ATOM C CARBON MATERI AL AND METHOD FOR PREPARATI ON

THEREOF FI ELD OF | NVENTI ON The present invention

relates to an atom c carbon material which is useful

for various carbon materials and a nmethod for

preparation thereof. BACKGROUND OF THE | NVENTI ON

Carbon is one of the inportant conponents of al

organi c mater.i vital activities _and Xet it is
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not only high conductivity of heat and electricity

and small coefficient of thermal expansion but al so

strong stability agai emi ' that it is
utilized in many %&5ﬂ§i.gghgk§§#§5ﬁ8§fon1has f our

val ence el ectrons and three or four hands (dangling
bonds) which are not conbi ned. Mbreover, carbon has
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such as large ion adsorption ability that

conventional graphite does not have, they have been
drawi ng attention as a new carbon material in the

field of nanosparorsUNst Wi edurl INVIFATIOWS fields,
and put into practical use.

Carbon is one of the important components of all
organic materials and vital activities and, yet it is
a nonmetal and has many advantages such that it has not
~only high conductivity of heat and electricity and small
coefficient of thermal expansion but also strong
stability against chemicals, so that it is utilized in
many fields.

The carbon atom has four valence electrons and three
or four hands {(dangling bonds) which are not combined.

Moreover, carbon has been conventionally known as
molecular, and allotropes which have four crystalline
structures such as graphite, diamond, fullerene, and
carbon nano-tubes have been known.

Specifically, since fullerene and carbon
nano-tubes are fine and have characteristics such as
large ion adsorption ability that conventional graphite
does not have, they have been drawing attention as a new

carbon material in the field of nano-carbons, studied



However, full erenes and carbon nano-tubes are
manuf act ured by heating and evaporati ng coke and a

hi gh polymer using, for instance, plasma, |asers,

etc. Therefore, fullerenes and carbon nano-tubes are
graphitized as a huge carbon allotrope where the

coval ent bonds nmade of six carbon atons are included.
Each carbon material has only one ion adsorption
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composed of 60 carbon atoms is 60 at the most, and that
of a nano-tube composed of 1000 carbon atoms is 1000 at
the most.

Moreover, the oxidation compound is wvaporized by
applying heat-treatment to coke at 800 C or higher and.
an allotrope of carbon can be obtained, but
graphitization is accelerated and the coke hardens
progressively.

Furthermore, it is known that hydrogen and oxygen
are taken by seguentially cutting from the hand which
has weak bonding when an organic material is heated, and
it gradually changes (carbonized) to a material composed

of only carbon. In Japan, "Charcoal" has been made since

old times by carbonizing plants.

SUMMERY OF THE INVENTION
"Charcoal" carbonized at low temperatures in a

conventional method is generally known as a



non-crystal line (anorphous) material which has | ow
electrical conductivity. However, it is difficult to
reduce carbon and oxygen in a conventiona

carboni zation technique if it is not heated up to

hi gh tenperatures, so that a pure carbon materi al

cannot be obtained. Myreover, in order to | ose oxygen
and hydro is necessary to prepare it at high
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each other; the stacked electrical conductivity is high
and becomes éxtremely stable, and it is difficult to
combine it with other materials. Therefore, it
continues to be used as a material with excellent physical
characteristics.

The problems to be solved by the present invention
are to provide an extremely useful atomic carbon material,
which has ion adsorxrption ability {(ability to combine with
other materials) far better than fullerenes and
nano-tubes, and to provide a method for preparation
thereof.

