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DESCRIPTION EXPANDED GRAPHITE SHEET, METHOD OF

PROTECTING CARBONACEOUS CRUCIBLE USING THE EXPANDED

GRAPHITE SHEET, AND SINGLE-CRYSTAL PULLING APPARATUS 5

TECHNICAL FIELD [0001] The present invention relates to an expanded

graphite sheet that is reinforced by carbon fibers, a method of protecting

a carbonaceous crucible that uses the expanded graphite sheet as a

lining for covering the inner surfd¢&Sf e d&Mbnaceous crucible, and 10

a single-crystal uII|n aratus that uses the same. BACKGROUND

EARRNDOOS I ESRHILH Sipfile bl AL AR NGO S
For this reason, they are used

xcell liquid i bilit
OB 00 SHo b GERaD I LRSS i ohE B RS RYSTAL

Patent Document 1 discloses that the expanded graphite sheet is
process under a halogen gas atmosphere at

T%@%ﬁ@ ?1%5;%1‘ 0 obtain a high-purity expanded graphite sheet with an
2 f 15 ppm or less. This expanded graphite sheet is used
@@E}m a semiconductor manufacturing process. 20 [0003] Hereinbelow, a

purity expanded graphite sheet used in a semiconductor

manufa]churlngsgq?cess is de crlbed as an ex pIe A g

e mvention Ie ates 10 an ex an %‘a%] et that is reinforced by
single-crys ng appara Usin a semi andtacturing

SR %‘ F‘R)‘%”'” appar%t”& fo&% GRS a'ﬁak' RISEER% expanded
%he procesé IS erelna ?re erre oasa %Cf process,” an p

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

a single-crystal pulling apparatus that uses the same.

BACKGROUND ART

[0002]

Expanded graphite sheets have excellent heat resistance and excellent gas-liquid
impermeability. For this reason, they are used for packing, valve sheets, gaskets,
separators for fuel cells, and the like. Patent Document 1 discloses that the expanded
graphite sheet 1s 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.

[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 1n a semiconductor manufacturing process is a single-crystal pulling apparatus

for a Czochralski process (the process is hereinafter referred to as a “CZ process,” and the

apparatus is referred to as a “CZ apparatus™). In this single-crystal pulling apparatus for
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25 apparatus is referred to as a "CZ apparatus”). In this single-crystal
pulling apparatus for 1 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 crucible and the graphite crucible, or the reaction with
thhd_Bif)rgassaragtaphiiectnathbriginbaep frvnr Sicids tindiiec tetfe cionganthvith each
as cracks, due to the difference in thermal expansion coefficient between
08i@. anbhgraiphitethin et tovsive WUl grapbisteenditiasiobenipropvseigwith the
that an expanded graphite sheet is interposed between the quartz
quaEibkeusHlehergraphite BHseiblesbids thiesveine frifor sindase of tHe reaction
graphite crucible, whereby breakage of the graphite crucible can be )
bsteventdy tyadeprisebiteaed ho ghephilparaaiblfony Wsresdippeigake Si0 gas or
Patent Document 1). [0004] [Patent Document 1] Japanese Patent No. )
thesbko g5t prisERESURED FTHEMERTIONUSREBSTEKisRo B e difference in
SOLVED BY THE INVENTION 15 [0005] However, the conventional
thsisan] deEParaioniteshReEeTS RRINICH (i8S #EmGI: beltadidet o solve such a
formed by compressing flocculent expanded graphite, Therefore, the

PROTRAHn & DRSS PAPRS SRR AR SN drid SREBHEISIRY MrBIesRRstdpfvecn the

the crucible. [0006] 20 (1). The inner surface of the graphite crucible has a )
B TREH i B e PR SRR, fhe e (OARRE dFABhAY 8aihrﬁgygraphm

be broken or bent when it is attempied to fit, the expanded graphite sheet .
ST A P FUEIE GRS i g Ml fo keep the lie of

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
[0005]

However, the conventional expanded graphite sheet is weak in terms of strength
because it is formed by compressing flocculent expanded graphite. Therefore, the
following problems arise when installing the sheet on the inner surface of the crucible.
[0006]

