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MASS PRODUCTION OF CARBON
NANOSTRUCTURES

FIELD OF THE INVENTION

The field of the invention is carbon nanostructures, carbon
nanostructure-containing materials, and their manufacture.

BACKGROUND OF THE INVENTION

Carbon nanostructures include single-wall carbon nano-
tubes (SWNT), multi-wall carbon nanotubes (MWNT),
fullerenes, nanodiamonds, and nanoonions, and such nano-
structures can be manufactured in various manners.

For example, in one relatively common manner, nanotubes
can be produced by electric arc discharge. Nanotubes formed
by such a process are typically MWNT. To produce SWNT,
various catalytic metals (e.g., cobalt) can be added to the
graphite electrodes. Arc discharge typically provides rela-
tively low yield. Moreover, the so formed nanotubes will have
in most cases relatively large inhomogeneity in length and
chirality. Fullerenes can be obtained in similar manner from
soot prepared in an arc generator using a carbonaceous elec-
trode (typically without catalyst). When the electrodes are
immersed in water, nanoonions can be formed that float to the
surface of the water. So formed fullerenes and nanoonions
can then be processed (typically in a shockwave compres-
sion) to form nanodiamonds.

Alternatively, especially where increased yield or localized
synthesis of nanostructures is desired, chemical vapor depo-
sition (CVD) can be employed in which a feed gas (e.g.,
methane or ethylene) is decomposed in the presence of a
metal catalyst to grow nanotubes. For example, numerous
nanotubes can be grown at the same time on a silicon dioxide
template (that can be patterned) in predetermined positions.
Such process may further be modified by the choice of the
particular catalyst to influence the type of nanotube that is to
be produced. While CVD synthesis is directional and rela-
tively simple, industrial significant yields are typically not
achieved. CVD was reported to also yield nanodiamonds
under certain conditions, however, other nanostructures are
rarely formed using CVD.

In yet another manner, laser ablation may be employed in
which a laser pulse evaporates a solid target of graphite that
contains a small amount of metal catalyst (~1 atomic % Ni
and ~1% Co). The ablated material is transtferred into a back-
ground gas (e.g., Ar) which is gently flowing through a quartz
tube inside a high temperature (e.g., 1000° C.) oven. Laser
ablation generally allows for tighter control of reaction con-
ditions, and with that tends to provide a more defined popu-
lation of nanotubes. Furthermore, nanotubes (and also
fullerenes under certain conditions) can be produced in rela-
tively good quantities. However, such a process is relatively
energy consuming, requires expensive equipment, and highly
trained personnel.

Other less common methods of forming nanostructures
include plasma based synthesis of nanotubes. Such methods
advantageously allow for mass production of nanotubes, but
generally require megawatt quantities of energy. Similarly,
nanostructures have been produced by impulse heating of
fluorinated graphite dust in a 27.12 MHz inductively coupled
plasma. Again, which such method may yield a relatively
high yield of SWNT, the energy demand in most cases is
cost-prohibitive. “Two-dimensional” carbon nanostructures,
and particularly graphene, were until recently thought to be
difficult, if not even impossible to manufacture. However,
advances in plasma assisted CVD have yielded doped carbon
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flakes as described in WO 2004/095494, and more recently,
graphene layers were reported that were extracted as an indi-
vidual plane from a graphite crystal (Novoselov et al., Elec-
tric Field Effect in Atomically Thin Carbon Films, Science
2004 306: 666-669).

Therefore, while various materials and methods for manu-
facture of carbon nanostructures are known in the art, all or
almost all of them suffer from one or more disadvantages,
especially where large quantities of carbon nanostructures are
desired. Thus, there is still a need to provide improved com-
positions and methods for manufacture of carbon nanostruc-
tures.

SUMMARY OF THE INVENTION

The present invention is directed to compositions and
methods of carbon nanostructures, and especially those com-
prising, or formed from graphene or graphene-containing
compositions. In generally contemplated aspects, graphene is
thermo-chemically derived from a carbonaceous starting
material, and the so obtained graphene can then be used
directly or can be reformed into other carbon nanostructures.

In one aspect of the inventive subject matter, a composition
is contemplated comprising at least 0.1 wt %, more preferably
at least 10 wt %, and most preferably at least 50 wt % carbon
fractals. The carbon fractals in such compositions may be
metal coated, and particularly preferred metals include noble
metals.

In another aspect of the inventive subject matter, a device is
contemplated that comprises at least 0.1 wt %, more prefer-
ably at least 10 wt %, and most preferably at least 50 wt %
graphene as an added component. Similar to the carbon frac-
tals, it is contemplated that at least some of the graphene is
coated with a metal, and especially a noble metal. Among
other devices, suitable devices include electrical devices
(e.g., electric conductors, electron emitters, electrodes, etc.)
and non-electrical devices (e.g., structural elements, a heat
conductors, etc.).

Therefore, in still other aspects of the inventive subject
matter, a bulk composition of at least 1000 gram is contem-
plated that includes at least 10 gram of graphene and/or car-
bon fractals. Most preferably, the graphene and/or carbon
fractals are present in an amount effective to increase (e.g., at
least two fold, more typically at least five fold, most typically
at least ten fold) thermal conductivity, electrical conductivity,
adsorption, and/or a mechanical stability of the bulk compo-
sition.

In a further aspect of the inventive subject matter, a method
of preparing a composition comprising a nanostructured car-
bon includes a step in which a carbonaceous starting material
is contacted with an activated acid catalyst to form an acti-
vated intermediate. In yet another step, energy is provided to
the activated intermediate to thereby form a carbon nano-
structure (e.g., a graphene, a carbon nanotube, and/or a car-
bon fractal). Most preferably, the carbonaceous starting mate-
rial is graphite, coal, tar, and/or coke, and the activated acid
catalyst comprises plasma-activated hydrochloric acid.
While numerous manners of providing energy are deemed
suitable, it is typically preferred that the energy is thermal
energy of a temperature between about 200° C. and 1200° C.

Additionally, the carbon nanostructure in contemplated
methods may be contacted with an additional activated acid
catalyst to form an activated carbon nanostructure, to which
in a still further step energy is provided to thereby form a
secondary carbon nanostructure (e.g., a single-wall carbon
nanotube, a branched carbon nanotube, and a carbon fractal).
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In yet another aspect of the inventive subject matter,
method of producing an open-ended single-wall carbon nano-
tube includes a step of providing graphene, and another step
of providing energy to the graphene to thereby form the
open-ended single-wall carbon nanotube. Most preferably,
the energy is thermal energy at a temperature of 200° C. and
600° C., and the heating step is performed in inert gas (e.g.,
nitrogen, argon, helium, etc.).

Various objects, features, aspects and advantages of the
present invention will become more apparent from the figures
and the following detailed description of preferred embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1A is an exemplary electronmicrograph depicting
graphene produced using methods according to the inventive
subject matter.

FIG. 1B is a detail view of the graphene of FIG. 1B at a
higher magnification.

Prior Art FIG. 2A is an exemplary electronmicrograph
depicting expanded graphite in a characteristic worm-like
form.

Prior Art FIG. 2B is a detail view showing honeycomb-like
features in the worm-like material of FIG. 2A.

FIG. 3 is an exemplary electronmicrograph depicting an
open-ended carbon nanotube formed from graphene accord-
ing to the inventive subject matter.

FIG. 4 is a detail view of the open end of the nanotube of
FIG. 3 at a higher magnification.

FIG. 5 is an exemplary electronmicrograph depicting a
branched carbon nanotube formed from graphene according
to the inventive subject matter.

FIG. 6 is an exemplary electronmicrograph depicting a
metal coated carbon fractal formed from graphene according
to the inventive subject matter.

FIG. 7 is an exemplary electronmicrograph depicting a
ring-shaped carbon nanotube.

DETAILED DESCRIPTION

The inventors have surprisingly discovered that graphene
can be produced in a simple and cost-effective manner, and
that the so formed graphene can be formed into other nano-
structures, including open-ended single-wall carbon nano-
tubes, branched carbon nanotubes, and carbon fractals.

Asused herein, the term “graphene” refers to a molecule in
which a plurality of carbon atoms (e.g., in the form of five-
membered rings, six-membered rings, and/or seven-mem-
bered rings) are covalently bound to each other to form a
(typically sheet-like) polycyclic aromatic molecule. Conse-
quently, and at least from one perspective, a graphene may be
viewed as a single layer of carbon atoms that are covalently
bound to each other (most typically sp* bonded). It should be
noted that such sheets may have various configurations, and
that the particular configuration will depend (among other
things) on the amount and position of five-membered and/or
seven-membered rings in the sheet. For example, an other-
wise planar graphene sheet consisting of six-membered rings
will warp into a cone shape if a five-membered ring is present
the plane, or will warp into a saddle shape if a seven-mem-
bered ring is present in the sheet. Furthermore, and especially
where the sheet-like graphene is relatively large, it should be
recognized that the graphene may have the electron-micro-
scopic appearance of a wrinkled sheet. It should be further
noted that under the scope of this definition, the term
“graphene” also includes molecules in which several (e.g.,
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two, three, four, five to ten, one to twenty, one to fifty, or one
to hundred) single layers of carbon atoms (supra) are stacked
on top of each other to a maximum thickness of less than 100
nanometers. Consequently, the term “graphene” as used
hereinrefers to a single layer of aromatic polycyclic carbon as
well as to a plurality of such layers having a thickness of less
than 100 nanometers. Typically, the dangling bonds on the
edge of the graphene are saturated with a hydrogen atom. The
term “about” where used in conjunction with a numeral refers
to a numeric range of £10% of the numeral, inclusive. For
example, the term “about 100” refers to a numerical value of
between 90 and 110, inclusive.

As further used herein, the term “carbon nanotube” refers
to a cylindrical single- or multi-walled structure in which the
wall(s) is (are) predominantly composed of carbon, wherein
the diameter may be uniform or decreasing over the length of
the nanotube. In some instances, the carbon nanotube can be
curved, and is therefore also termed “carbon nanohorn™.

The term “carbon fractal” as used herein refers to a mac-
romolecule in which at least two graphene portions are
coupled to each other such that the first and second portions
form an angle of 90 degrees (20 degrees). Most typically, the
coupling is covalent, and the first and second portions have a
length L, ., L, ...z tespectively, and a width W, , W, ..,
respectively, wherein the ratio of L, to W, ,and L, to
W...ona 18 at least 2:1, more typically at least 5:1, and most
typically at least 10:1. Therefore, a typical carbon fractal will
appear in an electron micrograph as a cross-like structure
having a longitudinal portion from which at least one other
longitudinal portion extends. It should be noted that the
graphene in at least one of the portions may have a configu-
ration that is other than flat, and most typically the graphene
will have a curved (and sometimes even cylindrical) configu-
ration. The term “isolated” as used in conjunction with the
term “carbon fractal” herein means that the presence of the
carbon fractal in a composition is ascertained (e.g., by elec-
tron microscopy, or by following a synthetic protocol known
or proven to produce at least some carbon fractals) and that
that composition is then enriched in the carbon fractal. For
example, carbon fractals obtained by at least partial removal
of'a solvent or undesired non-carbon fractal component from
a composition containing a carbon fractal are considered
isolated carbon fractals.

As still further used herein, the term “activated acid cata-
lyst” refers to an acidic solution of a compound, wherein the
solution (typically, but not necessarily aqueous) is subjected
to an electromagnetic field, electromagnetic radiation, and/or
laser irradiation. Most preferably, the activated acid catalyst
comprises an acidic solution that is plasma-activated and/or
comprises a compound having the general formula MXO,,
wherein M is selected from the group consisting of H, NH,,
Na, and K, wherein X is selected from the group consisting of
Cl, Br, and 1, and wherein n is an integer between 0 and 4,
inclusive. It should be noted that the term “activated acid
catalyst” also includes one or more oxidizers (typically, but
not necessarily in aqueous solution) that were previously
subjected to electromagnetic radiation, an electromagnetic
field, and/or laser irradiation. Alternatively, and in less pre-
ferred aspects, activation using the electromagnetic radiation,
electromagnetic field, and/or laser irradiation may replaced
by admixing the acid or oxidizer with a penetration enhancer
(e.g., compounds and/or mixtures commonly found in lubri-
cating formulations, etc.).

In one preferred aspect of the inventive subject matter, the
inventors discovered graphene can be produced from com-
mercially available graphite (e.g., Natural crystalline flake
graphite from Superior Graphite Co., 10 S. Riverside Plaza,
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Chicago, Ill. 60606) using commercially available activated
acid catalyst (e.g., Activated Acid Catalyst #3 [Plasma-acti-
vated hydrochloric acid] from SupraCarbonic, LL.C., 348 N.
Eckhoff Street, Orange, Calif. 92868, USA). For example, the
crystalline flake graphite is granulated to a size between about
0.1 and several millimeter and mixed with the activated acid
catalyst in approximately same weight proportions (e.g., 10
gram graphite with 10 ml activated acid catalyst). The so
prepared activated graphite is then subjected to heating at a
temperature of about 120° C. for up to two minutes (typically
less than 40 seconds) to expansion (up to 500-fold in volume).
Exemplary electronmicrographs of the so produced material
are depicted in FIG. 1A and FIG. 1B at different magnifica-
tion.

It should be especially noted that so prepared compositions
are significantly distinct in structural and molecular aspects
from currently known expanded graphite/intercalated graph-
ite. Among other differences, graphene produced according
to the inventive subject matter is a substantially monoatomic
(and in some cases oligoatomic) flat or wrinkled layer of
polycyclic aromatic carbon, while expanded graphite typi-
cally has a worm-like configuration with wall strengths in the
micrometer range as depicted in Prior Art FIG. 2A. Also, the
interconnected thick walls of expanded graphite in the worms
form a honeycomb structure as depicted in Prior Art FIG. 2B,
whereas the monoatomic (and in some cases oligoatomic) flat
or wrinkled graphene layers in contemplated compositions
are independent layers.

While not wishing to be bound by any hypothesis or theory,
the inventors contemplate thatthe graphene produced accord-
ing to the inventive subject matter is a result of complete
penetration of the acid catalyst between each of the graphene
layers in the graphite and violent and exothermic reaction of
the catalyst with the graphite. Moreover, due to the exother-
mic nature and other factors, it should be recognized that the
acid catalyst may be substantially completely (i.e., greater
99%) removed from the graphene. However, and especially
where alternative acid catalysts are employed, it should also
be recognized that the catalyst (or portions thereof) may be
partially (between 1-10%, 10-25%, 25-50%, 50-75%, or
75-90%) or even entirely (90-99%) retained within the
graphene.

In alternative aspects, numerous carbonaceous starting
materials other than crystalline flake graphite may be
employed, and it should be recognized that many carbon-
containing materials are suitable for use herein. However,
especially preferred carbonaceous materials include those
predominantly (>80 atom %) comprising carbon. Therefore,
suitable carbonaceous starting materials include coal, tar,
natural and synthetic graphite, pyrolysis products, coke, car-
bonized organic matter, and/or carbonized synthetic fibers.
Suitable carbonaceous materials also include various syn-
thetic compounds, and especially synthetic (preferably poly-
cyclic) aromatic compounds.

Contemplated starting materials, and especially graphite
may also be doped or derivatized with one or more heteroat-
oms (e.g., optionally substituted nitrogen, oxygen, sulfur,
boron, etc.) and/or substituents. The term “substituted” as
used herein also refers to a replacement of a chemical group
or substituent (e.g., hydrogen) with a functional group, and
particularly contemplated functional groups include nucleo-
philic (e.g., —NH,, —OH, —SH, —NC, etc.) and electro-
philic groups (e.g., C(O)OR, C(X)OH, etc.), polar groups
(e.g., —OH), non-polar groups (e.g., aryl, alkyl, alkenyl,
alkynyl, etc.), ionic groups (e.g., —NH,"), halogens (e.g.,
—F, —Cl), and all chemically reasonable combinations
thereof. Thus, the term “substituent” includes nucleophilic
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(e.g., —NH,, —OH, —SH, —NC, etc.) and electrophilic
groups (e.g., C(O)OR, C(X)OH, etc.), polar groups (e.g.,
—OH), non-polar groups (e.g., aryl, alkyl, alkenyl, alkynyl,
etc.), ionic groups (e.g., —NH,"), halogens (e.g., —F, —Cl),
and all chemically reasonable combinations thereof. Such
substituted or doped starting materials may then result in
chemically modified nanostructures.

Depending on the particular starting material, it should be
appreciated that the structure of the graphene obtained by
contemplated methods may vary considerably. For example,
where a high-quality flake graphite is employed, relatively
large graphene sheets will be produced. On the other hand,
where a low grade graphite is employed as a starting material,
fractured or otherwise imperfect graphene is obtained. Thus,
and at least to some degree, the graphene structure will influ-
ence the structure of nanostructured derived from the
graphene. For example, where a relatively large proportion of
fractured graphene is present, formation of nanofractals is
favored. Similarly, where moderately fractured graphene is
produced from an intermediate-grade graphite, formation of
branched nanotubes is favored.

With respect to the acid catalyst it is contemplated that the
particular chemical nature of the catalyst and/or activation of
the catalyst may vary considerably. However, it is generally
contemplated that the catalyst has a composition such that the
catalyst will soak throughout the entire starting material.
Preferred acid catalysts include acidic solutions that are
plasma-activated and/or comprises a compound having the
general formula MXO,, wherein M is selected from the group
consisting of H, NH,,, Na, and K, wherein X is selected from
the group consisting of Cl, Br, and 1, and wherein n is an
integer between O and 4, inclusive. Further preferred acid
catalysts include oxidizing agents, activated or formulated
such that the oxidizing agent will entirely penetrate the start-
ing material.

It should also be recognized that the ratio of carbonaceous
material to acid catalyst may vary, and suitable ratios are
typically between 100:1 and 1:100, more preferably between
10:1 and 1:10, and most preferably between 4:1 and 1:4 on a
weight-by-weight basis. The exact-ratio will depend on the
nature of the starting material and/or the degree of fraction-
ation of the graphite. For example, where the starting material
is relatively solid and has a relatively low degree of porosity,
larger quantities of acid catalyst relative to the starting mate-
rial may be required. On the other hand, where the starting
material is powdered flake graphite, less than equal amounts
of acid catalyst may be required be determined. Moreover,
and at least to some degree, the ratio of acid catalyst to
carbonaceous material will not only determine the degree of
breakage between graphene layers, but also the degree of
breakage of carbon-carbon bonds within one layer. There-
fore, it should be recognized that preferred acid catalysts also
break one or more carbon-carbon bonds within one layer.

