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(57) Abstract: The present invention is directed to a method of producing nano-size graphene-based material and an equipment
for producing the same. The present invention provides a method of producing graphitic oxide by forcing graphite sulfuric slurry
and KMnQ, sulfuric solution into a lengthy micro-channel and by sustaining the mixture of the said graphite sulfuric slurry and
the said KMnO, sulfuric solution in the said micro-channel at predetermined temperatures, by putting the said aqua solution of hy-
drogen peroxide to the reaction mixture to terminate oxidation, and by washing and drying the reaction mixture. The present in-
vention provides a method of producing nano-size graphene-based material by exfoliating graphitic oxide by thermal shock in a
vertical fluidized furnace. According to the present invention, graphitic oxide can be produced massively without risks of explo-
sion by forcing all reagents as liquid phase continuously into a lengthy micro-channel surrounded and thermally controlled strictly
by heat exchangers. Nano-size graphene-based material derived by exfoliating thus produced graphitic oxide can be imported into
compositions and composites for various uses since it has physical characteristics comparable to carbon nanotube and dispersibili-
ty superior to carbon nanotube via residual functional groups.
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Description

Title of Invention: A METHOD OF PRODUCING NANO-SIZE

GRAPHENE-BASED MATERIAL AND AN EQUIPMENT FOR

[1]

[2]

[3]

[4]

[5]

[6]

PRODUCING THE SAME
Technical Field

The present invention is directed to a method of producing nano-size graphene-based
material and an equipment for producing the same. In addition, the present invention is
directed to a method of producing graphitic oxide, intermediate for graphene-based
material and equipment for producing graphitic oxide.

Background Art

Graphene is single planar carbon material having honeycomb crystal lattice the
structure of which is formed of carbons by sp?hybridization bonding and was
discovered most recently among carbon nanostructures. The shape of graphene is the
same as that of a single layer derived by fully severance between layers from graphite
which is stacked layers of carbon honeycomb crystal lattice.

In 2004, professor Andre Geim and et al from University of Manchester isolated
graphene by peeling it off from graphite with Scotch tape and found excellent electric
conductivity of the graphene so acquired by study of quantum hole effect. Thereafter,
in 2008, James Hone and et al, researchers from university of Colombia confirmed the
superior strength of graphene. In the same year, Alexander Balandin and et al, re-
searchers from University of Riverside, California, measured the thermal conductivity
of graphene as 5300pW/mpK, which is double that of carbon nano-tube.

Longitudinal scission of carbon nanotube makes graphene structure and infinite en-
largement of wall in carbon nanotube of single wall makes it similar to graphene.
Therefore, the electronic, thermal and mechanical properties of graphene are expected
to be comparable to those of carbon nano-tubes.

For preparation of graphene, drawing method by mechanical exfoliation(repeated
peeling) of graphite crystals by the above-mentioned Andre Geim, epitaxial growth on
substrates , hydrazine reduction on graphitic oxide paper, chemical vapor deposition
and cutting open of nanotubes in solution of potassium permanganate and sulfuric acid
have been known but none of them go beyond laboratory preparation levels.

On the other hand, the method of producing expanded graphite, the shape of which is
worm-like or accordion-like, by adding thermal shock on graphite intercalated with
acids or so on has been known since long before. Such worm-like expanded graphite is
used as fillers or is rolled into sheets having anisotropic conductivity. Such expanded

graphite resulting from loose bonding between layers of graphite is inferior to
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graphene in physical properties and its particulate size is much bigger than graphene.
Staudenmaier method wherein graphite flake is reacted with nitric acid and

potassium perchlorinate for days has been known for preparing graphitic oxide. In
addition, Hummers, in US patent No. 2798878, shortened the reaction time by using
sulfuric acid, nitric acid and potassium permanganate as oxidants. The mixing of
sulfuric acid, nitric acid and potassium permanganate together is exothermic reaction
and may cause explosion at around 70°C or above. In these methods, Graphitic oxide is

prepared by batch process in very small amount on each batch.
Disclosure of Invention

Technical Problem

It is an object of the present invention to provide a method of producing massively
and economically nano-sized material having structures and characteristics of graphene
and an equipment for producing the same.

