shape. For this reason, the expanded
R e L
Sheet  ar Gt REWTHRePS L FERBGrT Rls B et POCMET SR Eh UL BrBART ng  he
sheet, workability is poor, and 25consequently, a long work hour is
necessar ycruciplgophgreby breakage of the graphite crucible can be prevented to keep the life of
10  the apparatus long (for example, see Patent Document 1).
[0004]
[Patent Document 1] Japanese Patent No. 2528285
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
15 [0005]
However, the conventional expanded graphite sheet is weak in terms of strength
because it is forméd by compressing flocculent expanded graphite. Therefore, the
following problems arise when installing the sheet on the inner surface of the crucible.
[0006]
20 (1) The inner surface of the graphite crucible has a curved surface shape. For
this reason, the expanded graphite sheet may be broken or bent when it is attempted to fit
the expanded graphite sheet along the inner surface of the crucible. On the other hand,
when it is attempted to fit such a one-piece expanded graphite sheet along the inner

surface of the graphite crucible without breaking the sheet, workability is poor, and

25  consequently, a long work hour is necessary.



(2) Moreover, the size of each one expanded graphite sheet tends to becone
| arger as the size of the crucible has becone greater. As a consequence,

t he probl ens of t he breakage of the expanded graphite sheet and the

| ong work hours that is necessary 5have becone nore serious. [0008]

In order to solve the just-nentioned problens, an expanded graphite sheet
with inproved strength has been desired. The demand for the expanded
graphite sty with inproved strength also arises 10 fromthe fields of
industry in which the expanded graphite sheet is used, other than the case

in which the exg@nﬁﬁ%m@%@ Lige Sne8th io%etaggn&a Saphit Hfef YndS W el the
[ 0009] Th

i nner surface of the graphite crucible.. e present

i nvention li} G&0 ?Qeg {3&?;% lc}&ﬁ%jhzis%e\a)@\g ggéatérb € AIsQar c%%géqg%n 5846%%%‘!%?:%1?9 ges,

and it is an objeéec e 1 nvention Fovi dean exp ed gr e sheet

with inproved tensile strength. : It i,s. anot her opject of the

i nvent i on%feogrﬁ?]fﬁﬁecfg the ﬁﬁﬁ?ar?gﬁy STEPR L SR g the é%ﬁgb‘gﬁgcg‘%}ﬁ% that i Ppteesthat
can reduce work hours remarkably, nakes it possible to cover the inner
surface ofaYhRECOPGENYESSHIUShout  breaki ng the sheet or creating gaps, and is
20sui tabl e for |arge-sized crucibles, by using the expanded graphite sheet
with inpro¥¥®]tensile strength as a lining for the carbonaceous crucible.

It is still another object of the invention to provide single-crystal

pul I'i ng appar at Ws otdeato eslne perihammnivintd pratleat,i dge gatddanrbidnt sheer With

silicon single crystal that shows few crystal defects.
improved strength has been desired.
The demand for the expanded graphite sheet with improved strength also arises
10 from the fields of industry in which the expanded graphite sheet is used, other than the
case in which the expanded graphite sheet is used as a lining for covering the inner
surface of the graphite crucible.
[0009)
The present invention has been accomplished in view of the foregoing
15 circumstances, and it is. an object of the invention to provide an expanded graphite sheet
with improved tensile strength.

It is another object of the invention to provide a method of protecting a
carbonaceous crucible that can reduce work hours remarkably, makes it possible to cover
the inner surface of the crucible without breaking the sheet or creating gaps, and is

20 suitable for large-sized crucibles, by using the expanded graphite sheet with improved
tensile strength as a lining for the carbonaceous crucible.

- It is still another object of the invention to provide singie-crystal pulling

apparatus that can perform uniform heating and manufacture a silicon single crystal that

shows few crystal defects.



MEANS FOR SOLVI NG THE PROBLEMS [ 0010] In order to acconplish the
foregoi ng objects, the present disclosure provides an expanded graphite
sheet characterized in that a reinforcing material conprising carbon fibers
i s fornegkANS BORFOTAING fTomPROBAEM®ast one side of a substrate nade of an
expanded graphite material. The just-nentioned configuration enabl es
to cons@ﬂ%@t an expanded graphite sheet with inproved tensile strength by

t he reinforci at.eri i 51 . fi [ - t he

pr esent discﬂggﬁ&%fgﬁf&%@ﬁ§g§¥%§% e ?ﬁg@a?ﬁég&%%ﬁ?&?%%%%ﬁﬁg?g¥?g conprise
car bon &ipasdedl gapldre shecachiesierized i (Fhe siifsidind masmd] theprighpicabon ng
material may be united with each other by being bgnded toget her Py an
adhesi Vb ahformed: igr i damipgtsy forpnen s Jeast g d of Red éﬁrﬁfsd}ﬁ%fieena At erial
may be i gt -9t her by being conpressed in a | am nated condition.
[ 0012] &&hh&éﬁégéﬁmfﬁ%ﬁ%?%éent di scl osure, the substrate nmade of an expanded
gr aphi t e nat efheajustapentontlaémi@uragionf grbiengo nanstracl an expenided geahbbon fi bers
are entangled with each other.. . Jhe term."reinforcin erial in
hi ch oot PRpeticesiBrbahah By G TR BeRErl CHRENGE PO el e, a
reinforgjpg material in which carbon fibers with fluffy surfaces are
entangled wth each other to exhibit a reinforcenent function. Wth such a
confi gurat i onlp the pexpardedosyrea phistpeefstabée that the femorsingomatensli dommiseengt h

