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(57) ABSTRACT 

A laminate comprising an ion conductive material having 
excellent ion conductivity at room temperature or at loWer 
temperatures; a small Water content; suf?ciently high 
mechanical strength and storage stability to alloW for han 
dling the ion conductive material in practice; and a form 
Which is easily integrated into an electrochemical element or 
electrochemical devices. Also disclosed is a production 
method thereof; and a method of producing a battery; a 
capacitor or an electrochemical element or apparatus using 
the laminate. The laminate comprises an intermediate layer 
of an ion conductive material having on the upper and loWer 
portions thereof outer layers having an ion conductivity 
loWer than that of the intermediate layer. Furthermore; at 
least one of the outer layers is a layer comprising a non 
electron-conductive material. 
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ION CONDUCTIVE LAMINATE AND 
PRODUCTION METHOD AND USE THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of (1) US. applica 
tion Ser. No. 08/822,465, ?led Mar. 21, 1997, Which in turn 
claims bene?t of US. Provisional Application 60/014,567, 
?led Apr. 1, 1996 and of Japanese Patent Application 
8/93682, ?led Mar. 21, 1996; and (2) International Appli 
cation PCT/JP97/00944, ?led Mar. 21, 1997, Which claims 
bene?t from Japanese Patent Application 8/ 93682, ?led Mar. 
21, 1996. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a laminate com 
prising an ion conductive material such as a solid polymer 
electrolyte or polymer gel electrolyte, and a method for 
producing an ion conductive laminate. The present invention 
also relates to a method for producing an electrochemical 
element and apparatus utilizing the ion conductive laminate. 

BACKGROUND OF THE INVENTION 

[0003] To cope With the trend toWards doWnsiZing or 
solidi?cation in the ?eld of ionics, a solid electrolyte mate 
rial has been proposed as a neW ion conductive material in 

place of conventional electrolytic solutions. Investigators 
have aggressively attempted to apply the electrolyte material 
to solid primary or secondary batteries, electrolytic capaci 
tors, electrical double layer capacitors, photoelectric cells, 
solar cells, fuel cells, electrochromic elements, various sen 
sors and antistatic ?lm. 

[0004] Conventional batteries using an electrolytic solu 
tion employ a porous thin ?lm separator impregnated With 
an electrolytic solution. In this case, the production and 
processing cost of the porous ?lm is high Which in turn 
increases the cost of conventional batteries. Furthermore, the 
?lm is not capable of holding the electrolytic solution. This 
causes the solution to leak from the battery or causes the 

electrode substance to elute, thereby giving rise to problems 
With respect to long-term reliability and safety of the battery. 

[0005] On the other hand, products using a solid electro 
lyte material are generally free from the above-described 
problems and are furthermore capable of providing a prod 
uct having a reduced thickness. Additionally, the solid 
electrolyte has excellent heat resistance and is advanta 
geously employed in the production of products such as 
batteries. In particular, batteries employing a solid electro 
lyte material containing a polymer as a constituent compo 
nent have better ?exibility as compared With those using an 
inorganic material, and are advantageous in that they can be 
formed into various shapes. 

[0006] As an example of a solid electrolyte material 
containing a polymer as a constituent component (herein 
after also referred to as a “solid polymer electrolyte” or 
“polymer gel electrolyte”), Br Polym J., Vol. 319, page 137 
(1975) describes a composite of a polyethylene oxide With 
an inorganic alkali metal salt. HoWever, the ion conductivity 
thereof at room temperature is as loW as 10'7 S/cm. 
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[0007] In recent years, a comb structure polymer has been 
reported having introduced into the side chain thereof an 
oligooxyethylene Which elevates the thermal motility of the 
oxyethylene chain bearing ion conductivity, to thereby 
improve the ion conductivity of the polymer. For example, 
J. Phys. Chem, Vol. 89, page 987 (1984) describes a 
polymethacrylic acid having added to the side chain thereof 
an oligooxyethylene compounded With an alkali metal salt. 
Furthermore, J. Am. Chem. Soc., Vol. 106, page 6,854 
(1984) describes a polyphosphaZene having an oligooxyeth 
ylene side chain compounded With an alkali metal salt. 

[0008] US. Pat. No. 4,357,401 describes a solid polymer 
electrolyte having an ion conductivity at 50° C. of approxi 
mately from 10'4 to 10'5 S/cm Which can be obtained by 
compounding a metal salt With a cross-linked polymer 
having reduced crystallinity. US. Pat. No. 4,792,504 pro 
poses to improve the ion conductivity by using a cross 
linked solid polymer electrolyte impregnated With an elec 
trolytic solution comprising a metal salt and an aprotic 
solvent in polyethylene oxide having a continuous netWork. 

[0009] Furthermore, in recent years, an electrical double 
layer capacitor has been used, for example, as a memory 
backup poWer source, Where a carbon material having a 
large speci?c surface area, such as activated carbon and 
carbon black, is used as a polariZable electrode, and an ion 
conductive solution is deposited betWeen such electrodes. 
For example, Kino Zairyo (Functional Materials), page 33 
(February, 1989) describes a capacitor employing a carbon 
base polariZable electrode and an organic electrolytic solu 
tion, and 173th Electrochemical Society Meeting, Atlanta, 
Ga., No. 18 (May, 1988) describes an electrical double layer 
capacitor using an aqueous sulfuric acid solution. Further 
more, Japanese Unexamined Patent Publication (kokai) No. 
63-244570 discloses a capacitor employing Rb2Cu3I3Cl7 
Which has a high electrical conductivity as an inorganic solid 
electrolyte. 
[0010] HoWever, electrical double layer capacitors using a 
knoWn electrolytic solution are bound to create problems 
With respect to long-term use or reliability. This is because 
the solution readily leaks from the capacitor under severe 
conditions such as When the capacitor is used for a long 
period of time or When a high voltage is applied thereto. On 
the other hand, electrical double layer capacitors using a 
conventional inorganic ion conductive substance are disad 
vantageous in that the decomposition voltage of the ion 
conductive substance is loW and the output voltage is loW. 

[0011] Japanese Unexamined Patent Publication (kokai) 
No. 4-253771 proposes to use a polyphosphaZene-base 
polymer as an ion conductive substance for batteries or 
electrical double layer capacitors. When a solid ion conduc 
tive substance mainly comprising the above-described poly 
mer is used, the resulting advantages are that the output 
voltage is relatively high as compared With that obtained 
When an inorganic ion conductive substance is used, the 
device can be formed into various shapes, and sealing is 
easy. 

