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(57) ABSTRACT 

A cell comprising an acidic medium, a ?rst electrode Which 
is disposed in the acidic medium, a basic medium Which is 
kept in contact With the acidic medium, and a second 
electrode Which is disposed in the basic medium, Wherein 
the acidic medium contains a ?rst substance Which causes a 
reaction of removing electrons from the ?rst electrode, 
accompanied by hydrogen ions contained therein, and the 
basic medium contains a second substance Which causes a 

reaction of donating electrons to the second electrode, 
accompanied by hydroxide ions contained therein, and a 
method of poWer generation using the cell. 
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CELL AND POWER GENERATION METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to a cell and a method 
of power generation using the same. More particularly, the 
present invention relates to a cell and a method of poWer 
generation making use of an acidic medium and a basic 
medium being kept into contact With the acidic medium (i.e., 
a bipolar-type reaction ?eld). 

BACKGROUND ART 

[0002] A cell is a device that converts chemical energy of 
a substance directly into electric energy. Further, cells can be 
classi?ed into primary cells that discharge electric poWer 
until their chemical energy is used up, secondary cells 
capable of being reused by storing chemical energy again by 
a charging operation after being used up, and fuel cells that 
obtain electric energy by continually being supplied With a 
substance having chemical energy from outside. Currently, 
numerous-types of cells have been developed. Each cell has 
different advantages and disadvantages With respect to each 
item of environmental safety, economy, amount of electric 
energy that can be supplied, portability, storage properties, 
adaptation to an environment of use, recycling performance, 
and the like, so that cells are selected and put to practical use 
in accordance With an intended use. Critical technical factors 
that are common to all cells are What chemical substances 

are used for reaction, hoW the reaction is promoted, and in 
What form the chemical substances are stored, supplied and 
collected. 

[0003] A cell makes use of tWo kinds of chemical sub 
stances, namely, a reducing agent that causes a reduction 
reaction (donating electrons to the opposing party or draW 
ing oxygen therefrom) and an oxidizing agent that causes an 
oxidation reaction (draWing electrons from the opposing 
party or giving oxygen thereto). By causing these reactions 
separately at tWo electrodes that oppose each other, the 
energy of generated electrons is taken to the outside (ions 
produced at the tWo electrodes accompanying the generation 
of electrons are neutralized Within the cell). Reaction effi 
ciency depends on the kind and reaction style of the chemi 
cal substances to be used, material and activity of electrodes, 
and the environment of reaction ?elds including electrolytes. 
Further, What substances are to be selected to constitute a 
cell is a point a?fecting Whether the Whole cell system Will 
be good or bad not only at the time of use but also at the time 
of manufacturing and at the time of discarding after use. 

[0004] For example, manganese system or mercury sys 
tem primary cells are excellent in economical e?iciency and 
storage properties of the chemical substances. HoWever, 
When harmful heavy metals are let alone after using the 
manganese system or mercury system primary cells, it 
adversely affects the environment, so that they must be 
collected strictly. Since the manganese system or mercury 
system primary cells cannot be reused by self-charging, 
problems are caused in that discarding of cells after use and 
reuse of resources are expensive. 

[0005] For example, lithium ion secondary cells are suf 
?cient in the amount of electrical energy, and can be reused 
by self-charging. HoWever, lithium is an extremely unstable 
?ammable dangerous substance With respect to Water or 
oxygen in the air. For this reason, in order to prevent such 
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danger, su?icient safety countermeasures should be taken 
for packaging the cells or for protecting the environment at 
the time of use of the cells. Collection and reuse of the 
resource of the cells after expiration are also essential thus 
boosting the entire cost for implementing the processes of 
manufacturing, using, and discarding the cells. The same 
problem may occur in lead system storage cells, and from 
manufacturing cost and electric energy supply points of 
vieW, status quo is such that a large amount of the lithium ion 
system secondary cells is used for vehicle batteries or the 
like. 

[0006] On the other hand, among fuel cells, cells are 
mainly knoWn in Which hydrogen or methanol is used as a 
reducing agent (fuel) or oxygen or hydrogen peroxide is 
used as an oxidizing agent. For example, so-called direct 
methanol cells have been proposed in Which methanol is 
used as a reducing agent (fuel) and an aqueous solution of 
hydrogen peroxide is used as an oxidizing agent (see U.S. 
Pat. No. 6,485,851, for example). 

[0007] In the case of these cells, since methanol and an 
aqueous solution of hydrogen peroxide are in a liquid state 
at an ordinary temperature and under a normal pressure, they 
are excellent in portability or storage properties. HoWever, 
there is a critical problem in that the cells produce carbon 
dioxide Which is a substance that causes green house phe 
nomenon to occur accompanying the reaction and imposes 
burden on the environment. Further, methanol as a fuel is 
?ammable, so that its leakage results in a serious danger. 
Moreover, problems are still arisen in that use of a large 
amount of noble metal reaction catalyst for causing reactions 
makes the manufacturing cost higher, methanol fuel at the 
side of a cathode moves, through a solid electrolyte ?lm, to 
the side of an anode, and methanol crossover may occur thus 
deteriorating reaction e?iciency. 
[0008] Further, hydrogen-oxygen system fuel cells can 
supply a large amount of electric energy and produces only 
Water as a reaction product, so that the hydrogen-oxygen 
system fuel cells are extremely excellent in environmental 
safety. HoWever, hydrogen as a fuel is ?ammable, so that its 
leakage results in a serious danger. 

[0009] Moreover, the cited document (see Electrochemis 
try 71, No. 5 (2003) 313-317) discloses a cell ofa bipolar 
type, as a hydrogen-oxygen fuel cell, in Which a strong 
acidic high polymer membrane is provided at an anode 
(negative electrode) side and a strong basic high polymer 
membrane is provided at a cathode (positive electrode) side. 
Further, the cited document also described that the fuel cells 
have such advantages that oxidization reaction Which is a 
rate reaction at the anode is initiated comparatively Well, and 
electrode catalysts have high option, and Water produced by 
the reaction is hard to affect the electrodes, and the like. 

[0010] By the Way, in the bipolar-type cells, a reduction 
reaction is provoked at the side of a strong acidic high 
polymer membrane, and an oxidation reaction is provoked at 
the side of a strong basic high polymer membrane. HoWever, 
the bipolar-type cells are structured such that potentials due 
to the neutralization of hydrogen ions H+ and hydroxide ions 
OH“ at the center of the cells occupy a larger part of the 
electromotive force than the electromotive force due to the 
oxidation and reduction reactions of the bipolar-type cells. 
This is because the potential due to the neutralization of 
hydrogen ions H30 and hydroxide ions OH- is generally 
higher than one due to other ions. 
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[0011] For this reason, the electromotive properties of 
this-type of the bipolar-type cell depend on the neutralizing 
reaction of Water produced in the vicinity of a border 
betWeen the acidic high polymer membrane and the basic 
high polymer membrane. However, a region Where hydro 
gen ions H30 and hydroxide ions OH- come across cannot be 
a border portion betWeen both high polymer membranes, 
and is actually dispersed into a Wide region Where the border 
is principally located. Further, Water produced in accompa 
nying With the neutralization makes it di?icult to move 
hydrogen ions H+ and hydroxide ions OH‘. Accordingly, 
since the site Where the neutralizing reaction of hydrogen 
ions H+ and hydroxide ions OH- is actually taken place 
tends to ?uctuate, the bipolar-type cell of this-type has a 
property of having di?iculty in generating electromotive 
force stably. 

[0012] Further, Water produced in this bipolar-type cell 
has a possibility of being accumulated into the interface 
betWeen both high polymer membranes to form a Water 
layer. The existence of the Water layer may hinder the 
neutralization reaction betWeen hydrogen ions H+ and 
hydroxide ions OH' thereby resulting in di?iculty in sup 
plying electric energy in accordance With the formation or 
the increase of Water layer With time. 

