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 ycrucible, whereby 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.



[ 0007] (2) Nbréover, the size of each one expanded graphite sheet tends to
becone | arger as the size of the crucible has becone greater. As a

consequence, the 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 gigphite sheet with inproved strength also arises 10 fromthe

fields of industry in which the expanded graphite sheet is used, other than

the case in whieh fRgRePINIGH: 9F 2R0 to%_esék%%déd?%’ldﬁlﬁ%[ %%ngénum@q;e&&ﬂ%h
e.

covering the inner surface of the graphite cruci

present i t, l1i i i e f eqai

st roumstinges 1 38 PRESrERRERRAGFNT ributh sk sk R G g of
expanded graphite sheet wth |nproved tensi.l tren . 1t is
B fa e P AR TR TR B TP A
car bonaceous cruci ble that can reduce work hours renarkably, makes it
possi bf e DBVECRRFEPCHPFCSHHIE- surface of the cruci ble without breaking the
sheet or creating gaps, and is

[0008]

e

In order to solve the just-mentioned problems, an expanded graphite sheet with
improved étrength 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.



20sui tabl e for | arge-sized crucibles, by using the expanded graphite sheet
with inproved tensile strength as a lining for the carbonaceous crucible.
It is still another object of the invention to provide single-crystal

pul | i ngvaEppas BORSSOaiN G apperOHBLMMSI f or m heati ng and nmanufacture a
silicon single crystal that shows few crystal defects. MEANS FOR SOLVI NG

THE PRABPENS [ 0010] In order to acconplish the foregoing objects,
ih A . o 0C Ay
e PreSent o SEh e O REOOGRY SRS IBT RIRRE g 0 1

| am nat &phaded @apldte dheasthapaeerbiedean afata siulfetdig marmde cohpasingxpdnded
graphite material . . .The just-nentioned configuration enables to
const r udberaps éxprAdeda Jrapria Braheeat Upash RpidR 88 2t B1vsiite 8eflyfh by the
rei nforging %&ﬁ@kn gh@ri sing carbon fibers. [0011] In the present
di sclosure, it is preferable that the reinforcing material conprise carbon
fibers woven The asteshtidedmonityersiohsénzbice tanchnsimectrai afmndedgraphiteri al may

be united with each ot her by being bonded.together by an adhesiye agent.
ALt of natiegat g RV SRR At G i EhEr e T D e e SR © e
W th ea@m_ther by being conpressed in a |am nated condition. [0012]
In the present disclosure, the substrate nmade of an expanded graphite
mat eri al may loght arasert disdloduos, df isgorefigtabld tiat ihe whiferdsinganitenalf ¢ovariscar e
ent angl ed, wi each ot her. Th erm"reinforcin terial ,in which
car bon TRt S0y Soa g risa e Tag At and (s feto R Bg] 58 bt
rei nf or gling Wit &ich dthdr By WRinGbohasdRBethbey an Widdivklagbdty Aurfatices, @dee
entangled with each other to exhibit a reinforcenent function. Wth such a
conf i guswsirgn anditheasipimediad mpterpph ey bshaded withiearhptheyagbaiesneomeressed engt h
can be constru tded. 1{t0013]
1h a laminated condition:
[0012]
In the present disclosure, the substrate made of an expanded graphite material
may contain a reinforcing material in which carbon fibers are entangled with each other.
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



The present disclosure also provides a nethod of protecting a carbonaceous
cruci ble, characterized by: interposing the expanded graphite sheet
according to the disclosure between a quartz crucible and a carbonaceous
cruci bl &sdiBsutbsthbh @ QU GuGbKCARI £ chidoRAR68d cruie®IdI$E whitdh S¥RpRfed
graphite sheet as a lining for covering an inner surface of the

car bonagechis isplasied)| te. use the expanded grapbite shent ms "adarbg fercevyesng pudinisie” i s

i nt ended %g nﬁﬁn a,crucible Lgfluding both a graphite cruci ble nade of a

gr aphi t ¥iE &1 P8 CARARAGOSS FRB% nmde of a carbon fiber-reinforced carbon
conposi t e nat@érk adhe taiatcationaadoue driRivléd Gs imt-edddab mddne GhdBlebh@udisg
hereinafter referred to as a "C/C cpucible"z. O course, the graghlte