Heating or provision of energy other than thermal energy to
expand the activated intermediate (e.g., flake graphite com-
prising the activated acid catalyst) may be performed in
numerous manners, and it should be recognized that any
energy is suitable for use in conjunction with the teachings
presented herein. Therefore, generally contemplated energies
include chemical (e.g., via exothermic reaction), thermal
(e.g., via heater, IR radiation), electrical (e.g., resistive or
inductive heating), electromagnetic (e.g., via microwave irra-
diation), and/or mechanical (e.g., via compression), etc. Most
typically the energy is provided in an amount sufficient to
initiate some expansion, which itself is an exothermic pro-
cess. Once the critical amount of energy is delivered, heat
generated from the exothermic expansion reaction will carry



US 7,842,271 B2

7

the remaining energy requirement for expansion of the entire
load of activated intermediate. For example, where thermal
energy is used as energy, heating of the activated intermediate
to a temperature of about 100-200° C. for several seconds is
generally sufficient. However, higher temperatures (e.g.,
between 200-400° C., or between 400-800° C., and even
higher) are also contemplated. Similarly, the time required
and/or desired for providing the energy may vary consider-
ably. For example, where the energy is provided as a mechani-
cal impact energy, several milliseconds may be sufficient. On
the other hand, where the energy is provided as radiant heat,
heating may be performed for between 5 seconds to several
minutes. While heating of the graphite is typically done in a
static manner, it should be recognized that heating may also
be performed in a container in which the heated material is
suspended (e.g., in a counter current of inert gas, or fluidized
bed). Moreover, it should be recognized that the further pro-
cessing of graphene into nanostructures other than the
graphene obtained by the expansion reaction may be per-
formed in the same step as the expansion. Therefore, heating
may be performed using different temperature profiles and
durations. Consequently, it should be recognized that the
starting material after expansion may include one or more of
graphene, an open-ended nanotube, a branched nanotube, a
ring-shaped nanotube, and a carbon fractal.

The so obtained graphene or graphene-containing compo-
sition may optionally be treated using one or more solvents to
remove impurities/undesirable material, and/or to dilute the
so obtained material (for further especially preferred chemi-
cal modifications, and especially metal deposition, see
below). Where desirable, the material may also be chemically
or physically treated. For example, the graphene or graphene-
containing composition may be chemically modified to add a
substituent or doping element. Contemplated physical treat-
ments include compaction and/or heating, sonication, size
separation, etc.

In especially preferred aspects of the inventive subject
matter, the graphene or graphene-containing composition is
further processed to provide a re-shaped nanostructured
material. Most preferably, reshaping of the graphene is per-
formed by providing energy to the graphene, typically heat-
ing using radiant heat, induction heating, or microwave heat-
ing. Preferably, the temperature for the re-shaping is between
about 200° C. and 1200° C., more preferably between 300° C.
and 1000° C., and most preferably between 400° C. and 800°
C. Where desired, the graphene or graphene-containing com-
position is evacuated before the energy for reshaping is pro-
vided. It should be recognized that the particular shape of the
re-shaped nanostructured material will to a relatively large
degree depend on both the starting material and process con-
ditions.

For example, where high-quality flake graphite is provided
as starting material, relatively large and structurally homoge-
neous graphene layers are obtained, which will favor forma-
tion of open-ended single wall nanotubes. Lower-quality
graphite will typically result in a more inhomogeneous popu-
lation of graphene, which will typically favor formation of
branched nanotubes and/or ring-shaped nanotubes. In most
cases, technical graphite will yield fractured graphene, which
in turn will favor formation of carbon fractals. Similarly,
excess of acid catalyst will generally favor breaking of car-
bon-carbon bonds within a graphene layer, and therefore tend
to favor branched nanotubes and/or carbon fractals. Heating
of the graphene for relatively short periods will typically
favor relatively short nanotubes and/or formation of carbon
fractals, while heating over a relatively long period will gen-
erally favor long carbon nanotubes.
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It should still further be appreciated that the nanostructures
according to the inventive subject matter (e.g., graphene,
carbon fractal, de-novo open-ended SWNT, branched nano-
tube, ring-shaped nanotube) may be further derivatized by
chemical compounds (e.g., fluorination, oxidation, amida-
tion, etc.) to introduce pendant (within the graphene plane) or
terminal (at the end of a graphene) functional groups or
dopants.

Most preferably, however, it is contemplated that the nano-
structures according to the inventive subject matter are coated
with one or more metals, and especially noble metals. The
term “‘noble metal” as used herein refers to metals of groups
VIIb, VEII, and Ib of the second and third transition series.
Particularly contemplated noble metals therefore include rhe-
nium, ruthenium, rhodium, palladium, silver, osmium, iri-
dium, platinum, and gold. Furthermore, it generally preferred
that the coating of the metal to the nanostructure is relatively
thin. For example, suitable coatings will typically have a
thickness of less than 100 atoms, more typically less than 50
atoms, even more typically less than 10 atoms, and most
typically less than 5 atoms. Therefore, contemplated coating
processes will preferably include those in which the metal is
deposited from a gas phase (e.g., physical vapor deposition,
chemical vapor deposition, plasma deposition, sputtering,
etc.). It should still further be noted that the metal coating of
graphene from vapor phase will typically coat the graphene
on both faces of the graphene layer. Therefore, reformed
structures, and especially nanotubes from metal coated
graphene may have a metal coat on the inside of the nanotube.
However, alternative coating processes are also considered
such as galvanic plating and electroless plating. Thus, the
term “plating” or “coating” as used in conjunction with metal
deposition on contemplated nanostructures excludes pro-
cesses in which a nanostructure is placed or grown on a metal
and/or in which a metal is placed onto the nanostructure to
cover the nanostructure.

Therefore, the inventors contemplate numerous composi-
tions comprising contemplated nanostructures, and espe-
cially those comprising at least 0.1 wt % to at least 1 wt %,
more typically at least 5 wt % graphene, even more typically
at least 10-20 wt %, 20-40 wt %, 40-80 wt %, and most
typically at least 80-90 wt %, or 90-99.9 wt % graphene,
carbon fractals, and/or other carbon nanostructures presented
herein. Still further, it should be appreciated that at least some
of the graphene, carbon fractals, and/or other carbon nano-
structures may be coated with a metal (most preferably a
noble metal). It should further be recognized that in such
compositions the balance of the material may be any material,
and exemplary balance materials include carbonaceous start-
ing materials, silicon-based materials, metal-containing
materials, and/or materials other than graphene, carbon frac-
tals, and/or other carbon nanostructures presented herein.

Contemplated compositions may be advantageously used
in numerous manners, and according to their desirable prop-
erties. For example, where the nanostructures are uncoated,
they may provide substantial stability of thermal conductivity
to materials into which they are integrated. Integration may be
merely by admixing, but also by covalent bonding with other
materials. For example, contemplated nanostructures may be
partly oxidized (e.g. at high temperatures), and the so intro-
duced oxygen may be further reacted to for a acid, alcohol, or
keto group that is then used for covalent binding (via
crosslinker or otherwise). In another example, and especially
where the nanostructure is metal coated, such nanostructures
may be employed in an electric conductor, an electron emit-
ter, and/or an electrode.
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Based on the simple manner of production, it should be
noted that the nanostructures according to the inventive sub-
ject matter have now become available in bulk quantities
(e.g., several hundred tons per year) at relatively low cost of
manufacture. Therefore, the inventors contemplate bulk com-
position of at least 1000 gram comprising at least 10 gram of
at least one of a graphene, an open-ended carbon nanotube,
and a carbon fractal. Typically, the graphene, the open-ended
carbon nanotube, and/or the carbon fractal are present in an
amount effective to increase thermal conductivity, electrical
conductivity, adsorption, and/or a mechanical stability of the
bulk composition (e.g., at least ten fold, and more typically at
least hundred fold). Further aspects, compositions, methods,
and uses are disclosed in our commonly owned copending
U.S. applications with the title “Compositions and Methods
for Gas and liquid Purification” (filed Dec. 7, 2004) and
“Binding And In Situ Destruction Of Chemical Agents And
Other Contaminants™ (filed Dec. 7, 2004), both of which are
incorporated by reference herein.

EXAMPLES

The following examples are provided only to illustrate
selected aspects of the inventive subject matter and are not
limiting to the inventive concept presented herein.

Production of Graphene

100 g of flake graphite (e.g., commercially available from
Superior Graphite Company, 10 South Riverside Plaza, Chi-
cago, I1l. 60606, or Crystal Graphite Corp., Vancouver, B.C.,
Canada) was admixed with 100 ml activated acid catalyst
(e.g., Activated Acid Catalyst #3, commercially available
from SupraCarbonic, 348 N. Eckhoff Street—Orange, Calif.
92868, USA) and briefly heated to expansion at about 100° C.
to about 200° C. The so obtained material was used without
further purification for electron microscopy and exemplary
electron micrographs at different magnifications are shown in
FIG. 1A and FIG. 1B. Depending on the purity and quality of
the graphite, the so obtained material typically comprises
between 30 wt % and 99 wt % graphene.

Production of Open-Ended SWNT from Graphene

1 g of graphene produced as described above was placed
into a refractory container, hermetically sealed and evacuated
to a pressure between about 100 mbar to about 1 mbar. After
evacuation, the graphene was heated to a temperature of
between 500° C. and 700° C. Depending on the starting
material and purity, heating is performed between several
seconds and several minutes. After cool-down, the reaction
product was mixed with acetone and/or toluene, sonicated
where appropriate, and the floating material was captured and
dried under vacuum. The so obtained material was used with-
out further purification for electron microscopy and exem-
plary electron micrographs are shown in FIG. 3 and FIG. 4.
Depending on the reaction conditions and starting materials
(e.g., where intermediate-grade graphite was used as starting
material), varying amounts of branched nanotubes were
obtained, and exemplary branched nanotubes are depicted in
FIG. 5.

Production of Carbon Fractals and Carbon Rings
from Graphene

Similar to the procedure for open-ended SWNT from
graphene, 1 g of low grade graphite (e.g., technical, synthetic,
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or amorphous) was used to produce low grade, fractured
graphene by mixing the graphite with 1 ml of activated acid
catalyst (e.g., Activated Acid Catalyst #3) and subsequent
thermal expansion. The so obtained low grade graphene was
placed into a refractory container, hermetically sealed, and
evacuated to a pressure between about 100 mbar to about 1
mbar. After evacuation, the graphene was heated to a tem-
perature of between 500° C. and 700° C. for about 60 seconds.
After cool-down, the reaction product was mixed with
acetone and/or toluene, sonicated where appropriate, and the
floating material was captured and dried under vacuum to
isolate or enrich the carbon fractals. The so obtained material
was used without further purification for electron microscopy
and an electron micrograph is shown in FIG. 6. Depending on
the reaction conditions (e.g., where less activated acid cata-
lyst was used and heating time was above one minute), vary-
ing amounts of ring-shaped nanotubes were also obtained,
and exemplary ring-shaped nanotubes are depicted in FIG. 7.

Thus, specific embodiments and applications of composi-
tions and methods for binding and in situ destruction of
chemical agents have been disclosed. It should be apparent,
however, to those skilled in the art that many more modifica-
tions besides those already described are possible without
departing from the inventive concepts herein. The inventive
subject matter, therefore, is not to be restricted except in the
spirit of the appended claims. Moreover, in interpreting both
the specification and the claims, all terms should be inter-
preted in the broadest possible manner consistent with the
context. In particular, the terms “comprises” and “compris-
ing” should be interpreted as referring to elements, compo-
nents, or steps in a non-exclusive manner, indicating that the
referenced elements, components, or steps may be present, or
utilized, or combined with other elements, components, or
steps that are not expressly referenced. Furthermore, where a
definition or use of a term in a reference, which is incorpo-
rated by reference herein is inconsistent or contrary to the
definition of that term provided herein, the definition of that
term provided herein applies and the definition of that term in
the reference does not apply.

What is claimed is:

1. A method of preparing a composition comprising a
nanostructured carbon, the method comprising:

contacting a carbonaceous starting material with an acti-

vated acid catalyst to form an activated intermediate;
and

providing thermal energy to the activated intermediate to

thereby forming a graphene;

wherein the activated acid catalyst comprises an acidic

solution previously subjected to an electromagnetic
field, electromagnetic radiation, laser irradiation, or
plasma activation.

2. The method of claim 1 wherein the carbonaceous start-
ing material is selected from the group consisting of graphite,
coal, tar, and coke.

3. The method of claim 1 wherein the acid catalyst com-
prises plasma-activated hydrochloric acid.

4. The method of claim 1 wherein the step of providing
thermal energy comprises heating the activated intermediate
to a temperature of between about 100° C. and about 200° C.

5. The method of claim 1, further comprising providing
energy to the graphene thereby forming a carbon nanostruc-
ture selected from the group consisting of an open-ended
carbon nanotube, a branched open-ended carbon nanotube, a
circular carbon nanotube, and a carbon fractal.
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6. The method of claim 5 wherein the carbon nanostructure
is selected from the group consisting of an open-ended carbon
nanotube, a branched open-ended carbon nanotube, and a
circular carbon nanotube.

7. The method of claim 5 wherein the carbon nanostructure
is a carbon fractal.

12
8. The method of claim 5, wherein the step of providing
energy to the graphene comprises heating the graphene to a
temperature of between about 400° C. and about 800° C.



DEJNEPAJIBHAS CJIYKBA BE3OITACHOCTH
POCCHHCKOH ®EJEPAITUH

UHCTUTYT KPHMHHAJTHCTHKH

©32.07Z 898 Noe 4173 r. MockBa

3aK/IoYeHue.

[IpoBegensl  Tomorpaduyeckue HUccegoBaHusd O0pa3sloB  YITICPOJHOTO
MaTepuana YCBP (yriaepogHas cMech BBICOKOM PeakITMOHHOM CIIOCOOHOCTH),
nocryimsimero w3 HWUM  ©Ousuku  gyuiepeHoB M HOBLIX — MaTepHANIOB
ITOJIYUEHHOTO TI0 3allaTeHToBaHHOU TexHonornu B.U. [lerpuka.

HeenepoBanusd NPOBOJWIMCL Ha JIEKTPOHHOM CKAHUPYIOIIEM MHKPOCKOIE
GSM — 6490.

Heenenopanns mokazamd, uTo YCBP B 0OCHOBHOM COCTOHMT M3 OJHOCITOMHBIX
DJICMEHTOB I'papUTOBOM CTPYKTYPLL, TO €CTh, HOIMSISCPHBIX  MOJICKYJI &
ABYMCPHOH  YIIOPSAOUCHHOCTBIO  aTOMOB  YIJICpOJa,  COOTBETCTBYIONICH
YHOPSAOUeHHOCTH aTOMOB Ha Oa3albHOM I'paHW KpHUcTaiia rpadura.

JleTallbHBIC HCCIEAOBAHUA TIOKA3aIM, YTO OTJCICHHBIC OT KPUCTALIMIECKOIO
rpadura atoMHbie ¢lion B coctase Y CBP pejko BeTpeyatoresd B BUC IIPaBUILHON
IDIOCKOCTH. 1o BHIUMOMY, 110]] BO3ICHCTBUEM Pa3IMIHbIX (aKTOPOB CBA3aHHbIX
C TEXHONOTHEH eCTPYKITMH KPUCTaTHUeckoro Tpadura, oHU gedopMHAPYIOTCS U
0o0pasyIoT CIOKHBIC IeoMeTpHueckue (OpMbl.  ATOMBI YIVIEpOa Ha BHEIIHEH
TpaHuIle OJUHOUHBIX TPaAQUTOBHIX CIOER KOOPJUHAITMOHHO HEHACHITICHHEI, W
MOSTOMY, B pe3yIbTaTe JeHCTBUS MEKMONEKYISPHBIX CHI  CHOCOOHBI K
00pa3OBAHMIO  ArperaToB.

Taxum obpazom, YCBP 310 roMoreHHasl yriepoaHas Macca, COCTOSIas u3
cBsa3aHHbIX Bad-jep-BaaibcoBeMu cuilaMy rpaeHOB -  IUIOCKHX DICMEHTOB
rpaUTOBOM CTPYKTYPHL, Tpa)UTOBBIX TIAKETOB, a Takike MIPOAYKTOB HX
Xa80THIECKOT'O CpallliBaHHU.

Hava/lbHUK HHCTHTYTA ] e A A.B. ®ecenxo.

revepaj - Maiiop WW




Hupexropy

HUU uzuxu dpynnepeHon
1 HOBbIX MaTepuanoB PAEH

r-uy B. C. [ly6eniy

Ha ocnoBanuu Bamero nucema N 14 ot 28.01.00 r. o mpoBeneHuu padboThl 1O
aHaTM3y W CPAaBHEHUIO CTPYKTYpHBIX MapaMeTpoB 00pa3loB Tpadura MPOU3BOICTBA
HUN®DuHM PAEH HWHuctutyT cnektpockonuu PAH mpoBen uccrnenoBaHusi CHEKTPOB
KOMOMHAIIMOHHOTO paccesiHUsl BbILIEYKa3aHHBIX O0pa3lloB W aHajlu3 C IOMOIIbIO
3JIEKTPOHHOI'0 MUKPOCKOIIA.

AHan3upyeMbie 00pasibl MPEACTABISIIN COOON MTOPOIIKH CIICTYIONINX THUIIOB:
Oo0pazenr 1 - tepmopacmupenssiii rpadgut (TPI), nomyuennsiii B CBY ycranoBke

TpaguimoHHsiM MeTogoM (upmort UTL[ «Opraneproumxunupunr» JTAO
«Opraneprorasz» OAO «["azmpom»;
O6pa3usl 2 u 4 — rpaduT, pacIUPEHHbII cIOCOOOM PE3UCTHBHOTO HarpeBa Mo METOAY
[Terpuka B.U., npoussoacrea 3A0 «HUNDDPuHM PAEH»;
O6pazen; 3 - yraepogHas cMeChb BBICOKOW peakinuoHHOW crocoOHoctu (YCBP-BUII),
MOJly4eHHAss CHOCOOOM XOJOJHOW JAECTPYKIUU TrpaduTa IO METOIy
[Terpuka B.U., npousBoacrtsa 3A0 «HUNDODOuHM PAEH».

[TapameTpsl U3MepUTENBHON ammapaTypbl M IporpaMMHOe obecnedeHue
MO3BOJISUIM ITPOBOJIUTH YCTOMYUBBIE U HAJIEXKHbBIE U3MEPEHHSI BCEX 00pa3IoB.

MukpocTpyktypa o00pa3noB Ha0J0Ialach € TOMOIIBI 3JIEKTPOHHOTO
mukpockora Xurauu (morernuan 12 KB) ¢ yeenudenuem B 50, 150, 700 u 3100 pas.

N3o06paxkenust obpasua 1 mpuBenensl Ha Puc. la (yBemmuenwme X50, mauHa
mapkepa L=100 mxm) u 16 (X700, L=10 mkm).

N306paxkenust obpasua 2 mpuBeneHsl Ha Puc. 1B (yBenmunuenwme X50, mmuHa
mapkepa L=100 mxm) u Puc. 1r (X700, L=10 mxm).

N3o06paxkenust obpasua 3 mpuBenacHsl Ha Puc. 1x (yBemumuenwe X50, mimHa
mapkepa L= 100 mxm), Puc. 1 e (X700, L= 100 mkm) u Puc. 1% (X3100, L= 10 mMxm).

N3o0pakenuss obpasia 4 mpuseacHol Ha Puc. 13 (yBenmmuenwme XI50, mmuna
mapkepa L=100 mxm) u 1u (X700, L=10 mxm).

N300pakeHUsT MUKPOCTPYKTYpPbl 00pa3loB IO 3JIEKTPOHHBIM MHUKPOCKOTIOM
npu MeHbineM yBenauueHur (L=100 MKM) CBHAETEIBCTBYIOT, YTO HaWOOJCE MEIKUMH
BepMuKyJIaMu oOiagaet oopaserm Ne3, 3atem cienyior oopasmsl Ned u No2. BepMukyIbt
obpasma Nel camble KpynHBIE, a BEpMHUKYJIBI 00pa3na 4 0ojee TOHKHUE U ITTMHHBIE.



