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METHOD AND APPARATUS FOR
SYNTHESIZING HYDROCARBON

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
synthesizing a hydrocarbon by reducing carbon dioxide in
water.

BACKGROUND OF THE INVENTION

[0002] As a method for synthesizing a hydrocarbon by
reducing carbon dioxide in water, there has hitherto been
known a method in which the synthesis is performed by
adding hydrogen under conditions of high temperature and
high pressure. However, such a conventional method per-
forms the synthesis by adding hydrogen under the conditions
of high temperature and high pressure, and accordingly is
unfortunately high in the apparatus cost, and makes cum-
bersome the apparatus maintenance.

[0003] Consequently, there has been proposed a method
for synthesizing a hydrocarbon without requiring the addi-
tion of hydrogen and the conditions of high temperature and
high pressure (for example, see Japanese Patent No.
5131444). In the method for synthesizing a hydrocarbon
shown in Japanese Patent No. 5131444, a gas column of
carbon dioxide is formed in water, a swirling flow of water
is generated around the gas column, thus carbon dioxide is
fed into water as fine gas bubbles, the water containing fine
gas bubbles of carbon dioxide is irradiated with ultraviolet
light in the presence of a photocatalyst in the atmospheric
pressure atmosphere to reduce the carbon dioxide, and thus
a hydrocarbon is synthesized.

[0004] However, in the method for synthesizing a hydro-
carbon as shown in Japanese Patent No. 5131444, the
formation of a gas column of carbon dioxide in water is
always required, and the generation of a swirling flow of
water around the gas column of carbon dioxide is also
required; thus, a mechanism for forming the gas column of
carbon dioxide and the swirling flow of water is required,
and thus, the reaction mechanism is unfortunately compli-
cated.

[0005]  Accordingly, an object of the present invention is to
provide a method for synthesizing a hydrocarbon, capable of
eficiently synthesizing a hydrocarbon by reducing carbon
dioxide in water on the basis of an easy reaction mechanism,
and an apparatus for synthesizing a hydrocarbon.

DISCLOSURE OF THE INVENTION

[0006] The invention according to a first aspect of the
present invention is a method for synthesizing a hydrocar-
bon by reducing carbon dioxide in water, wherein
nanobubbles of oxygen are generated by feeding oxygen
into water containing carbon dioxide, water containing the
nanobubbles of oxygen is irradiated with ultraviolet light in
the presence of a photocatalyst to produce active oxygen,
and carbon dioxide is reduced in the presence of the active
oxygen.

[0007] The invention according to a second aspect of the
present invention is a method wherein in the method for
synthesizing a hydrocarbon according to the first aspect,
carbon dioxide is reduced in the presence of a separately
prepared liquid hydrocarbon and the active oxygen produced
from the nanobubbles of oxygen.
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[0008] The invention according to a third aspect of the
present invention is an apparatus for synthesizing a hydro-
carbon by reducing carbon dioxide in water, including a
nanobubble generation unit for generating nanobubbles of
oxygen by feeding oxygen into water containing carbon
dioxide, and an ultraviolet light irradiation unit for irradiat-
ing the water containing nanobubbles of oxygen generated
by the nanobubble generation unit with ultraviolet light in
the presence of a photocatalyst, wherein carbon dioxide is
reduced in the presence of active oxygen produced by
irradiating the water containing nanobubbles of oxygen with
ultraviolet light by the ultraviolet light irradiation unit.
[0009] According to the present invention, a hydrocarbon
is synthesized by reducing carbon dioxide in the presence of
active oxygen produced by irradiating water containing
nanobubbles of oxygen with ultraviolet light, and accord-
ingly, a hydrocarbon can be synthesized simply by using
water containing carbon dioxide. Accordingly, a hydrocar-
bon can be synthesized with an easy reaction mechanism,
and at the same time, a hydrocarbon can be synthesized
efficiently.