(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 atiempted 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

consequently, a long work hour is necessary.
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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 [0007] (2) Moreover, the size of each one expanded graphite
sheet tends to become larger as the size of the crucible has become
greater. As a consequence, the problems of the breakage of the
[edpAnded graphite sheet and the long work hours that is necessary 5
have become more serious. [0008] In order to solve the just-mentioned
problertd, APesgysnddd graphiteateenivighPingrdveamtrentipchagngedn become
desired. The demand for the expanded graphite sheet with improved
laggetihgIsranstys udimhiebefRecIRAEStry ih INBF e SRp Hisdagblems of
graphite sheet is used, other than the case in which the ex?ggged

thyr dppatesh eéiths Fedded HRY ok st thse e Bl rhasssothies necessary

graphite crucible. [0009] The present invention has been accomplished in
hGPRURE FBPEGHHGULS circumstances, and it is an object of the
invention to provide an expanded graphite sheet with improved tensile
gth. It is another object of the invention to provide a method of
protecting a, carbonaceous crucible that can reduce work

remarkog HTReR s POREIR RGO IR RS0 B i RARbfeshect wit
iwitrrg)c%}u tg’{e%kip th eshr?gé ?rre reating gaps, and is _20 suitable_ for
Iina?ge- %zeﬁc%}g%% , %y using the expanded graphite sheet with improved

The demand for the expanded graphite sheet with improved strength also arises
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 mner
surface of the graphite crucible.

[0009]

The present invention has been accomplished in view of the foregoing
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
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 single-crystal pulling

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

shows few crystal defects.
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tensile strength as a lining for the carbonaceous crucible. It is still another
object of the invention to provide single-crystal pulling apparatus that can
perform uniform heating and manufacture a silicon single crystal that
shows few crystal defects. 3 MEANS FOR SOLVING THE PROBLEMS
[0010] In order to accomplish the foregoing objects, the present invention
]\Eé;tvides an expanded graphite sheet characterized in that a reinforcing

5@6@@&%@ Yr{al@a? BB NSormed in a laminate form on at

least one side of a substrate made of an expanded graphite material. The
WQ%P-}nentioned configuration enables to construct an expanded graphite

sheet with improved tensile ?g%ée[?ngth by the reinforcing materjal comprisin‘g

carbon fISEAST [AGEEPIB AN JRISERHMOBIHTHSH, ‘i%‘?s%?é?@?dﬁY&‘%Hﬁ?tﬂ‘é” ides an

reinforcing material c rise carpon fibers woven in a mesh form. The

RIS th ST TS ATl iy LIRSS GEih SIPErBe carbon
ing banded. t t b dhesi CAlt ti th trat
B o TRl Tk Sl O B0 R e e o ST ale R of an

compressed in a | mjn?ted condition. 15 [0012] In the present invention,
€ anesgraéq 1tenaael¥a. . . .
e substrate made of an. expanded graphite material may contain a

reinforc:l'upl material in ngch rbon. fibers are entangled with each ot@%r. .
9 s ~-mentione cor?ﬁ TUratlo ena% €8 %) COnStruct an eix i) eh graphite
The term "reinforcing material I which carbon fibers are entangled wit

sﬁﬁg Sg%%?ﬁﬁﬁ@%@@ ?énf illf.eeé%'?i@% b? tﬁ% %?ﬁ%'ilgzﬁ%%@gliéﬁ] é%ﬁiﬁﬁs?ﬁ‘ébc%%on fibers.
[0011}]

In the present invention, it is preferable that the reinforcing material comprise
carbon fibers woven in a mesh form. The substrate and the reinforcing material may be
united with each other by being bonded together by an adhesive agent. Alternatively,
the substrate and the reinforcing material may be united with each other by being
compressed in a laminated condition.

