DESCRIPTION CARBON MATERIAL AND METHOD FOR PRODUCING SAME TECHNICAL FIELD
(0001)The present invention relates to novel structures and production methods of an artificial graphite
material and a composite material of an artificial graphite material and artificial silicon (Si) which are
used on electrode materials, diffusion layer and radiating materials for lithium ion battery, lithium ion
capacitor, fuel cell, solar cell, primary battery, second battery, steel making, refining and electrolysis,
crucible for crystal growth of crystalline silicon and silicon carbide, insulating material, reactor for
nuclear electric power generation and adding % uctive film and semiconductor film.
BACKGROUND ART (0002)Graphite materrals are emically stable and are excellent in electric and
thermal conductivity and mechanical strength at high temperature, and therefore, are widely used for
electrodes for steel making, electrodes for are melting and reducing of high purity silica and electrodes
for aluminum refining ARBONeMASTERYsIaAND METHOD FOR PRODUCING SAME

TECHNICAL FIELD
(0001) The present invention relates to novel structures and
production methods of an artificial graphite material and a composite
material of an artificial graphite material and artificial silicon (Si)
which are used on electrode materials, diffusion layer and radiating
materials for lithium ion battery, lithium ion capacitor, fuel cell, solar
cell, primary battery, second battery, steel making, refining and
electrolysis, crucible for crystal growth of crystalline silicon and silicon
carbide, insulating material, reactor for nuclear electric power
generation and adding material for conductive film and semiconductor

film.

BACKGROUND ART
(0002) Graphite materials are chemically stable and are excellent
in electric and thermal conductivity and mechanical strength at high
temperature, and therefore, are widely used for electrodes for steel
making, electrodes for arc melting and reducing of high purity silica
and electrodes for aluminum refining. Graphite has a crystal
structure formed by stacking of carbon hexagonal planes generated by
growth of carbon hexagonal rings by sp2 hybridized orbital of carbon
atoms, and is classified into a hexagonal system and rhombohederal
system depending on the form of lamination. The both systems show

good electric and thermal conductivity since a carrier concentration



structure formed by stacking of carbon hexagonal planes generated by growth of carbon hexagonal
rings by sp2 hybridized orbital of carbon atoms, and is classified into a hexagonal system and
rhombohederal system depending on the form of lamination. The both systems show good electric and
thermal conductivity since a carrier concentration - 2 - and carrier mobility of free electron and holes in
the carbon hexagonal planes are high. (0003)On the gther hand, since the carbon hexagonal planes
are weakly bonded to each other by so-called Van der Waals force, slip occurs relatively easily
between the planes, and as a result, graphite has lower strength and hardness as compared with
those of metafiadhatatiits andhtisolf- bt calasdron g . 1obo ioirdde eagkayragrreprstduced

naturally is a
y planes are high.

(0003) On the other hand, since the carbon hexagonal planes are
weakly bonded to each other by so-called Van der Waals force, slip
occurs relatively easily between the planes, and as a result, graphite
has lower strength and hardness as compared with those of metallic
materials and has self-lubricating property.
(0004) Since natural graphite produced naturally is a
polycrystalline material, breakdown occurs at an interface of crystal
grains and natural graphite is produced in a flaky form, not in a
massive form having sufficient hardness and strength. Therefore,
generally natural graphite is classified by its particle size and is used
as an aggregate (filler).
(0005) On the other hand, in order to use graphite in various
applications mentioned above by making use of excellent
characteristics thereof, it is necessary to produce a graphite structure
having practicable strength and hardness. Since it is difficult to
obtain such a structure from natural graphite alone, various so-called
artificial graphite materials have been developed and put into practical
use.
(0006) (General method for producing artificial graphite materials)
Artificial graphite materials are produced by mixing a filler
as an aggregate and a binder and subjecting the mixture to molding,
baking for carbonization and graphitization treatment. It is essential
that both of the filler and the binder remain as carbon after the baking
for carbonization so as to give high carbonization yield, and a suitable

filler and binder are selected depending on applications.



polycrystalline material, breakdown occurs at an interface of crystal grains and natural graphite is
produced in a flaky form, not in a massive form having sufficient hardness and strength. Therefore,
generally natural graphite is classified by its particle size and is used as an aggregate (filler). (0005)On
the other hand, in order to use graphite in various applications mentioned above by making use of
excellent characteristics thereof, it is necessary to prgduce a graphite structure having practicable
strength and hardness. Since it is difficult to obtain such a structure from natural graphite alone,
various so-called artificial graphite materials have been developed and put into practical use. (0006)

(General mett@893) proddtirkfarbrerayrestieiehtteriarlie, a PAgiRGKEGrapHiE maRdHalsre
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suitable filler and binder are selected depending on applications. - 3 - (0007)A pre-baked petroleum

coke, a pre-baked pitglyBakerareaiv ahiephie, aprenbaked anttdaeiisldeeaipab blaceangthe like
are used as a filler. These fillers are kneaded with coal tar pitch, coal tar, a polymer resin material, or
the like and nfoldedbytextdedireg, foastbys xonating) g astitlye pressingtdragie like method. (0008)A
molded material is baked for carbonization at a temperature of 1000C or more in an inert atmosphere

and then baké@%@ﬁ)high t@mﬁ@?&ﬁﬁé oﬂ?@é@@%r n%%ret?akﬁé‘velﬁﬁngcérd?ﬁﬁ%qﬂj’staﬁétru%yre and
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and moisture, 8 ) ) rocarpon gases are aenera rom component

elements Otheitthgnrﬁgw%ﬂgﬁéra%ﬁwfege@m@t@g%@@dwﬁre@raéﬁﬁl king is gaRirolled to

be a low temperature €levating rate, and generally a very long period of time of 10 to 20 days for

heating up angr§$ealO daysifaigeoling dotaly dHirBndays is meaessary fereprodaking. for
carbonization, the starting material are subject to decomposition, and
moisture, carbon dioxide, hydrogen, and hydrocarbon gases are
generated from component elements other than carbon such as
hydrogen and nitrogen, and therefore, the baking is controlled to be a
low temperature elevating rate, and generally a very long period of time
of 10 to 20 days for heating up and 5 to 10 days for cooling, totally 15
to 30 days is necessary for production.
(0009) Graphitization process is carried out by electric heating with
a large-sized oven such as an Acheson electrical resistance oven. Also
in the graphitization process, a period of time of 2 to 7 days for electric
heating and 14 days for cooling, totally 16 to 21 days is necessary.
Totally about two months is required for production including
preparation of a staring material, molding, baking for carbonization
and graphitization. (Non-patent Document 1)
(0010) In general artificial graphite, a filler added in a molding step
is easily formed evenly in a certain direction and crystallinity is
enhanced as carbonization and graphitization proceed. Therefore,

anisotropy tends to be increased and as a result, a bulk density and a



(0009)Graphitization process is carried out by electric heating with a large-sized oven such as an
Acheson electrical resistance oven. Also in the graphitization process, a period of time of 2 to 7 days
for electric heating and 14 days for cooling, totally 16 to 21 days is necessary. Totally about two
months is required for production including preparation of a staring material, molding, baking for
carbonization and graphitization. (Non-patent Document 1) (0010)In general artificial graphite, a filler
added in a molding step is easily formed evenly in a certain direction and crystallinity is enhanced as
carbonization and graphitization proceed. Therefore, anisotropy tends to be increased and as a result,

a bulk density®s§RanicahesagHa tehch e e se¥ekreased. (0011)Both of the filler and

binder to be u hydrgcarbon.sybstances to arbonized after heat treatment and gre roughly
classified into @,ﬁ%raphl Q%a%le%ng%eerigﬂsf% b%neggg §/n§1.ré11bh$|2§8 ﬁ%et% aa{:ﬁen?llcarlosctﬁ%ape thereof

and hardly graghyizahle eaigyiahz hardy Ghantilized Jue, T azeinking ef ahenaeee flGRR

structure thereof.
classified into easily graphitizable materials to be easily graphitized
due to a chemical structure thereof and hardly graphitizable materials
hardly graphitized due to crosslinking of a benzene ring in a structure
thereof.
(0012) (Method for producing high density isotropic graphite material)

Examples of means for achieving high density are to use a

filler capable of being easily graphitized such as mesocarbon
microbeads comprising extracted matter of mesophase, gilsonite coke
or carbon beads, and then to adjust particle size distribution thereof,
to enhance compatibility thereof with a binder pitch, or to repeat
impregnation treatment thereof. Also, in order to impart isotropic
property, application of isotropic pressure with cold isostatic pressing
equipment at the molding stage is effective and is a general method.
In order to further increase a density, a process for impregnating the
material with a binder pitch again after the graphitization and
repeating the graphitization treatment has been carried out, but in this
process, a total period of time required for production is as extremely
long as 2 to 3 months.
(0013) In the case of use for electrode materials and nuclear power
application, purity of a graphite material is critical, and it is necessary
to carry out a treatment for securing high purity with halogen gas such
as chlorine gas at a temperature of as high as around 2000°C. By the
treatment for securing high purity, a concentration of impurities is

decreased from about several hundreds ppm to about several ppm.



(0012) (Method for producing high density isotropic graphite material) Examples of means for
achieving high density are to use a filler capable of being easily graphitized such as mesocarbon
microbeads comprising extracted matter of mesophase, gilsonite coke or carbon beads, and then to
adjust particle size distribution thereof, to enhance compatibility thereof with a binder pitch, or to repeat
impregnation treatment thereof. Also, in order to impd&t isotropic property, application of isotropic
pressure with cold isostatic pressing equipment at the molding stage is effective and is a general
method. In orf?((&#\o 5urther incr?astg-:- a densig, a ;f[roces for impregnating the, material with aa(t]linder
pitch again after égraph‘ﬁiz BhEhd réBg ?lﬁ@ hé%rjb%itiggﬁ tr8ht erﬁ)fjh%csl%%erg%gr?ire out, but
in this procesm@éwg?%gm&%@%g@{ﬂ ERRQIuUiand3,As eXIsMel 19n9 33 Filf3dngpths. (00
| 3)In the case of use forelectrode materials and nuclear power application, purity of a graphite
material is critigaldafdthis nepessastdmea iy tBeniaaignem dorgegshing-ngh probewibd)alpgen gas
such as chlorine gas at a temperature of as high as around 2000C. By the treatment for securing high
purity, a concéiatretiopbisapsolids fhdscrezsadipomoabeussbvephasadreds ipm tpralsegdseveral
ppm. -5 (0014)A starting material to be used for producing general artificial graphite and_high density
isotropic grapRtE SO AGHY or so'ﬁH‘?éﬁn.}Pﬁ(‘HGWQ%rbg%?ﬁﬁg AR8GrEBkHiZFEPHREestss, a

iquid phase-sgild phase feaction,or & splid phase teaction preceeds predomipanty, These.
hydrocarbon bESEd Thateridts expan its benzene rlr?g network due to ctllssma ioR ‘of glements such as

nycrogen, OXXEANT PGe, DELe P RAFLARPRKI ABD AARRHE C SRLPHIELE Y GO WIn

and stacking of carbon hexagonal™planes. Particularly in the graphitization process, which is a solid
phase reactiogtancextremsly Igng ieactiemiinesesekpigpesituce thes higb:agdbRAdC pranes is
required. (0015)In the case of artificial graphite and high density isotropic graphite, the graphitization
proceeds in aRguitcpiiasky orima sdiiel rageh dichtheref@reoeeen.if Wducthedasment $obdrripdhascfor a
long period of time at a temperature of as high as 3000C or more, complete crystallization

(graphitizatioGRHfRuIAR GSHERPSIYhPGE RS HEBs HtGeatRal HepRRRE e id H388 g/cm3,

and there is aell@gérbaocéyg}agqgrgzlg trté%r&orfé ((19016) (Heat treatment of polymer resin material)

(00195) In the case of artificial graphite and high density isotropic
graphite, the graphitization proceeds in a liquid phase or a solid phase,
and therefore even if heat treatment is carried out for a long period of
time at a temperature of as high as 3000°C or more, complete
crystallization (graphitization) is difficult, a density of the graphite does
not reach a theoretical density of 2.26 g/cm?3, and there is a limit in a
crystallite size thereof.

(0016) (Heat treatment of polymer resin material)

In the case of a carbon fiber produced using a resin such as
polyacrylonitrile (PAN), coal or petroleum pitch as a starting material,
such starting materials of a polymer material are draw into a fiber and
then carbonized and graphitized in the following heat treatment. In
addition, a highly oriented graphite film having high crystallinity can
be produced by depositing or applying boron, rare earth element or a
compound thereof to a polyimide film or a carbonized polyimide film,

laminating a plurality of films and then carrying out baking while



In the case of a carbon fiber produced using a resin such as polyacrylonitrile (PAN), coal or petroleum
pitch as a starting material, such starting materials of a polymer material are draw into a fiber and then
carbonized and gi aphitized in the following heat treatment. in addition, a highly oriented graphite film
having high crystallinity can be produced by depositing or applying boron, rare earth element or a
compound thereof to a polyimide film or a carbonized golyimide film, laminating a plurality of films and
then carrying out baking while - 6 - applying pressure to the film surface in the vertical direction
thereof at a temperature of 2000C or more in an inert atmosphere. However, an upper limit of the film

thickness is sEVPAY MgiREtERIP AR HR B SLineHT B @R ATRMSHEE fdr Hrsdiiony Graprrt Aaterial

by vapor phase growth T is\a method for producing carbon and a graphite material
through vapor DS RS, Uara Py oA 0 by ot o R el s ot a

reactor such ag,CYR (ehemical YaRplDEReSIiAMISMIRMENtARd biingig;he flALting magerials into
contact with a metal catalyst at high temperature. Examples of carbon materials to be produced by
vapor phase gmyethraesna tqapor-phase-grown carbon fiber, a carbon nanotube, a carbon nanohorn,

fullerene and the like. (0018)In the case of a vapor-phase-grown carbon fiber, by suspending an oxide
of transition m&QIIAViINt: theigefof senadaicingazeaplarigstraeina soiverpenghasaaicshio) and
spraying the solvent onto a substrate and drying it, the substrate carrying a catalyst is produced. This
substrate is put in a reactol 3iffa FydtocaRs %ag% fﬂﬁﬁd‘m%irﬁ%@%ﬁ rBtuPE P RHS Ut
1000C, thus gg)lw%ggiglc E?Pn Figervfgorgrthe ursface 19(; ‘;th tr%”Sit{?Qi Irpet?I1 ogrt(glceas%%srgragn%y vapor
phase reaction. Alteriative y%)gre is alcaselo ?etﬁn&a mixtureof a gas’o osfganlc fransition metal

compound ang, 0Garpen 9as flows i & reacteral abawd 090Ge RatentRRAmeat HPP19)A
graphitized fiber is obtained by subsequently heat-treating the carbon fiber obtained by vapor phase
growth at high(@hepaiatire\of 26000 epasdtie i) anqyvgmiengragphifizationgieatmént. starting
materials into contact with a metal catalyst at high temperature.
Examples of carbon materials to be produced by vapor phase growth
are a vapor-phase-grown carbon fiber, a carbon nanotube, a carbon
nanohorn, fullerene and the like.
(0018) In the case of a vapor-phase-grown carbon fiber, by
suspending an oxide of transition metal having a size of several
hundreds angstrom in a solvent such as an alcohol and spraying the
solvent onto a substrate and drying it, the substrate carrying a catalyst
is produced. This substrate is put in a reactor and a hydrocarbon gas
is flowed thereinto at a temperature of about 1000°C, thus growing a
carbon fiber from the surface of the transition metal on the substrate
by vapor phase reaction. Alternatively there is a case of letting a
mixture of a gas of organic transition metal compound and a
hydrocarbon gas flow into a reactor of about 1000°C. (Patent
Document 2)
(0019) A graphitized fiber is obtained by subsequently

heat-treating the carbon fiber obtained by vapor phase growth at high

temperature of 2000°C or more in an oven for graphitization treatment.



(Patent Document 3) In order to produce a graphitized fiber directly by vapor phase growth, a reaction
temperature of around 2000C is required. However, in such a temperature range, a transition metal as
a catalyst is liquefied and vaporized, and a function of the catalyst is not exhibited. Therefore,
generally graphitization is carried out separately after carbonization at low temperature. (0020)
(Carbon nanotubc) A carbon nanotube is a very minute substance having an outer diameter of
the order of nanometer and comprising cylindrical shape carbon hexagonal plane having a thickness

of several atomic layers, which was found in 1991. (Non-patent Document 1) It is known that this
carbon nanotdl?@%s‘?ﬁ%‘ﬂ@ﬁ%itgden@a@d%ﬁ 5n&g8 Cgle%tﬁfé‘é’%bré%éai%&%?ﬁ‘é%a

carbon material s%cah asa gra&piter Oawn%‘thig cé%rgé)ﬁ &?Q%t}%pee'%sa%g%ug?da%ﬁgggfo%ben i@aterial
such as a graphite 252 p85| Ive éfectrodé and a heat resnsta%t conductive material as a negative

electrode and cafryipsiout grseisehaige supile adissting-awar batwentheprsitive alestiodgand the
negative electrode in response to growth of a deposit on a negative electrode. (Patent Document 4)

(0021)A carbam nanslube is drenesfitadl by drodischarg. Howevdyadarge-sizedaeactatys teguired

and yield obtained is extremely low, and therefore, a mass production method has been studied.

Generally in artodis€rdrdi técarbdher BotsedSen pradiyctisredti Haatembe plaspidinch state of

carbon molecular species such as G, C2 and C3 being contained is generated in a reactor fully filled
AhASR

with an inert gasP LGRS i 6TERi5R BpECies are solidified into soot,
fullerene, a na@g%ggﬁgr@ gl%r}lsg)%@ésd. Therefore, -8 yield of nanotube is increased by
tial pres

optimizing a par sure of gases In a’chamber and a plasma temperature. (Patent Document 5)

(0022) (Method for precipitgtipg.ghlyrriestetharaphite/in-glaasmGaebeibstancd Nk 2633838 B
(Patent Document 6), it is disclosed that a graphite in the form of like bean jam of Monaka of a

Japanese-stylewtnfediiomést qrecipithtedinl arglaf syscariboatby mednsafpolding actiendosetling
resin into a thick plate by hot press or the like, forming the resin into a glassy carbon by carbonization
treatment andSubBEqGaRRYBubR ARG IHE RBRY dARTBR%0hItIEokRERSp s SIRKCTBAREHTIR this

method, it is necessary t cc%ntrol thizknesﬁi of thgggé ssy garbon tg about 6 mm in nﬂsr to{enable
baking and als8¥fécks Pk L0 dfthé Jihssy CRBOHPAREP henSatBH Bt graphits iForder to

take out a graphiie eIt is carbon nanotube exists in a deposit generated on a
negative electrode due to arc discharge of a carbon material such as a
graphite, and this carbon nanotube is produced by using a carbon
material such as a graphite as a positive electrode and a heat resistant
conductive material as a negative electrode and carrying out arc
discharge while adjusting a gap between the positive electrode and the
negative electrode in response to growth of a deposit on a negative
electrode. (Patent Document 4)

(0021) A carbon nanotube is generated by arc discharge. However,
a large-sized reactor is required and yield obtained is extremely low,
and therefore, a mass production method has been studied. Generally
in arc discharge of carbon to be used for production of a nanotube,
plasma in a state of carbon molecular species such as C, C2 and C3
being contained is generated in a reactor fully filled with an inert gas,
and, in the next stage, these carbon molecular species are solidified

into soot, fullerene, a nanotube or a high density solid. Therefore,



(0023) (Composite material of artificial graphite and artificial silicon (Si)) Si as a negative
electrode material for a lithium ion battery can occlude Li of about ten times larger amount than
graphite can. However, since such occlusion results in expansion of the volume by about three times,
any electrode made of it in the form of particle, thin film or wafer is broken by such expansion. Such
being the case, it is difficult to put Si into practical usesas a negative electrode material for a battery.
However, it was found that by forming Si into one-dimensional shape having a size of sub-micron
(one-dimensional shape nano-silicon material, for example, Si nano-wire, Si nano-rod, etc.), resistance

against expansieiil STFBAERS dSURBERTGL42E PRYBRIFHIEN BSElREMISH SYLe @I g Ses

(Intercalation compqund raphene layer can hold eit({ifzr of electron or holg.as a carrier, and
therefore, it cah f’](‘)rcr%1 %ﬁrg/bc?{ ir?t’é?i?g?é?llgr? %%tﬁéﬁﬁggac)%eebtr n%gggp w?gc 1alur:r(l:eerﬁ og)[ype and

electron-donafiispaqnekAYAgo Y13 OpSHELI ﬁg%:;f%%ﬁfgnmaa\@gsﬁw%@rgrsgs@nd

developed so far in a graphite having many lamin aphene layers and are known as graphite

intercalation cespew)ds (Non-patent Document 3). PRIOR ART DOCUMENTS PATENT
DOCUMENTS (0025) Patent Document 1: JP 3065896 B Patent Document 2: JP 62-49363 B Patent
Document 3: JP 2664819 B1REReAOB36ARdAt Patprrb PBA0gBepAtbht hosudispt@eIb st 434 B

Patent Document 6: JP 2633638 B . .
graphite in the form of like bean jam of Monaka of a Japanese-style

confection is precipitated in a glassy carbon by means of molding a
thermosetting resin into a thick plate by hot press or the like, forming
the resin into a glassy carbon by carbonization treatment and
subsequently subjecting the glassy carbon to hot isostatic pressing
treatment. In this method, it is necessary to control thickness of the
glassy carbon to about 6 mm in order to enable baking and also
necessary to break a shell of the glassy carbon after generation of
graphite in order to take out a graphite precipitate.

(0023) (Composite material of artificial graphite and artificial silicon
(S1))

Si as a negative electrode material for a lithium ion battery
can occlude Li of about ten times larger amount than graphite can.
However, since such occlusion results in expansion of the volume by
about three times, any electrode made of it in the form of particle, thin
film or wafer is broken by such expansion. Such being the case, it is
difficult to put Si into practical use as a negative electrode material for
a battery. However, it was found that by forming Si into
one-dimensional shape having a size of sub-micron (one-dimensional
shape nano-silicon material, for example, Si nano-wire, Si nano-rod,
etc.), resistance against expansion and breakage could be increased

(Non-patent Document 2).



NON-PATENT DOCUMENTS (0026) Non-patent Document 1: Nature, 354: pp. 56 - 58, 1991
Non-patent Document 2: Nature nanotechnology, 3: p. 31, 2008 Non-patent Document 3: Michio
Inagaki, Carbon 1989 (N0.139) 207 - 213 10 DISCLOSURE OF THE INVENTION PROBLEM TO BE
SOLVED BY THE INVENTION (0027)In the case of producing a graphite material having good
crystallinity (degree of graphitization) and being in thedform of mass, block, cylinder, polygonal rod or
sheet, a material once carbonized need to be graphitized at high temperature of about 3000C for a

long period of time in a solid phase reaction. Therefore, productivity is remarkably low and cost is high.
In order to alldRQRE hpistcalRhaB SRIBRIAA solid phase, it has been difficult to obtain complete

crystallinity of graphite in algt indus riallg a}%g]g%agle I{)rgg?gsié}ghtime fpregrgghgtrilzatio (l)rl'l a%dition, in

. . T n r O I O g € S
order to obtain a high densi y%?a% ite ma rial, iU1S necessary to control an OrieRtation of tarbon

hexagonal plapgs fil,the, Garbenizafign stage 59 faakihe rapiitaRlAR.3hAYH RIGRASS.AYA iBa Solid

phase reaction. Further there is a problem that steps for preparing a starting material, molding and
carbonizing argl €orrpticata poichfrodbleseroe, pyepduciiMity islvetydewdanchmetal dopuaities frmain in
the graphite material. (0028)Also, in electrodes of secondary batteries such as lithium
Many of such intercalation compounds have been researched and
developed so far in a graphite having many laminated graphene layers

and are known as graphite intercalation compounds (Non-patent

Document 3).
PRIOR ART DOCUMENTS
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207 - 213



ion batteries and hybrid capacitors and electrodes and diffuser panels of fuel cells, a porous graphite
panel or sheet having a high open pore ratio is required. However, when a porous article is made of an
artificial graphite material, strength of the material cannot be maintained, and therefore, it is necessary
to pulverize the material into a powdery and/or particulate form, to form it into slurry and then to coat
the slurry on a metal plate or the like. (0029)In the meithod for producing vapor-phase-grown carbon
Fibers using hydrocarbon gas as a starting material, the fibers can be produced by a relatively easy

process. However, it is necessary gﬁ%&%@@%ﬁmrﬁwg ber (reactor) and
graphitizing treatment is required separ ; herefore, there lem that equipment cost
increases greatly in a mass production. In addition, an obtained material is in the form of fiber having a
diameter of 1 mm or less, and therefore, in order to obtain a graphite material with a desired shape

having a sufficient strengthp R(SBIEERSSETY BR-SODTEWItE @ ey Enpregnation or to mold
together with a resin or to conduct carbonization and graphitization again. Further, since a metal

catalyst is an ¢88etftial matexidahior geserafioprofifibersg itds greqelssarynmtemal dthel ndderhedtalytic
metal in order to achieve a highly purity. (0030)Also, in the case of nanocarbon materials such as a
carbon nanotube StareHY ¢ 8BoR nErRIRBHHZAERNE errbheli oW dheidUideh Tsthem as a

structural component, it is necessary to combine,with a polymer material gs an additive and then
conduct carboﬁ&a%%n (%%n gagﬁhi %ﬁgﬁ%%laiﬁc& c(%)ratﬁnfg;t Slﬁrr)r/n a?r?& %@in@p‘iﬁogﬁﬁ)ﬁ) tHéFHethod
for producing g, bighlycriented gikanbite bit tragting-a-nalyimide resin gt High airsRIR (@RPlisaLon of
direct pressure on a material in a vertical direction thereto) at high temperature, there are problems
that there is a fienidd aghieknessof a pelddcibleapeodicic BBISOtropldsdasee, apesstiengtiig very low.

(0032)In the method for precipitating highly oriented graphite inside a thick glassy carbon material by
hot isostatic pressiagkteddmierv, Aisldiffistlt solbgite a tensalgiadey addovon imtgaahickinessiohl0 mm
or more, and further, since it is necessary to take out - 12 - ) )
to proceed in a solid phase, it has been difficult to obtain complete
crystallinity of graphite in an industrially applicable processing time
for graphitization. In addition, in order to obtain a high density
graphite material, it is necessary to control an orientation of carbon
hexagonal planes at the carbonization stage so that the graphitization
should proceed even in a solid phase reaction. Further there is a
problem that steps for preparing a starting material, molding and
carbonizing are complicated and troublesome, productivity is very low
and metal impurities remain in the graphite material.
(0028) Also, in electrodes of secondary batteries such as lithium
ion batteries and hybrid capacitors and electrodes and diffuser panels
of fuel cells, a porous graphite panel or sheet having a high open pore
ratio is required. However, when a porous article is made of an
artificial graphite material, strength of the material cannot be
maintained, and therefore, it is necessary to pulverize the material into
a powdery and/or particulate form, to form it into slurry and then to

coat the slurry on a metal plate or the like.

(0029) In the method for producing vapor-phase-grown carbon



precipitated graphite by breaking a shell of a glassy carbon, there is a problem that a large in size or
porous graphite cannot he obtained. (0033)As mentioned above, in the methods for carbonization and
graphitization in a solid phase using a liquid or solid starting material in the conventional methods for
producing graphite materials, there is a problem that (1) in order to develop carbon hexagonal planes
(graphite crystal structure), a very long period of timelaf about two months is required at a maximum
ultimate temperature of about 3000C, (2) a complete graphite crystal structure cannot be obtained, (3)
even if a complete graphite crystal structure is obtained, anisotropy is high and strength is low (being

strong in a plaheCdfteliIRD TR AL RRTKBR S s racibR) thH TR e Hirritiift {3500 a Borous
article having a large open pore ratio.. (0034)In the methaod for.allowing carbanization
dQlCCH @I)'l? a I'CI&U&@?}’ ga(?XdBa?ﬂCge?anICaIl?I(%]W?Vgr {% 1S ggges%r}ﬂ'g to

graphitization%%roceed ITa gaseous phase plasnia) by using a gaseous or solid
starting materjglarifr R{oqueing aRALRraldmalnbhcnRnsing-a @aRe) Cryaidl sirpiHIesueh as a
carbon nanotube, graphene, fullerene, a carbon nanofiber and a carbon nanohorn, there are problems
that a reactor ise=tiuiced, i3redyuctioad figieney dédywein b wh arefess pthduetionaspdifiideltnatichit is
difficult to directly produce a material of a large size in a form such as a mass, block, cylinder,
polygonal ronﬂ@ﬁt@C(@O%fgiﬁé@éﬁé@ﬁﬁeﬁﬁ@ﬂﬂvﬁah@msﬁrmgpﬁandma%é{ﬁﬁﬁ@ﬂ,

nano-wire, Si nano-rod, etc.) of one-dimensigonal shape is g method.for synthesizing them on a
substrate car§hd R X fgﬁ‘éﬁré%?,&ﬁ,% W%ﬁ?ﬁﬁ’ri@ﬁfﬁﬂ% gmgd&iaaé%ﬁnpﬁ"ift?ue id IGWRAnd there

o S S RN R MEANS T RO T PR
desired shape having a sufficient strength, it is necessary to combine
with a binder by impregnation or to mold together with a resin or to
conduct carbonization and graphitization again. Further, since a
metal catalyst is an essential material for generation of fibers, it is
necessary to remove the added catalytic metal in order to achieve a
highly purity.

(0030) Also, in the case of nanocarbon materials such as a carbon
nanotube, fullerene and carbon nanohorn, yield is extremely low, and
in order to use them as a structural component, it is necessary to
combine with a polymer material as an additive and then conduct
carbonization and graphitization again or coating of slurry and drying.
(0031) In the method for producing a highly oriented graphite by
treating a polyimide resin at high pressure (application of direct
pressure on a material in a vertical direction thereto) at high
temperature, there are problems that there is a limit in a thickness of a
producible product, anisotropy is large and strength is very low.

