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Description

Technical Field:

[0001] The present invention relates to a lithium ion capacitor that includes a positive electrode, a negative electrode
and a non-protonic organic solvent electrolytic solution of a lithium salt as an electrolyte.

Background Art:

[0002] In recent years, a so-called lithium ion secondary battery that uses a carbon material such as graphite in a
negative electrode and a lithium-containing metal oxide such as LiCoO2 in a positive electrode, being high in the capac-
itance, as a potential electric storage device, is put into practical use as a main power supply mainly of a note book
computer or a portable telephone. The lithium ion secondary battery is a so-called rocking chair type battery where, after
assembling of the battery, a charge operation is carried out to supply a lithium ion from the lithium-containing metal oxide
as the positive electrode to the negative electrode, and, in a discharge operation, the lithium ion at the negative electrode
is returned to the positive electrode. The lithium ion secondary battery is characterized by having a high voltage and a
high capacitance.
[0003] On the other hand, under a situation where the environmental problems come to the front, an electric storage
device (a main power supply and an auxiliary power supply) for an electric car or hybrid car that substitutes for a gasoline
vehicle has been actively developed. Furthermore, until recently, as an automobile electric storage device, a lead battery
has been used. However, since electrical installations and instruments are fulfilling, from viewpoints of the energy density
and output density, a new electric storage device is in demand.
[0004] As such a new electric storage device, the lithium ion secondary battery and an electric double layer capacitor
are gathering attention. However, the lithium ion secondary battery, though high in the energy density, has problems
with the output characteristics, the safety and the cycle lifetime. On the other hand, the electric double layer capacitor,
which is utilized as a power supply for back-upping a memory such as an IC and LSI, is smaller in the discharge capacity
per one charge than a battery. However, the electric double layer capacitor is provided with such high output characteristics
and maintenance-free characteristics that are not found in the lithium ion secondary battery as that the instantaneous
charge and discharge characteristics are excellent and several tens thousands cycles of charge and discharge can be
withstood.
[0005] Although the electric double layer capacitor has such advantages, the energy density of an existing general
electric double layer capacitor is substantially 3 to 4 Wh/l and is smaller by substantially two digits compared with that
of the lithium ion secondary battery. When an electric car is considered, it is said that, in order to put into practical use,
the energy density of 6 to 10 Wh/l is necessary, and, in order to popularize, the energy densityof 20 Wh/l is necessary.
[0006] As an electric storage device that responds to such applications that necessitate the high energy density and
high output characteristics, recently, an electric storage device called as well as a hybrid capacitor that combines electric
storage principles of a lithium ion secondary battery and an electric double layer capacitor is gathering attention. The
hybrid capacitor usually uses a polarizable electrode in a positive electrode and a non-polarizable electrode in a negative
electrode and is gathering attention as an electric storage device that combines high energy density of a battery and
high output characteristics of an electric double layer. On the other hand, in the capacitor, a capacitor is proposed in
which a negative electrode that can store and release a lithium ion is brought into contact with metal lithium to allow
storing and carrying (hereinafter, in some cases, referred to as doping) the lithium ion chemically or electrochemically
in advance to lower a negative electrode potential, and, thereby, it is intended that the withstand voltage is heightened
and the energy density is made remarkably larger (Patent literatures Nos. 1 through 4).
[0007] In the capacitor, though high performance can be expected, when a lithium ion is doped to a negative electrode,
metal lithium has to be stuck to an entire negative electrode or it is possible to locally and partially dispose metal lithium
in a cell to bring into contact with a negative electrode. However, there are problems in that the doping takes a very long
time and cannot be uniformly applied over an entire negative electrode. It is considered difficult to put into practical use
in a large and high capacity cell such as, in particular, a cylindrical device where electrodes are wound or a rectangular
battery where a plurality of sheets of electrodes is laminated.
[0008] However, the problems were overcome at one stroke owing to an invention in that when a hole that penetrates
through front and back of a negative electrode current collector and a positive electrode current collector that constitute
a cell is disposed to allow a lithium ion moving through the throughhole and simultaneously the metal lithium that is a
supply source of the lithium ion and the negative electrode are short-circuited, only by disposing the metal lithium at an
end of the cell, the lithium ion can be doped over an entire negative electrode in the cell (Patent literature 5). The lithium
ion is usually doped to the negative electrode. However, it is disclosed in the patent literature 5 that even when the
lithium ion is doped to the positive electrode together with the negative electrode or in place of the negative electrode,
a situation is same.
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[0009] Thus, even in a large and high capacity cell such as a cylindrical electric storage device where electrodes are
wound or a rectangular electric storage device where a plurality of sheets of electrodes is laminated, to an entire negative
electrode in the device, in short time and uniformly over an entire negative electrode, the lithium ion can be doped to
improve the withstand voltage and thereby to drastically increase the energy density. As the result, a prospect of realizing
a capacitor that has high output density that the electric double layer capacitor intrinsically has and high capacitance is
obtained.
[0010] However, in order to put such high capacitance capacitors into practical use, together with higher withstand
voltage, higher capacitance, higher energy density and lower internal resistance, the long term sustainability of the
characteristics are further in demand.

[Patent literature 1] JP-A-08-107048
[Patent literature 2] JP-A-09-055342
[Patent literature 3] JP-A-09-232190
[Patent literature 4] JP-A-11-297578
[Patent literature 5] WO98/033227

[0011] EP1400996 discloses a lithium ion capacitor comprising a positive electrode made of a material capable of
reversibly carrying either one or both of a lithium ion and an anion; a negative electrode made of a material capable of
reversibly carrying a lithium ion; and an electrolytic solution made of a non-protonic organic solvent electrolytic solution
of a lithium salt; wherein a negative electrode active material is non-graphitizable carbon, e.g. formed from aromatic
condensation polymer and has a polyacene skeletal structure in which a ratio of hydrogen atoms to carbon atoms is in
a range from 0.50 to 0.05 and the negative electrode is provided with lithium ions deposited thereon in advance.
[0012] The invention intends to provide, in a lithium ion capacitor where a positive electrode active material is a material
that can reversibly carry a lithium ion and/or anion, a negative electrode active material is a material that can reversibly
carry a lithium ion, and a negative electrode and/or a positive electrode is brought into contact electrochemically with a
lithium ion supply source to dope the lithium ion in the negative electrode in advance, a lithium ion capacitor that has,
together with higher withstand voltage, higher capacitance,higherenergy density and lower internal resistance, excellent
endurance of sustaining the characteristics over a long term.

