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Description
TECHNICAL FIELD

[0001] The present invention relates to a recycling
method and system for waste or the like, a method and
system of producing carbon materials such as inert car-
bon, carbon nanotubes, and activated carbon by utilizing
such waste, and a suitable container for such methods
and systems.

BACKGROUND ART

[0002] Waste disposal has in recent years focused to
an ever greater extent on the recycling of wastes to pro-
duce usable materials. The recycling concept is being
gradually realized through segregated disposal of waste
and the like. However satisfactory results have not yet
been obtained yet because of strict social and economic
restrictions related to labor, facilities, cost and other fac-
tors related to the requirements for segregated disposal.
[0003] There is a growing demand for inhibiting, over
the social life, human activities which result in deteriora-
tion of the global environment. An especially significant
issue in connection with waste disposal is how to sup-
press the emission and dissipation of carbon dioxide, di-
oxins, nitrogen oxide (NOXx), sulfur oxide (SOx), soot,
heavymetals and the like produced in the process of in-
cinerating or otherwise treating waste. For example, car-
bon dioxide produced when carbon-containing wastes
are incinerated is though to contribute to the greenhouse
effect, and elaborate efforts are made in attempts to con-
trol their emission into the atmosphere. Incineration of
chlorine-containing waste additionally produces a sub-
stance group having high toxicity which are generally col-
lectively referred to as dioxins. Under the present circum-
stances, the emission into the air can be controlled for
some extent by incinerating at an adequately high tem-
perature, keeping a constant incineration temperature,
using a reburning device, or the like, but further suppres-
sion of the emission of dioxins still remains as a problem
to be solved.

[0004] Therefore, a near-future waste disposal sys-
temmust be a system which can reproduce a large vol-
ume of useful resources from waste and be built and
operated without involving much time and labor, large
facilities, or high cost, and is environmentally friendly
without producing or releasing carbon dioxide or dioxins.
The system described in Japanese Patent No. 2651994,
for example, is an example known system which can part-
ly respond to such socialdemands. The disclosed system
produces activated carbon from scrap tires by heating
the scrap tires in a nitrogen atmosphere not containing
oxygen. This system does not produce carbon dioxide
because the scrap tires being heated are kept isolated
from oxygen and metals such as steel wire and the like
contained in the waste tires can be recovered in a non-
degraded reusable state. The disclosed system is a re-
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lated to the recycling of scrap tires, and does not release
carbon dioxide or the like.

[0005] Document US-A-5673635 discloses a process
for recycling organic waste where the waste are intro-
duced in a sealed container as well as an insert gas to
remove oxygen from the container. The container is then
heated, the gas filtered and stored in a vessel.

[0006] This patented system, however, has a furnace
called a carbonization chamber or the like as its basic
configuration unit, generally requires installation of many
chambers or furnaces including a plurality of carboniza-
tion chambers and their incidental reserve chambers or
the like, and these chambers or-furnaces must be pro-
vided in a sealable configuration which avoids all contact
with the air. Therefore, it is facility scale (dimensions and
weight), operation costs (power and thermal power costs
and labor costs), and the like are all disadvantageously
great.

[0007] Such a system can produce activated carbon
by treating waste, but requires that the waste be treated
in an oxygen-free state so as to change the activated
carbon into inert carbon in order to obtain inert carbon.
The inert carbon (e.g., bincho charcoal) has substantially
no pores and a high carbon density and provides a high
volume of far infrared ray radiated from carbon elements
as compared with activated carbon having many pores
and a low carbon density. Thus, the inert carbon is useful
for applications employing far infrared radiation (e.g., a
method of using it as the content of an infrared pillow, a
method of using it as the contents of infrared concrete,
etc.). The inert carbon is also useful because carbon na-
notubes and the like can be produced by activating the
inert carbon. Accordingly, there is great demand for a
systemwhich canmass-produce inert carbon by directly
obtaining the inert carbon.

DISCLOSURE OF THE INVENTION

[0008] According to one aspect of the present inven-
tion, the present invention advantageously provides a
recycling method and system capable of recycling waste
efficiently in small-scale facilities at a low cost using a
method which does not release excess or toxic emis-
sions.

[0009] According to another aspect of the present in-
vention, the present invention also advantageously pro-
vides a carbon material manufacturing method and sys-
tem capable of obtaining inert carbon by recycling high-
molecular compounds.

[0010] According to another aspect of the present in-
vention, the present invention further advantageously
provides a carbon material manufacturing method and
system which produce useful carbon materials such as
carbon nanotubes (as used in this specification, "carbon
nanotubes" broadly refers collectively to single-layer car-
bon nanotubes, multilayer carbon nanotubes, carbon na-
nohorns, and the like), quality activated carbon, and the
like from inert carbon, from high-molecular compounds
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at low cost and in large quantities through continuous
production.

[0011] According to another aspect of the present in-
vention, the present invention also advantageously pro-
vides a container which can be used with the above-de-
scribed recycling method and system, and carbon mate-
rial manufacturing method and system.

[0012] To attain the above advantages, for the recy-
cling method and system of the present invention, a con-
tainer with a built-in heater is used to perform the recy-
cling method in an oxygen-free atmosphere (indicating
a general idea of a nitrogen atmosphere, an inert gas
atmosphere or the like in this specification). Specifically,
the present invention realizes and achieves the effects,
which cannot be obtained by heretofore known systems,
including reduction in facility scale, cost reduction, im-
proved recycling efficiency, and the like, by changing a
unit of treating objects such as scrap tires, rubber, vinyl,
plastic, and other petroleum- and resin-based high-mo-
lecular compounds from a furnace to a container having
a built-in heater while maintaining the various advantag-
es possessed by the preferable systems which treat and
incinerate the object waste for disposal. The present in-
vention can be applied to a system which is not only for
waste disposal but also for separation of a target sub-
stance from an object to be treated, and particularly to
systems in general which need to obtain the target sub-
stance in a state not oxidized, such as inert carbon. When
it is assumed that the object is a high-molecular com-
pound and inert carbon is obtained as a result, carbon
materials such as carbon nanotubes and activated car-
bon can be obtained by an activation treatment to oxidize
inert carbon with high-temperature gas (steam, carbon
dioxide) or the like.

[0013] Another system of the present invention can
produce a large amount of carbon materials such as car-
bon nanotubes and activated carbon at a low cost by the
activation treatment of the obtained inert carbon by con-
tinuous production.

[0014] Arecycling method according to the presentin-
vention has a first step of replacing the atmosphere in a
container containing an obj ect to be treated, such as
waste, with an oxygen-free atmosphere (e.g., nitrogen
atmosphere); a second step of heating the object in the
container to a prescribed temperature by a heater built
into the container while maintaining the oxygen-free at-
mosphere in the container to liberate a prescribed gas
from the object and guiding the liberated gas as a first
product to an outside device of the container while main-
taining the first product in a state isolated from the air to
obtain the first product in a fluid state; and a third step of
cooling the inside of the container to a temperature lower
than a temperature at which carbon starts to burn while
continuously maintaining the oxygen-free atmosphere in
the container and obtaining a residue remaining in the
container as a second product. Preferably, the second
step is performed two or more times; a heating temper-
ature of the object in each of the plurality of second steps
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is determined so that a heating temperature in a subse-
quent second step is higher than that in a preceding sec-
ond step and also according to a kind of gas to be liber-
ated as the first product in that step; and a guiding route
and a guided destination for acquisition of the first product
are separately determined for each of the plurality of sec-
ond steps. For example, the second step performs at
least any of a step of obtaining water as the first product,
a step of obtaining a fluid containing chlorine as the first
product, and a step of obtaining a high-molecular gas or
a fluid produced from the high-molecular gas as the first
product.

