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DESCRIPTION

SECONDARY~BATTERY CUTRRENT COLLECTOR, SECONDARY-BATTERY CATHODE,

SECONDARY-BATTERY ANODE, SECONDARY BATTERY AND PRODUCTION METHOD

5 THEREOF

This application claims priority to Japanese Patent
"Application No. 2005-34639 filed on February 10, 2005 and U.S.
Provisional Application S.N. 60/653,529 filed on February 17, 2005,
10 the entire disclosures of which are incorporated herein by

reference in their entireties.

Cross Reference to Related Applications

15 This application is an application filed under 35 U.S.C.
§111(a) claiming the benefit pursuant to 35 U.S.C.§119%(e)(1l) of
the filing date of U.S. Provisional Application S.N. 60/653,529

filed on February 17, 2005, pursuant - to 35 U.S.C.§111l(b).
20 Technical Field

The present invention relates to a lithium ion
secondary-battery current collector, a secondary-battery cathode,
a secondary-battery anode, a secondary battery and methods of

25  producing the same, and also to a high-performance material ining
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a lithium-ion secondary battery superior in quick-recharge

characteristics.
Background Art

Lithium-ion secondary battery'is a high-performance
secondary battery and has been used in various applications such
as cell-phone, notebook computer and camcorder because of its high
energy density, and is expanding its market significantly.
Lithium cobaltate or lithium manganate is generally used as the
cathodic electroactive material and graphite as the anode in
smaller lithium ion batteries among them. Such a lithium-ion

battery also contains a separator of a porous sheet such as of

. polypropylene, polyethylene, or the like,-and an electrolyte

solution, for example, an organic solution containing a lithium
salt such as an ethylene carbonate-based solution of lithium

hexafluorophosphate (LiPFg).

More specifically, the cathode of common lithium-ion
secondary batteries is prepared by immobilizing a cathodic
electroactive material such as lithium cobaltate or lithium
manganate and electron-conductive -carbon fine particles having
a current-collecting effect for conveying. electrons therefrom
(thereto) on a metal foil. The metal foil used then is generally

an aluminum foil, and, for example, polyvinylidene fluoride (PVDF)
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or polytetrafluoroethyiene (PTFE) is used as the binder for
immobilizing the cathodic electroactive material and carbon fine

particles thereon.

Recently, there is an increasing trend toward application
of such a high-performance secondary battery in the fields
demanding power such as automobiles, which gave rise to problems

not foreseen from conventional smaller batteries.

One of them is quick discharge/recharge characteristics.
A greater amount of current is needed for generation of greater
power. For that reason, a battery, which loses its capacity
rapidly, should be recharged once again. Recharge of the battery
should be shortened by using a greater current; because a longer
recharge period results in elongation of the period when the
battery cannot be used. The discharge and recharge
characteristics at a greater currént , jointly referred to as quick
discharge/recharge characteristics, are an important indicator

of secondary battery usefulness.

As described above, a greater current is indispensable for
guick discharge and recharge. However, discharge and recharge of
conventional lithium-ion secondary batteries at a greater current
cause an inconvenience of drastic deterioration in capacity

(retention rate of its initial battery capacity) when the discharge
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and recharge are repeated, i.e., deterioration in output power
during repeated discharge and recharge at a greater current. More
specifically, it is currently almost impossible to discharge and
recharge a battery at 20C (i.e., at a current 20 times greater
than that needed for discharging and-recharging a battery in one
hour) even if it is possible to discharge and recharge battery
at 1C (a current allowing discharge and recharge of a battery in
one hour); and thus, various attempts, for example those described.

in the following literatures, were made to improve such a problem.

Japanese Unexamined Patent Publication No. 2001-266850
Japanese Examined Patent Publication No. 7-123053
Japanese Patent No. 1989293

45th Battery Symposium (2004) 3C18

However, the methods described in respective literatures .

were not sufficiently effective in repair the nonconformity.

The description herein of advantages and disadvantages of
various features, embodiments, methods, and apparatus disclosed
in other publications is in no way intended to limit the bresent
invention. Indeed, certain features of the invention may be
capable of overcoming certain disadvantages, while still

retaining some or all of the features, embodiments, methods, and

apparatus disclosed therein.
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Other objects and advantages of the present invention will

be apparent from the following preferred embodiments.
Disclosure of Invention

The present invention has been developed in view of the
above-mentioned and/or other problems in the related art. The
present invention can significantly improve upon existing methods

and/or apparatuses.

Among other potential advantages, some embodiments can
provide a current collector for lithium secondary battery
permitting quick discharge and recharge and having a higher
retention rate of initial battery capacity at a higher rate (at

a greater current), and a secondary battery using the same.

After intensive studies to achieve the object, the inventors
have found that it was possible to solve the problems above by
preparing a lithium-ion secondary battery in the structure in which
an ion-permeable compound is in charge of lithium-ion conductivity
and electron-conductive carbon fine particles of electron
conductivity in particular in its cathode structure, and completed
the present invention. Thus, the present invention relates to

the followings:



10

15

20

25

WO 2006/085691 PCT/JP2006/302791

(1) - A secondary-battery current collector, comprising an
aluminum or copper foil and a film formed thereon containing an

ion-permeable compound and carbon fine particles.

(2) A secondary-battery current collector, comprising an
aluminum or copper foil and a film formed thereon containing a
compound non-swelling in organic solvent and carbon fine

particles.

(3) A secondary-battery current collector, comprising an
aluminum or copper foil and a film formed thereon containing a
compound resistant to exfoliation in a peeling test with organic

solvent and carbon fine particles.

(4) A secondary-battery current collector, comprising an
aluminum or copper foil and a film formed thereon containing a
compound resistant to exfoliation in a tape-peeling test (JIS

D0202-1988) and carbon fine particles.

(5) A secondary-battery cathode, comprising an aluminum
foil, a £film containing an ion-permeable compound and carbon fine
particles formed thereon as the lower layer, and a film containing

a binder, carbon fine particles and a cathodic electroactive

material formed thereon as the upper layer.
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(6) A secondary-battery cathode, comprising an aluminum
foil, a £film containing a compound non-swelling in organic solvent
and‘cafbon fine particles formed thereon as the lower layer, and
a film containihg a binder, carbon fine'particles and a cathodic

electroactive material formed thereon as the upper layer.

(7) A secondary-battery cathode, comprising an aluminum
foil, a film containing a compound resistant to exfoliation in
a peeling test with organic solvent and carbon fine particles
formed thereon as the lower layer, and a £film containing a binder,
carbon fine particles and a cathodic electroactive material formed

thereon as the upper layer.

(8) A secondary-battery cathode, comprising an aluminﬁm
foil, a film containing a compound resistant to exfoliation in
a tape-peeling test (JIS D0202-1988) and carbon fine particles
formed thereon as the lower layer, and a film containing a binder,
carbon fine particles and a cathodic electroactive material formed

thereon as the upper layer.

(9) A secondary-battery anode, comprising a copper foil,
a film containing an ion-permeable compound and carbon fine

particles formed thereon as the lower layer, and a £film containing

a binder, carbon fine particles and an anodic electroactive
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material formed thereon as the upper layer.

(10) A secondary-battery anode, comprising a copper foil,
a film containing a compound non-swelling in organic solvent and
carbon fine particles formed thereoﬁ as the lower layer, and a
film containing a binder, carbon fine particles and an anodic

electroactive material formed thereon as the upper layer.