It is another object of the present invention to provide a method of producing
graphitic oxide, intermediate for graphene-based material mentioned above, and
equipment for producing graphitic oxide.

Solution to Problem

According to the present invention, there is provided a method of producing graphitic
oxide comprising:

1) a step of preparing graphite sulfuric slurry by mixing graphite flake with sulfuric
acid;

2) a step of preparing KMnQ, sulfuric solution by dissolving KMnOj in sulfuric acid;

3) a step of preparing aqua solution of hydrogen peroxide;

4) a step of forcing the said graphite sulfuric slurry into a lengthy micro-channel
having a beginning, a reacting portion and an outlet;

5) a step of forcing the said KMnQj sulfuric solution into the beginning of the said
lengthy micro-channel;

6) a step of sustaining the mixture of the said graphite sulfuric slurry and the said
KMnOQy sulfuric solution in the said micro-channel at predetermined temperatures;

7) a step of putting the said aqua solution of hydrogen peroxide to the reaction
mixture after the step 6);

8) a step of washing the reaction mixture after the step 7); and

9) a step of drying the reaction mixture after the step 8), wherein the step 1) to the
step 6) are carried out continuously. At the step 7), the said aqua solution of hydrogen
peroxide may be put into the said micro-channel in the vicinity of the outlet or into a
separate mixing tank for mixing the said aqua solution of hydrogen peroxide with the

reaction mixture.
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if necessary, the method of producing graphitic oxide may further comprises a step of
filtering the reaction mixture after the step 6).

According to the present invention, there is also provided a method of producing
nano-size graphene-based material:

10) a step of pouring the graphitic oxide into a vertical fluidized furnace in reducing
atmosphere;

11) a step of expanding the falling graphitic oxide by heating in the vertical fluidized
furnace;

12) a step of collecting nano-size graphene-based material produced and carried on
ascending flow near the ceiling of the vertical fluidized furnace;

13) a step of separating and storing the nano-size graphene-based material: and, if
necessary,

14) a step of resupplying the furnace gas separated through the step 13) to the
furnace with atmospheric gas.

According to the present invention, there is also provided equipment for producing
continuously graphitic oxide comprising:

a supplying unit for graphite sulfuric slurry;

a supplying unit for KMnQ; sulfuric solution;

a supplying unit for aqua solution of hydrogen peroxide;

a micro-reactor including multiple micro-channel modules surrounded by heat-
exchangers for constituting one lengthy micro-channel having a beginning connected
to the said supplying unit for graphite sulfuric slurry and connected to the said
supplying unit for KMnO, sulfuric solution , a reacting portion and an outlet;

if necessary, a filtering unit for the reaction mixture connected to the micro-reactor;

a mixing unit for mixing the reaction mixture with aqua solution of hydrogen
peroxide connected to the micro-channel in the vicinity of its outlet;

a washing unit connected to the mixing unit; and

a drying unit connected to the washing unit;

The mixing unit for mixing the reaction mixture with aqua solution of hydrogen
peroxide may be incorporated as a part of the micro-channel or be built separately from
the micro-channel. The reaction mixture discharged is washed and dried by a washing
unit and a drying unit respectively to obtain final graphitic oxide. The said supplying
unit for graphite sulfuric slurry and the said supplying unit for KMnO, sulfuric solution
are connected together to the beginning of the micro-channel or connected apart to the
beginning of the micro-channel. For example, the said supplying unit for KMnO,
sulfuric solution is connected to a latter portion of the beginning of the micro-channel
while the said supplying unit for graphite sulfuric slurry is connected to a former

portion thereof.
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According to the present invention, there is also provided equipment for producing
nano-size graphene-based material continuously comprising:

a supplying unit for graphitic oxide;

a vertical fluidized furnace having a lower inlet for taking in reducing atmospheric
gas and an upper inlet connected to the supplying unit for the graphitic oxide;

a collector with its inlet mounted under the ceiling of the vertical furnace for
collecting produced nano-size graphene-based material; and, if necessary;

a cyclone having an inlet connected to the collector, a storage for the nano-size
graphene-based material and an outlet connected to the lower inlet of the vertical
furnace to resupply separated atmospheric gas to the vertical furnace.