(0032) In the method for precipitating highly oriented graphite
inside a thick glassy carbon material by hot isostatic pressing
treatment, it is difficult to bake a dense glassy carbon into a thickness

of 10 mm or more, and further, since it is necessary to take out



study and as a result, have found a first aspect of the present invention such that a cluster of thin
sheet graphite crystals which is composed of aggregation in such a state that thin sheet graphite
crystals extend from the inside toward the outside (hereinafter also referred to simply as "a cluster of
thin sheet graphite crystals of the present invention™) can be produced by charging the powdery and/or
particulate material of an organic compound pre-baked to an extent of containing remaining hydrogen
(pre-baked starting material) in a closed vessel made of heat resistant material (for example, a vessel
made of graphite) and subjecting the powdery and/or particulate material together with the vessel to
hot isostatic p%%%%ﬁdr@?ﬂ?h}ﬁﬁt@étm&%%& fhelredcterinngy 6onamBad IS HavR found
that such a clustegf)f thir}xg?ea?tl Ff:(]rrgghite (igystals is useful as electrode m%t%rfi;alost’for. Iithciijm ion

batteries and H)r/Brl gaﬁ}am ofs and the method %?Iborgaﬁlf%% htéerggfnlg %lg in eﬁ‘%l%ﬁcy and

productivity, apghAaye compleigd the, resent iRentipn OGO rothe inysiiesa Gbihe.prgsent

invention have found a second aspect of the present invention such that a nano-silicon (Si) material (Si
nano-wire ang:&ipaNzEadon arfikrausiorpth donestdigensiguadsbaps isdprduces atrthecsame time
as the production of the above-mentioned cluster of thin sheet graphite crystals by mixing a silicon
powder to theiprétakenhsentimnaatmdih ehs Subjprtdy tiegrixapd ibgathaionigithélvessebto the
HIP treatment by adjusting a maximum ultimate temperature in the HIP treatmentto a - 14 -

temperature (8bdRRORISHE) Rty Hldsétto BidFelfitig POHTHOPSIEF Rigre, RFrARRRALoMFEER the
present invention. , . Furthermore, the inventors of the present jnvention have found a, third
aspect of the L%%grkftl}ﬁv%%%%u% %ﬁ%ﬁ?ﬁ’sﬁe‘e’tﬁ @r’aé)%l g) cEr)y?srtléljlcsf (Po?rnte%{‘r?n rﬂ\é 6rlnglﬂ%lJ p Z&-}g@/er

graphene having highs crystallinity-and & thicknessi ff kUt koMo lesspespagiallydnultipisitayer
graphene having a thickness of about 3.5 nm (about 10 layers) or less) and/or wrinkled and shrunk
thin sheet grapbitCy/st@p andéenttshgpeglihio shestgraphite tiystata thedtateesuitablientat,
preparing a transparent conductive film can be produced by pulverizing a mass of thin sheet graphite
crystals compG¥edvetaggregaralsitthgr sidet gepritecAistai ascal Stamiti) meste Aali peBsing the
pulverized resultant in a splvent, subjecting the dispersion tg ultrasonic wave treatment and .

centrifuging, cSIIBAERAASLDEITAEER: HherStd RE BRI o ft R BSVEREFIRTHIN IO ant, and
have completed &E‘%g%%&ﬁﬁ%%@%&- (9191%18&%' %%@’&%P&%e&t inve(ﬂggg aﬂs&e@{i’s‘ A pethod for
In's tal insu

producing a cﬁjstter 0 eet graphite crystals composed of agé)r%%a es in such a state that thin

sheet graphite,¢rystals axiend S theipside toward the outside, comprising preparing a powdery
and/or particulate material of an organic compound pre-baked to an extent of containing remaining

hydrogen, chg@idgHhe powdehy and/idtghrfoualie matgrieh thartestd nesael madehdtireatarsistant
material, and subjecting the powdery and/or particulate material together with the vessel to hot
isostatic presdingrirese@nusimg accanppduseel GaslutiosFericahireiasmatimyir sitvéidte
temperature in the hot isostatic (E)ressing treatment i? 900C -15- . ) )
gaseous or solid starting material or for producing a material mainly
comprising a graphite crystal structure such as a carbon nanotube,
graphene, fullerene, a carbon nanofiber and a carbon nanohorn, there
are problems that a reactor is required, production efficiency is very
low, a mass production is difficult, and it is difficult to directly produce
a material of a large size in a form such as a mass, block, cylinder,
polygonal rod or plate.
(0035) Since a conventional method for producing Si nano material
(Si nano-wire, Si nano-rod, etc.) of one-dimensional shape is a method
for synthesizing them on a substrate carrying a catalyst such as Au, In

or Sn, purity of the obtained target product is low and there is a

problem that productivity is low and cost is high.



or more and lower than 2000C, (2) the production method of above (1), wherein the maximum
ultimate temperature is 1000C or more and lower than 2000C, (3) the production method of above (1)
or (2), wherein the closed vessel made of heat resistant material is a closed vessel made of graphite.
(4) the production method of any of above (1) to §3)1¥vh_erein an amount of the remaining hydrogen is
not less than 6500 ppm, (5) the production method of any of above (1) to (3), wherein a pre-baking
temperature is 1000C or lower, (6) the production method of any of above (1) to (5), wherein the
closed vessel made of graphite is of triangular screw-capped type having an open pore ratio of less
than 20%, (7) the production method of any of above (1) to (6), wherein the organic compound is one
or more selected from the group dbB&BHJ O SarcH Fedlldib IR pYBielicollagen, alginic acid, dammar,
kovar, rosin, gutta-percha, natural rubber, cellulose resin, cellulose acetate, cellulose nitrate, cellulose
acetate butyfgfé?’égsein DRSSy B P et IS SEE thHRYRI Hh haree, ragide RISHRBIN Gesin,
benzoguanamine resin, epoxy resin, diallyl phthalate resin, unsaturated polyester resin, bisphenol A
type epoxy rgi‘Th,No% c%?peaeprg V;ESir%%?yfuﬁ%%ﬁgﬁa?e[%% réaiﬁl?g |Eyé?§ g%%x;? Febssfﬁgat]dkyd
resin, urethape, [esin, PAlYRSIetHesin: iYL eaiogee Hesin iy elhulB RGP RN ERMERS: PRIYRIYTene,
polyisoprene, butadiene, nylon, vinylon, acrylic fiber, rayon, polyvinyl acetate, ABS resin, AS resin,
acrylic resin,qpelypestal, palyipigegpalysarbanaiecmadifiechpotybhenylene afheet pelyaphate,
polysulfone, polyphenylene sulfide, polyether ether ketone, fluorine-containing resin, polyamide imide,
silicon resin,qrastidanexsitcly doamitthe persidenievkedcdhlecsketsiddhdh btaskaldtvardsearbon,
waste plastic, waste PET bottle, waste wood, waste plants and er%arbage,, (8) the production method of

any of above ¢i§%6ed) L RerRRIYha HoRdehy St/ ddiRusRE thaERBPSF S BIg M @nfftund is a

phenol resin having an average particle size of less than 10Q m, (9) t roduction methpgd of any of
above (1) to }egf,sv?/ érérllnvﬁgt |58§aﬁ%%r§§siﬂﬁot(§élé§’ngen |scgé?ﬁ§§1&?%1gsggﬁvéggteafﬁ§ grpart or the

whole of peripheny.qithe RigReteddrondenardcrpaticiiala PateHakelRRPHRRL eapRIuUNd

charged in the closed vessel made of graphite is covered with a spacer and a sleeve,
containing remaining hydrogen (pre-baked starting material) in a

closed vessel made of heat resistant material (for example, a vessel
made of graphite) and subjecting the powdery and/or particulate
material together with the vessel to hot isostatic pressing treatment
(HIP treatment) under the predetermined conditions, and have found
that such a cluster of thin sheet graphite crystals is useful as electrode
materials for lithium ion batteries and hybrid capacitors and the
method for production thereof is high in efficiency and productivity,
and have completed the present invention.

(0037) Further, the inventors of the present invention have found a
second aspect of the present invention such that a nano-silicon (Si)
material (Si nano-wire and Si nano-rod in a fibrous form) of
one-dimensional shape is produced at the same time as the production
of the above-mentioned cluster of thin sheet graphite crystals by
mixing a silicon powder to the pre-baked starting material, and
subjecting the mixture together with the vessel to the HIP treatment by

adjusting a maximum ultimate temperature in the HIP treatment to a



(10) the production method of above 9, wherein the spacer and the sleeve are made of one or more
selected from the group consisting of glassy carbon, diamond-like carbon and amorphous carbon,
(11) the production method of any of above (1) to (10), wherein one or more carbon materials selected
from the group consisting of carbon fiber, natural g_raplllite_, artificial graphite, glassy carbon and
amorphous carbon are mixed to the pre-baked powdery and/or particulate material of an organic
compound, (12) a method for producing a cluster of graphite crystals, in which the thin sheet graphite
crystals are pawtiy pleavadcgatpsising BEPLing eim intereatation eempnilnich 8f grapkitercemprsed of,
as a host material, the cluster of thin sheet graphite crystals produced by the method of any of above
(1) to (11), andreiisjeeting vimretapittaccohppunsentrapiccheating. (13) a cluster of thin sheet
graphite crystals composed of aggregates in such a state that thin sheet graphite crystals extend from

the inside -17- toward the DHLRAETPAf a RSP BETHIATSHOL: BREpHITE S5y I8 WHAIREY ByRpartly
cleaving the thi et graphite crystals of the cluster of thin sheet graphite crystals.of abave (13),
(15) a methodW%rﬁg(r?o uc%%%ra n%?é?g |c81rf1 naliélteﬁgﬁs)?%el- f]rﬁgrtlls(?glna#us t%pé%%gn%ﬁgina §te aring a

powdery and/gra@m@_a&%@&qgatﬁfra%ﬁgﬁgi%,C%%&Q@g@?kggatﬁr?éh%ﬁ%%goﬁi g
remaining hydrogen, mixing a silicon powder thereto, charging the mixture in a closed vessel made of
heat resistant orgteridliraing sahjéctingtihiz kixisse tageibenwith thervessettolbes isesipie RIEgsing
treatment using a compressed gas atmosphere, wherein a maximum ultimate temperature in the hot

isostatic pressingtgaenisntas g2pbcsraioreiarg dollticknrnsz0008b@us) 3 methodforproddcing a

graphite-silico%§om§05ite mate}rial, comprising a cluster of thin sheet graphite crystals composed of
aggregates in S0 ¥ s¥fte IRAFkATALET gPHHE R sttislesRBRH B miM& inshigSowsianhéteutside

and a nano-sili {Qfge%?l 5?7 8Pe'r%iﬂ1-%r}‘1szi1%:é% shape., t%@?(@gtl%?% ﬁgﬁiﬂgri%?d? ég[[gl%arj&gd% pg¥vdery

and/or particulate material of'an organic compound pre bake extent’of containing remacfning

hydrogen, mixing @ BICIBPpwess Hheseto cehargng dhe MbdrednaClonad assEL made; of heat

resistant material, and subjecting the mixture together with the vessel to hot isostatiC pressing

treatment usingya porhenessed gasratmesplietdiwhsheiata graxiniven citisatésteroperaierlinghe hot
isostatic pressing treatment is 1320C or more and lower than 2000C, (17) the production method of
above (15) or {EBYGEREESIN The thEixinshiealiltigraBhéinpermtsirals E850€ Gitamdfaanthe8e0&@br less,

dispersing the pulverized resultant in a solvent, subjecting the
dispersion to ultrasonic wave treatment and centrifuging, collecting a
supernatant therefrom, and distilling off the solvent from the
supernatant, and have completed the present invention.

(0038) Namely, the present invention relates to:

(1) a method for producing a cluster of thin sheet graphite crystals
composed of aggregates in such a state that thin sheet graphite
crystals extend from the inside toward the outside, comprising
preparing a powdery and/or particulate material of an organic
compound pre-baked to an extent of containing remaining hydrogen,
charging the powdery and/or particulate material in a closed vessel
made of heat resistant material, and subjecting the powdery and/or
particulate material together with the vessel to hot isostatic pressing
treatment using a compressed gas atmosphere, wherein a maximum

ultimate temperature in the hot isostatic pressing treatment is 900°C



- 18 - (18) the production method of any of above (15) to (17), wherein the silicon powder is one
having a particle size of less than 500 m, (19) a graphite-silicon composite material comprising a
cluster of thin sheet graphite crystals composed of aggregates in such a state that thin sheet graphite
crystals extend from the inside toward the outside and.a nano-silicon material of one-dimensional
shape, (20) a method for producing thin sheet graphite crystals and/or wrinkled and shrunk graphite
crystals thereof and/or roll-shaped graphite crystals thereof which are dispersed in a solvent,
comprising dispersinceimadobient alpaty@r@d @sultant of mass of thin sheet graphite crystals
composed of aggregates of thin sheet graphite crystals, subjecting the dispersion to ultrasonic wave
treatment and(@dritrieugirasl andenemeshecting alepeHatawhirsairohs 12dxanethadtionpteducing

thin sheet graphite crystals and/or wrinkled and shrunk graphite crystals thereof and/or roll-shaped

graphite crystAfSPREEIRESHDHASAY disOling SrERELINBTHAATHEIRM Sheet graphite crystals

dispersed and i run ite.crystals thereof and/ar roll-shaped graphite crystals
thereof of aboé%(%?@ﬁ%ﬂgg%lsgg%gg }C}n %@%ﬁygﬁt,{?gﬂrtﬁﬁ%ﬁ roduction %%tﬁc%so %t‘)’g\/ségl %O) or
(21), wherein the mass pEinshreh giapiiie PRI BN ofAglsdates of tjRRReet graphite
crystals is a cluster of thin sheet graphite crystals composed of aggregates in such a state that thin
sheet graphitg4)ydtalpexthnck frormtlee hingldef tawardfth® outside td 2 3) thithshert graphite>cystals
and/or wrinkled and shrunk graphite crystals thereof and/or roll-shaped graphite crystals thereof which

are dispersed ®h BsoRespeantheomtegaulibapdrlgripHenn RRMYRPTLO -

(5) the production method of any of above (1) to (3), wherein a
pre-baking temperature is 1000°C or lower,

(6) the production method of any of above (1) to (5), wherein the closed
vessel made of graphite is of triangular screw-capped type having an
open pore ratio of less than 20%,

(7) the production method of any of above (1) to (6), wherein the
organic compound is one or more selected from the group consisting of
starch, cellulose, protein, collagen, alginic acid, dammar, kovar, rosin,
gutta-percha, natural rubber, cellulose resin, cellulose acetate,
cellulose nitrate, cellulose acetate butyrate, casein plastic, soybean
protein plastic, phenol resin, urea resin, melamine resin,
benzoguanamine resin, epoxy resin, diallyl phthalate resin,
unsaturated polyester resin, bisphenol A type epoxy resin, Novolac type
epoxy resin, polyfunctional epoxy rein, alicyclic epoxy resin, alkyd
resin, urethane resin, polyester resin, vinyl chloride resin, polyethylene,
polypropylene, polystyrene, polyisoprene, butadiene, nylon, vinylon,
acrylic fiber, rayon, polyvinyl acetate, ABS resin, AS resin, acrylic resin,
polyacetal, polyimide, polycarbonate, modified polyphenylene ether,
polyarylate, polysulfone, polyphenylene sulfide, polyether ether ketone,

fluorine-containing resin, polyamide imide, silicon resin, petroleum



thickness of not more than 10 nm, (24) thin sheet graphite crystals and/or wrinkled and shrunk
graphite crystals thereof and/or roll-shaped graphite crystals thereof which comprisemulti-layer
graphene having a thickness of not more than 10 nm, (25) the production method of any of above (1)
to (10), wherein silicon, silicon oxide, titanium oxide or zinc oxide is mixed to the pre-baked powdery
and/or particulate material of an organic compound, (&6) the cluster of thin sheet graphite crystals of
above (13), wherein silicon is dispersed uniformly, (27) the cluster of thin sheet graphite crystals of

cryotal of abaA 1) TR BRI A BALS BlspEon UHRDTRYS, CATon DIAEkP P BRhE
INVENTION Q%%%?C%Qw Bl etpad iorradugnghe sysier gL mec@t gian lage -gyptals in

the first aspect of the present invention, it is possible to produce an artificial graphite aterlal aving
excellent crystadimtyg@nd graphite particles and graphite structures which,

(8) the production method of any of above (1) to (7), wherein the
powdery and/or particulate material of an organic compound is a
phenol resin having an average particle size of less than 100 pm,

(9) the production method of any of above (1) to (8), wherein hot
1sostatic pressing treatment is carried out in such a state that a part or
the whole of periphery of the pre-baked powdery and/or particulate
material of an organic compound charged in the closed vessel made of
graphite is covered with a spacer and a sleeve,

(10) the production method of above 9, wherein the spacer and the
sleeve are made of one or more selected from the group consisting of
glassy carbon, diamond-like carbon and amorphous carbon,

(11) the production method of any of above (1) to (10), wherein one or
more carbon materials selected from the group consisting of carbon
fiber, natural graphite, artificial graphite, glassy carbon and
amorphous carbon are mixed to the pre-baked powdery and/or
particulate material of an organic compound,

(12) a method for producing a cluster of graphite crystals, in which the
thin sheet graphite crystals are partly cleaved, comprising preparing an
intercalation compound of graphite composed of, as a host material,
the cluster of thin sheet graphite crystals produced by the method of
any of above (1) to (11), and subjecting the intercalation compound to
rapid heating.

(13) a cluster of thin sheet graphite crystals composed of aggregates

in such a state that thin sheet graphite crystals extend from the inside



being useful for fuel cells, capacitors, etc, are isotropic in total while keeping high crystallinity and
therefore have been hardly produced. It is also possible to shorten a period of time required for
producing an artificial graphite material from 2 or 3 months to several hours, thus enhancing
productivity to a great extent. As a result, cost can be reduced, which expedites cost reduction in
applications such as fuel cells and capacitors where a%percentage of carbon material cost in the - 20 -
total cost is high, and, therefore, the applications are expected to be widespread. In the present
invention, since graphite is produced by vapor-phase growth, it is possible to design and produce a
wide range of 19 ﬁ%ﬁ?ﬁ/%‘ﬁ?&%us graphite mass having an ideal graphite crystal structure and

crystallite size.4l59, {isRassible i peoduce,a (o material inwiigh edae porions of the, 6gehon
e% ﬁ‘é{ @?9 , 1t |s}90ar on?ﬁ‘

hexagonal planes face toward the plane direction (For obtaining a thin materi agonal

planes that haye:-beemaligned ipthpiiane sirgetianso fB8. digyeferes itisROsEIBE teRIpyide a thin
material having an ideal structure as electrode materials for batteries using a generation reaction of a
graphite intercatpsion sohpbond $USH, as lithium ion batteries and hybrid capacitors. Further, it is
possible to produce and provide an ideal material in applications such as a diffuser panel requiring

graphite matetia¥ ARG S PERENBEE FfiesalicengEaberR IRy chinGystiamaty of
graphite, highs‘ﬁ’ggé‘? tlc\g%’qu%mpéj rg}fe%”éjrﬂil has t{)%lwg%ry and/or particulate material of
an organic compound pre-baked to an extent of containing remaining
hydrogen, mixing a silicon powder thereto, charging the mixture in a
closed vessel made of heat resistant material, and subjecting the
mixture together with the vessel to hot isostatic pressing treatment
using a compressed gas atmosphere, wherein a maximum ultimate
temperature in the hot isostatic pressing treatment is 1320°C or more
and lower than 2000°C,

(16) a method for producing a graphite-silicon composite material,
comprising a cluster of thin sheet graphite crystals composed of
aggregates in such a state that thin sheet graphite crystals extend from
the inside toward the outside and a nano-silicon material of
one-dimensional shape, the method comprises preparing a powdery
and/or particulate material of an organic compound pre-baked to an
extent of containing remaining hydrogen, mixing a silicon powder
thereto, charging the mixture in a closed vessel made of heat resistant
material, and subjecting the mixture together with the vessel to hot
isostatic pressing treatment using a compressed gas atmosphere,
wherein a maximum ultimate temperature in the hot isostatic pressing
treatment is 1320°C or more and lower than 2000°C,

(17) the production method of above (15) or (16), wherein the maximum

ultimate temperature is 1350°C or more and 1800°C or less,



(0040)According to the second aspect of the present invention it is possible to produce, as an
electrode material, a nano-silicon material of one-dimensional shape having increased resistance to
expansion and breakage and a graphite-silicon composite material comprising such a nano-silicon
material of one-dimensional shape and a cluster of thin sheet graphite crystals, under catalyst-free
condition without a substrate, at high productivity and/8r at low cost. Moreover, any of the cluster of
thin sheet graphite crystals and the nano-silicon material of one-dimensional shape which constitute

thin sheet graphite cr . con ne-dimensional shape which cons
Therefore, elaaidl eeRsrs A e g P DA L s L pbvieBg chn e

According to tEgithitd geReitofdhRresanhipveianididshassibiR i effisierbycpraguce thin sheet
graphite crystals, and/or wrinkled and shrunk graphite crystals thereof and/or roll-shaped graphite
crystals there¢1. 9y arepegrhiltess tiniors eehgragiitéitenaaptstails] eptipriginkled ahgssbruok graphite
crystals thereof and/or roll-shaped graphite crystals thereof arc useful for a transparent conductive
film, a conductREHIngTREALED eIl ird il P ERBOHS ddaing 2RARSMEM die fONERIE SRS CRISTION

OF' THE DRAWINGS (0041) (Fig, 1) A cross-sectional view showing a structure of a graphite crucible
in the embodifeht § pgr‘é)asgh?ﬁﬁ\féﬂf .?F?j‘.tﬁ?if {FoLR-LBGig SRl oG e Sistd® of a

graphite crucigﬁ(%'nat %@@ﬂ%%méﬁgﬁg%ge&@@%@&%@ 8 Bg?%%%ked starting material being

charged therein. (Fig. 3) A cross-sectional view showing a structure of a graphite crucible in the

embodiment gbthe preseatHioENtign Wb Auierpakadstatisaimatersi heing:ghargsd heagigand the
crucible being sealed. (Fig. 4) A cross-sectional view showing a structure of a graphite crucible in the
embodiment oftiekirteanidvesition kn whigbttite witgtetal $hetheprenill boithinof thd whdyaded
starting material 3 is covered with spacers and the crucible is sealed.
graphite crystals thereof which are dispersed in a solvent, comprising
dispersing in a solvent a pulverized resultant of mass of thin sheet
graphite crystals composed of aggregates of thin sheet graphite crystals,
subjecting the dispersion to ultrasonic wave treatment and
centrifuging, and then collecting a supernatant therefrom,
(21) a method for producing thin sheet graphite crystals and/or
wrinkled and shrunk graphite crystals thereof and/or roll-shaped
graphite crystals thereof, comprising distilling off the solvent from the
thin sheet graphite crystals dispersed and/or wrinkled and shrunk
graphite crystals thereof and/or roll-shaped graphite crystals thereof of
above (20) which are dispersed in a solvent,
(22) the production method of above (20) or (21), wherein the mass of
thin sheet graphite crystals composed of aggregates of thin sheet
graphite crystals is a cluster of thin sheet graphite crystals composed
of aggregates in such a state that thin sheet graphite crystals extend
from the inside toward the outside,
(23) thin sheet graphite crystals and/or wrinkled and shrunk graphite
crystals thereof and/or roll-shaped graphite crystals thereof which are

dispersed in a solvent and comprise multi-layer graphene having a



(Fig. 5) A cross-sectional view showing a structure of a graphite crucible in the embodiment of the
present invention, in which the - 22 - whole of the side of the pre-baked starting material 3 are
covered with a sleeve and the crucible is sealed. (Fig. 6) A cross-sectional view showing a structure of
a graphite crucible in the embodiment of the present invention, in which the whole of the bottom, top
and side of the pre-baked starting material 3 are cover®d with spacers and a sleeve and the crucible is
sealed. (Fig. 7) A diagrammatic (cross-sectional) view explaining a mechanism of generation of
vapor-phase-gtrg}/(\é ra hif ontthe surf&t{:e otl@% p[ge-baked starting material in the embodiment of the

present invention. |§. §)O gr(y)/s al orientation of carbon hexagonal planes in a graphite crystal

structure. (Fig(9) eiagrSHUBaLG YSM1@XBIRIsRgARCANie MRk 188 VAROTPHRESRIBWR HIaPhite of
the present invention growing outward (approximately radially) from the surface of the pre-baked
starting materietyi thesdirtketionfofdiad Axis ebiiraphitecctystad plrige 16)yAdibgrahwnati€ which
(cross-sectional) view according to the embodiment of the present invention showing generation of a
vapor-phase-gtompgiephine liolaie therpoheas hadiparti Hateknarsialor thepradhakedstbting
material in various forms. (Fig. 11) A diagrammatic view showing a mechanism of anisotropie
generation and"fftowth of a conventional graphite material.

(25) the production method of any of above (1) to (10}, wherein silicon,
silicon oxide, titanium oxide or zinc oxide is mixed to the pre-baked
powdery and/or particulate material of an organic compound,

(26) the cluster of thin sheet graphite crystals of above (13), wherein
silicon is dispersed uniformly,

(27) the cluster of thin sheet graphite crystals of above (13), wherein
titanium oxide is dispersed uniformly, and

(28) the cluster of thin sheet graphite crystals of above (13), wherein

zinc oxide is dispersed uniformly.

EFFECT OF THE INVENTION
(0039) According to the method for producing the cluster of thin
sheet graphite crystals in the first aspect of the present invention, it is
possible to produce an artificial graphite material having excellent
crystallinity, and graphite particles and graphite structures which,
being useful for fuel cells, capacitors, etc, are isotropic in total while
keeping high crystallinity and therefore have been hardly produced. It
is also possible to shorten a period of time required for producing an
artificial graphite material from 2 or 3 months to several hours, thus
enhancing productivity to a great extent. As a result, cost can be
reduced, which expedites cost reduction in applications such as fuel

cells and capacitors where a percentage of carbon material cost in the



(Fig. 12) A diagrammatic view according to the embodiment of the present invention showing a
mechanism of isotropic growth of the vapor-phase-grown graphite from the surface of the pre-baked
starting material. (Fig. 13) A diagrammatic view (cross-section) according to the - 23 - embodiment of
the present invention showing a mechanism of gener2tion of vapor-phase-grown graphite on an outer
surface and inside of spherical pre- baked starting material. (Fig. 14) A diagrammatic view
(cross-section %)'%gordu]cg 10 he embodi tof the pr ent |n ention showing a mechanism, of

generation of ‘PhiasdSgroRi gfdp t § bk %?‘Fﬁ%fh?eaaﬁ SHBGRESurcRof

spherical pre vpﬂ%eﬁis@gng material. (Fig. 15) An electron mlcrograph showing a surface of the
product of Sample No. 1 in Example 1. (Fig. 16) A photograph showing a high magnification image of

Fig. 15. (Fig. 17) An electmn rtierogiaie shomingra idekesi sedfageghthieprrdystef Sasaplg;iNo. 1 in
Example 1. (Fig. 18) An electron micrograph showing a broken surface of the product of Sample No. 5
in Example 1.v@Epriphaseigoimwthmidrographshdeving delsigie asdriacedithecpmiictefrgample No.
6 in Example 1 (Flg 20 Measurlng result of Raman spectroscopic spectrum of Sample No. 1 in

Example 1. (F§. Bighv ihy RR0I BTSSP S EBERSSHRTInS P 18528 HExample

: crystal structure and crystallite size. Also, it is possible to produce a

thin material in which edge portions of the carbon hexagonal planes
face toward the plane direction (For obtaining a thin material, it is
carbon hexagonal planes that have been aligned in the plane direction
so far). Therefore, it is possible to provide a thin material having an
ideal structure as electrode materials for batteries using a generation
reaction of a graphite intercalation compound such as lithium ion
batteries and hybrid capacitors. Further, it is possible to produce and
provide an ideal material in applications such as a diffuser panel
requiring graphite materials having a proper open pore ratio, good fuel
gas permeability, high crystallinity of graphite, high conductivity, high
purity and high strength.

(0040) According to the second aspect of the present invention, it is
possible to produce, as an electrode material, a nano-silicon material of
one-dimensional shape having increased resistance to expansion and
breakage and a graphite-silicon composite material comprising such a
nano-silicon material of one-dimensional shape and a cluster of thin
sheet graphite crystals, under -catalyst-free condition without a
substrate, at high productivity and/or at low cost. Moreover, any of
the cluster of thin sheet graphite crystals and the nano-silicon material
of one-dimensional shape which constitute the obtained nano-silicon

material or graphite-silicon composite material is high in purity.



(Fig. 22) An electron micrograph showing a surface of the product of Example 2. (Fig. 23) A
photograph showing a high magnification image of Fig. 22, A bar in this photograph represents 2 gm.
(Fig. 24) An electron micrograph showing a surface of the product of Example 3. A bar in this
photograph represents 20 gm. (0042) - 24 - (Fig. 25) A photograph by a scanning electron microscope
(SEM) of the sample obtained in Example 8. Vapor-phase-grown graphite is slightly generated on the
surface of the spherical pre-baked starting material, and carbon nanotubes are also observed. (Fig.

26) A photograph by SEM of the sample obtained in Example 8. In the photograph, white ones are

silicon and areliteprafrasstaticetngdtcies Eitpls 7pndHeegHph Sowng hichpmesiatcean are
sample subjected t ressmg)?(gd heating in Example 9. The photograph shows the inside of the

opened graphl?@]&r idte bd d the inner surface of the top cover of the graphite crumble As
shown therein, white portlog&égpdﬁ) lﬂgt% J‘Hrﬂ Ff)é%l{ %@C{R g%g trl1 ns rengh S
(%é ,& otograplh by

materials of vapor-phase-grown graghite an rous s con compou

SEM of a felt-likgsutie-caloredipredust l@)ma&r@gmﬁa fighea t(FigagRidn e%rigﬁg vigypj e
foregoing figure.
wrinkled and shrunk graphite crystals thereof and/or roll-shaped

graphite crystals thereof. Moreover, these thin sheet graphite crystals,
and/or wrinkled and shrunk graphite crystals thereof and/or
roll-shaped graphite crystals thereof are useful for a transparent
conductive film, a conductive film, heat-conductive film and an adding

material therefor.

BRIEF DESCRIPTION OF THE DRAWINGS
(0041)
(Fig. 1) A cross-sectional view showing a structure of a graphite
crucible in the embodiment of the present invention.
(Fig. 2) A cross-sectional view showing a structure of a graphite
crucible in the embodiment of the present invention with a pre-baked
starting material being charged therein.
(Fig. 3) A cross-sectional view showing a structure of a graphite
crucible in the embodiment of the present invention with a pre-baked
starting material being charged therein and the crucible being sealed.
(Fig. 4) A cross-sectional view showing a structure of a graphite
crucible in the embodiment of the present invention, in which the
whole of the top and bottom of the pre-baked starting material 3 is
covered with spacers and the crucible is sealed.
(Fig. 5) A cross-sectional view showing a structure of a graphite

crucible in the embodiment of the present invention, in which the



(Fig. 30) An enlarged view of the foregoing figure. (Fig. 31) A photograph by SEM of a portion which is
contained in the felt-like white-colored product in Fig. 28 and in which spherical and disk-like products
are generated in a moniliform shape on fibers of nano size. (Fig. 32) A photograph by SEM of the
same product as in the foregoing figure. (Fig. 33) A photograph by SEM of the vapor-phase-grown
graphite and the silicon compound generated in Example_9. Many of silicon generated in the form of
rod are observed. - 25 - (Fig. 34) An enlarged view of rod-like silicon shown in the foregoing figure.
(Fig. 35) A photograph by SEM of the vapor-phase-grown graphite and the silicon compound
generated in Exaalple tMasydsf fibrdus sitledpedardpolandsgenerdeatrdré sicvavvEigdzs)i
photograph by SEM of a partion of the sample obtained in Example 9 where many of rod-like silicon
are generated® (B % PADHOO GrapH BYF SE/F81 Shortion where disk-like products are coalescing on
fibrous products.in a moniliform shape in the silicon product obtaingd in Example 9. (Eig. An X-ra
diffraction patclfeﬁlrgbf e%ar%ﬁ?es Sshsb%)getc]t%la 0 p‘)'frlgs?ginsg%aor%lﬂgat%gslﬁrggglrﬁglep : I%t(t‘%elgﬁgﬁr}é?the )
upper portion [epr&3Rats themeasuingrasuioldihe mbitsrealonediteliigsnoduct wpddhe fpwer

portion represents the measuring result of the black-colored portion. In any of the results, diffraction
curves correspandisgototihe sinttiunestopvapadr-pliksegtbwnpytaphite; Gikcantang siconrcariide were
observed. are covered with spacers and a sleeve and the crucible is sealed.
(Fig. 7) A diagrammatic (cross-sectional) view explaining a mechanism
of generation of vapor-phase-grown graphite on the surface of the
pre-baked starting material in the embodiment of the present
invention.
(Fig. 8) A crystal orientation of carbon hexagonal planes in a graphite
crystal structure.
(Fig. 9) A diagrammatic view explaining a mechanism of the
vapor-phase-grown graphite of the present invention growing outward
(approximately radially) from the surface of the pre-baked starting
material in the direction of "a" axis of graphite crystal.
(Fig. 10) A diagrammatic (cross-sectional) view according to the
embodiment of the present invention showing generation of a
vapor-phase-grown graphite around the powdery and/or particulate
material of the pre-baked starting material in various forms.
(Fig. 11) A diagrammatic view showing a mechanism of anisotropic
generation and growth of a conventional graphite material.
(Fig. 12) A diagrammatic view according to the embodiment of the
present invention showing a mechanism of isotropic growth of the
vapor-phase-grown graphite from the surface of the pre-baked starting

material.