N300paxxeHns MUKPOCTPYKTYpbI 00pa3noB mpu OosbiieM yBenuueHun (L=10
MKM) CBHUJICTCIbCTBYIOT, YTO BEPMHUKYJbl oOpasia Ne3 uMEIOT pasMmepsl TOpsIKa
JNECSITKOB MKM M 00pasyloT TrpaHyjbl, HMMEIOIINE Ha MOBEPXHOCTH BBITIHYTYIO
BOJIOKHHCTYIO CTPYKTYPY (IM0JJOOHO MOYally) ¢ JMaMEeTPOM BOJIOKOH MOPSI/IKA SANHHMIL M JTaXKe
noneit MM (Puc. 1x). Bepmukyisl oOpasiia 4 cocTosT Kak Obl M3 CIHITIINXCSA KPYITHHOK
pazmepom okoio 10 MkMm.

WccrnenoBanuss CcrekTpoB KoMmOuHamuoHHOTo paccessaus cera (KPC) mus
BBIICYKA3aHHBIX  OOpa3lOB  NPOBOAWIMCHL HAa  OCHAIIEHHOM  MHKPOCKOTIOM
criektpomerpe U-1000 JOBIN-YVON B pexume wuccieqoBaHus MHUKpooOpas3ioB. st
BO30YKJIEHUSI HCIONB30BalioCh wu3iydeHne 514,5 HM aproHoBoro saszepa, KOTOpOE
(GbOoKycupoOBaIOCh B MATHO auamMeTpoM n0 20MKM, 4TO JaBajio BO3MOXHOCTb HAaBOJIUTH
MSTHO HAa OJHOPOJHBIA Yy4YacTOK HccienyemMor (a3pl M KOHTPOJIUPOBATH OTCYTCTBHE
BJIUSIHUS TEIJIOBOIO BO3JACHMCTBHS JiazepHOro jyda Ha oOpaseu. [lpu wuccremnoBanuu
cnektpoB KPC (1o cyTu ceKTpoB COOCTBEHHBIX YaCTOT KOJEOAaHUIl MCCIIETyeMOW CpeJibl)
pasperienue npruGopa cocTaBsuio ~ 1-5 cm™.

Ha Puc.2 mnpencraBieHsl CHEKTPbl Hauboyiee M3BECTHBIX MOIU(PUKAIMI
yriaepoga. BuaHo, 4TO mo chmekTpaM MOXKHO YBEPEHHO NPOBOAMTH HIECHTU(UKAIINIO
HCCIIEyEMOTO COCTUNHEHHSI.

Ha Puc.3 mnpusenenst crektpel KPC wuccnemyembix o00pas3ioB. CpaBHHBas
MOJTYYECHHBIE CIIEKTPHI C 3TAJJOHHBIMU MOYKHO C YBEPEHHOCTBIO 3aKIIFOUUTh, YTO B 00pa3iax
OPUCYTCTBYIOT ~ MHUKPOKPHUCTA/UIBI ~ MOHOKPHCTaJUIM4ecKoro rpadura (B cHeKTpe
MPUCYTCTBYIOT Tojiockl 1580 emt u 2730 em?, uro COOTBETCTBYET IEPBOMY U BTOPOMY
HOPSIAKY KojeOaHWi aTOMOB yriepoja B rpauTOBO# IIOCKOCTH), OHAKO COBEPIICHCTBO
3THX KPHUCTAJUIOB pa3andHO (O COBEPIICHCTBE KPUCTAIIOB MOXHO CYAUTH IO TOIYIIUPHHE
muanii KPC).

Haubonee coBepuieHHbIE MOHOKpUCTANIBI B oOpasme Ne 2 U HauMeHee
coBepiieHHBI B 00pasiie Ne 3. O6paszenr Ne 4 3aHUMAET MPOMEKYTOYHOE TOJIOKECHUE MEKTY
obpasiamu Ne 1 u Ne 2. Kpome Toro, oOpazerr Ne 3 siBiisieTcsi HEOTHOPOAHBIM 00pa3oM. ITo
BUJHO KaK B ONTHYECKUH MUKPOCKOI, Tak 1 1o cnektpam KPC.

Ha d¢ororpadun (Puc.4) B unentpe BHUAHO JjaBa ydacTka oOpasma Ne3,
otnuyaronuecs no nsery. (PacctosiHue Mexay mTpuxamu BBepxy paBHseTcs 10 Mkm).
Ha Puc.5 npuseaenst ciektpbl KPC 115 3TUX y4acTKOB (TEMHOTO U CBETJIOT0) U OO
Bua crnekrpa KPC (BepxHsisi kpuBast) mis oOpasma Ne3 ¢ JIydImIidM OTHOIICHHEM
curHan/mym.

N3 cnektpoB KPC MO0kHO 3aKiIO4UTB, YTO Hawbojee OTIMYAETCS OT JPYTHX
o0pasnoB oopaszerr Ne3. [Ipy HaMMEHBITUX pa3Mepax YaCcTHUI] OH O0JIee HEOHOPOICH, TIPUIEM
0osee TEMHBIE YYAaCTKH COOTBETCTBYIOT OOJbIICH pa3yHoOpsSA0YEHHOCTH CTPYKTYpPHI
MHUKpOKpHCTAIOB rpadura. B criekrpe obpasia Ne3 nmpucyTcTByeT JIOMHUHECLEHIIMS B BUIE
ITUPOKON TIOJIOCHI - CM. BEPXHIOI KpHuBYI0 Puc.5. Cieayer 3aMeTUTh TakXe, YTO YeM BBIIIIE
KayeCTBO MOHOKDHUCTAJIJIOB, TEM HHW)XE YPOBEHb JIFOMHHECHEHIMH (CM. CHEKTpBI IJis
TEMHOTO U CBETJIOr0 YJacTKa).

Jauubiii 3Qdekr MOoXKeT BO3HHMKATh NPH HAIWYUU HAHOYACTHI[ YTIIepoja
pasmepom 1-10 HM, eCTECTBEHHO, MPU OTCYTCTBHU KaKOW-THMOO MHOPOMHOW MpPUMECH [CM.
Anekceee B.A. Boponos C.A. Menvnux H.H. OnTrdeckue cBOWCTBa HAHOYACTHUIL YIJIEPOaA.
Oxoru Ha AepeBbsix B paiioHe TyHrycckoi katactpodvl. COOpHUK O0KIAO08 MENCOVH.
koug. "Kombunayuonnoe paccesinue 98 "', Mockea, 1999, cc. 403-407].



Ilo wMHCEHHIO CIICHUaaInucCTOB, PE3YJbTaTbl IMMPOBCIACHHBIX I/ICCJ'ICILOBaHI/Iﬁ

YKa3bIBAIOT Ha TO, YTO:
1 OG6pasisl coziepkar MUKPOKPHUCTAJIbI rpagura. CoBepIieHCTBO

2.

MUKPOKPHUCTAJIIOB PA3IUYHO.

Haumenpinne 1o BeIMYWHE W MEHEE COBEPIICHHbIE MHKPOKPUCTAIIBI B 00pasie
Ne3. OOpazenr Takxke Oornee APYTHX HEOAHOPOJEH, MPUYEM HEOIHOPOTHOCTH
MIPOSBIIAETCSA U B COBEPILIEHCTBE MUKPOKPHUCTAIIOB.

[IpenmonoxurenbHo B oOpasie Ne3 MpHCYTCTBYIOT HAHOKPUCTAIIBI yIiepoia B BUIE
OTJIEIbHBIX YIJIEPOIHBIX CJIOEB.

C yBaxeHHEM

Hupexrop
npogeccop

E.A.Bunorpanos










































YCBP - yHnkaabHblIii MaTepuaJ 1JI OYUCTKH BOAbI U Pa3BUTHS HOBBIX
TEXHOJIOT UM

Hesomun B.K.
I'OY BIIO Mockosckuil 20cy0apcmeer biil UHCIMUmym 91eKmpoHHoU mexHuky (mexHuueckuil

yhusepcumem) (MHUIT), vkn@miee.ru

YraepomHas ~ cMech  BBICOKOH  peakioHHou — cmocobHoctn  (YCBP) -
HAHOCTPYKTYPHUPOBAHHBIA KOMIIO3UT, MOJTy4aeMblii METOJIOM XOJOTHOW IEeCTPyKUUHU Tpadura
[1]. On cocTouT u3 rpadeHOBBIX JUCTOB U MAKETOB, PA3HOOOPA3HBIX YIIIEPOAHBIX HAHOTPYOOK,
rpaUTOBBIX HAaHO(QPArMeHTOB. B BO3MOXKHOCTAX 3TOr0 Marepuana 1o OYMCTKE BOJBI s JTUYHO
yoenuics Ha MexayHaponHoM HaHodopyMme, rpoxoausiieM B Mockse 3-5 nekabps 2008r. U3
CTEKJIIHHOW KOJIOHHBI 3alIOJTHEHHOM BOJIOM, TJIMHOM, TEMHBIMH HE(TENpOaAyKTaMH, MaxHyLIeH
KEPOCHMHOM, BOJia TIoJaBanach Ha GuibTp, nzodperenusiii B.U. Ilerpukom, nu Mbl ¢ Buktopom
MBaHOBHYEM BBINMUIIM TI0 CTaKaHy BOJBI mocie ¢GuibTpanuu. Bojga Oblia Temol W NpusITHOM Ha
BKYyC. Sl K 3TOMy BpeMeHH 3HaJl U BUe] Ha (hoTorpadusx aHaJIOTMUHbIE UCTIBITAHUS B ApaOCKuX
smupartax, koropeie nposoaun B.M. Ilerpuk panee 2001 roma. O HEKOTOPBIX pEANbHBIX U
BIEYATJISIIOIINX NMPUMEHEHUAX 3Toro marepuana B.M. IleTpuk pacckaszai B CBOEM ILIEHAPHOM
JoKjazne. Mbl ke cocpeoTOYMM CBOE€ BHHUMAaHHME Ha BO3MOXKHOCTH CO3JaHMs JIEKTPOHHBIX
CBEPXMHMHHUATIOPHBIX, CBEPXUYBCTBUTEIBHBIX CEHCOPOB HA OCHOBE KOMIIOHEHTOB U3 Y CBP.

Orot Marepuan nomnan B Hamu pyku oceHbio 2001 roga nis u3ydeHus U MOUCKA B HEM
yIJIEpOIHBIX HAaHOTPYOOK. bputa pa3paboraHa MeTOAWMKa YIIBTPAa3BYKOBOTO —pa3ZeiiCHHS
KOMITO3MTa Ha cocTaBHble 4yacth W yxe B Hadanme 2002 roma B YCBP Obumn HaiifeHbI
yIJIEPOAHBIA HAHOTpYyOYaThlii Marepuan HeoObrdHOTO BuAa [2,3]. Beutn oOHapyKeHbI, B
YaCTHOCTH, YTJEpOJHbIe HAHOTPYOKM BeTBsmierocs Y-tuma, puc.l. Beina BbickazaHa uzes
UCTIONIB30BaHUSl TAaKUX HAHOTPYOOK B KAayeCTBE T'OTOBOW AaKTUBHOW YaCTH HAHOTPAH3UCTOPA.
Heo6xonumo ObUIO HAYYUTHCS MX pa3MellaTh MEXIy TpeMsl KOHTAKTHBIMM IUIOIaJAKaMHU. belia
[OJJaHa 3asBKa Ha MATEHT, OJIHAKO MaTeHTOBAaHUE He ObUIO JoBeleHOo 10 koHua. B 2005 rony
TaKMe TPAH3UCTOPHI OBUIM CO3JaHbl W HCCIeNOBaHbl yueHbIMH u3 Kamudopuuiickoro

yuauepcurera UCSD u ynuBepcurera Kitemcona [4].

4088 (2151



a) 6)
Pucynok 1 - Berssmuecs HanoTpyOku u3 YCBP Ha moamoxke U3 MUPOIUTHYECKOro rpadura; a)

CKaHUpYHOIIas TYHHEJIbHAsE MUKPOCKOIIHA, 6) ATOMHO-CHJIOBAasA MUKPOCKOITHA

Ha pucynke 2 m3o0paxxeHa aTOMHasi CTPYKTypa MOBEPXHOCTH YTIIEPOAHON HAHOTPYOKH
u3 YCBP, omybOmukoBannass B pabore [3]. Dra kapThHKa yHHKaabHa TEM, YTO aTOMHOE
pa3pelieHue MOoIy4YeHO B CKaHUPYIOIIEM TYHHEIbHOM MHKPOCKOIIE Ha BO3JyXe B OOBIUHBIX
71a00paTOPHBIX yCIOBUSAX (OOBIYHO 3TO JeNaeTcs B CBEPXBBICOKOM BaKyyMe) U HCIOJIb30BaHa B

MoHorpaduu [4].

PucyHok 2- ATomMHasi HOBEPXHOCTH YTIIEpOoaHOHM HaHOTPYyOKH n3 YCBP, pacnonoxenHoit Ha

MOJIIOKKE U3 MUPOJIUTHYECKOro rpaduta. CkaHupyrolas TyHHEIbHAsI MUKPOCKOIHS

B nmocnemyromeM Ha OCHOBE MYYKOB YIJIEPOJHBIX HAHOTPYOOK OBLTH CO3/1aHBI
HPOTOTHUIIBI TOJEBBIX TPAaH3UCTOPOB M JIOTHUYECKMX Kitoueil [6,7]. Camoii yAMBUTEIbHOI
CIIOCOOHOCTBIO MAaKETOB HAHOTPAH3UCTOPOB OKAa3alach MX CBEPXBBICOKAS YYBCTBHTEIBHOCTH K
azicopOIM Ha TMOBEPXHOCTH YIJICPOJHBIX HAHOTPYOOK TOKCHYECKHMX IMApOB W Ta3oB, puC.3.
DKCIepUMEHTHI MMOKa3aly, HApUMep, YTO 2 MOJIEKYJIbl XJOpa Ha MHJUIMOH MOJIEKYJ BO3AyXa
U3MCHSIOT MPOBOAMMOCTh y4YacTKa LEMH C YIJCPOTHBIMH HaHOTpyOKamMu Ha Tmopsiaok [8].
YyBCTBUTEIBHOCTS HA YPOBHE 2 PPM MPEBBIMIAECT YyBCTBUTEIFHOCTD MPON3BOINMBIX CEHCOPOB.
Ha Mexaynapoagaom dopyme Bo @pannuu B 2008 romy mo HaHOTpyOKam 3apyOeKHBIMU
aBTOpaMH OBUIO MPOJAEMOHCTPUPOBAHO, YTO UYBCTBUTEIBHOCTH IO XJOPY MOXKET OBITh

yBEJIMUEHA €I1I€ Ha TPU MOPSIKA.



a) 0)
Pucynok 3 — Maker ceHcopa Ui ONpENeeHHs OCTATOYHBIX MapoB XJOpa B BO3IyXe: a)

BHEIITHUI BHJI MaKeTa; 0) BUI KPUCTAJIA C SIEKTPOIaMH

OnHoif M3 3aMedaTesbHBIX OCOOEHHOCTEH YIVIEPOAHBIX HAHOTPYOOK, HaliIeHHBIX B
YCBP, Obuio TO, 4TO MHOTHME W3 HHUX OBUIM CBHTKOBOIO THIA, T.€. Tpa(eHOBBIA JHUCT
(omHOCIOMHBINA JIMCT W3 aTOMOB YIJIEpOa) B CHIIy HCIOJIB3yeMOH TEXHOJIOTHH CBUBAJICS B
MHOrocioiHyto TpyOky. Ilocnemyromue Oosiee NMpHUCTalbHBIE HMCCIEIOBAHUS IOKA3alH, YTO
rpa¢)eHOBbIE JIUCTHI MOTYT YCTOMUMBO CYILIECTBOBAaTh B BHJE IPa)eHOBBIX MAKETOB, COCTOSIIUX
U3 MHOKECTBA CJIOEB Ipa)€HOB MU APYTUX HE IIIOCKUX 00pa30oBaHUM, HApUMeEp, yIIepOIHbIX
HaHOTpYyOOK. PanHme umccrnemoBanust B Poccuu M mocienyromye JeTaqbHbIe HCCIEIOBAHMUS,
IIPOBE/ICHHBIC Ha AJICKTPOHHOM MuKpockore B Kamudopuuiickom yrusepcutere (nokrop Wen-
Chiou, Ph.D.) moatBepkaarot 3t HabmoaeHus. Ha pucynke 4 mokasaHa CIOUCTasi CTPYKTypa
YCBP, cocrosimast u3 rpad)€HOBBIX MTAKETOB, a HA PUCYHKE S5 «TpyOUaThIil» BapHaHT CTPYKTYPBHI.
Hamr omeir paGotel ¢ rpadeHamu TOKas3all, YTO WCXOJHBIH HAaHOCTPYKTYpPHUPOBAHHBIN
yIJIEpOIHBIH MaTepuall Iocje YIbTPa3ByKOBOH OOpabOTKH ¢ NPUMEHEHHEM IOBEPXHOCTHO-
aKTUBHBIX BEIECTB COACPKUT YpPEe3BbIYAHHO Majo CBOOOJIHBIX JIUCTOB C MHUHUMAJIbHOU
tommuHou 0,3 HM (TakoBa TosmuHa rpadena). C MOMOIIbI ATOMHO-CHJIOBOH MHKPOCKOITUH 32
HOJTOpa roja paboThl MBI HAONIOJAIM YBEPEHHO JIMIIbL HECKOJBKO pa3 CBOOOIHBIC JIMCTHI
tommuHou 0,3 HM, JIeKaImue Ha IEKTpoaax. ITo emé pa3 moaTBepxkaacT GakT U3BECTHBIA U U3
TEOpHHM, 4TO Majeiiliee BO3MYIIEHHE CBOOOAHOIO IpadeHOBOro JHMCTa AOIKHO MPUBOAUTH K
U3MEHEHHIO TUIOCKOM TMOBEPXHOCTH, HANpuMep, K CBOPAYMBAaHMIO B CBUTOK, Kak 3TO

gabOmromaercsa B YCBP.
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Pucynok 4. DnexkrponHast Mukpockonust Y CBP. JIuctoBoit BapuaHT CTPYKTYpBHI.

Nzmensist rexronoruto noixydenuss Y CBP, MOXXHO MONYyYUTh «TpyOUaThIii» BapHaHT CTPYKTYPHI

Marepuana, puc.5.

AccV Spot Magn Det WD Exp
10.0kV 3.0 50000x SE 105 0 #3 12-15-04

Pucynok 5. Dnexrponnast Mukpockonust Y CBP. «TpyGuaTslii» BapuaHT CTPYKTYpBI.

[Tnockue makeTsl U3 MHOXECTBa Tpa)eHOBBIX JIMCTOB YK€ 00JIaal0T UCXOTHOW YIIPYTOCTHIO H
COXPAHSIIOT CBOIO CTPYKTYpYy MOCJ€ BO3HUKHOBEHHUS, puc.4. PaboraTh ¢ TakMMH MakeTaMu U3
rpa)€HOBBIX JINCTOB 3HAUYMTENBbHO yAOOHee, pUC.6, U OHM el OCTaTOYHO YHHUKAIbHBI IO

CBOHMM JJICKTPOHHBIM CBOICTBaM.



Pucynok 6- I'pacdeHOBBIH makeT TonuHOM 10 50 HM pacroyiokeH MeXay IByMsl 30J10TbIMU

SJICKTPOAaMHU. ATOMHO-CcHI0Bas MHUKPOCKOITHA.