[0010] In addition, according to the present invention,
carbon dioxide is reduced in the presence of a separately
prepared liquid hydrocarbon and the active oxygen produced
from the nanobubbles of oxygen, a hydrocarbon can be
synthesized in a larger amount.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic diagram illustrating an out-
line of a configuration of an embodiment of a synthesis
apparatus for synthesizing a hydrocarbon by a method for
synthesizing a hydrocarbon according to the present inven-
tion; and

[0012] FIG. 2 is a schematic diagram illustrating an out-
line of a configuration of another embodiment of a synthesis
apparatus for synthesizing a hydrocarbon by a method for
synthesizing a hydrocarbon according to the present inven-
tion.

DESCRIPTION OF THE EMBODIMENTS

[0013] First, the method for synthesizing a hydrocarbon
according to the present invention (the first method), and the
synthesis apparatus of the first method.

[0014] As shown in FIG. 1, the synthesis apparatus 10 for
synthesizing a hydrocarbon by the method for synthesizing
a hydrocarbon according to the present invention includes:
a water tank 11 for containing carbon dioxide-dissolved
water A; a nanobubble generator 12 (an example of “the
nanobubble generation unit”) for generating nanobubbles of
oxygen (ultrafine bubbles of oxygen of a few hundred
nanometers or less); and a photocatalyst apparatus 14 (an
example of “the ultraviolet light irradiation unit”) for irra-
diating the water A containing nanobubbles of oxygen with
ultraviolet light in the presence of a photocatalyst (such as
titanium oxide or zinc oxide).

[0015] In the water tank 11, a predetermined amount of
water A allowed to pass through a reverse osmosis mem-
brane is contained. In the water A contained in the water tank
11, carbon dioxide is dissolved. It is to be noted that
although not shown in FIG. 1, a carbon dioxide feed source
such as a carbon dioxide cylinder is provided outside the
water tank 11, and there may be adopted a configuration in
which carbon dioxide is fed from the aforementioned carbon
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dioxide feed source to the water tank 11 (a configuration to
fill the interior of the water tank 11 with carbon dioxide).
The water A is not limited to water allowed to pass through
a reverse osmosis membrane, but any carbon dioxide-dis-
solving water may be adopted. The water A is preferably a
water allowed to pass through a reverse osmosis membrane
1o remove impurities such as ions or salts.

[0016] The nanobubble generator 12 is an ultrafine pore
type nanobubble generator. The nanobubble generator 12 is
connected to an oxygen feed source 15 such as an oxygen
cylinder, and generates nanobubbles of oxygen in the inte-
rior of the water tank 11 on the basis of the oxygen fed from
the oxygen feed source 15.

[0017] The nanobubble generator 12 includes an oxygen
jetting section for jetting a gaseous layer (gas bubbles) of
oxygen and a water jetting section for jetting the water A in
the water tank 11. In the nanobubble generator 12, the
oxygen jetting section and the water jetting section are
placed in the water tank 11.

[0018] In the oxygen jetting section, a special ceramic
filter having nano-level fine pores is arranged, and from the
aforementioned fine pores, a gaseous layer (gas bubbles) of
oxygen is jetted. In the water jetting section, the water A in
the water tank 11 is jetted to the special ceramic filter, and
consequently the liquid flow of the water A flows on the
surface of the special ceramic filter.

[0019] In the nanobubble generator 12, by giving the
liquid flow of the water A in the water tank 11 to the
boundaries of the fine pores of the special ceramic filter, the
gaseous layer (gas bubbles) of oxygen jetted from the
oxygen jetting section (fine pores) is finely cut. Then, the cut
gaseous layer (gas bubbles) of oxygen is compressed by the
surface tension of the water A in the water tank 11, and thus
nanobubbles (ultrafine gas bubbles) of oxygen are gener-
ated. It is to be noted that the nanobubble generator 12 is not
limited to an ultrafine pore type, and may be any other
heretofore known nanobubble generator that is an apparatus
capable of generating nanobubbles of oxygen.