(Fig. 13) A diagrammatic view (cross-section) according to the



(Fig. 39) A photograph by SEM of the rod-like silicon. (Fig. 40) Results of qualitative analysis of EDX
(energy dispersion X-ray spectroscopy) of the portion observed in the foregoing figure. A strong peak
derived from silicon was observed. A peak of Ar corresponds to argon occluded in the
vapor-phase-grown graphite. (Fig. 41) A characteristic X-ray map of the portion observed in Fig. 39 by
the measurement of EDX. The portion marked SEM t$an SEM image (secondary electron image), and
photographs marked Si, C and Ar show the characteristic X-ray maps of the respective elements

(Portions whesg s dRaRBGIVEEI@MENtS RIS AFESER ki ICARGWhh g 26 Whie RISk dmthe map
marked Si, the same forms as the rod-like product in SEM image is observed, and it is seen that Si
elements arc geeseatibareofnthpanaplrassketddymogngdplikedosns aan be w@hsenerh @anddhdrefore,
the rod-like portions observed in SEM are mainly composed of Si. (Fig. 42) Measuring results of EDX
of the portioniinsifiichispiplfickiadnerdiskalkedpsdaticrscaraajentghted in a moniliform shape on fibers
of nano size and which is contained in the felt-like white-colored product in Fig. 27. In this figure, the

upper photogFaphis shbw SEMIEHBBTEYRNd Bsa¥actEFREE REE b p LT tHESowk? g shows
gualitative an itative anglysis results of EDX. In the characteristic X-ray maps of SEM, Si and 0,
gﬁﬂ%%@fﬁ%é\{g[ Qi?-l %lﬁ({ é‘res%ﬂ?? HVSI’I?OH . S%S"g)%r}ﬁapaOf éiec

1 %rnsm . .
the same mo orm can be observed, but in the characteristic , SUcn a moniirorm Is

not observed gEIRAhisyit isCopd %@hﬁ&&hgﬂ@wcgm&@mﬁmﬂ shapg e corpased of Si
and O. (Fig. 43) A photograph by SEM of the surface of the sample generated in Example 10 in which
the pre-bakingttencparatune waso206€ s{khith &4 bA gtotegrapipiy: M dfdher surfaaeatiialsample
generated in Example 10 in which pre-baking temperature was 600C. (Fig. 45) A diagrammatic view
showing the dffigtutes dthelgeiphite BrsEipEr ARt thh ey eamorapacer bnd Reesteof e sample
filled. (Fig. 46), A photograph showing an appearance of the generated film-like product in Example 11
being formed%%ﬁ%?%ﬁ%cé ﬁ%é%%?&? arbon spacer and comprising vapor-phase-grown graphite

e SRBRCIR) A lohd (4 AR SHARY Shie AR GA9E RABL TR DAL I8
(Fig. 17) An electron micrograph showing a broken surface of the
product of Sample No. 1 in Example 1.

(Fig. 18) An electron micrograph showing a broken surface of the
product of Sample No. 5 in Example 1.

(Fig. 19) An electron micrograph showing a broken surface of the
product of Sample No. 6 in Example 1.

(Fig. 20) Measuring result of Raman spectroscopic spectrum of Sample
No. 1 in Example 1.

(Fig. 21) Measuring result of Raman spectroscopic spectrum of Sample
No. 5 in Example 1.

(Fig. 22) An electron micrograph showing a surface of the product of
Example 2.

(Fig. 23) A photograph showing a high magnification image of Fig. 22.
A bar in this photograph represents 2 pm.

(Fig. 24) An electron micrograph showing a surface of the product of
Example 3. A bar in this photograph represents 20 um.

(0042)



- 27 - (Fig. 48) An enlarged photograph by SEM of the portion which looks flat in Fig. 47. (Fig. 49) An
enlarged photograph of Fig. 48. (Fig. 50) An enlarged photograph by SEM of the portion which looks
like a protruding portion in Fig. 47. (Fig. 51) An enlarged photograph of Fig. 50. (Fig. 52) A photograph
by SEM of the product formed on the surface of the sggnp_le in Example 12. (Fig. 53) An enlarged
photograph of Fig. 52. (Fig. 54) An enlarged photograph of Fig. 53. (Fig. 55) A photograph by SEM of
the product of Example 13. (Fig. 56) An enlarged photograph of Fig. 55. (Fig. 57) A photograph by
SEM of the prowigct o6 Fxapia dged big - 1h8 A st anlaigedNbetegraphiof fdgopé. (SEM) of the

sample obtained in Example 8. Vapor-phase-grown graphite is
slightly generated on the surface of the spherical pre-baked starting
material, and carbon nanotubes are also observed.

(Fig. 26) A photograph by SEM of the sample obtained in Example 8.
In the photograph, white ones are silicon and are kept in a state of
particles.

(Fig. 27) A photograph showing an appearance of the sample subjected
to pressing and heating in Example 9. The photograph shows the
inside of the opened graphite crucible body and the inner surface of
the top cover of the graphite crucible. As shown therein, white
portions are products in the form of felt and black portions are
composite materials of vapor-phase-grown graphite and fibrous silicon
compound.

(Fig. 28) A photograph by SEM of a felt-like white-colored product in
the foregoing figure.

(Fig. 29) An enlarged view of the foregoing figure.

(Fig. 30) An enlarged view of the foregoing figure.

(Fig. 31) A photograph by SEM of a portion which is contained in the
felt-like white-colored product in Fig. 28 and in which spherical and
disk-like products are generated in a moniliform shape on fibers of
nano size.

(Fig. 32) A photograph by SEM of the same product as in the foregoing
figure.

(Fig. 33) A photograph by SEM of the vapor-phase-grown graphite and
the silicon compound generated in Example 9. Many of silicon

generated in the form of rod are observed.



(Fig. 59) A photograph by SEM of the graphene-laminated carbon nanofiber (CNF) generated in
Example 15. This figure shows many graphcnc sheets laminated to form a fiber. (Fig. 60) A
photograph by SEM of the graphene-laminated CNF generated in Example 16. (Fig. 61) An enlarged
photograph of the foregoing figure. (Fig. 62) A photograph by SEM of the cluster of thin sheet graphite
crystals of the present invention generated in Example 17. (Fig. 63) An enlarged photograph of the
foregoing figure. (Fig. 64) A photograph by transmission electron microscope (TEM) of wrinkled and
shrunk thin sHE8Egraphitd Rrystias2athiiyer§rapichbsstitinem HRadm ikethederrgsing
generated in L?.xamgle 18. (Fig. 65) A photograph by TEM of wrinkled and shrunk thin sheet - 28
graphite crystallg%nulti-layer graphene shrunk in the form like reed screen) generated in Example 18.

(Fig. 66) A phatograpiy by TEM 95 2:pa1tiof tae: R ef thedhin shegt graphife.sistala(mul-layer
graphene) generated in Example18.
the silicon compound generated in Example 9. Many of fibrous silicon
compounds generated are shown.
(Fig. 36) A photograph by SEM of a portion of the sample obtained in
Example 9 where many of rod-like silicon are generated.
(Fig. 37) A photograph by SEM of a portion where disk-like products
are coalescing on fibrous products in a moniliform shape in the silicon
product obtained in Example 9.
(Fig. 38) An X-ray diffraction pattern of the sample subjected to
pressing and heating in Example 9. In the figure, the upper portion
represents the measuring result of the white-colored felt-like product
and the lower portion represents the measuring result of the
black-colored portion. In any of the results, diffraction curves
corresponding to the structures of vapor-phase-grown graphite, silicon
and silicon carbide were observed.
(Fig. 39) A photograph by SEM of the rod-like silicon.
(Fig. 40) Results of qualitative analysis of EDX (energy dispersion X-ray
spectroscopy) of the portion observed in the foregoing figure. A strong
peak derived from silicon was observed. A peak of Ar corresponds to
argon occluded in the vapor-phase-grown graphite.
(Fig. 41) A characteristic X-ray map of the portion observed in Fig. 39
by the measurement of EDX. The portion marked SEM is an SEM
image (secondary electron image), and photographs marked Si, C and
Ar show the characteristic X-ray maps of the respective elements

(Portions where the respective elements are present are indicated by



(Fig. 67) An enlarged photograph of the thin sheet graphite crystals (multi-layer graphene) of the
foregoing figure, indicating a lattice image of an edge part thereof. (Fig. 68) A view of a cluster of
graphite crystals in which the thin sheet graphite crystals of the cluster of thin sheet graphite crystals of
the present invention are subjected to cleavage partly (Example 19). (Fig. 69) An enlarged photograph
of the foregoing figure. (Fig. 70) A photograph by a scanning electron microscope (SEM) of the surface
of the cluster of thin sheet graphite crystals obtained in Example 20. BEST MODE FOR
CARRYING OUT THE, INVENTION (0043)The first aspect of the present invention is described.

The graphite VESSEF (6P Slam e, [faghitd cFIGHRS mate SHhSResilAH SnatridG A i the

present invention [1cligns s SREIONKesRRLAI cRusiNg e CYD feagiony gases sugh as

n
hydrogen, hydrocarbon, carbon monoxide and water generated rom %he pre-gglgelgqgtartmg material
during the HIPregtmenthzince it s NeResSSAYH0 fauseed chemical rRreligRwihawlscaligringthe
generated reaction gas outside the vessel while keeping isotropic high pressure by a gas pressure, the
material of theolesselahd sthelschling kiractutectherdelikee propestysselesied:dfithe niskvalas¢oo
dense, a difference in pressure between the inside and the outside of the vessel - 29 - (for example,
graphite crucibiR}aH¥eonReRq@fitSin an explosive breakdown of the vessel. On the other hand, if

the material is tQo porous,the reaction gas gen inside the vessel is.easily scattered qutside the
vessel anl:i elffl i&Ficy’ é)?ut e@ﬁéﬂ’&é tre% i ﬁig%{%%dqlfd(éaﬁﬂy?ﬁ%%;f&ig;’ % sﬁﬁ’aﬁfég Ithe

vessel (for ex e; graphi ' rc.pr lected. i k i ecessi taking a
HIP-treated p%gﬁcg c%}?gpﬁigeﬁ\?eé?s%ﬁzs%%%%ggtghﬁegggsé%glclﬁg? %Q&Qgg%%g%ﬁe %sgegag%/ve% [?gssible

in view of facilitating sharging ok tie stastingHraigral hefare thetHiRdraatimentofxRassedaigh
temperature of about 1000C or more during the HIP treatment and maintaining strength of the vessel

at high tempenaturigo ag87o be bapahles offgthstanding the msideppressgreassechbyvgeléiition of
e S hOLOEADh and characiotetie Koray maps, and the lower graph ghowa
constituting th@fotograp y ps, graph shows
qualitative and quantitative analysis results of EDX. In the
characteristic X-ray maps of SEM, Si and O, the same moniliform can
be observed, but in the characteristic X-ray map of C, such a
moniliform is not observed. From this, it is confirmed that the
products in a moniliform shape are composed of Si and O.
(Fig. 43) A photograph by SEM of the surface of the sample generated
in Example 10 in which the pre-baking temperature was 900°C.
(Fig. 44) A photograph by SEM of the surface of the sample generated
in Example 10 in which pre-baking temperature was 600°C.
(Fig. 45) A diagrammatic view showing the structures of the graphite
crucible and the glassy carbon spacer and a state of the sample filled.
(Fig. 46) A photograph showing an appearance of the generated
film-like product in Example 11 being formed on the surface of the
glassy carbon spacer and comprising vapor-phase-grown graphite
(multi-layer graphene).
(Fig. 47) A photograph by SEM of an edge part of the film-like product

generated in Example 11.



reaction vessel are graphite and in addition, ceramics such as alumina, magnesia and zirconia, and
metals such as iron, nickel, zirconium and platinum. Graphite material is suitable as a material
for the vessel (for example, crucible). The graphite vessel can be made using artificial graphite
materials specifically prepared by extrusion molding, CIP molding, squeeze molding, vibration molding
or rammer molding, hard carbon materials including glassy carbon prepared mainly by molding a
thermosetting resin, carbon fiber-reinforced carbon materials or composite materials thereof. The
porosity of the graphi aterial is important for efficiently, ing the chemical reaction jn the vessel
(for example, g?b%’lb}%e%a %Ia t%%i%f@r%‘? tﬁg%@ﬁg?ﬁa\/ﬁ? aSrl(EBI%IZr? 9pgprlee &0 %?fés‘é%ﬁg?% 2{6) %?(gan be
used suitably.fnthg gage gfa material - 30 - having an open pore ratio of 20 % or more, the reaction
gases are diffused outside the vessel (for example, crucible), and therefore, a concentration of the
gases necess@rigfon gpneraiing fae @ phbitegapioidiarkept djowever, in the case where there is not
so large difference between the volume of the vessel (for example, crucible) and the volume of a
HIP-treating ctiigmb&0Oiene ehdargsst|hohaggemleven $EMopériboreeativof wkivdsdeloks
example, crucible) is 20 % or more, an amount, of gases scattering outside the vessel (for example,

[

crucible) is noti&s REC Hmflime S8FEHiteRis i€ hot affected so much. (0046) With respect to the

vessel to be uggd ir%t{f ppresg{wérin\elgntigg a screﬂ/-g?@{%ed aphite crucible can be used so that
charging of the pré-ba ed'star fmaperlalf IPIRE Vedsel an discharging of the product after the HIP

treatment canpecasnechophetfigiently, 9s8EMoo?) thaedppativaliadRldns1amerdig erueible body 2

and the outer circumference la of thé crucible cap 1 have thread-cutting by specified tap processing,
and thereby th& ersgiblpleam Hexsaalett byXurning the cap 1 to the thread after charging of the
pre-baked starting material 3. By carrying out hot isostatic pressing treatment by covering the
whole (or a pdi)of 83 Battemlargcthetoptogiae prefbalgdstarting material 3 with a spacer 4 made of
a hard carbon material having low open pore ratig in order to increase a degree of sealing of the

pre-baked stafirg matetisl SHAt8RAgTAMRE N J38generated from the pre-baked starting
material 3 from.the nd the bottom of t ciblg can be,contrqlled. (Eig, 4 Further, a
reaction efficiglr:ul:%' c%t%e?n%?egggﬁﬁ%ggﬁoouﬁ ot B%?a{ﬁ%tp?%“g;}fﬁérﬂgelgtr)%%ht by covering the

whole (or a pag) of sh- Alyleéiﬂgrger@%g@tggggg@t@ftm%n@gerial 3 with a sleeve 5 made of a hard

carbon material having low open pore ratio (Fig. 5) or by covering the whole (or a part) around the

pre-baked sta(Hiyg BajefighBovithra pbabgr IEMdd steeyer&dfig. &f) Hxampleslaf.the carbon material

for the spacer and the sleeve are glassy carbon, diamond-like carbon, amorphous carbon and the like,

and one of thdHigahBeAranitege dop husasrapre AhEieofTan be used together. The open pore ratio

of the carbon material is usually less tf{g}r; 33.5%. Even if the pre-baked starting material is covered with
r

a spacer and ¥ feevihatiing BALO8EH Vat%%%‘%,ftﬁa% i8R BRE DEHABH R S & 20T the
sleeve. Therefore, (R preBajad SRILPg mptetial:cannol besealegicampletely Wi ihe shags and

the sleeve.
graphene sheets laminated to form a fiber.

(Fig. 60) A photograph by SEM of the graphene-laminated CNF
generated in Example 16.

(Fig. 61) An enlarged photograph of the foregoing figure.

(Fig. 62) A photograph by SEM of the cluster of thin sheet graphite
crystals of the present invention generated in Example 17.

(Fig. 63) An enlarged photograph of the foregoing figure.

(Fig. 64) A photograph by transmission electron microscope (TEM) of
wrinkled and shrunk thin sheet graphite crystals (multi-layer graphene
shrunk in the form like reed screen) generated in Example 18.

(Fig. 65) A photograph by TEM of wrinkled and shrunk thin sheet



Examples of a screw of a screw-capped graphite crucible are a triangular screw (having a
cross-section of screw thread in the form like equilateral triangle), a square screw, a trapezoid screw
and the like, and among these, a triangular screw is preferred. (0047)In the process for generating
vapor-phase-grown graphite by HIP treatment using the pre-baked starting material containing
remaining hydrogen, irrespective of kind of a starting4Raterial to be used, a degree of crystallinity and
a true density of the generated graphite can be controlled by a pre-baking temperature, an amount of

remaining hV%P%ﬁﬂﬁ‘e”&%&é?%?ﬁ@glﬂﬂﬁﬂ%?ﬁe%ﬂeﬁhér?@as“}?rﬁgﬂeiﬁreﬂ?é‘kﬁ%ﬁ‘iaﬁiﬁg pateyial, a

HIP treatmentiemperature an sure, a perature and pressure elevating rates. (0048)With

respect to an gpekmY %gﬁg}@ﬂfgagihygsggg@)]gqrg,the viewpoint of production of the target product of
the present invention, there is no problem if the amount is enough for sufficiently generating - 32 -

gases such agihigdro6er, ydrocgrbph, barddtMnohaxjplerand Wateswithicteart tecddsarystoethe CVD
reaction at the time of HIP treatment. The amount is usually about 6500 p;%r; or moregreferably about
10000 ppm o2k FGr e feBHA ANBYED CUOP BERCDIZRIIFEATEHE B aRB® Kiaking material

containing remainin drogen can be ohtained by pre- E;ng powdery and/or. particulate material of
an organic corﬂg‘a-lﬂ%u%? ?I/n‘%ﬂise&%ggﬁgua%ﬂﬂoegﬁﬁ\éo%n?}c;? e Fgﬁ[{)él %8 ty&@&elﬁ%%efnﬁ'ess?%%pending
on the pre baki n , -hakj r inc 'T&?féﬂé f the
remaining hy #%gie%pdpéfggé%?m%g ﬁtrtlg-gbgﬁﬁgat?rfr%%&gé?s%ygﬁ)%%%&fggggaﬁ%)%ver, pré?erably
about 850C oploxiere daere areferaiboabout 800C or lower, further preferably about 700C or lower.
The thus obtained pre-baked starting material containing remaining hydrogen is subjected to HIP
treatment und@titheqdppev condifiensl ThevagdogpiEsdarowatglapmtey tantb érobtdimedsdtez HIP
treatment temperature of about 900C or more, preferably about 1000C or more, but at too high

temperatures SGHIXHMFEY abdst 2008©) dhestaiyét ptbice RetibEaRE e ntays 1) 2iehit with the
exciting hydrogen (Fig..19). Therefore, in the present invention, it is necessary th e maximum
ultimate tempgrrafiﬁ%é%tl ‘Eh‘%fﬂﬂﬁ‘}r%g%ﬁélntpﬁcg gsu %00 ‘f%%eféjrgﬁsp a@%??ﬁ&?‘)égr more and lower
than about 20086 BYinG!: domiheviiRasEab aitieieAk |01y ¢fgigdarget product of the

present invention, the maximum ultimate temperature at the HIP treatment is within the range from

about 1200C 1@ ghorbd L 209G opeeieipblybyom skt 48 Aletarako thlSRAC olbds (SECRySsalyt that the
maximum ultimate
surface of the cluster of thin sheet graphite crystals obtained in

Example 20.

BEST MODE FOR CARRYING OUT THE INVENTION
(0043) The first aspect of the present invention is described.

The graphite vessel (for example, graphite crucible) made of
heat-resistant material relating to the present invention functions as a
reaction vessel for causing the CVD reaction with gases such as
hydrogen, hydrocarbon, carbon monoxide and water generated from
the pre-baked starting material during the HIP treatment. Since it is
necessary to cause a chemical reaction without scattering the
generated reaction gas outside the vessel while keeping isotropic high
pressure by a gas pressure, the material of the vessel and the sealing
structure thereof are properly selected. If the material is too dense, a

difference in pressure between the inside and the outside of the vessel



- 33 - temperature at the HIP treatment is higher than the pm-baking temperature and is usually higher
by 100C or more, preferably 400C or more. A suitable maximum ultimate pressure at the HIP
treatment varies with a particle size of the pre-baked starting material, and the HIP treatment can be
suitably carried out at a pressure usually within the range from about 1 MPa to about 300 MPa,
preferably from about 10 MPa to about 200 MPa, prefe&rably from about 30 MPa to about 200 MPa. For
example, in the case of a large particle size, a higher pressure is required as the maximum ultimate
pressure, and jn the case of a small particle sizbe}, a lower pre‘;%lfrgssuffices. In the case of a particle

size of from sdV&Faf §RLBPEH e RIS h Ao SxaplE sy ATHERS rERikd}, fReariasifium
[timat i | M icle size,i ]
e o SREIRELY (A SLTO G LI PAAS St i AT 1S5R00CT,

In the HIP tregipentexgeptihie-erss 0ha Bariksle aiceidfaasmad seaRqulsl Ba 8nlesedtie fesirable
from the viewpoint of production efficiency that usually, the pressure is firstly elevated to a specified

pressure beforattd denperatiyscik aatel atfén torapprdximatehetindoaierbakirigriers pevaturead .
(pressure-preceding patterﬂ%@so that the pre-baked starting material is not scattered, and then, the
temperature isl@&tdled to T pre1pakiiRy temisbrattredid ehetbatiee, tHesephpéiaturexaiaplessure

are elevated to the {énaximum ltimate temperagure ?nd the maximu uItimateg essure, respectively.

Example of th&XHRBHELHHERIF %erBUF%r P FIRE (OsEVFHPErALIRRiLE LS SHEN &L about
1 I'm or less, t i, - - oo oularly.
o HIP e e R R P i

crystals as a tasgetRiRdusteéthrRpresenidnveatiophiasbiah degres ofLevistatinity cHe density
thereof is usually about 1.85 g/cm3 or more, preferably about 2.0 g/cm3 or more, more preferably

about 2.1 g/cm8 dhmose¢a fuithermpeeferadlytatiout 2tR g/¢iiB aorraneeartd ttrepedsstes ofdhinigheet
graphite crystals has good crystallinity. An "about” of this true density means that a tolerance of
approximately tEh ReaRbWED 6] 1A 9e1EakBQ Large parifcId 98 sf the dldthdkeatsratitgansterial, as

tioned infra, ducti te of the clyster of thin sheet hit tals tends to d , and
therefore, whel L T naty OFFLE 7Bt S AP HEGH HERUTS LA ot 1 e may

be a case whetg Q%IE:“%P%%E%&{ﬂ'?ﬁryg‘Ei‘?epﬁﬁ%‘i'ﬁkisﬁ'i’é’%%ﬁpé‘rb SERfu th entoned,abaye.

However, as far as true density of generated cluster of thin sheet graphite cr s of any part Is within

the range mentigned-ahaye, dhe phiaingspprduphear ha ased suitablrrs the cluster of thin sheet
graphite crystals of the present invention. Moreover, the total pore ratio of the cluster of thin

sheet graphite(04tls is pieferaple4006 dhmoheanarespséferabiy 8@¥ads moresAimong ghéhe
above-mentioned cluster of thin sheet graphite crystals, those satisfying both of the true density and

total pore raticGAHHPIA GRSEHGHER R @ th §B astE Ib1eter fsd ARG THAfEH AR BNERr of thin

sheet graphite cra/stals.satis i%g either of thg truetdgs(i‘e%glr the.total por(iﬁr:ittio.within the megtioned
"preferred range” SISt tiRG &XEMbies S EucR prardriatr Aufsiel 8PN sheat glaghits 733"

platinum.

Graphite material is suitable as a material for the vessel (for
example, crucible). The graphite vessel can be made using artificial
graphite materials specifically prepared by extrusion molding, CIP
molding, squeeze molding, vibration molding or rammer molding, hard
carbon materials including glassy carbon prepared mainly by molding
a thermosetting resin, carbon fiber-reinforced carbon materials or
composite materials thereof. The porosity of the graphite material is
important for efficiently causing the chemical reaction in the vessel (for
example, crucible), and therefore, a material having an open pore ratio

of less than 20 % can be used suitably. In the case of a material



crystals are those having a true density of 1.85 g/cm3 or more and a total pore ratio of 40% or more
and those having a true density of 2.0 g/cm3 or more and a total pore ratio of 50% or more, and any
other combinations can also be within the scope of the present invention. (0049)A mechanism of
generation of vapor-phase-grown graphite from the pre-baked starting material is shown in Fig. 7. By
carrying out HIP treatment of particles 6 of the startingdmaterial obtained by pre-baking an organic
compound, gases 6a such as hydrogen, hydrocarbon, carbon monoxide and carbon dioxide are

generated frorﬂ the inside of the pre-baked.starti aJticles 6 heateglhtg ellﬂégn'{perature hiﬁq1her than the

. n
pre-baking temggrléfgrgnrh(épggse%oég prgséoth?gu%é)th}(é f))grég OFthe material and réach thé surface of

the particles 6 atfheRIeRakGd SAHINg ML FAUrNG HisiBroeeseibfey 2R PhaRG-OFVY) Haphite 7
is generated physically and chemically by excitation with a temperature and a pressure. The pre-baked
starting materiebgbgnksaschefedoti g gesascats gene fatedearavangrtbliageagbwe geaphibe is
generated inside and outside of the material. (0050)In the HIP treatment, since a pressure is applied
with gases sudie akentonldawvaiteogan inlam potopidierantberss ishowh soFlgsgs shiforemaphite
crystals are grown approximately radially from the surface 6s of the particles 6 of the pre-heated

starting materBf i §A%n-Pisn e’ BiretHon®la Bithe §Rsphitd Hexad i Saned F igheddidctbss of "a”
axis of raphit rystal, Furer araRtite SUMSAIES,ala growm 0 9ue 4 manher ok he,grapkite

hexagonal planes 7 sprea connecting carbons In the direction of 7a from a‘starting point of

graphite hexa%{‘%wﬁnﬁér@%'}ﬁ) %@%@Q@t(%}'@%ﬁnp@@, '&@Sﬁ)@%%@@t%“&n%x@,e same
time, the graphite hexagonal planes 7 are laminated in the direction of 7c. In this case, it can be
considered thatrsineecaihigb fogessiyra catmprasgergariextieitscs sbidliting effacplan thesuifhge of
graphene, thus inhibiting graphencs from adhering and jointing to each other to foi in into a multi-layer,
the growth of deapheneslirhitsited theek fprthectireisioryofsTeenafraptbsesrarecdrown much

radically in the direction of 7a, thereby generating the Cll:SSf%?r of thin sheet raphit%crystals of the
present inventd8R@b51) THE {fte BT Staking MatdisP bosuBfectdtfd Hib the ~ present

invention, a screw-capped graphite crucible can be used so that
charging of the pre-baked starting material in the vessel and
discharging of the product after the HIP treatment can be carried out
efficiently. (Figs. 1 to 3) The inner wall 2a at the top of the crucible
body 2 and the outer circumference la of the crucible cap 1 have
thread-cutting by specified tap processing, and thereby the crucible
can be sealed by turning the cap 1 to the thread after charging of the
pre-baked starting material 3.

By carrying out hot isostatic pressing treatment by covering
the whole (or a part) of the bottom and the top of the pre-baked
starting material 3 with a spacer 4 made of a hard carbon material
having low open pore ratio in order to increase a degree of sealing of
the pre-baked starting material, scattering of the reaction gases
generated from the pre-baked starting material 3 from the top and the
bottom of the crucible can be controlled. (Fig. 4)

Further, a reaction efficiency can be increased by carrying

out hot isostatic pressing treatment by covering the whole (or a part) of



treatment can be a powdery and/or particulate material in various forms such as circle, ellipse, column,
cylindrical column, fiber and block having an undefined shape (Fig. 10). In any shapes, graphite
structures are grown such that graphite hexagonal planes 7 spread approximately radially from the
surface 6s of the pre-baked starting material 6 in a direction 7a while connecting carbons and at the
same time, the graphite hexagonal planes 7 are lamiated in the direction of 7c. So far, only graphite
materials, in which graphite hexagonal planes 7 are grown all together in one direction on the particle,
for example, hite, materjals having.hi nisotrop hich.have .orientation in the directign of 7a on
the surfate of (G BAHCIA T aTHATBA I LT PG EALSH 74 i R B S b1 B, have
been able (o b igQGh{FE: bl HOWEVEAReda Gl HigsRNtiayesfon, I crohile
hexagonal planes 7 are grown toward the direction of 7a and the growth toward the direction of 7a
extends appropimaieipradiatya Asatiestiuadluster pfdhiyn kbecCkgraphitc siystatm (g ludirly isotropic
giaphite particles and bulky graphite - 37 - structure) composed of aggregates in such a state that thin
sheet gi aphitspactalsextehdfrehecte Mg téwardihe wgtkidecdathbecstaimedr{&tgricd) . iMoreover,
such a cluster of thin sheet graphite crystals can be in the form of isotropic graphite particles or in the

form of a bulkyfaSRECStrRHe Qi HEHG sBER i8addic GRAPNT: pARERNdobES) ACaEE5RI of

arowth of the yaper:phase-rown graphitg,inside.and auiside of e pre-baled stariingmaterial 6 s
determined by LeRRion of a pre-Qoaklng tempera?ure and an amoun o?remalnlngehy rogeri Sf the

pre-baked staging mateliah AUNCIETES] HOraRBeE EyCiBleandrdP Jieatimssicendiions (R%

selecting suitable conditions, the vapor-phase-grown graphite 7 can be genérated on the outer surface
and the insidecefriberprenbakeid btasting ellgridt6as Bhowi i ¥ig. IBverddagrenof srgstadingy as a
bulky graphite can be increased, and a true density can be enhanced. (0053)The mechanism of
generation of $ievaperpiedseigtowrrgraphilevoftine pspseeriavehtivsisaxplhmatgmanorpdetail. The
pre-baked starting material is subjected to isostatic ae%plication of pressure with a pressurized medium

such as argonPH& ritbgeR indHe HiEEHe dtnanBamhePsisrect: theintRataga Yt thRHBSFdsment, a

high pressure.and high density phase is formed around the.particles of the pre-baked starting material.
Whe the HIP A e Ao bt D eSO AT ol LA e L S L SHTLE Bk ation of

gases from the,pig-baked sl@ting aigdal|stasts, but since a coefficient of diffusion of the gases into
the pressurized medium having a high pressure and high density becomes small, reaction gas regions

(hydrogen, hydrocarbon, cBsbom piesaxide sanehtheflkeycathighapp8d goapdiitkation éileléouned
around the pre-baked starting material. In the HIP-treatment, isotropic application of a pressure is
carried out, arfil thisraéatheqeektidrryig ayisresere tefest ohitoraw dhiteditetberfivamf the

articles in the foi in beipng analogous to the shape of the particles. . .
P like equl{]agceraﬁ tlglangﬁe), a squ%re scre\ev, a trapezoid screw and the like,

and among these, a triangular screw is preferred.

(0047) In the process for generating vapor-phase-grown graphite by
HIP treatment using the pre-baked starting material containing
remaining hydrogen, irrespective of kind of a starting material to be
used, a degree of crystallinity and a true density of the generated
graphite can be controlled by a pre-baking temperature, an amount of
remaining hydrogen in the pre-baked starting material, a shape of the
pre-baked starting material, a HIP treatment temperature and pressure,
and temperature and pressure elevating rates.