[0012]

In the present invention, 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 invention also provides a method of protecting a carbonaceous

crucible, characterized by: interposing the expanded graphite sheet according to the
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20 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
invention also provides a method of protecting a carbonaceous 25
crucible, characterized by: interposing the expanded graphite sheet
_according to the 4 invention between a quartz crucible and a | )
IS B PERS i IS T SApfEH e HEd) dari DORRSHINS SSHISEHR, i TaEhEhe quartz
expanded graphite sheet as a lining for covering an inner. surface of the |
crstBbnisclBeRdeiOcisfe HeRPIRLCE RIRPREFO BRI SO [SRiRgolg" fvering an inner

intended to mean a crucible including 5 both a graphite crucible made of

SRS SHitReFARAICEAES £iBIBle made of a carbon fiber-reinforced
carbon _composite materjal (what is called,a.C/C material, the crucible.is. .
hereind St B (P HO WHETEL S RTINS, BRI HhegPaghRuCble including
crucible and the C/C crucible.may be.subjected to coatin :
P PoBAHE SN B RATBAH o AP TIS. RC L ING e - ©f @ carbon
e B R L 08 S LS e
expanded graphite sheet.betweep,a.qu crucible and the,carbonaceo
heiohg qfsr.re?e%ggh{ as a &?8 cmc;%l 9 a(;% SRR a3 al'hfe AR E M e C/C
Erucibisin which tHe quartz crucl fe¥s p acecﬁ fife Workabi |Tty improves
remarkably, and;the required. -wo r ignifi i .
o L, I LBMER S MRl e ke

sheet ogyfhe JNAer §u 448 rljﬁPen%&Q%%ﬁ@éetcpméﬁgﬁwenﬁon as

becomes unnecessary to pay much attention to the breakage of the sheet.

aMQIRRYESor %@9@@5 frpanded granhiie sheslaccerding Ao he Ky emighsing the

Is easyto handle and improves the workability, the protective sheet can

RENRIQIGH B ENEEE QRIS JAREY quartz crucible and the carbonaceous crucible in

which the quartz crucible is placed, the workability improves remarkably and the required
work hour reduces significantly in comparison with when installing the conventional
expanded graphite sheet on the inner surface of the carbonaceous crucible, because it
becomes unnecessary to pay much attention to the breakage of the sheet. Moreover,
since the expanded graphite sheet according to the invention is easy to handle and
improves the workability, the protective sheet can be installed on the crucible inner
surface without breaking the sheet or taking many work hours even when the size of the
crucible increases.
[0014]

In addition, the present invention provides a single-crystal pulling apparatus
using the above-described expanded graphite sheet. The invention also provides a
single-crystal pulling apparatus using the above-described method of protecting a
carbonaceous crucible. By applying the expanded graphite sheet or the protecting

method to a pulling apparatus of silicon single crystal or the like, it becomes possible to
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surface without breaking the sheet or taking many work hours even when

the size of the crucible increases. 20 [0014] In addition, the present

invention provides a single-crystal pulling apparatus using the

above-described expanded graphite sheet. The invention also provides a

single-crystal pulling apparatus using the above-described method of

protecting a carbonaceous crucible. By applying the expanded graphite
CQKethe e pTUTRERRY z@erﬁ@%ﬁ@&tw&h@unigge%lﬁparﬁm%mﬂ@%rg%@v@ sheet or
crystal or the like, it becomes possible to 5 cover the inner surface of the
Wé?%%%@fﬁﬁ‘fmfe& BSking the B3An Bdloap RRE B8kt BPsWRflogRd silicon single

producin gqaps. As a result, uniform heating is_ensured, and silicon single

YRR AT et S e ERifeR e R e MR ctured. ADVANTAGES OF
\ I The present invention makes available an
A&%ﬁ%ﬁﬁ&%ﬁﬁmlwﬁoved tensile strength by carbon fibers.
[{561 dition, by using the expanded graphite sheet as a lining for a
carbonaceous crucible, it becomes possible to reduce work hours

remaricily. fo coreribe laner suface obfia.crucble Mo 9P e with

without breaking e sheet, and 'moreover, t

irﬁ*ra% \I’Ilﬁi?tcﬁg%elfat zﬁyei%?g“ gbg%rcg%%g-ﬁigg{%gi%{%%&%oﬁu{)gt]%gﬂorﬁieng?%égicp graphitc

e expanded grap eet accor present invention 0

Sf{@@}@?%?ﬂﬁﬁﬁtﬁ%t'g %a%bcoal{zpc%gfaig e%lfcfsib%u%béec%%gsr%?%i Ciﬁ“%% crl%gee%ork hours
invention to & pulling apparatus of silicori singlé crystal or the Tike, uhiform

r%gﬁ%%%z r%;‘%b(‘i%‘: é}%”%ﬁ@icél{}fﬁ&%? AR SRIRBENEML ERIR AP TRERo R Dreaking
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 crystal or the like, uniform
heating is ensured, and silicon single crystals with few crystal defects can be
manufactured.