can be copstructed. [0013 e present .di scl.osure al so provides a

et hod GROTr bt kgt 8 £ b fmkonte eliEre bd b ot SabRalR Y i or posi ng
t he expandadyief @RhioctiRr heeingden@édioaethbob e adidisBel.asm! alkeiRer, @equart z
cruci bl e and a carbonaceous crucible in which the quartz crucible is

pl aced, substrats end the reinfrapide dnageriah Hiay deshded wald cach pihpnly bane exetesssd an

i nner surﬁacguﬁﬂi&pgifarbonaceous cruci bl e. Here, the term

" car bonBe8UE T UCIHI"E™ i s intended to mean a crucible i ncluding both a
graphitgmqucible made of a graphite material and a cruci ble made of a
carbon fiber-reinforced carbon conposite material (what is called a CC
material, thelnchadrescet disclpeire thasvisirafcemads ef 2k sxpydad goynbite Mgetile ) . Of

course, ?%oﬂ:{gﬁ%ﬁj&ﬁl org{nlé%f?%lﬁal?l{'grh}cﬂecagog f?d’ejﬁgge-{rp !eﬁtgﬂ@gd Qﬁ"th%ld&j @tﬁ&?d to

coating or Tnpregnati on-w pyrocarbon or t
The term “reinforcing material in which carbon fibers are entangled with each

other” means, for example, a reinforcing material in which carbon fibers with fluffy
surfaces are entangled with each other to exhibit a reinforcement function. With such a
configuration, an expanded graphite sheet with improved tensile strength can be
constructed.
[0013]

The present disclosure also provides a method of protecting a carbonaceous

crucible, characterized by: interposing the expanded graphite sheet according to the



When usi ng the expanded graphite sheet according to the present disclosure
as the lining for covering the inner surface of a carbonaceous crucible by
i nt erposi ng the expanded graphite sheet between a quartz crucible and the
car bonaggaustir& bGicbh @ dithridhiraiblehindad kthénsded BHRIDIS iPhds@dthetdifrtz

workabi lity inproves remarkably and the required work hour reduces

signifi czmcrﬂ\;leyis iphacednoarse Sbe empandedvigeanhite shegt [af pgintihg farorventg emainesx panded
graphite he 1 nner sg&%aoe of the carbonaceous crucible, because

heet ,on
it becoft® C%ﬂﬁ%ﬁ@@%ﬁ?ﬁm?g”EBQ ch attention to the breakage of the sheet.

Moreover, sing@el e i@xPaneRsha@ioab bhicbishe ehteAdaad thd@ 4 Qudibe ifdisghgsure is
easy to handl e and in%roves the workability, the protective sheet can be

i nst al | ath gnerepldteceryeibly waflanére gepifikcaagithend apreale dpadene & gadenor

t aki ng ny.werk hours even i e L.hil e . es. [0014]
I n additi 65%?1\{\’“? r%edp?agbsoenn%ng?oss cf g{s?dﬁérnte]d F ;‘)‘?%%/ ?Sd g%lle’gi'hs?%ﬁ%e% 3 § sﬂltlégﬁ%‘%gfﬁ l?ng

appar atugeidsfidtgefehied abave«dasefutibch expandss tyr apbhitecabi®at andthe CdCscl osur e
al so provides a single-crystal pulling apparatus using the above-described
met hod @ECiplegrachs HGiwtedp soiecyderienstia with pyrosgBPy Phiret & expanded

graphite she ; I { ilicon
singl e crystgwh%ﬁu%ﬂgtF%E%%ﬁﬁgpggggﬁgnggggﬁgﬁgé#%Hg%ﬁggﬁf?ﬁgﬁﬁﬁﬁég surface
of the wreunid] érwottring therieaki ngfathef expansectogs aphiltle byhettpomsimgniht hout
produci ng gaps. _a resylt, uniformheating is ensyred, and silicon single
crystal %"W?‘ﬁl g‘éﬁlg’r ﬁéﬁfeéﬂ’e%‘?eéc? SIUEEH Cﬂgl%ﬁ&fiaf@? naceous _CF‘frFlbale fifr st
aspect , whilgr §e! %Ja%o&‘u@i%@e N ﬁ&&@&nﬁﬁdw%ﬁ@a@hit&einﬁﬂ@@és: rénfPbIG 1Y @Re ,
substrate nade of an expanded graphite material; and a reinfiorcing nmateri al
conpr i steqgirad grekt hownbeiucef searfoent!¥ i ibecampirtshn f Withf wheurifigialésg thhe

expanded graphife sheet being.charagterized : i ng.i nter posed..between a
uar s SPERE SHIGChERRNATEE LS i ErE HTNE GhE TR R Rl bl 6 |
pl aced, hdQueit UBGnaS udnddeftiaR td %ﬁy GRMET AtRataR th "R br&uhiA6E 1ef side

car bonaceous cruci bl e, wherein the great nunber of carbon fibers with
fluffy Bordoacesinge thesmaanded aanhiisisbest perording se Hatdesohastiee isfannodrpdaded
graphite material, an r.e entangled with each .other. to.exhibit .