(004 8) With respect to an amount of remaining hydrogen, from the
viewpoint of production of the target product of the present invention,

there is no problem if the amount is enough for sufficiently generating



(0054)In these reaction gas regions, when the HIP-treatment temperature becomes further high,
particularly about 900C or more, excitation occurs and so-called thermal CVD reaction occurs to
precipitate vapor-phase-grown graphite. Generally CVD reaction is carried out by supplying a reaction
gas to a surface of a substrate using a CVD apparatus, a plasma CVD apparatus, or the like.
However, the reaction mechanism of the present invention is characterized by carrying out CVD
reaction in a reaction gas region generated around the pre-baked starting material in the graphite
crucible by using HIP equipment. Therefore, in the case of a spherical pre-baked starting material,

vapor-phase-§fbtift gtEsite Jurerassd apBrsiintaERPadishy oM HeRaHe Sftfe WiHSTical
particle as shown in Fig. 15, and in the case (c),If: ticles having, irregular sha}pﬁ? vapor-phase-grown
graphite analc%v%hcs § g%&ég&sesraigygg)nre%a% f{r}génrt%%csh? acesto tﬁg%%r%cIesP(gg)%%S%h%nr%éason
why there is ap QPR ISMPETaiuE [BNARon PreRakinghe Sartingmatghiatis Sush tebproper
percentages of gas components such as hydrocarbon, hydrogen and carbon monoxide arc necessary
in order to gen€ragogiephitecefficienty futhe &V Pricfactibny Fabexangd® 00 the-easeofapre-baking
tcmperaturc exceeding about 1000C, an amount of remaining hydrogen becomes small, and graphite
is not precipitdled pificibalsedvisieniveg the teakdrophyaiiies -r8ois aspiidaresiysanthp
treatment temperature is such that it was found that when I)e HIP treatment temperature s lower than

about 900C, WRABFek At oPHE G nRraeY JaEharaR/ SEc RS FBALGsIrhardIFBroceeds,
and when the HIP treatment tempgrature gxceeds, about 200 etchi f ipit [ gte due to
hydrogen occalfg.a(%](ng%&or%glF;%{aéct 0 g%grﬁglgeéiz%s&at%r?g %%:-t% gggg%rgilfn%%r%a%%gﬁqtﬁ)%% used,
since CVD reashorny Eﬁurﬁﬁﬁg@x @@H&é@ﬂg%ﬁfﬂ@;ﬁ@lﬁé@éﬂéth@rﬂﬁgﬂﬁﬂé? isNargg; 1@ ratio of
the surface area to the volume of the particle is small, and as a result, an amount of the
vapor-phase-growhegaphive kitigetehtgioeatnnatamalrisaeesicede Therefore ofhbie usingparstaging
material having a smaller particle size, a ratio of generated vapor-phase-grown graphite 7 as a bulk
graphite matehizfcagdie draeeasees(Fig. 14). Accordingly, from the viewpoint of production efficiency,
in the case of using a spherical resin, it is preferable that its _partiagilae sizeé ve gge) IS a\t,)e]out 100 pm or

less. Meanwhile, in the ca8e d%p th WHEFETRUESIrelF todr8i va seYrowhYraphite
only in the vicinity- of surfa car erjal particl a!ﬁg! 3 jarget
material can ﬁgll%i%r;ﬁ%g ﬁéﬁ%ﬁggﬁﬁpﬁﬁdﬁﬁv %ee{a%%ﬁll&e sizgizgfggx t z§nr 1é0 grﬁ
according to negeeitypreferanamysing @cstarting siaterial which is once melted in a pre-baking
process (for example, a thermoplastic resin and the like), the pre-baked starting material may be
pulverized and classified tdlobtalmthegirealiakdd starirgaoditatatagngha tesabdparticlaisige prior to

HIP treatment. For example, a thermoplastic resin is obtained as a foamed article (in the form of fragile
sponge) after tREgiEBHkifydrogen is subjected to HIP treatment under the proper

conditions. The vapor-phase-grown graphite can be obtained at a HIP
treatment temperature of about 900°C or more, preferably about
1000°C or more, but at too high temperatures (for example, about
2000°C), the target product is subject to damage by etching with the
exciting hydrogen (Fig. 19). Therefore, in the present invention, it is
necessary that the maximum ultimate temperature at the HIP
treatment is about 900°C (preferably about 1000°C) or more and lower
than about 2000°C. Further, from the viewpoint of efficient
production of the target product of the present invention, the
maximum ultimate temperature at the HIP treatment is within the
range from about 1200°C to about 1900°C, preferably from about

1400°C to about 1800°C. It is necessary that the maximum ultimate



- 40 - and therefore, the foamed article is pulverized and classified to obtain a pre-baked starting
material having a desired particle size before HIP treatment. (0057)In a conventional method for
producing vapor-phase-grown g aphite, only those having high anisotropy in which carbon hexagonal
planes are laminated in the form of film on a surface of a substrate could be produced. However, the
present invention made it possible to grow vapor-phagg-grown graphite efficiently in a
three-dimensional space and as a result, to produce a cluster of thin sheet graphite crystals (including
isotropic graphite particles and a bulky graphite structure) composed of aggregates in such a state that

thin sheet graphiPaitaEcex@éndionttH? itsradmenidrdithelvglfde HravelPshorrpebaddigime.
(0058)Generally, an organic compound, as.it is heated, becomes larger in moleculay weight,.and then,
Oxygen. ntrogiERET Ry B S TH AL UBIFE 0 P b e RSty Tl A
released, and (T)i}eﬁ%gy carbonization proceeds. Therefore, in most of organic compounds, such a
reaction proceeds yﬁ’eat-treating at a temperature of about 300C or more. In the case of about 400C

or more, a pre-baked startingsppatasial GoMpHSING cAtkahadhPEaRerameynis Pl remantngdiydrogen,
oxygen and nitrogen is obtained. In the present invention, the thus pre-baked organic compound can

be used as a prerivaked StadinpprtatérialiZ0 050 JExampiesadf ed aftlerdiggniv etrnpdurahatetthose
mentioned below. There can be used, for example, natural organic polymers such as starch, cellulose,
protein, collagERPalgfinéraemat @amnhe RevaP ho SATHaHa0pErdafaREGHSFS HibRREYs &R Rthetic

polymers the range from about 1 MPa to about 300 MPa, preferably from about

10 MPa to about 200 MPa, preferably from about 30 MPa to about 200
MPa. For example, in the case of a large particle size, a higher
pressure is required as the maximum ultimate pressure, and in the
case of a small particle size, a lower pressure suffices. In the case of a
particle size of from several microns to several tens microns (for
example, synthetic resins), the maximum ultimate pressure is
preferably 70 MPa or more, and when a particle size is about 1 pm or
less (for example, carbon black), HIP treatment can be suitably carried
out at a pressure of about 10 MPa.

In the HIP treatment, except the case of a particle size of as
small as about 1 pm or less, it is desirable from the viewpoint of
production efficiency that usually, the pressure is firstly elevated to a
specified pressure before the temperature is elevated to approximately
the pre-baking temperature (pressure-preceding pattern), so that the
pre-baked starting material is not scattered, and then, the temperature
is elevated to the pre-baking temperature and thereafter, the
temperature and pressure are elevated to the maximum ultimate
temperature and the maximum ultimate pressure, respectively.
Example of the specified pressure is about 70 MPa. In the case of a

particle size of as small as about 1 pm or less, the pressure-preceding



- 41 such as cellulose resin, cellulose acetate, cellulose nitrate, cellulose acetate butyrate, casein
plastic and soybean protein plastic; and synthetic polymers such as thermosetting reins such as
phenol resin, urea resin, melamine resin, benzoguanamine resin, epoxy resin, diallyl phthalate resin,
unsaturated polyester resin, bisphenol A type epoxy resin, Novolac type epoxy resin, polyfunctional
epoxy resin, alicyclic epoxy resin, alkyd resin and uréthane resin, thermoplastic resins such as
polyester resins (polyethylene terephthalate (PET) resin, polytrimethylene terephthalate resin,
polybutylene terephthalate resin,.polyethylene naphthalate resin, polybutylene naphthalat in and
the like), vinylpcafﬁger%le raessirgf1 Sﬁggf%%%n%#%@ﬁ%p?ﬁnen Sﬁ‘&sﬁ’& tégﬁgfcﬁ%t%@ic%u %gﬁrsﬁguch as

polyisoprene and. pufadiens,sypthaticifigers,seghasapien. vinylon, acrylic fiber and rayon, and other
materials such as polyvinyl acetate, ABS resin, AS resin, acrylic resin, polyacetal, polyimide,

polycarbonate, modified polypheényieod ethesdRRE}polydritdie, Palysulionsh pelyphanyane sulfide,
polyether ether ketone, fluorine-containing resin, polyamide imide, and silicon resin. (0060)It is a

matter of course thegpetilegditch{ ctat pitvtesettolduveadks: cbalscore, leaborlbrigeart active
carbon which are generated when fossil fuels such as petroleum and coal, for example, b%ing refined

can be used sl matdha. tisadeBa towBrItRéE EstapisHMeAPottedotireb fE8 ity

society, introduction of (é?rbog'izati n 1513([5&9’(% g?s been advanced from thr% ivile\/\ﬁoint of effegi e

utilization of cArBom i 1\‘/va%{éls, Indvaste p & andwaste PET BowES Whié ear]ﬁ&ﬁltres of the

above-mentiopegarighsesins YAsie WaRGHRBIS RIBNS ARITopAKaSIEs SHEles gaebagie can also

be 42 - usedas an organic compound being a starfing material. (0061)These hydrocarbon starting
materials are phashakedfatth pre-dlaking gempeiaturerat tadpebified gemeratpseadlevatyng ratein an
inert atmosphere such as in a nitrogen gas stream by burning with oxygen without releasing carbon
dioxide and caabsrtionbyibies Rorthal prsiakimg carseldaficchéatiprpocgasthanimgsipesdedarally

heating batch oven, continuous multi-tubular oven, internal heating rotayy kiln, rocking oven or the like
is used. (ooaﬁﬂ/éfpb?-ﬁﬁfQ%@g’%Nn barkis S CSIh Bo kB HAN D AP i VTS Sarbon
materials, for exaple, sarben fiberdainfaread caran majerals (GG eompositeyand argliig/earbon
composite materials €an be produced by subjecting a pre-baked starting material to mixing or
laminating withsvatieUs Baopragtatiele Spah RS & AP0 finesreaRatura granbiteiae akkfical
graphite, a glassy carbon or an amorphous carbon, charging the starting material in a graphite crucible
and conductingbeatisedtmeityunfiehisgiropic gasfiresshre HIRetefarten imth éscaseasiutaribas needs of
high strength, high pore ratio and low pore ratio depending on applications of graphite materials, such
needs can belbasisfidte by Samibipthg vafsusEmtontsatsrgislensity of the whole product

is lower than the values mentioned above. However, as far as true
density of generated cluster of thin sheet graphite crystals of any part
is within the range mentioned above, the obtained product can be used
suitably as the cluster of thin sheet graphite crystals of the present
invention.

Moreover, the total pore ratio of the cluster of thin sheet
graphite crystals is preferably 40% or more, more preferably 50% or
more. Among the above-mentioned cluster of thin sheet graphite
crystals, those satisfying both of the true density and total pore ratio
within the mentioned "preferred range" are preferred as compared with
a cluster of thin sheet graphite crystals satisfying either of the true
density or the total pore ratio within the mentioned "preferred range".

Nonlimiting examples of such preferred cluster of thin sheet graphite



(0063)Graphite is excellent in electric and thermal conductivity and therefore, is widely used for a
current collector and a heat collector. These devices have been produced by mixing a material fulfilling
a prime function with graphite, an organic binder and the like, and heating, drying and pressurizing the
mixture. In the present invention, by mixing such a functional material with the pre-baked starting
material uniformly and subjecting the mixture to HIP tf@atment, it is - 43 - possible to produce a
vapor-phase-grown graphite and to configure a device in which these functional materials arc
uniformly disp ixed 10t -p -gr phitg. Specifically, by mixi ta| silicon,
silicon oxide, u%{;%%garggod%chéé%ﬁg%%ég@g% #l‘?&% ng\t(ﬁst?]{g ;Qei’a%%ggé%né) %’lalli?égrillglgﬁrr% o?%nly,
charging the rebtareisra grapbitst crugiblerantheendudtingdirahtieaipenttunded dsaliopio faso
pressure, a composite material, in which these functional materials are uniformly dispersed in the
vapor-phase-grpoem §raphitereanheé jrdduadth¢6064)TfiheadUstEh ob thinsheetgrdphity arybiats of the
present invention can be formed intg a cluster of graphite crystals, in which graphite crystals are

subjected to pePFRPLRANRRYS BRBrédsrits Sg Rl m RFeRaRInt B s8R8 (dBMHRER®IN which

sulfate ion, or?SBLf ompl% of g(lzli)a# msertgll, ?.ndetrklmgrli e %reoi \(Zadi%g_bﬁgwgg_n }fg}e tI)1 argit Iﬁ)éers)
using the cluster of thin sheefrgljrap ite crys?alsgas 3 Aost'd en%lpandpsu%Jccl‘%g e éjaplﬁl e

intercalation cgapoYRd (B fanid featioe Namelabkiniercolatienaf ionapd she likp betisengne

graphite layers, an interval between the layers of the thin sheet graphite crystals forming cluster of

thin sheet graphite [gIystatsdsinergast handdherabyo A dikessarises atneidets potians<d thg cluster
of thin sheet graphite crystals. Further, by subjecting the graphite intercalation compound to rapid
heating, a voluime-baguiayghiteory sted@xsandemapidinia, theatiesttidraof Sttthxisast theygrapdsite, crystal.
Through these processes, a thinner graphene, in which thin sheet graphite crystals have been

subjected to clEAI RFREEvEHAT AN KR BRI 2 TRk GaSeR o igraisiite tyBEaIs s Ecteary
cleaving comp[r}ilsesn%rf:\ ehg?%ﬁaend mggg&gggr ra Elene fo{[{‘&gsb%l rgiﬂ zélt'op Oéfl - Afﬁ 'éﬁé{?r&r‘l layers
B ek e 2 HhohvR FARETAG Tone

of graphene, angtlnere ore, IS Us as an a e ransparent conauctive

ransmission g Rl eI alcin itR-intercatationsarpend,5ag he psgpared by a

usual process, for example, by adding the cf%ster of graphite crystals of the present invention obtained
above into a mixegpsolsiof oheaneastiated sdlftyiccacihans ecdncenifathe pidiciatid, @ of the
tetrahydrofuran solution of alkali metal and condensation polycyclic hydrocarbon, or the like and then
stirring the mixtteebAakadthodter tapid heaiigofihe thus Bhtaimed grabite inversaiaton céhpound is
not limited particularly, and for example, there is exemplified a method.for charging an intercalation

compound in ¥HRARHC SRS BB LT afmiESoRIRERRE Sch P BV gAY hR L EB R @ H¥ated

electric oven. |n this case, the tcmperatyre of the electric oyen is preferahbly wi Ellin a range from 600 to
i ! R ; !
1000C. Througﬁ sﬁ’éﬁ%a%rgrclesvg,l e?hltc{:%ne%%ro e thin' s eaet%rgrs) ‘l%(gecrysg sewmrgeg?%ffnegbout
0.35 nm to ab@W &iMB- material shrinks as the reaction gases are generated, and

vapor-phase-grown graphite is generated inside and outside of the
material.

(0050) In the HIP treatment, since a pressure is applied with gases
such as argon and nitrogen in an isotropic manner, as shown in Figs.
8 and 9, graphite crystals are grown approximately radially from the
surface 6s of the particles 6 of the pre-heated starting material to an
in-plane direction 7a of the graphite hexagonal planes 7 (in the
direction of "a" axis of graphite crystal). Further, graphite structures
are grown in such a manner that the graphite hexagonal planes 7
spread while connecting carbons in the direction of 7a from a starting

point of graphite hexagonal planes (graphene) 7 formed at an initial



(0065)The second phase of the present invention is then described. Example of silicon in the
form of powder which can be used suitably as a starting material is one having a particle size of, for
example, less than 500 Rm, preferably less than 100 m, more preferably less than 10 m, further
preferably less than 5 m, still further preferably less than 1 pm. Here, for example, one having a
particle size of less than 500 m " means that 90% er @fore, preferably 99% or more, more preferably
99.9% or more of the total particles has a particle size of less than 500 m. The same thing can be said
with - 45 - res%ect to "one having a patrticle ?bize of less.than 100 Jim", " having a %arkicle size of

s than 10 phiAS6Y FaGATH OAAIEE S EF QU m AR AR LGRS SR RIZESF s
than L i’ Whether oo thesePrifins ars aalsfed ean pe detamined by galoulipg 4 o o

particles satisfying these criterions from the res actual observation of a particle size of particles

within a specifieghrgaiondsifgAan §lecison MitasCone SHGhasa SHHHYBEEIQELENRIGIFREORE (SEM).
The mixing of the pre baked starting material and powder silicon can be carried out by a usual method,
using a ball mihepbwgee fluzeroor the likerfacehd pndplecofethélpne-baketistading aydtenatsand
powder silicon can be obtained by pouring relatively coarse scrap silicon in the pre-baked starting

material and tAEFPHAFEHAHYR PE hiBLBHEHS IRt AR I hecEsSHy Rvedimfatit the
HIP treatment at a maximum ultimate temperatyre oé)about 320C, or more being cl to a melting
point of silicongﬂggér%%eorz v%rﬁd#b%%% d?o %é‘i:et n"Aith §ﬁ’ant§‘ 8a Hgﬁglr%geoo%i/ aCre%&ﬁ%n of
silicon with hygvﬁg)%ﬁé%’ Mcg&%}ﬁ o ihe-pehaked stalinodnaieriah and 49 infeiace.,

generated between the silicon liquid layer and the solid phase are necessary. Meanwhile, an Upper
limit or the maginum titinata deaparaitrefis iomesthar 28R06hwbichrisstihe saneas iptegdinst aspect

of the present invention. The preferred maximum ultimate temperature is within a range from about
1350C to aboutrt880dymore preferably from about 1400C to about 1600C. The preferred
maximum ultimate pressure during the HIP treatment is within a range from about 1 MPa to about 300
MPa, more (0051) The pre-baked starting material to be subjected to HIP
treatment can be a powdery and/or particulate material in various
forms such as circle, ellipse, column, cylindrical column, fiber and
block having an undefined shape (Fig. 10). In any shapes, graphite
structures are grown such that graphite hexagonal planes 7 spread
approximately radially from the surface 6s of the pre-baked starting
material 6 in a direction 7a while connecting carbons and at the same
time, the graphite hexagonal planes 7 are laminated in the direction of
7c. So far, only graphite materials, in which graphite hexagonal
planes 7 are grown all together in one direction on the particle, for
example, graphite materials having high anisotropy, which have
orientation in the direction of 7a on the surface of the particle and
orientation in the direction of 7c in the thickness of the particle, have
been able to be produced (Fig. 11). However, according to the present
invention, the graphite hexagonal planes 7 are grown toward the
direction of 7a and the growth toward the direction of 7a extends

approximately radially. As a result, a cluster of thin sheet=graphite

crystals (including isotropic graphite particles and bulky graphite



- 46 - preferably from about 5 MPa to about 200 MPa. The nano-silicon material of
one-dimensional shape of the present invention is vapor-phase-grown silicon in the form of fiber
having a diameter of submicron size, and specifically includes a Si nano-wire having a diameter of
from about 10 nm to about 100 nm and/or a Si nano-36d having a diameter of about 100 nm or more
and less than about 1 m The length thereof is from several microns to several millimeters. Other
conditions are as explained in the first aspect of the present invention. Namely, the descriptions on the

first aspect catBE AP RIROSEELR] RBEEEFRRR JrosBHvantRIA GnIELE thEl Bre SAESHsistent
with the descriptions.on the second aspegt..(0067)The.third aspect of t resent.invention yrelates to
the productioﬁ%&fl?%ht%hcegsé%ﬁghi%%?%ﬁca é(%rr?d/%}}?/vrllﬂﬁllg aﬁ%%%rrgnhﬁ%graghll éq’l((:i;?/sfa%lth{é?eof
and/or roll-shapgdigraphits £rystas thersloGempEsing diseersing-ina sANEN Ry Iverizef sigsultant
of mass of thin sheet graphite crystals composed of aggregates of thin sheet graphite crystals as a
starting material; sibdje cting beei disper stanriootlikasebisivaye pleatmeat @otk sentrifuging, feattacting a
supernatant therefrom, and distilling off the solvent from the supernatant. Here, a pressurized
medium gas i8ldepobitdlvn gheBrtacesbruksunass ommnshiuet gradhitesotystais, agichleitdore, if
desired, the mass of thin sheet graphite crystals or the pulverized resultant thereof may be subjected
to heat-treatRFHHfoF&xample, at a temperature of 100C or more) to remove the pressurized medium
gas and then jegted to&h&fo}lgé/vg}g steps 1hemass, of thin,sheet r&%hlite %rgﬁtﬁlg {na%é)ee
pulverized after having been ormed It & - 517 - thinner mir%}%eg?a%r. r,%ﬁe mass of thin sheet
graphite crystalsimay:p§dermpgdinto aibimardaminalasiayenaftanpdngPesn eHMeaRgad by

The mass of thin sheet graphite crystals composed of aggregates of thin sheet graphite crystals
includes thin skéattgeaphitfe arystalhaygregatac pdttautrecing daminated withteat hretineri @indza shape
and form thereof is not limited . Specifically, there are exemplified (A) the cluster of thin sheet graphite
crystals of thefiidtegpacobitie presbakindentivricnprradiol aggrégatdstie seicie 2saphibat thin
sheet graphite crystals eXtFigtd from the inside toward the outside (including isostatic graphite particles

and bulky grapHite! StfucttRtnerdbr. AT2EBFHe graPMitE PaRticles Vol M5StHE Pt HbiiSt 1000 m
O from 8 D0ULL AL BRRLHO Rl SHAINE! B S WAL ] J00, T, Price LIaBHIlG Anaiet

. . (¥
constituting the graphite particles 0.1 p.m to 500 m, or from about 0.1 pmto a%lout 50 m,

and a thicknegg, thergefris: fron ARowL 0. 3a 1Akt ah0H 1@ kel dwmatertd.35 am to
about 10 nm, more preferably from about 0.35 nm to about 3.5 nm, or from about 1 nm to about 100

nm.); (B) a massefrihin sheet yBphitdcystals inthetiolinm ofyjadbmg ibwikigheeagih dethmthibsheet
graphite crystals is grown in the direction of "a" axis of the graphite crystals approximately being
vertical to thelBGBSa&as amadhe deusislSRSENFAFhiRe G)&tarEsier the surface of the substrate to

fom about 1 114 about SHB . GF ROAPABBLL A mEES WEAUL S fih, it £ CHEAELE M hom
about 0.3 g 9, 3RLt K9ORE PFEIAP AT ABAUL0-SXAMRAPIH HKD: B el from

pre-baked starting material is subjected to isostatic application of
pressure with a pressurized medium such as argon and nitrogen in the
HIP treatment. Therefore, at the initial stage of the HIP treatment, a
high pressure and high density phase is formed around the particles of
the pre-baked starting material. When the HIP-treatment temperature
is elevated more than the pre-baking temperature, generation of gases
from the pre-baked starting material starts, but since a coefficient of
diffusion of the gases into the pressurized medium having a high
pressure and high density becomes small, reaction gas regions

(hydrogen, hydrocarbon, carbon monoxide, and the like) of high



48 nm to about 3.5 nm, or from about 1 nm to about 100 nm.); (C) a mass of thin sheet graphite
crystals in the form of a fiber, in which each of the thin sheet graphite crystals is grown in the direction
of "a" axis of the graphite crystals being from the center of the fiber toward the outside, and many of
these thin sheet graphite crystals lie in a row and as a whole and constitute aggregates in the form of a
fiber (A diameter or a width of the mass is from abeut38 pm to 500 pm, or from 1 m to 50 pm, a length
thereof is from 0.01 mm to 30 mm, and a diameter or a width of the thin sheet graphite crystals
constituting the mass is from 0.1 to 500 pm, or from 0.1 tg 50 p nd a thickness thereof is
from 1 nm 0 1O AL AL RS Ry G S tha T o8 4 HBe i many
of these thin speet grigphiie.eustals 3t irapinatad mithe drecion ofresaxisofthe grapbite.grystals
and constitute, as a whole, aggregates in the form of a fiber (The fiber is called a graphcnc-laminated
carbon nanofiberd Cilke}cfogligmeter araa viddih @f $heapresd sdrentabaeto dipfo terggveral thierons, a
length thereof is from about 10 pm to several millimeters, and a thickness of the thin sheet graphite
crystals constiouitey thie s ¢f dheupsetictabnandhweters); haththetikdogous (Thidhahihsipset
graphite crystals” constituting the mass of thin sheet graphite crystals can include a single layer
graphene. ExdthpReopathisiarererred 'thin sheet graphite crystals' is several-layer graphene having a

size as mentio&%g@ove ( ge\r/lvdfl;lgseé g]r[%%g n%imr?glj%ggéyggriﬁﬁasph%ﬁ Up t?h%boﬁtlﬁgt@(@?etér%xt Q&\/{ing a

thickness of from about 0. m to abou e pulverizing can be carrie

physically grindingfbemass sEiA=Re el raRRIRSHYSBIG- I BIA) RISGES MOHEANSOLGHr&9 - dry

or wet mechanical pulverizer, a mixer, a blender, a ball mill, a vibration mill, an ultrasonic mill, a
homogenizer, excittiaisanicoaemegenizer, an-ditHsdnicipetvesreCuMoraacridie likeclihe wet
pulverizing can be carried out., for example, by physically grinding the mass of thin sheet graphite
crystals into spggiqijeitatanvRpoaritasth areorary snxehocthe fkenaradlsarkdy/ Sbiveacasome ione used
for dispersing the pulverized mass of thin sheet graphite crystals can be used, and in this case, the

pulverized maS&TaRb N bRkt RicTVATL R afAB nt i SHABREaRLr #ns WRB Hidberizing.

Forming into a thin layer Iﬁe carried out by subjecting, th ss of thin sheet graphite crystals or
the mass pulETZa8 o SAT piocEs 2 AeseAodkl ABLUE (5 PaLling BF Seciig Tn e otk the

cleaving can bgsauirg outHer examplenin the same sanNsr agde therakeys-menigngd partia!

cleaving of the cluster of thin sheet graphite crystals. (0069)Examples of the solvent which can be

used in the thitcharacterized by carrying out CVD reaction in a reaction gas region
generated around the pre-baked starting material in the graphite
crucible by using HIP equipment. Therefore, in the case of a spherical
pre-baked starting material, vapor-phase-grown graphite is generated
approximately radially from the surface of the spherical particle as
shown in Fig. 15, and in the case of particles having irregular shapes,
vapor-phase-grown graphite analogous to each other is generated from
the surfaces of the particles.
(005%5) The reason why there is an optimum temperature range for
pre-baking the starting material is such that proper percentages of gas
components such as hydrocarbon, hydrogen and carbon monoxide are
necessary in order to generate graphite efficiently in the CVD reaction.
For example, in the case of a pre-baking temperature exceeding about

1000°C, an amount of remaining hydrogen becomes small, and

graphite is not precipitated efficiently. Moreover, the reason why there



aspect of the present invention are carbonic acid esters such as 1,2-dichloroethane, benzene, thionyl
chloride, acetyl chloride, tetrachloroethylene carbonate, dichloroethylene carbonate, benzoyl fluoride,
benzoyl chloride, nitromethane, nitrobenzene, acetic anhydride, phosphorus oxychloride, benzonitrile,
selenium oxychloride, acetonitrile, tetramethylsulfone, dioxane, 1,2-propanediol carbonate, benzyl

cyanide, ethylene sulfite, isobutyronitrile, propionitrile 3@imethyl carbonate, propylene carbonate, ethyl
methyl carbonate and ethylene carbonate; alcohols such as phenyl phosphoric acid difluoride, methyl

acetate, n-butyronitrile, acetone, eth Iatielgﬁtlg, water, ph | phosphoric acid dichlgride,.diethyl ether,
tetrahydrofura)%[]S, &Bh(éﬁyllm%ﬁl-fﬁwn%%ﬁonc acit & ?cr)iﬁ%ré(,%rt]ﬁénlg eylapuc%:p Sa?e‘,l?%‘ou y?[g)ﬁgs%ﬁéte,

dimethylformagide N-mgihvipyerplidinegingiiylaeeianmidg dimetid sulfpxids: Nrdigthyliermamide,

N-diethylacetamide, pyridine, hexamethylphosphoric amide, hexane, carbon tetrachloride, diglyme,

trichloromethago(2@rapriehdanethanati ethafahpropasshasd gthylaaedlycol:curs and CVD
methylethylketone,2-meth oxyethanol, dimethylacetamide, toluene, polybenzimidazole, and the like.
These solventsazrtios ubed dlpnpordacal mixeard oftwaothsord kiReteof (0070} i eaidiioa tare
dispersant can be added to these solvents in order to increase an amount of thin sheet graphite
crystals to be GRpeFSSd AR PrevetPghlonfeidibieor Hle SRR G BRERIs TS sdRent.
Examples of a@i%%rsagtoarg usrusrfactants and in addition, those having a week binding force to
graphene and an eleetre a%tractlhg force such as a Coulomb's force and having a hydrophilic

functional groyp@gyeh as hygraxyl-asgcarbeyyhing stiugtugbergot kxapies aldhe aieting

dispersants are monomers and polymers of phenols such as phenol and haphthol having hydroxyl
bonded to a benzessauciels; styeelespropWEVB, acadoiniiiileconromersindpotirsessihavieg
carbon double bond such as vinyl acetate, proteins such as collagen, keratin, actin, myosin, casein,
albumin, GFP ehthRRRrinies adidb sustr s gl [ Sylestte ammebnind the glutkminermadthe like.
(0071)Examples of surfactants to be used sujtably are: anigon based surfactants (anionic surfactants)

such as fatty aidi§ SHH3ITS SathfiaTdim GotEtthoatds asofic Bt Lailigraxdmbiel dotium
eholate), monoaliol sufates (for example, soplrg layeyl sulfgle). alky! palvorygtdens, shifats, alky
benzene sulfonatcs (for exa I%, odiim
Therefore, when using a starting material having a smaller particle size,
a ratio of generated vapor-phase-grown graphite 7 as a bulk graphite
material can be increased (Fig. 14). Accordingly, from the viewpoint of
production efficiency, in the case of using a spherical resin, it is
preferable that its particle size (average) is about 100 pum or less.
Meanwhile, in the case of application where it is desired to grow
vapor-phase-grown graphite only in the vicinity of surfaces of hard
carbon material particles such as glassy carbon, a target material can
be obtained easily by selecting particles having a particle size larger
than 100 pm according to necessity.

When using a starting material which is once melted in a
pre-baking process (for example, a thermoplastic resin and the like),
the pre-baked starting material may be pulverized and classified to
obtain the pre-baked starting material having a desired particle size

prior to HIP treatment. For example, a thermoplastic resin is obtained

as a foamed article (in the form of fragile sponge) after the pre-baking,



- 51 - dodecyl benzene sulfonate) and monoalkyl phosphate; cation based surfactants (cationic
surfactants) such as alkyl trimethyl ammonium salts (for example, cctyl trimethyl ammonium bromide),
dialkyl dimethyl ammonium salts (for example, didecyl dimethyl ammonium chloride) and alkyl benzyl
dimethyl ammonium salts (for example, alkyl benzyl dignethyl ammonium chloride); amphoteric
surfactants (Gemini surfactants) such as alkyl dimethyl amine oxide and alkyl carboxybctaine; and
non-ionic surfactants (nonionic surfactants) such as polyoxyethylene alkyl ether (for example,
polyoxyethyleaadddeuyiietiverfhiattpanid darbitatcesiep dikgrigely gusdsities $dftiychciel diethamol
amide and alkyl monoglyceryl ether. Among these, monoalky-1 sulfates and fatty acid salts can be
suitably used U2 Y XHRGAG YHE HE ERETHBhE e Rl prEfert dePa Rty IRSHABRMIAE. water to
which a dispe@gg% rQ)Jéef{arably a surfactant) is added, 2-methoxyethanol and the like. An
amount of a dlspersan?isl within a range from 0.001 to 10 % by weight, preferably from 0.02 to 5 % by

weight based @ipte) weighhoha-selveRlional ntROWYBEGELBaIRESE FdPBrspReGaRe Lrystals

is within a range from 0.001 to 50 % by weight, preferably from 0.01 to 10 % by weight based on the

weight of a sapreinih(0073pAymeans: fomuitrasbighwavestreatpie ih isvihot hactictaryhexagonal
planes are laminated in the form of film on a surface of a substrate
could be produced. However, the present invention made it possible
to grow vapor-phase-grown graphite efficiently in a three-dimensional
space and as a result, to produce a cluster of thin sheet graphite
crystals (including isotropic graphite particles and a bulky graphite
structure) composed of aggregates in such a state that thin sheet
graphite crystals extend from the inside toward the outside in a very
short period of time.
(0058) Generally, an organic compound, as it is heated, becomes
larger in molecular weight, and then, oxygen, nitrogen and hydrogen
atoms in its structure become thermodynamically instable and
released, and thereby, carbonization proceeds. Therefore, in most of
organic compounds, such a reaction proceeds by heat-treating at a
temperature of about 300°C or more. In the case of about 400°C or
more, a pre-baked starting material comprising carbon and proper
amounts of remaining hydrogen, oxygen and nitrogen is obtained. In
the present invention, the thus pre-baked organic compound can be
used as a pre-baked starting material.
(00359) Examples of usable organic compound are those mentioned
below. There can be used, for example, natural organic polymers
such as starch, cellulose, protein, collagen, alginic acid, dammar,

kovar, rosin, gutta-percha and natural rubber; semisynthetic polymers



limited, and it can be carried out by using, for example, an ultrasonic cleaner. It is preferable that a
frequency of an ultrasonic wave to be applied is within a range from about 20 kHz to about 100 kHz. A
period of time for the treatment is preferably from about 1 minute to - 52 - about 60 minutes. It
is preferable that centrifugation is carried out at an acceleration rate within a range from about 100 G
to about 100000 G, preferably from about 100 G to abbut 10000 G, for about 1 minute to about 60
minutes, preferably for about 5 minutes to about 30 minutes. In the supernatant obtained after
the centrifugat] re dis thi et graphjie crys d/ inla ain om
and/or Wrinkle%gggr% S gru%iﬁgque?p%%teq %gﬁé}falgéei@é%? ané%%%-ﬁ%%é%%%aéﬁé l?:%)’/séleﬂslﬁ%rgeof (This
dispersion is rgfeirgebtoasygraRhera sispersiartic T auiis dispeesion ke mddedsadditivasdfor
example, a viscosity improver, a dispersant, a diluent, and the like) which are usually used in this field,
if desired so. Bha grapiee pe l¢isparsasnt candse thsadrassittis fgr acdranspacéntcopdimtive fitraig
conductive film, a heat-conduction film or an additive therefor without distilling off a solvent. In addition,
thin sheet graphiita ciSEtals RGN B hiFERYer RERARSH ARGBTB M Eifd/or GRMKe8csHd sHiahiy hraphite

crystals thereof and/or roll-shaped graphite crystals thereof (Hereinafter, these are collectively referred
o a5 ~raphoRELD A e B TE s PEIOH By (g RAHE aB At 75, G ol
method, and e P ti f:gﬂ A ' itive t 1
The thus obta?ﬁe%é%l G ﬁaﬁp?r?ér?ég h@%@a%%g%%%%&rﬁéw ia1 of f@%@%%&%%ﬁ?ﬁérg 1?6 zglgfglltgns

microns and aefhisknessiof abeldl Sdymos irsurraienablyahaut B oriid praless (Fasipgmhiesof
laminated layers is about ten), and have high crystallinity. In the present invention, wrinkled and

shrunk graphitescrystalgestaior roksieped(grdphiteydorstals ofthimhshedagrapHitEcT)53 resistals (or a
thin layer obtained therefrom) include any of wrinkled and shrunk graphite crystals and roll-shaped

gradph;;[e cLystéJQI?gitF’fﬁiﬁesiﬁ?féﬁaEaﬁ?ﬁ?éf&??éft(bl?sﬂﬂn I?%)é( t I'ﬁlt@h ﬂ?éfé??ﬁh}ﬁ%ﬂ? pfé’rgWrinkkled
and shrunk graphite crystals and partly,roll-shaped graphite crystals thereaf. "Wrinkling and shrinking"
i that U R s aBAEL RIS SFEmME b el R e e HBLt oFesiio aimls
may be winkipglang ghiuni iy siogle.ditectian.anl maxive wikled and vyl indlterenia

directions at ditferent portions. Also, "roll-shaping” means hin sheet graphite
crystals not oy Ipdhie-éefe) Giymsinglrelbiicisosndhe fymbpraguRtial retsiabditiemphportions.
With respect to a size of the wrinkled and shrunk graphite crystals and/or roll-shaped graphite crystals
of thin sheet geaiplihe Grydidler®rsatttin dsy erydbrainethtierefrawny bdehigprtrerdofrmsyapproxirately
several tens microns and a width thereof is several microns. Example of the wrinkled and shrunk
graphite cryst@&6TtARPSAER §raphte 27y BAIEYERE AH 3ee O Rp RS BryStaId SiiRKI8F BH#CShrunk
in a single direction as shown in Fig. 64..(0074) The graphenc dispersiqn.can be used, for.example, as
ik to be EGATbr TBITAS & Bhou RS K ATIYOR EARDIE SIECANIE rR I o S v,
circuit and thedig, o b forRd. RIBINGIHS AIBALS uanh sufaca Ol el alg Dy aKious
printing methods such as flexographic printing (letterpress printing), offset printing (planographic
printing), gravete @Fintine fistaglieopiinting)nsaiaendrieing, ipojetpiriindneldetraphatagiagby, heat

transfer and laser transfer.

resin.