Ha pucynke 7 mpeacraBieH OBYX3JEKTPOAHBIN 3JE€MEHT ¢ MOAU(PHUIMPOBAHHBIM TpadeHOBBIM
nakeroM. Moaudukanus npoBeieHa C MOMOIIBI0 TaJUTMEBOT0 MOHHOTO Myuka ¢ sHeprueir 30

kBT u ntuamerpom myuxa 50 HM.

Pucynok 7 — JIByX3J€KTpOIHOE YCTPOHCTBO ¢ MOAM(UIIMPOBAHHBIM I'pa)eHOBBIM MAKETOM.

C moMomipi0 MOHHOTO ITy4YKa M3 TPaeHOBOrO TMaKeTa BBIPE3aHa y3Kas MPOBOMISLISS JTOPOXKKA.
[Iupuna chopmupoBanHoit mopoxkku 100 HM. DIeMEHT JIEMOHCTPUPYET HEJIUHEHHYIO
BOJIbTAMIICPHYIO  XapaKTePUCTHKY, YTO SIBISIETCS OCHOBOM ISl CO3JaHUS aKTHUBHBIX
SJICKTPOHHBIX 3JICMCHTOB, B TOM HHCJIC CBCPXUYYBCTBUTCIIBHBIX CCHCOPOB.

Takum oOpa3zom, B pe3yjbTaTe Oo0jee uYeM LIECTHJIETHUX HCCIEI0BAaHUN JOKa3aHbl
OCHOBHBIE€ CTPYKTYpPHBIE€ 3JIEMEHTHI yriaepoaHoro kommnos3uta u3 YCBP. YHukanbHOCTH 3TOr0
MaTepuasa MO3BOJISET Pa3BUTh HOBbIE HAHOTEXHOJOTHH M CYIIECTBEHHO PACIIUPUTH AMANA30H
BO3MOXHBIX HpHMCHeHI/IfI. B YJaCTHOCTH, aKTyaJII:HOP'I ABIACTCA 3a4a4a CO34aHuAd GBITOBBIX
MaHOFa6apI/ITHBIX HHIWKATOPOB Ka4dCCTBa MNUTHEBOU BOIbI "1 CBCquYBCTBHTGHLHOﬁ OCHOBOH

3TUX MHJIUKATOPOB MOXKET sABISAThCA Y CBP.
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BOJIbTaMHepH])Ie XaAPAKTEPUCTUKHU IBYXIJIECKTPOAHBIX 3JIEMECHTOB C
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N.N.bobpunenxuii, B.K.HeBonuH, B.I/I.HGTpI/IK*), 0. A . Yarmieirug
MOCKOBCKHI TOCYHaPCTBEHHBIA HHCTUTYT 3JIEKTPOHHON TEXHUKHU
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OnnH w3 mnyreil Co3MaHUAA DJJIEMEHTHOH 0a3bl HAHOJIJIEKTPOHMKH
OCHOBAH HA MCIOJIb30BAHUM TAK HA3bIBa€MbIX KBA3HMOJAHOMEPHBIX CTPYKTYP
(KBaHTOBBIX MPOBOAOB). OOBLIYHO MPUMEHSETCH IBYXCTAAMITHAT TEXHOJIOTHSI:
HA MEePBOM 3Tafe UCHOJbL3YIOTCS MpeleibHbie BO3MOKHOCTH TPAJUIIMOHHBIX
MHUKPOJ3JIEKTPOHHBIX TEXHOJIOTHI; HA BTOPOM TeM WJIHM HMHBIM CIOCO0OM
(opMHUpyIOTCH KBAaHTOBbIE NMPOBOJAA HA HCXOAHBLIX MATPUYHbIX 4Yunax. B
YACTHOCTH, IIAaHAPHbIE KBa3HOHOMEPHbIE MHUKPOKOHTAKTHI,
chopMupoBaHHBIE B AaTOMHO-CMJIOBOM MHMKPOCKOIIE INYyTeM JIOKAJbHOIO
AHOJHOI0 OKHCJICHHSI THTAHOBBIX /JAOPOKEK, INMOKA3bIBAalOT MHOroodpasmue
BOJIbTAMIIEPHBIX XapakTepucTuk [1]. OmHako, mepoxoBaTasi MOBEPXHOCTH
KBa3HOJHOMEPHBIX NPOBOAHHUKOB MNPHUBOAUT K Pa3sMbITHI0 YPOBHeil
MONEePEeYHOr0 KBAHTOBAHUSA JHEPrUM HOCHTEIeH TOKA.

IlepcneKTMBHBIM SIBJISIETCH MNPHUMEHECHHE MPOBOASIIIUX YIJIEPOAHBIX
HAHOTPYOOK B KauecTBe KBa3MOJAHOMEPHBbIX MPoBoAOB. IloBepxHOCTH TPYOOK
SIBJISIETCH KAaK MPAaBUJIO PeryasipHoOi U 3G eKT mepoxXoBaToCTH NOBEPXHOCTH
MOKHO He YYUThIBATh. OJHAKO NMPHU CO3JAHUM TAKHUX 3JIEMEHTOB BO3HUKAKT
Apyrue nmpoodjeMbl, a UMEHHO, 3aMeTHO€ KOHTAKTHOE CONMPOTHBJIEHHE MEXKIY
HAHOTPYOKAMM M JJIEKTPOJaMH, HeOOJbIIAsl BeJIUMYMHA NPOBOJUMOCTH
HaHOTPYOOKk. Ilo-BuauMoOMy, OMHMMH H3 MNEPBbIX PElIWIN ITH NPOOJIEMbI
CIeLHATHUCTBI KOMIIAHUM IBM, KOTOpbIe NMPOAEMOHCTPUPOBAIIH
HAHOTPAH3UCTOP C 30JI0THIMH 3JIEKTPOJAAMH U YIJIEPOIHOH HAHOTPYOKOIi [2].
JJisi M3roTOBJIEHUS YIJIEPOAHBLIX HAHOTPYOOK BBICOKOW NMPOBOAMMOCTH HX
00BIYHO JONMPYIOT MeTAIMYeCKHMHU aToMmamMu. U3rud yriepoaHbix TpyOoK,
KOTOPBbI BO3HMKAaeT MNMPH H3IrOTOBJECHHUHM IUIAHAPHBIX 3JJIEMEHTOB, TaKKe
NPUBOAUT K U3MEHEHUIO IPOBOAUMOCTH.

Heabro  HacTosilmeiin  padoTbl  OBLIO  CO3AaHHE  IUIAHAPHBIX
ABYX3JICEKTPOJAHBIX HEJMHEHHBIX 3JIEMEHTOB C YIJIEPOAHBIMHM HAHOTPYOKaAMHU
H MAKCHMMAJIbHO BBICOKOW NMPOBOAMMOCTHI0, KOMMYTHPYIOIIUX J0CTATOYHO
BbICOKHE TOKH.

Yriaepoanbie HAHOTPYOKHM MOJYYAJMCh W3 CMECH, W3TOTOBJIEHHOM
MeTOAOM XOJIOAHOW JecTPpyKuuu mnpupoanoro rpapura [3]. Meroa
Ype3BbIYAHO IPPeKTUBEH, MOCKOJIbKY B Pe3yJIbTATE NMOJYy4YaeTCs KapKacHasi
dpopma yriepoma, coaep:xkamiasg HAHOKOHCTPYKUMH. TpyOokm mnosy4darorcs



ceuTkoBoro tuma (grafite sheet 3akpyumBaroTcss B TpPYOKH) OIHO- U
MHOIOCJIOMHOTO THIIA, KAK NMPABWIO, ¢ OTKPBLITHIMH KOHHaMH. OxHuM u3
JOCTOMHCTB METOJa SIBJSAETCA TO, YTO MOIYT CO31aBATbCSl TPYOKH HOBOIO
TUINA, B YACTHOCTH, ObLJIM OTKPBHITHI BETBALINECH HAHOTPYOKHU, Ype3BbIYAITHO
HHTEpPeCHbIe [UIA CO3JaHUsI IJIeMEHTHO#l 0a3bl HaHodJeKkTpoHuku [4]. B
MeTo/e XO0J0AHOM AeCTPYKIUMN yI00HO MPOBOAUTH 0NMPOBaHUE, 100aBJIsAsl B
HCXOJHYI0 CMeCh COOTBETCTBYIIIHME COeAUHEHUsl. YTJepoJHble HAHOTPYOKH
AOMHUPOBAJIUCH IJIATHHOM, IJIATHHOM-NAJIJIaIHEM, HHUKeJIeM. IIpu
AONMPOBAHUM  METAIMYECKMMH AaTOMaMHM  HMCXOJHOW CMeCH TaKiKe
o0pa3yTcsi BeTBAIIMecs] HAHOTPYOku, puc.l. YriepoaHble HAHOTPYOKH,
AONMPOBAHHbIE METANINYECKHUMH AaTOMaMM, NPHOOPETAIOT BHU/J NPABUJIbHOH
BHJIKH.
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Puc.1l. BerBsimasicsst HAaHOTPYOKa, JONMUPOBAHHAS NAJIaJUeM, HA 30JI0TOM
MOVIOKKE.

B KadyecTBe MATPHYHOIO KpPHCTANJIAa NPHMEHSUINCh OKHCJIEHHbIE
KpeMHHEBbI€ ILUIACTHHBI € 30JI0TBIMH JJEKTPOIHBIMH Jopoxkkamvu. Jlis
CO3JaHHA JJIEMEHTOB € HAHOTPYOKAMH MCIOJb30BAJICI ATOMHO-CHJIOBOI
mukpockon P47 Solver kommannu «<HT-MIT».

Ha puc. 2 npeacraBieHa Ttonorpagusi AByX3JI€KTPOIHOI0 JIEMEHTA C
HAHOTPYOKoOii, aomupoBanHoii Pt-Pd, a na puc.3 ero BoJbTaMmepHas
xapakTepucTuka. Ha xapakrepucTHKe MOKHO BbIIEJIHTH IBA OTHOCHTEJIbHO
ooabmux ypoHsi Toka: 0,15 MxA u 0,8 mkA. IIpenejbHbIe TOKH, KOTOPbIE
Pa3pyUINJIM 3JIeMeHT, npeBbimann 1 MKA. IIpu 3TOM «HCHAPHINCHY» YYACTKH
HAHOTPYOKH, JIesKalllHe Ha 30J0ThIX 3JEKTPOJAAX, 4YTO MOATBEPKIAAET
CYIIECTBYIOIYIO MP00JIeMy KOHTAKTHPOBAHUSI HAHOTPYOOK € 3J1eKTPOIaMH.



Ha puc.4 npeacraBieHbl BOJbTaAMIIEPHbIE XapPAKTEPUCTUKHU 3JIEMEHTA,
B KOTOpPOM HAaHOTPYOKa HAXOAWJIACh MeEKAY TpemMs 3JIeKTPOJaMH.
XapaKkTepUCTUKH CHUMAJINCH MEKAY KaxKIA0# O1MKxailel mapoi 3J1eKTPo10B
NPH yBeJIUMYHBAIOLIEMCS HANPSKEHUM OT HYJSA 10 HEKOTOPOro 3HAaYeHUs U
npu oOpaTtHoM xojae HanpsixeHusi. HanpsikeHue Ha 3j1eKTpoAax U3MEHSJIOCH
OT HYJIA 10 5 BOJIBT, 1eTAJU3UPYsl MEePBHIil CKavyeK TOKa Ha puc.3.

Puc.2 Tonorpadust AByX3JIEKTPOJIHOTO JIEMEHTA C YIIEPOHOM HAHOTPYOKOM
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Puc.3. BonbramiepHas xapakTepUCTHKA ABYXAJIEKTPOIHOTO JIEMEHTA C
HaHOTPYOKOH



Yo

Puc.4 BonbramnepHble XapaKTEepUCTUKH JIBYX JBYXAJIEKTPOIHBIX AJIEMEHTOB C
OJIHOM HAHOTPYOKOM.

XapaKTepUCTHKH C YePHBIMH TOYKAMH M € KPECTHKAMM MOJYYEHBbI IJIs
KQKIOM mapbl JJIEKTPOAOB NpH oOpaTHOM xoae HanpsikeHus. Ilpm
HANPSIGKEHUAX MEXKAY JABYMA M TpeMs BOJbTAMH BHIHBI CKa4YKH
NPOBOAUMOCTH C OTPUUATEIbHON AU epeHunAIBbHON TPOBOAMMOCTHIO. [Ipu
YBEJIMYHBAIOIIEMCSl HaNpsS’KeHUM CKAYKH CMelleHbl B o0Jjacth 0OoJjee
BBICOKMX HANPSKEHHH W  OTPHUATEJbHBLIX Y4YacTKOB He  BH/IHO.
HaOuarogaemMblii rMcTepe3uc XapaKTePUCTHK MOKHO OOBSCHUTH TeIIOBBIM
Pa3orpeBoM KOHTAKTOB MeEKAYy HAHOTPYOKaAMHM M 30JI0TBIMH JJIEKTPOAAMHU
NpH KOMMYTHPOBAHHHM O0JbIINX TOKOB, 0ojiee 50 HA. B paGore [2]
HauOoJIbIIMEe TOKHM CcOCTABJsIM 50 HA, KOTOpble NPOTEKAJIH MEKIY
3JIEKTPOJIaMH.

Takum o00pa3oM, ypoBeHb JONHMPOBAHUS YIJIEPOJAHBIX HAHOTPYOOK
METAIMYECKHMH aTOMaMH  ObLI  JOCTATOYEH /JJsi KOMMYTHPOBAaHMA
MHKPOAMIEPHbIX TOKOB M CO3JaHUSl <CHJIbBHOTOYHOI» 3JIEMEHTHOH 0a3bl
AUCKPETHOH HAHOYJIEKTPOHUKH, OJHAKO OCTaeTcd mpodjeMa cOeIMHEHUS
HAHOTPYOOK € MOABOASIIIUMH JIEKTPOJIAMM.
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AHHOTanus

OnuH "3 mnyred co3XaHMSI JJIEMEHTHON 0a3bl HAHOYJIEKTPOHUKH
OCHOBAH HA MCIOJIb30BAHUM TAaK HA3bIBA€MbIX KBA3HMOJAHOMEPHBIX CTPYKTYP
(kBaHTOBBIX MPOBOAOB). OOBLIYHO MPUMEHSETCH IBYXCTAAMITHAST TEXHOJIOTHSI:
HAa MEePBOM 3Tafe UCHOJb3YITCS MpeaebHbie BO3MOKHOCTH TPAAUIIMOHHBIX
MHKPOJJIEKTPOHHBIX TEXHOJIOTHi; HAa BTOPOM TeM WJIH HHBIM CIHOCO00M
(¢opMHUpPYIOTCH KBAaHTOBBbIE NMPOBOAA HA HCXOAHBLIX MATPH4YHbIX 4yunax. B
YACTHOCTH, IIAHAPHbIE KBa3HOHOMEPHbIE MHUKPOKOHTAKTHI,
chopMupoBaHHbIE B ATOMHO-CMJIOBOM MHMKPOCKONE MNYyTeM JOKAJbHOTO
AHOHOTO OKHCJIEHHSI THTAHOBBIX JOPOKEK, IMOKA3bIBAlOT MHOroodopasme
BOJIbTAMIIEPHBIX XapakTepucTuk [1]. OaHako IepoxoBaTrasi NMOBEPXHOCTh
KBa3HOJHOMEPHBIX NPOBOAHNKOB MNPHUBOIAUT K Pa3MbITHIO YPOBHeil
MONePeYHOro KBAHTOBAHUS JHEPrUM HOCUTEIeH TOKA.

IlepcneKTMBHBIM SIBJISICTCH INPHUMEHEHHE MPOBOASIIIUX YIJIEPOAHBIX
HAHOTPYOOK B KadecTBe KBAa3HOAHOMEPHbIX MpoBoAoB. IloBepxHocTh TPYOOK
SIBJISIETCH KAK MPABUJIO PEryJsipHoOd U 3(p(PeKT 1mepoxoBaTocTH MOBEPXHOCTH
MOKHO He YYUTHIBATD.

Heasro  HacTosimedi  padoTsl  OBLIO  CO3MaHHE  IJIAHAPHBIX
ABYXJJIEKTPOJHBIX HEJHMHEHHBIX 3JIEMEHTOB € YIJIEPOAHBIMM HAHOTPYOKaMHu
U MAKCHMAJbHO BBICOKOWH NPOBOAUMOCTHI), KOMMYTHPYIOIIUX JOCTATOYHO
BbICOKHE TOKH.



VYriepoaHsie HAHOTPYOKH TOMYYaIUCh M3 CMECH, M3TOTOBJIEHHONW METOJOM XOJOHOM
JECTPYKIMUA TmpupoaHoro rpadura [2]. Meron upes3BbluaitHo 3(GQGEKTHBEH, MOCKOJIbKY B
pe3ynbTare TmodydaeTcs KapkacHas ¢opma yriepoja, CcoJIepikamias HaHOKOHCTPYKITUH.
aneponHHe HaHOpr6KI/I AOIMUPOBATIUCH HHaTHHOP’I, HHaTHHOﬁ-HaHHaHI/IeM, HHUKCIIEM.

HOKaBaHO, YTO BETBAINIUCCA YTJICPOAHBIC HaHOpr6KI/I, HCOAaBHO OTKPLITHIC U OMMHMCAHHBIC
B [3], pu JOIMMUPOBAHUU MCTAJUIMYCCKUMU aTOMAaMHU, HpI/IO6peTaIOT BU HpaBHHBHOfI BUJIKH, YTO
qp€3BBIqaﬁHO HHTCPCCHO IJId CO3MaHUA SJIEMEHTHOU 62131)1 HAHOJ3JICKTPOHUKH. BoanaMnepHme
XAPAKTCPUCTHUKU YTITICPOAHBIX HaHOpr6OK, JICKAIIUX Ha 30JI0TBhIX 3JICKTPOJAAaX IMOKA3bIBAKOT JIBa
ypoBHs TokoB 0,15 MxA u 0,8 MkA. OpHako yxe mpu Tokax Oosiee 50 HA HaOmromaercs
TUCTCPEC3UC IIPU YBCIIMYUBAIOMICMCS HAIPSIKCHUU OT HYJIL A0 HEKOTOPOr0 3HAYUCHUA U IIPpU
oOpatHOM xone HampsbkeHus. HaOmiogaemblli ructepesuc XapakTepUCTHUK MOXKHO OOBSICHUTH
TCIIIOBBIM PAa30rp€BOM KOHTAKTOB MCKAY HaHOpr6KaMI/I " 30JIOTBIMU 3JICKTPOdaMU.