[0015] In preferable embodiments of the invention,
various types of pipelines are used for feeding, guiding,
and otherwise manipulating gas. For example, the first
step may be performed with a first device for feeding at
least a reducing gas or an inert gas connected to the
container through a first pipeline; the second step may
be performed with the first device connected to the con-
tainer through the first pipeline and a second device as
an outside device of the container connected to the con-
tainer through a second pipeline; and the container may
be sealed when it is necessary to disconnect the pipeline
between the container and the first or second device in
order to move from one step to the next step. And, as
one of preferable system configurations, a different im-
plementation place or location may be determined for
each step, and a pipeline required for implementation of
each step at the individual implementation locations ex-
tended to the implementation place so as to allow simul-
taneous treatment of a plurality of containers in an "as-
sembly-line" method by sequentially moving the contain-
ers from a preceding step to a following step. As another
preferable system configuration, the implementation
places or locations of the individual steps are determined
to be a common place to enable the performance of at
least the first and second steps without moving the con-
tainer, and all pipelines required for implementation of
the first and second steps are extended to the pertinent
place. The recycling system according to the invention
is preferably provided with the first device, the second
device, the first pipeline and the second pipeline.
[0016] The method of manufacturing a carbon material
for inert carbon according to the present invention for the
above-described recycling method may have a high-mo-
lecular compound as the object and produces inert car-
bon as the second product.

[0017] Inamethod of manufacturing a carbon material
for carbon nanotubes and activated carbon according to
the presentinvention, the obtained activated carbon may
be activated with high-temperature steam or the like to
obtain carbon nanotubes and activated carbon.

[0018] The container according to the invention is a
transportable container provided with a heater. The con-
tainer used for implementation of the recycling method
ofthe invention may be formed to have a covered opening
for charging an object to be treated and removing the
second product, an inlet to which the first pipeline is con-
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nected and an outlet to which the second pipeline is con-
nected and may further be provided with transport as-
sisting structures such as wheels, handles, races or a
flat surface used to move the container, and a heater
built in the container to heat the object in the container.
[0019] The recycling method and carbon material
manufacturing method of the invention can be provided
as a similar recycling system and carbon material man-
ufacturing system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 is a conceptual top view showing a structure
of the recycling system according to one embodi-
ment of the invention, and particularly an outline of
the treating line and its incidental equipment;

Fig. 2 shows a schematic diagram of a conduit ar-
rangement of the embodiment, and particularly (A)
is a top view and (B) is a side view; -

Fig. 3 is a diagram showing an example structure of
the container of the embodiment, and particularly (A)
is a top view, (B) is a vertical sectional view, (C) is a
bottom view, (D) is a top view of the lid, and (E) is
an enlarged sectional view of a portion in which a
heater is incorporated;

Fig. 4 is a diagram showing a method of removing
the container, and particularly (A) shows a state of
the container on a treating line, and (B) shows the
container turned and ready to be removed; and
Fig. 5 is an explanatory diagram showing a structure
ofthe carbon material manufacturing system accord-
ing to another example of the invention, and partic-
ularly a schematic treating line and its incidental
equipment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] A preferred embodiment of the present inven-
tion will be described with reference to the accompanying
drawings. For clarity of description, examples of applying
the presentinvention to waste treatment will be described
below. Waste which can be treated by the method and
system of the invention include, for example, various
types of industrial and general waste, such as rubber,
vinyl, plastic and other petroleum- and resin-based high-
molecular compounds, medical wastes, agricultural
wastes, car shredder dust, tires (scrap tires etc.), com-
puters, mobile phones, chlorine compounds, sludge, and
the like. Characteristics of the present invention include
the ability to treat waste containing various chemical
components; the ability to treat almost all waste without
presorting; convenient and power-saving facilities which
can treat various types of waste at a low cost; substan-
tially no emission of carbon dioxide, dioxins, nitrogen ox-
ide, sulfur oxide, soot, or heavy metals, and a wide variety
of applications (other than in waste treatment including,
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for example general extraction of non-oxidized substanc-
es, and the like.

[0022] The outline of an example treating line and in-
cidental equipment of the recycling system according to
this embodiment of the invention is shown in Fig. 1, the
outline of a conduit arrangement is shown in Fig. 2, an
example structure of a container is shown in Fig. 3, and
a method of removing the container from the treatment
line is shown in Fig. 4. This system does not comprise a
furnace, but does include a container 18, which is trans-
portable and provided with a heater, as a basic unit along
the treating line.

[0023] The recycling process performed by the system
according to this example is a process to treat multiple
containers 18 in parallel by passing the containers 18 in
order of steps 1 to 6 as shown in Fig. 1 and Fig. 2. Among
the steps 1 to 6, step 1 corresponds to the above-de-
scribed first step, steps 2 to 5 correspond to the above-
described second step, and step 6 corresponds to the
above-described third step. Among the pipelines in the
pipe arrangement 20 as shown in Fig. 2; nitrogen pipes
21 correspond to the above-described first pipeline; and
an oxygen/moisture conduit 22, a chlorine/miscellaneous
gas conduit 23, and miscellaneous gas pipes 24 corre-
spond to the second pipeline. The individual pipelines
are separately disposed according to gas type such that
gas supply/recovery can be performed separately ac-
cording to gas type, and such that the gas in each pipeline
does not come into contact with the outside air.- In this
example, waste containing water, chlorine, and high-mo-
lecular compounds other than carbon and metal corre-
spond to the above-described object to be treated, a sub-
stance group extracted through the pipeline in steps 2 to
5 corresponds to the above-described first product, and
a substance group remaining in the container 18 after
step 6 is completed corresponds to the above-described
second product.

[0024] The container 18 is comprised of a cylindrical
bottomed box container body 181 and a lid 182 as shown
in Fig. 3. Specifically, the top of the container body 181
has an opening for inserting the object waste into the
container 18 and for removing the second product from
the container 18. The lid 182 is also used to close the
opening and provide the container 18 with an airtight seal.
As shown in Figs. 3 (B) and 3 (C), wheels 183 are dis-
posed as transport assisting members on the bottom face
of the container body 181 to make the container 18 trans-
portable. The wheels 183 can be used to move the con-
tainer 18 along a track 19 shown in Fig. 1 and Fig. 2, to
bring in the container 18 onto the track 19 and to take
out the container 18 from the track 19, and to remove the
container 18 from the track 19 by partly turning the track
19, in the event of a failure or the like as shown in Fig.
4. The wheels 183 are, of course, just one example of
transport assisting structures that can be provided to
ease movement of the container 18. In another example,
handles or races may be disposed instead of or together
with the wheels 183 to perform the same function. When
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the handles are mounted on the top or the side of the
container 18, the container 18 can be hoisted for trans-
portation by human or machine power, and when the
races are formed on the bottom face of the container 18,
the container 18 can be lifted for transportation by a forklift
truck or the like. The container 18 can be configured to
have a flat bottom surface so that it may be conveyed by
a conveyor belt. In practice, the container body may have
a form other than a cylindrical bottomed box type as suits
the waste to be treated. For example, the container body
may have a rectangular bottomed box shape with a side-
opening lid. The rectangular bottomed box container
body with a side-opening lid has an advantage that the
container can be inserted with waste by working on the
container rails without lifting.

[0025] A heater 185 is incorporated into the side wall,
bottom, and a pole 184 installed upright on the bottom
of the container body 181. An example of a heater built
into the side wall is shown in Fig. 3(E). The container
body 181 has a structure in which the heater 185, which
may be, for example, an infrared carbon ceramic heater
or a carbon filament heater, is mounted on the inside
surface of a metallic member 186 made of iron or a similar
metal. A protective net 187 prevents the heater 185 from
falling by pressing the heater 185 against the inside sur-
face of the metallic member 186. The protective net 187
can also prevent the heater 185 from being soiled by
direct contact with the object. Additionally, an insulating
material 189 is disposed between the outside surface of
the metallic member 186 and an externally positioned
exterior material 188. Thus, because heat can be pre-
vented from escaping from the container 18, to the object
can be efficiently heated, and it handling of the container
18 when it is moved from one step to the next step is
simplified. Further, a plurality of poles 184 may be pro-
vided in appropriate numbers and positions considering
the volume of the container body 181 and the like, to
ensure uniform heating of all contents of the container
body 181. Wiring for supplying the heater 185 with power
is not shown because appropriate wiring can be designed
by an engineer or one skilled in the art according to the
disclosure of the present application. The heater 185 is
not limited to configurations in which it is disposed along
the entire wall surface and the overall height. For exam-
ple, an upper limit line of the filled amount of the object
may be set slightly above the top of the pole-184 and
slightly below the bottom surface of the lid 182, and the
heater 185 maybe disposed just below the line. In the
drawings, 18a indicates a power switch for the heater
185, which may be, for example, incorporated into the
container body 181 to activate the supply of electricity to
the heater 185 when the container 18 reaches a pre-
scribed position on the track 19.