[0012] The solid polymer electrolyte under general inves 
tigation has an improved ion conductivity of approximately 
from 10-4 to 10-5 S/cm. HoWever, this is still in a loW level 
that is tWo orders of magnitude or more loWer than the ion 
conductivity of a liquid ion conductive material. Further 
more, the ion conductivity considerably decreases at a 
temperature of 0° C. and beloW. 
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[0013] In order to improve ion conductivity, the polymers 
for use in the solid polymer electrolyte have a loW glass 
transition temperature. If the glass transition temperature is 
loWered, a problem arises in that the polymer has reduced 
mechanical strength Which causes difficulties in industrial 
handling. Furthermore, When a solvent is added to further 
improve the ion conductivity, the mechanical strength dis 
advantageously is further reduced. 

[0014] The polymers for use in the solid polymer electro 
lyte usually absorb Water, and Water absorptivity is a prob 
lem When used in non-aqueous electrochemical elements 
such as lithium (ion) batteries or electrical double layer 
capacitors. 

[0015] In addition to the above described batteries and 
capacitors, the ion conductive material is an important 
constituent material of electrochemical devices such as 
electrochromic displays and poWer generating apparatuses 
such as photoelectric cells and solar cells, and as an elec 
trochemical element for use in assembling these devices 
such as electrochemical poWer generating elements, elec 
trochemical coloring elements and electrochemical light 
emitting elements. The ion conductive material is an impor 
tant constituent of antistatic materials Which are capable of 
eliminating undesirable electrostatic effects and can also be 
used as a sensor material. HoWever, the above described 
problems of conventional ion conductive materials With 
respect to batteries or capacitors are also encountered in the 
production of products for these additional uses. Accord 
ingly, there is a need to overcome the above problems of the 
prior art, to develop solid polymer electrolyte materials 
having excellent ion conductivity, and to develop ion con 
ductive materials Which can be easily integrated into an 
electrochemical element or electrochemical apparatus as a 
solid polymer electrolyte. 

SUMMARY OF THE INVENTION 

[0016] An object of the present invention is to provide an 
ion conductive material and a laminate thereof having 
eXcellent ion conductivity at room temperature or at loWer 
temperatures, a loW Water content, sufficiently high 
mechanical strength and storage stability to alloW for prac 
tical handling, and a form Which is easily integrated into 
electrochemical elements or electrochemical apparatuses. 

[0017] Another object of the present invention is to pro 
vide a method for producing the above described ion con 
ductive laminate. 

[0018] Yet another object of the present invention is to 
provide a method of producing an electrochemical apparatus 
having high capability and excellent reliability including an 
electrochemical element, an electrochemical poWer gener 
ating element, a coloring element or a light-emitting ele 
ment, such as a battery, an electrical double layer capacitor, 
an electrochromic element, a photoelectric cell and a solar 
cell, and an electrically conductive material using the ion 
conductive laminate of the present invention. 

[0019] As a result of eXtensive investigations on the 
above-described problems, the present inventors have dis 
covered that a laminate of a layer comprising an ion con 
ductive material and having provided on the upper part and 
the loWer part thereof a liquid-impermeable, particularly, 
Water-impermeable layer comprising a non electron-conduc 
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tive material having an ion conductivity loWer than that of 
the ion conductive material, and a liquid-impermeable, 
particularly, Water-impermeable layer comprising a material 
having an ion conductivity loWer than the ion conductive 
material, respectively, can overcome problems With respect 
to atmosphere control or strength in industrial handling of 
the ion conductive material. The present invention has been 
accomplished based on this ?nding. 

[0020] More speci?cally, the present invention provides a 
laminate comprising an intermediate layer of an ion con 
ductive material and outer layers each comprising a non 
ion-conductive material, at least one outer layer comprising 
a non electron-conductive material; a laminate comprising 
an intermediate layer of an ion conductive material, one 
outer layer comprising a non ion-conductive material and 
another outer layer comprising a material having an ion 
conductivity loWer than that of the ion conductive material 
in the intermediate layer, at least one outer layer being a 
layer comprising a non electron-conductive material; or a 
laminate comprising an intermediate layer of an ion con 
ductive material and outer layers each comprising a material 
having an ion conductivity loWer than that of the ion 
conductive material in the intermediate layer, at least one 
outer layer being a layer comprising a non electron-conduc 
tive material; and a production method thereof. Furthermore, 
the present invention provides a method of using the above 
described laminates, Where the ion conductive material held 
in the laminate can be industrially handled more easily than 
conventional materials, to produce various electrochemical 
apparatuses While keeping its eXcellent quality; a method, 
according to the above-described method of use, for pro 
ducing an electrochemical apparatus including an electro 
chemical element, an electrochemical poWer generating 
element, a coloring element and a light-emitting element, 
such as a battery, a capacitor, an electrochromic display, a 
photoelectric cell and a solar cell; and a method for produc 
ing an electrically conductive material using the above 
described laminate. 

[0021] The present invention relates to the folloWing 
structures and methods: 

[0022] (1) A laminate comprising Layer A, Layer B 
and Layer C, Wherein Layer A is disposed betWeen 
Layer B and Layer C, Layer A comprises an ion 
conductive material, Layer B and Layer C each 
comprises a material having an ion conductivity 
loWer than that of Layer A, and at least one of Layer 
B and Layer C comprises a non electron-conductive 
material. 

[0023] (2) The laminate as described in (1) above, 
Wherein at least one of Layer B and Layer C has a 
contact angle of 80° or less With polyethylene glycol 
having an average molecular Weight of about 400. 

[0024] (3) The laminate as described in (1) above, 
Wherein at least one of Layer B and Layer C has a 
contact angle of 60° or less With polyethylene glycol 
having an average molecular Weight of about 400. 

[0025] (4) The laminate as described in any one of (1) 
to (3) above, Wherein Layer B and Layer C each is 
a liquid impermeable layer. 

[0026] (5) The laminate as described in any one of (1) 
to (4) above, Wherein Layer B and Layer C each is 
a Water impermeable layer. 
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[0027] (6) The laminate as described in any one of (1) 
to (5) above, Wherein at least one of Layer B and 
Layer C comprises a material having a dielectric 
constant of 8 or less. 

[0028] (7) The laminate as described in any one of (1) 
to (6) above, Wherein at least one of Layer B and 
Layer C has an ion conductivity that is one tenth the 
ion conductivity of Layer A or less. 

[0029] (8) The laminate as described in any one of (1) 
to (7) above, Wherein at least one of Layer B and 
Layer C comprises a thermoplastic resin or a com 
position containing a thermoplastic resin. 

[0030] (9) The laminate as described in any one of (1) 
to (7) above, Wherein at least one of Layer B and 
Layer C comprises an engineering plastic, a thermo 
setting resin or a composition containing one of an 
engineering plastic or a thermosetting resin. 

[0031] (10) The laminate as described in any one of 
(1) to (9) above, Wherein the ion conductive material 
of Layer A has a speci?c resistivity of 106 Q-cm or 
less. 

[0032] (11) The laminate as described in any one of 
(1) to (9) above, Wherein the ion conductive material 
of Layer A has a speci?c resistivity of 105 Q-cm or 
less. 

