DESCRI PTI ON EXPANDED GRAPHI TE SHEET TECHNI CAL FI ELD [ 0001] 5The present
invention relates to an expanded graphite sheet, and nore particularly to
an expanded graphite sheet with extrenely low total inpurities at use
stage. BACKGROUND ART [0002] 10The fl exi bl e expanded graphite sheet itself
has been traditionally well known. This graphite sheet is usually

manuf actured in the followi ng nmanner. Natural flake graphite, kish
graphite, or the like is subjecteg%ﬁﬁ%&ﬁT idation treatnment by anodic
oxidation or imersion in an acid or exanple, a mxed acid in which
nitric agj [ e || j to a concentrated sulfuric acid), and the
resul tang%ﬁphg G@%%ﬁ 15 water and then dried, followed by a
heati ng and_expandi n rocess to produce expanded graphite. The expanded
graphite1$§}€$ﬁﬁ¥%ggﬂég-nnlded by a press machine or a rolling nachine.
Thi s expanded graphite sheet shows not only excellent chem cal resistance,
heat resi®0dhce, heat and electrical conductivity, which are the features
of graphite, but also high flexibility and conpression recovery, and

mor eoyver has | @h¢epresins oinfoiition 26laithetoefaar expantied epepstiite dhat.aphil t mosheet
is widely used for various packing materials, high-tenperature heat

i nsul at i perHERLAY 18! & eﬁfaﬂd&ﬁ%}aphﬁglsﬁéét NGt REREhAY Slowl REA3IngiRNBY &f usd he

j ust-descri bed expanded graphite sheet contains inpurities such as Si as
wel | as gﬁggnd Al in |arge amounts because the starting material thereof
is natural¥25 fl ake graphite or kish graphite. Moreover, because it is

producedt i rsion treatnent in the
concentr fgggggﬁ¥%ﬁﬁég§g?d-based m xed acid, it has a significant drawback
t hat sulhﬂkgfonpounds remain therein in |arge anounts and the content of S

is parti ly large. For this reason, there is a drawback that, when
this expanded graphite sheet is used under such conditions as a heated
condil® i on, redlbedepibsexpaaded graghite Sheptibisell thas been traditionallyowplhdnewns
cont am nat ed because of these inmpurities. This drawback tends to be

parti cul &hisygrephitteslicetspasualyl ynantfactutddeinc tnt followidg Sanseran Nangpair fléke i S

hi gh. In view of the foregoing, the present inventors have proposed

a fl exi biphind, glisipgedphite e ¥P AR ¢itle J5 aRbjetRd SR okidalibt ¢Rather BYN4RAIc of S
is 15 ppmor less and the total inpurity content other than S is 20 ppm or

l'ess. 10,GhdoH Ndhedioh RATENGARESAAENER], al R304 LeiiRALAALL HRGUABE br He

like is added to a concentrated sulfuric acid), and the resultant material is washed with

15 water and then dried, followed by a heating and expanding process to produce expanded
graphite. The expanded graphite is compression-molded by a press machine or a rolling
machine. This expanded graphite sheet shows not only excellent chemical resistance,
heat resistance, heat and electrical conductivity, which are the features of graphite, but
also high flexibility and compression recovery, and moreover has large anisotropy.

20  Therefore, the expanded graphite sheet is widely used for various packing materials,
high-temperature heat insulating materials, and heat radiating materials.

[0003]
However, the just-described expanded graphite sheet contains impurities such as
Si as well as Fe and Al in large amounts because the starting material thereof is natural

25  flake graphite or kish graphite. Moreover, because it is produced through the immersion
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SUMMARY COF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0005]

The above-descri bed conventional nmethod can provi de an expanded graphite
sheet having an extrenely low inmpurity content. Neverthel ess, when the
expanded 20 graphite sheet is actually used (for exanple, used as one
menber in a nanufacturing apparatus that requires purity, such as in a
silicon single crys manuf act u t here y be casgs

whi ch 1 hdtBRE G T o e B LR HBlied FEG. TGS bt
believed to be as follows. After haV|ng been nanufactured t he ex anded

gr aphi t e dsheackitbatsulfieepmaprime reman therpig in huree ampaRts AadHieePand

packi ng material 25and then used. In the packing and shi pping stage |t is
bel i eved pattaulatiyjanget | Ber thisgeasans thetedsl adoavitnek thap avitbadhigreapindee geipbise .
Such a situation causes adverse effects on the product (silicon single
crystal ishedthe wxanpider dasc toitorabay e)heatedsedniditivn, ireduche® ppsselabe b gasich as
degradation in product quality and deterioration in product yield. [0006]

5 n visewsgbstinRion, tHetathSsphBreabcefthmafatddRchIL D€ Mesd MYRMHON TiHs AWMLY de
an expanded graphite shéet at the use stage that can prevent degradation

I n produ ¢ndd gﬁﬁ: Eéfm 9?%1%51'1‘[%@% Wﬁl%n%@ g&ﬁéntlﬁ'fgl ag an %P"#ra]‘? ? %h ng the

expanded gra om co ng inmpurities at the turing

stage of the e anded r,a |te she and en the anded aphi t.e. sheet
is actually usiﬁ Ribﬂé% ’g%L@FN Ehé‘f s 3PHek gﬁ’order

to acconplish the fore oi n ob ect, tFl resent on prOV|des
expandegggﬁaﬁﬁi §x§H@€8 tg Shest g ?h&@HQngﬁ? L?PPWe§ aﬁéméﬂﬁa

| evel |ess than respective detection limts. 15Wth the above-descri bed
conf i gur &tplompurihecenigid ethed thynaplk 20 @peherdessean be prevented from
containing |large anounts of inpurities even when the expanded graphite
sheetloi s GACAUHIN J.I8Eed (for exanpl e, when used as one nenber in an
apparatus for manufacturing a product that requires purity, such as in a

silicon $PADENTEOYSUMENTBSUf acturing apparatus) As a result, it is
possible to inhibit degradation in product 20 quality or deterioration in
product yhglsg that results fromthe adverse effects on the product (for
exanple silicon single crystal). [0008] The inpurities may include A, B,