[0026] The lid 182 is attached to the opening of the
container body 181 to separate the contents of the con-
tainer 18 from the outside air while performing the steps
1to 6 shown in Fig. 1 and Fig. 2. The lid 182 is designed
to have dimensions matching the dimensions of the
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opening of the container body 181 so that the container
18 will have an airtight seal when the lid 182 is fitted to
the top opening of the container body 181. As shown in
Fig. 3(D), a small number (three in the drawing) of pro-
jections are formed on the edge of the lid 182 as fixing
parts 18b for fixing the lid 182 to the opening of the con-
tainer body 181. When the lid is installed, the fixing parts
18b engage with recesses formed in the inside wall of
the opening of the container 181 to fix the lid 182 to the
container body 181 as shown in Fig. 3(B). As shown in
Figs. 3(A) and (D), a small number (two in the drawing)
handles 18c are formed on the top surface of the lid 182
so that the lid 182 can be detached from the container
body 181, either manually or by use of a lid fitting device
7 of Fig. 1.

[0027] In the lid 182 is also formed an inlet 18d for
introducing nitrogen into the container 18 when itis in a
sealed state and an outlet 18e for discharging gases dis-
charged from the contents during heating and the atmos-
phere expelled from the airtight container 18 by the in-
troduction of nitrogen. The inlet 18d and the outlet 18e
may alternatively be formed in the container body 181.
In steps 1 to 6, the first and second pipelines are respec-
tively connected to the inlet 18d and the outlet 18e. The
inlet 18d and the outlet 18e are provided with an appro-
priate lid or valve (each pipeline is also provided with a
lid or a valve in the same manner), so that, when the
container 18 is moved from one step to the next step, it
is possible to maintain the container 18 in a sealed state
even when the pipelines are disconnected from the con-
tainer 18, to thereby prevent air from entering the con-
tainer 18 and to prevent gas, such as chlorine, from leak-
ing from the container 18 when the container 18 is sep-
arated from the pipelines. The lid 182 may also be pro-
vided with a microwave generator which can be used for
dehydration or the like of raw waste or the like in step 2
and an auxiliary machine mounting section 18ffor mount-
ing various types of electrical auxiliary machines. Sen-
sors or probes, such as atemperature sensor and a pres-
sure sensor, used to control heating by the heater 185
and to control the individual steps can also be incorpo-
rated into the lid 182 or the individual pipelines. Wiring
for control, such as wiring within and around the container
182 and also wiring relevant to an electrical control panel
8 to be described later are not shown. Such wiring can
be designed by any engineer or anyone skilled in the art
according to the disclosure of the present application.
The bottom face of the lid 182 is provided with a filter 18g
to prevent an unnecessary matter from adhering to the
sensors/probes and the unnecessary matter from being
discharged through the outlet 18e or the like as shown
in Fig. 3 (B).

[0028] Recycling by heating in an oxygen-free atmos-
phere is performed in steps 1 to 6. Step 1 is a step to
replace the atmosphere in the container 18 with an oxy-
gen-free atmosphere by injecting nitrogen into the con-
tainer. This process is performed in a state with the heater
185 off, in other words, in a state wherein the temperature
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within the container 18 is room temperature or a normal
temperature. In step 1, the nitrogen conduit 21 is con-
nected to the inlet 18d of the airtight container 18 in which
waste has been place, and the oxygen/vapor conduit 22
is connected to the outlet 18e, so that there is no con-
nection with the air outside of the container 18. A nitrogen
gas generating device 9 is a device to generate nitrogen
under control by the electrical control panel 8 and is pro-
vided with a compressor 10 for compressing the gas. The
nitrogen gas generating device 9 extracts nitrogen from
the compressed air and delivers it to the nitrogen conduit
21. Naturally, another reducing or inert gas may be used
instead of nitrogen. However, nitrogen is advantageous
because it can be produced at a low cost by extraction
from the atmosphere, and because it causes relatively
very little damage. Nitrogen delivered into the nitrogen
conduit 21 enters the container 18 through the inlet 18d.
The existing gas, e.g., the air, contained in the container
18 is expelled from the container 18 through the outlet
18e and delivered to the oxygen/vapor conduit 22. Step
1 is continued until the concentration of oxygen in the
container 18 falls below a prescribed concentration, or
until after elapse of an amount of time sufficient to ac-
complish such a drop in oxygen concentration. After step
1 has been completed, the nitrogen conduit 21 is sepa-
rated from the inlet 18d, and the oxygen/vapor conduit
22 is separated from the outlet 18e. The inlet 18d and
the outlet 18e are closed to maintain the airtight state of
the container 18, as described above, until they are con-
nected again to the pipelinesin step 2. The same process
is also applied when the container is moved between
other steps.

[0029] Before injection of nitrogen is started, it is nec-
essary to insert the object waste into the container body
181, place the container 18 on the track 19 so that it can
be moved to the implementation position of step 1, and
to seal the container 18 by fitting the lid 182 to the opening
of the container body 181. The order and details of the
operations can be determined as required. For example,
a procedure in which an empty container 18 which is
covered with the lid 182 is brought in, the lid 182 is re-
moved tofill the container, and the lid 182 is then replaced
may be performed. Alternatively, a procedure in which
the container body 181 is first provided without the lid
182, and the container is sealed with lid 182 after the
container has been filled with waste may be employed.
Still alternatively, the container body 181 already filled
with waste may be provided such that only installation of
the lid 182 is required may also be used. The operations
to fill the container and seal it with the lid 182 can be
performed in an ordinary atmosphere, or a method by
which the air is discharged from the container 18 to de-
pressurize it and nitrogen is introduced into the container
18 can also be employed. The lid mounting device 7 of
Fig. 1 is a device for attaching and removing the lid 182
on the track 19 inresponse to an operation. Itis desirable
to provide a crushing machine or the like (not shown) for
use when the object waste is excessively large in com-
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parison with the size of the container 18.

[0030] The container 18 having its inside atmosphere
replaced with an oxygen-free atmosphere step 1 is
moved to the implementation position of step 2. In step
2, the nitrogen conduit 21 is connected to the inlet 18d,
the oxygen/vapor conduit 22 is connected to the outlet
18e, and the heater 185 is turned on. The supply of elec-
tricity to the heater 185 in step 2 is controlled so as to
provide a temperature of 150°Cfor a period of time suf-
ficient to substantially complete extraction of the water
content of the waste. This control may be made autono-
mously in the container 18 while receiving feedback from
the temperature sensor within the container 18, or while
sequentially monitoring output of the temperature sensor
by the electrical control panel 8. In the above step, the
object is heated to the boiling point of water in the con-
tainer 18 to vaporize the water content from the waste.
A microwave generator or the like may be incorporated
into the auxiliary machine mounting section 18f for use
in conjunction with the heater 185 so as to promote the
vaporization of water. The vaporized water content,
namely water vapor liberated from the object, is expelled
into the oxygen/vapor conduit 22 as the inside pressure
of the container 18 increases with the vaporization or as
nitrogen is introduced through the nitrogen conduit 21.
Therefore, gas containing the water content, oxygen, ni-
trogen and the like is delivered to the oxygen/vapor con-
duit 22. This gas has the same components as the normal
atmosphere, but with the ratio of nitrogen increased and
an increased water content. As such, emission to the
atmosphere of this untreated gas has no negative effect
on the environment. However, because the recovered
gas contains recyclable components as well as usable
heat, it is preferable to recover and cool the gas sent to
the oxygen conduit 22 for reuse, using, for example, a
gas cooling device 11 used as a heat exchanger. In Fig.
1, 12 is a water tank belonging to the heat exchanger,
and 13 is a cooling tower.