(11) A secondary—battery anode, comprising a copper foil,
a £ilm containing a compound resistant to exfoliation in a peeling
test with organic solvent and carbon fine particles formed thereon
as the lower layer, and a film containing a binder, carbon fine
particles and an anodic electroactive material formed thereon as

the upper layer.

(12) A secondary-battery anode, comprising a copper foil,
a film containing a compound resistant to exfoliation in a
tape-peeling test (JIS D0202-1988) and carbon fine particles
formed thereon as the lower layer, and a film containing a binder,
carbon fine particles and an anodic electroactive material formed

thereon as the upper layer.

(13) A secondary-battery cathode, comprising an aluminum

foil and a £film containing an ion-permeable compound, carbon fine

particles and a cathodic electroactive material formed thereon.
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(14) A secondary-battery cathode, comprising an aluminum
foil and a £ilm containing a compound non-swelling in organic
solvent, carbon fine particles and a cathodic electroactive

material formed>thereon.

(15) A secondary-battery cathode, comprising an aluminum
foil and a f£ilm containing a compound resistant to exfoliation
in the peeling test with organic solvent, carbon fine particles

and a cathodic electroactive material formed thereon.

(16) A secondary-battery cathode, comprising an aluminum
foil and a film containing a compound resistant to exfoliation
in a tape-peeling test (JIS D0202-1988), carbon fine particles

and a cathodic electroactive material formed thereon.

(17) A secondary-battery anode, comprising a copper foil
and a £ilm containing an ion-permeable compound, carbon fine -

particles and an anodic electroactive material formed thereon.

(18) A secondary-battery anode, comprising a copper foil
and a film containing a compound non-swelling in organic solvent,
carbon fine particles and an anodic electroactive material formed

thereon.
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(19) A secondarbeattery anode, comprising a copper foil
and a film containing a compound resistant to exfoliation in the
peeling test with organic solvent, carbon fine particles and an

anodic electroactive material formed thereon.

(20) A secondary-battery anodé, comprising a copper foil
and a film containing a compound resistant to exfoliation in a
tape-peeling test (JIS D0202-1988), carbon fine particles and an

anodic electroactive material.

(21) The secondary-battery current collector as recited in
any one of the aforementioned Items (1) to (4), wherein the carbon

fine particles are spicular or rod in shape.

(22) The secondary-battery cathode as recited in any one
of the afbrementionéd.Items (5) to (8) and (13) to (16), wherein -

the carbon fine particles are spicular or rod in shape.

(23) The secondary-battery anode as recited in any one of
the aforementioned Items (9) to (12) and (17) to (20), wherein

the carbon fine particles are spicular or rod in shape.

(24) A method of producing a secondary-battery current
collector, comprising forming a £ilm containing an ion-permeable

compound and carbon fine particles on an aluminum or copper foil

10
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by application.

(25) A method of producing a secondary-battery current
collector, comprising forming a film containing a compound
non-swelling in>organic solvent and cafbon fine particles on an

aluminum or copper foil by application.

(26) A method of producing a secondary-battery current
collector, comprising forming a f£ilm containing a compound
resistant to exfoliation in a peeling test with organic solvent
and carbon fine particles on an aluminum or copper foil by

application.

(27) A method of producing a secondary—battery current
collector, comprising forming a film containing a compound
resistant to exfoliation in a tape-peeling test (JIS D0202-1988)
and carbon fine particles on an aluminum or copper foil by

application.

(28) A method of producing a secondary-battery cathode,
comprising forming a film on an aluminum foil by applying a film
containing an ion-permeable compound and carbon fine particles
and additionally coating a dispersion of a binder, carbon fine
particles and a cathodic electroactive material in a solvent

thereon.

11



10

15

20

25

WO 2006/085691 PCT/JP2006/302791

(29) A method of producing a secondary-battery cathode,
comprising forming a film on aluminum foil by applying a film
containing a compound non-swelling in organic solvent and carbon
fine particles aﬁd.additionally coatiﬁg é1dispersion of a binder,
carbon fine particles and a cathodic electroactive material in

a solvent thereon.

(30) A method of producing a secondary-battery cathode,
comprising forming a £film on an aluminum foil by applying a film
containing a compound resistant to exfoliation in a peeling test
with organic solvent and carbon fine particles and additionally
coating a dispersion of a binder, carbon fine particles and a

cathodic electroactive material in a solvent thereon.

(31) A method of producing a secondary-battery cathode,
comprising forming a £ilm on an aluminum foil by applying a £ilm
containing a compound reéistant to exfoliation in a tape-peeling
test (JIS D0202-1988) and carbon fine particles and additionally
coating a dispersion of a binder, carbon fine particles and a

cathodic electroactive material in a solvent thereon.

(32) A method of producing a secondary-battery anode,
comprising. forming a film on a copper foil by applying a film

containing an ion-permeable compound and carbon fine particles

.12
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and additionally coatihg a dispersion of a binder, carbon fine
particles and an anodic electroactive material in a solvent

thereon.

(33) A method of producing a secondary-battery anode,
comprising forming a f£ilm on a coppér foil by applying a film
containing a compound non-swelling in organic solvent and carbon
fine particles and additionally coating a dispersion of a binder,
carbon fine particles and an anodic electroactive material in a

solvent thereon.

(34) A method of producing a secondary-battery anode,
comprising forming a film on a copper foil by applying a film
containing a compound resistant to exfoliatioﬁ in a peeling test
with organic solvent and carbon fine particles and additionally
coating a dispersion of a binder, carbon fine particles and an

anodic electroactive material in a solvent thereon.

(35) A method of producing a secondary-battery anode,
comprising forming a film on a copper foil by applying a film
containing a compound resistant to exfoliation in a tape-peeling
test (JIS D0202-1988) and carbon fine particles and additionally
coating a dispersion of a binder, carbon fine particles and an

anodic electroactive material in a solvent thereon.

13
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(36) A method of producing a secondary-battery cathode,
comprising forming a £ilm on an aluminum foil by coating and drying
a dispersion of an ion-permeable compound, carbon fine particles

and a cathodic electroactive material in a solvent thereon.

(37) A method of producing a secondary-battery cathode,
comprising forming a £film on an aluminum foil by coating and drying
a dispersion of a 'cqmpound non-swelling in organic solvent, carbon
fine particles and a cathodic electroactive material in a solvent

thereon.

(38) A method of producing a secondary-battery cathode,
comprising forming a £ilm on an aluminum foil by coating and drying
a dispersion of a compound resistant to exfoliafion in the peeling
test with organic solvent, carbon fine particles and a cathodic

electroactive material in a solvent thereon.

(39) A method of producing a secondary-battery cathode;
comprising forming a £ilm on an aluminum foil by coating and drying
a dispersion of a compound resistant to exfoliation in the
tape-peeling test (JIS D0202-1988), carbon fine particles and a

cathodic electroactive material in a solvent thereon.

(40) A method of producing a secondary-battery anode,

comprising forming a £ilm on a copper foil by coating and drying

14
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a dispersion of an ion-permeable compound, carbon fine particles

and an anodic electroactive material in a solvent thereon.