[0033] (12) The laminate as described in any one of 
(1) to (11) above, Wherein Layer A has a thickness of 
from 0.1 to 1,000 pm. 

[0034] (13) The laminate as described in any one of 
(1) to (12) above, Wherein Layer A has a Water 
content of 200 ppm or less. 

[0035] (14) The laminate as described in any one of 
(1) to (13) above, Wherein Layer A has a peel 
strength such that Layer B or Layer C can be peeled 
off Without substantially deforming the shape of 
Layer A. 

[0036] (15) The laminate as described in any one of 
(1) to (14) above, Wherein at least one of Layer B and 
Layer C is a light transmissible layer. 

[0037] (16) The laminate as described in any one of 
(1) to (14) above, Wherein none of Layer B and 
Layer C are light-transmissible layers. 

[0038] (17) The laminate as described in any one of 
(1) to (16) above, Wherein both Layer B and Layer 
C are gas impermeable layers. 

[0039] (18) The laminate as described in any one of 
(1) to (17) above, Wherein Layer B or Layer C 
comprises an electron conductive material, and the 
electron conductive material-containing layer is con 
nected to an electron conductive electric conductor. 

[0040] (19) The laminate as described in any one of 
(1) to (17) above, Wherein electron conductive elec 
tric conductors are connected to tWo different sites of 
Layer A. 

[0041] (20) The laminate as described in any one of 
(1) to (19) above, Wherein Layer A comprises a 
material containing a cross-linked polymer as a 
constituent component. 
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[0042] (21) The laminate as described in any one of 
(1) to (19) above, Wherein Layer A comprises a 
material containing a cross-linked polymer having at 
least one alkyleneoXy-containing chain in the main 
chain and/or in the side chain thereof as a constituent 
component. 

[0043] (22) The laminate as described in any one of 
(1) to (19) above, Wherein Layer A comprises a 
material containing a cross-linked polymer having at 
least one alkyleneoXy-containing chain and at least 
one —NH—C(=O)—O— bond in the main chain 
and/or in the side chain thereof as a constituent 
component. 

[0044] (23) The laminate as described in any one of 
(1) to (19) above, Wherein Layer A comprises a 
material containing, as a constituent component, a 
polymer of a (meth)acryloyl-base compound having 
a structure substituted by at least one unit repre 
sented by formula (1) and/or a copolymer containing 
said compound as a copolymer component: 

R2— (1) 

[0045] Wherein R1 represents hydrogen or an alkyl group, 
R2 represents a divalent organic group containing an oXy 
alkylene group, the organic group may have any of linear, 
branched and cyclic structures and may contain one or more 

elements other than carbon, hydrogen and oxygen, X and y 
each represents 0 or an integer of from 1 to 5, Z represents 
0 or a numerical value of from 1 to 10, provided that When 
both of X and y are Zero, Z is Zero, the moiety (CH2) and the 
moiety (CH(CH3)) may be randomly con?gured, provided 
that When tWo or more units represented by formula (1) are 
present in the same molecule, R1 and R2 of one unit may be 
different from R1 and R2 of the other units, and the values X, 
y and Z of one unit may be different from the values X, y and 
Z of the other units. 

[0046] (24) The laminate as described in any one of 
(1) to (23) above, Wherein the ion conductive mate 
rial of Layer A contains an electrolyte salt and/or a 
solvent. 

[0047] (25) The laminate as described in (24) above, 
Wherein the electrolyte salt is at least one selected 
from the group consisting of an alkali metal salt, a 
quaternary ammonium salt and a quaternary phos 
phonium salt. 

[0048] (26) The laminate as described in (24) or (25) 
above, Wherein the solvent is at least one selected 
from the group consisting of a carbonate-base com 
pound, a lactone-base compound and an ether-base 
compound, each having a dielectric constant of 1 or 
more. 

[0049] (27) The laminate as described in any one of 
(1) to (26) above, further comprising a thin layer 
comprising a metal, a metal oXide or carbon Which is 
present betWeen Layer A and Layer B and/or 
betWeen Layer A and Layer C. 

[0050] (28) The laminate as described in any one of 
(1) to (27) above, further comprising an electron 
conductive thin layer Which is present betWeen Layer 
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A and either one of Layer B and Layer C, and the 
other of Layer B and Layer C comprises a non 
electron-conductive material. 

[0051] (29) The laminate as described in (27) or (28) 
above, Wherein the thin layer is connected to an 
electron conductive electric conductor. 

[0052] (30) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of laminating Layer A on Layer B in 
such manner that the material of Layer A substan 
tially does not How or move on Layer B, to provide 
a laminate structure consisting of Layer B/Layer A, 
Wherein Layer A comprises an ion conductive mate 
rial and Layer B comprises a material having an ion 
conductivity loWer than that of Layer A, (ii) lami 
nating Layer C on Layer A to provide a laminate 
structure consisting of Layer B/Layer A/Layer C, 
Wherein Layer C comprises a material having an ion 
conductivity loWer than that of Layer A, and (iii) 
then applying pressure to the laminate structure With 
a force applied on the Layer B side surface and a 
force in opposition thereto applied on the Layer C 
side surface. 

[0053] (31) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of laminating Layer A on Layer B in 
such manner that the material of Layer A substan 
tially does not How or move on Layer B, to provide 
a laminate structure consisting of Layer B/Layer A, 
Wherein Layer A comprises an ion conductive mate 
rial containing a curable substance and Layer B 
comprises a material having an ion conductivity 
loWer than that of Layer A, (ii) laminating Layer C 
on Layer Ato provide a laminate structure consisting 
of Layer B/Layer A/Layer C, Wherein Layer C 
comprises a material having an ion conductivity 
loWer than that of Layer A, and (iii) then applying 
pressure to the laminate structure With a force 

applied on the Layer B side surface and a force in 
opposition thereto applied on the Layer C side sur 
face. 

[0054] (32) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of laminating Layer A on Layer B in 
such manner that the material of Layer A substan 
tially does not How or move on Layer B, to provide 
a laminate structure consisting of Layer B/Layer A, 
Wherein Layer A comprises an ion conductive mate 
rial containing a curable substance and Layer B 
comprises a material having an ion conductivity 
loWer than that of Layer A, (ii) heating and/or 
irradiating the laminate structure With active light to 
cure Layer A, (iii) laminating Layer C on Layer Ato 
provide a laminate structure consisting of Layer 
B/Layer A/Layer C, Wherein Layer C comprises a 
material having an ion conductivity loWer than that 
of Layer A, and (iv) then applying pressure to the 
laminate structure With a force applied on the Layer 
B side surface and a force in opposition thereto 
applied on the Layer C side surface. 
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[0055] (33) The method for producing a laminate 
according to any one of (30) to (32) above, Wherein 
the laminate is heated and/or irradiated With active 
light before or during the pressure applying step. 