[0031] After the inside of the container 18 is dried in
step 2, the process moves to step 3 to liberate chlorine
for extraction. First, the container 18 is moved to the im-
plementation position of step 3, the nitrogen conduit 21
is connected to the inlet 18d, and the chlorine/miscella-
neous gas conduit 23 is connected to the outlet 18e. In
step 3, the heating temperature is controlled to a tem-
perature of about 200 °C to 350°C, the temperature at
which chlorine is vaporized and liberated from the object
but high-molecular gas is not decomposed by heat, using
the heater 185, and this temperature is maintained until
all or substantially all chlorine has been extracted. Be-
cause the container 18 has an oxygen-free atmosphere
and no internal combustion, and the chlorine/miscella-
neous gas conduit 23 is not open to the atmosphere,
harmful dioxins and the like are not produced from the
liberated chlorine. Gas which contains chlorine and var-
ious miscellaneous gases liberated from the waste is de-
livered to the chlorine/miscellaneous gas conduit 23 and
recovered and cooled by the gas cooling device 11. The
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resulting liquid (e.g., chlorine ion water) can be stored in
a liquid tank 11a. Gas which could not be liquefied by the
gas cooling device 11, is neutralized by, for example, a
demineralizer 11b using sodium hydroxide so to convert
to a liquid mainly containing salt water. A very small
amount of gas (e.g., ethanol-based gas usually existing
in the natural world) is rendered harmless by means of
a neutralizing machine using slaked lime or the like. A
device for separating components according to mass dif-
ferences may also be used as the demineralizer. Gas
having passed through the demineralizer 11b, e.g., mis-
cellaneous gas, can be compressed using, for example,
a compressor 14, and stored in a cylinder 15. The mis-
cellaneous gas does not contain chlorine, and no dioxins
will be produced, even if it the gas is burned by a burner
or the like.

[0032] Step 3 is followed by step 4 for extracting hy-
drocarbon-based high-molecular compounds by vapor-
izing and liberating. The nitrogen conduit 21 is connected
to the inlet 18d of the container 18 which is moved to the
implementation position of step 4 and the miscellaneous
gas conduit 24 is connected to the outlet 18e. Using the
heater 185, the temperature within the container is con-
trolled to a temperature at which component high-molec-
ulargases are liberated from the object, specifically about
350°C t0 450°C, and this temperature is maintained long
enough for substantially complete extraction of the high-
molecular gas. Because the container 18 has an oxygen-
free atmosphere and no internal combustion in it, and
the miscellaneous gas conduit 24 is not open to the at-
mosphere, carbon dioxide, etc. are not generated from
the liberated high-molecular gas. The gas containing the
high-molecular gas liberated from the object in addition
to nitrogen is delivered into the miscellaneous gas con-
duit 24 and recovered by the gas cooling device 11. The
gas cooling device 11 cools the recovered gas independ-
ent of the gas recovered in other steps to obtain naphtha,
which is equivalent to Heavy fuel oil A.

[0033] Step4isfollowed by step 5 for adhering carbon.
The nitrogen conduit 21 is connected to the inlet 18d of
the container 18 which is moved to the implementation
position of step 5 and the miscellaneous gas conduit 24
is connected to the outlet 18e. Using the heater 185, the
temperature is maintained at about 450°C for a period of
time sufficient for the adherence of carbon. Here, carbon
dioxide and the like are not produced for the same reason
as in the above description regarding step 4. The high-
molecular gas recovered in this step is treated in the
same manner as the high-molecular gas recovered in
step 4.

[0034] Step 5is followed by step 6 for cooling the prod-
uct remaining in the container 18 after the treatment. A
nitrogen conduit 21 from a nitrogen transport machine
16 is connected to the inlet 18d of the container 18 which
is moved to the implementation position of step 6, the
nitrogen conduit 21 from a cooling liquid nitrogen tank 17
is connected to the outlet 18e, and the heater 185 is
turned off. While maintaining the airtight seal and oxygen-
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free atmosphere in the container 18, the inside of the
container is cooled down to a temperature lower than the
temperature at which carbon begins to burn by introduc-
ing low-temperature nitrogen gas from the cooling liquid
nitrogen tank 17. When the temperature inside the con-
tainer has cooled down to, for example, approximately
50°C to 100°C, carbon in the container does not rapidly
oxidize, even when the lid 182 is opened to expose the
contents to the atmosphere. Because the object waste
is not exposed to a high temperature at which the prop-
erties of metal are changed in any of the steps 1 to 6, the
product remainingin the container 18 when step 6 is com-
pleted contains carbon which is not oxidized and metal
with unchanged properties and can therefore be reusedin
its form at that time or recycled by a relatively simple
additional treatment. It is also possible to separate and
extract desired metal from the product remaining in the
container using mass differences to sort the materials.
The nitrogen used in this step can also be transported
by the nitrogen transport machine 16 for reuse to the gas
cooling device 11 through a nitrogen recycling conduit
25. Nitrogen gas may be introduced from the nitrogen
gas generating device 9, which may replace the use of
liquid nitrogen. Otherwise, the container 18 may be left
standing sealed in an airtight state. The inside of the con-
tainer 18 can be cooled down by simply leaving it for a
sufficient time. Exposure to normal temperature is pref-
erable for reducing the thermal stress applied to the con-
tainer 18.

[0035] As described above, according to the preferred
embodiment of the invention, the treatment is performed
by a thermal decomposition process not involving com-
bustion, so that reusable carbon can be obtained at the
end of step 6 without producing carbon dioxide or sulfur
oxide. Further, because heating is performed in an oxy-
gen-free atmosphere and the temperature in the contain-
er 18 is not raised beyond approximately 450°C, the met-
al components in the object waste are not oxidized nor
are their properties altered. These metals remain in the
container 18 in a reusable state, and no heavy metals
are dissipated. Further, no dioxins are produced because
the object waste is exposed to temperatures sufficiently
high to liberate chlorine and high-molecular compounds.
According to measured results of object waste to which
the presentinvention was applied, the amount of residual
dioxins was 103 ng-TEQ/g (TEQ: toxicity equivalence
quantity) or less, an amount which is substantially equal
to zero. Because the temperature in the container 18 is
merely raised to approximately 450°C, nitrogen oxide is
net produced, regardless of heating in the atmosphere
mainly containing nitrogen. Soot is not emitted because
the object in the container is not burnt or stirred, and
gases such as chlorine, high-molecular compounds, and
the like produced in the treating process can be liquefied
by the gas cooling device 11 for recycling. Most of the
object waste is recycled, and the reclamation disposal or
the like of the residue can be substantially eliminated.
[0036] Further, because the container 18 having the



13 EP 1 522 355 B9 14

heater 185 is transportable, it is not necessary to install,
maintain, or operate a furnace, and energy required for
the treatment is reduced. As a result, advantageous ef-
fects such as reductions in the scale of equipment, in-
stallation space requirements, cost, and labor can all be
obtained simultaneous with improvements in the efficient
of recycling. For example, when the system is configured
using the containers 18 having an inner diameter of ap-
proximately 500 mm, the amount of space required is
only approximately 6mx2m, even when arelatively large
interval | set between the adjacent containers. When the
containers 18 have such dimensions, a relatively low
power heater 185 can be used to heat the object waste
to the target temperatures.

[0037] Inapreferred embodiment of the presentinven-
tion, the implementation location is divided into areas for
individual steps, and pipelines are separately disposed
for the individual implementation places as shown in Fig.
1 and Fig. 2. Thus, the number of pipeline connection
ports (the inlet 18d and the outlet 18e in the above de-
scription) formed in the container 18 can be reduced, and
the container 18 can be configured to be compact, simple,
and low cost. Because the container 18 is moved from
one step location to another, as in an assembly line, to
perform a. series of steps, a plurality of containers 18
can be treated simultaneously, and a waste treatment
efficiency can be increased.

[0038] Alternatively, the present invention can be per-
formed by determining a common location for the imple-
mentation of the first and second steps. This makes it
possible to conduct the individual steps without moving
the container, and all pipelines required for the first and
second steps can be provided at one location. In a pre-
ferred embodiment of the present invention, it is neces-
sary to measure a number of values, which complicates
the configuration of the container and arrangement of the
pipelines and conduits. Multiple pipeline connection ports
may be provided in the container so that different ports
are used for each step or each type of gas, or a valve
may be formed on the side of the conduit arrangement
so that a pipeline may be used in common, in multiple
steps. This configuration realizes additional advantages
inthatitis not necessary to move the container, the space
occupied by the treatment line can be reduced, and the
like. In any case, it is to be understood that the system
configurations shown in Fig. 1 and Fig. 2 and the con-
tainer structure shown in Fig. 3 can be modified in various
ways without impairing the basic advantages of the in-
vention, and such various modifications are included in
the scope of the present invention.