BEST MODE FOR CARRYING OUT THE INVENTION

[6016]

Hereinbelow, the present invention will be described based on the preferred
embodiments. It should be noted that the present invention is not limited to the
following embodiments.

[0017]
[EMBODIMENT 1]
The following embodiment 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 crucible.
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BEST MODE FOR CARRYING OUT THE INVENTION [0016]
Hereinbelow, the present invention will be described based on the
preferred embodiments. It should be noted that the present invention is
not limited to the 20 following embodiments. [0017] [EMBODIMENT 1]
The following embodiment describes a case in which the expanded
graphite sheet according to the present invention is applied to a lining for
coveringtifie mrishepBidurfentligitetarbohactioiblerudiblithes Figle-arystal pulling
schematic configuration of crucibles in the single-crystal pulling apparatus
appgwRS sy L Wil e desetibledl deseribrsh, aRd éhgrandisdegriphie shadtte sheet
according to the present invention will be described. [0018] 5
atc et PEr S dleeiietar BLderssbsthtus) Fig. 1is a
cross-sectional view illustrating a primary portion of a single-crystal
[‘E)Qﬂﬁﬂ!g apparatus, and Fig. 2 is an enlarged cross-sectional view of a
crucible. As illustrated in Fi a CZ apparatus comprises a

(Gsf’&%ﬁlé%%h%f&%&&‘fﬁré@ﬁﬂﬁg? %ghﬁﬁé\ﬁ’%ﬁﬁ%}tz crucible 1, a heater 3, an
upper ring 4, an inner shield 5, and sg forth, 10 Thus, the CZ apparatus
obtains'&sihgfelcRSEaF By RE MY HISHATEHTRRSHARTH Lol stngle-crystal
crtycible 1 to a high temperature by the heater 3.disposed around the
i e e A e .
materia‘L&ﬁllgs?r'atL%o%a%ig. 1, a CZ apparatus comprises a carbonaceous crucible 2 that
supports a quartz crucible 1, a heater 3, an upper ring 4, an inner shield 5, and so forth,
Thus, the CZ apparatus obtains a single crystal 7 by heating a source material in the
quartz crucible 1 to a high temperature by the heater 3 disposed around the quartz
crucible 1 to obtain a source material melt 6, and pulling the source material melt 6.
[0019]

As illustrated in Fig. 1, the carbonaceous crucible 2 is directly in contact with the
quartz crucible 1. For this reason, the surface of the carbonaceous crucible 2 that is in
contact with the quartz crucible 1 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
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)

As illustrated in Fig. 3, the expanded graphite sheet 10 is made by forming a
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As illustrated in Fig. I, 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 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
rpapREngnatesithd ZrpErRREE St EPestam sihsibe @ shbBEtfednmade of an
SiC and graphite. In 20 order to solve the just-mentioned problem, an
ceRpidad NS S HREI O BEUSASNG HE thel MrsurPipAE gt Tl 12 is made by
interposed as a lining between the quartz crucible 1 and the
WEaBBh sRROBSORIEIlE 22548 RIS atd P THRIOX TS0P6 8t Ate B thebstrate 11
Expanded Graphite Sheet) 25 As illustrated in Fig. 3, the expanded .
agg SPHRE SABT D RMARAY B RSrAIRGSE B A RORSHY rigtdiia) 12¢ tensile strength
omprising, carbon fibers on gne side of a substrate 11 made of an, .
o R SR il 1) ERRIACRGHRC RHE SHBL AP isrial 12

.Is made by, weaying carbon fibers in a mesh form. The reinforci

T A LS e eI 6ACH AP by gt xpanded
bonded by an adhesive agent. The tensile strength 5 of the ande:

SRR EH LY 0 RA B S0 B e SERR ORIy do rduce

in lﬂich carbo _f'b@r_ are woven in a mesh form. As a result ylvheen the .
work ours remar dﬂg g 0 C(%Vf the 1nner surtace. o%e crum%% withou gaps or without
expanded graphite shee iS used as alining for a carbonaceou

p grap g

crucible,.it is, possible to reduce worlih [s_remarkabl cover the.inn
b tHE 1SRO8 HEGRY, ‘ﬁt le f
A o RO A B TR IIRICE Mo ECHRIN D0fhbe for

1 %r_es‘%\égrﬂgg)cmge the expanded graphite sheet 10 suitable for 10
arge-sized crucibles. [0021]

[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.

