ATOM C CARBON MATERI AL AND METHOD FOR PREPARATI ON
THEREOF FI ELD OF | NVENTI ON The present invention
relates to an atomic carbon material which is useful
for various carbon materials and a nethod for
preparation thereof. BACKGROUND OF THE | NVENTI ON
Carbon is one of the inportant conponents of al
organic materials and vital activities and, yet 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 against chemcals, so that it is
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conventional graphite does not have, they have been
drawi ng attention as a new carbon material in the

field of nano-garpaRtm® Udrednd ERvEARfYE fiel ds,

and put into practica
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, fullerenes 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 nade 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 mest.

Moreover, the oxidation compound is vaporized by
applying heat-treatment to coke at 800 C cor 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 sequentially 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-crystalline (anmprphous) 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 hydrogen, it is necessary to prepare it at high
noenpervetedsl imd tlhecmbhaiised meatr drde 1 oftat chahgs slow
one where covalently bonded six carbon atons are
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each other; the stacked electrical conductivity is high
and becomes extremely 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 adsorption ability (ability to combine with
other materials) far better than fullerenes and
nano-tubes, and tc 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 (so-called atcmic 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
linearly bonded. Moreover, a nethod for preparation
in the present invention is characterized in that a
ladpe hembendeer cor gad ;ApREar & s wahchmipashayes bulk, or
contain a carbon unit (preferably, an organic )
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cooling the obtained bul'’k”atom c car

this organic material in an inactive atmogphere {(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 aforementicned
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 atmogsphere 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 atons 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 atoms, that is, 240.
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furthernore 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.

BRIEF DESCRIPTTION 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 tines in the present

imviehei Bre syt 3nvemhienliar ged micrograph of Fig. 2;

Fig. 4 is an _electron mcrograph of a carbon material

at a Fadghi £i Eat3BEbECERSTIHIGRAS ¥ fRBsORn dtopic carbon
cured, for a short tine at 550 C under the sane . )
MEorith $ fdn&tad MRGEL. bi Cefd At ? BnE¥e| Bhed itk pal@ePoan the
met hod{': Eingf. 5 i s an enlarged mcrograph of Fig. 4;

PEHYPeBC VLRGP ustrating a result of X-ray

di ffraction, apal ysis of an atom c_carbon materjal i
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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 result of X-ray
diffracticn 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.
1l 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

lines having a nitrogen injection shut-off valve 2

lab¢ whgyrlolajist sigms exhaemst ershod- ofihembhaerBngle nitrogen
heater 4 is nounted inside to raise the tenperature
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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, etc.) is firsgt 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 same tine, air inside is exhausted fromthe
pyrol ysis 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
it bnddng svaoner? dncliwdikepwaiera temperkeptrat faom 100 C
tenperature from100 C to 150 C (150 Cis nore
fw el BPafl d) 3o evisponatre watef eralflfdci eot byagmrahe water
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i nacti ve atnosphere. Then, the elenents in the raw

Hed eeHalb ywhi € Dnar e thonged rwit hy capben sepgeapeddteure from
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
remaing. 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
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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
hesreg sany ifsors mopaedmand caw bdnniatmssgah of tihejected from
present invention to be nmade at 450 C or lower in

tdrelevi toogen fodmalybphiskutTiedt visler8 2heatrat, 4t $he same
stopped and cold nitrogen is injected from the

tiine ogBR U MjkerPpar sl sofihaddeels, eaithuatedhd samethe
time, hot nitrogen gas inside is exhausted fromthe
DRE QL VSIS g Sanss tsmitutof @ ffavad V& tH togtogdudown the
the _inside of the airtight chanber 1 and the ,
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atmesphere inside of this cartridge 5. The shutter 7 of
the airtight chamber 1 is closed for preparing the next
operation.

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 cbtained in which these
ultra fine particles are disorderly congregatedwith 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 atnosphere

whi ch does not oxidize the carbon in order to nake
nfafl¢risd sof thegrapad g iescons pamtecilels. & nektrhefine
atom c carbon material kept in the cartridge 5 never
maglichesed r 1 £t ngses ppryconbirigrdinmgh tdyey gehonig carbon
other materials. The atomi c carbon material, which
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I s ground to becone particles or ultra fine,
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material may be carried out in any preparatiQn process
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state and a grinding process may be applied by using
bt PHERr® 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 magnificationof 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 cone 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
Etecangstunerosgnpeoircomaitray Resedr eh réehiehapere one of
Fig. 3is an enlarged mcrograph of Fig. 2, and, in
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materials within 10 nm Carbons from about one
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means one carbon C and a rod-shaped one of 2 nm neans
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that if, is understood that it is an organic materia
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under a condition of tenperatures higher

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 presgent invention using
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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 atom c carbon material of the present
aitprehe i Bymby Lesbag edh ox tay s brbddidt earinpn e ferring
Ehi me office of Sum ca Chemical Analysis Services,

to gheapdrr sgapd pheFaal pses Ishdwh kngwFitgeat capsben has
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drawi ng schematically illustrating_an atomc carbon,
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of the present

invention, i1if C exists in 1, it has four electrons and
ten electrons can be active, go that the ion adsorption
ability thereof reaches from three times t£o 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 jion 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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ten el ectrons can be active, so that the ion
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relative to the human body, a variety of excellent
iapphheahi N a PRI NS, ateMid €8k®on 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 cbserved 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.




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.
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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 interatom c force and appear

as an anor phous bulk. 2. An ultra fine atom c carbon
material formed by keeping the bulk atom c carbon
Whitler Lal Cdorbmdidngso 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

conpoded A5 a&iPTok gap® tPomaNeticl L aki chgassimatarbon atoms
contain carbon units and has coval ent bonds in an
Anacii Ve Bt RBsPABEE e R iprkddiat & weaTeefporatweto five
whi |l e sequentially increasing the tenperature;
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car bo t he at nosphere and _the organic materi al
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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
bpredetermined 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 C 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 450 C or lower in a process before taking it in
Rhedeltareined absoubed sinatesr &. ctipt £par atieone the
met hod of an atom c carbon material according to
Marmiye vienesphdie r aw matiertained. a wood or bamboo
material. 16

4. The 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 atmosphére at 450 C or lower in a process before
taking it in the chamber in a sealed state.

5. The preparation method of an atomic carbon
material according to c¢laim 3, wherein the raw material

is a wood or bamboo material.
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