cr uci bl kotlderephiteyraciblaumiape of ragraputesmbieaat enfl & sreddleimicor! # spegnat i on
wi th py rben or the |ike. . : n ' d_gar.aphi.te sheet
ccor 0 NG Re A Re Lo, i tersl QIR UleA G RATIRT LRI 7 O

sur f acen@tinafieachapdceaus “Cruchbibie"hy Of obwetnakd paphitecrexipandddhgCaphi t e
sheet between a quartz crucible and the carbonaceous crucible in which the
quart z EReeleany Pesubiestedo coMiams IRRIREIISH Vb PBvsE PR ARIEANFY and t he
required work ; QN L L0, ' it R iastal ling
t he conventi6%§?Hg§%§g%§gﬁﬁég%ﬂF%%ﬁ@ﬂgg¥t%ﬂﬂgﬂgyﬁaﬁgﬁ&gﬁ%¥ggggggefﬁe

car bonathe dinsnge for Gobtring teciansesurfacbef amashamnceoe saatyle the iptypasinghthat t ent i on
to the breakage of, the sheet. Mreover, since.the expanded graphite sheet

accor di AP HEPBIS DT 1BV TR B4H™E STHRANG BINE SPFINBRAOYS HERBrRabi i ty,
the prokechi e Shee! ealides 'p'i‘a%%&' 'tlfédw%ﬁca%hﬁycihﬂﬁb\%serérﬂ&?l%lf%E%@ Wi t hout
breaki ng the sheet or taking nmany work hours” even when the size of the
cruci bl equingt eagkshofrOfdipes signifidanthaddi tdropgristhewphewbert iditsibhpsibee
provides a sing]e-crysial pulling apparatus using.the above-described
Epandet gL Erantat Sonhie dieBerDah o TEhE B aee e G EEEYt

pul I'i ngLRRRRT AtYisoHed REndBGaAPRY BafleSichi ARAHIR!HAHe BreaRh @ BF i Ehedt.

car bonaceous cruci ble. By applying the expanded graphite sheet or the

pr ot ect Mogeavet kiode ths exppadedi angphite shechverordeing 49 thecbelesurgs satrip daadicor t he
like, it pbecones .possible.to, cover.the inner surf.ace of the.crucihle

i t hout 5 BRI B obrTitete SRR e et Bt vsir BiGer st S 1 Gaps. s
a resul turfaddisfinbm headlihfthd heansuniate nand veirk hooR SeAghen Ciystabsthei th few
crystal defects can be manufact ured. In a first aspect, there is

provi deefugifleaRpssded graphite sheet: conprising a substrate made of an
expande@)gﬁgphite material; and a reinforcing material conprising a great
nunber P carbon fibers with fluffy surfaces, the expanded graphite sheet
bei ng char aclretddech,bihe freicng disel@uposedideetavemnleacrostar pallicg upphhmsand a
car bonaceous. cruci bl e i.n which éﬂezggart crucible is placed, tqQ be used as
a | i ni nbsirgihe gherrdrgembed mrnd e ghegthe ToE rBRHRIEEL 4SO GFOEERT &,

wher ei ngl he Sreat s HAR L AfankLBAR fk DS Web it UkkbdhoBUDF BE8 81,
scatterg‘ggﬁ%$;e ?ﬂeﬂguﬂgﬁfzie nage of aneefpanged grgphitganaﬁeéfgl, and
ar e ent enpbredemist truedbh dshepplymgesttei biftanded eraphde cibeenor fthenptatenting I n

a second aspect, there is praovided.a nmethod of protecting a carbonaceous

cr e bl BetRRgs &g sBaByS of MG pUSHRG AT akprecl Grapi PeSTHER o
defined above between a quartz cruci ble and a carbonaceous crucible in
which the quartz 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
usi ng an expanded graphite sheet as defined above. In a fourth aspect,
there is provided a single-crystal pulling apparatus using a protecting

nmet hod as defined above.