(41) A method of producing a secondary-battery anode,
comprising formihg a film on a coppef foil by coatiﬁg and drying
a dispersion of a compound non-swellin‘g in organic solvent, carbon
fine particles and an anodic electroactive material in a solvent

thereon.

(42) A method of producing a secondary-battery anode,
comprising forming a £ilm on a copper foil by cbating and drying
a dispersion of a compound resistant to exfoliation in the peeling
test with organic solvent, carbon fine particles and an anodic

electroactive material in a solvent thereon.

(43) A method of producing a secondary-battery anode,
comprising forming a £ilm on a copper foil by coating and drying
a dispersion of a compound resistant to exfoliation in a
tape-peeling test (JIS D0202-1988), carbon fine particles and

anodic electroactive material in a solvent thereon.

(44) A method of producing a secondary batter, comprising
impregnating a layer which comprises a cathode, a separator and
an anode piled up in that order with an organic electrolyte solution,

wherein the cathode used is the cathode as recited in any one of

15
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the aforementioned Items (5) to (8) and. (13) to (16).

(45) A secondary battery comprising a layer which comprises
a cathode, a separator and an anode piled up in that order and
is impregnated with an organic electrolyfe solution; wherein the
cathode used is the cathode as recited in any one of the

aforementioned Items (5) to (8) and (13) to (16).

(46) A method of producing a secondary battery, comprising
impregnating a layer which comprises a cathode, a separator and
an anode pile up ip that order with an organic electrolyte solution,
wherein the anode used is the anode as recited in any one of the

aforementioned Items (9) to (12) and (17) to (20).

’( 47) A secondary battery comprising a layer which comprises
a cathode, a separator and an anode piled up in that orde: and
is impregnated with an organic electrolyte solution, wherein the
anode used is the anode as recited in any one of the aforementioned

Items (9) to (12) and (17) to (20).

(48) The secondary-battery cathode as recited in any one
of the aforementioned Items (5) to (8) and (13) to (16), wherein

the cathodic electroactive material contains any one or more of

lithium cobaltate (LiCo00;), lithium manganate (LiMn,04), lithium

nickelate (LiNiO;), ternary lithium compounds of Co, Mn, and Ni

16



10

15

20

25

WO 2006/085691 PCT/JP2006/302791

[Li(CoxMnyNi;)0,], sulfuf compounds (TiS;)., and olivine compounds

(LiFePO,;, LiMnPO,).

(49) The method of producing a secondary-battery cathode
as recited in any one of the aforementioned Items (28) to (31)
and (36) to (39), wherein the cathodic electroactive material
contains any one or more of lithium cobaltate (LiCo0O;), lithium
manganate (LiMn,0,), lithium nickelate (LiNiO;), ternary lithium
compounds of Co, Mn, and Ni [Li(CoyMnyNi,)O,], sulfur compounds

(TiS,;), and olivine compounds (LiFePO,, LiMnPO,;).

(50) The secondary battery as recited in the aforementioned
Item (45) or (47), wherein the cathodic electroactive material
contains any one or more of lithium dobaltate‘(LiCooz), lithium
manganate (LiMn,04), lithium nickelate (LiNiO;), ternary lithium
compounds of Co, Mn, and Ni [Li(CoyMny¢Ni,)O;}, sulfur compounds

(TiS,), and olivine compounds (LiFePO,, LiMnPO,).

(51) The secondary battery as recited in the aforementioned
Item (45) or (47), wherein the anodic electroactive material

contains graphite.

(52) The secondary-battery current collector as recited in
any one of the aforementioned Items (1) to (4), wherein'the compound

is a crosslinked polysaccharide polymer.

17
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(53) The method of producing a secondary-battery current
collector as recited in any one of the aforementioned Items (24)
to (27), wherein the compound is a crosslinked polysaccharide

polymer.

(54) The secondary battery as recited in the aforementioned
Item (45) or (47), wherein the compound is a crosslinked

polysaccharide polymer.

(55) The slecondary battery as recited in the aforementioned
Item (54), wherein the compound is a crosslinked compound of a
polysaccharide polymer crosslinked with any one of acrylamide,
acrylonitrile, chitosan pyrrolidone carboxyléte salts,
hydroxypropylchitosan, and acid anhydrides such as phthalic
anhydridé, maleic anhydride, trimellitic aﬁhydride, and

pyromellitic anhydride.

(56) The secondary battery as recited in the aforementioned
Item (45) or (47), wherein the lithium- or fluorine-ion

conductivity of the compound is 1x107? S/cm or more.

(57) The secondary-battery current collector as recited in
any one of the aforementioned Items (1) to (4), wherein the number

average molecular weight of the compound is 50,000 or less.

18
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(58) The secondary-battery as recited in the
aforementioned Item (45) or (47), wherein the number average

molecular weight of the compound is 50,000 or less.

(59) A vehicle and an electric power tool, carrying the
secondary battery as recited in any one of the aforementioned Items

(45), (47), (50), (51), (54) to (56) and (58).
Effects of the Invention

The secondary-battery current collector, cathode, anode,
and secondary battery according to the present invention, énd the
secondary-battery current collector, cathode; anode, and
secondary battery produced by the production method thereof
according to the present invention are drastically improved in -
the retention rate from initial capacity at high rate, and can
be used favorably in or as a secondary battery superior in quick

discharge/recharge characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the present invention are shown

by way of example, and not limitation, in the accompanying figures,

19
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in which:

Figure 1 is a schematic view illustrating the
cross-sectional structure illustrating the lower layer of the

current-collector in Example 1 of the present invéntion;'and

Figure 2 is a schematic view illustrating the
cross-sectional structure of the cathode in Example 2 of the

present invention.

Best Mode for Carrying Out the Invention

In the following paragraphs, some preferred embodiments of
theinventionwillbedescribmdbywayofexampléandnotlimitation.
It should be understood based on this disclosure that various other
modifications can be made by those in the art based on these
illustrated embodiments. In the present specification, aluminum
means aluminum or an aluminum alloy, and copper means pure copper

or a copper alloy.

The aluminum foil for use in the present invention is not
particularly limited, and various kinds of aluminum including pure

aluminums such as A1085 and A3003 may be used. The thickness is

preferably, approximately 5 to 100 pum. The copper foil is also

similar, and a rolled copper foil or an electrolytic copper foil

20
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is used favorably. In the present invehtion, the aluminum foil
is used as a part of cathode, while the copper foil as a part of

anode.

An alumindm or copper-foil thickness of 5 pm'or less is
undesirable, because it may results in'foil breakage in the coating
step of forming a current-collecting layer because of
insufficiency in strength, while a thickness of more than 100'um
is also unfavorable, as it results in deterioration in battery
capacity due to increase in the rate of the foil in a particular

volume of the battery.

The cathodic electfoactive material for use in the present
invention is not particularly liﬁited, if‘it‘is a material
adsorbing and releasing lithium (ions). Typical examples thereof
include lithium cobaltate (LiCo0O,), lithium manganate (LiMn,O,),
lithium nickelate (LiNiO,), ternary lithium compounds of Co, Mn,
and Ni [Li(CoyMnyNi,)O,], sulfur compounds (TiS,), olivine

compounds (LiFePO,, LiMnPO,), and the 1like.

The particle diameter of these cathodic electroactive
materials is preferably 1 to 50 pm. A particle diameter of 50 pm
or more is undesirable, as it leads to inconsistency in adsorption
and release of lithium between inside and outside the particles.