Graphene is single planar carbon material having honeycomb crystal lattice. In the
present invention, nano-size graphene-based material is defined as single and multiple
layers of graphene having less than 100 nm thickness and not showing any distinct
peaks more than traces in the range 20 2°. The nano-size graphene-based material
has surface area 300~3000 m2/g and residual oxygen of less than 1.0 weight %.
Graphite is stacked layers of graphene with the distance between layers 3.35A apart
showing a peak at 20=26.5 by XRD, while the graphitic oxide in this invention means
fully oxidized graphite having functional groups including oxygen such as carboxyl
group, hydroxyl or so and showing a peak at 20=10-15 by XRD due to loosening the
distance between layers. By thermal shock, the graphitic oxide is converted to nano-
size graphene-based material by separation between layers.

The said graphite sulfuric slurry is prepared by dispersing graphite flake of generally
1 to 2004m, preferably 5 to 504m in size in concentrated sulfuric acid, preferably 97
weight % or more sulfuric acid, in the ratio of 1:10 to 1:100, preferably 1:30 to 1:50
based on graphite to sulfuric acid by weight. Graphite flake of too small size does not
well form graphene by exfoliation since expanding pressure decreases as weight
density gets lower, while graphite flake of too large size hinders mass mixing and mass
transfer in the micro-channel. Since the oxidation reactivity becomes higher as the con-
centration of sulfuric acid increases, concentrated sulfuric acid of more than 97 weight
% 1is desirable. Too high weight ratio of graphite to sulfuric acid hinders mass mixing
and mass transfer in the micro-channel due to high viscosity, while too low weight
ratio of graphite to sulfuric acid lowers reaction efficiency and increases the amount of
exhausted sulfuric acid. The graphite sulfuric slurry is supplied in a predetermined
exact amount by a dosing pump directly connected to the beginning of the micro-
channel.

The said KMnO; sulfuric solution is prepared by dissolving KMnO, powder in con-
centrated sulfuric acid, preferably 97 weight % or more sulfuric acid, in the ratio of
typically 1:5 to 1:50, preferably 1:10 to 1:30 based on KMnO, to sulfuric acid by
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weight. KMnQ, is added safely and easily to the reaction mixture in the micro-channel
as solution type. The said KMnQO, sulfuric solution is supplied in a predetermined
exact amount by another dosing pump directly connected to the beginning of the
micro-channel.

The concentration of the said aqua solution of hydrogen peroxide is not specially
limited but generally 1 to 10 w%, preferably 2 to 7 w%. The weight ratio of graphite to
aqua solution of hydrogen peroxide is not limited specifically, but is empirically in the
ratio of 1:10 to 1:100, preferably 1:30 to 1:50 like the ratio of graphite to sulfuric acid
in the graphite sulfuric slurry. The said aqua solution of hydrogen peroxide terminates
the oxidation of graphite by reducing extra KMnQ,. Too much hydrogen peroxide
causes higher washing and drying costs, while too little hydrogen peroxide does not
terminate the oxidation reaction. Retention time for the reduction is within several tens
of minutes after the said aqua solution of hydrogen peroxide is added.

The reaction mixture in the micro-channel is maintained between 0°C to 50°C,
preferably 20°C to 35°C after the said KMnQj, sulfuric solution is added to the said
graphite sulfuric slurry. The efficiency of reaction is low at lower temperature, but
danger of explosion exists above 70°C exists. The micro-channel, especially a reacting
portion thereof is strictly controlled within the range of the temperatures to prevent
explosion caused by local overheating. The micro-channel is surrounded by heat-
exchangers having cooling means.