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 particles. Next, this is heated to a high temperature, or preferably exposed
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

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



10

15

20

25

(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
PYfEspiite POEReMER thedikel whndad. -oxidizing agent, to form an
intercalation compound in the graphite particles. Next, this is heated to a
high tefijsegtse! Y@r‘BF‘ef%‘?ﬁ@I‘?gfé&F%%HQO’ﬁbf@ﬁﬂ?%‘ﬁtﬂléh tBRSpetDpe by an
to expand the materlal rapidly. This treatment causes the %raphlte

PRI B Sty RO ISR ARFIL IS HYBr B IRIEHE A xpanded
the gas_ pressure of the mtercalatl?gg compound f'gh%g aphite particles,

g@@%t%wmﬂ%w%g%ﬁy St Qolt D' The

oxidizing agent used in this case is one that forms an intercalation
ound such as a mixed acid of a sulfuric acid and a nitric 25 acid,

d id t t such that a sodium nitrat
Z”s P el I e oD R e egagggngd%%ghfgﬁ% NS in the

anded ra hite.is.for d into a_sheet s b ropriate

e examp?&fo e D BF AR e e é’ @lalﬂ%tef of 0.5 mm,
nded E% et 13 having a bulk den of fro

a f%‘ IS 86% Bl i S Rl ST s s v

eshiEEO{m 8 edc,ér the 3158 5 L Ing Mgann &a%aﬁ%%) r{‘)f”ﬂ’?rsv% %)mc?uq:le plain

nto thne a ng a cFameter m, and ther sultlng carbon ers

W% qré/v%(] \% a gg? J%H‘\H%OQ the carbon fibers as warp and weft to
prepare e carbon fiber sheet 14. Examples of the weave include plain
[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
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.

[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.

The expanded graphite sheet 10 may be manufactured in the following manner.
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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 o
Spemjecidy theaciamiing praphids hikgbl A PrBEhiy e samsshrBRE s described in

2000C or higher, whereby the expanded graphite sheet 10 according to
Etﬁéq@wﬂoﬁ ﬂb&‘fﬁaévéw}fmiﬁurm SSntEhtHPEEHHNIY [B8s CpieBrAbgr stheet 14

ppm or less, is prepared. 20 [0024‘]B€[EI§EHMBODIMENT Za]\lcThe expanded .
PREBFkdsHEet e ABEBRAINY (e Bembstim Emp Do BRardcRIRzE diFrerip iy ed, and

substrate 11 and the reinforcing material 12 are united with each other by

thegmpradetherapbitpribestdanaedng-ap Hitesshalkstie andahperhemipstdhed 14 were
CHSRerad T S S e SRR i e s
B S AR PRS0 L1 TR o e
D PR o R e SR e BB A oo
e S

h?'h%?tt%%s‘fﬁ%%?é”t%% 1oggines Was RIERALRH 1 5 AREEHETY TS nvention having

suftant co Site

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
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.
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 roll-pressing, to prepare a composite

material.