Be, My, Na, N, S Si, Ti, V, and Zn; the anmounts of
t he AI ﬁ”telﬁ%"%cﬁ“éwﬁl lihe ca. the cu, the Fe. the Li, the My, the Ni, 25

the S, the Ti, ;the V, Zn nlne m ssi on
spect roscopy NWPRSH: P@ﬁ%’@tﬁ?ﬁ’f?ﬁmﬁé Ipaﬁeélg ‘Ef‘t’toﬂg\‘of\ém%ar}? ggg‘get ernmi ned by
an atom ¢_absorption ectronet met hod, and the amount of the Si may be
deteﬂﬁin@&mgvfgﬁfaﬁggﬂg §E¥rophotonetry met hod. [0009] 5The

inmpurities may be ones at a use stage in a condition in which the expanded
gr aphi tePBﬁ)éﬂtEMésTCbBErSCNa‘éEE&WTm BNYESRKION material and thereafter
renoved fromthe packing material. [0010]

[0005]

The above-described conventional method can provide an expanded graphite

sheet having an extremely low impurity content. Nevertheless, when the expanded

20  graphite sheet is actually used (for example, used as one member in a manufacturing
apparatus that requires purity, such as in a silicon single crystal manufacturing apparatus),

there may be cases in which the expanded graphite sheet contains impurities. The
reason 1s believed to be as follows. After having been manufactured, the expanded
graphite sheet is packed and shipped, and thereafter removed from the packing material

25 and then used. In the packing and shipping stage, it is believed that impurities are



In addition, the amount of the Al may be | ess than 0.08 mass ppm the
anount of 10 the B may be less than 0 1 mass ppm the anount of the Be may
be I ess than 0.02 mass ppm the anount of the Ca may be | ess than 0.04
mass ppm the anmount of the Cu nmay be |l ess than 0.08 nass ppm the anpunt
of the Fe may be |l ess than 0.04 nmass ppm the amount of the K may be |ess
than 0.1 mass ppm the anmobunt of the Li may be | ess than 0.01 nmass ppm

t he amount of the My nay be |l ess than 0.02 nass ppm the anoypt of the 15
Na may bétipgd torh e@?ﬂ@é@ﬂﬁa@gﬁﬁ‘o ﬁl?eef-heg%%ﬁmwamn F%ewfﬁfﬁé%? aersdnsh han
0.1 nmass ppm the ampunt of the S may be less than 1.0 mass ppm the
amount ofpredust Siiligpampingle cestal iththe cvamplesdpscrihedhabey. walting 11@)81etD1@b1¢1H5 may
be less than 0 09 mass ppm the amount of the V may be | ess than 0.07 nmass
ppm and stibleasdapmatatiof irt predidet qualytylaad ldessiotdian iprbdneyielpgpm  20[ 0011]

Mor eover, the packing material may contain B, Ba, Ca, Cu, Li, N, M, M,
Ti, and Rbpognd when determ ned by an I CP-M5 nethod, all the el enents may
be at a level |ess than respective detection limts. [0012] 25In addition,

the pgcking matigri&l oL@ & 18 8n Abject st thprestt inMhtiol is & StoFde aRRMpantgn

measured by an | CP-MS net hod, the anount o Is equal” to or less than 2

f Al
x 10-7 no t L& .equa . 10- 7. ng;
t he am)lrjr%'rJ 0 teéh %F{;g%e)g{l}aflg{ SE%? tﬁaétss hléeh}g Péeéfgﬁoh;iﬁ?@ ;dé%thgua;l% of
My is equal to or less than 2 x.10-7. moUni 2; the ampunt of .Na is equal to
oF | ese o in PRt gt o¥ HaRfsine skoapang eBPRHThod 08 Cpddhghan
x | 0and the anount of Zn is equal to or less than 2 x 10-7 nol/n2.
ADVANT AGESPasttionet theymampiesiurie 1532eTRE thiy exeanded gyaphite oheetx michivhen othe
significant advantageous effect that it can 10 prevent degradation in
product gupdndey gsaplitid ehast isactiallpmséd product yield, by inhibiting an
expanded graphite sheet fromcontaining inpurities at the manufacturing
st agaoof NIBANSKPARG JINGpiHTEPROBEEMSId when t he expanded graphite sheet
is actually used. BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] 15[Fig. 1] Fig.
1 is a crpsmrsectional viewillustrating a single crystal pulling
appar atus using an expanded graphite sheet according to the present

invention at thg ge tﬁtaﬁgg?%lish the fore O{ngi (92?60%,] thE i eseft fn%elﬁioﬁ;[gr%t%iﬁ%?%ﬁi onal

viewillustrating a hig ssure i npregnating apparatus usi

205t ago. BRARN P ER AR R 1 RUERRP R FoB e 1801 18R 5
order that, in the exggnded graphite sheet at the manufacturing stage (at
the stag&SWEFBrLHEIERRYMNSt h a packing material) and at the use stage, al
inmpurities should be 25at a level less than their respective detection

limtlg, it is riésedbamporadescrabed comfigurglinm, tthe sxpapded graphbiteespset Fasbet han
their respective detection limts at |least at the manufacturing stage of
t he expampdadngddpim tentsiness lardecamdmtsoff wasoics avameyndthe fexpanded goaphrte ng
such an expanded graphite sheet will be described bel ow
sheet is actually used (for example, when used as one member in an apparatus for
manufacturing a product that requires purity, such as in a silicon single crystal
manufacturing apparatus). As a result, it is possible to inhibit degradation in product
20 quality or deterioration in product yield that results from the adverse effects on the
product (for example, silicon single crystal).
[0008]
The impurities may include Al, B, Be, Ca, Cu, Fe, K, Li, Mg, Na, Ni, S, Si, Ti, V,
and Zn; the amounts of the Al, the B, the Be, the Ca, the Cu, the Fe, the Li, the Mg, the Ni,

25  the 8, the Ti, the V, and the Zn may be determined by an ICP emission spectroscopy



[ 0016] 5The above-described high-purity expanded graphite sheet can be
produced by heat-treating a conventional expanded graphite sheet under the
foll owi ng conditions. Specifically, an expanded graphite sheet
(hereinafter also referred to sinply as a "carbon sheet") having a bul k
density of 0.7 g/cnB to 1.3 g/cnB (preferably 0.8 g/cnB to 1.0 g/cnB), is
retained at 800C to 1000C in a vessel usually for 1-10 hours. In this

case, 10 t . erature d t 0C or. hi;gher. because, if the ..
Conper at drated PEREPUILGH Br it o ins R U88RREH thatemic timricn

. < i h he | A

Vo at 1 11 2B SaROTEHORy 0 G0 Ao DRy Mk e A RES L BY reAteraed
tenperature is kept at for 3 to 5 hours, the 15 tenperature is el evated
gr adual | ypedraphpometramgthedi ned for 5 to 24 hours (preferably 7 to 15
hours) while being adjusted from 2450C to 2500C. The retaining tine is
restrictddddd 5 to 24 hours because if the tine is less than 5 hours, the
hal ogenat ed organi ¢ substance does not perneate into the graphite sheet
suffigiently, and iperiiePuel bee@seexi Bldendagerin ahRnaieatin 6aik10the Repanded
evaporated or volatilized by turning theminto halides and increasing the