(0060) It is a matter of course that petroleum pitch, coal pitch,
petroleum coke, coal coke, carbon black and active carbon which are
generated when fossil fuels such as petroleum and coal, for example,
being refined can be used as a starting material. In addition, toward
the establishment of resources-recycling society, introduction of
carbonization system has been advanced from the viewpoint of effective
utilization of carbon in wastes, and waste plastics and waste PET

bottles which are mixtures of the above-mentioned various resins,

waste wood, waste plants and food wastes such as garbage can also be



Moreover, a desired circuit can be obtained by applying the dispersion on a substrate by wet coating
such as spin coating, slit - 54 coating, bar coating, blade coating or spray coating and then carrying
out patterning on the coated substrate by using a patterning technique such as nano-micro contact
printing, dip-pen lithography, nano-micro transfer, nanoimprinting, electron beam lithography, or
photolithography. Furthermore, a desired circéit can be obtained by applying the Graphenes on
a substrate by dry coating such as vacuum deposition, sputtering or CVD to form a film on the

substrate and then carrying out patterning on the substrate by using the above-mentioned patterning
technique. (Od?%'ﬁ lé‘r%éfb%’igﬁ’%ﬁs%mﬁﬂﬂ&ﬂ)%’gﬂﬂﬁng §6%gt3§ga%}§ﬁ%8 ent conductive film, a
mahly conducysdiin and a{ugh therpaLaenatician fim copianing fberaniiengs gen bgohiamed

by dispersing or mixing the Graphenes or dispersion obtained above in a starting resin for a PET film,

an ionomer filg (18 filecateaiysthyiene flin anageafibigh densiba patvetivenedlPRE),in an
medium-density polyethylene (MDPE), low-density polyethylene (LDPE), linear low-density

polyethylene (in¢fPEoo spdiattocenc bataty shtypenlihesgdowgden sityqeoty ety be inmigl BRE), hard,
semi-hard or soft polyvinyl chloride film (PVC film), polyvinylidenc chloride film (PVDC fiIm)ﬁpolwinyl
I

alcohol film (PYRXEGR), ek pHpyRise siResriihen. sBRE&er fd saybamdmasardierc fif),
lyst film (PS film), polyacrylonitrile film (PAN film), ethylenezvinyl alcohol | il

(EVORT fim), QI GP e AR ALy eSS as A P i RO RIS Ry HoLebaf dmide

(PA) film), celiophang, o5pabyingide,film, O, yagaus hiefdunctional filkps,sush a3 Adranspasey

conductive film, a highly conductive film and a high thermal conduction film coated - 55 - with the

Graphenes camheroltained ddaigindéng & ceatinigeandhdsying the Graphencs or dispersion on the
above-mentioned films. For the production of the above circuits and films, it is possible to
suitably use ef$ing) techntruesrsptinas-geivaxtrusiohanoldingl methogasitatiommisthieds T die
method, flat die method, solvent casting method, calendaring method, stretching method, multilayer
processing mEFRRIEE-extidionREIPBE, cEBRRRIoM By FIIaieN nletho £ AtRIRanif6RI R¥%hod,
laminating meg#)od extrysion-| minegi)n method method using,an adhesi w%t laminating

r-reinior a ateri 1%'??%2'@ osite] /and, gr h%(le\f rbon
method, dry la ﬁatlng metho ,%o -metﬁ%mlnaﬁng etho ,n%gaﬁse I'me h%tf%x%er a(ﬁaheacflng
method, 'nter@ﬁ%&mﬁa@%f;ﬁ@n@aff]eaﬂee%_@_Jﬁ&%tr%glm&ahj@%@ﬁ%reamﬁ%m&d
processing, coating, wet coating, dry coating, deposition, ion plating, and sputtering.
starting material to mixing or laminating with various carbon materials
such as a carbon fiber, a natural graphite, an artificial graphite, a
glassy carbon or an amorphous carbon, charging the starting material
in a graphite crucible and conducting heat treatment under isotropic
gas pressure. Therefore, in the case of various needs of high strength,
high pore ratio and low pore ratio depending on applications of
graphite materials, such needs can be satisfied by combining various
carbon materials.
(0063) Graphite is excellent in electric and thermal conductivity
and therefore, is widely used for a current collector and a heat collector.
These devices have been produced by mixing a material fulfilling a
prime function with graphite, an organic binder and the like, and
heating, drying and pressurizing the mixture. In the present invention,

by mixing such a functional material with the pre-baked starting

material uniformly and subjecting the mixture to HIP treatment, it is



(0076)Moreover, resin composite materials such as molded resin articles and fiber-reinforced plastics
(FRP) containing the Graphenes and having improved electric conductivity, thei inal conductivity, heat
resistance, strength, fracture toughness and flexibility can be obtained by dispersing or mixing the

obtained Graphenes or dispersion in or with natural resins derived from plants such as rosin, dammar,
mastic, copal, amber, balsam and natural rubber, nattitalresins derived from animals such as shellac,
glue, tortoiseshell and casein, thermosetting resins such as phenol resin, epoxy resin, melamine resin,

urea resin, unsaturag?d %ogé%stﬁr resin, aélg](()jr[e%ilré,sggl rLéretrr{anre arlllq t’[glermgstettigg r[ﬁ?l irpfi:d%,
thermoplgstic?gsslﬁls Stuct [())o yect%y?er\’e, |gﬂ3 ensﬂ%po‘@etﬁy%%e_, me%rlhm-aeng y polyéethylene,
low-density pojygthueneyRabRraRyiens, Relyiny chioride, Robndnylidens:of lidee rR81- ARlystyrene,

polyvinyl acetate, polytetrafluoroethylene, ABS resin, AS resin and acrylic resin, and plastic materials
such as engingesdg plastics[ush ph potyaricle, nyltoshhelyasgiak ifelxtigrbbnateixiiagdifiectal
polyphenylene ether, polybutylene terephthalate, polyethylene terephthalate, glass fiber-reinforced
polyethylene teréppthatates @ychigissly diéfimipoly shedgie aesubitisl pclyslithee ifstyetitér $hifone,
amorphous polya%%{e, crystalline polymer, polyether ether ketone, thermoplastic polyimide and

polyamide-imiBES 2 ¢he rd i Hn TR FA R An I IRGMGY (06 PATEERS rUibtSerSUREHIBbER cdmposite

materials containin .gra henes and havin 'mg{ove elegtric cqnducttivitxi hermal conductiviéy, heat
. Ta ite %ucé)%ﬁte arn co%(éu Hl eat (reatment. er bSOtI‘O&)I& ah
resistance, str%nggf and flexibility can be obtaine §y Ispersing or mixing the obtaine r§p enes or

dispersion in g with nthelis AuRbers SHeh &s ACHGFHRRSr NI TURPRE ASQRISNR FibReh rethane

rubber, ethylene propylene rubber, epichlorohydrine rubber, chloroprene rubber, silicone rubber,

styrene-butadienaubiier, dusadiesnsirubbertHeorinepeantsining-giaken ang pplyiseputdene bigbber,
and, then" kneading, drying and molding. (0078)Moreover, various composite materials containing
Graphenes areradiagdmproved electric conductivity, thermal conductivity, heat resistance, strength,
fracture toughness and electromagnetic I\[/%v%a\/ﬁﬁshielding property can be obtained by dispersing or

0

mixing the obtiHEd Graphkhes OHaPe MoH HosRiR o RtRRIH Botiery t8isS, cEifiedt TibHAr,

o, el SRS SR EICH e DB eSS msior

and GaN, haliges b asfiephosphateubRited to partial cleaving, by preparing a
graphite intercalation compound (compound in which sulfate ion,
organic complex of alkali metal, and the like are invading between the
graphite layers) using the cluster of thin sheet graphite crystals as a
host material and subjecting the graphite intercalation compound to
rapid heating. Namely, by intercalation of ion, and the like between
the graphite layers, an interval between the layers of the thin sheet
graphite crystals forming the cluster of thin sheet graphite crystals is
increased, and thereby, a stress arises at various portions of the
cluster of thin sheet graphite crystals. Further, by subjecting the
graphite intercalation compound to rapid heating, a volume of graphite
crystal expands rapidly in the direction of "c¢" axis of the graphite
crystal. Through these processes, a thinner graphene, in which thin
sheet graphite crystals have been subjected to cleaving effectively, can

be produced. The cluster of graphite crystals subjected to cleaving

comprises graphene and multi-layer graphene formed by lamination of



and ceramic materials such as phosphate, barium titanate, high temperature superconductive
ceramics, ferrite, lead zirconium titanate, steatite, zinc oxide and GaAs, and, then, kneading, drying,
molding, baking and sintering. (0079)Moreover, various materials containing Graphenes and having
improved electric conductivity, thermal conductivity, heat resistance, magnetic properties, strength,
elasticity and fracture toughness can be obtained by gdispersing or mixing the obtained Graphencs or
dispersion in or with elements such as tungsten, rhenium, osmium, tantalum, molybdenum niobium,
iridium, ruthenium, hafnium, technetium, boron, rhodium, vanadium, chromium, zirconium, platinum,
thorium, lutecisenetiniargsatiddivaniproctmdnthéndhonrs, scapgiem] ieon asterd dastérdar ytrium,
erbium, cobalt, holmium, nickel, dysprosium, silicon, terbium, curium, gadolinium, beryllium,
manganese, aFRRERATCPomefli ianiim cBANEREsdtRE UM ATE I S ARInA R0 B RALHE
berkelium, silvecgh &&%ﬂi m, praseodymium, lanthanum, californium, calcium, europium, ytterbium,
cerium, strontium, barium,radium, aluminum, magnesium, plutonium, neptunium, antimony, tellurium,
zinc, lead, cadmium, thalium%;ié P RAIRIEM A i It pH AN, SUHULSOGHID RABISIUT.
rubidium, gallium, cesium, and alloys, carbides, oxides, nitridcs and hydroxides of these eléments,

and, then, kneagdingl, gryiogs madlstingcaxipldirigy preédsing theking teastingriqgping, apojlstglgranhulating
and flame spraying. (0080)Among materials, graphcnc has most excellent electron mobility and
strength, and thareforeskroin tiiy poineof vidwakigl fuabivitalization sarmbxedhiegdd itothe of
above-mentioned various - 58 - materijals using graphene. Further, it is possible to obtain composite

materials by fGRRGERKRYE R withHEBF such@E cafidt fibePapHeHE CcarBdH anofbit-andt

poly-parapheryleng (erephinalamids. accerdipa (o npceselty, (QQFuthelnore, Itgicglation.
compounds can be formed by Incorporating vanous guest species to Graphenes (especially multilayer

Graphenes hali\{m@&{?%ﬁy@lg%h%f iﬂ?@@h’&@ﬁ'&%Céé?r%grﬁﬁéitﬁliéﬂgﬂé‘.Fhﬁcﬁﬁ&HB@ sipgle layer
graphene, various guest species can be coordinated on its surface (coordination compound). By

selecting suitaki@idateriais gsqdudst specieshthanactegisiich ok spmicoadutions {melpding d-tgpe and
p-type semiconductors) such as a band gap and carrier mobility can be adjusted.
not limited particularly, and for example, there is exemplified a method
for charging an intercalation compound in a magnetic crucible made of
ceramic or the like and charging the crucible in a heated electric oven.
In this case, the temperature of the electric oven is preferably within a
range from 600° to 1000°C. Through such a process, the thickness of
the thin sheet graphite crystals will be from about 0.35 nm to about 9
nm.
(0065) The second phase of the present invention is then
described.

Example of silicon in the form of powder which can be used
suitably as a starting material is one having a particle size of, for
example, less than 500 pm, preferably less than 100 pm, more
preferably less than 10 pm, further preferably less than 5 pm, still
further preferably less than 1 pm. Here, for example, "one having a
particle size of less than 500 pm" means that 90% or more, preferably

99% or more, more preferably 99.9% or more of the total particles has

a particle size of less than 500 um. The same thing can be said with



With respect to such guest species, examples of a donor type material which can be suitably used are
alkali metals such as Li, K, Kb, Cs and Na; alkali earth metals such Ca, Sr and Ba; metal elements
such as Sm, Eu, Yb and Tm; alloys such as K-Hg, Rb-FIg, K-Tl and Ba-Na; hydrogen or heavy
hydrogen compounds such as KR, Nall and KD; and compounds, for example, Li-THF, K-THF,
Rb-T1-1F, Cs-THF, Na-THF, K-NII13, Be-NH3, Eu-NH3; Ba-THF and Sr-THF in which ammonia or
various organic molecules are coordinated on alkali metals and alkali earth metals. Examples of an
acceptor type material which can be suitably used are halogens such as Br2, F2, ICI and IF3,
chlorides suchrasptgC12,"be€ 13aFHeR| 2 grarNild Aihaloféessorhpoui@dsunh’ asAiBr3aQdBz2,
HgBr2, FeBr3, AsFs, SbFs and NbFs, oxides such as Cr03, Mo03, HNO3, H2SO4 and HC104, and
the like. In addHiBRHydfo§E flableRS dRpRitd Audide, §iapHiRveREe AR tHdtikeizarrbdemstd

suitably as an gcceptor type material. - 59 - (0082)Examples of graphite intercalation compoynds are
a 1st stage .coﬁ‘p%hng, iﬁl%%/hi _ eﬁ%%e%ﬁ%%%% iﬁsé??e%@e W r$ afﬁh el%?/egs%,aé]zsfi s‘&%e’
compound, in ywhichgyess,snesiesiaig nserted on every Atherdavar. &g 3 Bigher-s1age cemppund.

and physical properties of the obtained material can be controlled by adjusting the number of stages.
The same thingaganibeiappliedriatibe easpaftgrRphang 9pifxamplas efrasraihed febadjusiing the
number of stages are methods of adjusting a temperature, a pressure, a concentration when bringing
a solvent contaiindtguest apbeids obveparized orfiquahertiylessspeciéspatdicdasacywihra host
material. For synthesizing the intercalation compound and coordination compound, it is
possible to sutRsGIHEE vARBIRNSYATBE ZATY rRlREHRNSIBHAES SCORE 26HE helifooPSaRE e
method, in Whic‘lh ra%henes being a géqgwmerial (one to be intercalated) and guest species

& %es para

. . c o 1ICTOSC . . . . . .
(intercalating onef are cﬁrérgedgln € portions in a reaction tube mainly in vacuo or under

reduced pressure or U”deﬁiﬂ%rtrﬁ"i’s?iﬂ%‘@?%eﬁ-@dbm@éﬂ S temPRALIS iIfgIence OpBRIRSSUre

difference is applied to both of the host material and guest species to undergo a vapor phase reaction;
a method of sijratingcareastondttie Costainig a simplaiminktied| thesegpestive materiplsdo high

temperature treatment; a solution method or an immersion method, in which a host material is
immersed in vadoudesolnizas; ardtheetrsey séhmidhmethstiuire wiidihcopnsiexekeast isharoiagkali
metal and alkali earth metal are formed in_a solvent and are brought into contact with a host material.
(0083)MoreovEratGEiateRive BAEAT o RiKtioRaHzaien Ut EoRGehtiBhaPeAtbBHEmERAENEY mixing
the obtained Gcrg%pegegcc%r - 60.-.dis§erisioq V\gth vrarj%té&{cé rbg{j m[zi:lterials gyecrqa S ggif'ci%%raphite,
natural graphité; iS1 grapﬁ'iPe, 19-}6(5) , ac iva]{led &arbot, car on%ﬁaéﬁggfélssy Carbon, diamond-like
carbon and m%gg%zf\%&gl}gng%g;ﬁgmtgf @{%Bﬂ)g@;g}eﬁﬁggﬁlggssible or expectable for the obtained
(0066) It is necessary to carry out the HIP treatment at a maximum
ultimate temperature of about 1320°C or more being close to a melting
point of silicon because a vapor-phase growth reaction with a silane
gas generated by a reaction of silicon with hydrogen, etc., which come
from the pre-baked starting material, and an interface generated
between the silicon liquid layer and the solid phase are necessary.
Meanwhile, an upper limit of the maximum ultimate temperature is
lower than 2000°C which is the same as in the first aspect of the
present invention. The preferred maximum ultimate temperature is
within a range from about 1350°C to about 1800°C, more preferably
from about 1400°C to about 1600°C.

The preferred maximum ultimate pressure during the HIP

treatment is within a range from about 1 MPa to about 300 MPa, more



Graphcncs or dispersion thereof to be applied to electrode materials for various batteries such as
lithium ion battery, lithium ion capacitor, fuel cell electrode substrate, dye-sensitized solar cell, thin film
solar cell, metal-air battery, lithium ion battery and nickel-metal hydride battery, occlusion material for
hydrogen, etc., catalytic effect in a chemical reaction using a graphene surface, a novel reaction site in
medical and pharmaceutical fields, and a drug delivet§ system. (0085)The above-mentioned mass (B)
and (C) of thin sheet graphite crystals can be produced in the same manner as in the production of (A)

the cluster of %)hrigisheg} }gr@gpﬁtgsg%i%ﬁ &/}I(Qigq(i)s?%tg{lghe%&)o t in the first aspect of the present

invention. For exa?ﬁ%‘le, the mas n sheet graphite crys als is generated on the surface of a

spacer as a substrate in t"[%%b?i‘é%iﬂl%fi‘ﬂ%ﬁdrﬁ@%@%f%ﬂom&%%@réﬁ)a?%tmﬁ' sheet

graphite crystals. Examples of usable material for the substrate are glassy carbon, diamond-like
carbon, amorphessicarhove graphits; capper; pleket-gooweobsilictheliheaheesistant ofetilser
ceramics, SiC, GaN,Si and other semiconductors. The surface of the substrate may be subjected to
rough grindindravinigrer pblishintepredicughmicron sieteoverd thoenalisqlly onhlndreetgrabhite
crystals can be produced by preparing.a powdery a}nd/or particulate material of an orgar:éc compound

pre-baked to &7 BREKIS! EEERSIN RiGG KfalEgBh ARG CArm G FcAuPRAHLISY Rbtging the
powdery - 61 - and/or patticulate material in. a closed vessel resis r nd
subjecting thea’ﬁléilvfé)gré) %H%?rﬁ(é?ﬁgélaf%g %%%e%a %89%??%? v%?f?&%%e@?eq tﬁ%oﬁ%@giﬁ: %#égsing

treatment usingR caMpressed gas atmospheracExamplesebingscalalyskaie ragials Sighassobalt,
iron, nickel and zinc, and it is desirable that the catalyst is carried in a state of being dispersed

uniformly in the=peeddakat istartinig material. The catalyst can be carried by mixing the pre-baked
starting material with the catalyst adjusted in a fine shape, or by preparing a solution obtained by
dissolving a metal chloridédhgretdBeiises (At acenalraenat) decaltabpsmacta®dr takohol or
a mixture thereof and p,ouringt,the pre-baked starting material in the sqlution. An amount of the catalyst

is usually 10087 GSFdr BFE L Brerdb 2800 PR ST IHbRIMST Rt farabii L G50 Bhiiedt Mdre,
furth ferahly 110Q000 - ing: ial diti
urther preferably 10Q %) B soergr(%?ﬁ) 53(?%&%5*1%92@&%%& %ﬁ&%mmt%{}ﬂ%@%ﬂ%}@%?@” Itions

can be the sante as in the metho oducingthe clu of thin sheet graphite cry which is a

target product iy thesfisst asReatotthe Rreseptipyantion KRO§S) da the sppesent invention, an amount of
hydrogen is one measured in accordance with General Rules for Determination of Hydrogen in

Metallic Matel@35(3)S Z 26hé: 189 Detprinationle carrestatit byveminert gaddtesting méthod
which is a condition for "steel". The measurement is concretely conducted by heating a sample up to

2000C under RF§SHgaOaIPDEPHR rateied gietRbiHSgCaN Shedgrafd/ah ovrdilgenersdestiydrdgen by
Comsituing & BEARILS RIS Y ArSEERE roREh T 0 e EAH S SRSHLE SCg GbmAEEG o
relatively fine 88!&%'8%3@ dispersing in a solvent a pulverized resultant of mass of
thin sheet graphite crystals composed of aggregates of thin sheet
graphite crystals as a starting material, subjecting the dispersion to
ultrasonic wave treatment and centrifuging, collecting a supernatant
therefrom, and distilling off the solvent from the supernatant.

Here, a pressurized medium gas is deposited on the surface
of the mass of thin sheet graphite crystals, and therefore, if desired,
the mass of thin sheet graphite crystals or the pulverized resultant
thereof may be subjected to heat-treatment (for example, at a
temperature of 100°C or more) to remove the pressurized medium gas
and then subjected to the following steps. The mass of thin sheet

graphite crystals may be pulverized after having been formed into a



- 62 - particulate material being composed of comparatively coarse particles are encompassed.
Further, the open pore ratio (apparent pore ratio) is a ratio of a volume of a (open) cavity which exists
in a volume obtained from the outer shape of a material and into which a liquid or gas can invade.
Generally a material having a high open pore ratio has a continuous pore and has air permeability. In
this specification, the open pore ratio is obtained from the following equation. Open pore ratio
((%) =1 (Apparent specific gravity - Bulk specific gravity)/Apparent specific gravity} x100 Apparent
specific gravityhfYRiHaAneassred Using a sompie baless Puyeatizatian &yt aghaliHit @as-gdlstigution
pycnometer method using a densimeter AccuPyc 1330-PCW available from Shimadzu Corporation
Bulk specific greastyb& vidurensitaimge by dihdingea skmpla ateihtdoyea vaftere baleuigedérom outer
dimensions of the sample Further, the total pore ratio is a ratio of a volume of a total cavity
(including clod¥alpeFEEchh addition to open pores) existing in a volume calculated from outer shape of a
sample. In this specification, the total pore ratio is obtained from the following equation. Total
pore ratio (%) = {(True sp%%h% grr%l%ﬁ?/ - %?ulk slpneaoi%(g:egergv%f%ll}tg sﬁggﬁc%%raw@?ﬂ%ed of The

true specific g%gﬁéga@e%@iféﬁg{ayﬂxévwﬁ%%ﬁﬁé@égﬁm@éf‘é@km spte piheips pulverized

into a fine powder in"order to minimize an effect attributable to a cavity contained in the target material,
and in this spegifisadinn dberua tepecifictasaritbis npeasuiedsidgwi fowdeaitsamplerhaving passed

through a 74 p.m filter. - 63 - An apparent specific gravity, a bulk specific gravity and a true

specific gravitglasgsyrongmbuswitthencagparenndendity eeBulk defgigcandedliruetiensityare

respectively. exemplified (A) the cluster of thin sheet graphite crystals of the first
aspect of the present invention composed of aggregates in such a state
that thin sheet graphite crystals extend from the inside toward the
outside (including isostatic graphite particles and bulky graphite
structure thereof. A size of the graphite particles is from about 1 pm
to about 1000 pm or from about 1 pm to about 100 pm. A diameter or
a width of the thin sheet graphite crystals constituting the graphite
particles is from about 0.1 pm to 500 pm, or from about 0.1 pm to
about 50 pm, and a thickness thereof is from about 0.35 nm to about
100 nm, preferably from about 0.35 nm to about 10 nm, more
preferably from about 0.35 nm to about 3.5 nm, or from about 1 nm to
about 100 nm.); (B) a mass of thin sheet graphite crystals in the form
of a film, in which each of the thin sheet graphite crystals is grown in
the direction of "a" axis of the graphite crystals approximately being
vertical to the substrate, and these thin sheet graphite crystals cover
the surface of the substrate to form a film as a whole (A diameter or a
width of the thin sheet graphite crystals constituting the mass is from
about 1 um to about 500 um, or from about 1 pm to about 50 pm, and

a thickness thereof is from about 0.35 nm to about 100 nm, preferably

from about 0.35 nm to about 10 nm, more preferably from about 0.35



In this specification, the spacer and the sleeve are used being placed inside the closed vessel made of
graphite and is inserted between the inner wall of the vessel and the pre-baked starting material so
that the both do not come into direct contact with each other. The spacer is one covering the
pre-baked starting material mainly from the top and bottom thereof, and the sleeve is one covering the
pre-baked starting material from the side thereof. Theyg can be a case where discrimination between
the spacer and the sleeve is meaningless depending on a shape of the vessel. (0087)"Bulk" in the
terms such as "bulky", "bulky state" or "bulky structure’ means that the basic component units are put
in a row. nipHe aleadedparticie sizd pattiehosizd (avarbge)parat hehsured K hdaserdffraction

scattering method using a laser diffraction density distribytion measuring device. Namely, a density
distribution et dABHIRER o7 EREtHo F156 B thfthe GFBUS bEpAtTes Al BATCIERAG fm a

distributi t intensit - [ g teri . «In thi
Speciicaton, 1 EALe o ALy rAGe Sho i T St b DD %5 18061 i Sl for a

range of 1200tgemerg @il 299 ordesshEXAMPLE (QAB3Hha presenttivaTlion ipikandegeribed by
means of Examples, but is not limited to these Examples. - 64 - EXAMPLE 1

outside, and many of these thin sheet graphite crystals lie in a row and
as a whole and constitute aggregates in the form of a fiber (A diameter
or a width of the mass is from about 1 um to 500 pm, or from 1 pm to
50 pm, a length thereof is from 0.01 mm to 30 mm, and a diameter or
a width of the thin sheet graphite crystals constituting the mass is
from 0.1 pm to 500 pm, or from 0.1 pm to 50 pm, and a thickness
thereof is from 1 nm to 100 nm.); (D) a mass of thin sheet graphite
crystals in the form of a fiber, in which many of these thin sheet
graphite crystals are laminated in the direction of "c" axis of the
graphite crystals and constitute, as a whole, aggregates in the form of a
fiber (The fiber is called a graphene-laminated carbon nanofiber (CNF).
A diameter or a width of the mass is from about 0.2 um to several
microns, a length thereof is from about 10 um to several millimeters,
and a thickness of the thin sheet graphite crystals constituting the
mass is about several nanometers.); and the like.

The "thin sheet graphite crystals” constituting the mass of
thin sheet graphite crystals can include a single layer graphene.
Example of other preferred "thin sheet graphite crystals" is
several-layer graphene having a size as mentioned above (Few-layer
graphene: multi-layer graphene up to about 10 layers having a
thickness of from about 0.35 nm to about 3.5 nm).

(0068) The pulverizing can be carried out by physically grinding

the mass of thin sheet graphite crystals into small pieces by means of a



(0089)A powder of phenol-formaldehyde resin having an average particle size of 20 1-tm was
pre-baked at each of maximum ultimate temperatures of 600C, 700C, 900C and 1000C under inert
gas atmosphere. An amount of hydrogen remaining in the starting material after the pre-baking was
analyzed in accordance with General Rules for Determination of Hydrogen in Metallic Materials (JIS Z
2614: 1990), and the results are shown in Table 1. Thg starting material pre-baked at each
temperature was charged in a screw-capped (triangular screw) graphite crucible made of a material
having a bulk density of 1.80 and an open pore ratio of 10%, and a threaded top cover was turned to
be closed, andtiusthevetusitielwentiaming uheeprecbalke dstagingambletial svassdmbld Mitbr eéharging
the graphite crucible in hot isgstatic pressing equipment, a temperature and pressureHinside the

equipment wetHH e A8 6068 arti FEMBLE rediletiviily R NSRBI Tsing ArgdH A0 BHd
thereatter, he%H)nl%%gr}lezrglpegaﬁu&eﬁggg};@g éaﬁ?v%fi%%%\c,j aerrgi;?%lgélandrif@ﬁ%eqﬁgein aRIESHULE Were

continued to reac maximum ultimate pressure o each of maximum ultimate

temperatures gi1A0Q5 18006 BOQQUT28d 89R0G0 T BB MaATHEY HmBietamaghaiie-and

pressure were maintained for one hour, and the temperature was reduced to room temperature and
the pressure wiassieofetisied sh perigaagfhite ceguirdd iroro shardinpiot tizeifuapbibtverncibéétip to
taking out thereof was 8 to 12 hours. A bulk density, a pore ratio and a true density of the treated
sample were meERHHEd, BHdSRedestts Afksho Table | sMEssirefeihef areensisgdaearried

out by a - 65 - helium_gas substitytion, pycnometer method using a densimeter AccyPyc 1330-PCW
available fromdé‘?ﬁ)rﬂlé%‘ﬂggéiﬁ)d?éﬂgﬁ,“&ﬁ ARS8 Jiffﬁmv gﬂ?&f‘iﬁ% %fé’t%t%ﬁsagﬁﬁ & being

(pT“;‘l’)‘ngl‘id i_nt%l%g?eepr?%(\,dﬁ{ (pgrginafier tha, a’%%%%?i&%%?% gg‘%ﬁeaﬁgr%ﬁ%ﬁ%}@&”%}ies)
: ysical properties of material after tit:atram Bulk Pore density rafio g/cmi3 % ,
ultrasonic wave treatment immediately after the wet pulverizing.

Forming into a thin layer can be carried out by subjecting
the mass of thin sheet graphite crystals or the mass pulverized into
small pieces as described above to peeling or cleaving. In this case,
the cleaving can be carried out, for example, in the same manner as in
the above-mentioned partial cleaving of the cluster of thin sheet
graphite crystals.