Disclosure of the Invention

[0013] The present invention provides a lithium ion capacitor according to claim 1. Embodiments of the invention are
mentioned with appended dependent claims.
[0014] One or more embodiments of the invention provide a lithium ion capacitor where a negative electrode and/or
a positive electrode is brought into contact electrochemically with a lithium ion supply source to dope the lithium ion in
the negative electrode in advance, wherein as a negative electrode active material, non-graphitizable carbon that has
a ratio of numbers of hydrogen atoms to carbon atoms in a particular small range is used, and, when the lithium ion is
doped to the negative electrode and/or the positive electrode in advance so that a negative electrode potential when a
cell is discharged to a voltage one half the charging voltage of the cell may be a predetermined value equal to or less
than a metal lithium potential, a lithium ion capacitor higher in the withstand voltage, capacitance and energy density
and lower in the internal resistance and excellent in the endurance of sustaining the characteristics over a long term is
provided.
[0015] According to one or more embodiments of the invention, in (1) a lithium ion capacitor provided with a positive
electrode made of a material capable of reversibly carrying lithium ion and/or anion, a negative electrode made of a
material capable of reversibly carrying lithium ion and a non-protonic organic solvent electrolytic solution of a lithium salt
as an electrolytic solution, (a) a negative electrode active material is non-graphitizable carbon that has a ratio of numbers
of hydrogen atoms to carbon atoms of zero or more and less than 0.05 and (b) the lithium ion is doped in advance to a
negative electrode and/or a positive electrode so that a negative electrode potential when the cell is discharged to a
voltage one half the charging voltage of the cell may be 0.15 V or less to a metal lithium potential.
[0016] Furthermore, in the lithium ion capacitor of (1), (2) the lithium ion may be doped to the negative electrode and/or
positive electrode in the range of 400 to 600 mAh/g per weight of the negative electrode active material.
[0017] Still furthermore, in the lithium ion capacitor of (1) or (2), (3) the positive electrode and/or negative electrode,
respectively, is provided with a current collector having a hole penetrating through between front and back surfaces and
the negative electrode and/or positive electrode may come into contact electrochemically with a lithium ion supply source
to dope the lithium ion to the negative electrode and/or positive electrode.
[0018] In the lithium ion capacitor of any one of (1) through (3), (4) the negative electrode active material may have
the capacitance per unit weight of three times or more larger than that of the positive electrode active material and a
weight of the positive electrode active material may be larger than that of the negative electrode active material.
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[0019] Furthermore, in the lithium ion capacitor of any one of (1) through (4), (5) the positive electrode active material
may be a polyacene organic semiconductor that is a pyrolysis product of active carbon or an aromatic condensate
polymer and has a polyacene skeleton structure where a ratio in number of hydrogen atoms and carbon atoms is in the
range of 0.05 to 0.50.
[0020] According to one or more embodiments of the invention, in a lithium ion capacitor where lithium ion is doped
in advance to the negative electrode and/or positive electrode, a lithium ion capacitor that has the withstand voltage
such a high voltage as 4.0 V or more, can obtain higher capacitance, higher energy density and lower internal resistance
and can sustain the characteristics over a long term can be provided. The mechanism by which the characteristics can
be obtained is supposed as follows.
[0021] The reason why the withstand voltage of a cell becomes lower when charge and discharge are repeated is
mainly in that an electrolytic solution is decomposed on a positive electrode side during the charge. Accordingly, the
lower the positive electrode potential during the charge is, the higher the endurance as a cell becomes. In the case of
a carbon material being used as a negative electrode active material, when the lithium ion is doped (charged), the
potential is gradually lowered, and, when the lithium ion is dedoped, the potential goes up. The relationship between an
amount of lithium ion doped or dedoped and the potential is different dependent on a kind of carbon material. Non-
graphitizable carbon that has a ratio in number of hydrogen atoms and carbon atoms of zero or more and less than 0.05
is a material that can dope and dedope the lithium ion at a potential lower than that of other carbon materials. Accordingly,
in a lithium ion capacitor that has suchnon-graphitizable carbon in the negative electrode, since, even when a cell voltage
is raised, a negative electrode potential is lower than a lithium ion capacitor that uses other carbon material as the
negative electrode active material, the positive electrode potential becomes lower to result in heightening the endurance.
[0022] Furthermore, the discharge depth affects on the endurance. That is, when the discharge depth is made shallower,
the endurance can be improved. Since a capacitor that is used in a hybrid car is said to use to a voltage one half the
charging voltage, in a capacitance that is discharged (complete discharge) to a voltage one half the charging voltage,
high endurance is demanded. In the invention, when the negative electrode potential at the complete discharge is set
at 0.15 V or less, the energy density can be improved. However, since, though the discharge depth of the cell is deep,
the discharge depth as the negative electrode material is shallow, the cell can be heightened in the endurance when
the cell is used under a high voltage.

Best Mode for Carrying Out the Invention:

[0023] A lithium ion capacitor (hereinafter, in some cases, simply referred to as a cell) of the invention includes a
positive electrode, a negative electrode and a non-protonic organic electrolytic solution of a lithium salt as an electrolytic
solution, a positive electrode active material being a material capable of reversibly carrying lithium ion and/or anion, a
negative electrode active material being a material capable of reversibly carrying lithium ion. Here, the "positive electrode"
is an electrode on a side therefrom a current flows out at the discharge and the "negative electrode" is an electrode on
a side therein the current flows at the discharge.
[0024] In the lithium ion capacitor like this, as a negative electrode active material, non-graphitizable carbon having
a ratio of numbers of hydrogen atoms to carbon atoms (hereinafter, in some cases, referred to as a H/C ratio) in the
range of zero or more and less than 0.05 is used. As the non-graphitizable carbon, without restricting the kind to particular
one, for instance, phenol resin carbon, furan resin carbon and infusible pitch carbon can be cited, among these, the
phenol resin being particularly preferred. When, as the negative electrode active material, as shown in comparative
example 3 described below, in the case of a polyacene substance (PAS) formed by carbonizing, for instance, a phenol
resin that is a material of which H/C ratio exceeds 0.05 being used to heighten a voltage, even when an amount of pre-
doped lithium ion is increased to lower the negative electrode potential, while an initial capacitance value and the energy
density are large, during a long use, a gas is generated in the cell. That is, the object of the invention cannot be achieved.
[0025] As the negative electrode active material, even the non-graphitizable carbon, in the case of the H/C ratio
exceeding 0.05, cannot be sufficiently carbonized, and thereby the object cannot be achieved. The H/C ratio is preferred
to be smaller; however, when the H/C ratio is too small, the calcination temperature becomes higher to result in high
cost; accordingly, 0. 003 ormore is preferred. Above all, the H/C ratio is preferred to be in the range of 0.003 to 0.02.
[0026] The particle size characteristics of the negative electrode active material of the invention are derived of particles
of negative electrode activematerial of which 50% volume cumulative diameter (called also as D50) is in the range of
0.5 to 30 mm. The D50 is preferably in the range of 0.5 to 15 mm and particularly preferably in the range of 0.5 to 6 mm.
Furthermore, the particles of the negative electrode active material of the invention have the specific surface area in the
range of 0.1 to 2000 m2/g, preferably in the range of 0.1 to 1000 m2/g and particularly preferably in the range of 0.1 to
600 m2/g.
[0027] On the other hand, as the positive electrode active material that is used in the lithium ion capacitor of the
invention, as far as it is a material that can reversibly carry lithium ion and anion such as tetrafluoroborate, various kinds
can be used. For instance, activated carbon or a polyacene organic semiconductor (PAS) that is a pyrolysis product of
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an aromatic condensate polymer and has a polyacene skeleton structure where a ratio of numbers of hydrogen atoms
and carbon atoms is in the range of 0.05 to 0.50 is preferred.
[0028] As the positive electrode active material, a wide range of particle sizes can be used. For instance, the D50 is
2 mm or more, preferably in the range of 2 to 50 mm and particularly preferably in the range of 2 to 20 mm. Furthermore,
an average pore diameter is preferably 10 nm or less and the specific surface area is preferably in the range of 600 to
3000 m2/g and particularly preferably in the range of 1300 to 2500 m2/g.
[0029] The PAS that is used as the positive electrode active material, having an amorphous structure, does not exhibit
a structural change such as swelling and contraction at the doping and dedoping of the lithium ion that occurs at 3 V or
less relative to the metal lithium potential to be excellent in the cycle characteristics. Furthermore, the PAS, having a
molecular structure (higher structure) isotropic to the doping and dedoping of the lithium ion, is preferably excellent in
the rapid charging and rapid discharge as well. The aromatic condensate polymer that is a precursor of the PAS is a
condensate between an aromatic hydrocarbon compound and aldehyde. As the aromatic hydrocarbon compound, so-
called phenols such as phenol, cresol and xylenol can be preferably used.
[0030] For instance, methylene/bisphenols, expressed by a formula below