[0020] As shown in FIG. 1, the photocatalyst apparatus 14
has UV lamps 13 for irradiating the water A containing
nanobubbles of oxygen with ultraviolet light, and a reaction
tube 17 provided with a photocatalyst in the interior thereof.
The UV lamps 13 are arranged around the reaction tube 17,
and radiate ultraviolet light to the reaction tube 17. The
reaction tube 17 is a tubular vessel capable of transmitting
ultraviolet light, and is constituted so as to allow the water
A containing nanobubbles of oxygen to pass through the
inside thereof.

[0021] In the photocatalyst apparatus 14, the water A
containing nanobubbles of oxygen is fed at a predetermined
flow rate in the inside of the reaction tube 17 charged with
a photocatalyst, and the aforementioned water A passing
through the inside of the reaction tube 17 is irradiated with
ultraviolet light. Then, the water A having passed through
the photocatalyst apparatus 14 is again got back to the
photocatalyst apparatus 14 by a circulation pump 16, and is
circulated for a predetermined time by the circulation pump
16.

[0022] In the synthesis apparatus 10, first, nanobubbles of
oxygen are generated by the nanobubble generator 12 in the
water A containing carbon dioxide in the water tank 11. In
this way, the generated nanobubbles of oxygen stay in the
water A in the water tank 11 (visually transparent). Then, the
water A containing the generated nanobubbles of oxygen is
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fed to the photocatalyst apparatus 14, and thus, the water A
containing the nanobubbles of oxygen is irradiated with
ultraviolet light in the presence of a photocatalyst. In this
way, as shown in the reaction formula (1), the active oxygen
such as a superoxide anion radical or a hydroxyl radical is
produced from oxygen in a nanobubble state through the
intermediary of ozone.

30,—20;—>active oxygen (O,"., OH. or the like} 1

[0023] At the same time, as shown in the reaction formula
(2), the reduction reaction of the carbon dioxide dissolved in
the water A occurs.

COL+H,0—CO+H,+0, )

[0024] The reduction reaction of carbon dioxide in the
reaction formula (2) occurs in the presence of the active
oxygen produced in the reaction formula (1), and accord-
ingly, the reaction shown in the reaction formula (3) pro-
ceeds. By the reaction shown in the reaction formula (3), a
hydrocarbon is synthesized.

(2n+ 1), +1C0O—C, 1, +1IL0 3)

[0025] In other words, a hydrocarbon is synthesized by
reducing carbon dioxide in the presence of the active oxygen
produced from the oxygen in a nanobubble state.

[0026] As described above, the synthesis apparatus 10 has
a constitution such that nanobubbles of oxygen are gener-
ated in the water A containing carbon dioxide dissolved
therein, and a hydrocarbon is synthesized by reducing car-
bon dioxide by irradiating the water A with ultraviolet light
in the photocatalyst apparatus 14 while the water A contain-
ing the aforementioned nanobubbles of oxygen is being
circulated; consequently, a hydrocarbon can be synthesized
simply by using water containing carbon dioxide and
nanobubbles of oxygen (without forming a gas column of
carbon dioxide or a swirling flow of water). Accordingly, a
hydrocarbon can be synthesized on the basis of a facile
reaction mechanism, and a hydrocarbon can also be synthe-
sized efficiently.

[0027] Next, another synthesis method (the second
method) of the method for synthesizing a hydrocarbon
according to the present invention and the synthesis appa-
ratus of the another synthesis method are described.

[0028] The another method of the method for synthesizing
a hydrocarbon according to the present invention is a
method for newly synthesizing a liquid hydrocarbon by
reducing carbon dioxide in the presence of a separately
prepared liquid hydrocarbon and the active oxygen produced
by the above-described synthesis method (the first method).