[0039] Next, a method of producing inert carbon from
scrap tires, rubber, vinyl, plastic and other petroleum and
resin-based high-molecular compounds, and a method
of producing carbon nanotubes and activated carbon by
additional treatment of the obtained inert carbon, all using
the carbon material manufacturing system of the present
invention, will be described. Fig. 5 is an explanatory view
showing a configuration of a carbon material manufac-
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turing system according to an example of the embodi-
ment of the invention, and particularly the outline of a
treatment line and its incidental equipment. Each of the
steps 1 to 6 is performed in substantially the same man-
ner as the steps shown in Fig. 1 and Fig. 2, and the same
reference numerals are given to the components of Fig.
5 which are identical to those shown in Figs. 1 to Fig. 3.
[0040] First, a high-molecular compound which is an
object 27 to be treated is put on a belt conveyor and
conveyed to a container filling device 29. The container
filling device 29 opens a square bottomed box container
18 with a side-opening lid to insert the object into it and
closes the lid to seal the container 18. The container 18
is a side-opening lid type to allow inserting and discharg-
ing of the object 27 from the side of the container. Other
configurations of forming the nitrogen gas inlet 18d and
the gas outlet 18e on the top and having the heater 185
builtin the inside wall are the same as those of the circular
bottomed container 181 described above. The container
18 in which the object 27 is filled is moved to the first step
along the track 19 for transporting the container 18.
[0041] In step 1, the inside of the container 18 is filled
with a nitrogen atmosphere. Here, the nitrogen conduit
21 is connected to the inlet 18d, and the oxygen/vapor
conduit 22 is connected to the outlet 18e. Nitrogen from
the nitrogen generating device 9 is introduced into the
container 18 through the inlet 18d via the nitrogen conduit
21. When the nitrogen is introduced into the container
18, air (oxygen) is discharged to the oxygen/vapor con-
duit 22 through the outlet 18e. Thus, the oxygen is re-
moved, and the container 18 is filled with an oxygen-free
nitrogen atmosphere.

[0042] The container 18 filled with the nitrogen atmos-
phere is moved to a second step for drying. In the second
step, the nitrogen conduit 21 is connected to the inlet
18d, and the oxygen/vapor conduit 22 is connected to
the outlet 18e. While preserving the nitrogen atmos-
phere, the built-in heater 185 is turned on to heat the
insider of the containerto approximately 150°C. This tem-
perature is maintained until the container inside and the
object 27 become dry.

[0043] The container 18, the insider of which was dried
in step 2, is then moved to step 3 for liberating and ex-
tracting chlorine and step 4 for liberating and extracting
a high-molecular compound. This is accomplished by
moving the container 18 to the implementation locations
of steps 3 and 4, where the nitrogen conduit 21 is con-
nected to the inlet 18d and the chlorine/miscellaneous
gas conduit 23 is connected to the outlet 18e. To switch
between steps 3 and 4, the container 18 may be moved,
but in the present example the operations of both steps
are performed at the same location. Thus, the operation
to move the container between steps 3 and 4 can be
omitted.

[0044] In step 3 the heater is controlled to maintain a
heating temperature in arange of 200°C to 350°C in order
that the chlorine is vaporized and liberated from the ob-
ject, but that high-molecular gas is not decomposed by
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heat. This temperature is maintained for a length of time
sufficient for substantially complete extraction of chlo-
rine. No dioxins are produced from the liberated chlorine
because the container 18 has an oxygen-free atmos-
phere, there is no combustion, and the-chlorine/miscel-
laneous gas conduit 23 is not open to the atmosphere.
[0045] Step 3 is followed by step 4. Control is per-
formed such that the nitrogen conduit 21 is kept connect-
ed to the inlet 18d of the container 18 and the miscella-
neous gas conduit 24 is kept connected to the outlet 18e
as in step 3, the heating temperature by the heater 185
is a temperature, specifically 350°C to 450°C, at which
high-molecular gases are liberated from the object, and
the temperature is maintained for a time sufficient for
substantially complete extraction of the high-molecular
gases. Carbon dioxide or the like is not produced from
the liberated high-molecular gases because the contain-
er 18 has an oxygen-free atmosphere, combustion is not
caused, and the miscellaneous gas conduit 24 is not open
to the atmosphere.

[0046] Steps 3 and 4 are followed by step 5 for adher-
ing carbon. The nitrogen conduit 21 is connected to the
inlet 18d of the container 18 which is moved to the im-
plementation place of step 5, and the miscellaneous gas
conduit 24 is connected to the outlet 18e. The heater 185
is controlled so that the temperature remains within a
range of 450°C to 500°C for a length of time sufficient to
adhere carbon. At such a temperature, the object 27 has
a high adhesion rate of carbon to provide inert carbon of
superior quality. If the temperature becomes higher than
that level, the carbon will have a small volume and may
become stiff.Because this system operates in a nitrogen
atmosphere or oxygen-free atmosphere, inert carbon
can be obtained efficiently without an intermediate stage
of activated carbon as a carbon material.

[0047] Step 5isfollowed by step 6 for cooling the prod-
uct remaining in the container 18. The heater 185 is
turned off. In step 6, the container 18 is kept in a. state
isolated from the air and has the oxygen-free atmosphere
init, and low-temperature nitrogen gas is introduced from
a cooling liquid nitrogen tank (not shown) to cool the con-
tainer to a temperature lower than that at which carbon
will burn. Thus, when the container 18 is cooled to, for
example, approximately 50°C to 100°C, the lid of the con-
tainer 18 can be opened without oxidizing the carbon in
the container. By cooling as described above, inert car-
bon (second product) 33 is obtained as a residue of the
object 27

[0048] The container 18 containing the inert carbon 33
is moved to an acquisition device 31. The acquisition
device 31 opens the lid of the container 18, retrieves the
inert carbon 33, which is a residue of the object 27, from
inside the container interior, and places the obtained inert
carbon 33 on the conveyor belt at the exit. The container
18, which is now empty because the inert carbon 33 was
removed, is put on the track 19 and again moved to the
container filling device 29 to allow inserting a fresh object
27. The charged container 18 repeats the above-de-
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scribed steps and is refilled with an object by the con-
tainer inserting device 29. Thus, a large amount of inert
carbon 33 can be produced directly and inexpensively
from the target material, without activated carbon, by con-
tinuous production based on the container flowing oper-
ation.

[0049] The obtained inert carbon can be treated by an
inert carbon treating device 35 to produce activated car-
bon, carbon nanotubes, and other various carbon mate-
rials. For example, an activation treating device may be
used as the inert carbon treating device 35 to treat the
activated carbon. The inert carbon 33 removed from the
acquisition device 31 by the belt conveyor is conveyed
into the activation treating device.35. The inert carbon
33 placed in the-activation treating device 35 can be ac-
tivated with high-temperature vapor gas to obtain acti-
vated carbon. Meanwhile, a carbon nanotube manufac-
turing device is used as the inert carbon treating device
35 to produce carbon nanotubes as a carbon material.
The manufacturing device may be a device capable of
producing carbon nanotubes from the inert carbon, for
example, adevice using an arc discharge method, alaser
vaporization method, a steam-activation method or the
like, but such a device is not exclusive. For example, a
method of producing carbon nanotubes using a carbon
nanotube manufacturing device using an arc discharge
method as the inert carbon treating device will be de-
scribed. The inside of the carbon nanotube manufactur-
ing device is filled with an inert gas, preferably helium.
Here, the inert carbon 33 removed by the conveyor belt
from the acquisition device 31 of Fig. 5 is conveyed into
the carbon nanotube manufacturing device used as the
inert carbon treating device 35. The inert carbon 33 is
set as the anode in the carbon nanotube manufacturing
device. After setting, a current of approximately 100A is
passed between the inert carbon 3 and the cathode to
cause anarcdischarge. The inertcarbon 33 as the anode
is evaporated as carbon vapor by the arc discharge. The
carbon vapor is directly condensed at the leading end of
the cathode to become carbon nanotubes. Thus, carbon
nanotubes are produced. The produced carbon nano-
tubes are often multilayer carbon nanotubes, butiitis also
possible to produce single-layer carbon nanotubes by
including catalytic metals (e.g., Fe, Ni, Co, Y or La and
its alloy) in the inert carbon 33 set as the anode.