ADVANTACGES OF THE | NVENTI ON [ 0015] The present invention nmakes
avai |l abl e an expanded graphite sheet with i nproved 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 w thout gaps
or w thout breaking the sheet, and noreover, to make the expanded graphite
sheet suitable for |arge- si zed cruci bl es. Furthermore by applying the
expanded cgYeaphs teestsee of hsrapablerythonebisilans e @xm@réi@ﬂu%wh@@ shevé Ofret hod of

pr ot ect | RduRuCAKRRNAL SRS SLUETALE ARRRRCKOMNL Os NS SRENEIIAVaNLL 0N Lo 2

pul ling apparatus o on sing crysta |ke uni eating
i s ensur etystabawditls felwi @pstalsicfigiseag by staalifactwietlh fem/crystal defects can be

f d. . BE F CARRYI NG .QUT THE .| ENTI 016
Fer ei nbel o, Tha HEBSEIEL (BTG PER A 10 GTAEhE BN DASCEBITSHE Br ef er r ed

embodi meRtissiraletmAlR A kE chgnbet @dpiitahatbig; MdeSeMHork MY SRdér chid T;Flrﬁ‘@ﬁg yimted
to the foll ow ng enbodi ments. [0017 [ENBCDINENT 1] e foll ow ng

embodi me §feal 88RPsIRiscasba bers ithnflel ﬁW@acé&ﬁh%GWné¢<hﬁﬁphlée gheeebeing cor di ng
to the pr ﬁaga&nzea\sgnéal m'tez[I;(%Q@ i:t@fgeﬁ Qq@ar\!z'c%cn&e fa&cfass%&;gcg&stc%m@ner

surface of a carbonaceo ucl a sc
confi gur as Wbmh(ﬁﬁe Quatie ichicade 1Srp1¢0h¢ igbaghed-as raylsmagl fop uMetrmg agppar atfase shown in
{:iog t hé \g:pg S’Elée f;ar ﬁ%&%{h@ﬁ%ﬁﬂﬂ w%xg e%gtbe? g? B%EX uamntge?dof carbon I’ Sers Qwel‘%t ﬂgﬁb gording
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



[0018] (Configuration of Single-crystal Pulling Apparatus) Fig. 1
is a cross-sectional viewillustrating a primary portion of a
single-crystal pulling apparatus, and Fig. 2 is an enlarged cross-sectional
Vi ew Of o3t 4GhdliRe, uniform heatd ik bhdisdd, ah@6ilictn Ehfle chystds GlthFPR AL S
conpriseS a carbonaceous crucible 2 that supports a quartz crucible 1, a
heat er &fecsncandpenamifangurad. an i nner shield 5, and so forth. 10Thus, the CZ

appar at i i ing a source material in the
quartz %ﬁ%ﬁ?@?@g§wﬁg§%ﬁﬁ#§%ﬁ$éﬁ%@ﬁ%ﬁ%ﬁ%&%ﬁf?%@ heater 3 di sposed around the
quartz mougj ble 1 to obtain a source material nelt 6, and pulling the
source material nmelt 6. [0019] As illustrated in Fig. 1, the carbonaceous
cruci bl e 2 i sHefeinbelpwy thmpteémta@vewomhwlhém@%%h%gazseé icths| meterregtor ¢ hi s
reason, t.he,. a r - i: . kSl ct with
t he qua?%?m%ég%%bﬁgh%hgég%8&?%?%q@$ﬁ%%%%ﬁ%§§%$g§r%ﬁ%?%%%gf?%?bl| ; because
of the &#s®clmemsbet ween the quartz cruci ble and the carbonaceous cruci bl e,
or the reaction with the SiO gas or the like that originates fromSi,

resul tilW§17h defects such as cracks, due to the difference in then al
expansi on coefficient between & hte. In 20 order to solve the
just-nentioned problem an expgﬁﬁggﬁgpg%ﬁ??l sheet 10 according to the
present i nventheofbliosviagnmbpdmest assaibes ni cage bptween thdhexppurded Zraphitei bl e 1

and the carbonageous crucible 2, as illustrated.in Fig. 2.. [0020
(St UCLUE BIEORE 5o HEaTEr AEHIER ISrEBRIY 35 ASTE et At e APgT 3, ¢ he
expandeg,Beaphi L&bsheslusPudmemde by forming a