[0029] Herein, the separately prepared liquid hydrocarbon
means a liquid hydrocarbon preliminarily prepared by a
method other than the aforementioned second method, and
being a liquid hydrocarbon (source oil) having an approxi-
mately the same composition as the composition of the
liquid hydrocarbon to be synthesized by the second method.
In other words, the separately prepared liquid hydrocarbon
means a liquid hydrocarbon (source oil) preliminarily pre-
pared by a different method other than the above-described
first method and the aforementioned second method con-
cerned. In the case where a liquid hydrocarbon is prelimi-
narily synthesized by the above-described first method, the
resulting liquid hydrocarbon is also included in the sepa-
rately prepared liquid hydrocarbon. Moreover, examples of
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the separately prepared liquid hydrocarbon (source oil)
include a hydrocarbon having 6 to 36 carbon atoms such as
light oil and kerosene.

[0030] The synthesis apparatus 20 for synthesizing a
hydrocarbon by this method (the second method) include: a
first feed tank 21 for feeding the separately prepared liquid
hydrocarbon E (source oil); a second feed tank 22 for
feeding the water A containing the active oxygen produced
by the above-described first method; a reaction tank 23 for
allowing the liquid hydrocarbon E and the water A contain-
ing active oxygen to react with each other; and a still
standing tank 24 for allowing the liquid hydrocarbon E (new
oil) after the reaction and the water A to stand still.

[0031] In the synthesis apparatus 20, first, a liquid mixture
composed of the separately prepared liquid hydrocarbon E
(source oil) and the water A containing the active oxygen
produced by the above-described first method is fed to the
reaction tank 23 while the liquid mixture is being sprayed
under a predetermined pressure. In this way, micelles are
formed between the liquid hydrocarbon E and the water A
containing active oxygen. At the same time, the interior of
the reaction tank 23 is filled with carbon dioxide by feeding
carbon dioxide from a carbon dioxide feed source 25 such as
a carbon dioxide cylinder to the reaction tank 23. Herewith,
carbon dioxide is taken into the micelles formed as
described above. Simultaneously, in the reaction tank 23
filled with carbon dioxide, the liquid hydrocarbon E and the
water A containing the active oxygen are stirred by a stirrer
26 of the reaction tank 23. It is to be noted that the
temperature inside the reaction tank 23 is from room tem-
perature to preferably approximately 40° C. and more pref-
erably to approximately 30° C. In addition, the pressure
inside the reaction tank 23 is the atmospheric pressure.
[0032] After the stirring (after the reaction), the liquid
mixture D composed of the liquid hydrocarbon E and the
water A 1s fed from the reaction tank 23 to the still standing
tank 24. Then, the aforementioned liquid mixture D is
allowed to stand still for a predetermined time (for example,
24 hours). Herewith, the liquid hydrocarbon E is produced
as a supernatant liquid of the liquid mixture D in the still
standing tank 24 in the upper layer of the liquid mixture D.
The amount of the liquid hydrocarbon E (new oil) produced
in the upper layer of the liquid mixture D is increased by 10
o 15% as compared with the amount of the separately
prepared liquid hydrocarbon E (source oil). In other words,
a new liquid hydrocarbon E (new oil) is produced by the
second method.

[0033] Alternatively, it is also possible to repeat the sec-
ond method by isolating the liquid hydrocarbon E (new oil)
produced in the upper layer of the liquid mixture D from the
liquid mixture D, mixing the isolated liquid hydrocarbon E
(new oil) with the water A containing the active oxygen, and
again feeding the resultant mixture to the reaction tank 23.
In this way, the amount of the liquid hydrocarbon E (new oil)
produced in the upper layer of the liquid mixture D is
increased by 20 to 30% as compared with the amount of the
separately prepared liquid hydrocarbon E (source oil). In
other words, by repeating a plurality of times the second
method, the amount of the newly produced liquid hydrocar-
bon E (new oil) is further increased.

[0034] In this way, in the synthesis apparatus 20, carbon
dioxide can be reduced by mixing the separately prepared
liquid hydrocarbon (source oil) and the water containing
nanobubbles of oxygen, and accordingly as compared with
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the case where the separately prepared liquid hydrocarbon
(source oil) is not included, the reduction of carbon dioxide
is promoted and the hydrocarbon can be synthesized in a
larger amount. In other words, by further adding the sepa-
rately prepared liquid hydrocarbon in the presence of the
active oxygen produced by irradiating water containing
nanobubbles of oxygen with ultraviolet light, the reduction
of carbon dioxide is promoted and the hydrocarbon is
efficiently synthesized.