The micro-channel is 1um to several tens of mm, preferably 1xm to several mm, most
preferably 1/m to 1mm in inner diameter formed in anti-corrosive and anti-acidic
material. Inner diameter of the micro-channel of less than several tens of mm is
favorable to maintaining the reaction mixture within the range of temperatures to
prevent explosion. In addition, less than several mm of inner diameter is favorable to
efficiency of reaction due to thorough mixing. Accordingly, 1xm to 1mm of inner
diameter is most preferable to promote reaction efficiency and to secure safe operation.
The reaction mixture moves typically at the speed of several centimeters to several
meters per second, preferably several centimeters to several tens of centimeters per
second. The reaction mixture sustains in the micro-channel for several minutes to
several hours preferably, for several minutes to two hours most preferably after KMnO
4 sulfuric solution is added to the graphite sulfuric slurry.

The said graphite sulfuric slurry, the said KMnQ, sulfuric solution and the said aqua
solution of hydrogen peroxide are supplied in the strictly controlled amount into the
micro-channel by corresponding dosing pumps. Especially, the said graphite sulfuric
slurry and the said KMnO; sulfuric solution are desirably supplied in sufficient
pressure and at sufficient speed to the micro-channel to cause turbulent flow in the

channel.
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The reaction mixture is discharged from an outlet of the micro-reactor after the said
aqua solution of hydrogen peroxide is added to reduce extra KMnQO, and to terminate
oxidation. The discharged reaction mixture is washed once or more by pure water or a
little acidic water of pH=5~6 and dried below 200 °C, preferably under vacuum within
48 hours at 80°C. The washing and the drying may be carried out continuously

following the former procedures or separately.
According to the present invention, graphitic oxide may be converted to nano-size

graphene-based material through thermal shock using a vertical fluidized furnace. To
elaborate, graphitic oxide washed and dried according to the present invention is
poured into the vertical fluidized furnace with ascending flow formed inside by at-
mospheric gas. The heating in the furnace is achieved by ordinary heaters or by
microwave. The ascending flow is generated by the blow pressure of atmospheric gas
or convection current caused by heating. The atmospheric gas is produced by adding
hydrogen gas to inert carrier gas such as nitrogen and argon. The temperature in the
furnace is maintained at 500°C to 1100°C. Falling graphitic oxide particles are
expanded and split in a layer or layers, and split layers of graphene are floating carried
by ascending flow and are picked at the inlet of the collector mounted under the ceiling
of the furnace. If necessary, nano-size graphene-based material is separated by
cyclone. Fred atmospheric gas by the cyclone may be fed back to the furnace.
Advantageous Effects of Invention

According to the present invention, graphitic oxide can be produced massively
without risks of explosion by forcing all reagents as liquid phase continuously into a
lengthy micro-channel surrounded and thermally controlled strictly by heat ex-
changers. Nano-size graphene-based material derived by exfoliating thus produced
graphitic oxide can be imported into compositions and composites for various uses
since it has physical characteristics comparable to carbon nanotube and dispersibility
superior to carbon nanotube via residual functional groups.
Brief Description of Drawings

Figurel is a schematic flow chart showing an embodiment for equipment of
producing graphitic oxide according to the present invention.

Figure2 is a partial disintegrated perspective view of the micro-reactor in the
equipment shown in Figure 1.

Figure3 is a schematic flow chart showing an embodiment for equipment of

producing nano-size graphene-based material according to the present invention.
Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments of the invention will be described in detail with

reference to the accompanying drawings, but they should not be construed to limit the
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scope of the present invention. Various alternatives or modifications would be possible
while they would be within the scope of the present invention.

Figure 1 and Figure 2 describe a method of producing graphitic oxide and an
equipment for producing the same as embodiments of the present invention. A micro-
reactor(8) consists of multiple micro-channel modules(8a, 8b, 8c, 8d, 8e, 8f, 8g)
surrounded by heat-exchangers(17) to form one linked lengthy micro-channel of 1xm to
several mn in inner diameter. The linked micro-channel starts at the beginning, run
through the multiple micro-channel modules (8a, 8b, 8c, 8d, 8e, 8f, 8g) and end at the
outlet.