Oa



reinforcing material 12 conprising carbon fibers on one side of a substrate
11 nade of an expanded graphite material in a lamnatt. form The
reinforcing material 12 is made by weaving carbon fibers in a mesh form
The reinforcing material 12 and the substrate 11 are united with each other
by bei ng bonded by an adhesive agent. The tensile strength 5 of the
expanded graphite sheet 10 i nproves because it has such a reinforcing
material 12 in Widtch edreharc f édndiparaioe whvencibles ainmésh sfr@isacryésl gutlagul t,
when the expanded graphite sheet 10 is used as a lining for a carbonaceous
cruci bl e, agdardtss BRSEL B i 01 MadUSe dWedrtbeROBRE t}ﬁ@m&@b%%dea QrgMiver shbdie

i nner surface of the crucible w thout gaps or w thout breaking the sheet,
and noreo : - I+ sheet 10 suitable for
10Iarge-s¥§gﬁh%gﬁgﬁﬁﬁgé. Fgéglﬁ (%é%ﬂ?gg?ﬁf?ng met hod of the Expanded

G aphite §ﬁ§gi) Next, a manufacturing nethod of the expanded
graphite ' 10 will be described with reference to Fig. 4. 15An expanded
graphite eet 13 that,.serves t he substrate of the expanded graphite
sheet ~10 %gdi5&%@8?9g§5§§ﬁ“%ﬁ@gﬁﬁg?gﬁﬁﬁ@agﬁ)expanded graphite. A typica
exanmpl e thereof is as follows, First, natural or synthetic graphite fl akes,
ki sh graphite, big Hea|crqee-seationgl dgy adiufiratineanproRidiporien age snglegyfdr m an
intercalation conpound in the graphite particles. Next, this is heated to a
hi gh t enppuléhgeppargns, pneteyr Abd 3n elpysd dro@d sedwongtvigw vba ardeibdh t enper at ure
to expand the material rapidly. This treatnent causes the graphite
particles to expafifustrated i6lFiget]d O Pperpendicatries 4 carbbtackaysadrugibrethgue to
the gas pressure of the intercalation conmpound of the graphite particles,
so that tQagpeal 4RaaXRaRMe | oRABOUtanlGhet RS, bR iMRP shielES. anin @%hdi zi ng
agent used'in this case is one that forns an rntercal ati on conpound, such
as a {g xe iy .G AG] d | Hri i.d turi c acid
fo whitbh anig, e Bpobid bhEREL BeBRreAsll y N el oo R niah) shile

per manganate, or e.,lj ke . dded. Subsequent | y, the. expanded

O aphi te Mt Phatetf 4 b5 S A S0 ERamre by i ARHRT oprrRvst e BEARER i o
by conpressing or roll-pressing,.to prepare the expanded graphite sheet 13
havi ng a BWFw?f'déF%?f{tw@fsowem .%5 W&fh@ apd pylling iy ypgree 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



[ 0022] A sheet 14 in which carbon fibers are woven in a nmesh form
is prepared in the follow ng manner. Carbon fibers are forned into tw ne
having a dianmeter of 0.5 mm and the resulting carbon fibers are woven in a
mesh foul' using the carbon fibers as warp and weft to prepare the carbon
fiber sheet 14. Exanples of the weave include plain 10 weave, tw || weave,
and satin weave. [0023] Subsequently, the carbon fiber sheet 14
prepar ed ramibhengainateead s ocomresthgeniner fibas bandedidont @ sakerasd temafle bhe
expanded graphite sheet 13 prepared in the above-descri bed manner, which

serves asetf@dedipsbhiad @atebyl @an REhLE VermageMle rebaplesattiol 11 Ranakhgsi ve
agent include thernosetting resins, such as phenolic resins. Next ,

the resul (aBpding AMES fbers TRL SRR foins SYRI %ﬁ%iﬁfﬁlﬁteﬁﬁf ifgﬁgthgresgﬁﬁrsaﬁz nder a

hal ogen gas at hrosphere at 2000C or hi gher, whereby the expan graphite

sheet 10 accarding.to | ion that. has an .inpurity.content of 50 ppm
or |ess, %&@3@%@3%&1%ﬁhgﬁﬁ#g¥q#§¥%&”Fg%6?E%h?§ﬁ$V%6%%624?ﬁfE%%&if 2]
The expand raphj te sheet. 10 according to Enbodi ment 2 js characterized
Tt 1 b BB S TS et AR TRl eD Bet ot TpoHaa TR ARERS W ¢ 1
each other by conpressing. 25The expanded graphite sheet 10 nay be