[0035] Hereinafter, Example 1 of the present invention
and Comparative Example 1 and Comparative Example 2 in
relation to Example 1 are described. It is to be noted that the
present invention is not limited to Example 1 at all.

Example 1

[0036] In the synthesis apparatus 10, 50 L of water
obtained by allowing tap water to pass through a reverse
osmosis membrane was placed in the water tank 11. Then,
the nanobubble generator 12 was operated in the water tank
11 to jet nanobubbles of oxygen into the aforementioned
water, and carbon dioxide was jetted into the aforemen-
tioned water from a carbon dioxide cylinder arranged out-
side the water tank 11.

[0037] While the water into which nanobubbles of oxygen
and carbon dioxide were jetted was being fed at a flow rate
of 18 L/min to the photocatalyst apparatus 14, the water was
irradiated with ultraviolet light by using the UV lamps 13 in
the presence of titanium oxide (photocatalyst). The afore-
mentioned water was circulated between the photocatalyst
apparatus 14 and the water tank 11 for 24 hours.

[0038] 1t is to be noted that in order to allow nanobubbles
of oxygen and carbon dioxide to stay (to be dissolved)
sufficiently in the water tank 11, nanobubbles of oxygen and
carbon dioxide were continuously jetted into the water tank
11 to be dissolved in the water even while the water was
circulated between the photocatalyst apparatus 14 and the
water tank 11 for 24 hours. In order to prevent the volatil-
ization of the produced hydrocarbon, the upper surface of
the water tank 11 was sealed with a seal material.

Comparative Example 1

[0039] In the synthesis apparatus 10, 50 L of water
obtained by allowing tap water to pass through a reverse
osmosis membrane was placed in the water tank 11. Then,
oxygen was fed into the water tank 11 from an oxygen
cylinder arranged outside the water tank 11 to jet oxygen
into the aforementioned water, and carbon dioxide was
jetted into the aforementioned water from a carbon dioxide
cylinder arranged outside the water tank 11. In other words,
oxygen not being in a state of nanobubbles was fed to the
water.

[0040] Moreover, while the water into which oxygen and
carbon dioxide were jetted was being fed at a flow rate of 18
L/min to the photocatalyst apparatus 14, the water was
irradiated with ultraviolet light by using the UV lamps 13 in
the presence of titanium oxide (photocatalyst). The afore-
mentioned water was circulated between the photocatalyst
apparatus 14 and the water tank 11 for 24 hours.

[0041] It is to be noted that similarly to Example 1, in
order to allow oxygen and carbon dioxide to stay (to be
dissolved) sufficiently in the water tank 11, oxygen and
carbon dioxide were continuously jetted into the water tank
11 to be dissolved in the water even while the water was
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circulated between the photocatalyst apparatus 14 and the
water tank 11 for 24 hours. In order to prevent the volatil-
ization of the produced hydrocarbon, the upper surface of
the water tank 11 was sealed with a seal material.

Comparative Example 2

[0042] In the synthesis apparatus 10, 50 L of water
obtained by allowing tap water to pass through a reverse
osmosis membrane was placed in the water tank 11. Then,
while the aforementioned water was being fed at a flow rate
of 18 L/min to the photocatalyst apparatus 14, the water was
irradiated with ultraviolet light by using the UV lamps 13 in
the presence of titanium oxide (photocatalyst). Then, the
aforementioned water was circulated between the photocata-
lyst apparatus 14 and the water tank 11 for 24 hours. In other
words, in Comparative Example 2, only the dissolved oxy-
gen and the dissolved carbon dioxide being dissolved in the
water placed in the water tank 11 were used, and the amounts
of oxygen and carbon dioxide fed to the water were made
smaller as compared with Example 1 and Comparative
Example 1. In order to prevent the volatilization of the
produced hydrocarbon, the upper surface of the water tank
11 was sealed with a seal material.