(0069) Examples of the solvent which can be used in the third
aspect of the present invention are carbonic acid esters such as
1,2-dichloroethane, benzene, thionyl chloride, acetyl chloride,
tetrachloroethylene carbonate, dichloroethylene carbonate, benzoyl
fluoride, benzoyl chloride, nitromethane, nitrobenzene, acetic
anhydride, phosphorus oxychloride, benzonitrile, selenium oxychloride,
acetonitrile, tetramethylsulfone, dioxane, 1,2-propanediol carbonate,
benzyl cyanide, ethylene sulfite, isobutyronitrile, propionitrile, dimethyl
carbonate, propylene carbonate, ethyl methyl carbonate and ethylene
carbonate; alcohols such as phenyl phosphoric acid difluoride, methyl
acetate, n-butyronitrile, acetone, ethyl acetate, water, phenyl

phosphoric acid dichloride, diethyl ether, tetrahydrofuran, diphenyl
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phosphoric acid chloride, trimethyl phosphate, tributyl phosphate,
dimethylformamide, N-methylpyrrolidine, n-dimethylacetamide,
dimethyl sulfoxide, N-diethylformamide, N-diethylacetamide, pyridine,
hexamethylphosphoric amide, hexane, carbon tetrachloride, diglyme,
trichloromethane, 2-propanol, methanol, ethanol, propanol and
ethylene glycol; methyl ethyl ketone, 2-methoxyethanol,
dimethylacetamide, toluene, polybenzimidazole, and the like. These
solvents can be used alone or in a mixture of two or more thereof.
(0070) In addition, a dispersant can be added to these solvents in
order to increase an amount of thin sheet graphite crystals to be
dispersed or to prevent agglomeration of the thin sheet graphite
crystals in a solvent. Examples of a dispersant are surfactants and in
addition, those having a week binding force to graphene and an electric
attracting force such as a Coulomb's force and having a hydrophilic
functional group such as hydroxyl and carboxyl in a structure thereof.
Examples of the latter dispersants are monomers and polymers of
phenols such as phenol and naphthol having hydroxyl bonded to a
benzene nucleus, styrene, propylene, acrylonitrile, monomers and
polymers having carbon double bond such as vinyl acetate, proteins
such as collagen, keratin, actin, myosin, casein, albumin, GFP and
RFP, amino acids such as glycine, tyrosine, threonine and glutamine,
and the like.

(0071) Examples of surfactants to be used suitably are: anion
based surfactants (anionic surfactants) such as fatty acid salts (for
example, sodium dodecanoate), cholic acid salts (for example, sodium
cholate), monoalkyl sulfates (for example, sodium lauryl sulfate), alkyl

polyoxyethylene sulfate, alkyl benzene sulfonates (for example, sodium
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dodecyl benzene sulfonate) and monoalkyl phosphate;

cation based surfactants (cationic surfactants) such as alkyl trimethyl
ammonium salts (for example, cetyl trimethyl ammonium bromide),
dialkyl dimethyl ammonium salts (for example, didecyl dimethyl
ammonium chloride) and alkyl benzyl dimethyl ammonium salts (for
example, alkyl benzyl dimethyl ammonium chloride);

amphoteric surfactants (Gemini surfactants) such as alkyl dimethyl
amine oxide and alkyl carboxybetaine; and

non-ionic surfactants (nonionic surfactants) such as polyoxyethylene
alkyl ether (for example, polyoxyethylene dodecyl ether), fatty acid
sorbitan ester, alkyl polyglucoside, fatty acid diethanol amide and alkyl
monoglyceryl ether. Among these, monoalkyl sulfates and fatty acid
salts can be suitably used.

(0072) Among the above-mentioned solvents, preferred are
dimethylformamide, water to which a dispersant (preferably a
surfactant) is added, 2-methoxyethanol and the like.

An amount of a dispersant is within a range from 0.001 to
10 % by weight, preferably from 0.02 to 5 % by weight based on the
weight of a solvent.

An amount of the mass of thin sheet graphite crystals is
within a range from 0.001 to 50 % by weight, preferably from 0.01 to
10 % by weight based on the weight of a solvent.

(0073) A means for ultrasonic wave treatment is not particularly
limited, and it can be carried out by using, for example, an ultrasonic
cleaner. It is preferable that a frequency of an ultrasonic wave to be
applied is within a range from about 20 kHz to about 100 kHz. A

period of time for the treatment is preferably from about 1 minute to
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about 60 minutes.

It is preferable that centrifugation is carried out at an
acceleration rate within a range from about 100 G to about 100000 G,
preferably from about 100 G to about 10000 G, for about 1 minute to
about 60 minutes, preferably for about 5 minutes to about 30 minutes.

In the supernatant obtained after the centrifugation are
dispersed thin sheet graphite crystals and/or a thin layer obtained
therefrom and/or wrinkled and shrunk graphite crystals thereof
and/or roll-shaped graphite crystals thereof (This dispersion is referred
to as "graphene dispersion"). To this dispersion can be added
additives (for example, a viscosity improver, a dispersant, a diluent,
and the like) which are usually used in this field, if desired so. The
graphene dispersant can be used as it is for a transparent conductive
film, a conductive film, a heat-conduction film or an additive therefor
without distilling off a solvent. In addition, thin sheet graphite
crystals and/or a thin layer obtained therefrom and/or wrinkled and
shrunk graphite crystals thereof and/or roll-shaped graphite crystals
thereof (Hereinafter, these are collectively referred to as "Graphenes")
can be obtained from the dispersion by distilling off the solvent
through a usual method, and can be used for a transparent conductive
film or the like or an additive therefor.

The thus obtained Graphenes have a diameter or a width of
from several microns to several tens microns and a thickness of about
10 nm or less, preferably about 3.5 nm or less (the number of
laminated layers is about ten), and have high crystallinity.

In the present invention, wrinkled and shrunk graphite

crystals and/or roll-shaped graphite crystals of thin sheet graphite
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crystals (or a thin layer obtained therefrom) include any of wrinkled
and shrunk graphite crystals and roll-shaped graphite crystals of thin
sheet graphite crystals (or a thin layer obtained therefrom) and partly
wrinkled and shrunk graphite crystals and partly roll-shaped graphite
crystals thereof. "Wrinkling and shrinking" means that the thin sheet
graphite crystals shrink by wrinkling, and the thin sheet graphite
crystals may be wrinkled and shrunk in a single direction and may be
wrinkled and shrunk in different directions at different portions. Also,
"roll-shaping” means that it includes the thin sheet graphite crystals
not only in the form of a single roll but also in the form having plural
rolls at different portions. With respect to a size of the wrinkled and
shrunk graphite crystals and/or roll-shaped graphite crystals of thin
sheet graphite crystals (or a thin layer obtained therefrom), a length
thereof is approximately several tens microns and a width thereof is
several microns. Example of the wrinkled and shrunk graphite
crystals of thin sheet graphite crystals is the thin sheet graphite
crystals wrinkled and shrunk in a single direction as shown in Fig. 64.
(0074) The graphene dispersion can be used, for example, as an
ink to be used for forming a circuit and a thin film for printable
electronic products. In other words, a circuit and the like can be
formed by printing the dispersion on a surface of a substrate by
various printing methods such as flexographic printing (letterpress
printing), offset printing (planographic printing), gravure printing
(intaglio printing), screen printing, ink jet printing, electrophotography,
heat transfer and laser transfer.

Moreover, a desired circuit can be obtained by applying the

dispersion on a substrate by wet coating such as spin coating, slit
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coating, bar coating, blade coating or spray coating and then carrying
out patterning on the coated substrate by using a patterning technique
such as nano-micro contact printing, dip-pen lithography, nano-micro
transfer, nanoimprinting, electron beam lithography, or
photolithography.

Furthermore, a desired circuit can be obtained by applying
the Graphenes on a substrate by dry coating such as vacuum
deposition, sputtering or CVD to form a film on the substrate and then
carrying out patterning on the substrate by using the above-mentioned
patterning technique.

(0075) Moreover, various high functional films such as a
transparent conductive film, a highly conductive film and a high
thermal conduction film containing the Graphenes can be obtained by
dispersing or mixing the Graphenes or dispersion obtained above in a
starting resin for a PET film, an ionomer film (IO film), a polyethylene
film made of high density polyethylene (HDPE), medium-density
polyethylene (MDPE), low-density polyethylene (LDPE), linear
low-density polyethylene (L-LDPE) or metallocene catalyst type linear
low-density polyethylene (mL-LDPE), hard, semi-hard or soft polyvinyl
chloride film (PVC film), polyvinylidene chloride film (PVDC film),
polyvinyl alcohol film (PVA film), polypropylene film (PP film), polyester
film, polycarbonate film (PC film), polystyrene film (PS film),
polyacrylonitrile film (PAN film), ethylene-vinyl alcohol copolymer film
(EVOH film), ethylene-methacrylic acid copolymer film (EMAA film),
nylon film (NY film, polyamide (PA) film), cellophane, or polyimide film.
Or, various high functional films such as a transparent conductive film,

a highly conductive film and a high thermal conduction film coated



002., 009 006 0001 C-) -6., ,..; -4 cri Cl) |

- 55 -

with the Graphenes can be obtained by laminating or coating and
drying the Graphenes or dispersion on the above-mentioned films.

For the production of the above circuits and films, it is
possible to suitably use existing techniques such as melt extrusion
molding method, inflation method, T die method, flat die method,
solvent casting method, calendaring method, stretching method,
multilayer processing method, co-extrusion method, co-extrusion by
inflation method, multi-manifold method, laminating method,
extrusion-laminating method, laminating method using an adhesive,
wet laminating method, dry laminating method, hot-melt laminating
method, heat-seal method, external heating method, internal heating
method, corona treatment, plasma treatment, flame treatment, matt
processing, coating, wet coating, dry coating, deposition, ion plating,
and sputtering.

(0076) Moreover, resin composite materials such as molded resin
articles and fiber-reinforced plastics (FRP) containing the Graphenes
and having improved electric conductivity, thermal conductivity, heat
resistance, strength, fracture toughness and flexibility can be obtained
by dispersing or mixing the obtained Graphenes or dispersion in or
with natural resins derived from plants such as rosin, dammar, mastic,
copal, amber, balsam and natural rubber, natural resins derived from
animals such as shellac, glue, tortoiseshell and casein, thermosetting
resins such as phenol resin, epoxy resin, melamine resin, urea resin,
unsaturated polyester resin, alkyd resin, polyurethane and
thermosetting polyimide, thermoplastic resins such as polyethylene,
high density polyethylene, medium-density polyethylene, low-density
polyethylene, polypropylene, polyvinyl chloride, polyvinylidene chloride,



9 -67 (0091)As shown in Table 1, in the ease of a pre-baking temperature of 600C and an amount of
remaining hydrogen of 20000 ppm measured by the above-mentioned measuring method, a true
density being most approximate to a theoretical density of graphite was obtained (Sample Nos. 1 and
2), and as a pre-baking temperature increased, a value of a true density decreased (Sample Nos. 3
and 4). In the case of a pre-baking temperature of 90 and an amount of remaining hydrogen of
5000 ppm measured by the above-mentioned measuring method, a true density was 1.88 (Sample No.
4). In the case 05 a pre-baking temperature of 900C or 1000C and a maximum ultimate temperature of

2000C or 25088 %% tREHSY i3ttt Ble 8GRI a RN CLR BIRNRE HarshEs ABRICHEN S Fig. 15
is an electron mjgrog f fa th m 0.1, and Fig. 16 is an expanded electron
micrograph of t gg;guf%{z:&; %f%%ﬂélé%%;}’l%é anBer%e%[tlr%n%%%é%%hSo A broken %g}%%ee%?ﬁwg
sample No. |, ﬁl&ﬁ@?@%h%@?@@ld}@ﬁf‘é HeWRROpANefad il PR3 5UHacE, afibagrherical

pre-baked starting material. (0092)Fig. 18 is an electron micrograph showing a broken surface of the

sample No. 5 pardphgniddsan etatteon mipkgiaphyswwingtadeokenduiace optheestippedo. 6. As

compared with the sample No. 1, a dl\(ae_g)ree of growth of carbon hexagonal planes is low, and

especially in tHreRbd balatesaghphs Nob & -sainferer didpmyeshylapisitéatce s hgthtge s exbited at a

high temperature of 2000C or more was recognized. (0093)Fig. 20 shows the measuring results of a
spectrum of theoi%%%fl)glNo.pf& RafigHSp g&%pypﬁ Fratp PGk o?@ﬁ?tgﬁbhif‘é‘%@{b‘?ng

around 1580 %%%Qgng%@@gtg,p%%satr&lfﬂ%1%)%(1)ymer, polyether ether ketone,

thermoplastic polyimide and polyamide-imide, and, then, kneading,
drying and molding.

(0077) Also, rubbers and rubber composite materials containing
Graphenes and having improved electric conductivity, thermal
conductivity, heat resistance, strength and flexibility can be obtained
by dispersing or mixing the obtained Graphenes or dispersion in or
with synthetic rubbers such as acrylic rubber, nitrile rubber, isoprene
rubber, urethane rubber, ethylene propylene rubber, epichlorchydrine
rubber, chloroprene rubber, silicone rubber, styrene-butadiene rubber,
butadiene rubber, fluorine-containing rubber and polyisobutylene
rubber, and, then, , kneading, drying and molding.

(0078) Moreover, various composite materials containing
Graphenes and having improved electric conductivity, thermal
conductivity, heat resistance, strength, fracture toughness and
electromagnetic wave shielding property can be obtained by dispersing
or mixing the obtained Graphenes or dispersion in or with oxides of
pottery, glass, cement, mortar, gypsum, enamel, alumina and zirconia,
hydroxides such as hydroxyapatite, carbides such as silicon carbide
and boron carbide, carbonates, nitrides such as silicon nitride, boron

nitride, aluminum nitride and GaN, halides such as fluophosphate,



68 - cm showing a turbostrat ¢ structure was hardly recognized. An R value represented by its intensity
ratio of 11360/11580 (ID/1G) was a value being close to zero, and the structure was one having very
good graphite crystallinity. On the other hand, the measuring results of a spectrum of the sample No. 5
with Raman spectroscopy is shown in Fig. 21. A peak around 1360 c as observed, and its intensity
ratio of 11360/11580 (In/IG) was a large value. EXAMBLE 2 (0094)A powder of phenol-formaldehyde
resin having an average particle size of 500 pm was pre-baked at a maximum ultimate temperature of

600C under gl pas AUmARPNEIE: The Rredbplied starting material was,sgled i, he samg;anner s

in Example 1 except that a maximum ultimate temperature during the hot isostatic pressing freatment

was 1400C. Atperiigeraltite sagpeired font charaingahibs, graphie uaE MpIR IRKINGQM thereof

was 12 hours. An electron micrograph of the treated sample is shown in Fig. 22, and an expanded
photograph ofsteasiidacaniveredtis shodvriGaksg. 28dY aperrphkseadong, giaphite, growidiagially over
the whole surfaces of the spherical particles was recognized, but a bulk structure comprising bonded
particles was hetdpgined AN fE dehsity of the obtained sample was 1.80.

EXAMPLE 3 (f&??gﬁ Wasi%PET bev_era e.bottle_was finely cut into an average particle size of about
200 tim (a size Of (1@ long PB%?ﬁ'gﬁ’ln‘églgﬁéiﬁwgéaéﬁﬂ% ss?ﬁ@éadﬁ&gon%?rﬁﬁgm%spréﬁ ked at a
maximum having improved electric conductivity, thermal conductivity, heat
resistance, magnetic properties, strength, elasticity and fracture
toughness can be obtained by dispersing or mixing the obtained
Graphenes or dispersion in or with elements such as tungsten,
rhenium, osmium, tantalum, molybdenum, niobium, iridium,
ruthenium, hafnium, technetium, boron, rhodium, vanadium,
chromium, zirconium, platinum, thorium, lutecium, titanium,
palladium, protactinium, thulium, scandium, iron, steel, cast iron,
yttrium, erbium, cobalt, holmium, nickel, dysprosium, silicon, terbium,
curium, gadolinium, beryllium, manganese, americium, promethium,
uranium, copper, samarium, gold, actinium, neodymium, berkelium,
silver, germanium, praseodymium, lanthanum, californium, calcium,
europium, ytterbium, cerium, strontium, barium, radium, aluminum,
magnesium, plutonium, neptunium, antimony, tellurium, zinc, lead,
cadmium, thalium, bismuth, polonium, tin, lithium, indium, sulfur,
sodium, potassium, rubidium, gallium, cesium, and alloys, carbides,
oxides, nitrides and hydroxides of these elements, and, then, kneading,
drying, molding, extruding, pressing, melting, casting, forging, rolling,
granulating and flame spraying.

(0080) Among materials, graphene has most excellent electron
mobility and strength, and therefore, from this point of view, high

functionalization can be achieved in the above-mentioned various



69 - ultimate temperature of 600C under inert gas atmosphere. The pre-baked starting material was
pulverized into particles in a stainless steel mortar, and was then treated in the same manner as in
Example 2. A period of time required from charging of the graphite crucible up to taking out thereof
was 12 hours. An electron micrograph of the treated sample is shown in Fig. 24. Vapor-phase-grown
graphite grown approximately radially over the whale sgirfaces of the irregular particles was
recognized. A true density of the obtained sample was 1.90. EXAMPLE 4 (0096)A powder of
phenol-formaldehyde resin having an average particle size of 20 pm was pre-baked at a maximum
ultimate tempersiteeisly0oinmdeaivleengas dtmdspherd. hepssiblkdd strtaig materjzd siss
charged in each of graphite crucibles shown in Table 2, and a screw type top cover was tightened to
seal the crucitRadEAtaINnyThe BreTak et STieh gt n taHal. FReTgrapHRE crtibfed Refe tEREEd in the

same manner as inhEexampl%J(Z:D%xcerpt tkb%tl?emam um ultimate t%rgg}efiature durlng ttﬁepot |sé§)stat|e

pressing treatient was 2500C, True dens yroﬁ?eatgg VsRApIE ene terephthalamide

according to necessity.
(0081) Furthermore, intercalation compounds can be formed by
incorporating various guest species to Graphenes (especially multilayer
Graphenes having a small number of layers) like the case of graphite,
and in the case of a single layer graphene, various guest species can be
coordinated on its surface (coordination compound). By selecting
suitable materials as guest species, characteristics of semiconductors
(including n-type and p-type semiconductors) such as a band gap and
carrier mobility can be adjusted.

With respect to such guest species, examples of a donor
type material which can be suitably used are alkali metals such as Li,
K, Rb, Cs and Na; alkali earth metals such Ca, Sr and Ba; metal
elements such as Sm, Eu, Yb and Tm; alloys such as K-Hg, Rb-Hg,
K-TI and Ba-Na; hydrogen or heavy hydrogen compounds such as KH,
NaH and KD; and compounds, for example, Li-THF, K-THF, Rb-THF,
Cs-THF, Na-THF, K-NH3, Be-NH3, Eu-NH3, Ba-THF and Sr-THF in
which ammonia or various organic molecules are coordinated on alkali
metals and alkali earth metals. Examples of an acceptor type material
which can be suitably used are halogens such as Bra, F2, ICl and IF3,
chlorides such as MgClz2, FeCl3, FeClz and NiClz, halogen compounds
such as AlBr3, CdBr2, HgBr2, FeBr3, AsFs, SbFs and NbFs, oxides such
as CrO3, MoO3s, HNO3, H2S04 and HCIlO4, and the like. In addition,
hydrogen fluoride, graphite fluoride, graphite oxide, and the like can be

used suitably as an acceptor type material.



T SO'r, TO Z, 661 SO'F, 861 t:0'Z 61' ADDIS Material:

- 59 -

(0082) Examples of graphite intercalation compounds are a 1st
stage compound, in which guest species are inserted between all the
layers, a 2nd stage compound, in which guest species are inserted on
every other layer, and a higher stage compound, and physical
properties of the obtained material can be controlled by adjusting the
number of stages. The same thing can be applied in the case of
graphene, too. Examples of a method for adjusting the number of
stages are methods of adjusting a temperature, a pressure, a
concentration when bringing a solvent containing guest species or
vaporized or liquefied guest species into contact with a host material.
For synthesizing the intercalation compound and
coordination compound, it is possible to suitably wuse various
synthesizing methods such as a two-zone method or a two valve
method, in which Graphenes being a host material (one to be
intercalated) and guest species (intercalating one) are charged into
separate portions in a reaction tube mainly in vacuo or under reduced
pressure or under inert gas atmosphere and, then, a temperature
difference or a pressure difference is applied to both of the host
material and guest species to undergo a vapor phase reaction; a
method of subjecting a reaction tube containing a simple mixture of
the respective materials to high temperature treatment; a solution
method or an immersion method, in which a host material is immersed
in various solutions; and a ternary solution method, in which
complexes or ions of alkali metal and alkali earth metal are formed in a
solvent and are brought into contact with a host material.
(0083) Moreover, it is effective to carry out functionalization of

conventional carbon materials by mixing the obtained Graphenes or
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dispersion with various carbon materials such as artificial graphite,
natural graphite, kish graphite, HOPG, activated carbon, carbon black,
glassy carbon, diamond-like carbon and mesophase spherical graphite.
(0084) Further, it is possible or expectable for the obtained
Graphenes or dispersion thereof to be applied to electrode materials for
various batteries such as lithium ion battery, lithium ion capacitor,
fuel cell electrode substrate, dye-sensitized solar cell, thin film solar
cell, metal-air battery, lithium ion battery and nickel-metal hydride
battery, occlusion material for hydrogen, etc., catalytic effect in a
chemical reaction using a graphene surface, a novel reaction site in
medical and pharmaceutical fields, and a drug delivery system.
(008%5) The above-mentioned mass (B) and (C) of thin sheet
graphite crystals can be produced in the same manner as in the
production of (A) the cluster of thin sheet graphite crystals which is a
target product in the first aspect of the present invention. For
example, the mass (B) of thin sheet graphite crystals is generated on
the surface of a spacer as a substrate in the above-mentioned method
for producing the cluster (A) of thin sheet graphite crystals. Examples
of usable material for the substrate are glassy carbon, diamond-like
carbon, amorphous carbon, graphite, copper, nickel, iron, cobalt, other
heat-resistant metals, ceramics, SiC, GaN, Si and other
semiconductors. The surface of the substrate may be subjected to
rough grinding or mirror polishing previously.

Moreover, the mass (D) of thin sheet graphite crystals can
be produced by preparing a powdery and/or particulate material of an
organic compound pre-baked to an extent of containing remaining

hydrogen and carrying a catalyst thereon, charging the powdery
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and/or particulate material in a closed vessel made of heat resistant
material, and subjecting the powdery and/or particulate material
together with the vessel to hot isostatic pressing treatment using a
compressed gas atmosphere. Examples of the catalyst are metals
such as cobalt, iron, nickel and zinc, and it is desirable that the
catalyst is carried in a state of being dispersed uniformly in the
pre-baked starting material. The catalyst can be carried by mixing the
pre-baked starting material with the catalyst adjusted in a fine shape,
or by preparing a solution obtained by dissolving a metal chloride or
metal complex (metal acetylacetonate) as a catalyst in water, alcohol or
a mixture thereof and pouring the pre-baked starting material in the
solution. An amount of the catalyst is usually 1000 ppm or more,
preferably 2000 ppm or more, more preferably 10000 ppm or more,
further preferably 100000 ppm or more based on the pre-baked
starting material. The other conditions can be the same as in the
method for producingthe cluster (A) of thin sheet graphite crystals
which is a target product in the first aspect of the present invention.
(0086) In the present invention, an amount of hydrogen is one
measured in accordance with General Rules for Determination of
Hydrogen in Metallic Materials (JIS Z 2614: 1990. Determination is
carried out by an inert gas heating method which is a condition for
"steel'. The measurement is concretely conducted by heating a
sample up to 2000°C under argon gas atmosphere and measuring an
integrated amount of generated hydrogen by gas chromatograph.).
There is no definite limitation in a size and a shape of
particles constituting a powdery and/or particulate material, and a

powdery material being composed of relatively fine particles and
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particulate material being composed of comparatively coarse particles
are encompassed.

Further, the open pore ratio (apparent pore ratio) is a ratio
of a volume of a (open) cavity which exists in a volume obtained from
the outer shape of a material and into which a liquid or gas can invade.
Generally a material having a high open pore ratio has a continuous
pore and has air permeability. In this specification, the open pore
ratio is obtained from the following equation.

Open pore ratio (%) = {(Apparent specific gravity — Bulk
specific gravity)/Apparent specific gravity}x100
Apparent specific gravity: A value measured using a sample before
pulverization by a helium gas substitution pycnometer method using a
densimeter AccuPyc 1330-PCW available from Shimadzu Corporation
Bulk specific gravity: A value obtained by dividing a sample weight by a
volume calculated from outer dimensions of the sample

Further, the total pore ratio is a ratio of a volume of a total
cavity (including closed pores in addition to open pores) existing in a
volume calculated from outer shape of a sample. In this specification,
the total pore ratio is obtained from the following equation.

Total pore ratio (%) = {(True specific gravity — Bulk specific
gravity)/True specific gravity}x100

The true specific gravity is a specific gravity measured using
a target material in a state of being pulverized into a fine powder in
order to minimize an effect attributable to a cavity contained in the
target material, and in this specification, the true specific gravity is
measured using a powder sample having passed through a 74 pm

filter.
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An apparent specific gravity, a bulk specific gravity and a
true specific gravity are synonymous with an apparent density, a bulk
density and a true density, respectively.

In this specification, the spacer and the sleeve are used
being placed inside the closed vessel made of graphite and is inserted
between the inner wall of the vessel and the pre-baked starting
material so that the both do not come into direct contact with each
other. The spacer is one covering the pre-baked starting material
mainly from the top and bottom thereof, and the sleeve is one covering
the pre-baked starting material from the side thereof. There can be a
case where discrimination between the spacer and the sleeve is
meaningless depending on a shape of the vessel.

(0087) "Bulk" in the terms such as "bulky", "bulky state" or "bulky
structure" means that the basic component units are put in a row.

The average particle size (particle size (average)) was
measured by a laser diffraction scattering method using a laser
diffraction density distribution measuring device. Namely, a density
distribution was determined by emitting laser beam to the group of
particles and calculating from a distribution pattern of intensity of
beams diffracting and scattering therefrom.

In this specification, in the case of a numerical range shown,
for example, by 1200 to 1900, this stands for a range of 1200 or more

and 1900 or less.

EXAMPLE
(0088) The present invention is then described by means of

Examples, but is not limited to these Examples.
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EXAMPLE 1
(0089) A powder of phenol-formaldehyde resin having an average
particle size of 20 pm was pre-baked at each of maximum ultimate
temperatures of 600°C, 700°C, 900°C and 1000°C under inert gas
atmosphere. An amount of hydrogen remaining in the starting
material after the pre-baking was analyzed in accordance with General
Rules for Determination of Hydrogen in Metallic Materials (JIS Z 2614:
1990), and the results are shown in Table 1. The starting material
pre-baked at each temperature was charged in a screw-capped
(triangular screw) graphite crucible made of a material having a bulk
density of 1.80 and an open pore ratio of 10%, and a threaded top
cover was turned to be closed, and thus the crucible containing the
pre-baked starting material was sealed. After charging the graphite
crucible in hot isostatic pressing equipment, a temperature and
pressure inside the equipment were increased to 600°C and 70 MPa,
respectively in one hour using argon gas, and thereafter, heating at a
temperature elevating rate of 500°C per hour and increase in a
pressure were continued to reach a maximum ultimate pressure of 190
MPa and each of maximum ultimate temperatures of 1400°C, 1800°C,
2000°C and 2500°C. Then, the maximum ultimate temperature and
pressure were maintained for one hour, and the temperature was
reduced to room temperature and the pressure was decreased. A
period of time required from charging of the graphite crucible up to
taking out thereof was 8 to 12 hours. A bulk density, a pore ratio and
a true density of the treated sample were measured, and the results

are shown in Table 1. Measurement of a density was carried out by a
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helium gas substitution pycnometer method using a densimeter
AccuPyc 1330-PCW available from Shimadzu Corporation, and a true
density was measured in a state of a sample being pulverized into a
fine powder (hereinafter the same with respect to the measurement of

densities) (Table 1).
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(0091) As shown in Table 1, in the case of a pre-baking
temperature of 600°C and an amount of remaining hydrogen of 20000
ppm measured by the above-mentioned measuring method, a true
density being most approximate to a theoretical density of graphite was
obtained (Sample Nos. 1 and 2), and as a pre-baking temperature
increased, a value of a true density decreased (Sample Nos. 3 and 4).
In the case of a pre-baking temperature of 900°C and an amount of
remaining hydrogen of 5000 ppm measured by the above-mentioned
measuring method, a true density was 1.88 (Sample No. 4). In the
case of a pre-baking temperature of 900°C or 1000°C and a maximum
ultimate temperature of 2000°C or 2500°C at the hot isostatic pressing
treatment, any of true densities are less than 2.0. Fig. 15 is an
electron micrograph of a surface of the sample No. 1, and Fig. 16 is an
expanded electron micrograph of the surface of Fig. 15. Fig. 17 is an
electron micrograph of a broken surface of the sample No. 1, and
graphite hexagonal planes are vapor-grown radially on a surface of the
spherical pre-baked starting material.

(0092) Fig. 18 is an electron micrograph showing a broken surface
of the sample No. 5, and Fig. 19 is an electron micrograph showing a
broken surface of the sample No. 6. As compared with the sample No.
1, a degree of growth of carbon hexagonal planes is low, and especially
in the case of the sample No. 6, a trace of etching of graphite due to
hydrogen excited at a high temperature of 2000°C or more was
recognized.

(0093) Fig. 20 shows the measuring results of a spectrum of the
sample No. 1 with Raman spectroscopy. A sharp peak of SP? graphite

1

bonding around 1580 cm ! was recognized, and a peak around 1360
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cm ! showing a turbostratic structure was hardly recognized. An R
value represented by its intensity ratio of 11360/11580 (Ip/Ig) was a
value being close to zero, and the structure was one having very good
graphite crystallinity. On the other hand, the measuring results of a
spectrum of the sample No. 5 with Raman spectroscopy is shown in Fig.
21. A peak around 1360 cm ! was observed, and its intensity ratio of

[11360/11580 (In/Ic) was a large value.

EXAMPLE 2
(0094) A powder of phenol-formaldehyde resin having an average
particle size of 500 pm was pre-baked at a maximum ultimate
temperature of 600°C under inert gas atmosphere. The pre-baked
starting material was treated in the same manner as in Example 1
except that a maximum ultimate temperature during the hot isostatic
pressing treatment was 1400°C. A period of time required from
charging of the graphite crucible up to taking out thereof was 12 hours.
An electron micrograph of the treated sample is shown in Fig. 22, and
an expanded photograph of the surface thereof is shown in Fig. 23.
Vapor-phase-grown graphite grown radially over the whole surfaces of
the spherical particles was recognized, but a bulk structure comprising
bonded particles was not obtained. A true density of the obtained

sample was 1.80.

EXAMPLE 3
(0095) A waste PET beverage bottle was finely cut into an average
particle size of about 200 pm (a size of the longest portion in a

lengthwise and crosswise directions) and was pre-baked at a maximum



80111LI171S11.1 (0098)When the graphite crucible made of a material having a higher pore ratio
and a lower bulk density is used, a true density of the treated sample decreases (Sample Nos. 8 to
10). When the pitch of the thread of the graphite crucible is 2 mm (Sample No. 13) and the number of
threads is small (Sample Nos. 11 to 12), a true density thereof is low as compared with Sample No. 8.
As compared with the case where the screw of the-graphite crucible is triangular (Sample No. 8), a low
true density was obtained in the case of a square screw (Sample No. 14) and a trapezoidal screw

le No. 15),. .
(Sample u?tlmate temperature of 600°C under inert gas atmosphere. The

pre-baked starting material was pulverized into particles in a stainless
steel mortar, and was then treated in the same manner as in Example
2. A period of time required from charging of the graphite crucible up
to taking out thereof was 12 hours. An electron micrograph of the
treated sample is shown in Fig. 24. Vapor-phase-grown graphite
grown approximately radially over the whole surfaces of the irregular
particles was recognized. A true density of the obtained sample was

1.90.

EXAMPLE 4
(0096) A powder of phenol-formaldehyde resin having an average
particle size of 20 pm was pre-baked at a maximum ultimate
temperature of 700°C under inert gas atmosphere. The pre-baked
starting material was charged in each of graphite crucibles shown in
Table 2, and a screw type top cover was tightened to seal the crucible
containing the pre-baked starting material. The graphite crucibles
were treated in the same manner as in Example 2 except that a
maximum ultimate temperature during the hot isostatic pressing

treatment was 1500°C.