(here, x and y, respectively and independently, express 0, 1 or 2) or hydroxy/biphenyls or hydroxynaphthalenes can be
used. Above all, phenols are preferable.
[0031] Furthermore, as the aromatic condensate polymer, modified aromatic condensate polymer in which an aromatic
hydrocarbon compound having the phenolic hydroxyl group is partially substituted with an aromatic hydrocarbon com-
pound that does not have a phenolic hydroxyl group such as xylene, toluene or aniline such as a condensate of phenol,
xylene and formaldehyde can be used as well. Still furthermore, a modified aromatic polymer that is substituted with
melamine or urea can be used and a furan resin is preferred as well.
[0032] In the invention, the PAS is produced as follows. That is, when the aromatic condensate polymer is gradually
heated up to an appropriate temperature in the range of 400 to 800°C under a non-oxidizing atmosphere (including
vacuum atmosphere), an insoluble and infusible base material having the H/C ratio in the range of 0.05 to 0.50 and
preferably in the range of 0.10 to 0.35 can be obtained.
[0033] The insoluble and infusible base material, according to the X-ray diffractometry (Cu Kα), has a main peak at a
position of 24° or less by 2θ and, other than the main peak, another broad peak in the range of 41 through 46°. That is,
the insoluble and infusible base material has a polyacene skeleton structure where an aromatic polycyclic structure is
appropriately developed and an amorphous structure; accordingly, the insoluble and infusible base material can stably
dope and dedope the lithium ion.
[0034] In the invention, when a positive electrode and/or a negative electrode, respectively, are formed from the
negative electrode active material and/or the positive electrode active material, as a process thereof, known processes
can be used. That is, a powder of an electrode active material, a binder and, as needs arise, a conductive powder are
dispersed in an aqueous or organic solvent to prepare a slurry, the slurry is coated on a current collector that is used
as needs arise or the slurry may be formed in advance into a sheet, followed by sticking the sheet to a current collector.
As the binder used here, for instance, rubber binders such as SBR and NBR; fluorine-containing resins such as poly-
tetrafluoroethylene and polyvinylidene fluoride; and thermoplastic resins such as polypropylene, polyethylene and poly-
acrylate can be used. The binder is preferably added, though different depending on the conductivities of electrode
active materials and shapes of the electrodes, at a ratio in the range of 2 to 40 parts by weight to 100 parts by weight
of the electrode activematerial. As the conductive materials, acetylene black, graphite and metal powder can be cited.
[0035] The conductive material that is used in the above as needs arise is preferably added, though different depending
on the conductivities of electrode active materials and shapes of the electrodes, at a ratio in the range of 2 to 40 parts
by weight and particularly preferably in the range of 5 to 10 parts by weight to 100 parts by weight of the electrode active
material.
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[0036] As the non-protonic organic solvent that forms a non-protonic organic solvent electrolytic solution in the lithium
ion capacitor of the invention, for instance, ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl car-
bonate, γ-butyrolactone, acetonitrile, dimethoxyethane, tetrahydrofuran, dioxolane, methylene chloride and sulfolane
canbecited. Furthermore, at least two kinds of the non-protonic organic solvents may be mixed and used.
[0037] Furthermore, as an electrolyte that is dissolved in a single or mixture solvent, all electrolytes that can produce
lithium ion can be used. Examples of such electrolytes include LiClO4, LiAsF6, LiBF4, LiPF6, Li(C2F5SO2)2N and
Li(CF3SO2)2N. The electrolyte and solvent are mixed after sufficiently dewatered to form an electrolytic solution. A
concentration of the electrolyte in the electrolytic solution, in order to lower the internal resistance owing to the electrolytic
solution, is preferably set at 0.1 mol/l or more and more preferably in the range of 0.5 to 1.5 mol/l.
[0038] Still furthermore, the lithium ion capacitor of the invention is suitable particularly for a large capacitance cell
such as a winding type cell in which a belt-like positive electrode and a belt-like negative electrode are wound through
a separator, a laminate type cell formed by laminating each of three or more planar positive electrodes and each of three
or more planar negative electrodes through a separator or a film type cell where a laminated body formed by laminating
each of three or more planar positive electrodes and each of three or more planar negative electrodes through a separator
is sealed in an exterior film. The cell structures all are known in WO00/07255, WO03/003395 and JP-A-2004-266091
and the capacitor cell of the invention as well can be formed in a constitution same as that of existing cells.
[0039] In the lithium ion capacitor of the invention, after the lithium ion is doped to the negative electrode and/or positive
electrode, the cell is charged. The lithium ion is necessarily doped so that the negative electrode potential when the cell
is discharged to a voltage one half the charging voltage of the cell may be 0.15 V or less to the metal lithium potential.
Here, to discharge to a voltage one half the charging voltage of the cell is defined as a case where the discharge is
applied at a current by which the voltage becomes one half over more than 1 hr. Furthermore, when the negative electrode
potential is measured, it is measured within 1 hr after the discharge. When such the negative electrode potential exceeds
0.15 V versus the metal lithium potential, although an initial capacitance and energy density are large, after the charge
and discharge are repeated over a long term, the capacitance is deteriorated to be poor in the endurance.
[0040] In the lithium ion capacitor of the invention, when the lithium ion is doped so that the negative electrode potential
when the discharge is applied to a voltage one half the charging voltage of the cell may be 0.15 V or less versus the
metal lithium potential, a doping operation of the lithium ion is preferably carried out as follows. As one means thereof,
the lithium ion is doped to the negative electrode and/or positive electrode so as to be preferably in the range of 400 to
600 mAh/g and particularly preferably in the range of 450 to 550 mAh/g per weight of the negative electrode active
material. When the dope amount is smaller than 400 mAh/g, the energy density of the cell is deteriorated. On the other
hand, when it exceeds 600 mAh/g, since it is close to the limit of the lithium ion doping capacity, the metal lithium
inconveniently tends to separate out. However, the negative electrode potential at the time of discharge is determined
depending on a weight balance between the positive electrode active material and the negative electrode active material.
For instance, even when the dope amount is 500 mAh/g, in the case where an amount of the negative electrode active
material is very small to an amount of the positive electrode active material, the negative electrode potential may be
0.15 V or more. Accordingly, not only the dope amount but also a weight balance between the positive electrode active
material and the negative electrode active material has to be taken into consideration.
[0041] In the lithium ion capacitor of the invention, when the negative electrode potential is made 0.15 V or less to the
metal lithium potential, utilization capacitance of the positive electrode becomes higher to be high capacitance and
thereby large energy density can be obtained. As a supply amount of the lithium ion increases, the negative electrode
potential becomes lower, the endurance is improved and the energy density is improved. In order to obtain further higher
withstand voltage and the energy density, to the metal lithium potential, the negative electrode potential is preferably
0.12 V or less and particularly preferably 0.09 V or less.
[0042] In the invention, the lithium ion may be doped to either one or both of the negative electrode and the positive
electrode. However, in the case of for instance activated carbon being used in the positive electrode, when the dope
amount of the lithium ion becomes too much to be low in the positive electrode potential, in some cases, the lithium ion
is irreversibly consumed to inconveniently deteriorate the capacitance of the cell. Accordingly, by considering the re-
spective electrode active materials, the lithium ion is preferably doped to the negative electrode and the positive electrode
so as not to cause these inconveniences. In the invention, since it is troublesome, from process viewpoint, to control a
dope amount of the positive electrode and a dope amount of the negative electrode, the lithium ion is preferably doped
to the negative electrode.
[0043] In the lithium ion capacitor of the invention, in particular, when the capacitance per weight of the negative
electrode active material is three times or more the capacitance per weight of the positive electrode active material and
weight of the positive electrode active material is set larger than weight of the negative electrode active material, a high
voltage and high capacitance capacitor can be obtained. Furthermore, simultaneously therewith, when a negative elec-
trode having the capacitance per weight larger than the capacitance per weight of the positive electrode is used, without
changing a variation amount of the potential of the negative electrode, weight of the negative electrode active material
can be reduced; accordingly, a filling amount of the positive electrode active material can be made larger to result in
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making the capacitance and the capacity of the cell larger.
[0044] In the invention, the capacitance and the capacity of a capacitor cell are defined as shown below. The capacitance
of a cell shows an electric quantity(gradient of a discharge curve) flowing to a cell per voltage of the cell and has a unit
of F (farad). The capacitance per weight of a cell is shown by a quotient obtained by dividing the capacitance of the cell
by a total weight of weight of the positive electrode active material and weight of negative electrode active material filled
in the cell and has a unit of F/g. Furthermore, the capacitance of the positive electrode or the negative electrode shows
an electric quantity (gradient of a discharge curve) flowing to a cell per voltage of the positive electrode or the negative
electrode and has a unit of F. The capacitance per weight of the positive electrode or the negative electrode is shown
by a quotient obtained by dividing the capacitance of the positive electrode or the negative electrode by weight of the
positive electrode active material or negative electrode active material filled in the cell and has a unit of F/g.
[0045] Furthermore, the cell capacity is a product of difference of a discharge start voltage and a discharge end voltage
of a cell, that is, a variation of voltage and the capacitance of the cell, and has a unit of C (Coulomb). However, since 1
C is an amount of electric charge when a current of 1 A flows during 1 second, in the invention, the cell capacitance is
expressed in terms of mAh. The positive electrode capacity is a product of difference of the positive electrode potential
at the discharge start time and the positive electrode potential at the time of discharge end (variation of positive electrode
potential) and the capacitance of the positive electrode, and has a unit of C or mAh. Similarly, the negative electrode
capacity is a product of difference of the negative electrode potential at the time of discharge start time and the negative
electrode potential at the time of discharge end (variation of negative electrode potential) and the capacity of the negative
electrode, and has a unit of C or mAh. The cell capacity, the positive electrode capacity and the negative electrode
capacity coincide with each other.
[0046] In the lithium ion capacitor of the invention, means for doping the lithium ion to the negative electrode and/or
positive electrode in advance are not particularly restricted. For instance, a lithium ion supply source such as metal
lithium that can supply the lithium ion can be disposed as a lithium electrode in a capacitor cell. An amount of the lithium
ion supply source (weight of metal lithium and the like) may be enough when predetermined capacity of the negative
electrode can be obtained. In this case, the negative electrode and the lithium electrode may be physically brought into
contact (short-circuiting) or the lithium ion may be electrochemically doped. The lithium ion supply source may be formed
on a current collector of the lithium electrode, which is made of a conductive porous body. As the conductive porous
body that becomes a current collector of the lithium electrode, a metallic porous body such as a stainless mesh that
does not react with the lithium ion supply source can be used.
[0047] In a large capacity multi-layer structure capacitor cell, a positive electrode current collector and a negative
electrode current collector that receive and deliver electricity from and to the positive electrode and the negative electrode,
respectively, are provided. When such the positive electrode current collector and negative electrode current collector
are used and a lithium electrode is disposed, it is preferred that the lithium electrode is disposed at a position that faces
the negative electrode current collector to electrochemically supply the lithium ion to the negative electrode. In this case,
as the positive electrode current collector and negative electrode current collector, a material provided with throughholes
connecting front and back surfaces such as an expanded metal is used, and the lithium electrode is disposed faced to
the negative electrode and/or positive electrode. The throughholes, without restricting to particular shape and the number
thereof, can be disposed so that lithium ion in an electrolytic solution described below may move between front and
back surfaces of the electrode without being blocked by the electrode current collector.
[0048] In the lithium ion capacitor of the invention, even when the lithium electrode that dopes the negative electrode
and/or positive electrode is locally disposed in the cell, the lithium ion can be uniformly doped. Accordingly, even in the
case of a large capacity cell in which a positive electrode and a negative electrode are laminated or wound, when the
lithium electrode is partially disposed at the outermost periphery or on the outermost side of the cell, the lithium ion can
be smoothly and uniformly doped to the negative electrode.
[0049] As a material of the electrode current collector, various kinds of materials generally proposed for lithium base
batteries canbeused. That is, in the positive electrode current collector, aluminum or stainless steel can be used, and,
in the negative electrode current collector, stainless steel, copper or nickel can be used. Furthermore, a lithium ion supply
source when the lithium ion is doped through an electrochemical contact with the lithium ion supply source disposed in
the cell is a material that at least contains a lithium element and can supply the lithium ion like metal lithium or a lithium-
aluminum alloy.
[0050] In what follows, the invention will be specifically described with reference to examples. However, it goes without
saying that the invention is not restricted to the examples.