On the other hand, a diameter of 1 pm or less is also undesirable,

21
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as it results in deterioration in crystallinity, irregularity in
its particle structure, and consequently, deterioration in

performance.

Any one of known materials may bé used as the anodic
electroactive material for anode. The anodic material is not
particularly limited and examples thereof include graphite-based
materials such as graphite, amorphous graphite materials, and

oxide materials.

Examples qf the ion-permeable compounds'for use in the
present invention include compounds non-swelling in organic
solvent, compounds resistant to exfoliation in a peeling test with
organic solvent, compounds resistant to exfoiiation in a
tape-peeling test (hereinafter, all these compounds will be
referred to as film-forming compounds), and typical examples

thereof are shown below:

The ion—permeable'compound is not particularly limited, if
it is amaterial allowing permeation of ions (including compounds),
ana examples thereof include crosslinked polymers of cellulose
and acrylamide, crosslinked polymers of cellulose and a chitosan

pyrrolidone carboxylate salt, and the like. Other examples

include crosslinked polymers of a polysaccharide polymer such as

chitosan or chitin crosslinked with a crosslinking agent, and the
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like. Examples of thevcrosslinking agents for use include
acrylamide, acrylonitrile, chitosan pyrrolidone carboxylate salt,
hydroxypropylchitosan, and acid anhydrides such as phthalic
anhydride, maleic anhydride, trimellitic anhydride, and

pyromellitic anhydride, and the like.

The ion conductivity thereof is preferably higher, from the
viewpoint of battery performance. The lithium-ion conductivity
is preferably higher, and a compound having a lithium-ion
conductivity of 1x10'2S/cn\or'more is preferable. Also favorable
is a compound having a fluorine-ion conductivity of 1x107? S/cm

or more.

The film-forming compound is preferably one of the compounds
above that is resistant to organic solvent and adhéres to the metal
foil tightly, because the formed £ilm is dissolved in the organic
electrolyte solution that is normally used as the electrolyte

solution in lithium-ion battery.

Polyamide, polyamide-imide and the like, which are known
as the compounds resistant to organic solvent, are generally, very
expensive and not practical. In addition, these polymers have a

smaller average molecular weight at approximately 50,000, and are

not sufficiently adhesive to metal foil. On the other hand, there

are polymers having an average molecular weight of 50,000 or more
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such as the PVDF, PTFE; and others described above, and these
polymers are sufficiently adhesive to the metal foil but not

resistant to organic solvent as, they sweli in the organic solvent.
Accordingly, desirable is a polymer having an average molecular
weight of 50,000 6r less, higher in adhesiveness to the metal foil,

and particularly higher in the resistance to organic solvent.

These properties can be determined by using a swelling test
in solvent, a peeling test by using a cloth previously immersed
in a solvent (abrasion test), and a tape-peeling test (JIS’

D0202-1988).

Examples of the materials showing the properties above
include derivatives of polysaccharide polymers crosslinked with

an acrylic additive or an acid anhydride, materials derived from

chitosan‘derivatives, and the like.

The electron-conductive carbon fine particles for use in
the present invention are not particularly limited, but favorable
are fine particles of acetylene black and Ketjen black, gas-phase
carbon fiber, graphite fine particles, and the like. 1In
particular, carbon fine particles having an electric resistance
aspowderof1x10452'mnorlessinlOO%greencompactareprefefable,
and the particles described above may be used in combination as

needed.
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The particle size of the electron-conductive carbon fine
particles is not particularly limited, but preferably,
approximately 10 to 100 nm. The shape thereof is preferably
non-spherical, ahd carbon particles having an anisotropic shape,
spicular or rod in shape, are more pfeferable. The reasons are
as follows: Electron-conductive carbon fine particles are
partially in charge of the conduction of electrons in lithium-ion
secondary battery. The contact area between the aluminum foil and
the cathodic electroactive material is preferably larger during
charge, because the electrons supplied from outside should be
conducted via the aluminum foil to the cathodic electroactive
material. Accordingly, fine particles having a greater surface
area per weight are advantageous. In additioh, it is necessary
to use the fine particles in an amount as small as possible for
preservation of its battery capacity. For that reason, use of
electron-conductive carbon fine particles having an anisotropic

shape is desirable.

In the present invention, the method of preparing the film
containing a film—forming.compound and carbon fine particles is
not particularly limited, and any one of known methods may be used.
Typical examples thereof include casting, bar-coater coating, dip
coating, printing, and the like. Among these methods, bar-coater

coating, casting, and the like are preferable for better control
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of film thickness. A cﬁrrent collector (for cathode or anode) is
prepared by forming a carbon fine particles-containing film on
an aluminum or copper foil. The thickness thereof is preferably
0.1 pm or more and 10 pm or less. A thickness of 0.1 pm or less
prohibits desiréble effects and is thué, undesirable. On the

other hand, a thickness of 10 pm or more is also undesirable, as
it leads to relative drop of the ratio of the electroactive material

in a particular volume of the secondary battery.

A film containing a cathodic or anodic electroactive
material can also be prepared in a similar pfocess. The film
thickness is preferably 10 pm or more and 500 pm or less. A film
thickness of 10 pm or less leads to drop of the rate of the
electroactive material in a particular volumé of battery and
deterioration in battery capacity, and is thus, undesirable. On
the other hand, a thickness'of 500 pm or‘mofé is also undesirable, -
as it leads to exfoliation of the film from the foil and increase

in the internal resistance of the battery.

Hereinafter, the method of forming a film containing a
cathodic electroactive material will be described in more detail.
A film containing an anodic electroactive material can also be
prepared similarly to the film above, by replacing the aluminum
foil and the cathodic electroactive material in the description

below respectively with a copper foil and an anodic electroactive
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material.

The composition of the film is adjusted in the step of forming
a paste for the film. Specifically, the paste is prepared by
mixing a film—fofming compound, a carbdn compound, a cathodic
electroactive material, and others in a kneader and adding a
solvent for viscosity adjustment additionally. Because the
solvent is removed by vaporization in the downstream step, only
solid matters (film-forming compound, carbon fine particles, and
cathodic active material) remain in the film. The contents of
these ingredients, film-forming compound, carbon fine particles,
and cathodic active material, are preferably, respectively 1 to

30 wt %, 1 to 30 wt %, and 65 wt % or more. .

The thickness of the film is preferably 0.1 pm or more and
500 pm or less. A thickness of 0.1 pm or less prohibits desirable
effects. Oh the other hand, a thickness of 500 um or more results
in cracking of the £ilm and exfoliation.thereof from the aluminum

foil and is thus, unfavorable.

The current collector according to the present invention
may have two films, upper and lower layers, on the aluminum foil.
A film containing a film-forming compound and carbon fine particles
is then formed as the lower layer, while a film containing a binder,

carbon fine particles and a cathodic electroactive material as
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the upper layer. The binder contained in the upper layer is not
particularly limited, if it can immobilize the particles, and may
additionally contain a film-forming compound such as a
polysaccharide polymer crosslinked with an acrylic additive or
a commonly-used‘compound, for éxample polyvinylidene fluoride

(PVDF) or polytetrafluoroethylene (PTFE).

Evaluation of the performance of the secondary-battery
current collector according to the present invention as battery
can performed by preparing an electrode with the current collector
and forming a seqondary battery together with a known separator

and organic electrolyte solution.