10
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material was subjected to a refining process under a halogen gas
atmosphere at 2000C 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 othwscasentdyiltisransdlinnFigoBpAtimpravemeicin saaegt can declining
achieved when the expanded graphite sheet is constructed by carbon
Prilsers emdigledatmereasts otepselaR ifthd0e@rbonrfibigkeardthdbyiopespare the
in a mesh form as described above. [0026] The expanded graphite sheet |
exDANAESh L ISR PSR RS oS g e haonssaciatytrentent of 50
flocculent expanded graphite obtained by the expansion treatment
PHESEY MCEHbSURERILOBkdscarbon fibers that had a length of 3 mm
or longer and a diameter of 0.1 mm or greater and had fluffy surfaces
[90erd mixed. Then, the mixture in which the fluffy carbon fibers were
entangled with each other was put into a mold, and the materials were
(Qg’r‘?fbllgl’i’é]&oﬂm&-molding or roll-pressing, to prepare a composite 25

e 1 BRI ool COmpEa et S SRR o
A s pEr s eanie Seoplon semrang e,
pggsli%fes 'tg 98%7 > the carbon fiber sheets 14 on both sides of the expanded graphite
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
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]

Hereinbelow, the present invention will be described in detail by examples. It
shouid 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

referred to as a “present invention expanded graphite sheet A1’} was prepared in the same

11
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(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
Rk RS slescIbed g (Embesiveadidiakevgsanrdmarsntetingt tpsimdicted (using a
carbon by a heat treatment, such as an organic fiber sheet, in. place of
A AR b ShaghiEK BéRhJBRIhEY ARG Prscss Tee s it ie ghsuirmdeTable 1
the expanded graphite sheet 13 serving as the substrate and the carbon.
bRl sl Ea'che ol {5BEtReTT TR RO Y Aktisdal et GenbigAking load
into carbo) b¥ a heat treatment may be used. EXAMPLES [0029] 20 )
HEReIBRI TR SFESERR HOdRERATEL e crbea PReRam By @ iniform velocity
?)é%gﬂJ)L%Sg It sZouId be noted that the present invention is in no way
“lifited to tH&foltowing examples. [0030] (Example 1) An expanded
{@gﬂ-ﬂte sheet according to the present invention (hereinafter 25 referred

0°as a "present invention expanded graphite sheet Al") was prepared in
[ﬂ ??ﬁnﬁ 11 manner as described in Embodiment | above, and a tensile

test was-conducted (using a material testing machine 4301 made by

Instron Inc.). Theresult is shown in Table 1 below. InThesilensitegest, the
tensile strength was calculated from the breaking load  (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
of 0.4 mm and a bulk density of 1.0 Mg/m’,
[0032]

(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
manner 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 also shown in Table 1.

[0033]
(Example 3)

An expanded graphite sheet according to the present invention (hereinafter

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 test was conducted in the same

manner as described in Example 1 above. The result is also shown in Table 1.
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when a tensile stress was applied to each sample (20 nnn x 100 mm) at a
uniform velocity 5 of 8.3 X 10-2 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 Z 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/m3. [0032] (Example 2) An
[%9(%]nded graphite sheet according to the present invention (hereinafter
referred to as a "present invention expanded graphite sheet A2") was

& it 15 manner as described in Embodiment 2 above,
and a tensile test was conducted in the same manner as described in
Example 5o EPRHE rdethr idhalsdahdirinswaisres. f6038) dpskdfrpigent were
3) An.expanded graphite sheet according to the present. invention
Cf}%%‘?g?ﬁa‘i%ﬁ% Ao PP EEP A Y BELRT Ao F AR Gidte. Thereaftor

BBt T Asovar G

dinth d ibed i
AT & e TR ETB A AL St 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 77y in which carbon fibers are not combined. A tensile test was conducted in the
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
sheet Z. It is 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
A3. 1t 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
[0036]
The present invention is suitable for an expanded graphite sheet that is reinforced

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

13
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manner as described in Example 1 above. The result is also shown in

Table 1. 12 [0034] (Comparative Example) Natural graphite flakes that

had been subjected to an acid treatment were carefully selected and

subjected to a high temperature expansion treatment. Thereafter, 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
diaphee ihtet ashéeighpebyeangdppiopeiatenaeans fisuchrasiaceous crucible, and
compressing or roll-forming, to prepare a common high-purity expanded
agrapliterstielryhime inphientve tbaloehts ths sateemparative expanded

graphite sheet Z") in which carbon fibers are not combined. A tensile test

RS E dHeheictdd TA@he Q0 B MARABKES described in Example 1 above.