20 vapor p&assWheet hel bééifﬁ)e{&(E@"wiﬁasﬂ ckfMERatefiall 48 théx@gflufr&@ﬁ%déd 2omhadrs,

t he evaporation or volatilization of the inpurities w reach a steady
state, a : t ageous effect obtained will be insignificant. [0018]
Nbreover?ggﬁggyggﬁgg why the bulk density of the expanded graphite sheet
i's 25restpéﬁ%ed to 0.7 g/cnB to 1.3 g/cnB is as follows. If it is |less

t han 07 é , the strength w Il be insufficient. On the other hand, if
it is greater than 1 3 g/cnB, it wil|l take a long tinme for the purit
enhancenent, sdt f‘%tl‘é’béﬁe Pt thg hmay be less ﬂi’lﬂﬁg)% Bass e ithe pUNf eE s e|
is kept at about 1 to 100 Ton (preferably 10 to 40 Tort) fromthe tine
poi ntl0at thhBahax helasedtanr{lyl meass ppen thetamaust of the Be miay badesarthag@bmaser 5
di schargi ng the outgas, which starts to volatilize in a small anmount at

t hi s st agem, Theeani@ms ohthalla mhe bpieas tan @.0dmisepue sikedmomt bEgdeGicinegdbé 0 1
to 100 Tort is as follows. If the pressure exceeds 100 Torr, the effect
obt ai ned 1&¥ th@dyO8NGadsNEbrR! B St @unolf lthd e B! be 1688 Ghdrt 0.0k | thask Hpen, ahé ong
time for the purity enhancenent, increasing the cost. On the other hand,

if the p@ﬁﬁ%ﬁ{@f&éﬁﬁgﬂeﬁ%&ﬂmmmma%ﬁp R OLrBin @ QST ol de B & :',

resulting tn 10 1 nsu cient purity, arge punp drive power w

beconme n S Oor, renpvi.ng ..t enerate i ncreasi the ¢ Lt
oroord pEASRRLtohSind FES: D8l MEBHALGI08RT 07 oS B AR atrflelithe ot o

pressure). of v r pre res (partial pressures) of various chem cal

P oo anaiys Tt RS s Pk AL astrbor herabies AL R M achs et B Ao £PBs, and
the N2 gas remaining after substitution. 15[ 0019] At the stage at
whi ch t héhgameuny of Rigahwarrbadesh shanddd Basserpnt.dhe ameynthf thegignasebe lgss than

hal ogenat ed organi c gas, for exanple, a hal ogen gas such as

di chl or odilf inassrppme tthaareourd of tippTi realy bhlesuthan §.09asass pppl, yhepimpaimnt of thd Mo 8
hours (at a flowrate of, for exanple, about 1-7 L NPT/kg, although it may
be i ncr easgtholesdthan eade thade ppnd iy therrbdigit aMenZn @hayt beeledd tardpmasheet
to be heated that is placed in the vessel) while keeping the reduced
pressurepggndi tion. [0020] The hal ogenated organic gas used for the purity
enhancenent is necessary in order to turn the inpurities, particularly

met aby, i ]hﬁies, contained in the carbon sheet 25 into halide salts and

i ncrease the  vapor pressure so that they can be evaporated or

vol atilized, thereby incregsin he, purity of the carbon.sheet, igh is
t he base nater?ﬁF?“%&tﬂ%ga ?%8@%%Pb§m8F&ﬁﬁFst%%é@hﬁgb?ﬂﬁ§%5@%6@351b|e to
use any halogenate orqanLc subst ance that has conventionallg been used
for a gr&pht PetifatBen dfternpged 8% apdE;MPimethod adisthg elements may Reel &gyl
chlorine and chl ori ne conpounds but al so fluorine and fl uorine

less than respective detection limits.

[0012]

25 In addition, the packing material contains Al, Fe, Cr, Mg, Na, V, and Zn; and



5 conpounds. Moreover, it is also possible to use a chlorine-based gas or
a fluorine-based gas at the sane tine. It is also possible to use a
conmpound that contains fluorine and chlorine in the sane nol ecul e, such as
nmonochl orotri fl uoronet hane, trichl orononofl uoronet hane,

cycl odi fl uoroet hane, and trichl orononof | uor oet hane. [0021] toln addition,
depending on the type of inpurity, H2 exhibits a high purifying effect

for, for exanple | fur nts. Therefore,. by successively sup kng H2
Gas. af tergBHs A et B Bpra B amsgarss AXs BTgE o i dedaca

desul furi zatipon can be perforned nore thoroughl%q In this case, if the

t enper at PRV the a@eustofF'gcguak et lesdbag fry 1D emmpden s g soeund Giyisr ogen
gas will be poor, which is gpdesigable. If the 15 pressure is highe[qthan
100 Tor r ,cquileo o flese thavb? & Ife dmbl/my ctie emeynt ¢fcMprie squal o o lebs than 2 x 10
insufficient. On the other hand, if the pressure is lower than 1 Ton, the
absol ut e methhtthofmbive ¢filda dgequabas oslepptliaad wildl” del/infstht firmuensf Vasd t he
renoval of sulfur by the hydrogen gas cannot be perfornmed sufficiently.

For tRBesequfas@ndessithar 3 xPIET afodi’e ahd e, arblbiink Bﬂthi@e(ﬁ.uﬂ itd bERES An pyx H2,
the tenperature be restricted to 800C or higher and the 20 pressure be
from1l tqpi0Qefgh. [0022] Furthernore it is preferable that the
tenperature of the interior of the furnace preferably be further el evated

at the ti ' ' hancenent operation has finished and
t hen kepfﬂgy @?1§@§pg9§%hﬁ9§$s, and then the process be finished.
25Ther eaf the furnace is cooled. At this tinme, the pressure of the