Alternatively, the performance of the secondary battery
according to the present invention can be evaluated, as it is
installed in a vehicle (such as automobile or bicycle) or an
electric power tool (e.g., electric drill, impact wrench, or the

like).

EXAMPLES
Hereinafter, the present invention will be described
specifically with reference to Examples and Comparative Examples,

but it should be understood that the present invention is not

restricted by the following Examples.
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(Example 1) ‘ ' )

An A1085 aluminum foil having a thickness of 30 pm was made
available. Then, a polysaccharide polymer chitosan crosslinked
with pyromellitic anhydride was made prepared as an ion-permeable
compound. Thexndleculax'weight thereof was 35,000, as determined
by GPC. A mixed paste containing electron—conductive carbon fine
particles (acetylene black, particle diameter: 40 nm), the
crosslinked chitosan above, and a solvent was prepared. The
solvent used was water, and the weight ratio of ion-permeable
compound: carbon fine particle: water was 35:15:50. Then, the
paste was applied on the aluminum foil by casting by using an
applicator (dpening: 10 pm) and then, dried in air at 180°C for
3 minuteé and thermally hardened, to give an aluminum foil having
a £film containing the ion-permeable compound ahd the carbon fine

particles.

The thickness of the film, as determined after drying, was
5 mam, and the content of the electron-conductive carbon fine

particles in the film was 30 wt $.

An electrode layer having a thickness of 200 pm was then
formed by using a cathode paste consisting of a cathodic
electroactive material, electron-conductive carbon fine
particles, a binder, and a solvent, to give a lithium ion

secondary-battery cathode. The cathodic electroactive material
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used then was lithium éobaltate; the conductive carbon fine
particles, acetylene black; the binder, polyvinylidene fluoride
(PVDF); and the solvent, N-methyl-2-pyrrolidone (NMP). The
composition of respective components, cathodic electroactive
material:carboﬁfineparticle:binder,was95:2:3(weightratio),
and the solvent was used in an amount of 10 wt % with respect to

the cathodic electroactive material by weight.

Further, a separator and an anode formed on a copper foil
were connected, and the composite was impregnated with an organic

electrolyte solution, to give a lithium-ion sécondary battery.

The cycle characteristics of the lithium-ion secondary
battery thus obtained were determined. Resulté are summarized in
Table 1. The analyzer used was a battery charge/discharge
apparatus HJ-2010 manufactured by Hokuto Denko Corporation and
the retention rates from initial capacity after 100 cycles at
varying current rates of 0.1C, 2C, and 20C were shéwn by percentage.
As apparent from the Table, use of the current collector according
to the present invention resulted in significant improvement in
the retention rate from initial capacity especially at the higher
rates, although there was no significant difference at the lower

current rate, indicating that the current collector are superior

in quick-recharge characteristics.
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The internal resiétance of the secondary batteries was also
determined. It was determined by an AC impedance method by using
a battery tester HIOKI3551 at a test frequency of 1 kHz. The
results are summarized in Table 2. A smaller measured value

indicates better quick-recharge characteristics.

(Example 2)

An A1085 aluminum foil having a thickness of 30 pm was made
available. Additionally, a polysaccharide polymer chitin
crosslinked with male;'.c anhydride was prepared as an ion-permeable
compound . The:nqlecular'weight thereof was 30,000, as determined
by GPC. A mixed paste containing electron-conductive carbon fine
particles (acetylene black, particle diameter: 40 nm), the
crosslinked chitin above, a éathodic electroéctive material
lithium manganate (LiMn,0,) and a solvent (NMP) was prepared. The
contents of the ion-permeable compound, carbon fine particles, -
and cathodic electroactive material in the paste were respectively,
2wt %, 3wt %, and 95 wt %; and the solvent was used in an amount
of 10 wt % with respect to the cathodic eiectroactive material.
Then, the paste was applied on the aluminum foil in a similar manner
to Example 1 By using an applicator (opening: 250 pm) and then,
dried in air at 180°C for 3 minutes and thermally hardened, to

give an aluminum foil having a film containing the ion-permeable

compound and the carbon fine particles and cathodic electroactive

material.
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The thickness of the film, as determined after drying, was
200 nm; and the contents of the electron-conductive carbon fine
particles and the cathodic electroactive material in the f£ilm were

respectively 3 wf % and 95 wt %.

A lithium-ion secondary battery was then prepared by
connecting a separator and an anode current colléctor formed on
a copper foil and impregnating the composite with an organic
electrolyte solution in the step, in a similar manner to Example

1.

The retention rate from initial capacity and the internal
resistance thereof were determined similarly, and the results are

summarized in Tables 1 and 2.

(Example 3)

In Example 3, the aluminum foil material A1085 used in
Example 2 was replaced with an aluminum foil A3003, and a compound
resistant to exfoliation in a peeling test with organic solvent,
i.e., a polysaccharide polymer chitosan érosslinked with
acrylonitrile, was made available as the ion-permeable compound.
When the compound is filmed to a thickness of 0.5 pm and the f£ilm
was subjected to the peeling test by using an organic solvent,

ethanol, there was no exfoliation observed. The molecular weight
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thereof was 31,000, as'determined by GPC. The carbon fine
particles used were gas-phase carbon fiber (registered trade name:
VGCF, manufactured by Showa Denko). In addition, the cathodic
electroactive material was replaced with an olivine compound
(LiFePO,). The émount of carbon fine particles added was also
changed; and the contents of the compoﬁnd resistant to exfoliation
in a peeling test with organic solvent, carbon fine particles,
and a cathodic electroactive material in the paste were

respectively, 2 wt %, 1 wt %, and 97 wt %.

A lithium-ion secondary battery was prepared in a similar
manner to Example 2, except the modifications above. The
retention rate from initial capacity and the internal resistance
thereof were determined similarly, and the resuits are summarized

in Table 1.

(Example 4)

In Example 4, the ion-permeable compound used in Example
1 was replaced with a cdmpound non-swelling in NMP, a
polysaccharide polymer chitosan crosslinked with trimellitic
anhydride, and NMP was used as the solvent. The molecular weight

of the compound was 22,000, as determined by GPC.

A lithium-ion secondary battery was prepared in a similar

manner to Example 1, except the modifications above. The
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retention rate from initial capacity and the internal resistance
thereof were determined similarly, and the results are summarized

in Tables 1 and 2.

(Example 5)

An electrolytic copper foil haVing a thickness of 9 pm was
made available. Then, a polysaccharide polymer cellulose
crosslinked with a chitosan pyrrolidone carboxylate salt was made
prepared as the ion-permeable compound. The molecular weight
thereof was 40,000, as determined by GPC. A mixed paste containing
the cellulose and electron-conductive carbon fine particles
(acetylene black, particle diameter: 40 nm) was prepared. The
solvent used was NMP, and the weight ratio of jion-permeable
compound: carbon fine particles: éolvent was 35}15:50. Then, the
paste was applied on a copper foil by a gravure method by using
a.gravurefroll (#200) and then, dried in air at 180°C for 3 minutes
and thermally hardened, to give a copper foil (current collector)
having a £film containing the ion-permeable compound and the carbon

fine particles.

The thickness of the film, as determined after drying, was
0.2 pm, and the content of the electron-conductive carbon fine

particles in the film was 30 wt %.