i ni or SURITO TG b FoBU B e Sl et G R R A PG dBra et oo
of pr ot aefcag/iBosEsANAE BRUS el dtahlihe maghar@k hetiszeen hcn ity €rpesiheg an
expanded graphite sheet as defined above between a quartz crucible and a
car bonagi@eilks iBeigesehl e in which the quartz crucible is placed, to use the
expande@mgﬁgphite sheet as a lining for covering an inner surface of the
car bonaceous cruci bl e. In a third aspect, there is provided a

si ngl e- cryst Bl a@ditidn, e appschatdistldesiengroaitiee X singrecrgstalppullieg sippatatias

defi ned above. In.a fourtggfspe?t,s%here kséfr vi ded, a singl e-crystal
pul | i ngusipH aha ehevedssrgbed prRDEst iSPIHEIREH ad PESHITRUTABIE0 PTOMPMRTAGES OF
THE | NV 0,15]; e sgat i ' a
expandegﬁ%%g%%%?eﬂgkg t%)a?ﬁgiﬁgﬁgv%% ?gﬁéﬁggkgggg%%?%dbgpggﬁggﬁg??bers. In
addi t i oearbdmacesisngrutibie. eXpandpldingr &phétpenddieetaphge asheetnondhd protecting

car bonacequs .crucjble, it becomes possible to,reduce, work hours remarkably,
C o CovoReig (f ARELIEGPPHEWS O TP SROGIRIE! G B, REomss PG br eaki ng
the sheet, and noreover, to nake the expanded graphite sheet suitable for

| ar ge-si zed cruci bles. Furthernore, by applying the expanded graphite sheet
according to the present invention or the method of protecting a

car bonaceous cruci ble according to the present invention to a pulling
apparatus of silicon single crystal or the like, uniformheating is
ensured, and silicon single crystals with few crystal defects can be
manuf act ur ed.



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0016] Her ei nbel ow, the

present invention will be described based on the preferred enbodi nents. It
shoul d be noted that the present invention is not limted to the follow ng
enbodi ments. [0017] [ EMBODI MENT 1] The foll ow ng enbodi nent

describes a case in which the expanded graphite sheet according to the
present invention is applied to a lining for covering the inner surface of
a carbonaceous cruci bl e. .. First. a schematic configuration of
cruci bl e§oY: thhiney fglage of thercapciblavitheyt brspinatheseppeded graphie gheet o | | be

descri bed,;q e g Lt Bo: A%t Rt 4 resent
inventionIaﬁpfpﬁggﬂg%g%&%eégq?g%gg]&?ggﬁfﬁgﬁpgﬁ%gn O%L%?§3?6g8r€§¥§|
Pul | i ng Appwisaviisiew crystal defeeisgan be menafacneds- sectional view illustrating a
primary portion o single-crystal . pullin aratus,.and Fig..2 is an

enl arged cros -Se%?€8%§P9&5%&H§PHEH%£M%16¥ ?gg &rap HBEE&%IVHQ%PH¥EH in Fig.
1, a CZ 3ppateihdicClapeksinleRgapiiRanA6@AUM I MEIfRLRigdndtbal c@ﬁﬁm&5§§ a
quartz crucible 1, a heater 3, an_upper ring 4, an Inner shield 5 and so

forth. 16mMbgumpeieoicearhpiphibes ndtholeldy rataesithyPerafys gruphire Hirehbeig ng a
pource Tehptbakoy! By actubl e asa ety er e
melt 6, amnwhpblthd gt kecsduisgdacedtie b abedrmslatlingng fo00d@}ing an inner surface

of the carbonaceous crucible, wherein the great number of carbon fibers with fluffy

surfaces are scattered inside the substrate made of an expanded graphite material, and are

entangled with each other to exhibit a reinforcement function.

In a second aspect, there is provided a method of protecting a carbonaceous
crucible, characterized by: interposing an expanded graphite sheet as defined above
between a quartz crucible and a carbonaceous crucible in which the guartz crucible is
placed, to use the expanded graphite sheet as a lining for covering an inner surface of the
carbonaceous crucible.

In a third aspect, there is provided a single-crystal pulling apparatus using an
expanded graphite sheet as defined above.

In a fourth aspect, there is provided a single-crystal pulling apparatus using a
protecting method as defined above.

ADVANTAGES OF THE INVENTION
[0015]

The present invention makes available an expanded graphite sheet with
improved tensile strength by carbon fibers. In addition, by using the expanded graphite
sheet as a lining for a carbonaceous crucible, it becomes possible to reduce work hours
remarkably, to cover the inner surface of the crucible without gaps or without breaking
the sheet, and moreover, to make the expanded graphite sheet suitable for large-sized
crucibles. Furthermore, by applying the expanded graphite sheet according to the present
invention or the method of protecting a carbonaceous crucible according to the present

invention to a pulling apparatus of silicon single



As illustrated in Fig. 1, the carbonaceous crucible 2 is directly in
contact with the 15 quartz crucible 1. For this reason, the surface of the
carbonaceous crucible 2 that is in contact with the quartz crucible 1 turns
into siddaanrané Bkdan{fher ataakliebntiéd, andSGaMs Endlk d-iieals eaGtb-ORrRe] Ween the
quartz crucible and the carbonaceous crucible, of the reaction with the Si O
gas or ddfecty pdoderhaufantirgdnates from Si, resulting in defects such as
cracks, i-ff ' sion coefficient between SiC
and grg%ﬁ#fé%gphqgagtggﬁgfﬁﬁgnggEg%pﬁgh?ﬁzﬁﬁﬁentioned probl em an expanded
graphiqgo§@pet 10 according to the present invention is interposed as a
lining between the quartz crucible 1 and the carbonaceous crucible 2, as