[0056] (34) The method for producing a laminate 
according to any one of (30) to (33) above, Wherein 
the laminate structure consisting of Layer B/Layer A 
comprises Layer A substantially in a non-?oWable 
state as a constituent layer Which is obtained by 
laminating Layer A comprising an ion conductive 
material containing a solvent on Layer B comprising 
a material having an ion conductivity loWer than that 
of Layer Ain such manner that the material of Layer 
A substantially does not How or move on Layer B 
and then removing the solvent. 

[0057] (35) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of forming a thin layer D1 comprising a 
metal, a metal oXide or carbon on one surface of 
Layer B, (ii) laminating LayerAon the thin layer D1 
in such manner that the material of Layer Asubstan 
tially does not How or move on the thin layer D1, to 
provide a laminate structure consisting of Layer 
B/thin layer Dl/Layer A, (iii) laminating Layer C on 
Layer Ato provide a laminate structure consisting of 
Layer B/thin layer D 1/Layer A/Layer C, and (iv) then 
applying pressure to the laminate structure With a 
force applied on the Layer B side surface and a force 
in opposition thereto applied on the Layer C side 
surface, Wherein Layer A comprises an ion conduc 
tive material and Layer B and Layer C each com 
prises a material having an ion conductivity loWer 
than that of Layer A. 

[0058] (36) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of forming a thin layer D2 comprising a 
metal, a metal oXide or carbon on one surface of 
Layer C, (ii) laminating on the thin layer D2 the 
Layer A surface of a laminate structure consisting of 
Layer B/Layer A obtained by laminating Layer A on 
Layer B in such manner that the material of Layer A 
substantially does not How or move on Layer B, to 
provide a laminate structure consisting of Layer 
C/thin layer DZ/Layer A/Layer B, and (iii) then 
applying pressure to the laminate structure With a 
force applied on the Layer B side surface and a force 
in opposition thereto applied on the Layer C side 
surface, Wherein Layer A comprises an ion conduc 
tive material and Layer B and Layer C each com 
prises a material having an ion conductivity loWer 
than that of Layer A. 

[0059] (37) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of forming a thin layer D1 comprising a 
metal, a metal oXide or carbon on one surface of 
Layer B, (ii) laminating LayerAon the thin layer D1 
in such manner that the material of Layer Asubstan 
tially does not How or move on the thin layer, to 
provide a laminate structure consisting of Layer 
B/thin layer Dl/Layer A, (iii) laminating Layer C on 
Layer Ato provide a laminate structure consisting of 
Layer B/thin layer D 1/Layer A/Layer C, and (iv) then 
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applying pressure to the laminate structure With a 
force applied on the Layer B side surface and a force 
in opposition thereto applied on the Layer C side 
surface, Wherein Layer A comprises an ion conduc 
tive material containing a curable substance and 
Layer B and Layer C each comprises a material 
having an ion conductivity loWer than that of Layer 
A 

[0060] (38) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of forming a thin layer D2 comprising a 
metal, a metal oXide or carbon on one surface of 
Layer C, (ii) larninating on the thin layer D2 the 
Layer A surface of a laminate structure consisting of 
Layer B/Layer A obtained by larninating Layer A on 
Layer B in such manner that the material of Layer A 
substantially does not flow or move on Layer B, to 
provide a laminate structure consisting of Layer 
C/thin layer DZ/Layer A/Layer B, and (iii) then 
applying pressure to the laminate structure With a 
force applied on the Layer B side surface and a force 
in opposition thereto applied on the Layer C side 
surface, Wherein Layer A comprises an ion conduc 
tive material containing a curable substance and 
Layer B and Layer C each comprises a material 
having an ion conductivity loWer than that of Layer 
A. 

[0061] (39) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of forming a thin layer D1 comprising a 
metal, a metal oXide or carbon on one surface of 
Layer B, (ii) larninating LayerAon the thin layer D1 
in such manner that the material of Layer A substan 
tially does not flow or move on the thin layer D1, to 
provide a laminate structure consisting of Layer 
B/thin layer D 1/Layer A, Wherein Layer A comprises 
an ion conductive material containing a curable 
substance and Layer B comprises a material having 
an ion conductivity loWer than that of Layer A, (iii) 
heating and/or irradiating the laminate structure With 
active light to cure Layer A, (iv) larninating Layer C 
on Layer Ato provide a laminate structure consisting 
of Layer B/thin layer Dl/Layer A/Layer C, Wherein 
Layer C comprises a material having an ion conduc 
tivity loWer than that of Layer A, and (v) then 
applying pressure to the laminate structure With a 
force applied on the Layer B side surface and a force 
in opposition thereto applied on the Layer C side 
surface. 

[0062] (40) A method for producing the laminate 
described in any one of (1) to (26) above, comprising 
the steps of larninating Layer A on Layer B in 
such manner that the material of Layer A substan 
tially does not flow or move on Layer B, to provide 
a laminate structure consisting of Layer B/Layer A, 
Wherein Layer A comprises an ion conductive mate 
rial containing a curable substance and Layer B 
comprises a material having an ion conductivity 
loWer than that of Layer A, (ii) heating and/or 
irradiating the laminate structure With active light to 
cure Layer A, (iii) larninating the thin layer D2 
surface of Layer C having on one surface thereof a 
thin layer D2 comprising a metal, a metal oXide or 
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carbon, to provide a laminate structure consisting of 
Layer C/thin layer DZ/Layer A/Layer B, Wherein 
Layer C comprises a material having an ion conduc 
tivity loWer than that of Layer A, and (iv) then 
applying pressure to the laminate structure With a 
force applied on the Layer B side surface and a force 
in opposition thereto applied on the Layer C side 
surface. 

[0063] (41) A method for producing an electrocherni 
cal element which comprises rernoving at least 
one of Layer B and Layer C from Layer A of the 
laminate described in any one of (1) to (29) above, 
or removing Layer B or Layer C having on the 
surface thereof facing Layer A a thin layer cornpris 
ing a metal, a metal oXide or carbon, together With 
the thin layer from Layer A of the laminate, and (ii) 
forming a layer comprising a material containing an 
electrochernically-active substance on at least one 
rernoval surface of Layer A. 

[0064] (42) A method for producing an electrocherni 

cal poWer generating element which comprises rernoving at least one of Layer B and Layer C from 

Layer A of the laminate described in any one of (1) 
to (29) above, or removing Layer B or Layer C 
having on the surface thereof facing Layer A a thin 
layer comprising a metal, a metal oXide or carbon, 
together With the thin layer from Layer A of the 
laminate, and (ii) forming a layer comprising a 
material containing an electrochernically-active sub 
stance on at least one rernoval surface of Layer A. 