B memom TmokazaHO, 4YTO YpPOBEHb JIOTIMPOBAHHUS  YIJIICPOJHBIX HAHOTPYOOK
METAIUINYECKUMH aTOMaMHU ObLI AOCTATOYCH IJII KOMMYTHUPOBAHUA MHUKPOAMIICPHBIX TOKOB U
CO3JIaHMS «CUIIBHOTOYHOW» AIIEMEHTHOM 0a3bl IUCKPETHOW HAHOZJIEKTPOHHUKH, OJTHAKO OCTACTCs
np06neMa COCAUHCHUA HaHOpr6OK C IMOABOIAINIUMU SJICKTPOdaMHU.
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U3 YIJIEPOAHOM CMeCH BbICOKON peakIMOHHOM croco0HocTu. U3BecTHst By30B.
QuexkTponuka. 2002. Ne 2. C.1
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HAHOTPYBKWU U3 YTMEPOAHOW CMECU BbICOKOW PEAKLIMOHHOW
CMNOCOBHOCTH

Hanompyboxu u3z yenepooa 6vi3ul8aiom HECOMHEHHbI UHmMepec O CO30AHUSL INeMEeHMHOU 0Oa3vl
HaHodekmporuky. OOHUM U3 UCMOYHUKOE HAHOMPYOOK MOJCem ABNAMbCA YeNepPOOHds CMeCh 8blCOKOLL

peakuuonnoﬁ cnocobnocmu.

B TexHonorum co3nanus 31eMEHTHOM 0a3bl HAHOZJIEKTPOHUKHA HaMETUIICS CYIIECTBEHHBIH Mporpecc,
CBSI3aHHBIA C UCIOJB30BAaHUEM HAHOTPYOOK Kak JOCTATOYHO COBEPIIEHHBIX KBAHTOBBIX IPOBOJIOB.
CuHTE3MpOBaHHBIE HAHOTPYOKHM NEPEHOCAT Ha TOBEPXHOCTh MATPUUHOTO KPUCTAIUIA U Jajiee Pa3MEelIatoT U
3aKpEIUISIOT MEKIY BHIOPAHHBIMU MPOBOASIIMMU IEKTPOJAMH, KaK MPABUIIO, C TOMOIIBIO 30HIa aTOMHO-
CUJIOBOT'O MUKpOCKoma. B pe3ynbpTare co3zaHbl AEHCTBYIOLIME MAKEeThl HAHOJAMOI0B, HAHOTPAH3UCTOPOB U

Jake JIOTHIEeCKO KOMIbIOTEpHOU cxembl [1,2].

VYcnex B co31aHUU 3JIEMEHTHON 0a3bl HAHOAIEKTPOHUKH C YTIIEPOAHBIME HAHOTPYOKAaMH 3aBUCHT OT
BJIAJICHUs] TEXHOJOTMEeH W3rOTOBJIEHHS HAHOTPYOOK, MX OCaXJAEHUS Ha IOBEPXHOCTh MOJUIOKKH H
IIEPEMEILEHNUS 110 TIOBEPXHOCTH K 3aJlaHHOM INape 3JIEKTPOAOB, YMEHHUS CO3JaTh AIEKTPUYECKHI KOHTAKT
MEXJy MIEKTpoJaMH U HaHOTpyOkoil. HeoOxoanumo emie oBiafeTh TEXHOJIOTHENH pa3pe3aHusi HAHOTPYOOK,

HX BBIIIPAMIICHUA U n3ruba Ha MMOBEPXHOCTHU IMOJIOKECK.

dusuka HaHOTPYOOK cama Mo cebe upe3BblYaiiHO MHTepecHa. Jls 1eseit AIeKTPOHUKU BaXKHO TO,
YTO HAaHOTPYOKH MOTYT OBITh M3TOTOBJIEHBI HE TOJBKO U3 YIJIEPOAHBIX MAaTE€PUAIOB, HO U, B YACTHOCTH, U3
KpEeMHHA. OJTO, B KOHEYHOM CYETE, MOXET IPHUBECTH K 3aMEHE OOBEMHOI0 MOHOKPHCTANIMYECKOTO
KpeMHUusi. B CBA3M C 3TUM aKTyaJbHBIM OCTa€TCsi BOMNPOC M3TOTOBJIEHHS HAHOTPYOOK WM TIOUCK
MaTEepPHAJIOB, SBJISIOMIUXCS HOCHTEISIMA HAHOTPYOOK. 3aMETHM, YTO YTJIIEPOIHBIC BOJOKHA C TIONIEPEYHBIMH
pasmepamu 6-10 MKM HIMPOKO HCHONB3YIOTCS B HPOMBIIIICHHOCTH, B YaCTHOCTH, VIS apMHUPOBAaHUS

PA3JIMYHBIX MATCPUATIOB.

B 3T0ii cTaThe MBI IPENCTABIISIEM PE3YIIbTATHI HCCIIECIOBAHNS MaTEpUaa, KOTOPBIH MOXKET SIBIISATHCS
MCTOYHHUKOM YTJIEPOIHBIX HaHOTpyOok. Hac mpuBnexma cBouM BHIOM “Bara” W3 YIIIEPOJHOH CMECH
BbICOKO#M peakironHoi criocooHocTH (YCBP) [3,4]. OHa M3roTOBISAETCS METOIOM XOJOIHON JECTPYKIUH
U3 TPUPOAHOTO rpadura M MpencTaBiaseT co00M HAHOKOHCTPYKIMU C coaepkaHuem yriaepona 99,4%,

o 3 v v
HACBIITHOM ITIJIOTHOCTBIO 0,01 rlem’ u YPE3BbIYaNHO PA3BUTON TOBEPXHOCTHIO.

beutn mpoBeeHbl MCCAeIOBaHUs CIEKTPOB KoMOuHaImonHoro paccesiaus cBeta (KPC) oGpasios
marepuanioB YCBP nHa cnextpomerpe U-1000 Jobin Yvon (r. Tpouuk, MuacTHTYT cniektpockonnu PAH).
Jl1is BO30Y KIEeHUS MCTOIB30BANIOCH M3nyueHne 514,5 HM aproHoBoro jasepa, Kotopoe (pokycupoBaioch B
naTHO auameTpoM 10 20 MKM, YTO JaBaji0 BO3MOXXHOCTh HABOJIUTH 3TO MATHO Ha OJHOPOAHBIN y4acTOK
uccienyemMor (aspl 1 KOHTPOJIUPOBATH OTCYTCTBUE BIUSHUS TEIJIOBOTO BO3JEHCTBHUS JTa3€pHOTO Jyya Ha

obpazen. Ilpu uccnenoBanuu crnexktpoB KPC, sBisrommxcs, mo CyTH, CIIEKTpaMH COOCTBEHHBIX YacTOT



KoseOaHui mccaemyeMoi (asbl, ObUM HACHTH(OUIIUPOBAHBI MHUKPOKPUCTAIUIBI MOHOKPHCTALTMYECKOTO

rpadgura Tocne CpaBHEHUs C Hanboyiee W3BECTHBIMH CIEKTpaMu Mojudukammii yriaepoaa. OmHako

COBEPIIICHCTBO MUKPOKPHUCTAIUIOB OBLIO PA3JIMYHO Y PA3HBIX 00pa3IoB. DTO 0OHAIEKIIIO, TTOCKOIBKY TTUKU

MOHOKPHUCTAJIJIOB U HaHOTp}I6OK ci1abo pa3jinvdaroTcAd, a MUK (I)y.]'IJ'IepeHOB 3aMCTHO OTCTOHUT OT HHUX.

Janee mnpoBomwimick Tomorpaduyueckue uccienoBanus obpasnos YCBP Ha aromHO-CHIIOBOM

mukpockornie Solver P-47 wxommanuu HT-MJIT. B kauecTBe MOAJIOXKEK BBIOMPATUCH CTaHIAPTHBIC

KPCMHHEBLIC TNIACTUHKH, HA KOTOPBIX HAXOAWJIACh aMOp(i)HaSI IIJICHKAa TUTaHa TOJIIJ.[PIHOfI 10 am n IO JIOKKH

U3 MOJyH30JaMpyomero apcenuaa raumsa. YCBP Ha moanoxky BbICa)kuMBanach U3 CUIBHO pa30aBIEHHOM

BOZ[HOﬁ B3BCCH, JaJIcC IMOCJIC BBICYIIMBAHWSA ITPOBOANUIIOCH TOHOI‘pa(I)I/IPOBaHI/Ie IMMOBEPXHOCTHU o6pa3u013.
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B 1menom mosydeHHble pe3yJbTaThl CBHUAETEILCTBYIOT O TOM, YTO TMOCJIE pELIEHUs MpolieM

OTIENICHUsI HAaHOTPYOOK OT COMYTCTBYIOMIMX YIieponHbix (pparmeHToB YCBP MOXET SBUTHCS OJHUM W3

HMCTOYHUKOB HAaHOTPYOOK.
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[MpuBonsiTCst pe3ynbTaThl KMCCIEAOBAHUS TOBEPXHOCTH YIVIEPOJHBIX HAHOTPYOOK C aTOMapHBIM pa3pellicHHEM B
CKaHUPYIOIIEM TyHHETBHOM MUKPOCKOIIE, paboTaroIneM B aTMOC(epHbIX YcIoBIsIX. HaHOTpyOKH NOITy4eHbI U3 YITIEPOIHON
CMECH BBICOKOH PEaKIMOHHON CIIOCOOHOCTH. AHAIIM3UPYIOTCS PUYKHBI, BBI3BIBAOLIME UCKaKeHHst n300pakeHnid. Ha ocHoBe
TIOJTy4EHHBIX SKCIIEPUMEHTAIBHBIX PE3YJIBTATOB BBIUKCISFOTCS YTIOJI XMPAIBHOCTH U IMaMETP CBOOO/IHBIX HAHOTPYOOK.

VYrnepoansie HaHOTPYOKH, OTKpbITHIE B 1991 1. ssmoHckuM nccnenosareneM C. Mmknma, MHOTUMH Hay9HBIMH
IpynmaMy pacCMaTPUBAIOTCSA KaK OJMH M3 OCHOBHBIX MAaTEepPHAJIOB JUIS HAaHOTEXHOJOTHi. OrpoMHBIA MHTEpEC K
HAaHOTPYOKaM CO CTOPOHBI YUEHBIX Pa3IMYHBIX HANpPaBJICHUH BbI3BAH HMX YHHUKAIBHBIMH JJIEKTPHYECKUMH WU
MeXaHMYeCKUMH cBolicTBaMu. [1o cBOoel CTPYKType yriepojHble HAHOTPYOKHM SIBISIIOTCS aJJIOTPOITHOM (opmoit
yIJepo/a, MpeaCTaBIsoIeil co00it IMMMHADP, CBEPHYTHIH U3 0/HOI (0HOCIONHHAS HAHOTPYOKA) MIIH HECKOJIBKHX
rpadUTOBBIX MIOCKOCTEH (MHOTOCIIOWHAS HAHOTPYOKa). MHOr00oOpasue CBOMCTB HAHOTPYOOK BBIBOAAT OOBIYHO M3
TEOMETPHH ATOMHOM CTPYKTYPbI TIOBEPXHOCTH, KOTOPAsi 331aeTCs YIIIOM XHUpaIbHOCTH © u inamerpom Tpyook [1].

B nanHO# paboTe ucciemyroTcsl yriepojaHble HaHOTPYOKH, ITOJy4YEHHbBIE M3 YIJIEPOIHOW CMECH BBICOKOM
PEaKIMOHHOMN CITIOCOOHOCTH [2]. DKCIepUMEHTHI MPOBOIMIKNCH B CKAHUPYIOIIEM TYHHEIbHOM Mukpockorie (CTM),
paboTaroiieM B aTMOC(EPHBIX YCIOBUSX, B OTIHYMe OT paboThl [1], B KOTOPO# pe3ynbTaThl MOMYYECHBI HPH
cBepxHu3koil Temneparype 4 K. Ha ocHOBe SKCIepUMEHTAIBHBIX JaHHBIX aHAIU3UPYIOTCS OCHOBHBIE
TeOMETPUYECKUE MapaMeTphl TPYOOK (XUPaTbHOCTh U THAMETP).

IMonyveHne yriepoaHbIX HAHOTPYOOK METOJOM XOJOAHOH AECTPYKIHMU MpuUpogHoro rpadura [2] seusercs
BO3MO>KHBIM HOBBIM JIOTIOJTHEHHEM K IMIMPOKO PaclpoCTpaHEHHBIM METOJlaM TEPMHUYECKOTO PasiioKeHus rpadura
B JIYrOBOM paspsje, JiasepHoro ucmnapenust [3] W XuMu4ecKoro ocaxaeHus u3 razoBoil dassl [4]. Boepebie
IPSIMOE  OKCIEPUMEHTAILHOE J0Ka3aTelbCTBO OOpa30BaHMS HAHOTPYOOK B YIJIEPOAHOW CMECH BBICOKOU
peakuuonHoii crocodHoct (YCBP), nomydaeMoit METomoM XOJIOAHOM IECTPyKLUHMU MPUPOTHOro rpadura, ObLIo
npezacrasieno B pabore [5]. UccnenoBanuss YCBP npoBoguinch B aTrOMHO-CHIIOBOM MHKPOCKOIME. bbinn
0oOHapyKeHbI HAaHOTPYOKH Y-THIIa B CBOOOJHOM COCTOSHHH, Ha3BaHHbIC BeTBsluMHECS [6]. OnHako meTanbHas
CTPYKTypa OOHapy>KeHHBIX HAHOBOJIOKOH JHAMETPOM 0 HECKOJBKHX AECSITKOB HAHOMETPOB M UIMHOM 10 20 pUm
He ObUta sicHa. B manHO# pabote BriepBbie poBeneHs m3Mmepenns B CTM-noBepxHocTH HaHOTPYOOK 13 YCBP ¢
aTOMapHBIM Pa3peIICHIEM.

B u3MepeHusx HCHonb30Baics MOAU(GHLIMPOBAHHBIA CKAHUPYIOIIMH 30H-TOBBIA Mukpockon Solver-P47H
(BAO ,,HT-MAT*, 3enenorpan). Bece mccmenoBanust IpOBOAMINCE Ha BO3AyXe IPH KOMHATHOM TEMIIEpaType.
Cmennass CTM-ToloBKa € KECTKAM CKaHepoM (MakCHMalbHBIM  JMala3oH CKaHUpOBaHWS  121m)
yCTaHaBIMBaJach Ha BHUOPO3AIIUTHBIA OJOK ¢ cucreMoi momBecoB. Mrma mist mposeneHuss CTM-uzmepeHuit
MeXaHH4YeCKH obpe3anach u3 miatnHoupuaneBoit mposomoku (Pt(90%), Ir(10%)). [dust ymeHbleHHsT BUOpAIMn
30H/A U MOJUIOKKH B IIPOIIECCE CKAHUPOBAHMSA AOTIOJIHUTEIBLHO OblIa yCOBEPIICHCTBOBAHA CHCTEMA aKyCTHIECKON
3aIIUTHI.

Brinenenne manotpyOku u3 YCBP npoBommiock cTangapTHRIME MeTomamu. Jlis paszaeneHuss KOMIOHEHTOB
Ha Oosee Meskue (pakIMU HCIOJIb30BANIOCH YJIBTPA3BYKOBOH MUCHEPIHMPOBAaHHE B PACTBOPE AUMETHIIOBOTO
cnupra. [lamee Al yMEHBIICHUS] KOHIEHTPALUKM HEYCTOWYMBBIX HAaHOCTPYKTYPHPOBAaHHBIX 00pa30BaHHM, TaKUX
kak C-C xoMIuieKkchl, TpaduToBbIE TUIOCKOCTH U aMOP(HBII yriiepo], CMech IPOMBIBAJIACh B a30THOM KUCIIOTE U
omkuranace npu temneparype 800° C B TedyeHHMe HECKOJIbKHMX MHUHYT. OMHAKO B PE3YJIBTUPYIONICH CMecH
OCTaBaIUCh KpYIHbIE (pakiyy, OT KOTOPHIX M30aBISUIMCH B Tpolecce INPUTOTOBJICHUs oOpa3ua s
uccienoBanuii. CMech C yBEIHYCHHBIM COJCPXKaHMEM HAHOTPYOOK HAChIMAnach Ha CBEXHIl ckoJ (3TOT (akT
CYIIECTBCHEH [UIs aAre3Wd HaHOTPYOOK) MOMAJIOKKH M3 MHUpoauTHYecKoro rpadura. KpymHsie (parMeHTsl ¢
TIOJUIOMKKH yAJISUTUCH C UCTIOJIb30BAHUEM BO3IYIIHOW ITYILIKH.



CTM-u3MepeHust NPOBOAMINCH B PEKUME ITOCTOSHHOTO TOKa ¢ MHUHMMAJIBHBIM yCHJIEHHEM OOpaTHO CBS3H,
UMHTHUPYS PEXUM ,Jersmeii” urisl. Hanpsbkenne mexnmy urioi u momutoxkoi cocrasisuio 20-100mV, Tok
3ajaBaicsl Ul pa3nuyHbIX u3Mepenuil B mpenenax 40-200 pA. Bosbmoii pa3dpoc mapamMeTpoB CKaHUPOBAHMS
CBSI3aH C PA3IMYHBIMH IEKTPHUECKUMHU XapaKTEPUCTHUKAMH HCCIIEyeMbIX TPYOOK, 00yCIOBIIEH BIMSHUEM CIIOS
azcopOaTa U BETMYMHONH KOHTAKTHOTO CONMPOTHBIICHUS MEKIY TPYOKOH U ITOAII0KKOA.

Kak ObuUIO OTMEYEHO BBIIIE, XHUPAIBHOCTH M JUAMETDP IOJHOCTBIO OINPEAEISAIOT I'€OMETPHIO TOBEPXHOCTH
HaHOTPYOOK. B cBoI0 ouepenp, cTpykTypa 0e3nedeKTHBIX TPYOOK NETePMUHHPYET MX JIIEKTPUYECKHE CBOHCTBA.
OOmee mpaBWiIO AT XMPATGHBIX HAHOTPYOOK TJIACHT: OHM OONAmaloT METAUIMYECKHMH CBOHCTBAMH B TOM
cllydae, KOraa pa3HOCTh ACHCTBUTENBHBIX YUcel (71-m), XapaKTEepH3YOIINX HAPABICHHE BEKTOPA XHPAIBHOCTH,
KpaTHa TPeM, U MOJYIPOBOJHUKOBBIMU B OCTAJIbHBIX ciydasx [7]. IIpu 3TOM M3MEHEHHe yriia XUpaabHOCTH Ha
JIOJIU Tpajlyca U JuaMeTpa HaHOTPYOKH Ha €IMHUIIBI AHICTPEM MOXKET IPHBECTH K CYIIECTBCHHBIM U3MEHEHHSIM B
NpOBOJUMOCTH. JJaHHOE 00CTOSATEIBCTBO HAaJlaraeT MaKCHMAaJIbHY0 TOYHOCTh Ha NPOBEICHHE H3MEPEHHH.

Jns momydeHWs MOCTOBEPHBIX JAHHBIX, NPEXAE BCEro, HEOOXOOMMO IOIYYMTh aTOMHOE H300pa)keHHe
HAaHOTPYOKH BBICOKOTO pa3pellieHUs. YTOl H3MepsieTcs MEXIy OCbI0 HaHOTPYOKM W Hauboiee IUIOTHO
YIIAaKOBaHHBIMH pAZaMH aTOMOB. IIpu 3TOM clielyeT y4YuTBIBaTH OCOOEHHOCTH CKAaHHPOBaHUA rpadura B
TYHHEIPHOM pEXHMe, KOrJa CTPYKTypa IIOBEpXHOCTH OTOOpa)kaeTcsi TOJBKO IOJOBHHOM aToOMOB, ¢
HEPEKPHIBAIOIIMMHUCS OPOUTASIME aTOMOB BTOpOro moxciost [8]. BmusHue mnoncmost HemsOGexHO B ciydae
MHOTOCJIONHBIX HaHOTPYOOK. [lornenrHocTs B M3MEPEHUsIX MOXKET BHOCUTh M LWIMHApHYecKas (opma TpyOoK,
TaK Kak IPH CKaHUPOBAHHWU UIJIBI B PEXHMME IOCTOSIHHOTO TOKa PE3YJIbTAaT MPEACTAaBISIET COO0H KOHBOIIOLHMIO
MIOBEPXHOCTH 30H/1a U HAHOTPYOKH.