The result is also shown in Table 1. [0035] (Analysis of the Test Results)

(XS dlearly seen from Table 1, all the present invention expanded graphite

sheets Al, A2, and A3 exhibited better tensile strengths than the

compardti¥e Expahdbdymphtes-wsigsdt AewW isleiatiag thattinigmeqgition of a
was obtained because the tensile strength improved due to the carbon
SHERCITAR gBHIBH anRRESWhat the present invention expanded graphite

sheets can be suitably used as a lining in a graphite crucible. It should be

noted thiigtd breseht Ivarri8REspaaed gPapHifesHeetsuaitind A2

showed better tensile strengths than that of the present invention,
expandedigrapHits shedt 228 AT BRARSTEGHREF Nt MUREH R8s AR A panded

the oneg,’ﬁréwhich %}arbon ibers are woven in a mesh form has a better

SARBHS SBREhBERCTNIBRIS T8 RIESKBIBRYERISN: 1T

[Fig. 4] Fig. 4 is a view illustrating a manufacturing method of the expanded
graphite sheet according to the present invention.

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

DESCRIPTION OF REFERENCE NUMERALS

[0038]
1: guartz crucible
2: carbonaceous crucible
3: heater
4. upper ring
5: inner shield
6: source material melt
7: single crystal
10, 10A: expanded graphite sheet according to the present invention

11: substrate

12, 15: reinforcing material

14



[0036] 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 13 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. lis a
cross-séttionakyiandiit sienly aheehsaryiprionsebsiraingle-crystal
pulling apparatus. [Fig. 2] Fig. 2 is an enlarged cross-sectional view of a
crucibld HFig. g diksnsieplematic 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 invention. [Fig. 5] Fig. 5is 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
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6: source material melt 7: single crystal 10, 10A: expanded graphite sheet
according to the present invention 11: substrate 25 12, 15: reinforcing

material 14 13: expanded graphite sheet serving as a substrate 14:

carbon fiber sheet 15 CLAIMS [1] An expanded graphite sheet

characterized in that a reinforcing material comprising carbon fibers is

formed in a laminate form on at least one side of a substrate 5 made of

an expanded graphite material. [2] THe"d¥panded graphite sheet

according to claim 1, wherein the reinforcing material comprises carbon

fibers woven in a mesh form. 10 [3] The expanded graphite sheet

according to claim 2, wherein the substrate and_the reinforcing material )
are uni ﬂim%@éﬁ%éﬂfﬁ%@iﬁb%ﬁ@é@f&a&ﬁ%rlﬂy% adrsaforcing material
agent. [4] The expanded graphite sheet according to claim 2, wherein the
cofibYiritg SHAOR SIS forHg hinlemardre oMl Wit A Cno #ids plja substrate

ejng compressed in a laminated _ condition. [5] An expanded graphite

b
ARt R rARARG E & TRPIHER UEHRrate made of an expanded graphite

material contains a reinforcing material in which carbon fibers are 20
entangled with each other.

[2] The expanded graphite sheet according to claim 1, wherein the reinforcing

material comprises carbon fibers woven in a mesh form.

[3] The expanded graphite sheet according to claim 2, wherein the substrate and
the reinforcing material are united with each other by being bonded together by an

adhesive agent.

[4] The expanded graphite sheet according to claim 2, wherein the substrate and
the reinforcing material are united with each other by being compressed in a laminated

condition.

[5] An expanded graphite sheet characterized in that a substrate made of an
expanded graphite material contains a reinforcing material in which carbon fibers are

entangled with each other.

[6] A method of protecting a carbonaceous crucible, characterized by:
interposing an expanded graphite sheet according to any one of claims 1 through 5
between a quartz crucible 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

16



[6] A method of protecting a carbonaceous crucible, characterized by:
interposing an expanded graphite sheet according to any one of claims 1
through 5 between a quartz crucible and a carbonaceous crucible in
which the quartz crucible is 25 placed, to use the expanded graphite sheet
as a lining for covering an inner surface of the 16 carbonaceous crucible.

A single-c pulling apparatus using an expanded graphite sheet
88?8 élstﬁr\iﬂ%ﬁSne of claims 1 through 5. 5 [8] A single-crystal pulling
apparatus using a protecting method according to claim 6. 17

[ 7] A single-crystal pulling apparatus using an expanded graphite sheet according

to any one of claims 1 through 5.

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

claim 6.
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