i | lustrated iHeringeloy, thopmegnt igveniionurd] be daeritedpbased prahspripteedheet )
25AS. : lérﬁll%cﬁl%gﬁ . it@hgﬁlg 'be%thHQEat%fp@QQ&q irgi.reﬁ‘%y fs%g% H&%&:g %cpth'e%ol'i@vgiﬁg by
formng a Tternforcing nmaterra onprising carbon fibers on one”side of
a substembelithéntgmde of an expanded graphite material in a lamnatt. form
The reinforcing material 12 is made by weaving carbon fibers in a nesh
form THWElfkinforcing material 12 and the substrate 11 are united with each
ot her by being bonded by an ad htﬁnﬁ@%@f&]The tensile strength 5 of the
expanded graphite sheet 10 i nproves because’ it has such a reinforcing

mat eri al 12 i Fhaiilolvicgacmbodindee desarbes wosmsn innwlachebh ekpanded Asamditeesul t,

when the expanded graphite sheet 10 is used as a.lining for a,carbonaceous
Cr uci bl Biech et 28 A bR NBUEE s 0P G0 L o GHEE Qb Py s VBTt ho

i nner syLfRE8f PEarbhictldd-RigeW t hout gaps or w t hout breaking the sheet,
and noreover, to make the expanded graphite sheet 10 suitable for

10l arge-si zed cruci bl es. [0021] (Manufacturing nethod of the Expanded

G aphite Sheet) Next, a manufacturing nethod of the expanded
graphite sheet 10 will be described with reference to Fig. 4. 15An expanded
graphite sheet 13 that serves as the substrate of the expanded

Oa



graphite sheet 10 is a sheet-shaped material made of expanded graphite. A
typi cal exanple thereof is as follows. First, natural or synthetic graphite
fl akes, kish graphite, or the like are treated with an oxidi zing agent, to
forman intercal ati on conpound in the graphite particles. Next, this is
heated to a high tenperature, or preferably exposed 20 abruptly to a high
tenperature to expand the nmaterial rapidly. This treatnment causes the
graphite parti cFies, taosehepmtid ¢onfiguditioac bl anru@blependiteulsaigid-a@yithle puliyngr

pl ane due to the gas pressure of the intercalation conpound of the graphite

parti cl esgpraeathiNakiowen Fod UNMByiEXRARESCIibe@MAb tn, RO ckpdiRSd toRapdD@ dhbdres.
The oxidi zing agent used In this case is one that forns an intercal ation

conpoundzm§gﬁﬂ%?%tﬁagkﬁ iRehGo b HEdHELE acid and a nitric 25acid, and

a sulfuric acidto an oxi di zi ng agent such that a sodiumnitrate, a
pot assi u i ﬂanganate. or the like is added. Subsequently, the
expandedng@'% iteis forned into a sheet shape by an appropriate neans, for

exanpl e, onpr essi r roll-pressing, to prepare the expanded graphite
Shoot 33 {ARTHRAOBGT RGBS SAPGE4S NG 16 to 0. 7 Mol 18 0092

A sheet 14 in whjich carbon fibers are woven in a nesh formis prepared in
the fol | owi ng nBignérs aCarspoertionpleriswilastradingedpimuy romigrechavingly-a@vdilanet er
of 0.5 mMm and the resulting carbon fibers are woven in a nesh foul' using
t he car bopullinpepmaraiss,wad pigadds avefrtlaged preepacmionlericapbonrucithier sheet 14.
Exanpl es of the weave include plain 10 weave, twill weave, and satin weave.
[ 0023] Suhisequedtd ¥ig. t e Claphamntid deiprBbegtarbdnfeepairedblcr? thixe
above-descri bed manner is bonded onto one side of the expanded graphite

sheet 13 pyppAs atuhiz CARIAOOVLHERSCT, | RethRMeN4, aMhihh sBRIV S SandSsol B8,
substrate, "'by an adhesi ve agent. Exanpl es 150f the adhesive agent include

ther mpset g tﬁ@%}?[‘lﬁgpa%lgé‘oﬁtﬁin hafgi‘ﬂ fe‘;cn;y‘s*tﬁl by heating a ﬁ‘%%&e%r métrt&%%]l Geg tant

conposite nmateria subj ecte i ni ng “proce ogen gas

e
acor i nGUEE RACPR ant bit §h RO B R ConlREtot By BRmIF ess.

referably 3 mor less, is prepared, 20[ 0024 X
P )c/ruci letho obtain a source ma[ﬁ)ena melt 6, ang E:ml?mg]the source material melt 6.

[0019]
As illustrated in Fig. 1, the carbonaceous crucible 2 is directly in contact with the

15  quartz crucible 1. For this reason, the surface of the carbonaceous crucible 2 that is in

contact with the quartz crucible [ turns into silicon carbide (hereinafter SiC), because of

the reaction between the quartz crucible and the carbonaceous crucible, or the reaction

with the SiO gas or the like that originates from Si, resulting in defects such as cracks,

due to the difference in thermal expansion coefficient between SiC and graphite. In
20 order to solve the just-mentioned problem, an expanded graphite sheet 10 according to the

present invention is interposed as a lining between the quartz crucible 1 and the

carbonaceous crucible 2, as illustrated in Fig. 2.