The present invention to solve the aforementioned
problems provides an atomic carbon material in which
carbon atoms or ultra fine particles in a state where
from two to five or about ten carbon atoms are linearly

bonded (sc-called atomic carbon particles) are

disorderly congregated with each other with an



di sorderly congregated with each other with an 3

interatom c force and appear as an anor phous bul k, or

an atom c carbon material having the particle size of

ultra fine particles conposed of carbon in a state

where fromtwo to five or about ten carbon atons are
l'inearly bonded. Mreover, a nmethod for preparation

in the present invention is characterized in that a
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contain a carbon unit (preferably, an organic,
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cooling the obtained bulk atom c carbon

this organic material in an inactive atmosphere (for
instance, a nitrogen atmosphere) is heated at a
predetermined temperature while sequentially increasing
the temperature; expected elements except for carbon (for
instance, gaseous elements such as oxygen and water vapor
etc) in the aforementioned atmosphere and the organic
material are individually separated from being bonded
with carbon by thermally decomposing in order, from an
element having a lower decomposition temperature at a
temperature of 450 C or lower; and the aforementioned
decomposedelementsareexhaustédeachtimeofseparation
to outside of the atmosphere under a condition where the
inactive atmosphere is maintained. Furthermore, it is
characterized by cooling the obtained bulk atomic carbon
to 450 Cor less in an inactive atmosphere and by grinding

ultra fine particles in the state where from two to five

or about ten carbon atoms are linearly bonded.



to 450 C or less in an inactive atnosphere and by

grinding ultra fine particles in the state where from

two to five or about ten carbon atonms are linearly

bonded. 4 An atom c carbon material of the present

invention has an ion absorption ability which is four

times the ion absorption ability of a fullerene 60

conposed of 60 carbon atons, that is, 240.
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beauty products, etc. can be expect ed.
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present invention will be explained referring to the

acconpanyergyr & AVANgst oAld Waldbde waeerfiied of the present
furtherpnre by the foll ow ng enbodi nents.
invention has particulates or ultra fine particulates,
which is different from conventional graphitized carbons.
In addition, not only is it fine but also it can create
compounds with various materials. Furthermore, being
composed of carbon, since it does not possess toxicity
relative to the human body, a variety of excellent
applications in medicine, health care materials, and
beauty products, etc. can be expected.

The above-mentioned purposes and the advantages of
the present invention will be explained referring to the

accompanying drawings, and will be clarified furthermore

by the following embodiments.

BERIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional drawing schematically
illustrating a configuration of a preferable basic device

for a preparation method of an atomic carbon material



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
cross-sectional drawing schematically illustrating a
configuration of a preferable basic device for a
preparati on nmethod of an atom c carbon material 5 in
the present invention; Fig. 2 is an electron
m crograph of an atomc carbon material at a
magni fication of two mllion tinmes in the present
LAvERS dnrepegt 3inyeat i arged mi crograph of Fig. 2;
Fig. 4 is an electron mcrograph of a carbon materia
at a nAyai-f? cef iodh Sdfe T WHOR L FER AL FRE evhea aitonke carbon
cured for a short tine at 550 C under the_same ,
BEhEE Sa%satﬂﬁgé%ﬁl?%ElgﬁbpémﬁﬂqdﬁkalﬁP@b&ﬁﬂ¢%nln the
nmethod; Fig. 5.is an enlarged m crograph of Fig. 4,
EFS?%??slgvgﬁﬁﬁo?Flustrating a result of X-ray
diffra&tion anal ysi s an_at.om,._ carbon natgr%al in

O 1g. 2;
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conditions as those of the aforementioned preparation
method;

Fig. 5 is an enlarged micrograph of Fig. 4;

Fig. 6 is a chart illustrating a resgsult of X-ray
diffraction analysis of an atomic carbon material in the
present invention;

Fig. 7 is a drawing schematically illustrating an
atomic carbon material in the present invention using
atomic symbols; and

Fig. 8 is spectral measurement charts of water in

which an atomic carbon material of the present invention

is added;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Next, the best modes to execute this invention will
be explained referring to accompanying drawings. Fig.
1 shows an example of a device for preparation to execute
the preparation method of an atomic carbon material in

the present invention. It includes an airtight chamber



Next, the best nodes to execute this invention wll

be explained referring to acconpanyi ng draw ngs. Fig.