manuf act uFed'igh eRBoT SPPEVIRGVIHEANEra meSBErmi cAF |3y restlvewhsip st expagdesphi t e
sheet 13 preFared in the sane manner as described in Enbodi mrent 1 above,
whi ch ser gewhie shdse 18 abssted ats @, lirang farhe coberotdsi dregibehdet pbskilpe epaxdec: i n
the sane marnmer as described in Enbodi nent 1 above were | am nated, and the
expanded goaiphire ratrekibli 3o sevarithginasr suréacs v sHercatidblandtione ggardarittbuber
sheet 14 were

breaking the sheet, and moreover, to make the expanded graphite sheet 10 suitable for

10 large-sized crucibles.
0021]
(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



5 conpressed to have a bulk density of from.0 My/nB to 2.0 My/ nB by
rolling or pressing. Thus, a conposite material in which the expanded
graphite sheet 13 and the carbon fiber sheet 14 are conbi ned together was
prepared. Subsequently, the resultant conposite material was subjected to a
refining process under a hal ogen gas atnosphere at 2000C or higher, to thus
prepare the expanded graphite sheet 10 according to the invention having
10an i npupdtasphumopdrenngafatsOr fprkois ddeled, preferably 30 ppmor |ess. [0025]
[ EMBODI MENT 3] The reinforcing material 15 in an expanded graphite

sheet 10A accorglikgucatlizmiedet@nted drapiiRRalagteidizadoi 0 shbat siape wamnhon
fibers are entangled with each other. as 15 illustrated in Fig. 5. An

| mpr ovenepyrh it fenat ihreainbR, %Cgﬂrﬁﬁ&%gsﬁ{%]&nmfﬂhﬁeﬁi‘r&? &é mxtrp%@aeet s

constructed by carbon fibers entang ed h each ot her, en I f the carbon

(bor s o gl MBAER 1y TEADA0I Dy R0 oy 0026l The expandec

graphite I'n"the omﬁn manner .

SpeC|cha(%é t he roccuIent expanded graphite obtained by the expansion

t r eat ment &kribed in Embodi ment 1 and carbon fibers that had a | ength of
3 mmor |onger and a dianeter of 1 mm or greater and had fluff surfaces
were mixed. Thef, Sh%qﬁé"frfpwm% Cilfhowf{‘ii’%lﬁ AR IOVER Y ¢ 1eesh o 15 pepye

entangl ed with each other was put into a nold, and the materials were

conmbi ned Bylophies manmirdi figrbon frhstd arpriegsédipto ttwuprf@pmgea diagwtpesitt emm,

25mat eri al . Subsequently, the resultant conposite material was
subj ect edardtha résafting caghbopr filees sre wden 1 amadshderm gsiag atcnasphefierais KAGOC or
hi gher, to thus prepare the expanded graphite sheet 10A according to the

i nvlentl On%r%lig\éﬂgg]&o%}elbd?@%é kb6 Mbenthedh 190 PREMPIes| FSBe WRESE AcARlYpIB® PPM
or ess

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.



(& her Enbodi nents) (1) I'n Enbodinents | and 2 above, the carbon

fi ber 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
fi ber sheets 14 on both sides of the expanded graphite 10sheet 13 that
serves as the substrate. In this way, the sheet strength can be inproved
further, and therefore, the resulting sheet is nore suitable for a |ining

for the c$pecifiohidy, tfe00a3Bhded graphite sh2dt 13t prisarpd gsibiglseme ananser 2 deseréreddr t hat
turns into carbon by a heat treatnent, such as an organic fiber sheet, in

pl ace of thBcdimeRon fddver wéhdeterbrcausie sitamaef iani nge prdoestbirssikst ¢arri ed
out after the expanded graphite sheet 13 serving as the substrate and the

carbon fi ;Fl@féar&i] §the AR BafiRIDL BEd ibQIa! RBbodinens Nodbove aRYe MBligskdlant hat
can turn 0 carbon by a heat treatnment may be used. EXAMPLES [0029]