[0020]

(Structure of the Expanded Graphite Sheet)

25 As illustrated in Fig. 3, the expanded graphite sheet 10 is made by forming a



[ EMBODI MENT 2] The expanded graphite sheet 10 according to

Enbodi nent 2 is characterized in that the substrate 11 and the reinforcing
material 12 are united with each other by conpressing. 25The expanded
graphite sheet 10 may be manufactured in the foll ow ng manner.

Specifically, the expanded graphite sheet 13 prepared in the sanme manner as
described in Enbodi nent 1 above, which serves as the substrate, and the
carbon fi bdnfostieematdaptpanmtiingcdben Shere onmnoside a$ adaesstratdEdmiade of an
Enbodi ment 1 above were | am nated, and the expanded graphite sheet 13

servi ng asxpanged blaghit@inatetiflint NRNGROIBmE | DEle @hFelinkdmWRriel B BaaReassed to
have a bul k density of from.0 My/nB to 2.0 My/nB by rolling or pressing.

Thus, a C%Eﬂﬁ'%fc%bﬂﬁ%éﬁs% alnbs bl tge %ﬁ%&%@,gmgfeﬁam%sn@g‘g%b&é@ d the

carbon fiber sheet 14 are conbi ned together was prepared. sequently, the

resul t ant (e | al subj ggtied. to.a .refiningprocess _under a
hal ogen gg% a %%g%ﬁlﬁ%h%ﬁﬁ@%)g@%%ﬁ yﬁ%ﬁé’&, ar{% LS a%?%‘pagge %Wéﬁeeitﬁeéﬁg ed
graphite sheet 10 cording to.the invention having 10an jnpurity content
ot “B0. bprpbicistendtl eaibid insr? 3b pines orudSe b 58y ¢ BAROIIRERFLS 1L

The reinforcing material 15 in an expanded graphite sheet 10A according to
Enbodi nmeni® 3/ gahem &ibeisi e dvavsntiRat msB I0ERbOAS TS Ierls when it exisnéad wi t h
each other. as 15 illustrated in Fig. 5. An inprovenent in strength can be
achi eved ghphite heseeXpanded agraphing éorshegboiaeapnsteiblet gds pyssitde boredbeder s
entangled with each other, even if the carbon fibers are not woven in a

mesh foi mwask Hews rératlatdhav eovdr @O2mhed hefex patdasugblaptitioat ghrealr withduimay be
manuf actured in the foll owi ng manner. 20 Specifically, the floccul ent

expanded @graRg!Be ARl HRGNBMVHE tEXRREThO BxpdnBal @%?hitg%ﬁgé{il@eﬁiﬂaﬂe for
Enbodi ment 1, and carbon fibers that had a l'ength of 3 nmor |onger and a

di anetgr )il 0R,08,9r eater and had fluffy surfaces were mxed. Then, the
nixtu?g iﬁ£%£F%% t he f3?'uffy carbon fibers were entangled with each other
was put i @ﬁn? nol d, and the materials were conbi ned by press-nol ding or
roll-pressing, to prepare a conposite

(Manufacturing method of the Expanded Graphite Sheet)
Next, a manufacturing method of the expanded graphite sheet 10 will be
described with reference to Fig. 4.

15 An expanded graphite sheet 13 that serves as the substrate of the expanded
graphite sheet 10 is a sheet-shaped material made of expanded graphite. A typical
example thereof is as follows. First, natural or synthetic graphite flakes, kish graphite,
or the like are treated with an oxidizing agent, to form an intercalation compound in the
graphite parficles. Next, this is heated to a high temperature, or preferably exposed

20 abruptly to a high temperature to expand the material rapidly. This treatment causes the
graphite particles to expand in a direction perpendicular to the layer plane due to the gas
pressure of the intercalation compound of the graphite particles, so that the volume
expands from about 100 times to 250 times. The oxidizing agent used in this case is one
that forms an intercalation compound, such as a mixed acid of a sulfuric acid and a nitric

25  acid, and a sulfuric acid to which an oxidizing agent such that a sodium nitrate, a



25mat eri al . Subsequently, the resultant conposite material was
subjected to a refining process under a hal ogen gas atnosphere at 2000C or
hi gher, to thus prepare the expanded graphite sheet 10A according to the

i nvention having an inpurity content of 50 ppmor less, preferably 30 ppm
or less. 5[0027] (O her Enbodinents) (1) I'n Enbodinments |land 2
above, the carbon fiber sheet 14 is provided on one side of the expanded
gr aphi t e sdtestund Berhagarser. vethedgke theldedbstrat e. However, it is possible to
provi de the carbon fiber sheets 14 on both sides of the expanded graphite