Then, an electrode layer having a thickness of 250 pm was
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formed by using an anode’paste containing an anodic electroactive
material, electron-conductive carbon fine partiéles, a binder,
and a solvent, to make a 1lithium ion secondary-battery anode. The
anodic electroactive material used then was graphite; the
conductive carboh fine particles, acetylene black; the binder,
polyvinylidene fluoride (PVDF); and the solvent,
N-methyl-2-pyrrolidone (NMP). The ratio of respective components,
anodic electroactive material: carbon fine particle: binder, was
92:5:3 (weight ratio), and the solvent was used in an amount of
10 wt % with respect to the weight of the anodic electroactive

material.

A lithium-ion secondary battery was then prepared in the
step similar to Example 1, by connecting thelseparator and the
cathode formed on aluminum £foil used in Example 1 and impregnating
the compdsite with the organic electrolyte solution. The
retention rate from initial capacity and the internal resistance
thereof were determined similarly, and the results are summarized

in Tables 1 and 2.

(Example 6)

A compound resistant to exfoliation in a tape-peeling test,
a polysaccharide polymer chitosan crosslinked with acrylonitrile,
was prepared as the replacement for the ion-permeable compound

used in Example 5. The compound was filmed to a thickness of 0.5
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pm and subjected to the‘tape—peeling test, and no exfoliation was
observed in 100 cases out of 100 tests. The molecular weight
thereof was 26,000, as determined by GPC. The carbon fine
particles used were gas-phase carbon fiber (registered trade name:
VGCF, manufactufed by Showa Denko). A lithium-ion secondary
battery was prepared in a similar manher to Example 5, except the
modifications above. The retention rate frominitial capacity and
theinternalresiStanceweredeterminedsimilarly,andtheresults

are summarized in Tables 1 and 2.

(Comparative Example 1)

A cathode current collector was prepared in a similar manner
to Example 1, except that the composite film containing an
ion-permeable compound and electfon-conductive carbon fine
particles formed on the A1085 aluminum foil was replaced with a
current—dollecting layer of 200 pm in thickness containing the -
cathodic electroactive material (lithium cobaltate) shown in
Example 1, electron-conductive carbon fine particles (acetylene
black), a binder (PVDF), and a solvent (NMP). A lithium-ion
secondary battery was then prepared similarly, and the retention
rate from initial capacity and the internal resistance thereof
were determined under the conditions similar to those in Example

1, and the results are summarized in-'Tables 1 and 2.

(Comparative Example 2)
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A lithium-ion sedondary battery was prepared in a similar
manner to Example 1, except that the ion-permeable compound used
in Example 5 was replaced with the PVDF binder above (compound
resistant to exfoliation in the organic-solvent peeling test),
and the retentidn rate from initial cabacity and the inteérnal
resistance were determined under the.conditions similar to those
in Example 1, and the results are summarized in Tables 1 and 2.
Although it was possible to prepare a secondary battery, the
current collector having a film containing carbon fine particles
after preparation resulted in significant exfoliation when the
surface of the cu;‘rent collector is rubbed with an NMP-impregnated
cloth, suggesting that the secondary battery would not withstand
use for an extended period of time even if it had favorable initial

characteristics.

(Comparative Example 3)

A lithium-ion secondary battery was prepared in a similar
manner to Example 1, except that the ion-permeable compound used
in Example 1 was replaced with a PVA (polyvinyl alcohol) binder
(compound vulnerable to exfoliation in tape-peeling test), and
the retention rate from initial capacity and the internal
resistance were determined under the conditions similar to those
in Example 1, and the results are summarized in Tables 1 and 2.
Although it was possible to prepare a secondary battery, the

current collector having a film containing carbon fine particles
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after preparation resuited in significant exfoliation of the

current collector surface when it is subjected to the tape-peeling
test, suggesting that the secondary battery would not withstand
use for an extended period of time even if it had favorable initial

characteristics.

Table 1 reveals that the secondary batteries in Comparative
Examples are not lower in the retention rate from initial capacity
at lower rate, but significantly lower in the retention rate from
initial capacity at higher rate than those in Examples aéébrding
to the present invention Examples, suggestingbthat secondary

batteries are more difficult to discharge and recharge rapidly.

Table 2 also reveals that the secondary batteries in Examples
are lower in internal resistance and suitable for quick discharge

and recharge.

The quick discharge and recharge characteristics of the-
secondary batteries accdrding to the present invention seems to
be the result of tighter bonding among the metal foil, carbon fine
particles-containing film, and electrode film, because the
ion-permeable binder and the electron-conductive carbon fine
particles are separately in charge of conduction of ions and

electrons.
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[Table 1]

Example/Comparative 0.1C 2C 20C
Example

Example 1 98% 80% 60%
Example 2 98% 85% 70%
Example 3 ' 98% 80% 65%
Example 4 98% 85% 70%
Example 5 98% 856% 70%
Example 6 98% 80% 65%
Comparative Example 1 | 98% 70% 30%
Comparative Example 2 | 97% 60% 20%
Comparative Example 3 | 96% 50% 10%

[Table 2]

Internal resistance

Example/Comparative Example

Example 1 5mQ
Example 2 8m&
Example 3 6mg2
Example 4 4mQ
Example 5 4m&
Example 6 TmQ
Comparative Example 1 15mEQ
Comparative Example 2 25mQ
Comparative Example 3 20m&

Industrial Applicability

The present invention provides a secondary-battery current

collector, a method of producing a secondary-battery current

collector, and a secondary battery having the current collector.

In particular, the secondary-battery current collector comprising

an aluminum foil and a film containing an ion-permeable compound

and carbon fine particles formed thereon and the relevant
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inventions,whichallowédrasticimprovementintheretentionrate
from initial capacity at high rate when a secondary battery is
formed and is superior in quick discharge/rechafge
characteristics, can be used favorably in devices carrying a
secondary battery such as communicatioﬁ devices and digital
electronics devices. Such characteristics of the
secondary-battery current collector and others according to the
invention expand application of the devices carrying a secondary
battery and the range of industrial applications thereof.

While the present invention may be embodied in many different
forms, a number of illustrative embodiments are described herein
with the understanding that the present disclosure is to be
considered as providing examples of the principles of the invention
and such examples are not intended to limit the invention to

preferred embodiments described herein and/or illustrated herein.