Graphite sulfuric slurry is made by mixing, in a premixer(7), sulfuric acid supplied
by a dosing pump(4b) for liquid and graphite flake supplied by a dosing pump(3b) for
powder and is forced into the beginning of the micro-channel(20). KMnO, sulfuric
solution is made by mixing, in a premixer(5), sulfuric acid supplied by a dosing
pump(4a) for liquid and graphite flake supplied by a dosing pump(3a) for liquid and is
forced into the beginning of the micro-channel(20).

A micro-reactor(8) consists of multiple micro-channel modules(8a, 8b, 8c, 8d, 8e, 8f,
8g) surrounded by heat-exchangers(17) to control temperature strictly. Each micro-
channel module has a channel(20), an entrance(18a) and exit(18b) and is connected to
each other through the entrance(18a) and the exit(18b) to constitute one lengthy micro-
channel(20). Each micro-channel plane(18) is inserted between two plain heat-
exchangers having an entrance(19a) and an exit(19b) for cooling medium to constitute
one micro-channel module(8c). Micro-channel modules(8a, 8b, 8c, 8d, 8e, 8f, 8g) are
desirably stacked to spare space with insulations inserted between modules. In the
vicinity of the beginning of the micro-channel, the temperature is desirably controlled
at the lower portion of the region ranging 0°C to 35°C considering fluctuations of
inflow and safe mixing rather than efficiency of reaction. In the latter part of the
reacting portion in the micro-channel, the temperature is desirably controlled around
35°C to maintain the reaction speed on a higher level.

The graphite sulfuric slurry and the KMnQ, sulfuric solution are mixed together in
the micro-channel(20)and the reaction mixture is running in the channel for about 20
minutes. To the reaction mixture flowing into the hydrogen peroxide mixing tank(11)
after dilution with pure water, 3 w% aqua solution of hydrogen peroxide is added to
terminate the oxidation. Discharged reaction mixture from the hydrogen peroxide
mixing tank(11) is washed and dried(not shown in the figures) to obtain graphitic
oxide.

Figure 3 describes one embodiment of the conversion from graphitic oxide to nano-
size graphene-based material according to the present invention. By a supplier(23)

graphitic oxide washed and dried according to the present invention is poured into the
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vertical fluidized furnace(21) with inner temperature maintained at around 800°C. The
falling graphitic oxide(24) in the furnace(21) is expanded and split in a layer or layers,
and split layers of graphene are floating carried by ascending flow and are picked and
absorbed at the inlet of the collector(25) mounted under the ceiling of the furnace(21).
nano-size graphene-based material is separated by cyclone(26). Separated furnace gas
through cyclone(26) is resupplied to the lower inlet of the furnace(21) with at-
mospheric gas supplied via a pipe(33) and a gas mixer(32) connected to the nitrogen
tank(29) and the hydrogen tank(30). Isolated nano-size graphene-based material is
collected at a storage(28) at the bottom of cyclone(26).
Industrial Applicability

According to the present invention, graphitic oxide, intermediate for graphene-based
material can be produced economically and massively. Also according to the present
invention, the nano-size graphene-based material made by exfoliating thus produced
graphitic oxide can be used in various fields such as polymeric composites, fillers,
rechargeable batteries, transistors, super-capacitor, containers for storing hydrogen and
bio-sensors utilizing electronic, thermal and mechanical properties and flexibility of
graphene comparable to carbon nanotube, and high surface area and dispersibility

superior to carbon nanotube.
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Claims

a method of producing graphitic oxide comprising:

1) a step of preparing graphite sulfuric slurry by mixing graphite flake
with sulfuric acid;

2) a step of preparing KMnQO, sulfuric solution by dissolving KMnO, in
sulfuric acid;

3) a step of preparing aqua solution of hydrogen peroxide;