10sheet 13 t hatSigREqRENIAS tHehexBubed re@sphitel b thinsedW@ite 4 NBe@hgRpe Sk @AJL h
can be inproved further, and therefore, the resulting sheet is nore

suitable § ichd AENG. FRTexbBleCHHIRssik POBN pressing ' ible
to use a r%%ﬂ%l%ilaall t hat ttﬁgnsﬁieht% Cng%b(s)srll %Q}Za Heat  tf teoa}gir%}%ar{%?hés%gﬁggg an

el i ng BroneBER 0 el A SO F O A B don t e shoet 13

servi aﬁ¥%gﬁ substrate and the carbon fiber sheet 14 are conbi ned

t oget her. hort, any material that can turn into carbon by a heat
treatment may be used. EXANMPLES [0Q29] 20Herei nbel ow, the, present invention
will be descri b&dh¢sh ldepariichgarbem FFssre Movem i P dnesh foidt édrepaed ihie

present invention is in no way limted to the followi ng exanples. [0030]
following manner. Carbon fibers are formed into twine having a diameter of 0.5 mm,

and the resulting carbon fibers are woven in a mesh form using the carbon fibers as warp

and wefl to prepare the carbon fiber sheet 14. Examples of the weave include plain
10 weave, twill weave, and satin weave.

[0023]

Subsequently, the carbon fiber sheet 14 prepared in the above-described manner
is bonded onto one side of the expanded graphite sheet 13 prepared in the
above-described manner, which serves as the substrate, by an adhesive agent. Examples

15 of the adhesive agent include thermosetting resins, such as phenolic resins.

Next, the resultant composite material is subjected to a refining process under a
halogen gas atmosphere at 2000°C or higher, whereby the expanded graphite sheet 10
according to the invention that has an impurity content of 50 ppm or less, preferably 30
ppm or less, is prepared.

20 [0024]
[EMBODIMENT 2]

The expanded graphite sheet 10 according to Embodiment 2 is characterized in
that the substrate 11 and the reinforcing material 12 are united with each other by
compressing.

25 The expanded graphite sheet 10 may be manufactured in the following manner.



(Exanmpl e 1) _ ~ An expanded graphite sheet according to the
present invention (hereinafter 25referred to as a "present invention

expanded graphite sheet Al") was prepared in the same manner as descri bed
in Enbodinent 1 above, and a tensile test was conducted (using a material
testing machine 4301 nade by Instron Inc.). The result is shown in Table 1
below. In the tensile test, the tensile strength was cal cul ated fromthe
br eaki ng $peaificuine nheaetpandid gaghitebsetwasprapptd edthe cama crangengsl des¢@@drim x 100
mr) at a uniformvelocity 50of 8. 3 x 10-2 [0031] [TABLE 1] Sheet Tensile
strengt h G ¥RadimBreY eddove Nvdithi eiveshee theAbublstrafel evé nhe i caskent fiber steeett4 A2 12
prepared in the same manner as described in Embodiment 1 above were laminated, and
the expanded graphite sheet 13 serving as the substrate and the carbon fiber sheet 14 were
5  compressed to have a bulk density of from 1.0 Mg/m’ to 2.0 Mg/m’ by rolling or pressing.
Thus, a composite material in which the expanded graphite sheet 13 and the carbon fiber
sheet 14 are combined together was prepared. Subsequently, the resultant composite
material was subjected to a refining process under a halogen gas atmosphere at 2000°C or
higher, to thus prepare the expanded graphite sheet 10 according to the invention having
10 an impurity content of 50 ppm or less, preferably 30 ppm or less.
[0025]
[EMBODIMENT 3]
The reinforcing material 15 in an expanded graphite sheet 10A according to
Embodiment 3 is characterized in that the carbon fibers are entangled with each other, as

15  illustrated in Fig. 5. An improvement in strength can be achieved when the expanded
graphite sheet is constructed by carbon fibers entangled with each other, even if the
carbon fibers are not woven in a mesh form as described above.

[0026]
The expanded graphite sheet 10A may be manufactured in the following manner.

20  Specifically, the flocculent expanded graphite obtained by the expansion treatment
described in Embodiment 1, and carbon fibers that had a length of 3 mm or longer and a
diameter of 0.1 mm or greater and had fluffy surfaces were mixed. Then, the mixture in
which the fluffy carbon fibers were entangled with each other was put into a mold, and

the materials were combined by press-molding or roli-pressing, to prepare a composite

25  material.

10



Prevent invention sheet A3 10 Conparative sheet Z5 The expanded
graphite sheet according to the present invention had a thickness 10of 0.4
nm and a bul k density of 1.0 My/rn3. [0032] (Exanple 2) An expanded
graphite sheet according to the present invention (hereinafter referred to
as a "present invention expanded graphite sheet A2") was prepared in the
sanme 15manner as described in Enbodi nent 2 above, and a tensile test was
conduct ed i n t Babsapentivarthe readtadiesompbst nmtdEehnpse sibjeded do ahefimegult is
al so shown in Table 1. [0033] (Exanple 3) An expanded graphite sheet

accor di ngyrbest h@der esieégennysntinanphdrer i DENCEr o2 Qiglef, efor éahst mrepse ahe
"present invention expanded graphite sheet A3") was prepared in the sane

ranner S5 geAE et oyEhon ek o, e e ne o ot o
shown in ;%%?Eﬁeés; preferably 30 ppm or less.
5 [0027]
(Other Embodiments)
| (1) In Embodiments land 2 above, the carbon fiber sheet 14 is provided on one
side of the expanded graphite sheet 13 that serves as the substrate. However, it is
possible to provide the carbon fiber sheets 14 on both sides of the expanded graphite

10 sheet 13 that serves as the substrate. In this way, the sheet strength can be improved
further, and therefore, the resulting sheet is more suitable for a lining for the crucible.
[0028]

(2) It is possible to use a material that turns into carbon by a heat treatment, such
as an organic fiber sheet, in place of the carbon fiber sheet because the refining process is

15  carried out after the expanded graphite sheet 13 serving as the substrate and the carbon
fiber sheet 14 are combined together. In short, any material that can turn into carbon by
a heat treatment may be used.