EXAMPLE 1

(Producing Method of Negative Electrode 1)

[0051] In the beginning, furfuryl alcohol that is a raw material of furan resin carbon was held at 60°C for 24 hr to harden,
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and thereby a black resin was obtained. The obtained black resin was put into a stationary electric furnace, heated up
to 1200°C in a nitrogen atmosphere in 3 hr and kept there for 2 hr. A sample taken out after leaving to cool was pulverized
by use of a ball mill and a sample 1 that is non-graphitizable carbon powder (H/C ratio: 0.008), which has the D50 of
5.0 mm was obtained.
[0052] In the next place, 100 parts by weight of the sample 1 and a solution where 10 parts by weight of polyvinylidene
fluoride powder was dissolved in 80 parts by weight of N-methyl pyrrolidone were thoroughly mixed to prepare a negative
electrode slurry 1. The negative electrode slurry 1 was coated on one surface of a copper foil having a thickness of 18
mm so as to be substantially 7 mg/cm2 as a solid content, followed by drying and pressing, and thereby a negative
electrode 1 was obtained.

(Measurement of Capacitance per unit Weight of Negative Electrode 1)

[0053] From the negative electrode 1, four sheets having a size of 1.5 cm 3 2.0 cm were cut and used as evaluation
negative electrode. The negative electrode and metal lithium having a size of 1.5 cm 3 2.0 cm and a thickness of 200
mm as a counter electrode were assembled through a polyethylene non-woven fabric having a thickness of 50 mm as
a separator to prepare a simulated cell. As a reference electrode, metal lithium was used. As an electrolytic solution, a
solution obtained by dissolving LiPF6 in propylene carbonate at a concentration of 1 mol/l was used.
[0054] To unit weight of a negative electrode active material, at a charge current of 1mA, lithium ions equivalent to
150, 300, 400 and 500 mAh/g were charged, followed by discharging to 1. 5 V at 1 mA. From a potential variation from
the discharge start to 50 mAh discharge and a discharge time, the capacitance per unit weight of the negative electrode
1 was obtained. Results are shown in Table 1.

[0055] Here, the charging amount is a value obtained by dividing a cumulative value of a charging current flowed to
the negative electrode by weight of the negative electrode active material and has a unit of mAh/g.

(Producing Method of Negative Electrode 2)

[0056] On both surfaces of a copper expanded metal (produced by Nippon Metal Industry Co., Ltd.) that has a thickness
of 26 mm (porosity: 54%) and where LW:SW:W = 1.3:0.65:0.136, the negative electrode slurry 1 was vertically coated
at a speed of 1 m/min by use of a die coater, followed by forming, further followed by pressing, and thereby a negative
electrode 2 having a thickness of an entire negative electrode (sum total of thicknesses of electrode layers on both
surfaces of the negative electrode and a layer thickness of a negative electrode current collector) of 113 mm was obtained.

(Producing Method of Positive Electrode 1)

[0057] To 92 parts by weight of commercially available activated charcoal (D50 = 6 mm and specific surface area:
1970 m2/g) powder, 6 parts by weight of acetylene black powder, 5 parts by weight of a copolymer of methyl acrylate
and acrylonitrile (emulsion having a copolymerization molar ratio of the former to the latter = 7/3, solid content: 40% by
weight, Tg: -40°C, viscosity: 50mPa · s and pH: 8.0), 4 parts by weight of carboxylmethyl cellulose (CMC) and 200 parts
by weight of ion-exchanged water were added, followed by thoroughly mixing by use of an agitator, and thereby a slurry
was obtained. The slurry was coated on one surface of a 20 mm thickness aluminum foil coated by a carbon-based
conductive paint so as to be substantially 7 mg/cm2 as a solid content, followed by drying and pressing, and thereby a
positive electrode 1 was obtained.