4) a step of forcing the said graphite sulfuric slurry into a lengthy
micro-channel having a beginning, a reacting portion and an outlet;

5) a step of forcing the said KMnQ, sulfuric solution into a beginning
of the said lengthy micro-channel;

6) a step of sustaining the mixture of the said graphite sulfuric slurry
and the said KMnO;, sulfuric solution in the said micro-channel at pre-
determined temperatures;

7) a step of putting the said aqua solution of hydrogen peroxide to the
reaction mixture after the step 6);

8) a step of washing the reaction mixture after the step 7); and

9) a step of drying the reaction mixture after the step 8), wherein the
steps 1) to 6) are carried out continuously

According to Claim1, the method of producing graphitic oxide further
comprising a step of filtering the reaction mixture after the step 6)
According to Claim1, the method of producing graphitic oxide wherein
the step 7) is carried out for the reaction mixture discharged from the
outlet of the said micro-channel by a separate mixing tank

According to Claim1, the method of producing graphitic oxide wherein
forcing the KMnOj sulfuric solution is latter than forcing the graphite
sulfuric slurry at the beginning of the micro-channel

According to Claim4, the method of producing graphitic oxide wherein
the flaky size of the graphite is 1 to 200um and the ratio of graphite to
sulfuric acid by weight is 1:10 to 1:100 in the said graphite sulfuric
slurry, the ratio of KMnO, to sulfuric acid by weight is 1:5 to 1:50 in
the said KMnQ, sulfuric solution, the concentration of the sulfuric acid
is 97 weight % or more, the reaction mixture in the micro-channel is
maintained between 0°C to 50°C, the micro-channel is 1/m to several
tens mm in inner diameter, and the reaction portion of the micro-channel
is surrounded by heat-exchangers

According to Claim5, the method of producing graphitic oxide
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wherein the flaky size of the graphite is 5 to 50um and the ratio of
graphite to sulfuric acid by weight is 1:30 to 1:50 in the said graphite
sulfuric slurry, the ratio of KMnO; to sulfuric acid by weightis 1:10 to
1:30 in the said KMnO, sulfuric solution, the concentration of the
sulfuric acid is 97 weight % or more, the concentration of the said aqua
solution of hydrogen peroxide is 2 to 7 w% and the weight ratio of
graphite to aqua solution of hydrogen peroxide is 1:30 to 1:50 based on
hydrogen peroxide 3wt % aqua solution, the reaction mixture in the
micro-channel is maintained between 20°C to 35°C, the micro-channel
is 1xm to 1mm in inner diameter, the reaction portion of the micro-
channel has length corresponding several minutes to 2 hours of
retention time, and the reaction mixture moves at the speed of several
centimeters to several tens of centimeters per second in the micro-
channel

a method of producing nano-size graphene-based material comprising:
1) a step of preparing graphite sulfuric slurry by mixing graphite flake
with sulfuric acid;

2) a step of preparing KMnQO, sulfuric solution by dissolving KMnO, in
sulfuric acid;

3) a step of preparing aqua solution of hydrogen peroxide;

4) a step of forcing the said graphite sulfuric slurry into a lengthy
micro-channel having a beginning, a reacting portion and an outlet;

5) a step of forcing the said KMnQ, sulfuric solution into a beginning
of the said lengthy micro-channel;

6) a step of sustaining the mixture of the said graphite sulfuric slurry
and the said KMnO;, sulfuric solution in the said micro-channel at pre-
determined temperatures;

7) a step of putting the said aqua solution of hydrogen peroxide to the
reaction mixture after the step 6);

8) a step of washing the reaction mixture after the step 7);

9) a step of drying the reaction mixture after the step 8) to obtain
graphitic oxide ;

10) a step of pouring the graphitic oxide obtained into a vertical
fluidized furnace in reducing atmosphere;

11) a step of expanding the falling graphitic oxide in the vertical
fluidized furnace;

12) a step of collecting nano-size graphene-based material produced

and carried on ascending flow near the ceiling of the vertical fluidized
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furnace; and