EXAMPLES
[0029]

20 Hereinbelow, the present invention will be described in detail by examples. It
should be noted that the present invention is in no way limited to the following examples.
[0030]

(Example 1)
An expanded graphite sheet according to the present invention (hereinafter

25 referred to as a “present invention expanded graphite sheet A1”) was prepared in the same

11



[ 0034] (Conparative Exanple) Nat ural graphite flakes that had been
subjected to an acid treatnent were carefully selected and subjected to a
hi gh tenperature expansion treatment. Thereafter, 5 the inpurity of the
expanded graphite was renoved so that the ash content would be 50 ppm oi

| ess. Then, the resultant expanded graphite was fornmed into a sheet shape
by an appropriate neans, such as conpressing or roll-formng, to prepare a
comon  hi yhaen ek dysceked md Ethbyrd aphit tl eatove ednd(hemeilntekt wrs cefdcrddutiog as a
-conparative expanded graphite sheet Z") in which carbon fibers are not
conbi ned. métetieinsstirg medtinanad30 L andydiyethstron The). 108rmMesutainsiovasind&sds i bed in
Exanpl e 1 above. The result is also shown in Table 1. [0035] (Analysis of

the Test Raswl tE)the tensile 148, elce@nkik @e@% KANCARB @ dL frol thetdiSakRELRRAAL
i nvention expanded graphite sheets Al, , and A3 exhibited better tensile

strengt hs I Y: r Il e : I i eved
that thi swgi}gﬂ}eﬁg\%ﬁ%@%‘?@ﬁ?gg@%g}é%ggﬁg (tgg?]msr%ll el@tlﬁlgﬁg%%g?lﬁjp@o\{/ezoéﬁgue to
t he c%rbo 59%b&- is denmonstrates that the present invention expanded

graphi'te Sheets can bé suitably used as a lining in a graphite crucible. It
shoul d begﬁg ed that the present invention expanded graphite sheets A and
A2 d better tensile strengths than that of the present invention
expanded graphite sheet 20A3. It is believed that this denonstrates that

the one i ilehl carbon fibers are woven in a nesh formhas a better
tensile WW%?W' Ty Tensile strength
(MPa)
Prevent invention sheet Al 15
Prevent invention sheet A2 12
Prevent invention sheet A3 10
Comparative sheet 7 ‘ 5

The expanded graphite sheet according to the present invention had a thickness
10 of 0.4 mm and a bulk density of 1.0 Mg/m”.
[10032]
(Example 2)
An expanded graphite sheet according to the present invention (hereinafter
referred to as a “present invention expanded graphite sheet A2”) was prepared in the same
15 mannper as described in Embodiment 2 above, and a tensile test was conducted in the same
manner as described in Example 1 above. The result is aiso shown in Table 1.
[0033]
(Example 3)
An expanded graphite shee! according to the present invention (hereinafter
20 referred to as a “present invention expanded graphite sheet A3™) was prepared in the same
manner as described in Embodiment 3 above, and a tensile fest was conducted in the same

manner as described in Example 1 above.  The result is also shown in Table 1.
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[ 0036] The present invention is suitable for an expanded
graphite sheet that is reinforced 25by carbon fibers, a nethod of
protecting a carbonaceous cruci ble that uses the expanded graphite sheet
as a lining for covering the inner surface of the carbonaceous crucible,
and a single-crystal pulling apparatus that uses the sanme. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0037] 5[Fig. 1] Fig. 1 is a cross-sectional
V|emllllugw§§k|ng a primary portion of a single-crystal pulling apparatus.
[Fig. 2] Fig. 2 is an enlarged cross-sectional view of a crucible.

[Fig. 3] (icupadativse Exasphemati ¢ cross-sectional view illustrating an
expanded graphite sheet according to the present invention. 10[Fig. 4] Fig.

4 is a view il |lnNstfaatdraghie ekl dal Gadngeereidbpsttall 1d he eoipandedegraphi te
sheet according to the present invention. [Fig. 5] Fig. 5is a

s gggpglt incca&agﬁ% SSIEGEd ARALyBIEGM 1ol d H@h&@ﬁégagt@@ S3R3RH e Gh RN Tﬁer@d?’t%@t
g to the present 1nvention I PTI ON OF REFERENCE NUMERALS
5 the impurity of the expanded graphite was removed so that the ash content would be 50

ppm or less.  Then, the resultant expanded graphite was formed into a sheet shape by an
appropriate means, such as compressing or roll-forming, to prepare a common high-purity
expanded graphite sheet (hereinafter referred to as a “comparative expanded graphite
sheet Z”) in which carbon fibers are not combined., A tensile test was conducted in the
10 same manner as described in Example 1 above. The result is also shown in Table 1.
[0035]
(Analysis of the Test Results)
As clearly seen from Table 1, all the present invention expanded graphite sheets
Al, A2, and A3 exhibited better tensile strengths than the comparative expanded graphite
15  sheetZ. Itis believed that this result was obtained because the tensile strength improved
due to the carbon fibers. This demonstrates that the present invention expanded graphite
sheets can be suitably used as a lining in a graphite crucible.
It should be noted that the present invention expanded graphite sheets Al and A2
showed better tensile strengths than that of the present invention expanded graphite sheet
20 A3, It is believed that this demonstrates that the one in which carbon fibers are woven
in a mesh form has a better tensile strength.
INDUSTRIAL APPLICABILITY
[6036]
The present invention is suitable for an expanded graphite sheet that is reinforced