(Measurement of CapacitanceperUnitWeight of Positive Electrode 1)

[0058] From the positive electrode 1, four sheets having a size of 1.5 cm 3 2.0 cm were cut and used as evaluation
positive electrode. The positive electrode and metal lithium having a size of 1.5 cm 3 2.0 cm and a thickness of 200 mm
as a counter electrode were assembled through a polyethylene nonwoven fabric having a thickness of 50 mm as a
separator to prepare a simulated cell. As a reference electrode, metal lithium was used. As an electrolytic solution, a
solution obtained by dissolving LiPF6 in propylene carbonate at a concentration of 1 mol/l was used.
[0059] After charging to 3.6 V at a charging current of 1 mA, the constant voltage charging was applied, and, after a

[Table 1]

Charging Amount (mAh/g) 150 300 400 500

Capacitance per unit weight of negative electrode 1 (F/g) 500 1200 2222 4286
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total charging time of 1 hr, the discharge was carried out to 2.5 V at 1 mA. From the discharging time between 3.5 V to
2.5 V, the capacitance per unit weight of the positive electrode 1 was obtained and found to be 95 F/g.

(Producing Method of Positive Electrode 2)

[0060] On both surfaces of an aluminum expanded metal (produced by Nippon Metal Industry Co., Ltd.) that has a
thickness of 38 mm (porosity: 45%) and where LW:SW:W = 1.0:0.52:0.143, a non-aqueous carbon base conductive
paint (trade name: EB-815, produced by Acheson (Japan) Ltd.) was coated by use of a spray coating method, followed
by drying, and thereby a positive electrode current collector on which a conductive layer was formed was obtained. A
total thickness (sum total of a thickness of a current collector and a thickness of a conductive layer) was 52 mm and the
throughhole was substantially clogged by the conductive paint. The slurry of the positive electrode 1 was coated on one
surface of the positive electrode current collector at a speed of 2 m/min by use of a roll coater and dried, followed by
horizontally coating on the other surface at a speed of 2 m/min by use of a roll coater, further followed by drying and
pressing, and thereby a positive electrode 2 having a total thickness (sum total of thicknesses of electrode layers on
both surfaces of the positive electrode, thicknesses on both surfaces of the conductive layer and a thickness of a positive
electrode current collector) of 281 mm was obtained.

(Preparation of Electrode Laminated Unit)

[0061] The negative electrode 2 having a thickness of 113 mm and the positive electrode having a thickness of 281
mm, respectively, were cut to a size of 6.0 cm 3 7.5 cm (excluding a terminal welding portion). A cellulose/rayon mixed
non-woven fabric having a thickness of 35 mm was used as a separator. The terminal welding portions of the positive
electrode current collector and negative electrode current collector were disposed so as to be on opposite sides to each
other. These were laminated so that the number of surfaces through which the positive electrode and the negative
electrode face may amount to 20 layers and the outermost electrode of the laminated electrode may be a negative
electrode. On the uppermost portion and lowermost portion, the separators were disposed, four sides were fastened
with a tape, and the terminal welding portion of the positive electrode current collector (10 sheets) and the terminal
welding portion of the negative electrode current collector (11 sheets), respectively, were welded by ultrasonic to an
aluminum positive electrode terminal and a copper negative electrode terminal having a width of 50 mm, a length of 50
mm and a thickness of 0. 2 mm, and thereby an electrode laminated unit was obtained. Incidentally, 10 sheets of the
positive electrode and 11 sheets of the negative electrode were used. The weight of the positive electrode active material
was 1.3 times the weight of the negative electrode active material.

(Preparation of Cell 1)

[0062] As a lithium electrode, one obtained by pressure bonding a metal lithium foil (thickness: 95 mm, 6.0 cm 3 7.5
cm, equivalent to 250 mAh/g) to a stainless mesh having a thickness of 80 mm was used. One of the lithium electrode
sheets was disposed on each of an upper portion and a bottom portion of an electrode laminated unit so as to completely
face the negative electrode at the outermost portion, and thereby a three-electrode-laminated unit was obtained. The
terminal welding portions (2 sheets) of the lithium electrode current collector were resistance welded to the negative
electrode terminal welding portions.
[0063] The three-electrode-laminated unit was disposed inside of an exterior film that was deep drawn by 5.8 mm and
covered with an exterior laminate film, followed by fusing three sides. After the fusing, as an electrolytic solution, a
solution in which in a mixture solvent where ethylene carbonate, diethyl carbonate and propylene carbonate were mixed
at a weight ratio of 3:4:1, LiPF6 was dissolved at a concentration of 1 mol/l was impregnated under vacuum, followed
by fusing a remaining one side, and thereby four film type cells 1 were assembled. The metal lithium disposed in the
cell was equivalent to 500 mAh/g per weight of the negative electrode active material.

(Initial Evaluation of Cell)

[0064] When one cell was left for 20 days after assembling the cell and disassembled, the metal lithium was found
completely disappeared in all. Accordingly, it was judged that lithium ion for obtaining capacitance of 4286 F/g or more
per unit weight of the negative electrode active material was doped by charging in advance. The electrostatic capacitance
of the negative electrode amounts to 45 times the electrostatic capacitance of the positive electrode.
[0065] Furthermore, another cell was charged under a constant-current voltage charge for 1 hr, in which the cell was
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, the discharge was carried out over 1 hr under a constant current to a cell voltage of 2.0 V.
Within 1 hr after the discharge came to completion, the cell was disassembled, and the negative electrode potential was
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measured and found to be 0.07 V.

(Characteristics Evaluation of Cell)

[0066] Remaining two cells were charged under a constant-current voltage charge for 1 hr, in which the cells were
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, under a constant current of 250 mA, the discharge was carried out to a cell voltage of 2.0 V.
The discharge cycle of 4.0 V-2.0 V was repeatedly applied and, in the tenth discharge, the cell capacity and the energy
density were evaluated. Furthermore, as the endurance test, in a thermostat set at 60°C, a voltage of 4.0 V was contin-
uously applied for 1000 hr, followed by leaving to cool to room temperature, further followed by measuring the capacity.
The cell after the endurance test was free from inconveniences such as the gas generation and did not show deformation.
Results are shown in Table 2. Data are average values of two cells.

[Comparative Example 1]

(Preparation of Cell 2)

[0067] Except that, as a lithium electrode, one obtained by pressure bonding a metal lithium foil (thickness: 58 mm,
6.0 cm 3 7.5 cm, equivalent to 150 mAh/g) to a stainless mesh having a thickness of 80 mm was used, similarly to
example 1, four film type cells 2 were assembled. The metal lithium disposed in the cell corresponds to 300 mAh/g per
unit weight of negative electrode active material and a weight of the positive electrode active material was 1.2 times that
of the negative electrode active material.
[0068] When one cell was left for 20 days after assembling the cell and disassembled, the metal lithium was found
completely disappeared in all. Accordingly, it was judged that lithium ion for obtaining capacitance of 1200 F/g or more
per unit weight of the negative electrode active material was doped by charging in advance. The capacitance of the
negative electrode amounts to 12.6 times the capacitance of the positive electrode.
[0069] Furthermore, another cell was charged under a constant-current voltage charge for 1 hr, in which the cell was
charged under a constant current of 2000 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, the discharge was carried out over 1 hr under a constant current to a cell voltage of 2.0 V.
Within 1 hr after the discharge came to completion, the cell was disassembled, and the negative electrode potential was
measured and found to be 0.20 V.
[0070] Remaining two cells were charged under a constant-current voltage charge for 1 hr, in which the cells were
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, under a constant current of 200 mA, the discharging was carried out to a cell voltage of 2.0
V. The discharge cycle of 4.0 V-2.0 V was repeatedly applied and, in the tenth discharge, the cell capacity and the energy
density were evaluated. Furthermore, as the endurance test, in a thermostat set at 60°C, a voltage of 4.0 V was contin-
uously applied for 1000 hr, followed by leaving to cool to room temperature, further followed by measuring the capacity.
The cell after the endurance test was free from inconveniences such as the gas generation and did not deform. Results
are shown in Table 3. Data are average values of two cells.