20Her ei nb l e QW fﬁ%ee &{eef ﬂ;v ?\;xh S Wel b 88 IEREHL REGoh BipeedRL 1 OWere
exanpl es. HE e %ﬁ? no

ed t present 1 nvention Is I n no way

'e;g;tnsszdtgo;&%ﬁqs%@o;wg“g@@&a%ﬁ'ﬁw WL S . L
S?;S;?;ge? tsf hgg@gﬁ;} errgeslt%rq;i 1|nr\]£f/h?<|:1ht ‘éhg rg:xg d%gdg(?gph?te sﬁgﬂeltti% a% etget carbo 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



manner as described in Enbodi nrent 1 above, and a tensile test was conducted
(using a material testing machine 4301 made by Instron Inc.). The result is
shown in Table 1 below. In the tensile test, the tensile strength was
calculated fromthe breaking | oad when a tensile stress was applied to each
sample (20 nm x 100 nm) at a uniformvelocity 5of 8. 3 x 10-2 [0031] [TABLE
1] Sheet Tensile strength (MPa) Prevent invention sheet A 15 Prevent
i nventi on sheetSub&qh2ntBr ekentsultave goinpnsighester®d W@ subjected to a refining

process under a halogen gas atmosphere at 2000°C or higher. to thus prepare the
expanded graphite sheet 10A according to the invention having an impurity content of 50
ppm or less, 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



Conpar ati ve sheet Z5 The expanded graphite sheet according to
the present invention had a thickness 10of 0.4 nmmand a bulk 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 descri bed
I n Enbodi nent 2 above, and a tensile test was conducted in the sanme manner
as descr i beeher ps Exwnpéd inl EatbodenenTHeabogsudnd 4 tensils tessveswnonducdlfhend a

[ 0033] (Exanple 3) An expanded graphite sheet according to the present

i nvent i onméfeeinleiemafyt mactidfle Ad6 Emiadd Hyolmsom QY. e Skt resuiy éntlicom @xpaded
graphite sheet A3") was prepared in the sanme manner as described in

Enbodi menteiswabpy e taitdeacitefifd feBsilcesShent®s waO NARGIRY Bm! e Hed@nraner as
described in Exanple 1 above. The result is also shown in Table T.

when a tensile stress was applied to each sample (20 mm % 100 mm) at a uniform velocity

5 of 8.3 x 107 mm/s.

[0031]
[TABLE 1]
. Tensile strength
Sheet (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.

12



[ 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 formed into a sheet shape
by an approgrlate means, such as conpressing or roll-formng, to prepare a
common hi @A3urity expanded graphite sheet (hereinafter referred to as a
-conparative expanded graphite sheet Z") in which carbon fibers are not
conbi ned. (CAntngivedxbmpie)was conducted in the 10same nanner as described in
Exanpl e 1 above. The result is also shown in Table 1. [0035] (Analysis of

the Test Resul tis}tural graphid®sfighetathhy haaefechr aibjcotddl & hn adili ttdaenpitesemnt
i nvention expanded graphite sheets A, A2, and A3 exhibited better tensile

strengt hs 4-baMy sheccRAsH;bN& exaoag@ﬁecgmgé@m?é Eﬁpalaéloﬁheeimét | thdrSaae! | eved
that this resuft was obt ai hed because the tensile strength inproved due to

the caybo f ﬁﬁ@aofﬁgé% s;gal @;{@use E%vak f;aaogaesop{hm@tash RYSBLT QRS HRapded

graphite s n as alining 1n agraphite crucible. It
shoul d be note th pres ent inventio xpanded gr e sheets Al and
a0 BBREIFbor T e AP RN TP e e riha S%?eéé%ﬁﬂe S ient 1 on
expanded graphlte sheet 20A3. It is believed that this denDnstrates t hat
the one i PRRPRTERE B&# o chiah SPRPEFENGBY EN-{OSMINgESPIePYE toREENG) Ij g PRRLY

tensile strength. | NDUSTRI AL APPLI CABI LI TY
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



[ 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

vi ew i | | usttaplaitd shgetoaspr ling Yorpovdrirgnthe finser Strfglecofahy sarbdnapedusi orgeibippariat us.
[Fig. 2] Fig. 2 is an enlarged cross-sectional view of a crucible.