[0013] Accordingly, an object of the present invention is to 
provide a bipolar-type cell Which is a cell having a novel 
structure Which is able to generate poWer stably, and a 
method of poWer generation using the same. 

[0014] According to some aspects of the present inven 
tion, one object of the present invention is to provide a novel 
cell for meeting various needs, and solving various prob 
lems, Which have been caused by the conventional cells, 
such as occurrence of danger due to the use of ?ammable 
and ignitable fuels, discharge of carbon dioxide, compli 
cated storage properties, and a complicated structure of the 
cell. 

DISCLOSURE OF THE INVENTION 

[0015] The above-described problems can be solved by 
the inventions as folloWs: 

[0016] A cell of the present invention comprises an acidic 
medium, a ?rst electrode Which is disposed in the acidic 
medium, a basic medium Which is kept in contact With the 
acidic medium, and a second electrode Which is disposed in 
the basic medium, Wherein the acidic medium contains a 
?rst substance Which causes a reaction of removing elec 
trons from the ?rst electrode, accompanied by hydrogen ions 
contained therein, and the basic medium contains a second 
substance Which causes a reaction of donating electrons to 
the second electrode, accompanied by hydroxide ions con 
tained therein. 

[0017] In accordance With the cell of the present inven 
tion, When hydrogen ions H+ and hydroxide ions OH- are 
involved in the reaction at the electrodes, the ?rst substance 
in the acidic medium, accompanied by the hydrogen ions H+ 
in the acidic medium, causes an oxidation reaction that 
removes electrons from the ?rst electrode, and the second 
substance in the basic medium, accompanied by the hydrox 
ide ions OH' in the basic medium, causes a reduction 
reaction that donates electrons to the second electrode. At 
this time, the electromotive force by oxidation reaction in an 
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acidic medium becomes, in principle, larger than the elec 
tromotive force by oxidation reaction generated in a basic 
medium. This is due to the folloWing reason. Since hydrogen 
ions H+ are a substance of the reactant, the chemical 
equilibrium tends to be shifted to the product in an acidic 
medium having a high hydrogen ion concentration, thereby 
raising the oxidation potential. Also, the electromotive force 
by reduction reaction generated in a basic medium becomes, 
in principle, larger than the electromotive force by reduction 
reaction generated in an acidic medium. This is due to the 
folloWing reason. Since hydroxide ions OH- are a substance 
of the reactant, the chemical equilibrium tends to be shifted 
to the product in a basic medium having a high hydroxide 
ion concentration, thereby loWering the oxidation potential. 

[0018] For this reason, according to the structure of the 
bipolar-type cell of the invention, the electromotive force 
generated by the oxidation-reduction reaction at the elec 
trodes is a principal source of the voltage obtained from the 
cell, so that the cell of the invention can generate electric 
poWer more stably than a different bipolar-type cell in Which 
the electromotive force is generated principally in an area 
having a property such that the site Where the neutralizing 
reaction is generated Within the cell tends to ?uctuate as 
described in the aforementioned non-patent document 2. 

[0019] Further, a method of poWer generation by using a 
cell comprises an acidic medium, a ?rst electrode Which is 
disposed in the acidic medium, a basic medium being kept 
into contact With the acidic medium, and a second electrode 
Which is disposed in the basic medium, 

[0020] Wherein a ?rst substance Which is contained in the 
acidic medium causes a reaction of removing electrons from 
the ?rst electrode, accompanied by hydrogen ions contained 
therein, and a second substance Which is contained in the 
basic medium causes a reaction of donating electrons to the 
second electrode, accompanied by hydroxide ions contained 
therein. 

[0021] In accordance With a method of poWer generation 
of the present invention, as described above, the electromo 
tive force due to the oxidation and reduction reactions at the 
electrodes can be a subjective source of a voltage that can be 
obtained from the cell. Consequently, a poWer force can be 
generated more stably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a vieW illustrating a poWer generation 
mechanism (method of poWer generation) using a cell of the 
present invention; 

[0023] FIG. 2A is a schematic perspective vieW of a top 
surface of a chip-type ?uid fuel cell according to a ?rst 
embodiment of the present invention; 

[0024] FIG. 2B is a cyross-sectional vieW of the chip-type 
?uid fuel cell in FIG. 2A, taken along a line A-A', as seen 
from directions in Which both media ?oW. 

[0025] FIG. 3A is a schematic cross-sectional perspective 
vieW of a paper-type fuel cell according to the ?rst embodi 
ment of the present invention; 

[0026] FIG. 3B is a schematic cross-sectional perspective 
vieW of a paper-type fuel cell according to the ?rst embodi 
ment of the present invention; 
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[0027] FIG. 4 is a schematic cross-sectional perspective 
vieW of a gel-type primary cell according to the ?rst embodi 
ment of the present invention; 

[0028] FIG. 5 is a graph showing the results of current 
voltage characteristics in Example using the chip-type ?uid 
fuel cell; and 

[0029] FIG. 6 is a graph shoWing the results of current 
voltage characteristics in Example using the paper-type ?uid 
fuel cell. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0030] Hereinafter, a detailed description of the present 
invention Will be made. 

[0031] The cell of the present invention comprises an 
acidic medium, a ?rst electrode Which is disposed in the 
acidic medium, a basic medium Which is kept in contact With 
the acidic medium, and a second electrode Which is disposed 
in the basic medium, Wherein the acidic medium contains a 
?rst substance Which causes a reaction of removing elec 
trons from the ?rst electrode, accompanied by hydrogen ions 
contained in the acidic medium, and the basic medium 
contains a second substance Which causes a reaction of 
donating electrons to the second electrode, accompanied by 
hydroxide ions contained in the basic medium. 

[0032] The cell of the invention is a primary cell of 
bipolar-type having a structure equipped With the above 
described members, and can be used for any-type of a 
primary cell, a secondary cell, or a fuel cell. 

[0033] Further, in the invention, the bipolar-type cell 
refers to a cell having a structure such that the acidic 
medium and the basic medium are disposed adjacent to each 
other, and these include a substance for taking out electric 
energy and electrodes. 

[0034] In particular, in the bipolar-type cell of the inven 
tion, (1) the ?rst substance and hydrogen ions coexist in the 
acidic medium or near the electrode Which is kept in contact 
thereWith, and together cause a reaction (oxidation) of 
removing electrons from the ?rst electrode as reactant 
substances. Further, (2) the second substance and hydroxide 
ions coexist in the aforementioned basic medium or near the 
electrode Which is in contact thereWith, and together cause 
a reaction (reduction) of donating electrons to the second 
electrode as reactant substances. Such reactions of (l) and 
(2) proceed simultaneously to generate the electric energy 
that drives an outside circuit. 

[0035] Here, in the cell of the invention in a bipolar-type 
reaction ?eld, the hydrogen ions constituting a part of the 
acidic medium participate in the reaction of removing elec 
trons from the ?rst electrode by the ?rst substance, and the 
increase in the concentration thereof performs a function of 
promoting the reaction (shifting the chemical equilibrium in 
the direction of the product). On the other hand, the hydrox 
ide ions constituting a part of the basic medium participate 
in the reaction of donating electrons to the second electrode 
by the second substance, and the increase in the concentra 
tion thereof performs a function of promoting the reaction 
(shifting the chemical equilibrium in the direction of the 
product). For this reason, the reaction can be reinforced by 
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raising the hydrogen ion concentration or the hydroxide ion 
concentration, ie by loWering the pH in the acidic medium 
and raising the pH in the basic medium, so that the cell is 
effective in terms of having a structure that can increase the 
output. 

[0036] Hereinafter, each member of the cell of the inven 
tion Will be described in detail. 

(Acidic Medium and Basic Medium) 

[0037] In the invention, the acidic medium refers to a 
medium having a pH of 7 or less, and is preferably capable 
of forming an acidic reaction ?eld. Further, the basic 
medium refers to a medium having a pH of more than 7 and 
is preferably capable of forming a basic reaction ?eld. 