[0050] Asdescribed above, alarge amountofinert car-
bon 33 can be produced at a low cost from the object 27-
by continuous production based on the-capability of con-
tainer flowing operation which is a feature of the inven-
tion. Therefore, the incorporation of the inert carbon treat-
ing device 35 into the presentinvention enables low-cost
production of large quantities of high-quality activated
carbon or carbon nanotubes.

INDUSTRIAL APPLICABILITY

[0051] The recycling method and system according to
the present invention can efficiently perform low-cost re-
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cycling of wastes such as high-molecular compounds us-
ing small-scale equipment and without creating unnec-
essary or toxic waste. In other words, production of car-
bon dioxide, dioxin, or oxidized compounds during the
treatment can be prevented, as can the corresponding
environmental (air, soil, water, etc.) pollution. Thus, the
present invention can realize contributions to society and
the environment in addition to industrial applicability.
[0052] The carbon material manufacturing method and
system of the invention can recycle high-molecular com-
pounds to effectively produce inert carbon from the high-
molecular compounds.

[0053] The carbon material manufacturing method and
system of the present invention can recycle high-molec-
ular compounds to produce inert carbon and can also
produce from the produced inert carbon useful carbon
materials such as carbon nanotubes and activated car-
bon in a large amount at a low cost by continuous pro-
duction. Creation of a new industry can be expected
based on the above large-scale, low-cost productivity.
Use of carbon nanotubes, which were heretofore expen-
sive and not commonly used in ordinary-commodities,
can be promoted, and their physical properties-such as
lightweight and high strength can be easily utilized for
producing and enhancing those commodities.

[0054] Further, the container of the invention is easily
handled when used for either the recycling method and
system or the carbon material manufacturing method and
system described above.

Claims
1. A recycling method, comprising:

a first step of replacing the atmosphere in a con-
tainer (18) containing an object to be treated with
an oxygen-free atmosphere;

a second step of heating the object in the con-
tainer to a prescribed temperature using a heat-
er (185) preinstalled in the container while main-
taining the oxygen-free atmosphere in the con-
tainer in order to liberate a specific gas from the
object, and guiding the liberated gas as a first
product to an outside device of the container-
while maintaining the first product in a state iso-
lated from the air to obtain the first product in a
fluid state; and

a third step of cooling the inside of the container
to a temperature lower than the temperature at
which carbon will burn while continuously main-
taining the oxygen-free atmosphere in the con-
tainer and obtaining a residue remaining in the
container as a secondproduct.

2. Arecycling method according to Claim 1, wherein:

the second step is performed two or more times;
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10

a heating temperature of the object in each of
the plurality of second steps is determined so
that the heating temperature in a following step
is higher than that in the preceding second step
and according to the gas to be liberated as the
first product in that step; and

a guiding route and a guided destination for ac-
quisition of the first product are separately de-
termined for each of the plurality of second
steps.

A recycling method according to Claim 1, wherein
the second step is any of a step of obtaining water
as the first product, a step of obtaining a fluid con-
taining chlorine as the first product, and a step of
obtaining a high-molecular gas or a fluid produced
from the high-molecular gas as the first product.

A recycling method according to Claim 1, wherein:

the first step is performed with a first device for
feeding at least a reducing gas or an inert gas
connected to the container through a first pipe-
line;

the second step is performed with the first device
connected to the container through the first pipe-
line and a second device as the outside device
of the container connected to the container
through a second pipeline; and

the container is placed in a sealed state when it
is necessary to disconnect the pipeline between
the container and the first or second device in
order to move the container from one step to a
next step.

A recycling method according to Claim 4, wherein a
different implementation location is determined for
each step, and a pipeline required for implementa-
tion of each step at the individual implementation
locations is extended to the implementation location
so to allow simultaneous treatment of a plurality of
containers in an assembly-line method by sequen-
tially moving the containers from one step to a next
step.

A recycling system according to Claim 4, wherein
the implementation locations of at least the first and
second steps are designed to be a common location
to enable the performance of at least the first and
second steps without moving the container, and all
pipelines required for the first and second steps are
extended to said common location.

A recycling system, comprising:
conversion means for replacing the atmosphere

in a container containing an object to be treated
with an oxygen-free atmosphere;
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first product obtaining means for heating the ob-
jectin the container to a prescribed temperature
using a heater installed in the container while
maintaining the oxygen-free atmosphere in the

10. A carbon material manufacturing method according
to Claim 9, wherein carbon nanotubes are produced
from the inert carbon obtained at the third step.

tainer and obtaining inert carbon as a second
product which is a residue remaining in the con-
tainer.

11

container in order to liberate a prescribed gas 5 11. A carbon material manufacturing method according
from the object and guiding the liberated gas as to Claim 9, wherein activated carbon is produced
a first product to an outside device of the con- from the inert carbon obtained at the third step.
tainer while maintaining the liberated gas in a
state isolated from the air in order to obtain the 12. A container used to perform a recycling method,
first product in a fluid state; and 10 wherein:
second product obtaining means for cooling the
inside of the container to a temperature lower the container is formed to have a covered open-
than the temperature at which carbon will burn ing through which may be inserted an object to
while continuously maintaining the oxygen-free be treated and through which may be retrieved
atmosphereinthe containerand obtainingares- 15 asecond product, aninlet to which afirst pipeline
idue remaining in the container as a second is connected, and an outlet to which a second
product. pipeline is connected and further provided with:
8. A recycling system according to Claim 7, wherein: a transport assisting structure for use when
20 moving the container, and
the conversion means are means for converting a heater installed within the container for
the atmosphere in the container to an oxygen- heating the object in the container.
free atmosphere using a first device for feeding
atleast areducing gas or an inert gas connected
to a container through a first pipeline; 25 Patentanspriiche
the first product obtaining means are means for
obtaining the first product by the second device Recyclingverfahren, aufweisend:
with the first device connected to the container
through the first pipeline and a second device einen ersten Schritt des Ersetzens der Atmo-
as the outside device of the container connected 30 sphére in einem einen zu behandelnden Gegen-
to the container through a second pipeline; and stand enthaltenden Behélter (18) durch eine
the container is placed in a sealed state when sauerstofffreie Atmosphare;
the pipeline between the container and the first einen zweiten Schritt des Erwarmens des Ge-
or second device is disconnected. genstandes in dem Behalter auf eine bestimmte
35 Temperatur mittels einer Heizung (185), die in
9. A carbon material manufacturing method, compris- dem Behalter vorinstalliert ist, wahrend die sau-
i erstofffreie Atmosphare in dem Behalter beibe-
halten wird, um ein bestimmtes Gas aus dem
afirst step of replacing the atmosphere in-a con- Gegenstand freizusetzen, und des Fiihrens des
tainer containing a high-molecular compound 40 freigesetzten Gases als ein erstes Produkt zu
with an oxygen-free atmosphere; einer dulReren Vorrichtung des Behélters, wah-
a second step of heating an object to be treated rend das erste Produkt in einem von der Luft
in the container to a prescribed temperature us- isolierten Zustand gehalten wird, um das erste
ing a heater installed in the container while main- Produkt in einem fliissigen Zustand zu gewin-
taining the oxygen-free atmosphere in the con- 45 nen; und
tainer in order to liberate a prescribed gas from einen dritten Schritt des Kihlens der Innenseite
the object and guiding the liberated gas as a first des Behalters auf eine Temperatur, die niedriger
product to an outside device of the container als die Temperatur ist, bei welcher Kohlenstoff
while maintaining the liberated gas in a state iso- verbrennt, wahrend die sauerstofffreie Atmo-
lated from the air in order to obtain the first prod- 50 sphare in dem Behalter kontinuierlich beibehal-
uct in a fluid state; and ten wird und ein in dem Behalter als ein zweites
a third step of cooling the inside of the container Produkt verbleibender Rest gewonnen wird.
to a temperature lower than the temperature at
which carbon will burn while continuously main- 2. Recyclingverfahren nach Anspruch 1, wobei:
taining the oxygen-free atmosphere in the con- 55

der zweite Schritt zwei oder mehrere Male
durchgeflhrt wird;
eine Erwarmungstemperatur des Gegenstan-
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desin jedemder Mehrzahl von zweiten Schritten
derart bestimmtwird, dass die Erwarmungstem-
peratur in einem nachstfolgenden Schritt hdher
als die in dem vorhergehenden zweiten Schritt
und entsprechend dem als das erste Produkt
freizusetzenden Gas in diesem Schritt ist; und
eine FUhrungsroute und ein gefiihrter Zielort fir
die Erfassung des ersten Produktes fur jeden
der Mehrzahl von zweiten Schritten separat be-
stimmt werden.