[0071] When example 1 and comparative example 1 are compared, since both were doped with the lithium ion in
advance in the negative electrode, both are preferably high in the energy density and free from inconveniences such as
the gas generation after the endurance test. It is considered that since the potential of the non-graphitizable carbon that
is used in the negative electrode is low, even when the cell is charged to 4.0V and used, the positive electrode potential

[Table 2]

Initial capacity 
(mAh)

Energy density 
(Wh/l)

Capacity after endurance test 
(mAh)

Capacity retention rate 
(%)

Example 1 242 18.5 232 95.9

[Table 3]

Initial capacityt 
(mAh)

Energy density 
(Wh/l)

Capacity after endurance test 
(mAh)

Capacity retention 
rate (%)

Comparative 
Example 1

207 16.7 184 88.9
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does not become too high and there is no reaction with the electrolytic solution. Among these, example 1 where the
lithium ion is doped in advance to the negative electrode so that the negative electrode potential when the discharge is
applied to a voltage one half the charging voltage of the cell may be 0.15 V or less to the metal lithium potential is more
preferred because the capacity retention rate after the endurance test is larger than comparative example 1 where the
negative electrode potential when the discharging is applied to a voltage one half the charging voltage of the cell is larger
by 0.15 V than the metal lithium potential.

Example 2

(Preparation of Cell 3)

[0072] Except that, as a lithium electrode, one obtained by pressure bonding a metal lithium foil (thickness: 77 mm,
6.0 cm 3 7.5 cm, equivalent to 200 mAh/g) to a stainless mesh having a thickness of 80 mm was used, similarly to
example 1, four film type cells 3 were assembled. The metal lithium disposed in the cell corresponds to 400 mAh/g per
unit weight of negative electrode active material and a weight of the positive electrode active material was 1.8 times that
of the negative electrode active material.
[0073] When one cell was left for 20 days after assembling the cell and disassembled, the metal lithium was found
completely disappeared in all. Accordingly, it was judged that lithium ion for obtaining electrostatic capacitance of 2222
F/g or more per unit weight of the negative electrode active material was doped. The capacitance of the negative electrode
amounts to 23 times the capacitance of the positive electrode.
[0074] Furthermore, another cell was charged under a constant-current voltage charge for 1 hr, in which the cell was
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, the discharge was carried out over 1 hr under a constant current to a cell voltage of 2.0 V.
Within 1 hr after the discharge came to completion, the cell was disassembled, and the negative electrode potential was
measured and found to be 0.12 V.
[0075] Remaining two cells were charged under a constant-current voltage charge for 1 hr, in which the cells were
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, under a constant current of 200 mA, the discharge was carried out to a cell voltage of 2.0 V.
The discharge cycle of 4.0 V-2.0 V was repeatedly applied and, in the tenth discharge, the cell capacity and the energy
density were evaluated. Furthermore, as the endurance test, in a thermostat set at 60°C, a voltage of 4.0 V was contin-
uously applied for 1000 hr, followed by leaving to cool to room temperature, further followed by measuring the capacity.
The cell after the endurance test was free from inconveniences such as the gas generation and did not show deformation.
Results are shown in Table 4. Data are average values of two cells.

[0076] When the lithium ion of 400 mAh/g was doped to the negative electrode active material, similarly to example
1, the negative electrode potential when the cell is discharged to a voltage one half the charging voltage of the cell
becomes 0.15 V or less to the metal lithium potential. Accordingly, a lithium ion capacitor high in the capacity and energy
density and excellent in the endurance could be obtained.

Example 3

(Producing Method of Positive Electrode 3)

[0077] Except that an entire thickness of a positive electrode after pressing (sum total of thicknesses of electrode
layers on both surfaces of the positive electrode, thicknesses of conductive layers on both surfaces and a thickness of
a positive electrode current collector) was set at 165 mm, similarly to example 1, a positive electrode 3 was obtained.

(Preparation of Cell 4)

[0078] Except that 20 sheets of positive electrode 3, 21 sheets of negative electrode 2, as a lithium electrode, one
obtained by pressure bonding a metal lithium foil (thickness: 155 mm, 6.0 cm 3 7.5 cm, 200 mAh/g equivalent) to a

[Table 4]

Initial capacity 
(mAh)

Energy density 
(Wh/l)

Capacity after endurance test 
(mAh)

Capacity retention rate 
(%)

Example 2 236 18.2 220 93.3



EP 1 942 510 B1

12

5

10

15

20

25

30

35

40

45

50

55

stainless mesh having a thickness of 80mm and an exterior film deep drawn to 8.5 mm were used, similarly to example
2, four film type cells 4 were assembled. The metal lithium disposed in the cell corresponds to 400 mAh/g per unit weight
of negative electrode active material and a weight of the positive electrode active material was 0.7 times that of the
negative electrode active material, that is, it is a constitution where weight of the positive electrode active material is
less contained.
[0079] When one cell was left for 20 days after assembling the cell and disassembled, the metal lithium was found
completely disappeared in all. Accordingly, it was judged that lithium ion for obtaining the capacitance of 2222 F/g or
more per unit weight of the negative electrode active material was doped. The capacitance of the negative electrode
amounts to 23 times the electrostatic capacitance of the positive electrode.
[0080] Furthermore, another cell was charged under a constant-current voltage charge for 1 hr, in which the cell was
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, the discharge was carried out over 1 hr under a constant current to a cell voltage of 2.0 V.
Within 1 hr after the discharge came to completion, the cell was disassembled, and the negative electrode potential was
measured and found to be 0.07 V.
[0081] Remaining two cells were charged under a constant-current voltage charge for 1 hr, in which the cells were
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, under a constant current of 200 mA, the discharge was carried out to a cell voltage of 2.0 V.
The discharge cycle of 4.0 V-2.0 V was repeatedly applied and, in the tenth discharge, the cell capacity and the energy
density were evaluated. Furthermore, as the endurance test, in a thermostat set at 60°C, a voltage of 4.0 V was contin-
uously applied for 1000 hr, followed by leaving to cool to room temperature, further followed by measuring the capacity.
The cell after the endurance test was free from inconveniences such as the gas generation and did not show deformation.
Results are shown in Table 5. Data are average values of two cells.

[0082] When the lithium ion of 400 mAh/g was doped to the negative electrode active material, similarly to example
1, the negative electrode potential when the discharge is applied to a voltage one half the charging voltage of the cell
becomes 0.15 V or less to the metal lithium potential. Accordingly, a lithium ion capacitor high in the capacity and energy
density and excellent in the endurance could be obtained. However, since the energy density is higher in example 1
where the weight of the positive electrode active material is heavier than that of the negative electrode active material,
the weight of the positive electrode active material is preferred to be larger than that of the negative electrode active
material.

[Comparative Example 2]

(Producing Method of Negative Electrode 3)

[0083] A phenol resin molded plate having a thickness of 0.5 mm was put in a siliconit electric furnace and heated
under a nitrogen atmosphere to 500°C at a temperature-up speed of 50°C/hr, followed by further heating to 860°C at a
temperature-up speed of 10°C/hr, further followed by heat-treating, and thereby a PAS plate was synthesized. Thus
obtained PAS plate was pulverized by use of a disk mill and thereby a PAS powder was obtained. The PAS powder had
the H/C ratio of 0.08.
[0084] In the next place, 100 parts by weight of the PAS powder and a solution obtained by dissolving 10 parts by
weight of polyvinylidene fluoride powder in 80 parts by weight of N-methyl pyrrolidone were thoroughly blended, and
thereby a negative electrode slurry 2 was obtained. The negative electrode slurry 2 was coated on one surface of a
copper foil having a thickness of 18 mm so as to be substantially 7 mg/cm2 as a solid content, followed by drying and
pressing, and thereby a negative electrode 3 was obtained.

(Measurement of CapacitanceperUnitWeight of Negative Electrode 3)

[0085] From the negative electrode 3, four sheets having a size of 1.5 cm 3 2.0 cm were cut and used as evaluation
electrode. The negative electrode and metal lithium having a size of 1.5 cm 3 2.0 cm and a thickness of 200 mm as a
counter electrode were assembled through a polyethylene non-woven fabric having a thickness of 50 mm as a separator

[Table 5]

Initial capacity 
(mAh)

Energy density 
(Wh/l)

Capacity after endurance test 
(mAh)

Capacity retention rate 
(%)

Example 3 244 13.1 232 95.0



EP 1 942 510 B1

13

5

10

15

20

25

30

35

40

45

50

55

to prepare a simulated cell. As a reference electrode, metal lithium was used. As an electrolytic solution, a solution
obtained by dissolving LiPF6 in propylene carbonate at a concentration of 1 mol/l was used.
[0086] To unit weight of a negative electrode active material, at a charge current of 1 mA, lithium ion was charged by
500 mAh/g, followed by discharging to 1.5 V at 1 mA. From a discharging time during which the negative electrode
potential varies by 0.2 V from the negative electrode potential 1 minute after the discharge start, the electrostatic ca-
pacitance per unit weight of the negative electrode 3 was obtained and found to be 1150 F/g.