[0038] Although these acidic medium and basic medium 
may have any aspect of being in a state of liquid, gel or solid, 
both media preferably have the same aspect. Further, these 
acidic medium and basic medium can be used irrespective of 
Whether they are organic compounds or inorganic com 
pounds. 
[0039] Preferable examples of combinations of the acidic 
medium and the basic medium include combinations of an 
acidic aqueous solution such as sulfuric acid, hydrochloric 
acid or phosphoric acid With a basic aqueous solution such 
as sodium hydroxide, potassium hydroxide, ammonia or 
ammonium compounds; a combination of ion conductive 
gels in Which these aqueous solutions gelated by a gelling 
agent; a combination of an acidic ion exchange member 
(including a form such as a membrane or ?lter paper using 
ion exchange resin) having a sulfonic acid group or a 
phosphoric acid group With a basic ion exchange member 
having a quaternary ammonium group; and a combination of 
solid substances such as a combination of a solid super acid 
such as Zirconia oxide treated With sulfuric acid or Zirconia 
oxide containing a noble metal and a solid acid With a solid 
super base such as barium oxide and a solid base. 

[0040] More speci?cally, the acidic aqueous solution pref 
erably includes one or more acids selected from a group 
consisting of sulfuric acid, methanesulfonic acid, trifuluo 
romethanesulfonic acid, hydrochloric acid, hydriodic acid, 
hydrobromic acid, perchloric acid, periodic acid, orthophos 
phoric acid, polyphosphoric acid, nitric acid, tetra?uorobo 
ric acid, hexa?uorophosphoric acid, hexa?uoroarsenic acid, 
hexachloroplatinic acid, acetic acid, tri?uoro acetic acid, 
citric acid, oxalic acid, salicylic acid, tartaric acid, maleic 
acid, malonic acid, phthalic acid, fumaric acid, squaric acid, 
and picric acid. Among these, more preferably, the acidic 
aqueous solution includes sulfuric acid, hydrochloric acid, 
nitric acid or phosphoric acid Which is a strong acid. 

[0041] Further, the basic aqueous solution preferably 
includes one or more bases selected from the group con 

sisting of sodium hydroxide, potassium hydroxide, lithium 
hydroxide, calcium hydroxide, barium hydroxide, magne 
sium hydroxide, ammonium hydroxide, tetramethylammo 
nium hydroxide, tetraethylammonium hydroxide, tetrapro 
pylammonium hydroxide, and tetrabutylammonium 
hydroxide, or includes one or more alkali metal salts of Weak 
acids selected from the group consisting of sodium carbon 
ate, sodium hydrogencarbonate, potassium carbonate, potas 
sium hydrogencarbonate, sodium borate, potassium borate, 
sodium silicate, potassium silicate, sodium tripolyphos 
phate, potassium tripolyphosphate, sodium aluminate, and 
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potassium aluminate. More preferably, the basic medium 
includes sodium hydroxide or potassium hydroxide Which is 
a strong base. 

[0042] Further, use of an acidic ion conductive gel as an 
acidic medium is preferable in Which the acidic aqueous 
solution as described above is gelated by using a gelling 
agent such as Water glass, anhydrous silicon dioxide, cross 
linked polyacrylic acid or a salt thereof. 

[0043] On the other hand, use of a basic ion conductive gel 
as a basic medium is preferable in Which the basic aqueous 
solution is gelated by using a gelling agent such as car 
boxymethyl cellulose, cross-linked polyacrylic acid or a salt 
thereof. 

[0044] Here, the acid or the base may be constituted of one 
kind or a mixture of tWo or more kinds selected from the 

above-described compounds. Also, the Way of using the 
gelling agent is the same as described above. 

[0045] Further, the aforementioned acidic ion exchange 
member and basic ion exchange member include a form 
such as ion exchange membrane, solid polymer electrolyte 
membrane, or ?lter paper, using ion exchange resin. Pref 
erable examples thereof include ion exchange members 
using a strongly acidic ion exchange member having a 
strong acidic group such as sulfonic acid group or phospho 
ric acid group or a strongly basic ion exchange member 
having a strong basic group such as quaternary ammonium 
group. 

[0046] More speci?c examples include polyvinyistyrene 
ion exchange resins represented by DOWEX (trade name, 
manufactured by DoW Co., Ltd.), DIAION (trade name, 
manufactured by Mitsubishi Chemical Co., Ltd.), and 
AMBERLITE (trade name, manufactured by Rohm and 
Hass Co., Ltd.), poly?uorohydrocarbon polymer solid poly 
mer electrolyte membranes such as NAFION (trade name, 
manufactured by DuPont Co., Ltd.), FLEMION (trade 
name, manufactured by Asahi Glass Co., Ltd.), and ASI 
PLEX (trade name, manufactured by Asahi Kasei Industry 
Co., Ltd.), polyvinylstyrene ion exchange membranes such 
as NEOSEPTA (trade name, manufactured by Tokuyama 
Co., Ltd.) and NEOSEPTA BP-l (trade name, manufactured 
by Tokuyama Co., Ltd.), and ion exchange ?lter paper 
formed With polystyrene ?brous ionex ion exchanger such as 
RX-l (trade name, manufactured by Toray Co., Ltd.). 

[0047] Furthermore, preferable examples of solid super 
acid include Zirconia oxide treated With sulfuric acid and 
Zirconia oxide containing a noble metal. In addition, as solid 
acid, it is possible to use clay mineral such as kaolinite or 
montmorillonite, Zeolite, composite oxide, hydrated oxide, 
and activated carbon having an acidic medium deposited 
thereon. 

[0048] Preferable examples of solid superbase include 
barium oxide, strontium oxide, and calcium oxide. In addi 
tion, as solid base, it is possible to use metal oxides such as 
magnesium oxide, and composite oxide containing these, 
hydroxides having a loW solubility to Water such as calcium 
hydroxide, alkali metal or alkali earth metal ion exchange 
Zeolite, and activated carbon having a basic medium depos 
ited thereon. 

[0049] In the cell of the invention, it is essential that the 
acidic medium and the basic medium are disposed adjacent 
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to or near each other. This is to make it possible to hold a 
balance of charge by alloWing a salt to be formed With a 
counter anion generated by release of a hydrogen ion 
constituting a part of the acidic medium in the acidic 
medium and a counter cation generated by release of a 
hydroxide ion constituting a part of the basic medium in the 
basic medium. For this reason, as described above, if the tWo 
media consists of an acidic aqueous solution and a basic 
aqueous solution, a mode can be employed in Which the 
acidic medium and the basic medium are separated from 
each other by using a separation membrane having a prop 
erty of transmitting the generated positive ions and/or nega 
tive ions therethrough. 

(First Substance and Second Substance) 

[0050] In the present invention, the ?rst substance can use 
any substance as long as it is a substance (oxidant) Which 
causes an oxidation reaction that removes electrons from the 

?rst electrode, accompanied by hydrogen ions. HoWever, the 
?rst substance is preferably a substance that promotes the 
reaction When the hydrogen ion concentration is high. Spe 
ci?cally, one can use hydrogen peroxide, oxygen, hypoha 
logenous acid such as hypochlorous acid, hypobromous 
acid, or hypoiodous acid, or the like. Further, the ?rst 
substance may be supplied by using a liquid or a solid that 
contains these substances, or a liquid or a solid that dis 
charged these substances by a chemical change. 

[0051] Further, in the present invention, the second sub 
stance can use any substance as long as it is a substance 
(reducing agent) Which causes a reduction reaction that 
donates electrons to the second electrode, accompanied by 
hydroxide ions. HoWever, the second substance is preferably 
a substance that promotes the reaction When the hydroxide 
ion has high concentration. Speci?cally, one can use hydro 
gen peroxide, hydrogen, hydrazine, or the like. Here, the 
second substance may be supplied by using liquid or solid 
containing theses substances or by using liquid or solid that 
discharges these substances due to a chemical change. 