[0065] (43) A method for producing an electrocherni 
cal coloring element which comprises rernoving 
at least one of Layer B and Layer C from Layer Aof 
the laminate described in any one of (1) to (29) 
above, or removing Layer B or Layer C having on 
the surface thereof facing Layer A a thin layer 
comprising a metal, a metal oXide or carbon, together 
With the thin layer from Layer Aof the laminate, and 
(ii) forming a layer comprising a material containing 
an electrochernically-active substance on at least one 
rernoval surface of Layer A. 

[0066] (44) A method for producing an electrocherni 

cal light-ernitting element which comprises rernoving at least one of Layer B and Layer C from 

Layer A of the laminate described in any one of (1) 
to (29) above, or removing Layer B or Layer C 
having on the surface thereof facing Layer A a thin 
layer comprising a metal, a metal oXide or carbon, 
together With the thin layer from Layer A of the 
laminate, and (ii) forming a layer comprising a 
material containing an electrochernically-active sub 
stance on at least one rernoval surface of Layer A. 

[0067] (45) A method for producing a battery which 
comprises rernoving at least one of Layer B and 
Layer C from Layer A of the laminate described in 
any one of (1) to (29) above, or removing Layer B or 
Layer C having on the surface thereof facing Layer 
A a thin layer comprising a metal, a metal oXide or 
carbon, together With the thin layer from Layer A of 
the laminate, and (ii) forming a layer comprising a 
material containing an electrochernically-active sub 
stance on at least one rernoval surface of Layer A. 
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[0068] (46) A method for producing a capacitor 
Which comprises removing at least one of Layer 
B and Layer C from Layer A of the laminate 
described in any one of (1) to (29) above, or remov 
ing Layer B or Layer C having on the surface thereof 
facing Layer A a thin layer comprising a metal, a 
metal oxide or carbon, together With the thin layer 
from LayerAof the laminate, and (ii) forming a layer 
comprising a material containing an electrochemi 
cally-active substance on at least one removal sur 

face of Layer A. 

[0069] (47) A method for producing an electrochro 
mic element Which comprises removing at least 
one of Layer B and Layer C from Layer A of the 
laminate described in any one of (1) to (29) above, 
or removing Layer B or Layer C having on the 
surface thereof facing Layer A a thin layer compris 
ing a metal, a metal oxide or carbon, together With 
the thin layer from Layer A of the laminate, and (ii) 
forming a layer comprising a material containing an 
electrochemically-active substance on at least one 
removal surface of Layer A. 

[0070] (48) A method for producing a photoelectric 
cell Which comprises removing at least one of 
Layer B and Layer C from Layer A of the laminate 
described in any one of (1) to (29) above, or remov 
ing Layer B or Layer C having on the surface thereof 
facing Layer A a thin layer comprising a metal, a 
metal oxide or carbon, together With the thin layer 
from LayerAof the laminate, and (ii) forming a layer 
comprising a material containing an electrochemi 
cally-active substance on at least one removal sur 

face of Layer A. 

[0071] (49) A method for producing a solar cell 
Which comprises removing at least one of Layer 
B and Layer C from Layer A of the laminate 
described in any one of (1) to (29) above, or remov 
ing Layer B or Layer C having on the surface thereof 
facing Layer A a thin layer comprising a metal, a 
metal oxide or carbon, together With the thin layer 
from LayerAof the laminate, and (ii) forming a layer 
comprising a material containing an electrochemi 
cally-active substance on at least one removal sur 
face of Layer A. 

[0072] (50) Amethod for producing an electrochemi 
cal element having a Layer B/Layer A/Layer C, 
Layer B/Layer A/Layer B or Layer C/Layer A/Layer 
C laminate structure comprising removing at least 
one of Layer B and Layer C from Layer A of the 
laminate described in any one of (1) to (29) above, 
or removing Layer B or Layer C having on the 
surface thereof facing Layer A a thin layer compris 
ing a metal, a metal oxide or carbon, together With 
the thin layer from Layer A of the laminate, to 
produce a Layer A/Layer C or Layer B/Layer A 
laminate, and (ii) laminating the thus obtained lami 
nate on a Layer A/Layer C or Layer B/Layer A 
laminate produced in the same manner such that 
Layers A of the respective laminates are bonded 
together. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0073] FIG. 1 is a schematic cross section of the laminate 
in one example of the present invention. 

[0074] FIG. 2 is a schematic cross section of the laminate 
in one example of the present invention. 

[0075] FIG. 3 is a schematic cross section of the laminate 
in one example of the present invention. 

[0076] FIG. 4 is a schematic cross section of the laminate 
in one example of the present invention. 

[0077] FIG. 5 is a schematic cross section of the laminate 
in one example of the present invention. 

[0078] FIG. 6 is a schematic cross section of the laminate 
in one example of the present invention. 

[0079] FIG. 7 is a schematic cross section of the laminate 
in one example of the present invention. 

[0080] FIG. 8 is a schematic cross section of the laminate 
in one example of the present invention. 

[0081] FIG. 9 is a schematic cross section of one example 
of a thin ?lm solid secondary battery produced according to 
the present invention. 

[0082] FIG. 10 is a schematic cross section of one 
example of a solid electrical double layer capacitor produced 
according to the present invention. 

[0083] FIG. 11 is a schematic cross section of a battery 
prepared in the folloWing Examples. 

[0084] FIG. 12 is a schematic cross section of a battery 
prepared in the folloWing Examples. 

[0085] FIG. 13 is a schematic cross section of a solid 
electrical double layer capacitor prepared in the folloWing 
Examples. 
[0086] FIG. 14 is a schematic cross section of an ECD 
prepared in the folloWing Examples. 

[0087] FIG. 15 is a schematic cross section of a solid 
Wet-type solar cell (photoelectrochemical solar cell) pre 
pared in the folloWing Examples. 

[0088] The symbols used in FIGS. 1 to 15 (letters or 
numerals) each has the folloWing meaning: 

[0089] A Layer A: ion conductive material layer 

[0090] B Layer B: layer comprising a material having 
an ion conductivity loWer than that of Layer A 

[0091] C Layer C: layer comprising a material having 
an ion conductivity loWer than that of Layer A 

[0092] D1 thin layer D1 comprising a metal, a metal 
oxide or carbon 

[0093] D2 thin layer D2 comprising a metal, a metal 
oxide or carbon 

[0094] E1 electron conductive electric conductor 

[0095] E2 electron conductive electric conductor 

[0096] 1 positive electrode 

[0097] 2 solid polymer electrolyte or polymer gel 
electrolyte 



US 2001/0014420 A1 

[0098] 3 negative electrode 

[0099] 4 current collecting body 

[0100] 5 insulating spacer 

[0101] 6 insulating resin sealant 

[0102] 7 polariZable electrode 

[0103] 8 lead Wire 

[0104] 9 glass 
[0105] 10 transparent electrically conductive layer 

[0106] 
[0107] 
[0108] 
[0109] 
[0110] 
[0111] 

11 electrochromic layer 

12 counter electrode 

13 electrode 

14 electrode 

15 substrate A 

16 substrate B 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0112] The present invention is described in detail beloW. 