(0099)When charging the pre-baked starting material in a graphite crucible and then sealing while
setting spacers, which are made of glassy carbon having low air permeability and a pore ratio of 0%,
to cover the whole top and bottom of the pre-baked starting material (Fig. 4, Sample No. 16), a true
density increased up to 2.19. Further, in Sample No. 17, in which in addition to these spacers, a sleeve
was used so as to cover the whole side surface of the pre-baked starting material (Fig. 6), a true
density of 2.23 was obtained.
5, 6, 16 and 17 in an agate mortar, the sample, polyvinylidene fluoride and carbon black were mixed in
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- 72 - distill off the solvent. The dried sample was put between the stainless steel plates and subjected
to hot pressing at 120C at 20 MPa to produce a sample electrode having a diameter of 10 mm. A
bipolar cell comprising the sample as a working electrode, metallic lithium as a counter electrode and
LiBF4 as an electrolyte was made using a glove boxTpntaining argon gas atmosphere, and
charge-discharge characteristics were measured at a potential of from 0 to 3 V at a current density of

40 mA/g. (0101)Table 3 shows a reversible capacitance and a coulo bie efficiency after the fifth
charge-dischdP8)cle aERsRIatRA BRREGFiFERCRE g&didenlyd cRarie AL R Birhch sample.

As the true density of the material increased, both,of a reversible capacitance and a.coulambic
efficiency We(;}élﬁr%Fogg ?Iﬁaglé)m%?eg oﬁ%‘y?{hé%%e%%% éralpsaa%er%geav%% % %ﬂﬁYg?an the

coulombic efficientyaasIBi8%ecrehbe SIAMRHE REQ1E3ISaDPIE Meh eivaseslisedinie adiameter

of 10 mm and a
thread of the graphite crucible is 2 mm (Sample No. 13) and the

number of threads is small (Sample Nos. 11 to 12), a true density
thereof is low as compared with Sample No. 8. As compared with the
case where the screw of the graphite crucible is triangular (Sample No.
8), a low true density was obtained in the case of a square screw
(Sample No. 14) and a trapezoidal screw (Sample No. 15).

(0099) When charging the pre-baked starting material in a graphite
crucible and then sealing while setting spacers, which are made of
glassy carbon having low air permeability and a pore ratio of 0%, to
cover the whole top and bottom of the pre-baked starting material (Fig.
4, Sample No. 16), a true density increased up to 2.19. Further, in
Sample No. 17, in which in addition to these spacers, a sleeve was
used so as to cover the whole side surface of the pre-baked starting

material (Fig. 6), a true density of 2.23 was obtained.

EXAMPLE 5
(0100) After pulverizing Sample Nos. 2, 5, 6, 16 and 17 in an agate
mortar, the sample, polyvinylidene fluoride and carbon black were
mixed in a weight ratio of 8:1:1 and the mixture was kneaded with a
small amount of N-methyl-2-pyrrolidone to prepare a slurry. Then,
the slurry was applied uniformly to a 0.05 mm thick nickel mesh of
200 mesh size using a stainless steel guide having 10 mm diameter
punched holes to give a coating film having a diameter of 10 mm,

which was then subjected to vacuum drying at 120°C for 12 hours to



thickness of 90 pm by using a fixed diamond multi-wire saw. A bipolar cell comprising the sliced
sample dried at 120C for one hour as a working electrode, metallic lithium as a counter electrode and
LiBF4 as an electrolyte was made in a glove box containing argon gas atmosphere, and
charge-discharge characteristics were measured at a potential of from 0 to 3 V at a current density of
40 mA/g. After the fifth charge-discharge cycle, the rexgrsible capacitance was 225 mAh/g, and the
coulombic efficiency was 95.3%. Since the sample comprises bulky vapor-phase-grown graphite

containing no binder, a higher coulombic efficiency was obtained as compared with the case of
preparing slun§i8&HPihdRamelsmle Thnelies sppoNgevandabiRgereen the stainless

EXAMPLE 7 (0104)Silj hi t h tti ingot of silj I | with
diamond saw t%%gé)kl Iriga:vgs(;%:os%l?aesn%%agé%gco%l?éyatgirr]\%ﬁé]sf%]‘la%o%gfl %/ #éﬁsgc%rgzmléu% was
dried in the air g ien drid 120G don MEVE oIS 0 alesieralo (nid tainlesstpgl patar, 80

parts by weight of phenol resin powder pre-baked at 600C and having an average particle size of 20

pm and 20 paiis by wieightsohthettried silitormehips wietipoetest risiiewe by sufligienibhmnixing while
pulverizing. This starting material was charged in a screw type graphite crucible made of a material
having a bulk demsiticofelB0mntt and LiBF4 as an electrolyte was made using a glove
box containing argon gas atmosphere, and charge-discharge
characteristics were measured at a potential of from O to 3 V at a
current density of 40 mA/g.
(0101) Table 3 shows a reversible capacitance and a coulombic
efficiency after the fifth charge-discharge cycle as evaluation results of
initial charge-discharge characteristics of each sample. As the true
density of the material increased, both of a reversible capacitance and
a coulombic efficiency were improved. In Sample No. 17, the

reversible capacitance was 312 mAh/g, and the coulombic efficiency

was 90.8%.



an open pore ratio of 10%, followed by turning the screw type top cover to seal the crucible containing
the starting material. The sealed - 75 - graphite crucible was charged in hot isostatic pressing
equipment, and then, equipment temperature and pressure were increased to 600C and 130 MPa
using argon gas in three hours. Thereafter, heating at a temperature elevating rate of 500C per hour
and increase in a pressure were continued to reach.a, maximum ultimate pressure of 190 MPa and a
maximum ultimate temperature of 1300C. Then, the maximum ultimate temperature and pressure
were maintained for one hour, and the temperature was reduced to room temperature and the

pressure was decreased. The sample after thetreatment was in a bulky state, and a composite
material in which fine silicon particles are dispersed in the vapor-phase-grown graphite was obtained.
EXAMPLE 8 (0105)HIP treatment was carried out in the same manner as in Example 7 except that a
temperature of 600C %nd a pressure of 130 MPa were reached in two hours instead of three hours and
a maximum ultimate t&mperature was 1200C. After the treatment, the pre-baked starting
material kept a shapetpgpri n’gry @rtic@és @ihéé@lt being connected to each other and
vapor-phase-grown gphite eomprising malti-l&yer graphene had been grown on the surfaces thereof
(Fig. 25). In addition, cgarbon namo-tubes having a diameter of about 100 nm were slightly generated.
Silicon in the pre-bakeg startingmaterial was| present in the folio of particles, and silicon products in
the form of fiber Weregnot generated, (Fig. 26) - 76 -
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EXAMPLE 9 (0 | 06)HIP treatment w. s carried out in the same manner as in Example 8 except that a
pressure of 70 MPa instead of 130 MPa was reached in initial three hours, a maximum ultimate
temperature was 1450C, and a maximum ultimate pressure was 90 MPa instead of 190 MPa.

On the top portion of the graphite crucible after the treatment (in a space between the surface portion
of the charged starting material and the top cover of thié crucible), there was generated a large amount
of fibrous products of a nano scale which had white appearance visually, were in the form of felt and
comprised silicon, silicon carbide and silicon oxi %&sﬂ%%cgmpound). Fig. 27 is a photograph
showing an appearance of these products stuck to the graphite crucible body and the surface of the

top cover therggf, @afl Figss 28,3000 SEM RitRiogTaphs-The fbrous Pspdtistshaying,a diameter

of from about 10 nmto about 100 nm and a length of from several microns to several millimeters were
observed.  thidkihsssamploasishown imbkige3h Higda2, tiame srede ahsrivadrmagy$hin firous
products on which spherical and disk-like products were coalescing in a moniliform shape.
Furthermore, fibpesamt bddikepsilidorg die silltordcsmpaladduisd généR8a ifvtheyenbrated
vapor-phase-grown graphite, and a composite material comprising the vapor-phase-grown graphite
and the fibrou$and rBQTKESIESFAFRASHCBIF LotHBoliHITWES Stafh&® HIET 38!8RH 34 ArdEM
photographs ing rod-like silicon generated in the.vapor-phase-grown graphite. Fig. 35 is SEM -
7 ahotogran EhGo g tirG L LS STaSTRAA ol aAcEbr PO e GOR AR M AR £2s
vapor-phase-gieup gharhite- £igh %@é&gf»éw}%%ﬁaw@w'@ﬁ& RN WAL L AdArgg amount
of rod-like silicon is generated, and Fig. 37 is an SEM photograph showing a portion where among
silicon productsp tisctieqirdeieistate cdalesaing onthenfibdeuss prp difctOimaavignilifaifie shajee.
These products in the sample arc listed up in Table 4. (0107)Fig. 38 shows X-ray diffraction patterns of
a portion genefidtbddhangdoinsdh faigausy elpotiontgenesakdd raiprolbpoehHese JPdwmdraplite (The

upper one is a pattern of a portion generated in the form of felt and the lower one is a pattern of a

portion gener it e SRS 1O G aPRReY IrEbth SFRGG ARG HAREH G Hg. 38,
diffraction patterns of graphite, silicon (Si) and silicon carbide (Sic) are obsgrved, and it can be
confimed that TSe FB0S B o o R € R A A B T L R s
form, and an X-say stiffrastionmaterthereel emldinetbe,Qbteigtbared with the case of

preparing slurry using the same sample in the form of powder and a

binder.

EXAMPLE 7
(0104) Silicon chips generated when cutting an ingot of silicon for
solar cell with a diamond saw together with a coolant were recovered in
the form of slurry. The recovered slurry was dried in the air and then
dried at 120°C for twelve hours in a desiccator. In a stainless steel
mortar, 80 parts by weight of phenol resin powder pre-baked at 600°C
and having an average particle size of 20 pm and 20 parts by weight of
the dried silicon chips were poured, followed by sufficiently mixing
while pulverizing. This starting material was charged in a screw type
graphite crucible made of a material having a bulk density of 1.80 and
an open pore ratio of 10%, followed by turning the screw type top cover

to seal the crucible containing the starting material. The sealed



Fig. 39 is an SEM showing vapor-phase-grown graphite and rod-like silicon, Fig. 40 shows the
measuring results of EDX (energy dispersive X-ray spectroscopy) of the portion measured in Fig. 39,
and Fig. 41 shows characteristic X-ray map showing existence of each element. From these results, it
can be confirmed that rod-like silicon is the product ofsSi only because a map of C shows nothing with
respect to the rod-like portion, as shown in the characteristic X-ray map. The peak represented by Ar
in the characteristic X-ray data is derived from the presence of argon gas occluded in the
vapor-phase-gremhigraphiteiblg8vas chargag. 42 bbovisoshatactpristisiXgaqpatienes andmaap of the
products generated in a moniliform shape (Figs. 31 and 32). In this case, a peak and a map indicating

the existence@teﬁi’aﬁa@mb%%%ﬁélrﬁ]@@ﬂsw&?ﬁIim%ﬁaér&'ﬁ@?@im) @@8 ¢onfirmed.
ot thercfore it dah B R HEIER AR HErBAS S A Ao TSR LB A R r Rordons
of the productg iy athitt\ Adfutth@ora30 35F 39843688 ot 3hd increase in a
pressure were continued to reach a maximum ultimate pressure of 190
MPa and a maximum ultimate temperature of 1300°C. Then, the
maximum ultimate temperature and pressure were maintained for one
hour, and the temperature was reduced to room temperature and the
pressure was decreased. The sample after the treatment was in a
bulky state, and a composite material in which fine silicon particles are

dispersed in the vapor-phase-grown graphite was obtained.

EXAMPLE 8
(0105) HIP treatment was carried out in the same manner as in
Example 7 except that a temperature of 600°C and a pressure of 130
MPa were reached in two hours instead of three hours and a maximum
ultimate temperature was 1200°C.

After the treatment, the pre-baked starting material kept a
shape of primary particles without being connected to each other and
vapor-phase-grown graphite comprising multi-layer graphene had been
grown on the surfaces thereof (Fig. 25). In addition, carbon
nano-tubes having a diameter of about 100 nm were slightly generated.
Silicon in the pre-baked starting material was present in the form of
particles, and silicon products in the form of fiber were not generated.

(Fig. 26)

< Graphite-silicon composite material >



Zt: Forms Wire-like silicon Rod-like silicon apigitia uopms a3ifi-atim Wire-like silicon oxide Spherical
and disk-like silicon is grown in a moniliform on wire-like silicon Spherical and disk-like silicon oxide is
grown in a moniliform on [wire-like silicon oxide

EXAMPLE 9
(0106) HIP treatment was carried out in the same manner as in
Example 8 except that a pressure of 70 MPa instead of 130 MPa was
reached in initial three hours, a maximum ultimate temperature was
1450°C, and a maximum ultimate pressure was 90 MPa instead of 190
MPa.

On the top portion of the graphite crucible after the
treatment (in a space between the surface portion of the charged
starting material and the top cover of the crucible), there was
generated a large amount of fibrous products of a nano scale which
had white appearance visually, were in the form of felt and comprised
silicon, silicon carbide and silicon oxide (silicon compound). Fig. 27 is
a photograph showing an appearance of these products stuck to the
graphite crucible body and the surface of the top cover thereof, and
Figs. 28 to 30 show SEM photographs. The fibrous products having a
diameter of from about 10 nm to about 100 nm and a length of from
several microns to several millimeters were observed.

In the sample, as shown in Fig. 31, Fig 32, there were
observed many thin fibrous products on which spherical and disk-like
products were coalescing in a moniliform shape.

Furthermore, fibrous and rod-like silicon and silicon
compound were generated in the generated vapor-phase-grown
graphite, and a composite material comprising the vapor-phase-grown
graphite and the fibrous and rod-like silicon and silicon compound was
obtained. Figs. 33 and 34 are SEM photographs showing rod-like

silicon generated in the vapor-phase-grown graphite. Fig. 35 is SEM



_ Designation Si nano-rod SiC nano-wire SiO nano-wire Si nano-chain 1 SiO nano-chain - 80 -

- 77 -

photograph showing fibrous silicon, silicon carbide and silicon oxide
generated in the vapor-phase-grown graphite. Fig. 36 is an SEM
photograph showing a portion where a large amount of rod-like silicon
is generated, and Fig. 37 is an SEM photograph showing a portion
where among silicon products, disc-like products are coalescing on the
fibrous products in a moniliform shape. These products in the sample
are listed up in Table 4.

(0107) Fig. 38 shows X-ray diffraction patterns of a portion
generated in the form of felt and a portion generated in the
vapor-phase-grown graphite (The upper one is a pattern of a portion
generated in the form of felt and the lower one is a pattern of a portion
generated in the vapor-phase-grown graphite). In both of X-ray
diffraction patterns of Fig. 38, diffraction patterns of graphite, silicon
(S1) and silicon carbide (SiC) are observed, and it can be confirmed that
these fibrous products are composed of Si and SiC. Silicon oxide is in
an amorphous form, and an X-ray diffraction pattern thereof could not
be obtained.

Fig. 39 is an SEM showing vapor-phase-grown graphite and
rod-like silicon, Fig. 40 shows the measuring results of EDX (energy
dispersive X-ray spectroscopy) of the portion measured in Fig. 39, and
Fig. 41 shows characteristic X-ray map showing existence of each
element. From these results, it can be confirmed that rod-like silicon
is the product of Si only because a map of C shows nothing with
respect to the rod-like portion, as shown in the characteristic X-ray
map. The peak represented by Ar in the characteristic X-ray data is
derived from the presence of argon gas occluded in the

vapor-phase-grown graphite.



EXAMPLE 10 (0109)Silicon chips generated when cutting an ingot of silicon for solar cell with a
diamond saw together with a coolant were recovered in the form of slurry. The recovered slurry was
dried in the air and then dried at 120C for twelve hours in a desiccator. In a stainless steel mortar, 80
parts by weight of each of phenol resin powder pre-baked at 900C, 600C and 500C and having an
average particle size of 20 jtm and 20 parts by weightgf the dried silicon chips were poured, followed
by sufficiently mixing while pulverizing. These starting materials were charged in a screw type graphite
crucible made of a material having a bulk density of 1.80 and an open pore ratio of 10%, followed by
turning the screw type top &ogertd séulwie chagibidcostainXgreie petiting matedamipe e dled
graphite crucibIeFvLAas charged in hot isostatic pressing equipment, and then, equipment temgljerature

|

and pressure WERIEHS28ERG5H66C BN TOMBHENGAEBA égé‘a’ﬁ’r thrk 2Fhef@aftBisheating
at a temperature elevating rate of 500C per hqur.and.increase in a pressur re continued to reach a
maximum uItirr?%%ebregss%%f%%of%I&%ﬂBaré?ﬁg aur%(gﬁgr}?ﬁn ultiniafe® gr%ﬁ)lecr%t&?ev\écﬁ 40 CaTr‘lﬂé%I:(”jthe
maximum ultinaigtereperatite aRdaressHe-waTsimaintaiedfqsene Baun 2 thedampaiatyre was
reduced to room temperature and the pressure was decreased. Wire-like silicon was generated in any
of three kinds éfcamples subtjecteHdoprestiskingatrdiffersat terspeiayreslynvhertases eiftioe
pre-baking temperatures of 500C and 600C, a large amount of wire-like silicon was generated on the
surface and thefirsitidasiaheagarhgle bsrreiidortindhehforpiaicie itwesrehrarkablidosedvdth ah the
surface of the sample (Fig.éga. In the case of the pre-baking 81 temperature of 900C, wire-like silicon
was generateo?%ﬁ"ﬂ’féS SOHASK! bek SR HE R siiteR st BhdBnet BRTHORSabd A%d a
small amount grﬁiﬂ%)fﬂ In the form of felt was generated inside the sample (Fig. 43). < Mass (B) of thin
sheet graphitecrystals in the form of thin film EXAMPLE 11 (0110)A powder of phenol-formaldehyde
resin having an average particle size of 20 m was pre-baked at a maximum ultimate temperature of
500C under inert gas atmosphere. An amount of hydrogen remaining in the starting material after the
pre-baking was analyzed in accordance with General Rules for Determination of Hydrogen in Metallic
Materials (JIB Z 2614: 1990), and the amount of remaining hydrogen was 40000 ppm. The pre-baked
starting material was charged in a screw type graphite crucible made of a material having a bulk
density of 1.80 and an open pore ratio of 10% while being interposed between spacers made of glassy
carbon, and a screw type top cover was turned to be closed, and thus the crucible containing the
pre-baked starting material was sealed. As shown in Fig. 45, the screw of the top cover of the graphite
crucible was tightened so that the top spacer is brought into close contact with a guide portion of the
graphite crucible by a tightening force of the screw, and thereby, a degree of sealing is increased.
After charging the graphite crucible in hot isostatic pressing equipment, a temperature and pressure
inside the equipment were increased to 700C and 70 MPa, respectively in one hour using argon gas,
and thereafter, heating



- 82 - at a temperature elevating rate of 500C per hour and increase in a pressure were continued to
reach a maximum ultimate pressure of 190 MPa and a maximum ultimate temperatures of 1800C.
Then, the maximum ultimate temperature and pressure were maintained for one hour, and the
temperature was reduced to room temperature and the pressure was decreased. The spacers made of

glassy carbon were those subjected to mirror grindi

When taking out the treated sample, a

film-like product of silver color having a metallic gloss’had been deposited on the spacer made of
glassy carbon, as shown in Fig. 46. This film-like product could be peeled off easily from the spacer,
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ed at a maximum ultimate temperature of 600C
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Forms

Rod-like silicon

TABLE 4
Silicon products generated in Example 9
Wire-like silicon

Wire-like silicon carbide

Spherical and disk-like silicon oxide
is grown in a moniliform on

grown in a moniliform on wire-like
wire-like silicon oxide

Spherical and disk-like silicon is
silicon

Wire-like silicon oxide

Designation

Si nano-wire
Si nano-rod

SiC nano-wire

SiO nano-wire
Si nano-chain
SiO nano-chain




- 83 - a material having a bulk density of 1.80 and an open pore ratio of 10%, and a screw type top
cover was turned to be closed, and thus the crucible containing the pre-baked starting material was
sealed. After charging the graphite crucible in hot isostatie pressing equipment, a temperature and
pressure inside the equipment were increased to 700C and 70 MPa, respectively in one hour using
argon gas, and thereafter, heating at a temperature e¥vating rate of 300C per hour and increase in a
pressure were continued to reach a maximum ultimate pressure of 190 MPa and a maximum ultimate
temperature of 1400C. Then, the maximum ultm%&tgpgeﬁ}ure and pressure were maintained for
one hour, and the temperature was reduced to foom temperature and the pressure was decreased. An

apparent densigy gbihe treaied SATRplE,Was h A% @RC AHUS BeREHLarel YRS A Q% Maasrement of

a density was carried out by a helium gas substitution pycnometer method using a densimeter
AccuPyc 133Gtlei\callailabie draia SlmnddzinCargerateny o stete kirthersan ple-being:guiverized
into a fine powder. On the treated sample, vapor-phase-grown fibers having a diameter of
several microtib@drarepigtiwityom Begerat microns sbgeyeved snillimecters theraagenerdtéd ¢Rigs. 52
to 54). These fibers showed one embodiment of a mass of thin sheet graphite crystals composed of

aggregates inSUEH ALtaé bhét §9h SHELY Gt cHisaIlexisratvom te msiidiinarl HeDutside,
and were in the specialfqrm that the thin sheet graphite crystals grow from the center of the fibers
R R RS, SRR R, bl a8

m W :
toward the outsi thes ers existed inside the ma e grown as fairy

long fibers araymg-hie sptace AAiSHo° BLn@RMPLE 43 @a&@gé Biavas casresotin the

same manner as in the preceding Example except that'in the HIP treatment, after having reached
700C, the insidadef(pgratischyas vigicasédlat altempsiitra elhpgngeatepfuRQC psliidaddand a
maximum ultimate temperature was set. to 1450C. An apparent density of the treated sample was
1.66, and a triy dandigiendtEonivas 2. oiltepsliverismnsf a teasitysiad ingivdsuialsavhetium gas
substitution py nom%er, method using a densimeter AccuPyc 1330-PCW available from Shimadzu

Corporation, ifi JPtie SR BRM GTRIEC e IhteRiGimRastiva b (S the Tdkted

sample, the praghicts A g %7148 %2R Ao A SRS BIPIUDAYBASH LI (g P and

56). EXAMPL
the screw type top cover to seal the crucible containing the starting
material. The sealed graphite crucible was charged in hot isostatic
pressing equipment, and then, equipment temperature and pressure
were increased to 500°C and 70 MPa using argon gas in three hours.
Thereafter, heating at a temperature elevating rate of 500°C per hour
and increase in a pressure were continued to reach a maximum
ultimate pressure of 90 MPa and a maximum ultimate temperature of
1400°C. Then, the maximum ultimate temperature and pressure were
maintained for one hour, and the temperature was reduced to room
temperature and the pressure was decreased.
Wire-like silicon was generated in any of three kinds of samples
subjected to pre-baking at different temperatures. In the cases of the
pre-baking temperatures of 500°C and 600°C, a large amount of
wire-like silicon was generated on the surface and the inside of the

sample, and silicon in the form of felt was remarkably observed on the

surface of the sample (Fig. 44). In the case of the pre-baking



(0113)Treatment was carried out in the same manner as in the preceding Example except that a
maximum ultimate temperature during pre-baking was set to 500C and in the HIP treatment, after
having reached 700C, the inside temperature was increased at a temperature elevating rate of 500C
per hour and a maximum ultimate temperature was set to 1800C. An apparent density of the treated
sample was 1.77, and a true density thereof was 2.0%;Measurement of a density was carried out by a
helium gas substitution pycnometer method using a densimeter AccuPyc 1330-PCW available from
Shimadzu Corporation, in a state of the sample being pulverized into a fine powder. On the treated
sample, the preduperittiee sam@dora awine-18%e b gracedisggexampledhatbden founkd(Figs. 57
and 58). < Graphene-laminated CNF > EXAMPLE 15 (0114)A spherical phenol resin was pre-baked at
a maximum ultithat® HnBetBriRCof FEBCOh i Lirdam BRhitdEerYAd Aot SHHyaSyé@faining in
the starting materia| after the pre-baking was measpred in dance with General Rules for
Determination S AL LE T A S B S0}, A e ARt WAk A0 porn.
Ten liters of n@mﬁy@m%pu@yailable from NACALAI TESQUE, INC., purity 99%) was mixed to 1 mol
of cobalt acetylacetonate (available from NACALAI TESQUE, INC., special grade, hereinafter referred
to as Co(AcAc)2). At the moment, because Co(AcAc)2 started solidifying just after the mixing, the
mixture was sufficiently pulverized and stirred with a glass rod or a stirrer. Thereafter, 100 ml of
distilled water whtassrd Bk thdaeshdopgris® gugntiratiely withi kes{eingeodthimiciopipette. A
precipitate separated out after starting of the addition of distilled water was allowed to stand overnight,
and then the solution containing the precipitate was subjected to filtration under reduced pressure
using an aspirator with a diaphragm pump, thewﬁﬁ?)ﬁ‘erﬂg the precipitate only. The obtained
precipitate was air-dried in a draft for 24 hours. The cobalt precipitate was subjected to dry blending
with the pre-bwf@d@}artingz\mﬁéﬁx}iaéw&h%ﬁla%sp@@i%ﬁgmﬁyagopémh%@fﬂgge{ﬁa@&@ﬁgbe
subjected to HIP treatment would become 5000 ppm assuming that the whole cobalt was separated
out in the particle size of 20 pm was pre-baked at a maximum ultimate

temperature of 500°C under inert gas atmosphere. An amount of
hydrogen remaining in the starting material after the pre-baking was
analyzed in accordance with General Rules for Determination of
Hydrogen in Metallic Materials (JIS Z 2614: 1990), and the amount of
remaining hydrogen was 40000 ppm. The pre-baked starting material
was charged in a screw type graphite crucible made of a material
having a bulk density of 1.80 and an open pore ratio of 10% while
being interposed between spacers made of glassy carbon, and a screw
type top cover was turned to be closed, and thus the crucible
containing the pre-baked starting material was sealed. As shown in
Fig. 45, the screw of the top cover of the graphite crucible was
tightened so that the top spacer is brought into close contact with a
guide portion of the graphite crucible by a tightening force of the screw,
and thereby, a degree of sealing is increased. After charging the
graphite crucible in hot isostatic pressing equipment, a temperature
and pressure inside the equipment were increased to 700°C and 70

MPa, respectively in one hour using argon gas, and thereafter, heating



86 - precipitate (cobalt precipitate). This mixture was charged in a screw type graphite crucible, and
the screw of the top cover was tightened to seal the crucible. The sealed graphite crucible containing
the starting material was charged in the HIP equipment and was heated up to 1450C at a temperature
elevating rate of 500C per hour while conducting hoté ostatic pressing at 190 MPa using argon gas.
(0115)A large amount of fibrous carbon was generated on the surface of the treated sample.
Graphene-laminated CNF (Fig. 59) having a diameter of from about 200 nm to about 1000 nm and a

length of fromaabautd® Herdeakou sexeiias milimeiers egteghen eabiained predust Adarge
amount of long fibers was generated on the surface portion of the sample, and short fibers were
generated aropntstherspiericalpitenoladsin, IEXANMRUE 461100 16 Al Sphatic gnsissnolaedin #@s
pre-baked at a maximum ultimate temperature of 600C in a stream of nitrogen.Cobalt chloride

hexa-hydrate ¥&&daB6lvad astHER o PiémaEa ‘@.@R@Iﬁi‘%@lr%%l&for]r.glé?%@ to 508CH ofiis

solution was poured 120 the pre-baked Eenol resin, followed by sufficiently .stirrjng with a stirrer.
A residue Obté}’h%)&%l)}lﬁﬁleqﬁqgm Pe tem CI‘E ure ana I%ressure W)(lf ttgl €Ci g)r on

ng e%ano(fw S putin a ceramic vessél ana%&l?éla in fhe alrin aneelectric

oven at 400C ey e ROVERQdNBRAEE-Pieabeked Harding aeridl GRBIRG A S BN A cobalt

concentration measured by fluorescent X-ray analysis (SEM-EDX) was 3000 ppm. The pro-baked
starting materjatcasnieg whescaliedysiawad charged spacarevwniyri:gEphitlessyicikieband therscrew of
the top cover was tightened to seal the crucible. The sealed 87 - graphite crucible containing the
starting materidlogsassehaieeid ¢h tiherHirPoeqgipmengand was heated up to 1400C at a temperature

elevating rate of 300C per hour While_conducting hot isostatic pressing at 190 MPa using argon gas.
When taking out the treated sample, a film-like product of

silver color having a metallic gloss had been deposited on the spacer
made of glassy carbon, as shown in Fig. 46. This film-like product
could be peeled off easily from the spacer, and had strength enough for
working as a thin film. When the surface of the obtained film-like
product was observed with an electron microscope, a state of each of
thin sheet graphite crystals being grown approximately vertically to the
surface of the spacer and being aggregated was observed as one
embodiment of a mass of thin sheet graphite crystals composed of
aggregates in such a state that thin sheet graphite crystals extend from
the inside toward the outside. Also, multi-layer graphene grown like

flower leaves was included therein. (Figs. 47 to 51)
< Mass (C) of thin sheet graphite crystals in the form of fiber >

EXAMPLE 12
(0111) A powder of phenol-formaldehyde resin having an average
particle size of 20 pm was pre-baked at a maximum ultimate
temperature of 600°C under inert gas atmosphere. The pre-baked

starting material was charged in a screw type graphite crucible made of



A large amount of graphene-laminated CNF having a diameter of from about 0.5 micron to about
several microns was generated in the treated sample. (Fig. 60) A thickness of one layer of the
graphene-laminated CNF was about several nanometers. (Fig. 61) < Cluster of thin sheet graphite
crystals of the present invention > _ &XAMPLE 17 (0117)A phenol formaldehyde
resin powder having an average particle size of 20 m was pre-baked at a maximum ultimate
temperature of 600C under inert gas atmosphere. An amount of hydrogen remaining in the starting
material after therpre=bialtihg was; radasliteddan sicgastldn8e witld Generad ik plescfonBeterrigton of
Hydrogen in Metallic Materials pis Z 2614: 1990), and the amount was 20000 ppm. The pre-baked
starting materiin@ag cHIGEd IMREsteaw SPYEYrajsisitd eriEBletthdere 6tesathteriBhaling atbglk

densit : .
y crucible containing the pre-baked starting material was sealed. After

charging the graphite crucible in hot isostatic pressing equipment, a
temperature and pressure inside the equipment were increased to
700°C and 70 MPa, respectively in one hour using argon gas, and
thereafter, heating at a temperature elevating rate of 300°C per hour
and increase in a pressure were continued to reach a maximum
ultimate pressure of 190 MPa and a maximum ultimate temperature of
1400°C. Then, the maximum ultimate temperature and pressure were
maintained for one hour, and the temperature was reduced to room
temperature and the pressure was decreased. An apparent density of
the treated sample was 1.60, and a true density thereof was 2.09.
Measurement of a density was carried out by a helium gas substitution
pycnometer method using a densimeter AccuPyc 1330-PCW available
from Shimadzu Corporation, in a state of the sample being pulverized
into a fine powder.

On the treated sample, vapor-phase-grown fibers having a
diameter of several microns and a length of from several microns to
several millimeters were generated (Figs. 52 to 54). These fibers
showed one embodiment of a mass of thin sheet graphite crystals
composed of aggregates in such a state that thin sheet graphite
crystals extend from the inside toward the outside, and were in the
special form that the thin sheet graphite crystals grow from the center
of the fibers toward the outside thereof. Thouth these fibers existed
inside the material, they were grown as fairy long fibers around the

surface portion.



of 1.80 and an open pore ratio of 10%, and a screw type top cover was turned to be closed, and thus
the crucible containing the pre-baked starting material was sealed. After charging the sealed graphite
crucible in hot isostatic pressing equipment, a temperature and pressure inside the equipment were
increased to 700C and 70 MPa, respectively in one hg}ﬂr using argon gas, and thereafter, heating at a
temperature elevating rate of 500C per hour and increase in a - 88 pressure were continued to reach
a maximum ultimate pressure of 190 MPa and a maximum ultimate temperature of 1800C. Then, the
maximum ultimate temperature and pressure were maintained for one hour, and the temperature was
reduced to room temperature and the pressure was decreased. A true density of the obtained product
in the form of bulk was measured by a helium dgaX¥ANRltatiba pycnometer method using a densimeter
AccuPyc 1330-PCW available from Shimadzu Corporation, and the measured true density was 2.17.
An SEM of thd Qbtathed vaﬁ’cﬁ%ﬁé‘é‘éggm ‘é‘%ﬁﬁé RUEhdHtEFRATES, SaTHcEnRTgdd SBf

beret o v 5 TR Sl BEANS PN (e AplEI XETLam e
and shrunk graphite &y ¥@ltherhe inside temperature was increased at a temperature

elevating rate of 700°C per hour and a maximum ultimate temperature

was set to 1450°C. An apparent density of the treated sample was

1.66, and a true density thereof was 2.05. Measurement of a density

was carried out by a helium gas substitution pycnometer method using

a densimeter AccuPyc 1330-PCW available from Shimadzu Corporation,

in a state of the sample being pulverized into a fine powder.