[0052] Further, the ?rst substance or the second substance 
can use metal ions such as iron, manganese, chromium, and 
vanadium or their metal complexes Which can change the 
number of valances by the oxidation reaction and the 
reduction reaction, and can be supplied by using a liquid or 
a solid containing these. 

[0053] Among them, the ?rst substance and the second 
substance are preferably formed by the same component. 
Such a substance has a property such that, When in an acidic 
medium, the substance accompanied by hydrogen ions 
causes an oxidation reaction of removing electrons from the 
?rst electrode and, When in a basic medium, the substance 
accompanied by hydroxide ions causes a reduction reaction 
of donating electrons to the second electrode. In this case, 
the structure of the cell is simple, thereby enlarging the 
degree of freedom in selecting a separation membrane 
betWeen chemical substances on the anode side and on the 
cathode side, Which has been a great problem in conven 
tional cells. If the acidic medium and the basic medium can 
be kept in a non-mixed state, the separation membrane is not 
necessarily needed. 

[0054] As the substance that can be used both as the 
oxidiZing agent and the reducing agent, use of hydrogen 
peroxide is particularly preferable. The reason for this Will 
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be described in detail later. Further, in vieW of handling, it 
is preferable to supply hydrogen peroxide by using a liquid 
or a solid that contains therein hydrogen peroxide or by 
using a liquid or a solid that discharges hydrogen peroxide 
by a chemical change. 

[0055] The “liquid” as one of the supplying means of the 
?rst substance and the second substance can take any 
formation of a solution (containing Water, organic medium 
or the like as a solvent), a dispersion solution, or a gel. 
Further, it is desired to select these formations to be used in 
a preferable combination With the formations of the acidic 
medium and the basic medium. 

[0056] Moreover, in the case of primary cells, both sub 
stances are mixed or dispersed into media before the initia 
tion of the reaction. In addition, in the case of fuel cells, they 
may be previously mixed or dispersed into the media in a 
liquid state, or they are added to the media, through a 
channel formed near the electrodes, by being soaked into a 
capillary, or in a direct manner. 

(First Electrode and Second Electrode) 

[0057] In the invention, the ?rst electrode is an anode, and 
the second electrode is a cathode. As materials for the ?rst 
electrode and second electrode, those similar to those of the 
electrodes in conventional cells can be used. More speci? 
cally, the ?rst electrode (anode) may be made of platinum, 
platinum black, platinum-oxide-coated platinum, silver, 
gold, or the like. Further, the ?rst electrode may be made of 
surface-passivated titanium, stainless steel, nickel, alumi 
num, or the like. Further, the ?rst electrode may be made of 
a carbon structure such as graphite or a carbon nanotube, 
amorphous carbon, glassy carbon, or the like. Here, in vieW 
of durability, use of platinum, platinum black, or platinum 
oxide-coated platinum is more preferable. 

[0058] The second electrode (cathode) may be made of 
platinum, platinum black, platinum-oxide-coated platinum, 
silver, gold, or the like. Further, the second electrode may be 
made of surface-passivated titanium, stainless steel, nickel, 
aluminum, or the like. Further, the second electrode may be 
made of a carbon structure such as graphite or a carbon 

nanotube, amorphous carbon, glassy carbon, or the like. 
Here, in vieW of durability, use of platinum, platinum black, 
platinum-oxide-coated platinum is more preferable. 

[0059] In the invention, the ?rst electrode and the second 
electrode are preferably plate-shaped, thin-?lm-shaped, 
mesh shaped, or ?brous. In particular, electrodes of [(2) 
paper-type fuel cell] and [(3) gel-type primary cell] accord 
ing to embodiments of the present invention are preferably 
formed into a mesh shape Which becomes a channel through 
Which gas produced in the cells can be discharged. Here, 
“mesh shape” stands for a porous chamber in Which through 
paths, through Which gas to be discharged can pass, are 
existent. 

[0060] Speci?cally, as a mesh shaped electrode, the afore 
said electrode material may be made to adhere to a mesh 
made of metal, a punching metal plate, or a foamed metal 
sheet by a nonelectrolytic plating method, a vapor deposi 
tion method, or a sputtering method. Alternatively, the 
aforesaid electrode material may be made to adhere to paper 
made of cellulose or synthetic polymer by a similar method 
or a combination thereof. 
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[0061] Further, When the ?rst electrode and the second 
electrode are disposed on both media including ion exchang 
ing resins or ion conductive gels having high shape keeping 
ability, it is also a preferable aspect to dispose desired 
materials for electrodes on these ion exchanging resins or 
ion conductive gels by using a nonelectrolytic plating 
method, a vapor deposition method, or a sputtering method. 

<Method of PoWer Generation> 

[0062] A detailed description of a method of poWer gen 
eration (poWer generation mechanism) Will be made. 

[0063] The method of poWer generation comprises an 
acidic medium, a ?rst electrode Which is disposed in the 
acidic medium, a basic medium Which is kept in contact With 
the acidic medium, and a second electrode Which is disposed 
in the basic medium, Wherein a ?rst substance Which is 
contained in the acidic medium causes a reaction of remov 
ing electrons from the ?rst electrode, accompanied by 
hydrogen ions contained therein, and a second substance 
Which is contained in the basic medium cause a reaction of 
donating electrons to the second electrode, accompanied by 
hydroxide ions contained therein. 

[0064] By this reaction, the ?rst substance and the second 
substance undergo a chemical change into plural substances 
having a loWer internal energy, and the energy for that 
amount is released to the outside as electric energy to 
generate electric poWer. 

[0065] Further, here, an aspect Will be explained in Which 
the acidic medium is formed by an acidic aqueous solution, 
the basic medium is formed by the basic aqueous solution, 
and both the ?rst substance and the second substance are 
hydrogen peroxide. HoWever, although this is shoWn as the 
most preferable aspect of the present invention, the present 
invention is not limited to this. 

[0066] The hydrogen peroxide produces Water and oxygen 
by a decomposition reaction. When this chemical reaction is 
carried out by separating the reaction into an oxidation 
reaction and a reduction reaction at separate electrodes as in 
the cell of the invention, an electromotive force is generated. 
Namely, hydrogen peroxide, on the one hand, has an oxi 
diZing function in an acidic reaction ?eld and, on the other 
hand, has a reducing function in a basic reaction ?eld, 
thereby generating an electromotive force. By using an 
acid-base bipolar reaction ?eld such as this, the poWer 
generation method of the invention is realiZed. 

[0067] More speci?cally, the poWer generation method of 
the invention Will be described With reference to FIG. 1. 
Referring to FIG. 1, in the acidic reaction ?eld (acidic 
medium) Where the anode (?rst electrode) is disposed, 
hydrogen peroxide Works as an oxidiZing agent and, as 
shoWn beloW (formula 1), the oxygen atoms of hydrogen 
peroxide receive electrons from the electrode to produce 
Water. Also, in the basic reaction ?eld (basic medium) Where 
the cathode (second electrode) is disposed, hydrogen per 
oxide Works as a reducing agent and, as shoWn beloW 
(formula 2), the oxygen atoms of hydrogen peroxide donate 
electrons to the electrode to produce oxygen and Water. By 
these reactions, an electromotive force is generated, and 
poWer generated. 

H2O2+2H++2€T2H2O (formula 1) 
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[0068] Further, in the reaction ?elds, the counter anion 
(corresponding to sulfate ion SO42_in FIG. 1) of the hydro 
gen ion that is present in the acidic medium and the counter 
cation (corresponding to sodium ion Na+ in FIG. 1) of the 
hydroxide ion that is present in the basic medium form a salt 
at the interface of the tWo media, Whereby the balance of 
charge can be maintained. Since the salt formed at this time 
is usually more stable When ioniZed in an aqueous solution, 
the effect on the electromotive force by formation of the salt 
is far smaller than that on the electromotive force by the 
oxidation or reduction reaction at the electrodes. As a result 
of this, the bipolar-type cell of the invention in Which the 
electrode reaction plays a principal role has a property of 
being capable of performing a more stable poWer generation 
than a different bipolar-type cell in Which the neutralization 
reaction at the interface of the acidic and basic media plays 
a principal role. 