(Producing Method of Negative Electrode 4)

[0087] On both surfaces of a copper expanded metal (produced by Nippon Metal Industry Co., Ltd.) that has a thickness
of 26 mm (porosity: 54%) and where LW:SW:W = 1.3:0.65:0.136, the negative electrode slurry 2 was vertically coated
at a speed of 1 m/min by use of a die coater, followed by forming, further followed by pressing, and thereby a negative
electrode 4 having a thickness of an entire negative electrode (sum total of thicknesses of electrode layers on both
surfaces of the negative electrode and a layer thickness of a negative electrode current collector) of 135 mm was obtained.

(Preparation of Cell 5)

[0088] Except that, as a lithium electrode, one obtained by pressure bonding a metal lithium foil (thickness: 93 mm,
6.0 cm 3 7.5 cm, equivalent to 250 mAh/g) to a stainless mesh having a thickness of 80 mm, as a negative electrode,
the negative electrode 4 and an exterior film deep drawn to 6.5 mm were used, similarly to example 1, four film type
cells 5 were assembled. The metal lithium disposed in the cell corresponds to 500 mAh/g per unit weight of negative
electrode active material and a weight of the positive electrode active material was 1.4 times that of the negative electrode
active material.
[0089] When one cell was left for 20 days after assembling the cell and disassembled, the metal lithium was found
completely disappeared in all. Accordingly, it was judged that lithium ion for obtaining capacitance of 1150 F/g per unit
weight of the negative electrode active material was doped by charging in advance. The capacitance of the negative
electrode amounts to 12 times the capacitance of the positive electrode.
[0090] Furthermore, another cell was charged under a constant-current voltage charge for 1 hr, in which the cell was
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, the discharge was carried out over 1 hr under a constant current to a cell voltage of 2.0 V.
Within 1 hr after the discharge came to completion, the cell was disassembled, and the negative electrode potential was
measured and found to be 0.27 V.
[0091] Remaining two cells were charged under a constant-current voltage charge for 1 hr, in which the cells were
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, under to a cell voltage of 2.0 V. The discharge cycle of 4.0 V-2.0 V was repeatedly applied
and, in the tenth discharge, the cell capacity and the energy density were evaluated. Furthermore, when, as the endurance
test, in a thermostat set at 60°C, a voltage of 4.0 V was applied, since a gas was generated in the cell and the cell was
expanded, the test was stopped. Results are shown in Table 6. Data are average values of two cells.

[0092] Even when the PAS having the H/C ratio of 0.08 was used in a negative electrode active material, in the case
of the lithium ion being doped by 500 mAh/g in advance to the negative electrode, high capacity and high energy density
were obtained. However, since the cell was remarkably expanded in the endurance test where 4.0 V was continuously
applied at 60°C, in order to obtain a lithium ion capacitor having the endurance at 4.0 V, the non-graphitizable carbon
having the H/C ratio of less than 0.05 is necessarily used as a negative electrode active material.

[Comparative Example 3]

(Producing Method of Negative Electrode 5)

[0093] On both surfaces of a copper expanded metal (produced by Nippon Metal Industry Co., Ltd.) that has a thickness

[Table 6]

Initial capacity 
(mAh)

Energy density 
(Wh/l)

Capacity after endurance test 
(mAh)

Capacity retention 
rate (%)

Comparative 
Example 2

224 16.5 Incapable measurement Incapable 
measurement
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of 26 mm (porosity: 54%) and where LW:SW:W = 1.3:0.65:0.136, the negative electrode slurry 2 described in comparative
example 2 was vertically coated at a speed of 1 m/min by use of a die coater, followed by forming, further followed by
pressing, and thereby a negative electrode 5 having a thickness of an entire negative electrode (sum total of thicknesses
of electrode layers on both surfaces of the negative electrode and a layer thickness of a negative electrode current
collector) of 377 mm was obtained.

(Preparation of Cell 6)

[0094] Except that, as a lithium electrode, one obtained by pressure bonding a metal lithium foil (thickness: 281 mm,
6.0 cm 3 7.5 cm, equivalent to 250 mAh/g) to a stainless mesh having a thickness of 80 mm, as a negative electrode,
the negative electrode 5 and an exterior film deep drawn to 9.0 mm were used, similarly to example 1, four film type
cells 6 were assembled. The metal lithium disposed in the cell corresponds to 500 mAh/g per unit weight of negative
electrode active material and a weight of the positive electrode active material was 0.45 times that of the negative
electrode active material, that is, weight of the negative electrode active material being larger than that of the positive
electrode active material.
[0095] When one cell was left for 20 days after assembling the cell and disassembled, the metal lithium was found
completely disappeared in all. Accordingly, it was judged that lithium ion for obtaining capacitance of 1150 F/g per unit
weight of the negative electrode active material was doped by charging in advance. Thecapacitance of the negative
electrode amounts to 12 times the capacitance of the positive electrode.
[0096] Furthermore, another cell was charged under a constant-current voltage charge for 1 hr, in which the cell was
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next current to a cell voltage of 2.0 V. Within 1 hr after the discharge came to completion, the cell was
disassembled, and the negative electrode potential was measured and found to be 0.14 V.
[0097] Remaining two cells were charged under a constant-current voltage charge for 1 hr, in which the cells were
charged under a constant current of 2500 mA to a cell voltage of 4.0 V, followed by an application of a constant voltage
of 4.0 V. In the next place, under a constant current of 200 mA, the discharging was carried out to a cell voltage of 2.0
V. The discharge cycle of 4.0 V-2.0 V was repeatedly applied and, in the tenth discharging, the cell capacitance and the
energy density were evaluated. Furthermore, as the endurance test, when, in a thermostat set at 60°C, a voltage of 4.0
V was applied, since a gas was generated in the cell and the cell was expanded, the test was stopped. Results are
shown in Table 7. Data are average values of two cells.

[0098] In order to make the negative electrode potential when the cell is discharged to a voltage one half the charging
voltage of the cell 0.15 V or less relative to the metal lithium potential, as mentioned above, the negative electrode active
material is necessary in large excess than the positive electrode active material; accordingly, the energy density becomes
smaller than that of comparative example 2. Furthermore, even when the negative electrode potential when the cell is
discharged to a voltage one half the charging voltage of the cell was 0.15 V or less relative to the metal lithium potential,
the cell was remarkably expanded in the endurance test where 4.0 V was continuously applied at 60°C. Accordingly, in
order to obtain a lithium ion capacitor having the endurance at 4.0 V, the non-graphitizable carbon having the H/C ratio
of less than 0.05 is necessarily used.
[0099] Although, the invention was described in detail and with reference to particular embodiments, it is obvious for
ones skilled in the art that, without deviating from the spirit and scope of the invention, various modifications and corrections
can be applied.
[0100] The application claims a priority from Japanese Patent Application No. 2005-302342, filed on October 17, 2005;
the entire contents of which are incorporated herein by reference.

Industrial Applicability:

[0101] The lithium ion capacitor of the invention is very effective as a driving or auxiliary storage power supply for an
electric car or a hybrid electric car. Furthermore, it can be preferably used as well as a driving storage power supply for
an electric car or an electric wheelchair, an electric storage device of various kinds of energies such as solar energy or

[Table 7]

Initial capacity 
(mAh)

Energy density 
(Wh/l)

Capacity after endurance test 
(mAh)

Capacity retention 
rate (%)

Comparative 
Example 3

240 11.8 Incapable measurement Incapable 
measurement
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wind-power generation, or a storage power supply for domestic electric appliances.