1 shows an exanple of a device for preparation to

execute the preparation nethod of an atom c carbon

material in the present invention. It includes an

airtight chanber 6 1 to which air does not enter and

|l ines having a nitrogen injection shut-off valve 2

andoavhirbl §irsdges adfasntesmrdolingsl pavdngra nitrogen

heater 4 is nmounted inside to raise the tenperature
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formed of a cartridge 5 which has the sane, atnpsphere
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raw material (organic material such as wood and
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In the airtight chanber 1 in which

stand 6 in the airtight chamber 1, and, when it is closed,
the airtight chamber 1 is kept airtight or in a nitrogen
atmosphere. 8 denotes a cover or a shut-off door
provided in the cartridge 5, and, when it is closed, the
cartridge 5 can be kept airtight or in nitrogen
atmosphere.

Next, in order to prepare an atomic carbon material
of the present invention, a raw material (organic
material such as wood and bamboo, ete.) is first put in
the stand 6 and loaded in the airtight chamber 1 in which
the heater 4 is mounted. Then, nitrogen is injected from
the nitrogen injection shut-off valve 2, and, at the same
time, air inside is exhausted from the pyrolysis gas
exhaust shut-off valve 3 to generate a nitrogen
atmosphere in the inside of the airtight chamber 1 and

the cartridge 5, and it is heated up by using the heater

4. As a first step, since the raw material is one




the heater 4 is nmounted. Then, nitrogen is injected
from the nitrogen injection shut-off valve 2, and, at

; the sane tinme, air inside is exhausted fromthe

j pyrolysis gas exhaust shut-off valve 3 to generate a

; nitrogen atnosphere in the inside of the airtight
chanber 1 and the cartridge 5 and it is heated up by
using the heater 4. As a first step, since the raw
@kl nigs watee 7, | Al ddi kenmtat, ai tempekeptune rom 100 C
tenperature from100 C to 150 C (150 Cis nore
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350 C to 450 C to decompose the elements contained in the

raw material. It is necessary that all elements of the
raw material generated until the temperature reaches
450 C are exhausted to outside of the airtight chamber
and nitrogen is injected every time to keep it in an
inactive atmosphere. Then, the elements in the raw
material which are bonded with carbon separate the
remaining carbon and an atomic carbon material of the
present invention which does not evaporate at 450 C
remains. Herein, as characteristics of carbon, the
excitation energy for allotropic bonding in which carbon
in an organic state is crystallized and becomes inorganic,
that is, graphitization requires a high temperature of

450 Cor higher. Therefore, it is necessary for an atomic

carbon material of the present invention to be made at

450 C or lower in order not to form graphite. Then, the




remai ni ng carbon and an atom c carbon material of the
present invention which does not evaporate at 450 C

remai ns. Herein, as characteristics of carbon, the
excitation energy for allotropic bonding in which

carbon in an organic state is crystallized and

becones inorganic, that is, graphitization requires a

hi gh tenperature of 450 C or_higher. Therefore, it is
REcdTary 18r S&PRRJK 80dc &bk Wht&asn ofst hejected from
gﬁgsent inventjon to be nade at  450_C or |ower i
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about ten carbon atons are linearly bonded (Fig. 2),
atmosphere inside of this cartridge 5. The shutter 7 of
the airtight chamber 1 is closed for preparing the next
ocperation.

The remaining carbon is composed of carbon atoms
or ultra fine particles in a state where from two to five
or about ten carbon atoms are linearly bonded {Fig. 2},
and amorphous atomic carbon can be obtained in which these
ultra fine particles are disorderly congregated with each
other with an interatomic force. Moreover, after the
atomic carbon material is completed in each process, the
cartridge 5 is required to be sealed up and stored while
maintaining a nitrogen atmosphere which does not oxidize
the carbon in order to make full use of the capabilities
as a material. Since the atomic carbon material kept in
the cartridge 5 never touches air, it does not combine