[0069] An ion reaction formula obtained by summing up 
the half reaction formulas of (formula 1) and (formula 2) 
Will be the folloWing (formula 3). 

[0070] According to the thermodynamic calculation, the 
enthalpy change (AH), the entropy change (AS), Gibbs free 
energy change (AG, temperature T: in units of Kelvin (K)) 
of this reaction Will be respectively AH=—96.7 kJ/mol, 
AS=8.9 J/Kmol, and AG=AH—AS=-ll5.5 kJ/mol. 

[0071] Also, the theoretical electromotive force (n is the 
electron number involved in the reaction, and F is a Faraday 
constant) and the theoretical maximum e?iciency (11) can be 
calculated as E=AG/nF=l .2 V, and n=AG/AH><100=120%. A 
theoretical feature ofthis reaction is that the entropy 
increases due to the hydrogen peroxide decomposition reac 
tion, Whereby the sign of AS becomes positive. For this 
reason, the absolute value of AG Will be larger than AH, so 
that the theoretical maximum ef?ciency exceeds 100%. 
Being different from this, in the reactions of other fuel cells 
such as hydrogen-oxygen system or direct methanol system 
cells, the sign of AS becomes negative. 

[0072] Based on the foregoing, the theoretical features in 
the case of using hydrogen peroxide as the ?rst substance 
and the second substance in the poWer generation method of 
the invention Will be described beloW. 

[0073] In other fuel cells hitherto knoWn in the art, the 
amount of entropy change TAS, in principle, cannot be used 
for poWer generation and is released as heat. On the other 
hand, in the mechanism of the invention, the increase of the 
entropy obtained by absorbing heat from the outside can be 
used for poWer generation. Also, if the reaction temperature 
T is higher, the absolute value of AG Will be larger, thereby 
raising the electromotive force. 

[0074] In a practical cell, the output voltage is determined 
not solely by the theoretical electromotive force of the ion 
reaction formula. Overvoltage or the like causes decrease of 
the voltage and simultaneously generates heat. For example, 
When unit cells are stacked for integration, or in incorpo 
rating the cell into a commercial product, this heat Will be a 
great problem. HoWever, as described above, according to 
the poWer generation method of the invention, the heat can 
be theoretically reused for poWer generation, raising a 
possibility that the total heat generation Will be smaller. 
Further, AG corresponding to the total amount of energy that 
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can be used for poWer generation is about half the energy 
generated by hydrogen/oxygen fuel cells. HoWever, since 
n=l (n=2 in the case of hydrogen-oxygen fuel cells), AG Will 
have the same amount of the theoretical electromotive force. 

[0075] In vieW of the aforementioned, in the cell of the 
present invention and in the method of poWer generation of 
the present invention, When hydrogen peroxide is used for 
the ?rst substance and the second substance, the effects 
described beloW can be obtained: 

[0076] (1) Hydrogen peroxide does not discharge carbon 
dioxide, and instead, discharges oxygen in accordance 
With the reaction for converting chemical energy into 
electric energy. Further, since ?ammable and combustible 
materials or harmful heavy metals are not used for struc 
tural components in the cells, hydrogen peroxide is excel 
lent in environmental safety over the entire life cycle of 
manufacturing, consumption, and discharging processes. 

[0077] (2) Since hydrogen peroxide is in a liquid state at 
an ordinary temperature and under a normal pressure, 
heavy metal cylinder or the like for storing hydrogen 
peroxide becomes unnecessary. Besides, hydrogen perox 
ide can be mixed freely With Water, and gelated easily. 
Accordingly, it is possible to use a fuel supply method 
having excellent storage properties and portability. 

[0078] (3) Use of oxygen as an oxidiZing agent becomes 
unnecessary thereby facilitating hydrogen peroxide to be 
used Without being hindered When hydrogen peroxide is 
used under a closed environment in Which the amount of 
air is limited or under a critical environment in Which the 
content of dust or Waste in the air is relatively large. 

[0079] (4) As the industrial manufacturing method of 
hydrogen peroxide, an organic method is already estab 
lished such that anthraquinone is used as an intermediate 
(Which is reused repeatedly Without being consumed) to 
synthesiZe hydrogen peroxide by conducting a contact 
reduction of hydrogen using a catalyst and an air oxidiZa 
tion. In status quo, hydrogen peroxide is supplied stably 
and inexpensively. In addition, hydrogen peroxide is able 
to form a part of a cell With a simple structure by using 
less peripheral parts, Whereby the entire Weight and the 
volume of the Whose cell system can be minimized. 
Accordingly, cells With high durability can be manufac 
tured inexpensively. 

[0080] In the above-description, a description of a method 
of poWer generation using hydrogen peroxide as the ?rst 
substance and the second substance has been made. HoW 
ever, When other substances (compounds) are used for both 
substances, they are substantially common in points that 
oxidation and reduction reactions are caused to provoke at 
the electrodes 

[0081] Therefore, according to the cell of the invention 
and the poWer generation method of the invention, stable 
poWer generation is enabled oWing to the poWer generation 
mechanism thereof. 

[0082] Further, in the cell of the invention and in the 
method of poWer generation of the invention, a product 
Which is produced due to the reaction of electrodes is 
produced not betWeen the electrodes but in the vicinity 
thereof. Accordingly, When the removal of the product is 
required, it can be removed easily from the outside of a box 
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member containing therein a cell structure. Further, if the 
product produced by the reaction betWeen the electrodes is 
Water, and the acidic medium or the basic medium is an 
aqueous solution, or if the ?rst substance and the second 
substance are used by being mixed With an aqueous solution, 
dissolved, and dispersed, the produced Water can be easily 
removed from portions near the electrodes by being dis 
persed into both media or by being discharged to the outside 
of the cell. 

[0083] (5) Hereinafter, a description of a preferable 
embodiment of the cells of the present invention Will be 
made. HoWever, the present invention is not limited to 
this. Preferable examples of the cells of the present 
invention include (1) chip-type ?uid fuel cells, (2) paper 
type fuel cells, and (3) gel-type primary cells. 

[(1) Chip-type Fluid Fuel Cell] 

[0084] This chip-type ?uid fuel cell has an acid-basic 
bipolar reaction ?eld. In the reaction ?eld, a liquid such as 
a sulfuric acid aqueous solution is used as the acidic medium 
and a liquid such as a sodium hydroxide aqueous solution is 
used as the basic medium. With reference to FIG. 2, a 
description of a speci?c structure of the cell Will be made. 

[0085] FIG. 2A is a schematic perspective vieW of a top 
surface of a chip-type ?uid fuel cell. As shoWn in this ?gure, 
the chip-type ?uid fuel cell has a capillary channel 1 (having 
a depth of 50 um and a Width of 1000 pm). The capillary 
channel 1 is formed betWeen a slide glass 11 and a cover 
glass 10 through a spacer (member 12 in FIG. 2B). The 
capillary channel 1 is provided With inlets 2 and 3 for 
supplying a liquid state acidic medium in a liquid state and 
a liquid state basic medium, and outlets 4 and 5 for dis 
charging these therefrom. For example, When an acidic 
aqueous solution “a” from the inlet 2 and a basic aqueous 
solution “b” from the inlet 3 are ?oWn into the capillary 
channel 1, When appropriate viscosity and ?oW rate are 
provided for the liquids, laminar ?oW (Reynolds ?oW) is 
formed at ajunction portion of the capillary channel 1. 