While illustrative embodiments of the invention have been
described herein, the present invention is not limited to the-
various preferred embodiments described herein, but includes any
and all embodiments having equivalent elements, modifications,
omissions, combinations (e.g., of aspects across various
embodiments), adaptations and/or alterations as would be
appreciated by those in the art based on the present disclosure.
The limitations in the claims are to be interpreted broadly based

on the language employed in the claims and not limited to examples
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described in the presenf specification or during the prosecution
of the application, which.examples are to be construed as.
non-exclusive. For example, in the present disclosure, the term
"preferably" is non-exclusive and means "preferably, but not
limited to." 1In -this disclosure and during the proseeution of this
application, means-plus-function orlstep-plus-function
limitations will only be employed where for a specific claim
limitation all of the following conditions are present in that
limitation: a) "means for" or "step for" is expressly recited:
b) a corresponding function is expressly recited; and c) structure,
material or acts_that support that structure are not recited. In
this disclosure and during the prosecution of this application,
the‘terminology “present invention” or "invention” may be used
as a reference to one or more aspect within the p‘resen't disclosure.
The language present invention or invention should not be
improperly interpreted as an identification of criticality,
shouldnotbeiﬂmroperlyinterpretadasapplyingacrossaliaspects
or embodiments (i.e., it should be understood that the present
invention has a number of aspects and embodiments), andishould
not be improperly interpreted as limiting the scope of the
application or claims. In this disclosure and during the
prosecution of this application, the terminology "embodiment” can
be used to describe any aspect, feature, process or step, any
combination thereof, and/or any portion thereof, etc. In some

examples, various embodiments may include overlapping features.
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In this disclosure and during the prosecution of this case, the

u ”n

following abbreviated terminology may be employed: "e.g.” which

means “"for example;"” and "NB" which means "note well.”
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CLAIMS

1. A secondary-battery current collector, comprising an
aluminum or copper foil and a film formed thereon containing an

ion-permeable compound and carbon fine particles.

2. A secondary-battery current collector, comprising an
aluminum or copper foil and a f£ilm formed thereon containing a
compound non-swelling in organic solvent and carbon fine

particles.

3. A secondary-battery current collector, comprising an
aluminum or copper foil and a film formed thereon cdntaining a
compound resistant to exfoliation in a peeling test with organic

solvent and carbon fine particles.

4, A secondary-battery current collector, comprising an
aluminum or copper foil and a film formed thereon containing a
compound resistant to exfoliation in a tape-peeling test (JIS

D0202-1988) and carbon fine particles.

5. A secondary-battery cathode, comprising an aluminum
foil, a film containing an ion-permeable compound and carbon fine
particles formed thereon as the lower layer, and a £ilm containing

a binder, carbon fine particles and a cathodic electroactive
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material formed thereon as the upper layer.

6. A secondary-battery cathode, comprising an aluminum
foil, a film containing a compound non-swelling in organic solvent
and carbon fine barticles formed thereon.as the lower layer, and
a £film containing a binder, carbon fihe particles and a cathodic

electroactive material formed thereon as the upper layer.

7. A secondary-battery cathode, comprising an aluminum
foil, a film containing a compound resistant to exfoliation in
a peeling test with organic solvent and carbon fine particles
formed thereon as the lower layer, and a £film containing a binder,
carbonfineparticlesandeacathodicelectroactivematerialformed

thereon as the upper layer.

8. A secondary-battery cathode, comprising an aluminum
foil, a film containing a compound resistant to exfoliation in
a tape-peeling test (JIS D0202-1988) and carbon fine partidles
formed thereon as the lower layer, and a film containing a binder,
carbon fine particles and a cathodic electroactive material formed

thereon as the upper layer.

9. A secondary-battery anode, comprising a copper foil,
a film containing a ion-permeable compound and carbon fine

particles formed thereon as the lower layer, and a film containing
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a binder, carbon fine particles and an anodic electroactive

material formed thereon as the upper layer.

10. A secondary-battery anode, comprising a copper foil,
a film containing a compound non—swelliﬁg in organié solvent and
carbon fine particles formed thereon as the lower layer, and a
film containing a binder, carbon fine particles and an anodic

electroactive material formed thereon as the upper layer.

11. A secondary-battery anode, comprising a copper foil,
a film containing a compound resistant to exfoliation in a peeling
test with organic solvent and carbon fine particles formed thereon
as the lower layer, and a f£film containing a binder, carbon fine
particles and an anodic electroactive materiai formed thereon as

the upper layer.

12. A secondary-battery anode, comprising a copper foil,
a £film containing a compound resistant to exfoliation in a
tape-peeling test (JIS D0202-1988) and carbon fine particles
formed thereon as the lower layer, and a film containing a binder,
carbon fine particles and an anodic electroactive material formed

thereon as the upper layer.

13. A secondary-battery cathode, comprising an aluminum

foil and a £ilm containing an ion-permeable compound, carbon fine
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particles and a cathodic electroactive material formed thereon.

14. A secondary-battery cathode, comprising an aluminum
foil and a film containing a compound non-swelling in organic
solvent, carbon‘fine particles and a cathodic electroactive

material formed thereon.

15. A secondary-battery cathode, comprising an aluminum
foil and a film containing a compound resistant to exfoliation
in the peeling test with organic solvent, carbon fine particles

and a cathodic electroactive material formed thereon.

16. A secondary-battery cathode, comprising an aluminum
foil and a f£ilm containing a compound resistant to exfoliation
in a tape-peeling test (JIS D0202-1988), carbon fine particles

and a cathodic electroactive material formed thereon.

17. A secondary-battery anode, comprising a copper foil
and a film containing an ion-permeable compound, .carbon fine

particles and an anodic electroactive material formed thereon.

18. A secondary-baftery anode, comprising a copper foil
and a film containing a compound non-swelling in organic solvent,
carbon fine particles and an anodic electroactive material formed

thereon.
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19. A secondary-battery anode, comprising a copper foil
and a film containing a compound resistant to exfoliation in the
peeling test with organic solvent, carbon fine particles and an

anodic electroactive material formed thereon.

20. A secondary-battery anode, comprising a copper foil
and a film containing a compound resistant to exfoliation in a
tape-peeling test (JIS D0202-1988), carbon fine particles and an

anodic electroactive material.

21. The secondary-battery current collector as recited
in any one of claims 1 to 4, wherein the carbon fine particles

are spicular or rod in shape.

22. The secondary-battery cathode as recited in any one
of claims 5 to 8 and 13 to 16, wherein the carbon fine particles

are spicular or rod in shape.

23. The secondary-battery anode as recited in any one of
claims 9 to 12 and 17 to 20, wherein the carbon fine particles

are spicular or rod in shape.

24. A method of producing a secondary-battery current

collector, comprising forming a £film containing an ion-permeable
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compound and carbon fine particles on an aluminum or copper foil

by application.

25. A method of producing a secondary-battery current
collector, comprising forming a film containing a éompound
non-swelling in organic solvent and carbon fine particles on an

aluminum or copper foil by application.

26. A method of producing a secondary-battery current
collector, comprising forming a f£film containing a compound
resistant to exfgliation in a peeling test with organic solvent
and carbon fine particles on an aluminum or copper foil by

application.

27. A method of producing a éecondary-battery current
collector, comprising forming a f£ilm containing a compound
resistant to exfoliation in a tape-peeling test (JIS D0202-1988)
and carbon fine particles on an aluminum or copper foil by

application.

28. A method of producing a secondary-battery cathode,
comprising forming a £ilm on an aluminum foil by applying a film
containing an ion-permeable compound and carbon fine particles
and additionally coating a dispersion of a binder, carbon fine

particles and a cathodic electroactive material in a solvent
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thereon.

29. A method of producing a secondary-battery cathode,
comprising forming a film on aluminum foil by applying a f£ilm
containing a compound non-swelling in organic solvent and carbon
fine particles and additionally coatihg'a dispersion of a binder,
carbon fine particles and a cathodic electroactive material in

a solvent thereon.

30. A method of producing a secondary-battery cathode,
comprising formipg a film on an aluminum foil by applying a film
containing a compound resistant to exfoliation in a peeling test
with organic solvent and carbon fine particles and additionally
coating a dispersion of a binder, carbon finé particles and a

cathodic electroactive material in a solvent thereon.