with oxygen and other materials. The atomic carbon

material, which does not combine with oxygen and other



and anor phous atom c carbon can be obtained in which

these wultra fine particles are disorderly congregated

with each other with an interatom c force. Moreover

after the atomic carbon material is conpleted in each

process, the cartridge 5 is required to be sealed up

and stored while maintaining a nitrogen atnmosphere

whi ch doq_ nof oxidize, the carbon in order to make
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taking it in the cartridge 6 in a seale
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Moreover, after the aforenentioned cooling, it may be

figkevay rbe herovard rirdgel trand itveasief i edeign it saal Bfactive
state and a grinding process may be applied by using
atgrdgehage in the airtight chamber 1. Moreover, after
the aforementioned cooling, it may be taken in the
cartridge 6 and transferred in a sealed state and a
grinding process may be applied by using a grinding
machine. Since the aforementioned atomic carbon does
not combine with oxygen or other materials, it creates
highly negative ion water (pH becomes 11 or more) having
high reactivity when it is mixed in water.

Fig. 2 is a photograph of an atomic carbon material
in the present invention at a magnification of twomillion
times by using a high resolution transmission electron
microscope from Toray Research Center Inc. Fig. 3 is an
enlarged micrograph of Fig. 2, and, in this figure, there
are innumerable amorphous materials within 10 nm.
Carbons from about one angstrom to about 2 nm at the

largest are congregated within 10 nm and the average size

is 1.66 angstroms. According to the diameter of carbon,
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machi ne. Since the aforenentioned atom c carbon does

not conbine with oxygen or other materials, it creates

hi ghly negative ion water (pH beconmes 11 or nore)

having high reactivity when it is mxed in water.

Fig. 2 is a photograph of an atom c carbon materi al

in the present invention at a nmagnification of two

mllion tinmes by using a high resolution transm ssion
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Therefore, it is understood that graphitization proceeds
dramatically under a condition of temperatures higher
than 450 C and the carbon is crystallized to change into
inorganic carbon. As a result, the characteristics of
an organic material which exists in the atomic carbon
material of the present invention are lost.

Fig. 6 is a spectral chart illustrating a result
of X-ray diffraction analysis of the atomic carbon
material of the present invention by using an X-ray
diffractometer in the Ehime office of Sumica Chemical
Analysis Services, Ltd. According to the analyses shown
in Figs. 2 to 6, it was confirmed that the atomic carbon
materials of the present invention were both amorphous
and atomic organic carbons (they are submitted as
attached document 1 and attached document 2).

Fig. 7 is a drawing schematically illustrating an

atomic carbon material in the present invention using

11



than 450 C and the carbon is crystallized to change

into inorganic carbon. As a result, the

characteristics of an organic material which exists

in the atomc carbon naterial of the present

invention are lost. Fig. 6 is a spectral chart

illustrating a result of X-ray diffraction analysis

of the atonmic carbon material of the present
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Ehi me office of Sum ca Chemical Analysis Services,
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B o8 St BB Ve Y 0P Shney t el SeErmI e lost
B ERECh e T SRR R By RUBRALE: BTV ¥Wureing

¢ant LoyEabipNs qﬁﬂ? K Al hau Vi
of electrons %ene gtEgngsLZ% ?%urs 161%&09%?31{6(?:!:&6‘%%%1 a-ér{% other
haster D51 Ehe nunber is decreased by crystallization,

resulting in it becom ng inpossible for it to bond to
vari ousnobierat SRLe i ShohN mdlt &t PHNC FArPRE MRLAIL AL

of the present

invention, if C existes in 1, it has four electrons and
ten electrons can be active, so that the ion adsorption
ability thereof reaches from three times to twenty four
times that of typical graphite. Moreover, if C of the
atomic carbon material of the present invention exists
in 1, it is in a state close to an atom with the particle
size being 1 nm or less {theoretically 1.66 angstroms),
so that it has the ability where four ions are adsorbed
per one carbon atom as shown in Fig. 7. Therefore, the
atomic carbon material of the present invention has the
ion adsorption ability four times the ion adsorption
ability of fullerene 60 which is composed of sixty carbon
atoms. Moreover, the atomic carbon material of the
present invention has the ion adsorption ability four
times the ion adsorption ability of carbon nano-tube 1000