13) a step of separating and storing the nano-size graphene-based
material, wherein the step 1) to the step 6) and the step 10) to the step
13) are carried out continuously

According to Claim7, the method of producing nano-size graphene-
based material wherein the nano-size graphene-based material is less
than 100 nm thick, and has surface area 300~3000 m?/g and residual
oxygen of less than 1.0 weight %

According to Claim8, the method of producing nano-size graphene-
based material wherein the flaky size of the graphite is 1 to 200um and
the ratio of graphite to sulfuric acid by weight is 1:10 to 1:100 in the
said graphite sulfuric slurry, the ratio of KMnO, to sulfuric acid by
weight is 1:5 to 1:50 in the said KMnQ, sulfuric solution, the con-
centration of the sulfuric acid is 97 weight % or more, the reaction
mixture in the micro-channel is maintained between 0°C to 50°C, the
micro-channel is 1xm to several tens of mm in inner diameter, and the
reaction portion of the micro-channel is surrounded by heat-exchangers
According to Claim9, the method of producing nano-size graphene-
based material wherein the flaky size of the graphite is 5 to 50m and
the ratio of graphite to sulfuric acid by weight is 1:30 to 1:50 in the said
graphite sulfuric slurry, the ratio of KMnO, to sulfuric acid by weight is
1:10 to 1:30 in the said KMnO, sulfuric solution, the concentration of
the sulfuric acid is 97 weight % or more, the concentration of the said
aqua solution of hydrogen peroxide is 2 to 7 w% and the weight ratio of
graphite to aqua solution of hydrogen peroxide is 1:30 to 1:50 based on
hydrogen peroxide 3wt % aqua solution, the reaction mixture in the
micro-channel is maintained between 20°C to 35°C, the micro-channel
is 1xm to 1mm in inner diameter, the reaction portion of the micro-
channel has length corresponding several minutes to 2 hours of
retention time, and the reaction mixture moves at the speed of several
centimeters to several tens of centimeters per second in the micro-
channel

equipment for producing continuously graphitic oxide comprising:

a supplying unit for graphite sulfuric slurry;

a supplying unit for KMnQ, sulfuric solution;

a supplying unit for aqua solution of hydrogen peroxide;

a micro-reactor including multiple micro-channel modules surrounded

by heat-exchangers for constituting one lengthy micro-channel having a
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beginning connected to the said supplying unit for graphite sulfuric
slurry and connected to the said supplying unit for KMnQ, sulfuric
solution , a reacting portion and an outlet;
a mixing unit for mixing the reaction mixture discharged from the
outlet of the micro-channel with aqua solution of hydrogen peroxide;
a washing unit for the reaction mixture discharged from the mixing
unit; and
a drying unit to obtain graphitic oxide

[Claim 12] According to Claim11, equipment for producing continuously graphitic
oxide wherein the micro-channel is formed by linking micro-channel
modules

[Claim 13] According to Claim11, equipment for producing continuously graphitic
oxide wherein the reaction portion of the micro-channel has length cor-
responding several minutes to 2 hours of retention time

[Claim 14] According to Claim11, equipment for producing continuously graphitic
oxide wherein the mixing unit for mixing the reaction mixture with
aqua solution of hydrogen peroxide may be incorporated as a part of
the micro-channel

[Claim 15] equipment for producing continuously nano-size graphene-based
material comprising:
a supplying unit for graphitic oxide;
a vertical fluidized furnace having an lower inlet for taking in reducing
atmospheric gas and an upper inlet connected to the supplying unit for
the graphitic oxide; and
a collector with its inlet mounted under the ceiling of the vertical
furnace for collecting produced nano-size graphene-based material

[Claim 16] According to Claim 14, equipment for producing continuously nano-
size graphene-based material further comprising a cyclone having an
inlet connected to the collector, a storage for the nano-size graphene-
based material separated and an outlet connected to the lower inlet of
the vertical furnace to resupply separated atmospheric gas to the

vertical furnace
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