;
interiorl &Eﬂhe vessel is reduced forcibly to 10-2 Ton to 10-4 Ton at
about 2000C and_cool ed, whereby a_hi gh-purity carbon sheet can be obtai ned
with snal | anpdkespigsenynyrpsionnskhditst a j sigrilieang adyantpgaouy dlest thatidh cas t he
hal ogenat ed organi ¢ substance gas and the outgas, can flow in and out from
t he gide praeeisdagiadation hpedncts{u@b@3ind deteriorafvarie afddect yieldeby imhibiting s
stopped, and the tenperature and the pressure are returned to norm

pr essur e eapahdod rgiEphiteeslpeyr bl €ontdining ibipukitieg andit maphfacturige Mggas the t he
vessel . Subsequently, conpression nolding is carried out by, for exanple,

pr essur exkpdrded grdﬁbﬁit@ 6hedt SRTWRG RORRHAISA SRplRe HelOisABRAAGy usdCh as a press
machi ne or 10a rolling machi ne. It should be noted that it is

possi bl e i V) i nduction furnace in the
above-degggﬁgggﬁ?%gggﬁPéﬁgg?%ggPngﬁgmggrity enhancenent process), which
results k@)%ie advant ages described in the followng (1) and (2) [0024]
15(1) An Jv ntage is that, when the carbon sheet to be heated is brought
into contact with the _hal ogenated organi c, substance under a vacuum.or
redudeéd pressuf gcéh&ﬁ%iéﬂ?z%ﬁgmﬁﬁﬁﬁﬁpﬂoVwﬁhéﬁﬁgﬂﬁﬁbﬁa?%@edWﬁ%ﬂiEMhng
substance consunmed will be very small. Under a vacuum or reduced pressure
condi t i oApPar#as Heine ga rrapandied rarnhiite sheet agewrding ip dlrrigresens invenBsu bt the he
utilization efficiency is high, and in addition, it nmakes good contact
with 20 stage.carbon sheet. According to the result of the test conducted by
the present inventors, the anount of the dichlorodifl uoronethane consuned
is (3 L NPT/ kg)Fikor] Fige2 i 8 broks-eaiand Widw MeustrBtiSOMBRhL R ihdprdoh@iihe
NPT/ kg) for th£ %a§L gf the electric hearth fufﬁgce§&+ﬁus, tﬁg)é%%u%% of
t he dich i : b e of
the hi ghelreatenae ty e e B A IR EP et Syttt e FRSC
25[ 0025] . (2) The inpurities in the carbon sheet that have been
halogenafeﬁﬁand/or hydr ogenated can be easily vaporized and rel eased

out si de t IS 1 [ ressure condition.
Thereforgggg%gﬁggﬂﬁpgig§§§5ﬁ§i}QﬁgtﬁégﬁNgﬁﬁﬁ%g%fity can be obtained even
with the use of hal ogenated organic gas in a small amount. 5[0026]

The expaHHHé]graphite sheet fabricated in the above-described manner is
packed with a packing material, thereafter shipped, and further renoved
from t he packi hgordet drit.ain, the expaded terdpbite sheciat thel mamfactating stagd [at tthe
inpurities at the use stage are at a level less than their respective

det ect i ostagé before palked With at padking intatérial) dfeodt tleniisetskipt, alDimpuigied howlibd t i es,
Al, B, Be, Ca, Cu, Fe, K, Li, My, Na, N, S, Si, Ti, V, and Zn are at a

| evebs | eg6a level less than their respective detection limits, it is necessary that all the impurities



than their respective detection limts. Wth the above-described
configuration, the expanded graphite sheet is prevented from containing

| arge anmpbunts of inpurities even when the expanded graphite sheet is
actually used. As a result, it is possible to inhibit degradation in
product quality 15and deterioration in product yield, which result from
the adverse effects on the products and the |ike. [0027] Next ,
exanpl es of the expanded .graphite sheet. at.the yse stage ar hown bel ow.
(1 o el & RE S R B G it g8t S0 BfelRE RS hon
20i nsul ating materjal for a _single crystal pulling apparatus Fig. 1 is a
cr oss- seci BR&RPYH %?P?%ﬁ%eshg%gﬁér Ay geaspnoy misthey ab papulagyring sugh gn 1
reference nuneral 1 denotes a spacer nmade of the expanded graphite sheet
of the preapaidedignaphiteisbeet vathde deseahedbelowef er ence numeral 2 denotes a heat
insulating material nade of the expanded graphite sheet of the present

i nventiorf0016] Fig. 1, reference nuneral 3 25 denotes a graphite heater,
ref erence nuneral 4 denotes a graphite crucible, reference nuneral 5

denot s a quar tPheCabontabribes tesiepaey ixpRAdd GaplaroiiRet sardb@phiduted by
pedestal, reference nunmeral 7 denotes silicon, reference nuneral 8 denotes

a singl e ehystAing @'&Gn&&ﬁ%ﬁﬁ”&@aﬂ&ﬁ&? %ﬁégg.ge §ﬁ&@t ef Rk Iio@ﬁn%%gﬁ&iﬁ%'s?

therefor. The quartz crucible isp irectly on the spacer 1, and

nmol ten sid i.¢ i i I I L uci bl e Thi n & t, if
inpuritié%m§¢QMZf%éf%#%g?gé%%%@cg#&¥kém§%§§%fgﬂ?%gxﬁﬁé F?§88%56h85§? i con
quart s crlcite) b b BN SPYEkn dhd aabelrepetby BF ofre o 18

hi gh-purity %heetw§ughtgag%??tgﬁ&ﬁéhe pre;gntwhggﬁﬂé%ﬁﬁygoeségg&pcause
such a t EsEBDels FRingd dy ;1D e eeSpe ip FatingPupt epitas casq, s

al so pIacEd on the inner surfac%uﬁé Lhe siq%£e crystal puller apparatus,

t he ilfpurthe feapetaQuit ioset ahd00i€ar higheubemisey ifithe Eniretat@e nalpweotitathatahe t he
at nosphere within the apparatus and adversely affect the silicon single
crystal &apargesvoreaditbe hald fardiismparitiesskillodot be idaaheda@id theimpdities cigiit on of
the interior of the apparatus. However, since the sheet of the present

i nvent i omeRaspaatbil ePvalbilitedsufiici@sty, no such troubl e can occur. [0028]
15(2) An exaﬁ%le of using the exp;%ded graphite sheet as a heat insulating
mat eri al gip@na spacer for a high-pressure inpregnating apparatus

Fig. 2 ié a Jross-sectional view of a high-pressure netal inpregnation

apparatus (party cul arl nmetal i npregnati on apparat us. fqr ‘bon

mater als) . 1t rarsEb e iR R nsyRaS AP #ob AP onhRREdbe | o
used for heat insulating materials 11 to 13 and for 20 a spacer 14, which
i s aléusHBPRAY St Vla%%. grpdpatlygandois thesy @%ﬂ%‘g‘%ﬁ @ni@rZg hopuss &%ﬁ%{f@b’ 4t®ar bon
material to be inpregnated with a netal, reference nuneral 16 denotes a
por ous bdglenrs) mdiile bergeadimnsk Zpm 2ASEE At 208G t Ehe rataining tinef isrestideted
nunmeral 18 denotes a resistance heater, reference nuneral 19 denotes an
exhaust o pég 2dhdums btausnitahatme iales2hanl & hotsstha halugenditdorghmic titisgance
apparatus as well, the purity of the heat insulating materials 2511 to 13
di sposed does hdtepdrinege istarthageaphite tshect apfi @iy SariBthe Glrr%hﬂﬂésf &Ga iafthect .
Because the sheet of the present invention has a high purity, it is

extrenel yhé&dchaRh Be cFMRbEST volatilized by turning them into halides and increasing the

20 vapor pressure. On the other hand, even if the time exceeds 24 hours, the evaporation or
volatilization of the impurities will reach a steady state, and the advantageous effect
obtained will be insignificant.