[0113] The ion conductive material for use in the ion 
conductive laminate of the present invention includes a 
substance having an ion conductivity (ion conductive sub 
stance), a mixture or composite containing an ion conduc 
tive substance, a mixture or composite containing an ionic 
substance and an ion conductive substance, and a material 
containing the above-described mixture or composite and in 
addition, a curable substance, a solvent, an additive, a ?ller 
or other additives, Which material is capable of exhibiting 
ion conductivity. The ion conductive material may be in the 
form of any of a liquid, sol, solid and gel. The ion conductive 
material for use in the laminate of the present invention 
includes, depending upon its intended application, a material 
comprising a so-called precursor Which is converted to 
acquire more preferred ion conductive properties or has 
physical or chemical properties Which have been changed, 
for example, by heating, irradiating With active light or 
removing solvent. 

[0114] The term “ionic substance” as used herein means a 
substance Which provides an ion as a carrier for conducting 
electricity, and in Which an applied electric ?eld causes a 
current to How by moving an electric charge. Examples 
thereof include substances containing various ionic species 
as a component, such as alkali metal salts, quaternary 
ammonium salts, quaternary phosphonium salts, transition 
metal salts, protonic acids and polyelectrolyte salts. As the 
ionic substance, any ionic substance such as electrolyte salts 
generally used in batteries, capacitors and electrochromic 
elements may be suitably used. Speci?c examples thereof 
include polyelectrolyte salts such as alkali metal salts, 
quaternary ammonium salts, quaternary phosphonium salts 
and transition metal salts, and protonic acids, Which are 
described beloW With respect to electrochemical elements or 
apparatuses such as batteries and capacitors. 

[0115] Examples of the alkali metal salts for use as an 
electrolyte salt include LiCF3SO3, LiPF6, LiClO4, LiI, 
LiBF4, LiSCN, LiAsF6, LiN(CF3SO2)2, NaCF3SO3, NaPF6, 
NaClO4, NaI, NaBF4, NaAsFG, KCF3SO3, KPF6 and KI. 
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Examples of the electrolyte salt such as quaternary ammo 
nium salts, quaternary phosphonium salts and transition 
metal salts, and the protonic acid include quaternary ammo 
nium salts such as (CH3)4NBF4 and (CH3CH2)4NClO4, 
transition metal salts such as AgClO4, quaternary phospho 
nium salts such as (CH3)4PBF4, organic acids and salts 
thereof such as p-toluenesulfonic acid, and inorganic acids 
such as hydrochloric acid and sulfuric acid. 

[0116] When the ion conductive material as Layer Aof the 
laminate of the present invention is used as a solid polymer 
electrolyte (the term “solid polymer electrolyte” may here 
inafter be referred to as “SPE” in short) or polymer gel 
electrolyte (the term “polymer gel electrolyte” may herein 
after be referred to as “PGE” in short) in an electrochemical 
apparatus, for example, in a secondary battery, the alkali 
metal is preferably lithium or a lithium alloy in vieW of high 
voltage and high capacity and the capability to reduce 
thickness. Accordingly, the alkali metal salt is preferably a 
lithium salt. When the negative electrode of the battery is a 
carbon material negative electrode, not only alkali metal 
ions but also quaternary ammonium salts, quaternary phos 
phonium salts, transition metal salts and various protonic 
acids may be used. When the ion conductive material as 
Layer A of the laminate of the present invention is used as 
a SPE or PGE in a solid electrical double layer capacitor, the 
kind of electrolyte salt used in the compounding is not 
particularly limited, and compounds containing an ion 
intended to be a charge carrier may be used. HoWever, the 
compound preferably contains an ion having a large disso 
ciation constant in a SPE or PGE and is capable of readily 
forming an electrical double layer With a polariZable elec 
trode. Examples of the compound include quaternary ammo 
nium salts such as (CH3)4NBF4 and (CH3CH2)4NClO4, 
transition metal salts such as AgClO4, quaternary phospho 
nium salts such as (CH3)4PBF4, alkali metal salts such as 
LiCF3SO3, LiPF6, LiClO4, LiI, LiBF4, LiSCN, LiAsF6, 
LiN(CF3SO2)2, NaCF3SO3, NaPFG, NaClO4, NaI, NaBF4, 
NaAsF6, KCF3SO3, KPF6 and KI, organic acids and salts 
thereof such as p-toluenesulfonic acid, and inorganic acids 
such as hydrochloric acid and sulfuric acid. Among these, 
preferred in vieW of high output voltage and their large 
dissociation constant are quaternary ammonium salts, qua 
ternary phosphonium salts and alkali metal salts. Among 
quaternary ammonium salts, those having different substitu 
ents on the nitrogen of the ammonium ion are preferred, 
such as (CH3CH2)(CH3CH2CH2CH2)3NBF4, because of 
their high solubility or dissociation constant in the SPE or 
PGE. 

[0117] In the ion conductive material constituting Layer A, 
the mixing amount of the ionic substance such as the 
above-described electrolyte salt varies depending upon the 
polymer or other components to be mixed, and also depends 
upon the intended purpose of the laminate. HoWever, if the 
mixing amount is too small, the number of ion carriers is 
de?cient, Whereas if it is too large, the mobility is loWered 
to thereby reduce the ion conductivity. Accordingly, the 
mixing amount in the ion conductive material is preferably 
from 0.1 to 70 Wt %, more preferably from 1 to 50 Wt %, of 
the total amount of the polymer and the ionic substance. 

[0118] The ion conductive substance is a substance Which 
exhibits electrical conduction in the presence of ions as a 
carrier for carrying electricity. The ions move Within a 
solution or solid constituting the ion conductive substance 
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under an applied electric ?eld. As a result, current ?oWs 
through the ion conductive substance. For example, the 
above-described ionic substance itself is one type of ion 
conductive substance. Other examples of the ion conductive 
substance include an ion conductive inorganic compound 
such as LiSiCON and NaSiCON, a derivative thereof, a 
mixture or composite of the inorganic compound With a 
polymer, an ionic polymer substance (a so-called polyelec 
trolyte) such as na?on, polystyrenesulfonic acid and a 
derivative thereof, and other polymers capable of exhibiting 
the above-described ion conductive electrical conduction. In 
the ion conductive laminates of the present invention, the 
production methods thereof and various usages using the 
laminate, polymers among the above-described substances 
Which are capable of exhibiting electrical conduction by ion 
conduction are particularly preferred. Any polymer may be 
suitably used in the ion conductive laminate of the present 
invention if it is capable of exhibiting ion conductive 
electrical conduction. 