[0043] In each of Example 1, Comparative Example 1 and
Comparative Example 2, a certain amount of water was
sampled from the water circulated between the photocatalyst
apparatus 14 and the water tank 11 for 24 hours, and from
the sampled water, a hydrocarbon was extracted by using
diethy! ether. Then, the extracted hydrocarbon was com-
pletely dehydrated, and then analyzed with a GC-Mass
(SHIMADZU GC-2010).

[0044] As a result of performing the analysis with the
GC-Mass, the hydrocarbons extracted in Example 1, Com-
parative Example 1 and Comparative Example 2 were found
to be saturated hydrocarbons having 15 to 20 carbon atoms.
[0045] As a result of measuring the amounts of the satu-
rated hydrocarbons produced in Example 1, Comparative
Example 1 and Comparative Example 2, it was verified that
500 mg of a saturated hydrocarbon, 200 mg of a saturated
hydrocarbon and 100 mg or less of a saturated hydrocarbon
were produced in Example 1, Comparative Example 1 and
Comparative Example 2, respectively. In other words, it has
been found that a saturated hydrocarbon is produced in a
high yield by treating water containing nanobubbles of
oxygen in the photocatalyst apparatus 14. It has also been
found that in order to produce a saturated hydrocarbon in a
high yield, it is necessary to feed sufficient amounts of
oxygen and carbon dioxide to the water to be treated.
[0046] Next, Example 2 of the present invention and
Comparative Example 3 in relation to Example 2 are
described. It is to be noted that the present invention is not
limited by Example 2 at all.

Example 2

[0047] In the synthesis apparatus 10, 100 L of water
obtained by allowing tap water to pass through a reverse
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osmosis memnbrane was placed in the water tank 11. Then,
the nanobubble generator 12 was operated for 120 minutes
in the water tank 11 to jet nanobubbles of oxygen into the
water and the nanobubbles of oxygen were retained in the
water.

[0048] Moreover, while the water containing nanobubbles
of oxygen was being fed at a flow rate of 18 L/min to the
photocatalyst apparatus 14, the water was irradiated with
ultraviolet light by using the UV lamps 13 in the presence of
titanium oxide (photocatalyst). Then, the water containing
nanobubbles of oxygen was circulated in the photocatalyst
apparatus 14 for 30 minutes.

[0049] Moreover, a liquid mixture composed of 2.5 1 of a
preliminarily prepared light oil (source oil) and 2.5 L of the
water containing nanobubbles of oxygen treated in the
photocatalyst apparatus 14 was fed to the reaction tank 23
while the liquid mixture was being sprayed under a pressure
of 1.0 MPa. Simultaneously, 500 L or more of carbon
dioxide was fed under a pressure of 0.3 MPa to the reaction
tank 23 to fill the reaction tank 23 with carbon dioxide.
Simultaneously, the light oil and the water were stirred for
4 minutes in the reaction tank 23 filled with carbon dioxide.
It is to be noted that the temperature in the reaction tank 23
was set at 30° C. The reaction was performed in the
atmospheric pressure atmosphere.

[0050] After the stirring for 4 minutes (after the reaction),
the liquid mixture composed of the light oil and the water
was fed from the reaction tank 23 to the still standing tank
24, and was allowed 1o stand still in the still standing tank
24 for 24 hours. The temperature inside the still standing
tank 24 was set at 35° C. The still standing of the liquid
mixture was performed in the atmospheric pressure atmo-
sphere.

Comparative Example 3

[0051] In Comparative Example 3, the treatment was
performed under the same conditions as in Example 2 except
that the oxygen to be fed to the water placed in the water
tank 11 was altered from “the nanobubbles of oxygen” in
foregoing Example 2 to “the oxygen not being in a state of
nanobubbles” jetted from the oxygen cylinder arranged
outside the water tank 11 (the state in which the oxygen fed
from the oxygen cylinder was directly jetted into the water
tank 11).