which is composed of a thousand carbon atoms, that is

4000, so that it is extremely active and utilized for
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invention, if Cexists in 1, it has four electrons and
ten el ectrons can be active, so that the ion
adsorption ability thereof reaches fromthree tines
to twenty four tinmes that of typical graphite.
Moreover, if C of the atomc carbon material of the
present invention exists in 1, it is in a state close
to ap atomwith the particle size being 1 nmor |ess
(tHebPEFi CARY1Ea66 ayst r B hemmorRat tite hasomie carbon
abilit ﬁher four ions are adsorbed per one carbon
&iaotrﬁﬁia h&/ﬁi FReFPFesenthdrsiereiopne whiehi d catbbfierent
qgterial of the present invention has the ian .
ad<oP pti ORYGEN F 19 ROuF B RRE L LRES SR ERSBr plifoparticulate
AN of f.ull erene.60 whjich is conposed_of sixt )
(é%g:lr B‘%)fnyr%t bridie I‘\Wﬁ"ég\}gﬁl§1ﬁ%' aBof Ear BBAYndteritl fépe but
pr es [ tion has_the ion adsorption abilit
Pamo PLE SR L RYER HBip ks L RN et e 1ns.
- 0 I I f_.a thousand ¢
A PRk, e oo YT R B B RR £

rg%rés not
at ons, I'S extr Vv

@@%é&é&iE%Qfé&t}zrgﬁgﬂ%?eggelEﬁgiﬁﬁﬁa?FﬂB I&{%ﬁﬁ%riety

the atomi c carbon®™ materia t he present 1 nv

Wi Cékéélgiefrf@r%blifcfmQngoq\heqﬁéaﬂélir%,apﬁ%aylzt@g care

carbon, is particulate or ultra fine particulate, an

matt exl ¥16S idndi Peakity %fé@ddt§?neE%U“é§ﬁpB%n¢% ected.
with various materials. urt hernore, being conpose

of carBég, < nekoilk dgescBehl POSELEEcRU €] EMarts of one,
relative to the hunman body, a variety of excellent
appilcthons dar medudiates heahtic c@siebon material of the
Present invention is added into tap water, by using a
diamond prism. (It is submitted as attached document 3.)
According to this measurement result, carbonate

can be observed but carbon cannot be observed. Therefore,
the atomic carbon material of the present invention is
not one which is graphitized like well-known charcoal,
that is, six carbons being cyclically bonded to each other,
but it is one which ionizes in water and is bonded to
hydrogen ions existing in water, so that it is understood
that the atomic carbon material of the present invention
has totally different features from a carbide from a
conventional organic material.

Moreover, when the electrical conductivity of a
bulk atomic carbon material of the present invention is
examined, current is not detected. It indicates that it

is a complete insulator.
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mat eri al s, and beauty products, etc. can be expected.
Fig. 8 shows spectral neasurenent charts of one, in
whi ch a particul ate atom c carbon material of the
present invention is added into tap water, by using a
diamond prism (It is submtted as attached docunent
3.) According to this neasurenent result, carbonate
can be observed but carbon cannot be observed.
Ther ef 8§, PRREBEOATY CrF bOR Raretiesn olesRa ihedehased on
i_nvent not . one which is graphitized |ike
v%mlcrr%# bl SBRPOL SR 16T SFRLBEr iSohet Bei Agawings.
cllcally onded o _each other, hut it {s one which

ﬁ\’ez tdt Hheefs heHdedt s 1F?9’cﬁrbbeﬂnu By be easily
ters hat it _is understood t t he