Recyclingverfahren nach Anspruch 1, wobei der
zweite Schritt irgendeiner von einem Schritt des Ge-
winnens von Wasser als das erste Produkt, einem
Schritt des Gewinnens einer Chlor enthaltenden
Flussigkeit als das erste Produkt, und einem Schritt
des Gewinnens eines hochmolekularen Gases oder
einer aus dem hochmolekularen Gas erzeugten
Flussigkeit als das erste Produkt ist.

Recyclingverfahren nach Anspruch 1, wobei:

der erste Schritt mit einer Uber eine erste Rohr-
leitung mit dem Behalter verbundenen ersten
Vorrichtung zum Zufiilhren wenigstens eines
Reduktionsgases oder eines Inertgases durch-
gefihrt wird;

der zweite Schritt mit der Uber die erste Rohr-
leitung mit dem Behalter verbundenen ersten
Vorrichtung und einer Gber eine zweite Rohrlei-
tung mit dem Behalter verbundenen zweiten
Vorrichtung als die au3ere Vorrichtung des Be-
hélters durchgefihrt wird; und

der Behélter in einem abgedichteten Zustand
platziert wird, wenn es notwendig ist, die Rohr-
leitung zwischen dem Behélter und der ersten
oder zweiten Vorrichtung zu trennen, um den
Behalter von dem einen Schritt zu einem nach-
sten Schritt zu bewegen.

Recyclingverfahren nach Anspruch 4, wobei eine
unterschiedliche Ausfiihrungsstelle fur jeden Schritt
bestimmtwird, und eine zur Ausfiihrung jedes Schrit-
tes an den einzelnen Ausfiihrungsstellen erforderli-
che Rohrleitung auf die Ausflihrungsstelle derart er-
weitert wird, dass eine gleichzeitige Behandlung ei-
ner Mehrzahl von Behaltern in einem FlieBbandver-
fahren durch fortlaufendes Bewegen der Behalter
von dem einen Schritt zu einem nachsten Schritt er-
mdglicht wird.

Recyclingverfahren nach Anspruch 4, wobei die
Ausfiihrungsstellen von wenigstens dem ersten und
dem zweiten Schritt zu einer gemeinsamen Stelle
gestaltet werden, um die Durchfiihrung von wenig-
stens dem ersten und dem zweiten Schritt zu ermdg-
lichen, ohne den Behalter zu bewegen, und alle fir
den ersten und den zweiten Schritt erforderlichen
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Rohrleitungen auf die gemeinsame Stelle erweitert
werden.

7. Recyclingsystem, aufweisend:

Umwandlungsmittel zum Ersetzen der Atmo-
sphére in einem einen zu behandelnden Gegen-
stand enthaltenden Behalter durch eine sauer-
stofffreie Atmosphare;

erste Produktgewinnungsmittel zum Erwarmen
des Gegenstandes in dem Behélter auf eine be-
stimmte Temperatur mittels einer Heizung, die
in dem Behalter installiert ist, wahrend die sau-
erstofffreie Atmosphare in dem Behalter beibe-
halten wird, um ein bestimmtes Gas aus dem
Gegenstand freizusetzen, und zum Fiihren des
freigesetzten Gases als ein erstes Produkt zu
einer duleren Vorrichtung des Behélters, wah-
rend das freigesetzte Gas in einem von der Luft
isolierten Zustand gehalten wird, um das erste
Produkt in einem fliissigen Zustand zu gewin-
nen; und

zweite Produktgewinnungsmittel zum Kuhlen
der Innenseite des Behalters auf eine Tempe-
ratur, die niedriger als die Temperatur ist, bei
welcher Kohlenstoff verbrennt, wahrend die
sauerstofffreie Atmosphare in dem Behalter
kontinuierlich beibehalten wird und ein in dem
Behalter als ein zweites Produkt verbleibender
Rest gewonnen wird.

8. Recyclingsystem nach Anspruch 7, wobei:

die Umwandlungsmittel Mittel zum Umwandeln
der Atmosphéare in dem Behalter in eine sauer-
stofffreie Atmosphare mittels einer Uber eine er-
ste Rohrleitung mit einem Behéalter verbunde-
nen ersten Vorrichtung zum Zufiihren wenig-
stens eines Reduktionsgases oder eines Inert-
gases sind;

die ersten Produktgewinnungsmittel Mittel zum
Gewinnen des ersten Produktes mittels der Gber
die erste Rohrleitung mit dem Behalter verbun-
denen ersten Vorrichtung und einer uber eine
zweite Rohrleitung mit dem Behalter verbunde-
nen zweiten Vorrichtung als die dauere Vorrich-
tung des Behalters sind; und

der Behalter in einem abgedichteten Zustand
platziert wird, wenn die Rohrleitung zwischen
dem Behalter und der ersten oder zweiten Vor-
richtung getrennt ist.

9. Verfahren zur Herstellung von Kohlenstoffmaterial,

aufweisend:

einen ersten Schritt des Ersetzens der Atmo-
sphére in einem eine hochmolekulare Verbin-
dung enthaltenden Behélter durch eine sauer-
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stofffreie Atmosphare;

einen zweiten Schritt des Erwarmens eines zu
behandelnden Gegenstandes in dem Behalter
auf eine bestimmte Temperatur mittels einer
Heizung, die in dem Behalter installiert ist, wah-
rend die sauerstofffreie Atmosphéare in dem Be-
halter beibehalten wird, um ein bestimmtes Gas
aus dem Gegenstand freizusetzen, und des
Fihrens des freigesetzten Gases als ein erstes
Produkt zu einer duReren Vorrichtung des Be-
halters, wahrend das freigesetzte Gas in einem
von der Luft isolierten Zustand gehalten wird,
um das erste Produkt in einem flissigen Zu-
stand zu gewinnen; und

einen dritten Schritt des Kiihlens der Innenseite
des Behalters auf eine Temperatur, die niedriger
als die Temperatur ist, bei welcher Kohlenstoff
verbrennt, wahrend die sauerstofffreie Atmo-
sphare in dem Behalter kontinuierlich beibehal-
ten wird und ein Inertkohlenstoff als ein zweites
Produkt gewonnen wird, welches ein in dem Be-
halter verbleibender Rest ist.

Verfahren zur Herstellung von Kohlenstoffmaterial
nach Anspruch 9, wobei Kohlenstoff-Nanoréhren
aus dem in dem dritten Schritt gewonnenen Inert-
kohlenstoff erzeugt werden.

Verfahren zur Herstellung von Kohlenstoffmaterial
nach Anspruch 9, wobei Aktivkohle aus dem in dem
dritten Schritt gewonnenen Inertkohlenstoff erzeugt
wird.

Behalter, der zur Durchfiihrung eines Recyclingver-
fahrens verwendet wird, wobei:

der Behalter derart ausgebildet ist, dass er eine
abgedeckte Offnung, durch welche hindurch ein
zu behandelnder Gegenstand eingesetzt wer-
den kannund durch welche hindurch einzweites
Produkt wiedergewonnen werden kann, einen
Einlass, mitwelchem eine erste Rohrleitung ver-
bundenist, und einen Auslass aufweist, mit wel-
chem eine zweite Rohrleitung verbunden ist,
und ferner versehen ist mit:

einer Transporthilfsstruktur zur Verwen-
dung beim Bewegen des Behalters, und
einer Heizung, die in dem Behalter zum Er-
warmen des Gegenstandes in dem Behal-
ter installiert ist.