[0018]
Moreover, the reason why the bulk density of the expanded graphite sheet is

25 restricted to 0.7 g/em’® to 1.3 g/em’ is as follows. If it is less than 0.7 g/em®, the strength



[0029] Natural flake graphite imrersed in a mxture solution in which 7 to
25 parts by 5 weight potassium permanganate with respect to 100 parts by
wei ght of graphite was dissolved in a concentrated sulfuric acid was
heated to 800C to 1000C to obtain expanded graphite, which was expanded in
volune to 140 cnB/g to 160 cnB/g. The expanded graphite was subjected to
roll-press formng to obtain an expanded graphite sheet having a bul k

neat -1 et PSR A s RO st 13 &' sl G blane gas

density

at nosphere. ggereafter, the tenperature was gradually el evated and then

ret ai ned Wpe Wiy sahpmecment, 3othg sastavillhedvghar t er, " whil e reduci ng t he

(0]

tenperature to about 2000C, the pressure of the interior of the vessel

reduced forci blThet pressoreinTdhe, vessed is keptt @rpbeniat ue 4 00wt (peefprablys U@ ¢o Wér e
returned to normal pressure and normal tenperature while filling and 15
repl aci ngld¥ fgas thentimb @oire a5 ehichTthe hedtingkine $seri stanaRse itk atitaBadeon®fonas
11% and a high-purity expanded graphite sheet having a bul k density of

0. 9 g/scnBliveasrodh e as] MBicSHagO Y ealktiRie tnhd SmaldafbuMes Rt 8448 NqHe The

results

are shown in :able 1. [0030] [TABLE 1] El enent Test nethod

was

Det ect i Or}eﬁoﬁi&hmé .r%ﬁﬁ{e.iﬂﬁﬁé %@é-sgl- i’f‘lreéﬁgae(?m f%Bgﬁb é&ggg hORARRG, O1PfeMBSS

ppm Less than détectl

10

15

20

25

i mi mass ppm mass ppm

pressure exceeds 100 Torr, the effect obtained by reducing the pressure will be small, and
it will takel a long time for the purity enhancement, increasing the cost. On the other
hand, if the pressure is less than 1 Torr, the amount of halogen will be small, resulting in
insufficient purity, and a large pump drive power will become necessary for removing the
gencrated gas, increasing the cost. It should be noted that the pressure in the vessel
refers to the total (total pressure} of vapor pressures (partial pressures) of various
chemical compounds, such as halides, chlorinated and/or fluorinated impurities, and the
N; gas remaining after substitution.

[0019]

At the stage at which the purity enhancement has advanced to a certain degree, a
halogenated organic gas, for example, a halogen gas such as dichlorodifluoromethane is
supplied through a gas supply pipe for 3 to 8 hours (at a flow rate of, for example, about
I-7 L NPT/kg, although it may be increased or decreased depending on the amount of the
carbon sheet to be heated that is placed in the vessel) while keeping the reduced pressure
condition.

[0020]

The halogenated organic gas used for the purity enhancement is necessary in

order to turn the impurities, particularly metal impurities, contained in the carbon sheet

into halide salts and increase the vapor pressure so that they can be evaporated or



Ca 0.04 mass ppm Cu 0.08 nmass ppm Fe 0.04 nmass ppm K Atom c
absorption spectronetry 0.1 nmass ppm Li | CP em ssion spectroscopy 0.01
mass ppm Mg 0.02 nmass ppm Na

volatilized, theréby increasing the purity of the carbon sheet, which is the base material.
As the halogenated organic substance, it is possible to use any halogenated organic
substance that has conventionally been used for a graphite material. For example, it is
possible to use not only chlorine and chlorine compounds but also fluorine and fluorine
5 compounds. Moreover, it is also possible to use a chlorine-based gas or a fluorine-based
gas at the same time. It is also possible to use a compound that contains fluoring and
chlorine in the same molecule, such as monochlorotriflioromethane,
trichloromonofluoromethane, cyclodifluoroethane, and trichloromonofluoroethane.
[0021]

10 In addition, depending on the type of impurity, H, exhibits a high purifying
effect for, for example, sulfur contents. Therefore, by sucpessively supplying H, gas
after stopping the supply of the halogenated organic substance, desulfurization can be
performed more thoroughly. In this case, if the temperature is lower than 800°C, the
reactivity between sulfur and hydrogen gas will be poor, which is undesirable. If the

15  pressure is higher than 100 Torr, the effect obtained by reducing the pressure will be
insufficient. On the other hand, if the pressure is lower than 1 Torr, the absolute amount
of the hydrogen gas supplied will be insufficient, and the removal of sulfur by the
hydrogen gas cannot be performed sufficiently. For these reasons, it is preferable that,
during the purification by Hj, the temperature be restricted to 800°C or higher and the

20 pressure be from 1 to 100 Torr.

[0022]

Furthermore, it is preferable that the temperature of the interior of the furnace
preferably be further elevated at the time point when the purity enhancement operation
has finished and then kept at 3000°C for 10 to 30 hours, and then the process be finished.

25 Thereafter, the furnace is cooled. At this time, the pressure of the interior of the



At om ¢ absorption spectronmetry 0.05 mass ppm N | CP em ssion spectroscopy
0.1 mass ppm S 1.0 mass ppm Si Absorption spectrophotonetry 0.1 nass
ppm Ti | CP em ssion spectroscopy 0.09 mass ppm 0. 07 mass ppm Zn

vessel is reduced forcibly to 1072 Torr to 10™* Torr at about 2000°C and cooled, whereby a
high-purity carbon sheet can be obtained with small amounts of outgas and S. It is
believed that gases, such as the halogenated organic substance gas and the outgas, can
flow 1in and out from the side faces of the sheet.