31. A method of producing a secondary-battery cathode,
comprising forming a £film on an aluminum foil by applying a film
containing a compound resistant to exfoliation in a tape-peeling
test (JIS D0202-1988) and carbon fine particles and additionally
coating a dispersion of a binder, carbon fine particles and a

cathodic electroactive material in a solvent thereon.

32. A method of producing a secondary-battery anode,

comprising forming a film on a copper foil by applying a film
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containing an ion-permeable compound and carbon fine particles
and additionally coating a dispersion of a binder, carbon fine
particles and an anodic electroactive material in a solvent

thereon.

33. A method of producing a'secondary—battery anode,
comprising forming a film on a copper foil by applying a film
containing a compound non-swelling in organic solvent and carbon
fine particles and additionally coating a dispersion of a binder,
carbon fine particles and an anodic electroactive material in a

solvent thereon.

34. A method of producing a secondary-battery anode,
comprising forming a film on a copper foil by applying a film
containing a compound resistant to exfoliation in a peeling test
with organic solvent and carbon fine particles and additionally
coating a dispersion of a binder, carbon fine particles and an

anodic electroactive material in a solvent thereon.

35. A method of producing a secondary-battery anode,
comprising forming a f£ilm on a copper foil by applying a film
containing a compound resistant to exfoliation in a tape-peeling
test (JIS D0202-1988) and carbon fine particles and additionally
coating a dispersion of a binder, carbon fine particles and an

anodic electroactive material in a solvent thereon.
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36. A method of producing a secondary-battery cathode,
comprising forming a £ilm on an aluminum foil by coating and drying
a dispersion of an ion-permeable compound, carbon fine particles

and a cathodic électroactive material in a solvent thereon.

37. A method of producing a secondary-battery cathode,
comprising forming a film on an aluminum foil by coating aﬁd drying
a dispersion of a compound non-swelling in organic solvent, carbon
fine particles and a cathodic elecfroactivelnaterial in a solvent

thereon.

38. A method of producing a secondary-battery cathode,
comprising forming a £ilm on an alﬁminum foil by' coating and drying
a dispersion of a compound resistant to exfoliation in the peeling
test with organic solvent, carbon fine particles and a cathodic

electroactive material in a solvent thereon.

39. A method of’producing a secondary-battery cathode,
comprising forming a film on an aluminum foil by coating and drying
a dispersion of a compound resistant to exfoliation in the
tape-peeling test (JIS D0202-1988), carbon fine particles and a

cathodic electroactive material in a solvent thereon.

40. A method of producing a secondary-battery anode,
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comprising forming a fiim on a copper foil by coating and drying
a dispersion of an ion-permeable compound, carbon fine particles

and an anodic electroactive material in a solvent thereon.

41. A méthod of producing a secondary-battery anode,
comprising forming a £ilm on a coppef foil by coating and drying
a dispersion of a compound non-swelling in organic solvent, carbon
fine particles and an anodic electroactive méterial in a solvent

thereon.

42, A method of producing a secondaryFbattery anode,
comprising forming a £film on a copper féil by coating and drying
a dispersion of a compound resistant to exfoliation in the peeling
test with organic solvent, carbon fine partidles and an anodic

electroactive material in a solvent thereon.

43. A method of producing a secondary-battery anode,
comprising forﬁing a £film on a copper foil by coating and drying
a dispersion of a compound resistant to exfoliation in a
tape-peeling test (JIS D0202-1988), carbon fine particles and

anodic electroactive material in a solvent thereon.

44. A method of producing a secondary battery, comprising
impregnating a layer which comprises a cathode, a separator and

ananodepiledtu)inthatorderwithenlorganicelectrblytesolution,
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wherein the cathode used is the cathode as recited in any one of

claims 5 to 8 and 13- to 16.

45. A secondary battery comprising a layer which
comprises a cathode, a separator and an anode piled up in that
order and is impregnated with an organic electrolyte solution,
where;n the cathode used is the cathode as recited in any one of

claims 5 to 8 and 13 to 1l6.

46. A method of producing a secondary battery, comprising
impregnating a ;ayer which comprises a cathode, a separator and
an anode piled up in that order with an organic electrolyte solution, ‘
wherein the anode used is the anode as recited in any one of claims

9 to 12 and 17 to 20.

47 . A secondary battery comprising a layer which
comprises a cathode, a separator and an anode piled up in that
order and is impregnated with an ordanic electrolyte solution,
wherein the anode used is the anode as recited in any one of claims

9 to 12 and 17 to 20.

48. The secondary-battery cathode as recited in any one
of claims 5 to 8 and 13 to 16, wherein the cathodic electroactive
material contains any one or more of lithium cobaltate (LiCo0,),

lithium manganate (LiMn,O,), lithium nickelate (LiNiO,), ternary
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lithium compounds of Co, Mn, and Ni [Li(CoxMnyNi,)O,], sulfur

compounds (TiS,), and olivine compounds (LiFePO,, LiMnPO) .

49. The method of producing a secondary-battery cathode
as recited in any one of claims 28 to 31 and 36 to'39, wherein
the cathodic electroactive material éontains any one or more of
lithium cobaltate (LiCo0O,), lithium manganate (LiMn,04), lithium
nickelate (LiNiO,), ternary lithium compounds of Co, Mn, and Ni
[Li(CoxMnyNi,)O0;], sulfur.compounds (TiS,), and olivine compounds

(LiFePO,, LiMnPO,).

50. The secondary battery as recited in claim 45 or 47,
wherein the cathodic electroactive material contains any one or
more of lithium cobaltate (LiCo0O,), lithium mahganate (LiMn,0,),
lithium nickelate (LiNiO,), ternary lithium compounds of Co, Mn,
and Ni [Li(CoanyNiz)Ozl, sulfur compounds (TiS,), and olivine

compounds (LiFePQO,, LiMnPO,).

51. The secondary battery as recited in claim 45 or 47,

wherein the anodic electroactive material contains graphite.
52. The secondary-battery current collector as recited in

any one of claims 1 to 4, wherein the compound is a crosslinked

polysaccharide polymer.
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53. The method of producing a secondary-battery current
collector as recited in any one of claims 24 to 27, wherein the

compound is a crosslinked polysaccharide polymer.

54. The secondary battery as recited in claim 45 or 47,

wherein the compound is a crosslinkéd polysaccharide polymer.

55. The secondary battery as recited in claim 54, wherein
the compound is a crosslinked compound of a polysaccharide polymer
crossliﬂked with any one of acrylamide, acrylonitrile, chitosan
pyrrolidone carboxylate salts, hydroxypropylchitosan, and acid
anhydrides such as phthalic anhydride, maleic anhydride,

trimellitic anhydride, and pyromellitic anhydride.

56. The secondary battery as recited in claim 45 or 47,
wherein the lithium- or fluorine-ion conductivity of the compound

is 1x10°? S/cm or more.
57. The secondary-battery'current collector as recited in
any one of claims 1 to 4, wherein the number average molecular

weight of the compound is 50,000 or less.

58. The secondary-battery as recited in claim 45 or 47,

wherein the number average molecular weight of the compound is

50,000 or less.
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59. A mobile unit and an electric power tool, carrying the
secondary battery as recited in any one of claims 45, 47, 50, 51,

54 to 56 and 58.
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