Claims

1. A lithium ion capacitor comprising:

a positive electrode made of a material capable of reversibly carrying either one or both of a lithium ion and an
anion;
a negative electrode made of a material capable of reversibly carrying a lithium ion; and
an electrolytic solution made of a non-protonic organic solvent electrolytic solution of a lithium salt;
wherein a negative electrode active material is non-graphitizable carbon having a ratio of number of hydrogen
atoms to number of carbon atoms (H/C ratio) in the range of 0.003 to 0.02; the lithium ion is doped in advance
to either one or both of the negative electrode and the positive electrode so that a negative electrode potential
when a cell is discharged to a voltage one half a charging voltage of the cell is 0.15 V or less relative to a metal
lithium potential.

2. The lithium ion capacitor according to claim 1, wherein the lithium ion is doped to either one or both of the negative
electrode and positive electrode in a range of 400 to 600 mAh/g per weight of the negative electrode active material.

3. The lithium ion capacitor according to claim 1 or 2, wherein either one or both of the positive electrode and negative
electrode, respectively, are provided with a current collector having a hole penetrating through between front and
back surfaces; and
either one or both of the negative electrode and positive electrode come into contact electrochemically with a lithium
ion supply source to dope the lithium ion to either one or both of the negative electrode and positive electrode.

4. The lithium ion capacitor according to any one of claims 1 through 3, wherein the negative electrode active material
has capacitance per unit weight of three times or more than that of the positive electrode active material; and a
weight of the positive electrode active material is larger than a weight of the negative electrode active material.

5. The lithium ion capacitor according to any one of claims 1 through 4, wherein the positive electrode active material
is a polyacene organic semiconductor that is a pyrolysis product of activated carbon or an aromatic condensate
polymer and has a polyacene skeleton structure where a ratio of number of hydrogen atoms to number of carbon
atoms is in the range of 0.05 to 0.50.

6. The lithium ion capacitor according to any one of claims 1 through 5, wherein the negative electrode potential is
made 0.12V or less to the metal lithium potential.

Patentansprüche

1. Lithiumionen-Kondensator, umfassend:

eine positive Elektrode, die aus einem Material hergestellt ist, das in der Lage ist, entweder eines oder beide
von einem Lithiumion und einem Anion reversibel zu tragen;
eine negative Elektrode, die aus einem Material hergestellt ist, das in der Lage ist, ein Lithiumion reversibel zu
tragen; und
eine Elektrolytlösung, die aus einer nicht-protonischen, organischen Lösungsmittel-Elektrolytlösung eines Li-
thiumsalzes hergestellt ist;
wobei ein aktives Material der negativen Elektrode ein nicht-graphitierbarer Kohlenstoff ist, der ein Verhältnis
der Anzahl von Wasserstoffatomen zur Anzahl von Kohlenstoffatomen (H/C-Verhältnis) im Bereich von 0,003
bis 0,02 hat;
wobei das Lithiumion im Voraus entweder zu einer oder beiden der negativen Elektrode und der positiven
Elektrode dotiert ist, so dass ein negatives Elektrodenpotential, wenn eine Zelle auf eine Spannung von einer
halben Ladespannung der Zelle entladen wird, gleich 0,15 V oder weniger in Relation zu einem Metall-Lithium-
potential beträgt.

2. Lithiumionen-Kondensator nach Anspruch 1, wobei das Lithiumion entweder zu einer oder beiden der negativen
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Elektrode und der positiven Elektrode in einem Bereich von 400 bis 600 mAh/g pro Gewicht des aktiven Materials
der negativen Elektrode dotiert ist.

3. Lithiumionen-Kondensator nach Anspruch 1 oder 2, wobei jeweils eine oder beide von der positiven Elektrode und
der negativen Elektrode mit einem Stromkollektor versehen ist bzw. sind, der ein Loch aufweist, das zwischen der
Vorder- und Rückfläche durchtritt; und
entweder eine oder beide von der negativen Elektrode und positiven Elektrode elektrochemisch mit einer Lithium-
ionen-Versorgungsquelle in Kontakt kommen, um das Lithiumion entweder zu einer oder beiden von der negativen
Elektrode und der positiven Elektrode zu dotieren.

4. Lithiumionen-Kondensator nach einem der Ansprüche 1 bis 3, wobei das aktive Material der negativen Elektrode
eine Kapazität pro Gewichtseinheit aufweist, die dreimal oder mehr als diejenige des aktiven Materials der positiven
Elektrode beträgt; und wobei ein Gewicht des aktiven Materials der positiven Elektrode größer ist als ein Gewicht
des aktiven Materials der negativen Elektrode.

5. Lithiumionen-Kondensator nach einem der Ansprüche 1 bis 4, wobei das aktive Material der positiven Elektrode
ein organischer Polyacen-Halbleiter ist, der ein Pyrolyseprodukt von einem aktivierten Kohlenstoff oder einem aro-
matischen Kondensatpolymer ist und eine Polyacengerüststruktur aufweist, wobei ein Verhältnis der Anzahl von
Wasserstoffatome zur Anzahl der Kohlenstoffatome im Bereich von 0,05 bis 0,50 beträgt.

6. Lithiumionen-Kondensator nach einem der Ansprüche 1 bis 5, wobei das negative Elektrodenpotential auf 0,12 V
oder weniger in Relation zum Metalllithiumpotential erstellt ist.

Revendications

1. Condensateur à ion lithium comprenant :

une électrode positive réalisée en un matériau capable de porter de manière réversible soit un ion lithium ou
un anion, soit les deux ;
une électrode négative réalisée en un matériau capable de porter de manière réversible un ion lithium ; et
une solution électrolytique réalisée en une solution électrolytique d’un sel de lithium dans un solvant organique
non protonique ;
dans lequel un matériau actif de l’électrode négative est un carbone non graphitisable ayant un rapport du
nombre d’atomes d’hydrogène sur le nombre d’atomes de carbone (rapport H/C) dans la plage allant de 0,003
à 0,02 ;
l’ion lithium est dopé en avance soit sur une électrode négative ou une électrode positive, soit sur les deux, de
sorte qu’un potentiel de l’électrode négative, quand une pile est déchargée à une tension correspondant à la
moitié de la tension de charge de la pile, est de 0,15 V ou moins par rapport au potentiel du lithium métal.

2. Condensateur à ion lithium selon la revendication 1, dans lequel l’ion lithium est dopé soit sur une électrode négative
ou une électrode positive, soit sur les deux, dans une plage allant de 400 à 600 mAh/g par poids du matériau actif
de l’électrode négative.

3. Condensateur à ion lithium selon la revendication 1 ou 2, dans lequel soit l’électrode négative ou l’électrode positive,
soit les deux, respectivement, sont pourvues d’un collecteur de courant présentant un trou traversant entre les
surfaces avant et arrière ; et
soit l’électrode négative ou l’électrode positive, soit les deux, entrent en contact de manière électrochimique avec
une source d’alimentation en ion lithium pour doper l’ion lithium soit sur l’électrode négative ou l’électrode positive,
soit sur les deux.

4. Condensateur à ion lithium selon l’une quelconque des revendications1 à 3, dans lequel le matériau actif de l’électrode
négative a une capacité par unité de poids qui est trois fois élevée ou plus que celle du matériau actif de l’électrode
positive ; et un poids du matériau actif de l’électrode positive est supérieur à un poids du matériau actif de l’électrode
négative.

5. Condensateur à ion lithium selon l’une quelconque des revendications1 à 4, dans lequel le matériau actif de l’électrode
positive est un semi-conducteur organique de type polyacène qui est un produit de pyrolyse du charbon activé ou
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d’un polymère de condensé aromatique, et présente une structure de squelette de type polyacène où un rapport
du nombre d’atomes d’hydrogène sur le nombre d’atomes de carbone est dans la plage allant de 0,05 à 0,50.

6. Condensateur à ion lithium selon l’une quelconque des revendications1 à 5, dans lequel le potentiel de l’électrode
négative est de 0,12 V ou moins par rapport au potentiel de lithium métal.
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