[0119] The ion conductive material constituting LayerAof 
the ion conductive laminate of the present invention is 
particularly preferably a material comprising a SPE, a PGE 
or a precursor material thereof containing, as a constituent 
component, a polymer capable of exhibiting the above 
described ion conductive electrical conduction. Addition 
ally, in the SPE or PGE, ion conductive polymers Which can 
dissolve or dissociate the ionic substance such as an elec 
trolyte salt or Which can absorb an electrolytic solution are 
more preferably used in vieW of the ion conductivity of 
Layer A or in vieW of electrochemical stability When used in 
an electrochemical element or apparatus. Those polymers 
having a dielectric constant higher than that of a saturated 
linear hydrocarbon type polymer and having one or more 
kinds of hetero atoms other than carbon and hydrogen in the 
main chain repeating unit and/or in the side chain are 
preferred, and those having a loW glass transition tempera 
ture are more preferred. Examples thereof include polyeth 
ylene oxide, polypropylene oxide, an ethylene oxide/propy 
lene oxide copolymer, a derivative, a graft form and a 
cross-linked form thereof; polymers having the above-men 
tioned polyalkylene oxide chain in the main chain and/or in 
side chain thereof; polysiloxane, polyphosphaZene, poly 
(meth)acrylic ester, polyacrylonitrile, latex and a derivative 
thereof; and polymers having an ion conductivity and having 
at least one of O, N and S atoms in the repeating unit and/or 
in the side chain thereof. 

[0120] In the speci?cation of the present invention, the 
term “(meth)acryl . . . ” is a generic term including “meth 

acryl . . . ” and “acryl . . . ”, and the term “alkyleneoxy” and 

“oxyalkylene” have the same meaning. 

[0121] Other preferred examples of the ion conductive 
polymer include polymers and copolymers of the folloWing 
functional monomer or oligomer Which is a precursor of the 
ion conductive polymer, and cross-linked form thereof. 

[0122] A (meth)acryloyl-base compound having at least 
one unit represented by the folloWing formula (1) in one 
molecule such as N-(meth)acryloylcarbamic acid (1)-methyl 
oligooxyethyl ester and (meth)acryloyloxyethylcarbamic 
acid (1)-methyl oligooxyethyl ester, (hereinafter, the com 
pound is referred to as urethane (meth)acrylate having an 
oxyalkylene chain): 

CHZIC(R1)CO[O(CH2)X(CH(CH3))y]ZNHCOO— 
R2— (1) 

Aug. 16, 2001 

[0123] Wherein R1 represents hydrogen or a methyl group, 
R2 represents a divalent organic group containing an oxy 
alkylene group, the organic group may have any of linear, 
branched and cyclic structures or may contain one or more 

elements other than carbon, hydrogen and oxygen, x and y 
each represents 0 or an integer of from 1 to 5, Z represents 
0 or a numerical value of from 1 to 10, provided that When 
both of x and y are Zero, Z is Zero, the moiety (CH2) and the 
moiety (CH(CH3)) may be randomly con?gured, provided 
that When tWo or more units represented by formula (1) are 
present in the same molecule, R1 and R2 of one unit may be 
different from R1 and R2 of the other units, and the values x, 
y and Z of one unit may be different from the values x, y and 
Z of the other units. 

[0124] Further included are the various urethane acrylates 
described in Radiation Curing:August, 1986, page 4 et seq., 
such as phenylglycidylether acrylate hexamethylene diiso 
cyanate urethane prepolymer and phenylglicydylether acry 
late isophorone diisocyanate urethane prepolymer produced 
by Kyoei Sha Yushi Kagaku Kogyo and others; (meth 
)acrylic ester and di(meth)acrylic ester each having an 
oxyalkylene chain (e.g., methacrylic acid (1)-methyl oli 
gooxyethyl ester), alkyl (meth)acrylates such as methyl 
methacrylate and n-butyl acrylate; (meth)acrylamide-base 
compounds such as acrylamide, methacrylamide, N,N-dim 
ethylacrylamide, N,N-dimethylmethacrylamide, acryloyl 
morpholine, methacryloylmorpholine and N,N-dimethy 
laminopropyl(meth)acrylamide; N-vinylamide-base 
compounds such as N-vinylacetamide and N-vinylforma 
mide; alkyl vinyl ethers such as ethyl vinyl ether; and 
polyfunctional (meth)acrylates such as hexamethylene 
di(meth)acrylate, timethylolpropane tri(meth)acrylate, pen 
taerythritol penta(meth)acrylate and dipentaerythritol hex 
a(meth)acrylate. 
[0125] Preferred among these are urethane (meth)acry 
lates having an oxyalkylene chain, other various urethane 
acrylates, (meth)acrylate having an oxyalkylene chain and 
(meth)acrylamide-base compounds. Among these, consider 
ing that a larger number of urethane groups or oxyalkylene 
groups can be introduced into the polymer, urethane (meth 
)acrylates having an oxyalkylene chain are more preferred. 

[0126] The polymer or copolymer of various functional 
monomers or oligomers described above, or a polymeric 
cross-linked form thereof is used as the ion conductive 
substance constituting LayerA of the laminate of the present 
invention. HoWever, a layer containing a curable substance 
such as the above-described functional monomer or oligo 
mer Which is a precursor of the ion conductive substance 
constituting Layer A may be formed, and then the monomer 
or oligomer may be cured by polymeriZation or the like to 
convert the same into a polymer, a copolymer or a polymeric 
cross-linked form. When the polymer thus obtained contains 
an ionic substance or an electrolytic solution, in order to 
maintain the mechanical strength of the ion conductive 
material, the polymer is particularly preferably a polymeric 
cross-linked form. In producing the above-described ion 
conductive substance constituting Layer A or in curing the 
precursor material of Layer A by polymeriZation or the like 
to form Layer A, the polymeriZation of various functional 
monomers or oligomers described above is preferably per 
formed by mixing therein at least one polyfunctional mono 
mer or oligomer so as to obtain an ion conductive substance 

in a polymeric cross-linked form. The polyfunctional mono 



US 2001/0014420 A1 

mer or oligomer is particularly preferably selected from bi 
or greater functional monomers or oligomers among the 
above-described functional monomers or oligomers. In addi 
tion, for example, a mixture of divinyl benzene, diol or 
polyol With diisocyanate or a polyfunctional isocyanate, or 
a cross-linking monomer or oligomer having a plurality of 
functional groups such as a vinyl group, an amino group, an 
isocyanate group and an epoxy group, may be appropriately 
used according to the objective capability. 