5 [0023]

Thereafter, clectricity is stopped, and the temperature and the pressure are
returned to normal pressure and normal temperature while filling and replacing N, gas in
the vessel.  Subsequently, compression meolding is carried out by, for example,
pressure-rolling using a common compression molding means, such as a press machine or

10 arolling machine.

It should be noted that it is possible to use a high-frequency vacuum induction
furnace in the above-described impurity removal (the purity enhancement process), which
results in the advantages described in the following (1)} and (2).

[0024]

15 (1) An advantage is that, when the carbon sheet to be heated is brought into
contact with the halogenated organic substance under a vacuum or reduced pressure
condition, the amount of the halogenated organic substance consumed will be very small.
Under a vacuum or reduced pressure condition, the halogenated organic gas used expands.
As a result, the utilization efficiency is high, and in addition, it makes good contact with

20  the carbon sheet. According to the result of the test conducted by the present inventors,
the amount of the dichlorodifluoromethane consumed is (3 L NPT/kg) for the
high-frequency type in comparison with (10 L NPT/kg) for the case of the electric hearth
furnace. Thus, the amount of the dichlorodiﬂuoromethane consumed can be reduced to
1/3 in the case of the high-frequency type, in comparison with the electric hearth furnace.

25 [0025]



0.01 mass ppm [0031] As is clearly seen from Table 1 above, it is
observed that all the elenents are less than the detection limts. 5Next,
t he above-descri bed expanded graphite sheet was packed with a packing

mat eri al, Shuperen 35N type [made by Ube Film Co, Ltd. The anounts of the
el ements therein are shown in Table 2. The purity anal ysis was conducted
by taking sanples of inpurities by acid pickling the surface (sanmpl i ng

area 1250 cnR)] ter setting it as'de 4 hours at .n rature
and nornal pred&lirtde THMIHES dgﬁ '4@@2%‘Egmﬂ% eTb}P Wﬂgttngg’the
packi ng materi al The ash_cont ent of the expanded graphite sheet at the
use st agdvekrgenatedran broepsily aporgzsd end released Heﬂme ibRCapse the admosigreis in f TABLE
2] Elenment Test nethod Detection [imt Allowable limt Result of analysis
Al | CP- MBeguogd poesgumiondipion. x Therefors, al graphitetmgterrial with/anigher purity can be

obtained even with the use of halogenated organic gas in a small amount.
5 |0026]

The expanded graphite sheet fabricated in the above-described manner is packed
with a packing material, thereafter shipped, and further removed from the packing
material, to use it for an actual apparatus. All the impurities at the use stage are at a
level less than their respective detection limits. At this time, it is important that, of the

10  impurities, Al, B, Be, Ca, Cu, Fe, K, Li, Mg, Na, Ni, S, Si, Ti, V, and Zn are at a level less
than their respective detection limits.

With the above-described configuration, the expanded graphite sheet is
prevented from containing large amounts of impurities even when the expanded graphite
sheet is actually used. As a result, it is possible to inhibit degradation in product quality .

15  and deterioration in product yield, which result from the adverse effects on the products
and the like.
[0027]
Next, examples of the expanded graphite sheet at the use stage are shown below.
(1) An example of using the expanded graphite sheet as a spacer and a heat
20  insulating material for a single crystal pulling apparatus

Fig. 1 is a cross-sectional view of the single crystal pulling apparatus. In Fig. 1,
reference numeral 1 denotes a spacer made of the expanded graphite sheet of the present
invention, and likewise, reference numeral 2 denotes a heat insulating material made of
the expanded graphite sheet of the present invention. In Fig. 1, reference numeral 3

25  denotes a graphite heater, reference numeral 4 denotes a graphite crucible, reference

10



_ Less than detection |imt Ba 1 x 10 Ca 1 x 10-9 noUnR Cu 5 x 10-9
nmovn Fe 5 x 10-9 nol/n2 3 x 10-7 mol/n2 30 x 10-9 nolin2 Cr

numeral S denotes a quartz crucible, reference numeral 6 denotes a graphite pedestal,
reference numeral 7 denotes silicon, reference numeral 8 denotes a single crystal, and
reference numeral 9 denotes a pulling apparatus therefor. The quartz crucible 5 is placed
directly on the spacer 1, and molten silicon 7 exists in this quartz crucible 5. This means
5  that, if impurities are precipitated out of the spacer, the quality of the silicon single crystal
8 will be adversely affected immediately, and also the quartz crucible 5 will be
contaminated and damaged. However, the high-purity sheet such as that of the present
invention does not cause such a trouble. In addition, because the heat insulating material
2 is also placed on the inner surface of thelsingle crystal puller apparatus, the impurities
10 from the heat insulating material 2 may contaminate the atmosphere within the apparatus
and adversely affect the silicon single crystal 8, and moreover, there is a risk of
contamination and corrosion of the interior of the apparatus. However, since the sheet of
the present invention has a high purity, almost no such trouble can occur.
[0028]
15 {2) An example of using the expanded graphite sheet as a heat insulating material
and a spacer for a high-pressure impregnating apparatus
Fig. 2 is a cross-sectional view of a high-pressure metal impregnation apparatus
(particularly, a metal impregnation apparatus for carbon materials). It shows an example
in which the present invention sheet is used for heat insulating materials 11 to 13 and for
20 a spacer 14, which is a cushioning material. In Fig. 2, reference numeral 15 denotes a
carbon material to be impregnated with a metal, reference numeral 16 denotes a porous
baéket, reference numeral 17 denotes molten metal, reference numeral 18 denotes a
resistance heater, reference numeral 19 denotes an exhaust pipe, and reference numeral 20
denotes a crucible. In this apparatus as well, the purity of the heat insulating materials

25 11 to 13 disposed on the inner surface of the apparatus has a significant effect. Because

1



1 x 10-9 nol/nm2 2 x 10-7 mol/nm2 1 x 10 9 nol/nm2 Li 7 x 10-9 nol/nR -
than detection limt My 2 x 10 2 x 10-7 nol/n2 2 x 10-9 nol/n2 Na 10 x
10-9 mol /n2 5 x 10 7 nol/nm2 40 x 10-9 novn2 Ni 1 x 10-9 nmoUrn2 _ Less
than detection limt

10

15

the sheet of the present invention has a high purity, it is extremely suitable.
EXAMPLES
[0029]
Natural flake graphite immersed in a mixture solution in which 7 to 25 parts by

weight potassium permanganate with respect to 100 parts by weight of graphite was

Less

dissolved in a concentrated sulfuric acid was heated to 800°C to 1000°C to obtain

expanded graphite, which was expanded in volume to 140 cm’/g to 160 cm’/g. The
expanded graphite was subjected to roll-press forming to obtain an expanded graphite
sheet having a bulk density of 1.0 g/cm’. The resultant expanded graphite sheet was
heat-treated at 10 Torr and at 1000°C for 10 hours in a difluoromethane gas atmosphere.
Thereafter, the temperature was gradually elevated and then retained at 2450°C to 2500°C
for 10 hours. Thereafter, while reducing the temperature to about 2000°C, the pressure
of the interior of the vessel was reduced forcibly to 102 Torr, and the temperature and the
pressure were returned to normal pressure and normal temperature while filling and

replacing N> gas in the vessel. The thickness increase at this time was 11%, and a

high-purity expanded graphite sheet having a bulk dénsity.of 0.9 g/cm’® was obtained.