?‘ igcargoﬁla Jl‘er‘gl fjgf tﬁgrpgr%rée%f rsLﬁl\?éanﬁIb ‘ﬁa%rt' and
t gl [ atures froma.carbide _froma

S ndent e P MR BBt e S anen Ahe includea

eliegly ﬁc§h$ Livigtyof 8, Rk gLom c carbon

mat er | al resent invention 1S “exam ned,

current is not detected. It indicates that it is a

conplete insulator. 13 The present invention has been

descri bed based on a preferable enbodi nent referring

to the drawi ngs. However, it is clear that this

i nvention may be easily changed or nodified by a

person skilled in the art, and it is intended that

such changed parts are also included wthin the scope

of the invention.
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14 What |Is Clainmed Is: 1. An atom c carbon material,
wherein carbon atons or ultra fine particles in a
state where fromtwo to five or about ten carbon
atons are linearly bonded are disorderly congregated
with each other wwth an interatomc force and appear
as an anor phous bulk. 2. An ultra fine atom c carbon
material formed by keeping the bulk atom c carbon
Watadr | &4F &dcdreAgIsc the claim 1l at a tenperature of
450 C or less and grinding the material. 3. A
preparation method of an atom c carbon material,
conprising the steps of: heating a raw materi al
conposéd QEQﬂ%ﬁuﬁ%rbﬁﬁt@ﬁ?ﬂr¥mlchwbﬁ§§%ﬂncarb0n atoms
bon units coval ent. bonds in an

t d
%?Fg :t\rlfeéjgm%;ﬂﬁeﬂé gﬁn%ﬁ rﬁ?@dat@rw e ¥FenbEpPly iwe to five

I | |
BBt A6 RF L S o CaPBCARE o LhEREL beepied gire

d th
ro%el %g]g‘vt;%ngge%}?éng?%r i%?@%ﬁ%b%%& ?ﬁlﬁ de)r;:afj‘gjcBﬁ'péﬁ ng
t
LBeOLAEE oI O AT Coo T JBEERE Bt O AAREHR 8§l%d'b°unlk

exhauspi ngnt ha &l £Ments @%thbngagiiﬁzlonéag (ﬁ?ﬁmed by

out si de of the atnosphere under a ¢con
keeglivg HEUSPIRI £t b iAW HE%hafBY a1 according to the

claim 1 at a temperature of 450 C or less and grinding
the material.

3. Apreparation method of an atomic carbon material,
comprising the steps of:

heating a raw material composed of an organic
material which does not contain carbon units and has
covalent bonds in an inactive atmosphere at a
predetermined temperature while sequentially increasing
the temperature;

individually separating expected elements except
for carbon in the atmosphere and the organic material
from being bonded with carbon by thermally decomposing
in order from an element having a lower decomposition
temperature at a temperature of 450 ¢ or lower and
exhausting the elements each time of separation to
outside of the atmosphere under a condition where the
inactive atmosphere is maintained; and

sealing the obtained bulk atomic carbon in a
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sealing the obtained bulk atomc carbon in a 15
predet erm ned chanber under a condition where the

i nactive atnosphere is maintained. 4. The preparation
nmet hod of an atom c carbon nmaterial according to
claim3, wherein an atom c carbon material is ground
to be ultra fine particles in an inactive atnosphere
at ﬁgo C or, lower in _a process before taking it in
e

RERBAI19E aCRENRRY svarer == TRadricharavb@re the
nmet hod, of an atonLc carpon material according to
It T 3V SWRTRP RPARE S ab® nBfdmi @ 10P8 -2 wood or barboo
nateri@. 6 . ,
. e preparation method of an atomic carbon
material according to claim 3, wherein an atomic carbon
material is ground to be ultra fine particles in an
inactive atmosphere at 450 C or lower in a process before
taking it in the chamber in a gealed state.
5. The preparation method of an atomic carbon

material according to claim 3, wherein the raw material

is a wood or bamboo material.
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