[Fig. 3] FhiggleXriSaladulithemplithts K0ssess@etimnal view illustrating an
expanded graphite sheet according to the present invention. 10[Fig. 4] Fig.

4 is a vigwit beoEabiriony R et wikgg met hod of the expanded graphite
sheet according to the present invention. [Fig. 5] Fig. 5is a

schenatic(ﬁﬁ s-sectional view illustrating an expanded graphite sheet
o or ‘?f . .
according t0 the present invention.

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



DESCRI PTI ON OF REFERENCE NUMERALS 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 materi al

13 expanded graphite sheet serving as a substrate

14: carbon fiber sheet

15



13: expanded graphite sheet serving as a substrate 14: carbon fiber sheet
CLAI V5 [1] An expanded graphite sheet: conprising a substrate made
of an expanded graphite material; and a reinforcing material conprising a
great nunber of carbon 5 fibers mﬁth(%ééif% surfaces, the expanded graphite
sheet being characterized by: being i 36 sed 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, wher ei n[1f ke gpaated puardbar shfet canorsify hebstrate thnde ol bt yxsordédaces
are scattered i.nside t ubstrﬁgea mad an expanded gr@&rite mat eri al ,

f
10 and ar o SAPHIE BTt Oeh SHMOEHES THECTL OBI S W % 1D PRBRENT FURGE i on.

[2] A meshodpf WHIOURGH BEHR S ARONREAMS FIhat DIngst BAAL aGheLi-zet By:
i nterposing an expanded graphite sheet acCording to claim 1l between a
quartz cruchdhg iutegposedc bethora cepirsizairudblsl @d a catiioshcephe cywant 2znovhudi bl e i s

pl aced, to use the 15.expanded graphite sheet a lini for coveripg an
Piner - sur alie e REVETF BoRdee it B Pl i e fnine Tor Bolqre R oG @G LT

pul I'i ng appakadaiSordsédid icisXpamdash giaphiht ausieebs 3g®ehn divees twaxhcliakm 1. 20
[4] A single-crystal pulling apparatus using a protecting nethod according
to cl ai m 2. 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.

16



ABSTRACT An expanded graphite sheet with inproved tensile strength
is provided. By using an expanded graphite sheet with inproved tensile
strength as a lining for a carbonaceous crucible, a nethod of protecting a
car bonaceous crucible is provided that reduces work hours renmarkably, makes
it possible to cover the inner surface of the crucible w thout breaking the
sheet or producing gaps, and is suitable for increasing the size of the
cruci ble, and a single-crystal pul |AR§TRppdratus is al so provided.
An expanded graphite sheet (10) is characterized in that a reinforcing
material (12) capRikbsided GRSHRNsHebORS inSorbAdTRE s s@edg@ﬂ‘ii‘ﬁfcﬁfﬁéﬂf mgon at
| east one side of a substrate (11) nmade of an expanded graphite material.
Anot her f e hhShahhlie j ; it : en a
r‘:?s"i‘ﬁgg afi éyﬁ)éhgﬁdc g{ﬁgﬁité'%h&é?ewﬁﬁ pff‘d}!gﬁged? E&% Csﬁert'% frels H%)m%%‘"’%

guartz crucible a onaceous crucl e quartz Trucible is

iplnﬁg?d’s uf’ ?aé (Zn%s%:oqﬁ hcgt)ﬁgtglggg glbegléoglg%l ]ér?)hezzl 1§§ tg & oana!:ei:{)%is r(]:%lcgﬁé i§ Byo%ric-ieggthz%n

5  reduces work hours remarkably, makes it possible to cover the inner surface of the
crucible without breaking the sheet or producing gaps, and is suitable for increasing the
size of the crucible, and a single-crystal pulling apparatus is also provided.

An expanded graphite sheet (10) is characterized in that a reinforcing material

(12) comprising carbon fibers is formed in a laminate form on at least one side of a

10 substrate (11) made of an expanded graphite material. Another feature is interposing the
expanded graphite sheet (10) between a quartz cruciblé and a carbonaceous crucible in
which the quartz crucible 1s placed. to use the expanded graphite sheet as a lining for

covering an inner surface of the carbonaceous crucible.
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