The ash content of this sheet was determined. The results are shown in Table 1.

[0030]

12



M Ix 10-9 nol/n? M 1 x 10 9 nol/nR Ti 4 x 10-9 nol / n2 V 1 X
10-9 nmolin2 2 x 10-7 nmol/n2 1 x 10 9 mol/n2 Zn 7 x 10 9 nol/nR 2 x 10-7
moUn2 10 x 10-9 nol/ nR

[TABLE 1]
Element Test method Detection limit Result of analysis
Al 0.08 mass ppm
B 0.1 mass ppm
Be .. 0.02 mass ppm
Ca ICP emission spectroscopy 0.04 mass ppm
Cu 0.08 mass ppm
Fe 0.04 mass ppm
K Atomic absorption spectrometry 0.1 mass ppm
Li ICP emission spectrosco 0.01 mass ppm Less than
Mg P Py 0.02 mass ppm detection limit
Na Atomic absorption spectrometry 0.05 mass ppm
Ni .. 0.1 mass ppm
3 ICP emission spectroscopy 1.0 mass ppm
Si Absorption spectrophotometry 0.1 mass ppm
Ti 0.09 mass ppm
\4 ICP emission spectroscopy 0.07 mass ppm
7n 0.01 mass ppm
10031]

As is clearly seen from Table 1 above, it is observed that all the elements are less
than the detection limits.

5 Next, the above-described expanded graphite sheet was packed with a packing
material, Shuperen 35N type [made by Ube Film Co., Ltd. The amounts of the elements
therein are shown in Table 2. The purity analysis was conducted by taking samples of
impurities by acid pickling the surface (sampling area 1250 em?)].  After setting it aside
for 24 hours at normal temperature and normal pressure, the expanded graphite sheet was

10 taken out of the packing material. The ash content of the expanded graphite sheet at the _
use stage was determined. The results are shown in Table 3.

[0032]

13



Pb 1 x 10 9 11101/1112 - Less than detection [imt [0033] It is
observed that in the above-descri bed packing material, the val ues of B,

Ba, Ca, Cu, Li, Ni, M, Mo, Ti, and Pb are less than detection limts. It
is al so observed that the values of Al, Fe, C, My, Na, V, and Zn are | ess
than allowable limts. [0034] [TABLE 3] El enment Test nethod Detection
limt Result of analysis Al | CP em ssion spectroscopy 0.08 nmass ppm Less

t han detﬁfhhfﬁifrﬁt B 0.1 nmass ppm Be

Element meE(t) d Detection Hmit Allowable limit Result of analysis
Al 2x107 mol/m® | 2x107mol/m® | 2x 10 mol/m’
B 4 x 10”° mol/m?
Ba %107 mol/m’ - Less than detection
Ca 1 x 107 mol/m” fimit
Cu 5 x 10™ mol/m*
Fe 5 x 107 mol/m® 3 x 1077 mol/m? 30 x 107 mol/m?
Cr : 1 x 10 mol/m® 2 x 1077 mol/m’ 1 x 10~° mol/m®
Li 7 % 107 mol/m? | o Less than detection

limit

Mg ICP-MS | 2x 107 mol/m? 2 x 1077 mol/m? 2 x 102 mol/m?

Na 10 x 10~° mol/m> 5 %10 7 mol/m* 40 x 10™° mol/m*
Ni 1 x 10” mol/m?
Mn 1 x 107° mol/m* _

. Less than detection
Mo 1 x 10”° mol/m> limit
Ti 4 x 10™° mol/m?
\' 1 x 107° mol/m® 2 x 10 7 mol/m? 1 x 10”° mol/m®
n 7 x 10°° mol/m> 2 % 1077 mol/m? 10 x 10™° mol/m?
Pb I % 10™° mol/m? . Less thap c.letectlon

limmit
[0033]

It is observed that in the above-described packing material, the values of B, Ba,
Ca, Cu, Li, Ni, Mn, Mo, Ti, and Pb are less than detection limits. It is also observed that

the values of AL, Fe, Cr, Mg, Na, V, and Zn are less than allowable limits.

14



0.02 mass ppm Ca 0.04 mass ppm Cu 0.08 mass ppm Fe 0.04 mass ppm K
Atom c absorption spectronetry 0.1 nass ppm Li |ICP em ssion spectroscopy
0.01 mass ppm My

[0034]
[TABLE 3}
Element Test method Detection limit Result of analysis
Al 0.08 mass ppm
B 0.1 mass ppm
Be i 0.02 mass ppm
Ca ICP emission spectroscopy 0.04 mass ppm
Cu 0.08 mass ppm
Fe 0.04 mass ppm
K Atomic absorption spectrometry 0.1 mass ppm
Li ICP emission spectrosco 0.01 mass ppm Less than
Mg P Py 0.02 mass ppm detection limit
Na Atomic absorption spectrometry 0.05 mass ppm
Ni _— 0.1 mass ppm
S ICP emission spectroscopy 1.0 mass ppm
S1 Absorption spectrophotometry 0.1 mass ppm
Ti (.09 mass ppm
\' ICP emission spectroscopy (.07 mass ppm
/n (.01 mass ppm
[0035]

As is clearly seen from Table 3 above, it is observed that all the elements are less
than the detection limits.

5 INDUSTRIAL APPLICABILITY
[0036]

The present invention may be applicable to spacers and heat insulating materials
for single crystal pulling apparatusés, and spacers and heat insulating materials for
high-pressure impregnating apparatuses.