(0164) On the treated sample, the products in the same form as in

the preceding Example had been formed (Figs. 55 and 56).

EXAMPLE 14

(0113) Treatment was carried out in the same manner as in the
preceding Example except that a maximum ultimate temperature
during pre-baking was set to 500°C and in the HIP treatment, after
having reached 700°C, the inside temperature was increased at a
temperature elevating rate of 500°C per hour and a maximum ultimate
temperature was set to 1800°C. An apparent density of the treated
sample was 1.77, and a true density thereof was 2.07. Measurement
of a density was carried out by a helium gas substitution pycnometer
method using a densimeter AccuPyc 1330-PCW available from
Shimadzu Corporation, in a state of the sample being pulverized into a
fine powder.

On the treated sample, the products in the same form as in



EXAMPLE 18 (0118)The vapor-phase-grown graphite obtained in the preceding Example was
pulverized in an agate mortar, and the pulverized sample was poured into dimethylformamide to
prepare a solution containing 5 % by weight of graphite. An ultrasonic wave was applied to this
solution with an ultrasonic cleaner (at a frequency.ofgd? kHz for 30 minutes), and then a solid content
was settled down by centrifuging (at an acceleration rate of 700 G for 30 minutes). By using a
supernatant of the obtained solution, graphene dispersed in the solution was filtrated with a micro grid

for TEM obsei&tioFe e TE Kixsusanmatics dreompunest dofscted sHtheicro grid was carried out.

As a result of

< Graphene-laminated CNF >

EXAMPLE 15
(0114) A spherical phenol resin was pre-baked at a maximum
ultimate temperature of 600°C in a stream of nitrogen. An amount of
hydrogen remaining in the starting material after the pre-baking was
measured in accordance with General Rules for Determination of
Hydrogen in Metallic Materials (JIS Z 2614: 1990), and the amount
was 24000 ppm. Ten Iliters of methoxyethanol (available from
NACALAI TESQUE, INC., purity 99%) was mixed to 1 mol of cobalt
acetylacetonate (available from NACALAI TESQUE, INC., special grade,
hereinafter referred to as Co(AcAc)2). At the moment, because
Co(AcAc)2 started solidifying just after the mixing, the mixture was
sufficiently pulverized and stirred with a glass rod or a stirrer.
Thereafter, 100 ml of distilled water were gradually added dropwise
quantitatively with a syringe or a micropipette. A precipitate
separated out after starting of the addition of distilled water was
allowed to stand overnight, and then the solution containing the
precipitate was subjected to filtration under reduced pressure using an
aspirator with a diaphragm pump, thereby recovering the precipitate
only. The obtained precipitate was air-dried in a draft for 24 hours.
The cobalt precipitate was subjected to dry blending with the
pre-baked starting material so that the cobalt concentration in the
starting material to be subjected to HIP treatment would become 5000

ppm assuming that the whole cobalt was separated out in the



- 89 - the TEM observation, many wrinkled and shrunk multi-layer graphenes (in the form of reed
screen) were observed as shown in Figs. 64 and 65. Further, many graphenes in the form of thin sheet
(thin sheet graphite crystals, i.e. multi-layer graphenes) were observed as shown in Fig. 66. Fig. 67
shows a lattice image by TEM of an edge part of multidayer graphencs obtained in the form of thin
sheet, and a state of graphene layers being laminated in about 10 layers was observed. From this, it
was confirmed that a multi-layer graphene laminated sheet having a thickness of 3.5 nm had been
obtained. < CIREESHBH gt Hebafstars Gmidmsd- by Haisyelgdvirg e arsed glaphite&§¥als of

the cluster of thin sheet graphite crystals of the present invention > . EXAMPLE 19
0119t an RSB B e A DS oAt L ot (7R SOLRd: BARHERLEPSshiRis

crystals of thegugsent InyepigRobipRed i Pxewple iR SARRIANG, A anl Ao T e

containing 80 ml of concentrated sulfuric acid an ml of concentrated nitric acid was added thereto,
followed by 24rhetertancien Wihlgrsidinghwithe stireraqabisnoéd eflendragistetestitademprijo In about

30 minutes

1450°C at a temperature elevating rate of 500°C per hour while
conducting hot isostatic pressing at 190 MPa using argon gas.

(0115) A large amount of fibrous carbon was generated on the
surface of the treated sample. Graphene-laminated CNF (Fig. 59)
having a diameter of from about 200 nm to about 1000 nm and a
length of from about 10 pm to about several millimeters existed on the
obtained product. A large amount of long fibers was generated on the

surface portion of the sample, and short fibers were generated around

the spherical phenol resin.

EXAMPLE 16
(0116) A spherical phenol resin was pre-baked at a maximum
ultimate temperature of 600°C in a stream of nitrogen. Cobalt

chloride hexa-hydrate was dissolved in ethanol to prepare a 0.6
mol/liter solution. Then, to 500 ml of this solution was poured 120 g
of the pre-baked phenol resin, followed by sufficiently stirring with a
stirrer. A residue obtained by filtering ethanol was put in a ceramic
vessel and heated in the air in an electric oven at 400°C over five hours
to prepare the pre-baked starting material carrying a catalyst. A
cobalt concentration measured by fluorescent X-ray analysis
(SEM-EDX) was 3000 ppm. The pre-baked starting material carrying
the catalyst was charged in a screw type graphite crucible, and the

screw of the top cover was tightened to seal the crucible. The sealed



after the starting of the reaction, the massive sample started collapsing gradually due to generation of
a graphite-sulfuric acid intercalation compound in which sulfuric acid ion was intercalated between the
graphite layers. After completion of the reaction, the mixture became a dispersion containing fine
particles dispersed in the solution. After the reaction, the sample was dried and charged in a magnetic
ceramic - 90 - crucible, and subjected to rapid heat t®atment by putting the magnetic crucible
containing the sample into an electric oven heated to 700C. By the rapid heat treatment in the electric

oven set to 700C, the heat-treated sampl: ded.t I hree ti I th
initial volume. F§8 88%ahi'Ed O\ﬁ@éﬁ%vl}l{aﬁ?e%gjgwgﬁé%%g%? n?ﬁ%&%ﬁ%ﬁ%‘iﬁt Ft:e

docompositort e lLRE o Rodrirees et oY A Aeid o reny betien ths b g
graphcne layegges &liser @ftthinoshersgraphiiercrysials >while conductingEXWPidog@atic
pressing at 190 MPa using argon gas.
A large amount of graphene-laminated CNF having a
diameter of from about 0.5 micron to about several microns was

generated in the treated sample. (Fig. 60) A thickness of one layer of

the graphene-laminated CNF was about several nanometers. (Fig. 61)
< Cluster of thin sheet graphite crystals of the present invention >

EXAMPLE 17
(0117) A phenol formaldehyde resin powder having an average
particle size of 20 pm was pre-baked at a maximum ultimate
temperature of 600°C under inert gas atmosphere. An amount of
hydrogen remaining in the starting material after the pre-baking was
measured in accordance with General Rules for Determination of
Hydrogen in Metallic Materials (JIS Z 2614: 1990), and the amount
was 20000 ppm. The pre-baked starting material was charged in a
screw type graphite crucible made of a material having a bulk density
of 1.80 and an open pore ratio of 10%, and a screw type top cover was
turned to be closed, and thus the crucible containing the pre-baked
starting material was sealed. After charging the sealed graphite
crucible in hot isostatic pressing equipment, a temperature and
pressure inside the equipment were increased to 700°C and 70 MPa,
respectively in one hour using argon gas, and thereafter, heating at a

temperature elevating rate of 500°C per hour and increase in a



(0120)A PET resin (an average particle size of about 3 mm) in the form of pellet was pre-baked at a
maximum ultimate temperature of 600C under inert gas atmosphere. The starting material after the
pre-baking (pre-baked starting material) was pulverized and classified to obtain a pre-baked starting
material having an average particle size of from about 10 pm to about 100 pm. An amount of hydrogen
remaining therein was 22000 ppm. The pre-baked-stéfting material was charged in a screw type
(triangular screw) graphite crucible made of a material having a bulk density of 1.80 and an open pore

. 0 . S
ratio of 10%, andsaS screw t ecté)gt?over was turn%d &{o rrllaaeX %Ir%s{%% %th rtrglgfset%(%ecsrgﬁlrbéeo%%%nmg the

pre-baked staﬁfﬁg material was Sealed’ (AfE(e)rreaC
MPa and a maximum ultimate temperature of 1800°C. Then, the
maximum ultimate temperature and pressure were maintained for one
hour, and the temperature was reduced to room temperature and the
pressure was decreased. A true density of the obtained product in the
form of bulk was measured by a helium gas substitution pycnometer
method using a densimeter AccuPyc 1330-PCW available from
Shimadzu Corporation, and the measured true density was 2.17. An
SEM of the obtained vapor-phase-grown graphite is shown in Fig. 62,
and an enlarged SEM thereof is shown in Fig. 63. Thin sheet graphite

crystals (multi-layer graphene) extending from the inside toward the

outside are aggregated to form a cluster.

< Thin sheet graphite crystals and wrinkled and shrunk graphite

crystals thereof >

EXAMPLE 18
(0118) The vapor-phase-grown graphite obtained in the preceding
Example was pulverized in an agate mortar, and the pulverized sample
was poured into dimethylformamide to prepare a solution containing
S % by weight of graphite. An ultrasonic wave was applied to this
solution with an ultrasonic cleaner (at a frequency of 42 kHz for 30
minutes), and then a solid content was settled down by centrifuging (at
an acceleration rate of 700 G for 30 minutes). By using a supernatant
of the obtained solution, graphene dispersed in the solution was
filtrated with a micro grid for TEM observation, and TEM observation of

components collected on the micro grid was carried out. As a result of



charging the graphite crucible in hot isostatic pressing equipment, a temperature and pressure inside
the equipment were increased to 600C and 70 MPa, respectively in one hour using argon gas, and -
91 - thereafter, heating at a temperature elevating rate of 500C per hour and increase in a pressure
were continued to reach a maximum ultimate pressure of 190 MPa and a maximum ultimate
temperature of 1500C. Then, the maximum ultimate t8fnperature and pressure were maintained for
one hour, and the temperature was reduced to room temperature and the pressure was decreased.

The sample obtaine r the treatment was a cluster of thin sheet graphite crystals (true density:
2.08, apparen?%gnsﬂ‘ﬁf&f%? %ﬁﬁ(ma%tﬁgﬁly: O%I%talvﬁgll%&gféaﬁg: é?né(% A%‘é’f\%or é‘gi)tﬂ)f fed cluster
of thin sheet graphig-FyStaAls 1§D PGP sisSeen that fig oRfained dysicr Pl ihip;sheet
graphite crystals has a structure comprising many aggregated thin sheet gi aphite crystals ifTthe form

of flower leaf fviaghd Bz offseraiat niskong ard pheaxdentelyHbindhiakaeshiBXéMeREK (2hn
(0121)Treatment was carried out in the same manner as in Example 20 except that a phenol

formaldehyde sbsiat(grapbiagequairielts size of RO ) laas 1soth staaek b war P EDsesivess astarting
material, pulverizing and classifying were not carried out, and the treatingécf:snditions shown in Table 5

were used, andhtABTRLYY diigh Sfnpld BaohsiHNEXdRIHE 2 1MA8 & RampbleM1%6) angedge

part of multi-layer graphenes obtained in the form of thin sheet, and a
state of graphene layers being laminated in about 10 layers was
observed. From this, it was confirmed that a multi-layer graphene

laminated sheet having a thickness of 3.5 nm had been obtained.

< Cluster of graphite crystals obtained by partly cleaving the thin sheet
graphite crystals of the cluster of thin sheet graphite crystals of the

present invention >

EXAMPLE 19
(0119) Into an Erlenmeyer flask made of glass was placed 5 g of the
cluster of thin sheet graphite crystals of the present invention obtained
in Example 1 as Sample No. 2, and a solution mixture containing 80
ml of concentrated sulfuric acid and 20 ml of concentrated nitric acid
was added thereto, followed by 24-hour reaction while stirring with a
stirrer made of Teflon (registered trademark). In about 30 minutes
after the starting of the reaction, the massive sample started collapsing
gradually due to generation of a graphite-sulfuric acid intercalation
compound in which sulfuric acid ion was intercalated between the
graphite layers. After completion of the reaction, the mixture became
a dispersion containing fine particles dispersed in the solution. After

the reaction, the sample was dried and charged in a magnetic ceramic



. 1.1 Pressure was increased to 140 MPa before . . | . temperature reaching 1000C, and thereafter, I. '
temperature was increased at a rate of 2500 Ar gas 500C/hr.

- 90 -

crucible, and subjected to rapid heat treatment by putting the
magnetic crucible containing the sample into an electric oven heated to
700°C. By the rapid heat treatment in the electric oven set to 700°C,
the heat-treated sample was expanded to a volume three times as large
as the initial volume. Figs. 68 and 69 show SEM of the heat-treated
sample, and it was observed that the multi-layer graphene was in a
state of being cleaved into thinner multi-layer graphene due to rapid
decomposition and release by heat treatment of sulfuric acid ion from

between the multi-layer graphene layers

< Cluster of thin sheet graphite crystals >

EXAMPLE 20
(0120) A PET resin (an average particle size of about 3 mm) in the
form of pellet was pre-baked at a maximum ultimate temperature of
600°C under inert gas atmosphere. The starting material after the
pre-baking (pre-baked starting material) was pulverized and classified
to obtain a pre-baked starting material having an average particle size
of from about 10 pm to about 100 um. An amount of hydrogen
remaining therein was 22000 ppm. The pre-baked starting material
was charged in a screw type (triangular screw) graphite crucible made
of a material having a bulk density of 1.80 and an open pore ratio of
10%, and a screw type top cover was turned to be closed, and thus the
crucible containing the pre-baked starting material was sealed. After
charging the graphite crucible in hot isostatic pressing equipment, a
temperature and pressure inside the equipment were increased to

600°C and 70 MPa, respectively in one hour using argon gas, and



Pressure was increased to 120 MPa before temperature reaching 800C, and thereafter, temperature
was increased at a rate of 2500 Ar gas 500C/hr. Pressure was increased to 120 MPa before
temperature reaching 800C, and thereafter, temperature was increased at a rate of 2000 N2 gas
500C/hr. Pressure was increased to 120 MPa beforedemperature reaching 800C, and thereatfter,
temperature was increased at a rate of 1800 Ar gas

thereafter, heating at a temperature elevating rate of 500°C per hour
and increase In a pressure were continued to reach a maximum
ultimate pressure of 190 MPa and a maximum ultimate temperature of
1500°C. Then, the maximum ultimate temperature and pressure were
maintained for one hour, and the temperature was reduced to room
temperature and the pressure was decreased. The sample obtained
after the treatment was a cluster of thin sheet graphite crystals (true
density: 2.08, apparent density: 1.33, bulk density: 0.75, total pore
ratio: 63.9). An SEM of the obtained cluster of thin sheet graphite
crystals is shown in Fig. 70. It is seen that the obtained cluster of
thin sheet graphite crystals has a structure comprising many
aggregated thin sheet graphite crystals in the form of flower leaf having

a size of several microns and an extremely thin thickness.

EXAMPLE 21
(0121) Treatment was carried out in the same manner as in
Example 20 except that a phenol formaldehyde resin (an average
particle size of 20 um) was used instead of the PET resin as a starting
material, pulverizing and classifying were not carried out, and the
treating conditions shown in Table 5 were used, and thereby, each

sample was obtained (Example 21-1 to Example 21-6).



500C/hr. Pressure was increased to 120 MPa before temperature reaching 600C, and thereafter, 1800

Ar gas temperature was increased at a rate of 500C/hr. V I-.
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A true density, an apparent density, a bulk density and a
total pore ratio of each of the thus obtained sample are shown in Table

6.
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-93- A true density, an apparent density, a bulk density and a total pore ratio of each of the
thus obtained sample are shown in Table 6. - 95 - INDUSTRIAL APPLICABILITY (0124)The present
invention makes it possible to provide a cluster of thin sheet graphite crystals composed of aggregates
in such a state that thin sheet graphite crystals extend from the inside toward the outside, a
nano-silicon material of one-dimensional shape, and @&graphite-silicon composite material comprising
the thin sheet graphite crystals and the nano-silicon material of one-dimensional shape. Any of them
are useful as electrode materials for lithium ion batteries and hybrid capacitors and heat-releasing

materials, and any of the production MROHR TR o AU E e hl highly productive.
Moreover, the piespnt invaation, prayides ihin sheet raphis crystals, andjor prined. and hrnk

graphite cryst reof and/o aped graphite crystals thereof, which*are useful as a transparent

E"X”SEXL'VX Tfl"c')BNf %}%@ggﬁﬂ%\éﬁ%}ﬁﬁéﬁéﬁ%&%QW&M@@%ﬁn adgdirgmaterialdherefarstate
that thin sheet graphite crystals extend from the inside toward the
outside, a nano-silicon material of one-dimensional shape, and a
graphite-silicon composite material comprising the thin sheet graphite
crystals and the nano-silicon material of one-dimensional shape. Any
of them are useful as electrode materials for lithium ion batteries and
hybrid capacitors and heat-releasing materials, and any of the
production methods thereof are efficient and highly productive.

Moreover, the present invention provides thin sheet graphite
crystals and/or wrinkled and shrunk graphite crystals thereof and/or
roll-shaped graphite crystals thereof, which are useful as a transparent

conductive film, a conductive film, a heat-conductive film and an

adding material therefor.

EXPLANATION OF SYMBOLS

(0125)

1 Cover of crucible

la Peripheral portion of cover of crucible
2 Crucible body

2a Inner wall of top of crucible body

3 Pre-baked starting material

4 Spacer

5 Sleeve

6 Particles of pre-baked starting material

6ba Gas



(0125) 1Cover of crucible laPeripheral portion of cover of crucible 2Crucible body 2alnner wall of top of
crucible body 3Pre-baked starting material 4Spacer 5Sleeve 6Particles of pre-baked starting material

6aGas

6s

7a

7c
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Surface of particles of pre-baked starting material
Vapor-phase-grown graphite

In-plane direction of graphite hexagonal planes (direction
of "a" axis of graphite crystal)

Direction of "c" axis of graphite crystal



- 96 - 6sSurface of particles of pre-baked starting material 7Vapor-phase-grown graphite 7aln-plane
direction of graphite hexagonal planes (direction of "a" axis of graphite crystal) 7cDirection of "c' axis of
graphite crystal 97 CLAIMS 1, A method for producing a cluster of thin sheet graphite crystals
composed of aggregates in such a state that thin sheet graphite crystals extend from the inside toward
the outside, comprising preparing a powdery and/or garticulate material of an organic compound
pre-baked to an extent of containing remaining hydrogen, charging the powdery and/or particulate
material in a closed vessel made of a heat resistant materjal, and subjecting the powdery and/or
particulate material together with the vessel to hot+ fe pressing treatment using a compressed
gas atmosphere, wherein a maximum ultimate temperature in the hot isostatic pressing treatment is
900C or more and lower than 2000C. 2. The production method of Claim 1, wherein the

maximum ultimate temperaturg i 40008 a5mergdnsilover MaRRQ08E€ thin sheet graphite
crystals composed of aggregates in such a state that thin sheet
graphite crystals extend from the inside toward the outside, comprising
preparing a powdery and/or particulate material of an organic
compound pre-baked to an extent of containing remaining hydrogen,
charging the powdery and/or particulate material in a closed vessel
made of a heat resistant material, and subjecting the powdery and/or
particulate material together with the vessel to hot isostatic pressing
treatment using a compressed gas atmosphere, wherein a maximum
ultimate temperature in the hot isostatic pressing treatment is 900°C

or more and lower than 2000°C.

2. The production method of Claim 1, wherein the
maximum ultimate temperature is 1000°C or more and lower than

2000°C.

3. The production method of Claim 1 or 2, wherein the
closed vessel made of a heat resistant material is a closed vessel made

of graphite.

4. The production method of any of Claims 1 to 3, wherein

an amount of the remaining hydrogen is not less than 6500 ppm.

5. The production method of any of Claims 1 to 3, wherein a

pre-baking temperature is 1000°C or lower.



3. The production method of Claim 1 or 2, wherein the closed vessel made of a heat resistant material
is a closed vessel made of graphite. 4. The production method of any of Claims 1 to 3,
wherein an amount of the remaining hydrogen is not less than 6500 ppm. 5. The production
method of any of Claims 1 to 3, wherein a pre-baking temperature is 1000C or lower. 98 6.
The production method of any of Claims 1 to 5, where# the closed vessel made of graphite is of
triangular screw type having an open pore ratio of less than 20%. 7. The production method of
any of Claims 1 to 6, wherein the organic compound is one or more selected from the group consisting
of starch, cellulose, protein, collagen, alginic acid, dammar, kovar, rosin, gutta-percha, natural rubber,

cellulose resin, celulose agetale, celiulge IS CRIWOSP Ageiale BHiTALe Casein RIAN(C, soybean
protein plastic, phenol resin; urea resin, melamine resin, benzoguanamine resin, epbxy resin, diallyl

phthalate resig, Ungaiuated RQlyester desina BisRBEROL ARG SRLXY £85Iy NoKRIMIYREERRXY resin,
polyfunctional epoxy rein, alicyclic epoxy resin, alkyd resin, urethane resin, polyester resin, vinyl

chloride resin opeiyepudenatpplyptepylehanp2yztyrene, polyisoprene, butadiene, nylon, vinylon,
acrylic fiber, rayon, polyvinyl acetate, ABS resin, AS resin, acrylic resin, polyacetal, polyimide,
polycarbonate, modified polyphenylene ether, polyarylate, polysulfone, polyphenylene sulfide,
polyether ether ketone, flugrine-containing resin, polya i%zimide, silifon resin, petroleym pitch, coal

pitch, petroleum coke, coal coka CAFBOHHHRR, BEhAR AS5h, QldstBipisstlc {dste BEEF Bittle,
waste wood, waste plants. and garbage. ; - 8. The productio 0 of,Clai 07,
Wﬁe (p C%Incaf)a%nd %gria(fn T 191%%‘6 Qe%%%éfjl (}frg%y (&4 5%%5%%

. rgaa}c ? O . .
wherein the powdery and/or pa e ma of an organic compound is'a phenol re ing an

average PaftiQJ_61§@§tf?ﬁéQ9fr_§thr@§§cdﬁ%@se, prot%ir{h@cmﬁgéﬁtj%Qﬂﬁib%@&?@éﬁﬁ@é@s 1to
8, wherein hot isostatic pressing treatment is carried out in such a state that a part or the whole of

periphery of thepta-bakadirpowdery-araidigpantiatiate Imatériaof aalbrgssuc cesnppurdlciarged in the

closed vessel made of graphite is covered with a spacer and a sleeve.
acetate, cellulose nitrate, cellulose acetate butyrate, casein plastic,
soybean protein plastic, phenol resin, urea resin, melamine resin,
benzoguanamine resin, epoxy resin, diallyl phthalate resin,
unsaturated polyester resin, a bisphenol A type epoxy resin, Novolac
type epoxy resin, polyfunctional epoxy rein, alicyclic epoxy resin, alkyd
resin, urethane resin, polyester resin, vinyl chloride resin, polyethylene,
polypropylene, polystyrene, polyisoprene, butadiene, nylon, vinylon,
acrylic fiber, rayon, polyvinyl acetate, ABS resin, AS resin, acrylic resin,
polyacetal, polyimide, polycarbonate, modified polyphenylene ether,
polyarylate, polysulfone, polyphenylene sulfide, polyether ether ketone,
fluorine-containing resin, polyamide imide, silicon resin, petroleum
pitch, coal pitch, petroleum coke, coal coke, carbon black, activated

carbon, waste plastic, waste PET bottle, waste wood, waste plants and

garbage.

8. The production method of any of Claims 1 to 7, wherein
the powdery and/or particulate material of an organic compound is a

phenol resin having an average particle size of 100 pm or less.



10. The production method of Claim 9, wherein the spacer and the sleeve are made of one or more
selected from the group consisting of glassy carbon, diamond-like carbon and amorphous carbon.

11. The production method of any of Claims 1 to 10, wherein one or more carbon materials selected
from the group consisting of carbon fiber, natural graphite, artificial graphite, glassy carbon and
amorphous carbon are mixed to the pre-baked powdety and/or particulate material of an organic
compound. 12. A method for producing a cluster of graphite crystals, in which the thin sheet
graphite crystals are partly cleaved, comprising preparing an intercalation compound of graphite
composed of , as a host material, the cluster of thin sheet graphite crystals produced by the method of

any of claims 1 to 11, and subjecting the intercalation compound tq. rapid heating. 13. A cluster
of thin sheet graphite cryst%isqt%%%g Eﬁ?lgﬁg@ﬁéwﬁgﬁﬂ%t%{eéfﬁmﬁn{sﬁgeééggﬁﬁif?l&ygtals
extend from 400 16 ngids uadnG MBI is cardda A SIiSIar Sharaits srysigls otained
by partly cleaving thc ﬁun sheet graphite crystals of tﬁe auster of thin sheet graphite crystals of claim

13. 134y mefogHer prraucing anangtailisonmateralopaicicie peiarRlShapa dgapprising
preparing a powdery and/or particulate material of an organic compound pre-baked to an extent of
containing renpaining tigdeogeatanizing i siicanrganide cihvernptoyctargiag ged mixtutecindadesked
vessel made of a heat resistant material, and subjecting the mixture together with the vessel to hot
isostatic pressiegIfaamraeie abiBpR Bbin preserargss wtiodpHRIs cWREBiA 9% mum ultimate
temperature in the hot isostatic pressing treatment is 1320C or more and lower than 2000C.

16. A method for producing a graphite-silicon composite material, comprising a cluster of thin sheet

graphite crystals composeg@f rgr%aég?l'qh%q{;%ﬁ%gt @téfﬂ%}ﬁﬁ@gfr‘g@&@g c[rp{gtaéﬁ‘gégqnd from

the inside toward the outside and a silicon material of one-dimensional shape, the method
comprises preparngiRePNdsry and/onpadicuiate, ateialabap osgRcceP RN IREe-dakes to an
extent of containing remaining hydrogen, mixing a silicon powder thereto, charging the mixture in a
closed vessel coadestiagheatt rebistant cmtboal, adthsobjedtiigeheariktune togéthemeitiptheasessel to
hot isostatic pressing treatment using a compressed gas atmosphere, wherein a maximum ultimate
temperature irf8H®ABt isostatic pressing

11. The production method of any of Claims 1 to 10,
wherein one or more carbon materials selected from the group
consisting of carbon fiber, natural graphite, artificial graphite, glassy
carbon and amorphous carbon are mixed to the pre-baked powdery

and/or particulate material of an organic compound.

12. A method for producing a cluster of graphite crystals, in
which the thin sheet graphite crystals are partly cleaved, comprising
preparing an intercalation compound of graphite composed of , as a
host material, the cluster of thin sheet graphite crystals produced by
the method of any of claims 1 to 11, and subjecting the intercalation

compound to rapid heating.

13. A cluster of thin sheet graphite crystals composed of

aggregates in such state that thin sheet graphite crystals extend from



-101 - treatment is 1320C or more and lower than 2000C. 17. The production method of Claim
15 or 16, wherein the maximum ultimate temperature is 1350C or more and 1800C or less. 18.
The production method of any of Claims 15 to 17, wherein the silicon powder is one having a particle
size of less than 500 pm. 19. A graphite-silicon composite material comprising a cluster of thin
sheet graphite crystals composed of aggregates in suob a-state that thin sheet graphite crystals extend
from the inside toward the outside and a nano-silicon material of one-dimensional shape. 20.
A method for producing thin sheet graphite crystals and/or wrinkled and shrunk graphite crystals
thereof and/or%ﬂ-gﬁ%‘g}é‘dtﬁﬁﬁﬁﬁﬁet £/ SiafStHEreof which are dispersed in a solvent, comprising
dispersing in a solvent a pulverized resultant of a mass of thin sheet graphite crystals composed of
aggregates of thin sheet graphite crystals, subjecting the dispersion to ultrasonic wave treatment and

centrifuging, and collecting;a SupeipR@M Jreeli9flte crystatd-obgieOdor predycing thin,sheet

graphite crystals and/or wrinkled and shrunk graphite crystals thereof and/or roll-shaped graphite
crystals thereafheothprisisigegistiingbitéhesalvens fodmtibe dhirs sheeifgraphitstarystais-asiai o
wrinkled and shrunk graphite crystals thereof and/or roll-shaped graphite crystals - 102 - thereof of
claim 20 whiclsayretaikpefsdaimalsbivent. 22. The production method of Claim 20 or 21,
wherein the mass of thin sheet graphite crystals composed of aggregates of thin sheet graphite
crystals is a cluster of thin sheet graphite crystals composed of aggregates in such a state that thin

sheet graphite crystals extei%q fwmr}lheetﬂ%sddefcg?"w?)rr%t gc(i)HthIda? "nano-silicon material of

one-dimensional shape, comprising preparing a powdery and/or
particulate material of an organic compound pre-baked to an extent of
containing remaining hydrogen, mixing a silicon powder thereto,
charging the mixture in a closed vessel made of a heat resistant
material, and subjecting the mixture together with the vessel to hot
isostatic pressing treatment using a compressed gas atmosphere,
wherein a maximum ultimate temperature in the hot isostatic pressing

treatment is 1320°C or more and lower than 2000°C.

16. A method for producing a graphite-silicon composite
material, comprising a cluster of thin sheet graphite crystals composed
of aggregates in such a state that thin sheet graphite crystals extend
from the inside toward the outside and a nano-silicon material of
one-dimensional shape, the method comprises preparing a powdery
and/or particulate material of an organic compound pre-baked to an
extent of containing remaining hydrogen, mixing a silicon powder
thereto, charging the mixture in a closed vessel made of a heat
resistant material, and subjecting the mixture together with the vessel
to hot isostatic pressing treatment using a compressed gas atmosphere,

wherein a maximum ultimate temperature in the hot isostatic pressing



23. Thin sheet graphite crystals and/or wrinkled and shrunk graphite crystals thereof and/or
roll-shaped graphite crystals thereof which are dispersed in a solvent and comprise multi-layer
graphene having a thickness of not more than 10 nm. 24. Thin sheet graphite crystals and/or
wrinkled and shrunk graphite crystals thereof and/or roll-shaped graphite crystals thereof which
comprise multi-layer graphene having a thickness-of raat more than 10 nm.

treatment is 1320°C or more and lower than 2000°C.

17. The production method of Claim 15 or 16, wherein the

maximum ultimate temperature is 1350°C or more and 1800°C or less.

18. The production method of any of Claims 15 to 17,
wherein the silicon powder is one having a particle size of less than

500 pm.

19. A graphite-silicon composite material comprising a
cluster of thin sheet graphite crystals composed of aggregates in such
a state that thin sheet graphite crystals extend from the inside toward

the outside and a nano-silicon material of one-dimensional shape.

20. A method for producing thin sheet graphite crystals
and/or wrinkled and shrunk graphite crystals thereof and/or
roll-shaped graphite crystals thereof which are dispersed in a solvent,
comprising dispersing in a solvent a pulverized resultant of a mass
of thin sheet graphite crystals composed of aggregates of thin sheet
graphite crystals, subjecting the dispersion to ultrasonic wave

treatment and centrifuging, and collecting a supernatant therefrom.

21. A method for producing thin sheet graphite crystals
and/or wrinkled and shrunk graphite crystals thereof and/or
roll-shaped graphite crystals thereof, comprising distilling-off the
solvent from the thin sheet graphite crystals and/or wrinkled and

shrunk graphite crystals thereof and/or roll-shaped graphite crystals
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thereof of claim 20 which are dispersed in a solvent.

22. The production method of Claim 20 or 21, wherein the
mass of thin sheet graphite crystals composed of aggregates of thin
sheet graphite crystals is a cluster of thin sheet graphite crystals
composed of aggregates in such a state that thin sheet graphite

crystals extend from the inside toward the outside.

23. Thin sheet graphite crystals and/or wrinkled and
shrunk graphite crystals thereof and/or roll-shaped graphite crystals
thereof which are dispersed in a solvent and comprise multi-layer

graphene having a thickness of not more than 10 nm.

24. Thin sheet graphite crystals and/or wrinkled and
shrunk graphite crystals thereof and/or roll-shaped graphite crystals
thereof which comprise multi-layer graphene having a thickness of not

more than 10 nm.