[0052] In Example 2, after the still standing for 24 hours,
the supernatant liquid was isolated from the aforementioned
liquid mixture in the still standing tank 24, and the isolated
supernatant liquid (new oil) was analyzed. The analysis was
performed with respect to the items shown in Table 1. As a
comparison, the light oil (source oil) before the treatment in
the reaction tank 23 was also analyzed with respect to the
same items. Consequently, as shown in Table 1, the super-
natant liquid (new oil) was found to be a light oil comparable
to the light oil (source oil) before the treatment in the
reaction tank 23.
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5
TABLE 1
Results Test

Items Units Source oil New oil  methods
L. Reaction — Neutral Neutral JIS K2252
2. Flash point (PMCC) °C. 73.0 82.0 JIS K2265-3
3. Kinematic viscosity (30° C.) mm?/s 3.479 3.710 JIS K2283
4. Pour point “C. -15.0 -125 JIS K2269
5. Carbon residue content of Mass fraction % 0.01 0.04 JIS K2270-2
10% residual oil
6. Moisture content Mass fraction % 0.0063 0.010 JIS K2275
Karl Fisher method
7. Ash content Mass fraction % 0.001 0.001 JIS K2272
8. Sulfur content Mass fraction % 0.0007 0.0007 JIS K2541-6
9. Density (15° C.) glem? 0.8295 0.8311 JIS K2249-1
10. Distillation characteristic JIS K2254
10% Distillation temperature °C. 217.0 226.0
50% Distillation temperature °C. 271.5 2745
90% Distillation temperature °C. 326.0 3285
11. Cetane index — 56.2 569  JIS K2280-5
12. Gross calorific value Vg 45990 46010 JIS K2279
13. Plugging point — -10 -10 JIS K2269

[0053] Ineach of Example 2 and Comparative Example 3,
the amount of the supernatant liquid (light oil) isolated from
the aforementioned liquid mixture in the still standing tank
24 was measured. Consequently, in Example 2, the amount
of the supernatant liquid (light oil) was 2.80 L. Specifically,
the amount of the preliminarily prepared light oil was 2.5 L,
and hence the amount of the newly synthesized light oil was
found to be 03 L (yield: 12%). On the other hand, in
Comparative Example 3, the amount of the supernatant
liquid (light oil) was 2.58 L. Specifically, the amount of the
newly synthesized light oil was found to be 0.08 L (yield:
3.2%). From the above-described results, it has been able to
be verified that the use of “the nanobubbles of oxygen”
increases the amount (vield) of the newly synthesized light
oil.
1. A method for synthesizing a hydrocarbon by reducing
carbon dioxide in water, the method comprising:
generating nanobubbles of oxygen by feeding oxygen into
water containing carbon dioxide;
irradiating the water containing the nanobubbles of oxy-
gen with ultraviolet light in the presence of a photo-
catalyst to produce active oxygen; and

reducing the carbon dioxide in the presence of the active
oxygen.

2. The method for synthesizing a hydrocarbon according

to claim 1,

wherein the carbon dioxide is reduced in the presence of
a separately prepared liquid hydrocarbon and the active
oxygen produced from the nanobubbles of oxygen.

3. An apparatus for synthesizing a hydrocarbon by reduc-

ing carbon dioxide in water, comprising:

a nanobubble generation unit for generating nanobubbles
of oxygen by feeding oxygen into water containing
carbon dioxide; and

an ultraviolet light irradiation unit for irradiating the water
containing nanobubbles of oxygen generated by the
nanobubble generation unit with ultraviolet light in the
presence of a photocatalyst,

wherein the carbon dioxide is reduced in the presence of
active oxygen produced by irradiating the water con-
taining the nanobubbles of oxygen with the ultraviolet
light of the ultraviolet light irradiation unit.

* 0k %k k%
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