Ha pucyHke npencTaBieHbl HCCIENOBAaHHS IIOBEPXHOCTH HECKOJBKHX HaHOTpyOOk. [l Hux Obuin
BBIYKCIIEHBI YTOJl XUPAJIBHOCTH, KOJINYECTBO aTOMOB, BUIMMBIX B CEUEHHH, MEPICHIUKYJIIPHOM OCH HAaHOTPYOKH,
W3MEpEeHbl UX IIMPHHA U BBICOTA. Pe3ynbTaThl M3MEpeHHs IIPEJICTaBICHbI B TaOIHIIE.

XupanbHOCTh HAHOTPYOOK, HMEIOIIMX MAIbIil THAMETp, KaK MOYHO BHJICTh U3 PHCYHKa, a, b, Onu3ka k Hysr0
C TOYHOCTBIO IO BO3MOXKHBIX OHIMOOK n3MepeHuil. CiemyeT OTMETHTh, YTO HA PHCYHKE, & Oojiee 4YeTKO
IIPOCIIEKMBACTCS TeKCAaroHalIbHAsl CTPYKTYPa, COCTOSIIAS U3 IIECTH aTOMOB,
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CTM-n300pakeHHe yriepoaHbIX HAHOTPYOOK ¢ aTOMHBIM pasperueHueM. Jist Kaxa0il HaHOTPYOKH IOKa3aH
YroJ XUPAIbHOCTH MEXAY PSAJaMH T'eKCArOHOB M OCBIO TPYOKW: @,b — IBe HaHOTPYOKH C MalbIM yIJIOM
XHPAIBHOCTH; C — HAHOTPYOKa ¢ OOJNBIINM YTITIOM XHPAIEHOCTH.

TOr[a KaK CTPYKTypa HAHOTPYOKH Ha PHCYHKe, D MMeeT TPeyroJbHbIA BU, COCTOSIINI TOIBKO H3
ITOJIOBHHBI PEATHHO COCTABIISIOIINX OBEPXHOCTH aTOMOB. D(P(EKT, CBSI3aHHBIN C MPOSBICHUEM H

HUCYE3HOBCHUCM BTOPO-

Huamertp Huamertp
cBOOOHOI cBoOOHON
Ne ®, | Yucmno upuna, | Beicota, | HaHOTPYOKH HaHOTPYOKH

HaHo- [grad |BummMbIX nm nm (pmumunTraeckoe | (cyet aToMOB)

TpyOKH aTOMOB CedeHue TPyOKH nm
Ha MOJIOXKKE),
nm

15 8 25 0.43 1.04 1.36
b 2 4 1.8 0.22 0.62 0.63
c 321 13 7.0 1.30 3.0 3.17

ro MOJCHOsi aTOMOB B Tomorpaduu, HAOIOJACTCS U TPH CKAHUPOBAHUM IJIOCKOH MOBEPXHOCTH
MMUPOJIMTHYECKOTO TpaduTa MpH BapUAIlMH PEKMMOB CKaHUPOBAHHSA, TAKUX KaK HAMPSDKEHHE M TOK.
DTH mapaMeTphl ONPEICISIIOT PACCTOSHUE MEXAY ITOBEPXHOCTHIO TIOJIOKKH H OCTPUEM 30HJa, YTO, B
KOHCYHOM CYeTE, ONpEACsIeT paclpelelicHHe IO CEYCHUIO IUIOTHOCTH TOKa TYHHEIUPYIOIINX
AJIEKTPOHOB B 3a30p€ W BHJ MOJIY4aeMOro W300pakeHHs. ECTECTBEHHO, 3JICKTPUYECKHE CBOHCTBA
HAHOTPYOOK, 2 UMCHHO, UX MOJIYIPOBOIHUKOBBIN MM METAIUTMYCCKINA XapaKTep MPOBOIUMOCTH OYIyT
YCHIIMBATh 3TOT 3P QEKT.

HanotpyOku Goinbiiero guamerpa (CM. PHCYHOK, C) MOTYT HMETh HECKOJBKO CJIOEB B CBOEH
CTPYKTYpE, W HaIW4ue 3aMeTHOro yria xupaiabHocTH (32.1°C) He BHOCHT GOJBINMX BO3MYIIEHHN B
M300pakeHNe TeKCArOHATBHOM CTPYKTYPHI IIOBEPXHOCTH.

B Tabnuie mnpuBeneHBl 3HAYCHHS, IMOJYYCHHBIC HEMOCPEICTBEHHBIM H3MEPCHHEM IIMUPUHBI B
BBICOTHI BHJIMMOI YacTH HAHOTPYOOK Ha MOUIOKKaxXx. B pabore [1l] mpoBoasTcsi aHamOruvHbIe
U3MEPEHUsI C Y4YETOM IIOTNPABKMA HA YIIMPEHHWE CKaHa, BBI3BAHHOTO IIMIIMHAPHYCCKOW (HOpMOIt
HaHOTpYOKH. JlaHHast (hopma BBI3BIBACT M3MECHCHHE HAIPABJICHUS BEKTOPA IUIOTHOCTH TYHHEIBHOTO
TOKA, YTO IPUBOJUT K YITUPEHUIO TUAMETpa MoIydaeMoro n3oopaxenus. Kpome toro, mos neicreueM
BaH-JIEP-BaalbCOBBIX CHJI CO CTOPOHBI TIOJUIOKKA HAHOTPyOKa HE MOXET COXPaHATh CBOKO
MPaBUIIbHYIO WJIMHAPHYECKYI0 (GOopMy U B cedeHun mnpuobperaetr Buja oBana [9]. M3mepeHHble
BEICOTHI TPYOOK ITOATBEPKIAIOT CIENIaHHOE Tpennoioxkenue. Cribl, NESHCTBYIOIIUE CO CTOPOHEI 30H/A,
TaKXKe MOTYT MPUBOJIUTH K CIUTIONIMBAHUIO TPyOOK. [Iporud TpyOOK MOXET cTaTh 0CO0O0 OILYyTHMBIM
[IPU [IPOBEJICHUH SKCIIEPHUMEHTOB B aTMOC(EPHBIX YCIOBHSIX (TaK HAa3bIBAEMBIi ,,CAMOCKATHIN" PEIKUM
TYHHEJTUPOBAHUS).

B psne teopernueckux pabot [10] mpoBomuTCs aHANIN3 HCKaXKEHHS TIOCTOSHHOM PENIeTKH TpaduTa,
cBsi3aHHOTO C Aedopmaruei miockocted. CYUTAETCS, YTO UCKAXKEHUE SBISICTCS HE3HAYHUTEIHHBIM H
OTKJIOHSIETCS. Ha JIOJNM TPOIEHTa OT IOCTOSIHHOW pemerkn rpaguta. Takum oOpasom, auamerp
HAHOTPYOKH MOXKHO PacCUMTATh, 3HAS KOJHMYCCTBO aTOMOB, KOTOPBIC YKJIAIBIBAIOTCS 10 OKPYXKHOCTH
JUTSL HEXMPAIGHOW HAHOTPYOKH, W PACIIONIOKCHHBIX MO TPACKTOPHUU, MAaKCHMAJIbHO MPUOIMIKEHHON K
OKPY’KHOCTH B CIIy4ae XHPaJbHON HAHOTPYOKH. B mociieiHeM citydae TOTyYeHHBIH pe3ylbTaT JOJDKCH
OBITh CIIPOCIIUPOBAH HA HOPMaNb K ocd TpyOku. [Ipm 3TOM MOXHO omudOuthcs Ha 1-2 aroma,



HaXOJIIIMXCsI Ha OOKOBBIX NOBepXHOCTSAX. OLEHNTh JUaMeTp HaHOpPYOOK MOXHO H U3
NIPEATNIONIOKEHUST O TOM, YTO TIIONEPEYHOE CEYeHHE HAHOTPYOOK Ha MOBEPXHOCTH ONHM3KO K
JJUIMIITHYECKOMY. Pe3ynbTaThl pacyeToB IMameTpa CBOOOIHBIX HAHOTPYOOK JBYMS crocob0aMu
npuBeseHsl B Tabmuie. MOXHO BHAETh, YTO OTHOIICHHWE SKCIEPHMEHTAIBHBIX BEIUYUH IIUPUHBI
TpyOKH K ee BbIcoTe MeHsercs oT 8.2 mus camol y3koil TpyOkum mo 5.4 aist caMoif IIMPOKOM.
OTHOILIEHNE BBIYHCICHHOTO AWaMeTpa CBOOOJIHOM HaHOTPYOKM K ee SKCIEepHMEHTaJbHOW BHICOTE Ha
[IOUI0KKe MeHsieTcs ot 3.2 10 2.3.

Taxum 0Opa3omM, BrIepBbIe NIPOJEMOHCTPUPOBAHO aTOMAapHOE Pa3pelIeHHe Ha BO3/LyXe IIOBEPXHOCTH
HAHOTPYOOK, MOTyYEHHBIX METOIOM XOJOIHOM JecTpyKuuy npupoaHoro rpadura. [lokazano 3amerHoe
n3MeHeHne (GOpMbl HAHOTPYOOK Ha MOIJIOKKAX W3 IMHUPOJIMTHYECKOro rpadura, MpoaHaIN3UpOBaHbBI
NPUYMHBL,  BBI3BIBAIOLINE  HWCKaXeHHs u300paxkeHud TpyOok. Ha oOcHOBe  moiy4eHHBIX
SKCIIEPUMEHTAIBHBIX PE3YyJIbTaTOB BBIYMCICHBI YrOJN XUPAIBHO-CTH W JUaMeTp CBOOOJHBIX
HaHOTPYOOK.

Cnucok nutepatypbl

[1] VenemaL.C., Meunier V., Lambin Ph., Dekker C. // Phys. Rev. B. 2000. V. 61.

N 4. P. 2991-2996. [2] Ilempux B.H. Ilatent PO Ne 2128624 ¢ npuopurerom ot 17.10.97. [3] Guo T,
Nikolaev P., Thess A. et al. // Chem. Phys. Lett. 1995. N 243. P. 49-54. [4] KindH., BonardJM., Hernadi K. et
al. // Langmuir. 2000. V. 16. P. 6877-6881. [5] Munaes B.B., Hesonun B.K., [lempux B.H. || MuxpocucTeMHast
Texuuka. 2002.
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Y]IK 621.385.833 HEBOJIVH B.K.
CTPOI'AHOB A A.

TYHHEJIbHASI MUKPOCKOITHS ITOBEPXHOCTH OJI-
HOCJIOMHBIX YTJIEPOJHBIX HAHOTPYBOK C
ATOMHbBIM PA3ZPEHIEHWEM

Mockoeckuti 20Cy0apcmeeHbill UHCIMUNTYm 31eKMPOHHOU MEXHUKL,
124498, Poccust, Mockea, 3enenoepao, K- 498, men: (095)
5327241

OOBeKTHl ~ HAHOMETPOBBIX ~ pa3MepoB  (Ha3bIBaeMBIX  HEPEAKO
HaHOMaTepuajJaMH) IPHBICKAIOT Bce OOJbIICC BHUMAHUE YYCHBIX CBOUMH
YHUKQJIbHBIMH CBOWCTBaMHM M BO3MOKHOCTSIMH HOBBIX IpuMmeHeHuil. Ocoboe
MECTO [UIi MHOTHX TPHWIOKEHHH 3aHUMAIOT YIJIEpOJHble HaHOTPyOkH. Mx
HEOOBIYHBIE CBOMCTBA BO MHOTOM OIIPEHEINISIOTCS AaTOMHOW CTPYKTYpO
MOBEPXHOCTH TPyOOK. OOIIEH TeHaeH el cBOOOTHBIX HAHOOOBEKTOB SBISACTCS
uX KoHMIoMepaums. Hampumep, yriepoaHsle HaHOTPYOKHM OOBEAMHSIOTCS B
My4KH, puc.l, a mocneaHue B CeTKU U KiyOkH, puc.2.

Ha naHHBIH MOMEHT HET YCTOSBIIEHCS TEOpHH OOpa3OBaHUS OIXHOCIOMHBIX
HaHOTPYOOK. CylecTByeT THIoTesa, YTo NpH 0Opa3oBaHWU OHM CIIMIIAIOTCS B
«myukn» (bundle) mu6o bundle obpa3yercs B MOMEHT pocTa HAHOTPYOOK.

Pucl Monenb mydka HaHOTPYOOK

IlepBeiii 3tam  paboOTHl 3aKiOYajics B OTpPaOOTKE METOIOB HAHECEHHS
HCCIIEAYyEMOr0 BEINECTBA HA MOIOKKM. HaHOTpYOKM JUCIIEPTUPOBAI B
M30MIPONMIOBOM ~ CIIUPTE, IIOCJA€ YEero OTIACIbHBIE ITyYKd HAHOTPYOOK
OC@KIAITICH HA MOBEPXHOCTh MUPOJIUTHIECCKOTO TPadMTa U 30JI0THIX TTOUTOMKEK.
IIpu 3TOM MyYKHd HAHOTPYOOK Pa3leiuTh TaKAM CIIOCOOOM HE YAAIOCh, YTO
CBHIETEIBCTBYET O JOBOJIBHO OOJNBIIMX CHIIAX CBA3H MEXKIYy HAHOTPyOKaMH B
3TOM MaTepHuale, MPEMSTCTBYIOMINX €r0 Pa3pyIIeHHIO

Puc. 2 CTM wm300paskeHre «iiTyOkay» HaHOTPYOOK Ha 30JI0TO#H HOIIONKKE



[NoryyeHHBIE B X0O/1€ UCCIIEI0BaHMs TYHHEIBHbIE H300paKeHNUS MOKa-
3BIBAIOT, YTO OOJIBIIMHCTBO TPYOOK B Iy4YKaX UMEIOT IIPUMEPHO OJMHAKOBBIN
JIaMeTp.

[Ipn wuccienoBaHUM OTAENBHBIX HAHOTPYOOK ClielyeT OTMETUTh 4TO, IO
BU/INMOMY, CKaHUPYIOUIMH TYHHEIBHBIH MHKPOCKOII SIBJISIETCS €AMHCTBEHHBIM
nprbOPOM, KOTOPBIHA MOXKET OMPEACTUTh YOI XUPATbHOCTH HAHOTPYOKH ¢[2].

Ha ocHOBe mOJy4eHHBIX JKCIEPUMEHTAIBHBIX pe3yJbpTaToB
AQHAIM3MPYIOTCS OCHOBHBIE XapaKTEPUCTHKH JAHHOTO MaTepHaa.

3. M300pakeHne aTOMHOM CTPYKTYpBI ITy4Ka YIIIepOJHBIX HAHOTPYOOK

CkaHHpOBaHHE MTPOBOTUIIOCH
Ha BO3J/lyXe IIPU KOMHATHO# TeMIiepatype Ha odopynoBanuu pupmer HT-M/IT.

1 Rinzler, A. G, J. Liu, H. Dai, P. Nikolaev, C. B. Huffman, F. J. Rodri-
guez-Macias, P. J. Boul, A. H. Lu, D. Heymann, D. T. Colbert, R. S. Lee,
J. E. Fischer, A. M. Rao, P. C Eklund & R. E. Smalley. Large-scale puri-
fication of single-wall carbon nanotubes: process, product, and characteri-
zation. Applied Physics 67(1998) p.29-37

2. Bboopuneuxwuii M.1., Heroauu B.K, Ilerpuk B.W., Ctporanos A.A., Yam-
neiruH FOA. AToMHas CTpyKTypa HAHOTPYOOK M3 yIJIEPOJHON CMECH BBI-
cokoii peakimonHOU criocoOHocTH. [Tncema B XKT®. 2003. Tom 29, BRI
8. c. 84-90.
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EP 1 247 856 B1
Description

[0001] The invention relates to the field of ecology, in particular to the struggle against pollution of the environment
with oil, petroleum products, cyclic and aromatic hydrocarbons, other chemical pollutants, i.e. to purification of a water
area, waste waters, industrial machinery, polluted soil and ground, etc., and also to the field of objects used to satisfy
the vital requirements of humans and to medicine.

[0002] Known are methods for removing different chemical pollutants from different mediums, for example, methods
for purifying water and solid surfaces with the use of a "Primesorb" absorbent (U.S.A.). These are sorption processes
with the use of an expensive substance having low absorbing capability.

[0003] As a rule, the known methods for removing chemical pollutants serve for the achievement of a concrete narrow
object relating to purification of either a liquid or a gas or a solid surface.

[0004] For example, a method is known for removing an oil film from the surface of water, the method including a
closed system of forming a sorbing material (particles of carbon linked by polyethylene), which is on board a ship,
dispersing the sorbing material over the surface of the water and collecting it after sorption of the oil (patent US 37831296,
class E 02 B 15/04, 1974). Drawbacks of this method are the length of the process of sorbing oil and its low sorbing
capability (about 75%), which does not make it possible to have an amount of sorbent on board the ship sufficient to
purify large water surfaces. Furthermore, the method is not meant for removing oil and petroleum products from land
surfaces.

[0005] Also known is the removal of hydrocarbon chemical pollutants from water with the use of a filter on a carbon
base ("Some Aspects of Technology of Preparing Drinking Water," edited by Prof. V.F. Olontsev, Perm, AES RF, 1997,
pp. 33-38). A drawback of such a method is the insufficient effectiveness of water purification.

[0006] The use of activated carbon for making filters for tobacco goods is known (application FR No. 2469134, class
A 24 D 3/16, 29 May 1981). Activated carbon is used as the substance which detains the nitrogen oxide contained in
tobacco smoke. In addition to nitrogen oxide, filters with use of activated carbon (for example. Philip Morris combined
filters) also detain nicotine, 3,4 benzopyrene, aromatic hydrocarbons, However, the content of the indicated substances
in the case of use of activated carbon cannot be reduced to a level providing a sufficient protective effect.

[0007] All the known methods are means for removal of a certain type of pollutants from the medium being purified
and do not have a wide spectrum of action, which limits the possibility of their use and does not ensure that the medium
is purified of chemical pollutants to a sufficient degree.

[0008] A method for removing chemical pollutants is known, in particular, by collecting spilled oil and petroleum
products, including preparing a carbonaceous mixture of high reaction capability (CMHR), placing the CMHR in a polluted
medium by dispersing the CMHR over the surface and/or into the body of the water contaminated by spilled oil or
petroleum products, and collecting the CMHR after saturation with (addition to) the oil or petroleum products (patent RU
No. 2123086, class E 02 B 15/04, 10 December 1998). In this method the CMHR is prepared from natural graphite
processed with acid, by resistance heating. Preparation of the CMHR may be carried out on the ship - collector of the
oil. This method is substantially more effective, but the power consumption is relatively high and the presence of complex
equipment for production of the CMHR is required.

[0009] Furthermore, the effectiveness of the removal is not high enough to provide the possibility for removal of a wide
spectrum of chemical pollutants from the contaminated medium. Furthermore, as a rule, sorbents are for one-shot use.
[0010] RU 2163840 discloses another method for removing chemical pollutants using a carbonaceous mixture of a
graphite containing feedstock.