25 by carbon fibers, a method of protecting a carbonaceous crucible that uses the expanded

i3



15[ 0038] 1: quartz crucible 2: carbonaceous crucible 3: heater 4: upper
ring 205:inner shield 6: source material nelt 7. single crystal 10,
10A: expanded graphite sheet according to the present invention 11:
substrate 2512, 15: reinforcing material 13: expanded graphite sheet
serving as a substrate 14: carbon fiber sheet

graphite sheet as a lining for covering the inner surface of the carbonaceous crucible, and

a single-crystal pulling apparatus that uses the same.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037]
5 [Fig. 1] Fig. 1 is a cross-sectional view illustrating a primary portion of a
single-crystal puiling apparatus.
[Fig. 2] Fig. 2 is an enlarged cross-sectional view of a crucibie.
[Fig. 3] Fig. 3 is a schematic cross-sectional view illustrating an expanded
graphite sheet according to the present invention.
10 [Fig. 4] Fig. 4 is a view illustrating a manufacturing method of the expanded
graphite sheet according to the present mvention.

[Fig. 5] Fig. 5 is a schematic cross-sectional view illustrating an expanded
graphite sheet according to the present invention.

DESCRIPTION OF REFERENCE NUMERALS

15 [0038]
1 quartz crucible
2: carbonaceous crucible
3 heater
4. upper ring

20. 5: inner shield
6: source material melt
7 single crystal
10, 10A: expanded graphite sheet according to the present invention
11: substrate

25 12, 15: reinforcing material

i4



CLAI M5 [ 1] An expanded graphite sheet: conprising a substrate nade
of an expanded graphite material; and a reinforcing material conprising a
great nunber of carbon 5 fibers with fluffy surfaces, the expanded graphite
sheet being characterized by: being interposed between a quartz crucible
and a carbonaceous crucible in which the quartz crucible is placed, to be
used as a lining for covering an inner surface of the carbonaceous
cruci bl e, whereih thexguektl gmphite shat searmgon afsuberase with fluffy surfaces
are scattered inside the substrate nmade of an expanded graphite materi al,
10 and are entamgl ed saioh fErekhe@et her to exhibit a reinforcenment function.
[2] A nethod of protecting a carbonaceous crucible, characterized by:

i nt erposi ng an expanded graphite sheet according to claim1l between a
quartz crucible and a carbonaceous crucible in which the quartz crucible is
pl aced, to use the 15 expanded graphite sheet as a |lining for covering an

i nner surface of the carbonaceous crucible. [3] A single-crysta
pul I i ng apparatus using an expanded graphite sheet according to claim1. 20
[4] A single-crystal pulling apparatus using a protecting nmethod accordi ng
to claim2. ABSTRACT An expanded graphite sheet with inproved
tensile strength is provided. By using an expanded graphite sheet with
improved tensile strength as a lining for a carbonaceous cruci ble, a nethod
of protecting a carbonaceous crucible is provided that reduces work hours
remar kably, makes it possible to cover the inner surface of the crucible

w t hout breaking the sheet or producing gaps, and is suitable for

i ncreasing the size of the crucible, and a single-crystal pulling apparatus
is also provided.

15



An expanded graphite sheet (10) is characterized in that a reinforcing
material (12) conprising carbon fibers is forned in a |amnate formon at
| east one side of a substrate (11) nade of an expanded graphite nmaterial.
Anot her feature is interposing the e§ﬁggﬁﬁg graphite sheet (10) between a
quartz cruci ble and a carbonaceous cruci in which the quartz crucible is
pl aced, to use the expanded graphite sheet as a lining for covering an
i nner surface of the carbonaceous crucible.

[1] An expanded graphite sheet: comprising a substrate made of an expanded

graphite material; and a reinforcing material comprising a great number of carbon
5 fibers with fluffy surfaces, the expanded graphite sheet being characterized by:
being interposed between a quartz crucibie and a carbonaceous crucible i which
the quartz crucible 1s placed, to be used as a lining for covering an inner surface of
the carbonaceous crucible, wherein the great number of carbon fibers with fluffy
surfaces are scattered inside the substrate made of an expanded graphite material,

10 and are entangled with each other to exhibit a reinforcement function.

[2] A method of protecting a carbonaceous crucible, characterized by:
interposing an expanded graphite sheet according to claim ! between a quartz
crucible and a carbonaceous crucible in which the quartz crucible is placed, to use the

15  expanded graphite sheet as a lining for covering an inner surface of the carbonaceous

crucible.

[3] A single-crystal pulling apparatus using an expanded graphite sheet
according to claim 1.

20

f4] A single-crystal pulling apparatus using a protecting method according to

claim 2.
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