[0086] With reference to FIG. 2B, laminar ?oWs Will be 
explained. FIG. 2B shoWs a cross-sectional vieW of the 
chip-type ?uid fuel cell Which is taken along a line A-A', as 
seen from directions in Which both media ?oW. As shoWn in 
this ?gure, the acidic aqueous solution “a” and the basic 
aqueous solution “b” form laminar ?oW “a” and laminar 
?oW “b”, respectively, even at the junction portion of the 
capillary channel 1. Although the solutions “a” and “b” are 
kept into contact With each other, they are ?oWn through the 
capillary channel 1 Without crossing each other. Then, While 
the solutions “a” and “b” are passed through the junction 
portion, they still form the laminar ?oWs “a” and “b” 
continuously. Next, they are separated again at a branch 
portion. The solution “a” is discharged from the outlet 4, and 
the solution “b” is discharged from the outlet 5, and col 
lected separately. 

[0087] TWo platinum electrodes 6 and 8 are formed at the 
bottom of the junction portion of the capillary channel 1 for 
forming such laminar ?oWs as described above. Electric 
poWer can be taken to the outside, through each of connect 
ing terminals 7 and 9. 

[0088] In this Way, a state in Which tWo liquids, Which are 
kept into contact With each other, form laminar ?oWs With 
out being mixed With each other can be implemented by 

Aug. 9, 2007 

applying a viscous ?uid property to the capillary channel. 
The viscous ?uid property stands for a phenomenon (Rey 
nolds phenomenon) occurring When Reynolds number (Re) 
of constants Which are determined in accordance With the 
con?guration of the channel (e. g., tube diameter or Width or 
depth of one channel) is about 2000 or less. By using the 
phenomenon, tWo liquids having appropriate viscosity and 
moving speed form laminar ?oWs in the capillary, and a 
property is exerted in Which the mixture of tWo liquids 
hardly occurs. For this reason, in a state in Which the ?rst 
substance and the second substance are made to coexist in 
both laminar ?oWs, When electrodes are put in the laminar 
?oWs, oxidation reaction is provoked in the acidic medium 
and the reduction reaction is provoked in the basic medium, 
and an electromotive force is generated, and a cell is formed. 

[0089] When this chip-type ?uid fuel cell is considered as 
a single unit cell, by arranging plural unit cells in parallel or 
in series, the amount of current and that of voltage are 
increased. The complicated structure of the capillary chan 
nel can be easily formed by applying ultrasonic Waving 
grinding or semiconductor photolithography, and existing 
processing technologies such as sandblast, injection molding 
and silicon resin molding, to substrates (chips) such as glass, 
quartz, silicon, polymer ?lm, a plastic resin, ceramics, 
graphite, metal and the like. Accordingly, integration of unit 
cells and lamination of plural chips make it possible to 
construct a cell system With desirable performances (in 
currents and voltages). 

[(2) Paper-type Fuel Cell] 

[0090] A paper-type fuel cell has an acid-base bipolar 
reaction ?eld in Which a solid state acidic medium and a 
solid state basic medium are kept into contact With each 
other, and disposed. With reference to FIGS. 3A and 3B 
shoWing a schematic cross-sectional perspective vieW of a 
paper-type fuel cell, a description of a speci?c structure 
thereof Will be made. 

[0091] The paper-type fuel cell shoWn in FIG. 3A has a 
structure in Which an acidic reaction ?eld having the ?rst 
electrode 22 and an acidic medium 20 and a basic reaction 
?eld having the second electrode 32 and a basic medium 30 
are kept into contact With each other. The ?rst substance and 
the second substance are supplied into the cell, so that poWer 
is generated. For example, When the ?rst substance and the 
second substance are hydrogen peroxide, an aqueous solu 
tion “L” of hydrogen peroxide is dripped or soaked, and 
supplied into the cell as indicated by an arroW in FIG. 3A. 
Accordingly, oxidation reaction in the acidic reaction ?eld 
and reduction reaction in the basic reaction ?eld are pro 
voked, so that an electromotive force is generated. Further, 
the con?guration of an electrode is preferably formed into a 
mesh shape Which becomes a channel through Which gas 
produced in the cell can be discharged. 

[0092] Further, the paper-type fuel cell in FIG. 3A is 
structured in accordance With an aspect in Which the method 
of supplying the aqueous solution of hydrogen peroxide in 
FIG. 3B has been modi?ed. In other Words, a supplying 
member 40 having a fabric or capillary member by Which 
the solution can be soaked or absorbed is provided at a 
portion of the interface betWeen the acidic medium 20 and 
the basic medium 30, and through the supplying member 40, 
the solution can be supplied into the acidic medium 20 and 
the basic medium 30. Accordingly, oxidation reaction in the 
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acidic reaction ?eld and reduction reaction in the basic 
reaction ?eld are provoked, and an electromotive force is 
generated. Also at this point, the electrode is preferably 
formed into a mesh shape Which becomes a channel through 
Which gas produced in the cell can be discharged. 

[0093] As described above, preferable examples of the 
acidic medium 20 and the basic medium 30 include: a 
combination of a matrix containing a strong acid substituent 
group (such as a sulfuric acid group or a phosphoric acid 
group) With a matrix containing a strong basic substituent 
group (such as a quaternary ammonium group); a combina 
tion of a strong acidic ion exchange resin With a strong basic 
ion exchange resin; a combination of a strong acidic ion 
exchange ?lter paper With a strong basic ion exchange ?lter 
paper; and a combination of a solid super strong acid With 
a solid super strong base. 

[0094] Water is decomposed into hydrogen ions and 
hydroxide ions, and supplied at a contact-interface of the 
acid-base bipolar reaction ?eld in the above-described 
paper-type fuel cell. Then, the solution of hydrogen peroxide 
from the outside is supplied into the reaction ?eld, Whereby 
electric poWer can be supplied continuously. Further, in the 
cell, the solution of hydrogen peroxide is supplied by means 
of dripping or soaking, so that the cell has an advantage that 
the solution is supplied Without using external pumps. 
Moreover, the cell can also make use of a phenomenon in 
Which Water as the reaction product is transpired from the 
surface of the cell into the atmosphere. 

[(3) Gel-type Primary Cell] 
[0095] A gel-type primary cell has an acid-base bipolar 
reaction ?eld in Which an ion conductive gel due to a 
gelation of an acidic aqueous solution as an acidic medium 
and an ion conductive gel due to a gelation of a basic 
aqueous solution as a basic medium are kept into contact 
With each other, and disposed. With reference to FIG. 4 
shoWing a schematic cross-sectional perspective vieW of a 
gel-type primary cell, a description of a speci?c structure 
thereof Will be made. 

[0096] The gel-type primary cell shoWn in FIG. 4 has a 
structure in Which an acidic reaction ?eld comprising a ?rst 
electrode 22 and the acidic medium 20, and a basic reaction 
?eld comprising a second electrode 32 and the basic medium 
30 are kept into contact With each other, and the acidic 
medium 20 contains the ?rst substance, and the basic 
medium 30 contains the second substance. For example, 
When the ?rst substance and the second substance are 
hydrogen peroxide, an aqueous solution of hydrogen per 
oxide is made coexistent in the acidic medium 20 or the 
basic medium 30 or in both media. Accordingly, oxidation 
reaction in the acidic reaction ?eld and reduction reaction in 
the basic reaction ?eld are provoked, and an electromotive 
force is generated. Moreover, the electrode is preferably kept 
into contact With the media at one side or both sides thereof, 
and preferably formed into a mesh shape Which becomes a 
channel through Which gas produced in the cell can be 
discharged. 

[0097] In accordance With poWer generation of the gel 
type primary cell, at the time When hydrogen ions or 
hydroxide ions or the aqueous solution of hydrogen peroxide 
contained in the electronic conductive gel are consumed 
(salt is generated simultaneously), and used up, the supply of 
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electric poWer is stopped. Further, these substances to be 
consumed cannot be re-supplied from the outside, so that 
they are used for manufacturing primary cells. HoWever, the 
cell is not only simply structured but also makes use of a gel 
state having high self-maintenance for both reaction ?elds. 
Consequently, the reaction ?elds can be maintained stable 
thus making it possible to take a seal-state cell formation 
Which is excellent in portability and cost performance. 