[0011] According to the present invention there is provided a method for removing chemical pollutants as defined in
claim 1 below.

[0012] The technical objectof the invention is to enhance the effectiveness of the removal of oil and petroleum products,
and also to provide for the removal of other chemical pollutants as a result of the presence of a mixture of carbon
nanocrystals (carbonaceous nanotubes)in the composition, which have a high absorbing capability in respect to different
chemical substances and compounds, in an amount sufficient for the effective removal of pollutants. Furthermore, the
possibility for repeated use of the carbonaceous mixture is provided.

[0013] The stated object is achieved in a method for removing chemical pollutants, comprising preparing a carbona-
ceous mixture of a graphite-containing feedstock, placing the carbonaceous mixture in a contaminated medium and
collecting the carbonaceous mixture saturated with pollutants; placing the carbonaceous mixture in the contaminated
medium is carried out by dispersing onto a surface and/or into a liquid and/or by placing on a surface and/or by passing
a liquid or a gas through a filter, and a mixture of expanded graphite and carbonaceous nanocrystals is used as the
carbonaceous mixture, wherein the content of the carbonaceous nanocrystals in the mixture is not less than 10%.
[0014] Wherein the nanocrystals are nanotubes having a size of 1-10 nm, with added thereto free C, C,, Cs, Cy, Cs
radicals, and/or radicals in the form of one or several connected hexagonals and/or hexagonals with added thereto
radicals of the type C, C,, C3, C4, and Cs.

[0015] The preparation of the carbonaceous mixture is carried out by chemical processing of the graphite-containing
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feedstock with at least one halogen-oxygen compound having the formula MXOn, where M is one of the chemical
substances of the row: H, NH4, Na, K; X is one of the chemical substances of the row: Cl, Br, 1; and n = 1-4, and
subsequent external action resulting in exothermal explosive-like decomposition of the processed graphite-containing
stock with subsequent initiation of an autocatalytic breakdown process, wherein application of the action is carried out
at normal pressure and room temperature.

[0016] Whereinthe external actionis carried out by photochemical or electrochemical or mechanical or thermochemical
or sonochemical or direct chemical action.

[0017] Either natural flaked graphite or graphite in the form of powder is used as the graphite-containing feedstock.
[0018] In order to provide the optimum mode of preparation of the carbonaceous mixture, the weight ratio of the
graphite-containing feedstock to the halogen-oxygen compound is taken equal to 2:1.

[0019] When the collection of the spilled oil, petroleum products and other hydrocarbon pollutants is from the surface
of water, the carbonaceous mixture may be prepared on the ship collecting the oil or on shore.

[0020] After collecting the carbonaceous mixture of expanded graphite and carbonaceous nanocrystals, which is
saturated with chemical pollutants, the collected hydrocarbon pollutants may be removed from the carbonaceous mixture
by the compression method (with the use of a press).

[0021] The carbonaceous mixture of expanded graphite and carbonaceous nanocrystals may be used again.

[0022] In particular, the method of removing chemical pollutants is used for the collection of oil and petroleum products
from the surface of water, wherein preparation of the carbonaceous mixture of expanded graphite and carbonaceous
nanocrystals is carried out on the ship-collector of the oil or on shore, and the placing of the carbonaceous mixture of
expanded graphite and carbonaceous nanocrystals on the surface of water is carried out by dispersal into the body of
the water and/or onto the surface of the water and/or by the placement of floating barriers on the surface of the water.
[0023] The method For removing chemical pollutants is also used for filtration of drinking water comprising chemical
pollutants, including hydrocarbon compounds, with the use of a filter made of a carbonaceous mixture of expanded
graphite and carbonaceous nanocrystals.

[0024] Furthermore, the method for removing chemical pollutants is used to purify industrial discharges

[0025] Furthermore, the method for removing chemical pollutants is used for the removal of light fractions of petroleum
products or gaseous condensate from free spaces of storage reservoirs

[0026] Furthermore, the method for removing chemical pollutants is used for neutralization of exhaust gases of internal
combustion engines as the base of a matrix of a neutralizer of exhaust gases.

[0027] Furthermore, the method for removing chemical pollutants is used as afilter for cigarettes forfiltration of cigarette
smoke.

[0028] In the field of medicine the method for removing chemical pollutants is used for purification of blood plasma.
[0029] The method for removing chemical pollutants, is also used in the field of medicine for external application in
cases of skin integument diseases which are characterized by discharge, in particular in the case of burns and purulent
wounds, wherein placement on the skin integument is accomplished by the application of a bandage with a carbonaceous
mixture.

[0030] The method for removing chemical pollutants is based on preparing a carbonaceous mixture having a huge
reactive and sorption capability in respect to any hydrocarbon compounds, other chemical compounds, metal ions. Such
properties of the carbonaceous mixture are due to the presence of nanocrystals of carbon in the form of nanotubes
having a size of 1-10 nm and a large degree of disorder, and to the fact that during the preparation of a mixture of natural
flaked graphite or graphite in the form of powder or another graphite-containing raw material, not only stratification of
crystallites into separate packets of basal planes, as in known methods of preparing expanded graphite, but also breakage
of interhexagonal covalent links take place. This results in the formation of energetically stressed atomic compounds of
carbon. Furthermore, the prepared carbonaceous mixture is a hydrophobic material, i.e. it does not absorb water and
docs not combine with water (marginal wetting angle greater than 90°).

[0031] During the preparation of a carbonaceous mixture, chemical processing of the graphite-containing feedstock
(natural flaked graphite or graphite in the form of powder) is carried out with halogen-oxygen compounds of the general
formula MXOn, wherein: M is one of the chemical substances of the row: H, NH,4, Na, K; X is one of the chemical
substances of the row: Cl, Br,I; and n = 1-4, with the formation of initiating complexes, capable as a result of photochemical,
mechanical, thermochemical, sonochemical or direct chemical action, of exothermal explosive-like decomposition with
the subsequent initiation of an autocatalytic process of decomposition of the compound. Initiating complexes are intro-
duced into the interlayer space of graphite, their explosive-like decomposition is initiated and there is not only a break
of van der Waals links but also of covalent links, which results in the formation of a carbonaceous mixture. When the
process is carried out under conditions close to normal atmospheric pressure (760 mmHg) and room temperature (20
DEG C), the formation of carbon nanotubes takes place in a relationship sufficient for the effective removal of chemical
pollutants (not less than 10%).

[0032] The process of conversion of graphite (the break of van der Waals links) is carried out under the action of
microexplosions of explosive substances introduced into the interlayer spaces of the graphite, in this case the aforesaid
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initiating complexes. The explosive substance is in the interlayer space at a molecular level and is initiated in a chemical
way to an explosion. As a result of the energy freed by the microexplosion, not only a break of van der Waals links
occurs, but there is also a break of interatomic links with the formation of not only nanotubes, but also free radicals C,
C,, G5, C4, Cgand radicals in the form of hexagonals (one or several) with added thereto radicals of the type C, Cy,, Cs,
C,, and C;, which ensure in combination a high reaction capability of the obtained carbonaceous mixture.

[0033] The carbonaceous mixture is a substance in the form of fluff and/or dust with a 99.4% weight content of carbon,
with a bulk density of from 0.002 g/cm3 to 0.01 g/cm3, pore size to 40 pm.

[0034] The microstructure of the carbonaceous mixture is formed by granules which have a stretched fiber structure
(similar to a shredded bast) on its surface with a diameter of the fibers being about single-digit micrometers and even
fractions thereof.

[0035] The process of conversion is carried out in any container (vessel, etc.), including the possible case without
access of oxygen.

[0036] The installation for the production of the carbonaceous mixture is compact and does not contain a lot of metal.
As a result, a specific feature of the method for removing chemical pollutants is the possibility of preparing the carbon-
aceous mixture not only under industry conditions, but also directly at the place of use of preliminarily prepared feedstock.
[0037] Preparation of the feedstock for preparing the carbonaceous mixture is carried out in a centralized manner at
the place where it is stored and does not require special conditions, energy and labor expenditures. Then it may be
conveyed without packaging (like, for example, ordinary earth) or in containers in the necessary amounts together with
generating devices to the places of their use or storage (sea, air or ground emergency [life-saving] or liquidation bases,
concrete objects). Wherein the carbonaceous mixture in a self-generation modification may be packaged in individual
cases (of the fire extinguisher type), may be formed into briquettes and granules, which have the necessary weight
characteristics for their remote application onto the objects to be acted on.

[0038] Application of the carbonaceous mixture onto the places of collection of oil and petroleum products and onto
other objects may be carried out by spraying from the air, from the surface or from under the surface of water, or by
preliminarily applying the material onto the place of a possible spill.

[0039] The physicochemical and technological properties of the carbonaceous mixture make it possible to rapidly and
effectively adapt it to concrete conditions of use and to machinery and technologies existing for these purposes (aviation,
sea, automobile transport, etc.), or to universalize it.

[0040] The bulk density of the carbonaceous mixture is substantially less than the bulk density of the feedstock.
Furthermore, the absorbing capability of the carbonaceous mixture in respect to crude oil is not less than 1 to 50, i.e.
one gram of the carbonaceous mixture adds thereto at least 50 grams of hydrocarbon compounds. Thus, the possibility
is provided for processing huge contaminated surfaces of the sea for one voyage of the ship, without having to reload
it. Wherein the carbonaceous mixture reliably holds the collected petroleum products, hydrocarbon compounds and
other chemical pollutants, remaining sufficiently dry, which makes it possible to use the least expensive dry-cargo craft
for collection of oil and petroleum products.

[0041] Examples of realization of the method.

Example 1

[0042] When the method for removing oil and petroleum products is being carried out, the discharge of the carbona-
ceous mixture may be accomplished directly into the body of the water under the contaminated surface or directly onto
the surface, and due to the small specific weight it easily rises to and is held on the surface, absorbing therein or adding
thereto hydrocarbon pollutants, for example, oil.

[0043] A possible device for feeding the carbonaceous mixture into the mass of water is a device consisting of racks
with sprayer heads for supplying a water-air-powder composition into the water, a unit for mixing gas (air) with powder
(fluidized powders) and feeding it into the mixing unit with pressure (line) water. A screw centrifugal pump may be used
as the source of pressure (line) water. A compressor (blower) is used as the source of air with the pressure necessary
for fluidizing the powder.

[0044] When the finely dispersed powder (carbonaceous mixture) is fed to a depth of 0.8-1.0 meter from a carrier
moving at a rate of 2 meters per second, 15 grams of powder add to 1 5 kg of oil, wherein the powder relatively rapidly
and uniformly mixes with the water and during the period of settling tends to intensively rise. After about one minute has
passed, 98% of the powder rises to the surface of the water.

[0045] The carbonaceous mixture added to the hydrocarbon pollutants, for example, to oil, may be easily collected
from the surface of the water by known methods.

[0046] The carbonaceous mixture is also easily removed together with oil and other hydrocarbon pollutants from the
surface of land with use of cleaning (gathering) machines or after preliminarily washing off the saturated carbonaceous
mixture with water into an open canal or any other body of water with subsequent collection like collection from the
surface of water.
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[0047] The oil or other hydrocarbon pollutants thus collected remain suitable for further use in accordance with their
direct purpose, and the pressed out carbonaceous mixture is suitable for repeated use, which is very important in the
case of natural calamities and ecological catastrophes related to the spilling of oil, petroleum products, other harmful
hydrocarbon compounds, especially when they fall into water.

[0048] In order to prevent the further propagation of an oil spot on a water surface, a floating barrier may be used,
this barrier being a cloth cylinder with a "filling" of the carbonaceous mixture. The floating barrier eliminates the flow of
the iridescent (oil) film downstream, wherein accumulation of a film of petroleum products before the floating barrier will
not occur, which confirms the process of the petroleum products being absorbed by the carbonaceous mixture, as
exemplified by purification of the water of small Moscow rivers (Table 1).

Example 2

[0049] The method for removing chemical pollutants used for purification of industrial discharges has shown very good
results in respect to the removal of both anions and cations.

[0050] Tests which were carried out and the results of chemical analysis have shown that the carbonaceous mixture
has excellent properties in respect to a significant number of organic and inorganic chemical compounds. For example,
it absorbs (with a relatively small thickness of the fillers, about 10 cm) petroleum products and ether soluble substances
from solutions to levels lower than prescribed maximum permissible concentrations (the degree of purification is more
than 1000 times). The carbonaceous mixture has also shown high effectiveness for the removal of many cations, including
copper (by 30 times), chromium (+8) (by 5 times), iron (by 3 times), ammonium (by 2-3 times), vanadium (by 5 times),
manganese (by 2 times), phosphates (by 35 times), fluorides (by 5 times), nitrates (by 3 times). Furthermore, the
carbonaceous mixture works as a sedimentation filter - the concentration of suspended particles decreases by more
than 100 times.

[0051] Data on the content of chemical pollutants prior to purification and after one purification with the indicated
method are shown in Table 2.

Example 3.

[0052] The method for removing chemical pollutants may be used for purification of drinking tap, well and artesian
well water.

[0053] Afilter with an 8 cm thickness of the filtering layer of the carbonaceous mixture was used for purifying drinking
water. Wherein high effectiveness was achieved in the majority of the most important rated indices. In particular, a high
degree of removal of sulphates, sulfides, fluorides, chlorides, nitrates, ammonium nitrogen, iron, zinc, copper, aluminum,
manganese, lead, molybdenum, free chlorine was achieved. Reduction of turbidity by 25-80 times, reduction of the
amount of suspended particles by 10-30 times are observed.

[0054] Comparative data on the state of the water after purification with the aid of a "Barrier" filter and with the aid of
the carbonaceous mixture are presented in Table 3, and comparative data on the purification of drinking water taken
from different sources are presented in Table 4.

Example 4.

[0055] Tests of the method in vitro were carried out in the Laboratory of Hemodialysis and Plasmapheresis of the
Russian Cardiological Scientific-and-Industrial Complex of the Ministry of Health of the Russian Federation. The tests
were carried out with use of a roller pump of the "Gambro" firm and a slot type nozzle. Patients’ blood was preliminarily
divided on a plasma separator PF-0 5, i e the plasma exchange procedure was carried out. The separated plasma was
then passed through the carbonaceous mixture.

[0056] Among the 13 analyzed parameters, significant changes were observed in respect to reduction of the level of
uric acid (the level of reduction exceeded 50%) and a tendency towards reduction of the level of creatinine (a metabolite
of nitrogenous exchange) was noted.

Example 5

[0057] Clinical tests of use of the method for local treatment of wounds have shown the following.

[0058] Since the carbonaceous mixture is a powder which easily penetrates through a layer of medical gauze, in order
to prevent the powder falling on a granulating wound, sticking of the powder and its impregnation into the wound, the
following bandages were used, which comprise a layer of synthetic nonwoven temporary Dermasafe wound coating,
which is formed by thin, porous sterile napkins with a composition of: viscose - 66%, polyester - 34%, or two-three layers
of medical gauze and 1-2 layers of porous paper.



10

15

20

25

30

35

40

45

50

55

[0059]

EP 1 247 856 B1

The bandages are envelopes of rectangular shape having dimensions 6x8 or 5x6 cm, inside which is the

carbonaceous mixture. In order to check the effectiveness of the bandages being tested in respect to their affect on the
bacterial dissemination of wounds, inoculations were carried out to determine the number of microbe bodies on the
surface of the wound before and after use of the sorbing bandages. The tests showed a significant reduction of the pus
secreted from the wound after use of the sorbing bandages.

Table 1
Date of carrying Place where Componentsbeing | Method of analysis | Result of CCA
out analysis analysis was determined mg/I
carried out
before barrier | after barrier
09.12.99 Waste waters Floating petroleum IR 0.12 0.010
(Marinsky Park) products
09.12.99 Nischenka River | Floating petroleum IR 0.34 0.035
products
09.12.99 Chura River Floating petroleum IR 04 0.041
products
09.12.99 Tarakanovka Floating petroleum IR 0.78 0.050
River products
11.01.00 Chura River Floating petroleum IR 2.7 0.18
products
11.01.00 Waste waters Floating petroleum IR 54 0.96
(Butovo) products
25.02.00 Waste waters Phenols chromat. 0.11 <0.01
OAO Petroleum IR 86.6 0.05
"Neftprodukty” products
Benzopyrene chromat. 0.8 <0.005
Hydroquinone chromat. 2.5 0.5
Phenaclcarboxylic chromat. 63 11
acid
Table 2.
No. [ Name of compound Weight fraction of componentin samples, (mg/l)
Before purification After 1st purification
1 Caproic acid 351 191
2 Tetrahydrothiophen 21 1.7
3 Isothiazole 10.9 5.0
4 2,3-Dimethyl-1,4-hexadiene 0.8 0.2
5 Isovaleric acid 5.1 14
6 Valeric acid 74.9 39.6
7 Enanthic acid 112 82
8 Caprylic acid + Benzoic acid ¥ 555 ¥43.8
9 2-Ethylenehexanoic acid 52 0
10 B-Propylacrylic acid 29 0
11 Phenylacetic acid 16.3 9.6
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(continued)

No. | Name of compound Weight fraction of componentin samples, (mg/l)
Before purification After 1st purification

12 Phenobarbital metabolite 32 0
13 1-Methyl phenyl cyclopropane 3.0 0
14 Cyclohexanacetic acid 3.2 2.6
15 Terephthalic anhydride 20.6 6.8
16 Phenol 49.3 14.1
17 Hydrocinnamic acid 14.1 0.3
18 Caprylic acid 9.2 7.8
19 2,3-Dimethylquinoxaline 53 1.5
20 N,N-Dimethylformamide 426 14.9
21 Cyclopropyl benzene 3.8 0.4
22 a-Phenylbenzyl alcohol 3.8 0
23 Cyclohexanol 294 203
24 Bi 0.043 0.028
25 Ni 0.96 0.36
26 Al 0.61 0.38
27 Na 450 380
28 Cr 24 0.55
29 Ca 424 33.0
30 Co 0.052 0.012
3 Re 24 0.46
32 Hg 0.00066 0.00042
33 Phosphate-ion 25.0 5.8
A4 Nitrate-ion 0.11 <0.1
35 As 0.018 0.012
36 Sb 0.01 <0.005

Table 3

Components being

Initial water (Ramenskoe

Result of analysis (CCA), mg/l

determined city water supply line)
Afterfilter"Barrier" (U.SA.) | Afterfilter of carbonaceous
mixture
Chromaticity, degree 28 23 4
Suspended substances 79 22 3
Turbidity, EMF 117 32 2
Iron, general 8.75 1.87 0.01
Ammonium nitrogen 0.52 0.18 0
Sulfides 0.008 0.004 0.002
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(continued)

Components being

Initial water (Ramenskoe

Result of analysis (CCA), mg/l

determined city water supply line)
Afterfilter"Barrier" (U.SA.) | Afterfilter of carbonaceous
mixture
Fluorides 1.03 0.95 0.87
Phosphates 0.14 0.12 0.08
Table 4
Components PDK Well Orekho-Zuevo city | Well Rasskazovka village Water line Ramenskoe city
being
determined
Initial After filter, Initial After filter, Initial water, After filter,
mg/l water, mg/l mg/l water, mg/l mg/| mg/l mg/|
Hardness, 6-8 4.68 4.00 56 54 5.58 528
general
Nitrates 45 1.1 0.8 21 15.8 25 2.0
Sulfates 500 1.5 56 44 30 20
Sulfides 0.003 0.001 0.004 0.001 0.008 0.002
Ammonium 2.5 0 0 2.7 0.48 44 0.83
nitrogen
Chromaticity, 20 8 1.5 10 1.8 28 4.0
degrees
Turbidity, EMF | 2.6 0.6 0.02 1.25 0.06 117 20
Suspended 15 1.0 0.1 10 1.0 79 3.0
substances
Oxidizability, 5.0 1.2 0.5 3.2 1.0 34 2.0
perm.
Fluorides 1.5 0.2 0 0.29 0.02 1.03 0.87
Phosphates 3.5 0 0 0.80 0.31 0.14 0.08
Manganese 0.1 0.03 0.01 0 0 0.07 0.012
Iron, general 0,3 0.7 0 5.21 0.01 8.75 0.01
Iron org. - 0 0 0.28 0 1.36 0.03
(humates)
Copper 1.0 0 0 0.01 0 0.04 0
Aluminum 0.5 0 0 0.03 0 23 0.48
Lead 0.03 0 0 0 0 0.01 0.007
Zinc 5.0 0.17 0.05 0 0 0 0
Chlorine, 0.3-0.5 | 0.06 0 0 0 3.00 0.03
resid. free.
Mineralization | 1000 210 170 340 250 350 260
Chloride 350 29 27 17.5 16.6 6.8 6.5
Molybedenum | 0.25 0 0 0 0 35 0.7
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Claims

1.