10  DESCRIPTION OF REFERENCE NUMERALS
[0037]
1 -- spacer
2 -- heat insulating material

11-13 -- heat insulating material

15



0.02 mass ppm Na Atom c absorption spectronetry 0.05 mass ppm N ICP

em ssion spectroscopy 0.1 nmass ppm S 1.0 mass ppm Si Absorption
spectrophotonetry 0.1 mass ppm Ti | CP em ssion spectroscopy 0.09 mass ppm
V 0.07 mass ppm

14 -- spacer

16



Zn 0.01 mass ppm [0035] As is clearly seen from Tabl e 3 above,

it is observed that all the elenents are less than the detection limts. 5
| NDUSTRI AL APPLI CABI LI TY [ 0036] The present invention may be
applicable to spacers and heat insulating materials for single crystal

pul I'i ng appar at uses, and spacers and heat insulating materials for

hi gh- pressure i npregnati ng apparatuses to DESCRI PTI ON OF REFERENCE
NUVERALS [ 0037] 1 -- spacer 2 -- hegéﬁéﬁéglating material 11-13 -- heat
insulating material 14 -- spacer 1. An expanded graphite
sheet characterized in that all inpurities are at a |level |ess than
respective detection limts. 5 2. The expanded graphite sheet
according to claim1l, wherein: the inpurities include Al, B, Be, Ca, Cu,
Fe, K, Li, My, IN&n dpandsd Saphi® sheyt, clanabteZized ihéhad ol umpsritnds drhat Allgvel he B,
the Be, the Ca, the Cu, the Fe, the Li, the My, the Ni, the S, the Ti, the
V, and t hes Zmnateedidicedordiod limitsan | CP em ssi on spectroscopy nethod; the
anounts of the K 10 and the Na are determ ned by an atom c absorption
spectsonetry nethod; and the anobunt of the Si is determ ned by an

absor ption spectrophotonetry mnethod. 3. The expanded graphite sheet

according to chai el Dohit 3Rk 1 REGA 1 1 Shdr&5S - mass
ppm the anount” o %ﬁgﬁgﬁﬁgh%%sgn%ﬁan(%gglﬁ%ss ppn1’theranbgﬁﬁﬂﬁmghg§
include Al, B, Be, Ca, Cu, e, K, Li, Mg, Na, Ni, S, Si, Ti, V, and Zn; the amounts of the
Al, the B, the Be, the Ca, the Cu, the Fe, the Li, the Mg, the Ni, the S, the Ti, the V, and
the Zn are determined by an ICP emission spectroscopy method; the amounts of the K

10 and the Na are determined by an atomic absorption spectrometry method; and the amount

of the Si is determined by an absorption spectrophotometry method.

3. The expanded graphite sheet according to claim 2, wherein: the amount of the

Al is less than 0.08 mass ppm; the amount of the B is less than 0.1 mass ppm; the amount

15 of the Be is less than 0.02 mass ppm; the amount of the Ca is less than 0.04 mass ppm;
the amount of the Cu is less than 0.08 mass ppm; the amount of the Fe is less than 0.04
mass ppm; the amount of the K is less than 0.1 mass ppm; the amount of the Li is less

than 0.01 mass ppm; the amount of the Mg is less than 0.02 mass ppm; the amount of the

Na is less than 0.05 mass ppm; the amount of the Ni is less than 0.1 mass ppm; the

20  amount of the S is less than 1.0 mass ppm; the amount of the Si is less than 0.1 mass ppm;
the amount of the 1i is less than 0.09 mass ppm; the amount of the V is less than 0.07

mass ppm; and the amount of the Zn is less than 0.1 mass ppm.

4. The expanded graphite sheet according to any one of claims 1 through 3,

25  wherein the impurities are ones at a use stage in a condition in which the expanded

17



15 of the Be is less than 0.02 nmass ppm the amount of the Ca is |ess than
0. 04 mass ppm the amount of the Cu is less than 0.08 nass ppm the anount
of the Fe is less than 0.04 nmass ppm the anmobunt of the Kis less than 0.1
mass ppm the amount of the Li is less than 0.01 nass ppm the anmount of
the My is less than 0.02 mass ppm the anount of the Na is | ess than 0 05
mass ppm the amount of the Ni is less than 0.1 nass ppm the 20 ampunt of
the Sis |less than m_ t he amount of th s less than 0.1
mass ppmE* e SHanAES BreniRe vt eelTe e 6o et fi?bﬁtm?‘ﬁé G RE  of
the Vis less than 0.07 mass ppm and the anmount of the Zn is | ess than
0.1 nasspﬂﬂﬂﬂgﬁwKEMJ 4. The expanded graphite sheet according to any
one of clainms 1 through 3, 25 wherein the inpurities are ones at a use
stage in a condition in which the expanded graphite sheet has been packed
with a packing material and thereafter renoved fromthe packing material

5. The expanded. ghaphiphedeshgephiae chedi Rgotdinge taichiin, 4, Whvheeim thchpagkdeki ng 5
material contains B, Ba, Ca, Cu, Li, Ni, M, Mo, Ti, and Pb, and when

det er g nedhtdtal ebnthiaPBYBaehhod, LlaN11 MﬁeM%' Bend Pbaifl Whendddi@ihed 854 t han
respectlve detectlon [imts. . The expanded graphite sheet

accordln 5

h%tﬂ@ 11 Me&lih Gt RRGK] 126 Aea Pdlirhtts !
My, Na, , and da%dﬂ@ﬁ%n eternlngﬁ%ty emaﬁgébﬁé %g nefﬁ§l the anDunt
of Al is equal to or less than 2 x 10-7 nol/n2; the anmount of Fe is equal

to or less than 3 x 10-2 nol/ n2; the amount of C} is equal to or less than
2 x i(12 nmol/n2; the anpbunt of s equal..to or |ess than 2 10-7

mol / n2; the anBu he sporgeds gr@&%ﬂ bt o edine ondATS % eIt ﬁ%"kntﬂ“le
amount of Vis equal to or less than 2 x 10-2 nol/n2; and the anpunt of Zn
i s equal maerigl cptgins afe2Cx Mo, NaryUwed Zapand when determined by an ICP-MS

10 method, the amount of Al is equal to or less than 2 x 1077 mol/m?; the amount of Fe is
equal to or less than 3 x 1077 mol/m’; the amount of Cr is equal to or less than 2 x 1077
mol/m?; the amount of Mg is equal to or less than 2 x 107" mol/m?; the amount of Na is
equal to or less than 5 x 1077 mol/m’; the amount of V is equal to or less than 2 x 107
mol/m?; and the amount of Zn is equal to or less than 2 x 10~ mol/m?,

15
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