[0098] As described above, a description of the cell 
according to the embodiments of the present invention has 
been made. HoWever, the structure of the present invention 
is not limited to this. For example, the cell having the 
above-described structure and conventional cells using 
hydrogen fuel or methanol fuel are used in combination as 
a composite generator. 

EXAMPLES 

[0099] Hereafter, the effect of the present invention Will be 
described by Way of Examples and Comparative Example. 
HoWever, the invention is not limited to these. 

Example 1 

[0100] The chip-type ?uid fuel cell shoWn in FIG. 2 Was 
evaluated by undergoing an experiment of poWer generation 
under the folloWing conditions and by determining current 
voltage properties. 
[0101] Namely, a 3 Wt. % of an aqueous solution of 
hydrogen peroxide Which is commercially available (NIP 
PON YAKKYOKU HO “OXYDOL”, produced by Kenei 
Pharmaceutical Co., Ltd.) Was mixed With sulfuric acid 
(96% of guaranteed substance, produced by KANTO 
CHEMICAL CO., INC.) and distilled Water, and a sample 
liquid A (0.75 mol/l of hydrogen peroxide and 0.75N (1.5 
mol/l) of sulfuric acid) Was prepared. Further, the solution 
Was mixed With sodium hydroxide (97% of guaranteed 
substance, produced by KANTO CHEMICAL CO., INC.) 
and distilled Water, and a sample liquid B (0.75 mol/l of 
hydrogen peroxide and 0.75N (1.5 mol/l) of sodium hydrox 
ide) Was prepared. 

[0102] Thereafter, the sample solution A and the sample 
solution B Were pumped by an external pump and injected 
into the inlet 2 and the inlet 3 of the chip-type ?uid fuel cell, 
respectively. The How rates of both sample liquids Were 24 
ul/sec (Re: Reynolds number is about 670) at the central 
portion of each channel, and the experiment temperature Was 
at a room temperature. Generation of gas Was not observed 
on the surface of an electrode 8 (platinum thin ?lm, area 
siZe: 0.026 cm2), Which is kept into contact With the sample 
liquid A, at the bottom of the channel. MeanWhile, genera 
tion of gas Was observed on the surface of an electrode 6 
(platinum thin ?lm With an area of 0.026 cm2), Which is kept 
into contact With the sample liquid B, at the bottom of the 
channel. This is because the electrode 8 behaved as an anode 
When Water Was produced due to the reaction in Formula 1, 
and the electrode 6 behaved as a cathode When oxygen and 
Water Were produced due to the reaction in Formula 2. 

[0103] Current-voltage properties obtained by the fuel cell 
under the aforementioned experimental conditions are 
shoWn in FIG. 5. The cell in Example 1 had a release voltage 
of 700 mV and a maximum output of 23 mW/cm2 (When the 
electromotive voltage is 300 mV and the current is 77 

mA/cm2). 
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Example 2 

[0104] A chip-type ?uid fuel cell Which is the same as that 
in Example 1 Was used and evaluated in the same manner as 
in Example 1 except that the concentration of hydrogen 
peroxide contained in the sample liquids Was changed. 
Further, the concentration of hydrogen peroxide in both 
sample liquids A and B Which Were injected into the inlets 
2 and 3 of the chip-type ?uid fuel cell Was 0.45 mol/l. 
Moreover, the ?oW rate and the experimental temperature 
Were the same as those in Example 1. 

[0105] Current-voltage properties Which Were obtained by 
using fuel cells under such experimental conditions are 
shoWn in FIG. 5. The cell in Example 2 had a release voltage 
of 675 mV, and a maximum output of 9 mW/cm2. 

Example 3 

[0106] A chip-type ?uid fuel cell Which is the same as that 
in Example 1 Was used and evaluated in the same manner as 
in Example 1 except that the concentration of hydrogen 
peroxide contained in the sample liquids Was changed. The 
concentration of hydrogen peroxide of both sample liquids 
A and B Which Were injected into the inlets 2 and 3 of the 
chip-type ?uid fuel cell Was 0.22 mol/l. Moreover, the ?oW 
rate and the experimental temperature Were the same as 
those in Example 1. 

[0107] Current-voltage properties Which Were obtained by 
using fuel cells under such experimental conditions are 
shoWn in FIG. 5. The cell in Example 3 had a release voltage 
of 620 mV, and a maximum output of 3 mW/cm2. 

Example 4 

[0108] A chip-type ?uid fuel cell Which is the same as that 
in Example 1 Was used and evaluated in the same manner as 
in Example 1 except that the concentration of hydrogen 
peroxide contained in the sample liquids Was changed. 
Further, the concentration of hydrogen peroxide of both 
sample liquids A and B Which Were injected into the inlets 
2 and 3 ofthe chip-type ?uid fuel cell Was 0.10 mol/l. 
Moreover, the ?oW rate and the experimental temperature 
Were the same as those in Example 1. 

[0109] Current-voltage properties Which Were obtained by 
using fuel cells under such experimental conditions are 
shoWn in FIG. 5. The cell in Example 4 had a release voltage 
of 611 mV and a maximum output of 1 mW/cm2. 

Example 5 

[0110] A chip-type ?uid fuel cell Which is the same as that 
in Example 1 Was used and evaluated in the same manner as 
in Example 1 except that materials used for the ?rst elec 
trode and the second electrode Were changed as folloWs, and 
the concentration of hydrogen peroxide contained in the 
sample liquids Were changed. The material for the electrode 
6 Was changed to silver, and that for the electrode 8 Was 
changed to platinum. Further, the concentration of hydrogen 
peroxide of both sample liquids A and B Which Were injected 
into the inlets 2 and 3 of the chip-type ?uid fuel cell Was 0.45 
mol/l. Moreover, the ?oW rate and the experimental tem 
perature Were the same as those in Example 1. 

[0111] On the basis of current-voltage properties Which 
Were obtained by using fuel cells under such experimental 
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conditions, the cell in Example 5 had a release voltage of 
540 mV and a maximum output of 6 mW/cm2. 

Example 6 

[0112] In the paper-type ?uid fuel cell shoWn in FIG. 3A, 
the cell Was evaluated by undergoing an experiment of 
poWer generation under the folloWing conditions and by 
determining current-voltage properties. 
[0113] The acidic medium 20 used a small piece (height: 
1.5 cm><Width: 1.5 cm) of strong acid ion exchange ?ltrate 
paper (RX-1 SERIES CP-1, produced by TORAY CHEMI 
CAL CO., LTD.), and the basic medium 30 used a small 
piece (height: 1.5 cm><Width: 1.5 cm) of strong acid ion 
exchange ?ltrate paper (RX-1 SERIES AP-1, produced by 
TORAY CHEMICAL CO., LTD.). Further, the ?rst elec 
trode 22 and the second electrode 32 Were formed by 
adhering to the acidic medium and the basic medium, 
respectively, platinum black mesh (nickel mesh surface 
having 100 meshes Was black-platiniZed) having the same 
area as each of the acidic medium and the basic medium. 

[0114] Then, as indicated by an arroW in FIG. 3A, the ?rst 
substance and the second substance Were supplied into the 
cell by dripping a 3 Wt. % aqueous solution of hydrogen 
peroxide L (NIPPON YAKKYOKU HO “OXYDOL”, pro 
duced by Kenei Pharmaceutical Co., Ltd.). Accordingly, 
oxidation reaction in the acidic medium and reduction 
reaction in the basic medium Were provoked, and an elec 
tromotive force Was generated. 