10.

1.

12

13.

A method for removing chemical pollutants, comprising preparing a carbonaceous mixture of a graphite-containing
feedstock, placing the carbonaceous mixture in a contaminated medium and collecting the carbonaceous mixture
saturated with pollutants, characterized in that placing the carbonaceous mixture in the contaminated medium is
carried out by dispersing onto a surface and/or into a liquid and/or by placing on a surface and/or by passing a liquid
or a gas through a filter, and a mixture of expanded graphite and carbonaceous nanocrystals is used as the car-
bonaceous mixture, wherein the content of the carbonaceous nanocrystals in the mixture is not less than 10%, and
characterized in that the nanocrystals are nanotubes having a size of 1-10 nm, with added thereto free C, C,, Cj,
C4, Cs radicals, and/or radicals in the form of one or several connected hexagonals and/or hexagonals with added
thereto radicals of the type C, C,, C5, C4 and Cs.

A method for removing chemical pollutants according to claim 1, characterized in that preparing the carbonaceous
mixture is carried out by chemical processing of the graphite-containing feedstock with at least one halogen-oxygen
compound having the formula MXO,,, where M is one of the chemical substances of the row: H, NH,, Na, K; X'is
one of the chemical substances of the row: Cl, Br, |; and n = 1-4, and subsequent external action resulting in
exothermal explosive-like decomposition of the processed graphite-containing stock with subsequent initiation of
an autocatalytic breakdown process, wherein application of the action is carried out at normal pressure and room
temperature.

A method for removing chemical pollutants according to claim 2, characterized in that the external action is carried
out by photochemical or electrochemical or mechanical or thermochemical or sonochemical or direct chemical action.

A method for removing chemical pollutants according to any one of claims 1-3, characterized in that either natural
flaked graphite or graphite in the form of powder is used as the graphite-containing feedstock.

A method for removing chemical pollutants according to any one of claims 1-3, characterized in that the weight
ratio of the graphite-containing feedstock to the halogen-oxygen compound is equal to 21.

A method for removing chemical pollutants according to any one of claims 1-5, characterized in that after collecting
the carbonaceous mixture of expanded graphite and carbonaceous nanocrystals which is saturated with chemical
pollutants, the collected hydrocarbon pollutants are removed from the carbonaceous mixture by the compression
method.

A method for removing chemical pollutants according to claim 6, characterized in that after removal of the chemical
pollutants, the carbonaceous mixture of expanded graphite and carbonaceous nanocrystals are used again.

Amethodfor removing chemical pollutants according to claim 6, characterized in that the squeezing is accomplished
with a press.

A method for removing chemical pollutants according to any one of claims 1-8, characterized in that it is used for
collecting oil and petroleum products from the surface of water, wherein preparation of the carbonaceous mixture
of expanded graphite and carbonaceous nanocrystals is carried out on the ship-collector of the oil or on shore, and
the placing of the carbonaceous mixture of expanded graphite and carbonaceous nanocrystals on the surface of
water is carried out by dispersal into the body of the water and/or onto the surface of the water and/or by the
placement of floating barriers on the surface of the water.

A method for removing chemical pollutants according to any one of claims 1-8, characterized in that it is used for
filtering drinking water comprising chemical pollutants, including hydrocarbon compounds, with the use of a filter

made of a carbonaceous mixture of expanded graphite and carbonaceous nanocrystals.

A method for removing chemical pollutants according to any one of claims 1-8, characterized in that it is used to
purify industrial discharges.

A method for removing chemical pollutants according to any one of claims 1-8, characterized in that it is used for
the removal of light fractions of petroleum products or gaseous condensate from free spaces of storage reservoirs.

A method for removing chemical pollutants according to any one of claims 1-8, characterized in that it is used for
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neutralization of exhaust gases of internal combustion engines as the base of a matrix of a neutralizer of exhaust
gases.

A method for removing chemical pollutants according to any one of claims 1-8, characterized in that it is used as
a filter for cigarettes for filtration of cigarette smoke.

A method for removing chemical pollutants according to any one of claims 1-8, characterized in that it is used for
purification of blood plasma.

A method for removing chemical pollutants according to any one of claims 1-9, characterized in that it is used as
a sorbent for external application in cases of skin integument diseases which are characterized by discharge,
where placement on the skin integument is accomplished by the application of a bandage with a carbonaceous
mixture.

A method for removing chemical pollutants according to claim 16, characterized in that it is used for treatment of
burns and purulent wounds.

Patentanspriiche

1.

Verfahren zur Entfernung chemischer Verunreinigungen, umfassend das Herstellen einer kohlenstoffhaltigen Mi-
schung eines graphithaltigen Ausgangsmaterials, Eingeben der kohlenstoffhaltigen Mischung in ein kontaminiertes
Medium und Auffangen der mit Verunreinigungen gesattigten kohlenstoffhaltigen Mischung, dadurch gekennzeich-
net, dass das Eingeben der kohlenstoffhaltigen Mischung in das verunreinigte Medium durch Dispergieren auf eine
Oberflache und/oder in eine FlUssigkeit und/oder durch Aufgeben auf eine Oberflache und/oder durch Hindurch-
fuhren einer Flussigkeit oder eines Gases durch ein Filter erfolgt und eine Mischung von Blahgraphit und kohlen-
stoffhaltigen Nanokristallen als kohlenstoffhaltige Mischung verwendet wird, wobei der Gehalt an kohlenstoffhaltigen
Nanokristallen in der Mischung nicht weniger als 10 % betragt und dadurch gekennzeichnet, dass die Nanokristalle
Nanoréhren sind, die eine Gréfe von 1-10 nm aufweisen, mit angelagerten freien C-, C,-, C5-, C4-, C5-Radikalen
und/oder Radikalen in Form eines oder mehrerer verbundener Hexagonale und/oder Hexagonale mit angelagerten
Radikalen des Typs C, C,, C5, C4 und Cs.

Verfahren fir das Entfernen chemischer Verunreinigungen nach Anspruch 1, dadurch gekennzeichnet, dass das
Herstellen der kohlenstoffhaltigen Mischung durch chemisches Verarbeiten des graphithaltigen Ausgangsmaterials
mit mindestens einer Halogensauerstoffverbindung, die die Formel MXO,, aufweist, wobei M eine der chemischen
Substanzen der Reihe: H, NH,4, Na, Kist; X eine der chemischen Substanzen der Reihe: Cl, Br, | ist; und n = 1-4
ist, und durch einen darauffolgenden externen Arbeitsgang erfolgt, der zur exothermen explosionsahnlichen Zer-
setzung des verarbeiteten graphithaltigen Ausgangsmaterials mit darauffolgendem Initiieren eines autokatalytischen
Abbauvorgangs fiihrt, wobei die Ausfilhrung des Arbeitsgangs bei normalem Druck und normaler Raumtemperatur
erfolgt.

Verfahren zur Entfernung chemischer Verunreinigungen nach Anspruch 2, dadurch gekennzeichnet, dass der
externe Arbeitsgang durch fotochemischen oder elektrochemischen oder mechanischen oder thermochemischen
oder sonochemischen oder direkten chemischen Arbeitsgang erfolgt.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-3, dadurch gekennzeichnet,
dass entweder natlrlicher flockenférmiger Graphit oder Graphit in Form von Pulver als graphithaltiges Ausgangs-
material verwendet wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-3, dadurch gekennzeichnet,
dass das Gewichtsverhaltnis des graphithaltigen Ausgangsmaterials zur Halogensauerstoffverbindung gleich 21 ist.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-5, dadurch gekennzeichnet,
dass nach dem Auffangen der kohlenstoffhaltigen Mischung von Blahgraphit und kohlenstoffhaltigen Nanokristallen,
die mit chemischen Verunreinigungen gesattigt ist, die aufgefangenen Kohlenwasserstoffverunreinigungen aus der
kohlenstoffhaltigen Mischung durch das Kompressionsverfahren entfernt werden.

Verfahren zur Entfernung chemischer Verunreinigungen nach Anspruch 6, dadurch gekennzeichnet, dass nach
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dem Entfernen der chemischen Verunreinigungen die kohlenstoffhaltige Mischung von Blahgraphit und kohlenstoff-
haltigen Nanokristallen wieder verwendet wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach Anspruch 6, dadurch gekennzeichnet, dass das
Zusammendriicken mit einer Presse erreicht wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-8, dadurch gekennzeichnet,
dass es zum Auffangen von OI- und Erddlprodukten von der Oberflache von Wasser verwendet wird, wobei das
Herstellen der kohlenstoffhaltigen Mischung von Blahgraphit und kohlenstoffhaltigen Nanokristallen auf dem Schiffs-
kollektor fiir das Ol oder an Land erfolgt und das Aussetzen der kohlenstoffhaltigen Mischung von Bléhgraphit und
kohlenstoffhaltigen Nanokristallen auf die Oberflache von Wasser durch Dispergieren in den Wasserkorper und/
oder auf die Oberflache des Wassers und/oder durch Positionieren von schwimmenden Barrieren auf die Oberflache
des Wassers erfolgt.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-8, dadurch gekennzeichnet,
dass es zum Filtrieren von Trinkwasser, das chemische Verunreinigungen, einschlieRlich Kohlenwasserstoffver-
bindungen, umfasst unter Zuhilfenahme eines Filters verwendet wird, das aus einer kohlenstoffhaltigen Mischung
von Blahgraphit und kohlenstoffhaltigen Nanokristallen besteht.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-8, dadurch gekennzeichnet,
dass es zum Reinigen industrieller Einleitungen angewendet wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-8, dadurch gekennzeichnet,
dass es zum Entfernen leichter Fraktionen von Erddlprodukten oder gasférmigem Kondensat aus den Leerraumen
von Speicherreservoirs angewendet wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-8, dadurch gekennzeichnet,
dass es zum Neutralisieren von Abgasen von Verbrennungsmotoren als Basis einer Matrix eines Neutralisators fur
Abgase angewendet wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-8, dadurch gekennzeichnet,
dass es als Filter fUr Zigaretten fiir das Filtern von Zigarettenrauch angewendet wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-8, dadurch gekennzeichnet,
dass es zum Reinigen von Blutplasma angewendet wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach einemder Anspriiche 1-9, dadurch gekennzeichnet,
dass es als Sorbenz fir die aulere Anwendung in Fallen von Hautintegumentkrankheiten verwendet wird, die durch
Absonderung gekennzeichnet sind, wobei das Aufbringen auf das Hautintegument durch Anbringen einer Binde
mit einer kohlenstoffhaltigen Mischung erreicht wird.

Verfahren zur Entfernung chemischer Verunreinigungen nach Anspruch 16, dadurch gekennzeichnet, dass es
zum Behandeln von Verbrennungen und eitrigen Wunden angewendet wird.

Revendications

1.

Procédé d’elimination de polluants chimiques, comprenant la préparation d’'un mélange carboné d’une charge d'ali-
mentation contenant du graphite, le placement du mélange carboné dans un milieu contaminé et de récupération
du mélange carboné saturé avec les polluants, caractérisé en ce que le placement du mélange carboné dans le
milieu contamineg est réalisé par une dispersion sur une surface et/ou dans un liquide et/ou par un placement sur
une surface et/ou en faisant passer un liquide ou un gaz a travers un filtre, et un mélange de graphite expansé et
de nanocristaux carbonés est utilise en tant que mélange carboné, dans lequel la teneur en nanocristaux carbonés
dans le mélange n'est pas inférieure a 10%, et caractérisé en ce que les nanocristaux sont des nanotubes possédant
une taille de 1-10 nm, avec ajoutes a ceux-ci des radicaux libres C, C,, C3, C4, Cg, et/ou des radicaux sous la forme
d’'un ou de plusieurs systemes hexagonaux reliés et/ou des systémes hexagonaux avec ajoutés a ceux-ci des
radicaux du type C, C,, Cs, C, et Cs.
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Procédé d’élimination de polluants chimiques selon la revendication 1, caractérisé en ce que la préparation du
melange carboné est réalisée par un traitement chimique de la charge d'alimentation contenant du graphite avec
au moins un composeé d’halogéne-oxygéne présentant la formule MXO,,, oll M est une des substances chimiques
delaligne: H, NH,4, Na, K; X est une des substances chimiques de la ligne: Cl, Br, |; et n = 1-4, et une action externe
subséquente conduisant a une décompaosition exothermique de type explosive de la charge contenant du graphite
traitée avec une initiation subséquente d’'un procédé de rupture auto-catalytique, dans lequel 'application de I'action
est réalisée a une pression normale et une température ambiante.

Procédé d’élimination de polluants chimiques selon la revendication 2, caractérisé en ce que I'action externe est
realisée par une action photochimique ou électrochimique ou mécanique ou thermochimique ou sonochimique ou
chimique directe.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-3, caractérisé en ce
que soit du graphite naturel en flocons, soit du graphite sous la forme d’'une poudre est utilisé en tant que charge
d’alimentation contenant du graphite.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-3, caractérisé en ce
que le rapport en poids de la charge d’alimentation contenant du graphite sur le composé d’halogene-oxygéene est
égal a 21.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-5, caractérisé en ce
que, apres la récupération du melange carboné de graphite expansé et de nanocristaux carbonés qui est saturé
avec les polluants chimiques, les polluants hydrocarbures récupéres sont éliminés a partir du mélange carboné par
le procédé de compression.

Procédé d'élimination de polluants chimiques selon la revendication 6, caractérisé en ce que, apres I'élimination
des polluants chimiques, le mélange carboneé de graphite expansé et de nanocristaux carbonés est utilisé a nouveau.

Procédé d’élimination de polluants chimiques selon la revendication 6, caractérisé en ce que la compression est
accomplie avec une presse.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-8, caractérisé en ce
qu’il est employé pour récupérer du pétrole et des produits pétroliers a partir de la surface de I'eau, ou la preéparation
du mélange carboné de graphite expanse et de nanocristaux carbones est realisée sur le bateau-récupérateur du
pétrole ou sur le rivage, et le placement du mélange carboné de graphite expansé et de nanocristaux carbonés sur
la surface de I'eau est réalisé par une dispersion dans la masse de I'eau et/ou sur la surface de 'eau et/ou par le
placement de barrieres flottantes sur la surface de 'eau.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-8, caractérisé en ce
qu’il est employé pour filtrer de 'eau potable comprenant des polluants chimiques, incluant des composés hydro-
carbures, avec I'utilisation d’un filtre composé d’un mélange carboné de graphite expansé et de nanocristaux car-
bonés.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-8, caractérisé en ce
qu’il est employé pour purifier des rejets industriels.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-8, caractérisé en ce
qu’il est employé pour I'élimination de fractions légeres de produits pétroliers ou d’'un produit de condensation
gazeux provenant d’espaces libres de réservoirs de stockage.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-8, caractérisé en ce
qu’il est employé pour la neutralisation de gaz d’échappement de moteurs a combustion interne comme la base

d’une matrice d’un agent neutralisant les gaz d’échappement.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-8, caractérisé en ce
qu’il est employé en tant que filtre pour des cigarettes pour la filtration de la fumee de cigarette.

Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-8, caractérisé en ce
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qu’il est employé pour la purification de plasma sanguin.
16. Procédé d’élimination de polluants chimiques selon 'une quelconque des revendications 1-9, caractérisé en ce
qu’il est employé en tant que sorbant pour une application externe dans des cas de maladies du tégument dermique
qui sont caractérisées par une suppuration, ou le placement sur le tégument dermique est accompli par I'application

d’un bandage avec un mélange carboné.

17. Procédé d’élimination de polluants chimiques selon la revendication 16, caractérisé en ce qu’il est employé pour
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le traitement de brilures et de plaies purulentes.
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®doTorpadguu HAHOYTJIEPOTHBIX CTPYKTYP BhInoJHeHHbie B University of
Califronia Irvine (CIHA) npogeccopom Wen-An Chiou, Ph.D. B 2006 roay.

YCBP, npouseedennniii 8 pexcume camoyckopaowiencsa pa3eemeieHnoll
UEenHOIl pPeaKyuu ¢ a6momepMu4ecKoil 2eHepavuell aKMmueHbvIX UEHmPOoe,
COCMOuUm u3 XaomuuecKu CPOCUIUXCA MeHCOy CO00il OmOenbHbIX 2paghenos.
Hanompyoku unu Opycue KapKacHovle y21epooHble 00pa3oeanus 6
NPOU36€0eHHOM MAKUM CROCOOOM mMamepuane He 0OHAPYHCUBAIOMCA.

Hwxe npusenenst ¢dotorpadun YCBP, mnomydenHoro B pe3yabTare
ABTOKATAUIMTUYECKOTO  PA3JOKEHHUS  HAXOMALIETOCS B MEXKCIOEBBIX
NPOCTPAHCTBAX YIJEPOAHOW MaTpuilbl xumudeckoro coenunenus Cl207,
MIPOTEKAIOIIETO B PEKUME XOJIOJHON LIEMTHON PEAKIUH.

Ha ¢oTorpadusax n3o06pakeHbl HAHOCBUTKH, YIJIEPOJIHbIE HAHOTPYOKH, rpad)eHbl
U Jpyrue YriepoAHble arperarbl SBISIOMIUECS Pe3yJbTaTOM UX XaOTHYECKOTO
CpAalllMBAHMUS.
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doTorpaduu yriiepoaHbIXx HAHOCTPYKTYP BbInoJiHeHHbIe B University of
California Davis (CLLIA), 2006 r. I'pajgeHOBBIE CTPYKTYPBI MOKPBITHI
miatuHoii. YCBP moJry4eH npu MakcHuMaJibHOM CKOPOCTH Pa3BeTBJICHHOM
LeNHOM peakuyu, NpoTeKaloueil Ha rpanuue BocmiiameHenus. IloayueHbl
TOHKHME PABHOPa3MepHbIe COCTOSINUE U3 HECKOJIbKNX ATOMHBIX JIMCTOB
rpaguToBbie HAHONMAKETHI.
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