Revendications

1.

Procédé de recyclage, comprenant :

une premiére étape consistant a remplacer I'at-
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mosphére dans un récipient (18) contenant un
objet a traiter, par une atmosphére dépourvue
d’oxygéne ;

une deuxiéme étape consistant a chaufferI'objet
dans le récipient a une température prédétermi-
née en utilisant un dispositif de chauffage (185)
préinstallé dans le récipient tout en maintenant
I'atmosphére dépourvue d’oxygéne dans le ré-
cipient afin de libérer un gaz spécifique de I'ob-
jet, et guider le gaz libéré en tant que premier
produit jusqu’a un dispositif extérieur du réci-
pient tout en maintenant le premier produit dans
un étatisolé de I'air afin d’obtenir le premier pro-
duit dans un état fluide ; et

une troisieme étape consistant a refroidir I'inté-
rieur du récipient jusqu’a une température infé-
rieure alatempérature alaquelle le carbone bri-
le tout en maintenant de maniére continue I'at-
mosphere dépourvue d’'oxygene dans le réci-
pient et obtenir un résidu restant dans le réci-
pient en tant que deuxiéme produit.

2. Procédé de recyclage selon la revendication 1, dans

lequel :

la deuxiéme étape estréalisée deux fois ou plus;
une température de chauffage de I'objet dans
chacune de la pluralité des deuxiémes étapes
est déterminée de sorte que la température de
chauffage dans une étape suivante est supé-
rieure a celle de la deuxiéme étape précédente,
et selon le gaz a libérer en tant que premier pro-
duit dans cette étape; et

un acheminement de guidage et une destination
guidée pour I'acquisition du premier produit sont
déterminés séparément pour chacune de la plu-
ralité des deuxiémes étapes.

Procédé de recyclage selon la revendication 1, dans
lequel la deuxieme étape est'une quelconque parmi
une étape consistant a obtenir de I'eau en tant que
premier produit, une étape consistant a obtenir un
fluide contenant du chlore en tant que premier pro-
duit, et une étape consistant a obtenir un gaz a poids
moléculaire élevé ou un fluide produit a partir du gaz
a poids moléculaire élevé en tant que premier pro-
duit.

Procédé de recyclage selon la revendication 1, dans
lequel :

la premiere étape est réalisée avec un premier
dispositif pour alimenter au moins un gaz de ré-
duction ou un gaz inerte raccordé au récipient
par une premiere conduite ;

la deuxiéme étape est réalisée avec le premier
dispositif raccordé au récipient par la premiére
conduite et un deuxiéme dispositif en tant que
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dispositif extérieur du récipient raccordé au ré-
cipient par une deuxieme conduite ; et

le récipient est placé dans un état étanche lors-
qu’il faut déconnecter la conduite entre le réci-
pient et le premier ou deuxiéme dispositif afin
de déplacer le récipient d’'une étape a I'étape
suivante.

Procédé de recyclage selon la revendication 4, dans
lequel un emplacement de mise en oeuvre différent
est déterminé pour chaque étape, et une conduite
requise pour la mise en oeuvre de chaque étape aux
emplacements de mise en oeuvre individuels est
étendue jusqu’a 'emplacement de mise en oeuvre
afin de permettre le traitement simultané d’une plu-
ralité de récipients selon un procédé de chaine d’as-
semblage en déplagant en séquence les récipients
d’une étape a I'étape suivante.

Procédé de recyclage selon la revendication 4, dans
lequel les emplacements de mise en oeuvre d’au
moins les premiére et deuxiéme étapes sont congus
pour étre un emplacement commun afin de permet-
tre de réaliser au moins les premiére et deuxiéme
étapes sans déplacer le récipient, et toutes les con-
duites nécessaires pour les premiére et deuxieme
étapes sont étendues jusqu’audit emplacement
commun.

Systéme de recyclage, comprenant :

des moyens de conversion pour remplacer I'at-
mosphére dans un récipient contenant un objet
a ftraiter, par une atmosphére dépourvue
d'oxygene ;

des premiers moyens d’obtention de produit
pour chauffer le produit dans le récipient jusqu’a
une température prédéterminée en utilisant un
dispositif de chauffage installé dans le récipient
tout en maintenant I'atmosphére dépourvue
d’'oxygéne dans le récipient afin de libérer un
gaz predéterminé de 'objet et guider le gaz li-
béré, en tant que premier produit jusqu’a un dis-
positif externe du récipient tout en maintenant
le gaz libéré dans un état isolé de I'air afin d’ob-
tenir le premier produit dans un état fluide ; et
des deuxiémes moyens d’obtention de produit
pour refroidir I'intérieur du récipient jusqu’a une
température inférieure a la température a la-
quelle le carbone brile tout en maintenant de
maniére continue I'atmosphére dépourvue
d’oxygene dans le récipient et obtenir un résidu
restant dans le récipient en tant que deuxieme
produit.

Systéme de recyclage selon la revendication 7, dans
lequel :
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les moyens de conversion sont des moyens
pour convertir I'atmosphere dans le récipient en
une atmosphére dépourvue d’oxygéne en utili-
sant un premier dispositif pour alimenter au
moins un gaz de réduction ou un gaz inerte rac-
cordé au récipient par une premiére conduite ;
les premiers moyens d’obtention de produit sont
des moyens pour obtenir le premier produit par
le deuxiéme dispositif avec le premier dispositif
raccordé au récipient par la premiére conduite
et le deuxieme dispositif en tant que dispositif
extérieur du récipient raccordé au récipient par
une deuxiéme conduite ; et

le récipient est placé dans un état étanche lors-
que la conduite entre le récipient et le premier
ou deuxiéme dispositif est déconnectée.

Procédé de fabrication d’'un matériau en carbone
comprenant:

une premiére étape consistant a remplacer I'at-
mospheére dans un récipient contenant un com-
posé a poids moléculaire élevé, par une atmos-
phére dépourvue d’oxygeéne ;

une deuxieme étape consistant a chauffer un
objet a traiter dans le récipient jusqu’a une tem-
pérature prédéterminée en utilisant un dispositif
de chauffage installé dans le récipient tout en
maintenant I'atmosphére dépourvue d’'oxygene
dans le récipient afin de libérer un gaz prédéter-
miné de I'objet et guider le gaz libéré en tant que
premier produit jusqu’a un dispositif extérieur du
récipient tout en maintenant le gaz libéré dans
un étatisolé de I'air afin d’obtenir le premier pro-
duit dans un état fluide ; et

une troisieme étape consistant a refroidir I'inté-
rieur du récipient jusqu’a une température infé-
rieure alatempérature alaquelle le carbone bra-
le tout en maintenant de maniére continue I'at-
mosphere dépourvue d’oxygene dans le réci-
pient et obtenir le carbone inerte en tant que
deuxiéme produit qui est un résidu restant dans
le récipient.

Procédeé de fabrication d’'un matériau en carbone se-
lon la revendication 9, dans lequel des nanotubes
de carbone sont produits a partir du carbone inerte
obtenu a la troisieme étape.

Procédé de fabrication d’'un matériau en carbone se-
lon la revendication 9, dans lequel le charbon actif
est produit a partir du carbone inerte obtenu a la
troisiéme étape.

Récipient utilisé pour réaliser un procédé de recy-
clage, dans lequel :

le récipient est formé pour avoir une ouverture
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recouverte a travers laquelle on peut insérer un
objet a traiter et a travers laquelle on peut récu-
pérer un deuxieme produit, une entrée alaquelle
une premiére conduite estraccordée, et une sor-
tie alaquelle une deuxiéme conduite est raccor-
dée, et en outre prévu avec :

une structure d’assistance de transport des-
tinée a étre utilisée lors du déplacement du
récipient, et
un dispositif de chauffage installé a l'inté-
rieur du récipient pour chauffer I'objet dans
le récipient.
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