[0115] Current-voltage properties Which Were obtained by 
using fuel cells under such experimental conditions are 
shoWn in FIG. 6. The cell in this example exerted a release 
voltage of 120 mV and a maximum output of 0.35 uW/cm2 
(When an electromotive voltage is 80 mV and current is 0.01 
mA/cm2). 

Example 7 

[0116] In the gel-type primary cell shoWn in FIG. 4, the 
cell Was evaluated by undergoing an experiment of poWer 
generation under the folloWing conditions and by determin 
ing current-voltage properties. 
[0117] The acidic medium 20 (that in Which 0.25 mol/l of 
sulfuric acid and 0.5 mol/l of hydrogen peroxide Were 
gelated With 10 Wt./% of anhydrous silicon dioxide) and the 
basic medium 30 (that in Which 0.5 mol/l of sodium hydrox 
ide and 0.5 mol/l of hydrogen peroxide Were gelated With 8 
Wt. % of crosslinked sodium polyacrylate) Were used. Plati 
num black mesh (nickel mesh surface having 100 meshes 
Was black-platiniZed) having an area of 2.6 cm2 Was adhered 
to each of the media, and used as the ?rst electrode 22 and 
the second electrode 32. 

[0118] On the basis of current-voltage properties Which 
Were obtained by using the primary cell under such experi 
mental conditions, the cell in Example 7 had a release 
voltage of 570 mV and a maximum output of 0.2 mW/cm2 
(When an electromotive voltage is 30 mV and current is 1.7 
mA/cm2). 

Comparative Example 1 

[0119] A chip-type ?uid fuel cell Which is the same as that 
in Example 1 Was used and evaluated in the same manner as 
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in Example 1 except that hydrogen peroxide Was not con 
tained in the sample liquids, and the concentration of sul 
furic acid and sodium hydroxide Were changed. The con 
centrations of both sulfuric acid and sodium hydroxide of 
the sample liquids A and B, Which Were injected into the 
inlets 2 and 3 of the chip-type ?uid fuel cell, Were 0.45 mol/l. 
Moreover, the How rate and the experimental temperature 
Were the same as those in Example 1. 

[0120] Current-voltage properties Which Were obtained by 
using fuel cells under such experimental conditions are 
shoWn in FIG. 5. In Comparative Example 1, although a 
release poWer (300 mV) due to a voltage betWeen liquids 
Was measured, a signi?cant current Was not ?oWn. 

[0121] As described above, in accordance With Examples, 
voltages and currents Were obtained as shoWn in FIGS. 5 and 
6, and voltages and currents Were obtained in Examples 5 
and 7. Therefore, it has been found out that poWer generation 
is carried out, and electric energy can be supplied by using 
a cell having a novel structure and a method of poWer 
generation using the cell according to the present invention. 

INDUSTRIAL APPLICABLITY 

[0122] The cell according to the invention is a bipolar-type 
cell having a novel structure, and its main source is an 
electromotive force Which is generated due to oxidation and 
reduction reactions at electrodes as solid matters. Therefore, 
stable poWer generation is enabled. Various problems With 
the conventional cells are solved by the cell and the method 
of poWer generation using the cell according to the present 
invention. Accordingly, the folloWing advantages can be 
provided by the present invention. In other Words, occur 
rence of danger during the use of ?ammable and ignitable 
fuels can be solved, discharge of carbon dioxide is pre 
vented, and storage properties of the cell are simple, and the 
structure of the cell is simple. As a result, industrial appli 
cability of the present invention is extremely high. 

1. A cell comprising: 

an acidic medium; 

a ?rst electrode Which is disposed in the acidic medium; 

a basic medium Which is kept in contact With the acidic 
medium; and 

a second electrode Which is disposed in the basic medium, 

Wherein the acidic medium contains a ?rst substance 
Which causes a reaction of removing electrons from the 
?rst electrode, accompanied by hydrogen ions con 
tained therein, and the basic medium contains a second 
substance Which causes a reaction of donating electrons 
to the second electrode, accompanied by hydroxide 
ions contained therein, 

Wherein the acidic medium is formed by an acidic aque 
ous solution and the basic medium is formed by a basic 
aqueous solution, 

and Wherein the acidic aqueous solution and the basic 
aqueous solution have a channel structure forming 
laminar ?oWs therein. 

2. The cell of claim 1, Wherein the ?rst and second 
substances are the same. 

3. The cell of claim 2, Wherein both of the ?rst substance 
and the second substance are hydrogen peroxide. 
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4. The cell of claim 3, Wherein hydrogen peroxide is 
supplied as a liquid, Which contains hydrogen peroxide or 
Which releases hydrogen peroxide due to a chemical change. 

5-6. (canceled) 
7. The cell of claim 1, Wherein the acidic aqueous solution 

comprises one or more acid substances selected from the 
group consisting of sulfuric acid, methane sulfonic acid, 
tri?uoromethane sulfonic acid, hydrochloric acid, hydriodic 
acid, hydrobromic acid, perchloric acid, periodic acid, ortho 
phosphoric acid, polyphosphoric acid, nitric acid, tetra?uo 
roboric acid, hexa?uorosilicic acid, hexa?uorophosphoric 
acid, hexa?uoroarsenic acid, hexachroloplatinic acid, acetic 
acid, tri?uoro acetic acid, citric acid, oxalic acid, salicylic 
acid, tartaric acid, maleic acid, malonic acid, phthalic acid, 
fumaric acid, and picric acid. 

8. The cell of claim 1, Wherein the basic aqueous solution 
comprises one or more bases selected from the group 
consisting of sodium hydroxide, potassium hydroxide, 
lithium hydroxide, calcium hydroxide, barium hydroxide, 
magnesium hydroxide, ammonium hydroxide, tetramethy 
lammonium hydroxide, tetraethylammonium hydroxide, tet 
rapropylammonium hydroxide, and tetrabutylammonium 
hydroxide, or one or more alkali metal salts of Weak acid 
selected from the group consisting of sodium carbonate, 
sodium hydrogencarbonate, potassium carbonate, potassium 
hydrogencarbonate, sodium borate, potassium borate, 
sodium silicate, potassium silicate, sodium tripolyphos 
phate, potassium tripolyphosphate, sodium aluminate, and 
potassium aluminate. 

9-13. (canceled) 
14. The cell of claim 1, Wherein the ?rst electrode 

comprises one or more materials selected from the group 
consisting of platinum, platinum black, platinum-oxide 
coated platinum, silver, gold, surface-passivated titanium, 
surface-passivated stainless steel, surface-passivated nickel, 
surface-passivated aluminum, a carbon structure, amor 
phous carbon, and glassy carbon. 

15. The cell of claim 1, Wherein the second electrode 
comprises one or more materials selected from the group 
consisting of platinum, platinum black, platinum-oxide 
coated platinum, silver, gold, surface-passivated titanium, 
surface-passivated stainless steel, surface-passivated nickel, 
surface-passivated aluminum, a carbon structure, amor 
phous carbon, and glassy carbon. 

16. The cell of claim 1, Wherein the ?rst electrode and the 
second electrode are plate-shaped, thin-?lm-shaped, mesh 
shaped, or ?brous. 

17. (canceled) 
18. A method of poWer generation by using a cell com 

prising: 

an acidic medium; 

a ?rst electrode Which is disposed in the acidic medium; 

a basic medium Which is kept in contact With the acidic 
medium; and 

a second electrode Which is disposed in the basic medium, 

Wherein a ?rst substance Which is contained in the acidic 
medium causes a reaction of removing electrons from 
the ?rst electrode, accompanied by hydrogen ions 
contained therein, and a second substance Which is 
contained in the basic medium causes a reaction of 
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donating electrons to the second electrode, accompa- and Wherein the acidic aqueous solution and the basic 
nied by hydroxide ions containedtherein, so that poWer aqueous solution have a channel structure forming 
is generated, laminar ?oWs therein. 

Wherein the acidic medium is formed by an acidic aque 
ous solution and the basic medium is formed by a basic 
aqueous solution, * * * * * 