[0127] The polymer, Which is an important constituent 
component of the ion conductive material constituting Layer 
A of the ion conductive laminate of the present invention, is 
particularly preferably a polymer, more preferably a copoly 
mer or a polymeric cross-linked form, containing as a 
monomer component, of the above-described urethane 
(meth)acrylates having an oxyalkylene chain, a urethane 
(meth)acrylate having an oxyalkylene chain and having a 
structure Where the hydrogen atoms of at least tWo hydroxyl 
groups of a trihydric or greater polyhydric alcohol each is 
substituted by any unit represented by formula In 
particular, the use of a polymer, preferably a copolymer or 
a polymeric cross-linked form, containing, as a monomer 
component, a urethane (meth)acrylate having an oxyalky 
lene chain substituted by three or more of the above 
described units is very preferred in vieW of mechanical 
properties such as ?lm strength, ion conductive properties 
and stability of the ion conductive material formed. 

[0128] In Layer A of the ion conductive laminate of the 
present invention, a mixture of tWo or more of the above 
described polymers may be used as a constituent material. 

[0129] In the urethane (meth)acrylate having an oxyalky 
lene chain Which is a particularly preferable functional 
monomer or oligomer Which is used to obtain an ion 
conductive material constituting layer A of the ion conduc 
tive laminate of the present invention, the number of oxy 
alkylene units (namely, the total number of oxyalkylene 
units contained in R2 in formula in one structural unit 
derived from the compound having a structure substituted by 
the unit represented by formula (1) is preferably from 1 to 
1,000, more preferably from 5 to 200. 

In the unit represented by formula (1): 

(1) 

[0131] (a) When X is 0 or 1, y is 0 or 1 and Z is 0 or 
1 (provided that When both of X and y are Zero, Z is 
Zero), the compound is liquid and advantageous in 
that the viscosity is loW and reaction in a solvent 
system is easy. 

[0132] On the other hand, in the above-described urethane 
(meth)acrylate having an oxyalkylene chain, Which is one of 
the constituent materials of a SPE constituting LayerAof the 
ion conductive laminate of the present invention, When 

[0133] (b) x=2 to 5, y=0 and Z=1 to 10, 

[0134] (c) x=1 to 5, y=1 to 5 (may be random 
con?guration) and Z=1 to 10, or 

[0135] (d) x=0, y=1 to 5 and Z=1 to 10, 

[0136] the compound has reduced polymeriZability and as 
a result, can have good storage stability and good handling 
as a prepolymer. 
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[0137] In particular, in the case of (c) and (d), When an 
oxypropylene group is introduced, the dielectric constant 
may be loWered, hoWever, due to the properties such that the 
melting point and the viscosity do not increase even When 
the molecular Weight is high, the compound can be a very 
useful polymer depending upon the intended application. 
Accordingly, by using properties of these prepolymers and 
combining proper prepolymers or combining the prepoly 
mer With other polymers, a SPE suitable for a particular 
application can be obtained. 

[0138] When the ion conductive material for use in the ion 
conductive laminate of the present invention contains a 
curable substance, the curable substance is a substance 
capable of curing a precursor substance (material) consti 
tuting Layer A, or converting it into a more preferred ion 
conductive substance, by causing a polymeriZation reaction 
or insolubiliZation reaction upon heating and/or irradiating 
With active light. The curable substance is added When the 
ion conductive material for use in the laminate of the present 
invention is a so-called precursor substance (material), 
namely, a material capable of being cured or converted into 
a more preferred ion conductive substance resulting from 
physical or chemical change caused by heating or irradiating 
With active light. Examples of the curable substance include 
compounds having an unsaturated double bond, compounds 
having a ring-opening heterocyclic ring such as an epoxy 
structure or a glycidyl structure, and compounds having a 
hydroxyl group, a thiol group, an amino group, an isocyan 
ate group or a condensing or polycondensing group. Speci?c 
examples of these compounds include the above-described 
functional monomers and oligomers. Layer A containing a 
curable substance or a layer comprising a precursor material 
of Layer A is heated and/or irradiated With active light to 
polymeriZe, condense or polycondense the curable sub 
stance itself, or to react the curable substance With other 
substances or polymers present in the precursor substance to 
form a cross-linked structure, thereby curing the precursor 
substance (material). As a result, the material constituting 
Layer A has improved mechanical strength or ion conduc 
tivity as compared With that of the precursor substance. 

[0139] In the ion conductive material constituting Layer 
A, the content of the ion conductive substance such as the 
above-described polymer varies depending upon the ionic 
substance such as an electrolyte salt mixed therein or other 
components, or depending upon the use of the laminate. 
HoWever, if the content of the ion conductive substance is 
too small, the strength of Layer A, namely, the ion conduc 
tive material is too loW and the shape stability of LayerA in 
the laminate is poor. As a result, When the laminate is used 
in an electrochemical element or electrochemical apparatus, 
the element or the apparatus (device) is disadvantageously 
deteriorated in performance or quality. On the other hand, if 
the content of the ion conductive material is too large, the 
amount of an ionic substance Which can be contained therein 
or the content of a solvent or other substances used in the 
mixing and/or compounding is reduced to too great an 
extent. As a result, disadvantageously, the number of ion 
carries may be de?cient or the ion mobility may be loWered 
to cause a decrease in the ion conductivity. Therefore, the 
amount of the ion conductive substance in the ion conduc 
tive material is preferably from 30 to 99.9 Wt %, more 
preferably from 50 to 99 Wt %, of the total amount of the 
ionic substance and the ion conductive substance. 



US 2001/0014420 A1 

[0140] The addition amount of ion conductive material 
constituting Layer A varies depending upon the ion conduc 
tive substance such as a polymer, the ionic substance such as 
an electrolyte salt, or other components used, or depending 
upon the use of the laminate. Also, a solvent may be 
appropriately present therein. When the ion conductive 
material for use in the ion conductive laminate of the present 
invention contains a solvent, the solvent is a substance 
contained in the ion conductive material Which has a certain 
melting point Within the range of from 15 to 80° C., or a 
substance Which is ?oWable Within the above-described 
temperature range and under a pressure of 1 kgf/cm2. The 
solvent may be used to achieve good mixing or compound 
ing of the ion conductive material constituting LayerAof the 
laminate With other substances. More speci?cally, the sol 
vent may be used to achieve uniform mixing or compound 
ing With other substances constituting a mixture or compos 
ite containing the ionic substance and the ion conductive 
material, such as a curable substance, an additive or a ?ller, 
or to improve the ion conductivity of the ion conductive 
material constituting Layer A, or to control the curing 
reaction by heating or irradiating the ion conductive material 
constituting Layer A With active light, or to improve pro 
cessability in producing a laminate using the ion conductive 
material constituting Layer A or properties of the laminate. 
The solvent may be incorporated into the ion conductive 
material constituting Layer A in an amount as needed. 
HoWever, When Layer A of the laminate of the present 
invention is a SPE or PGE containing a solvent, the amount 
of the solvent is preferably small to the extent that the 
solvent does not ooZe out from Layer A. The solvent may be 
added to Layer Aso as to improve processability or usability 
in producing or using the laminate of the present invention, 
or the solvent may be added to improve processability of a 
precursor material containing a precursor of the constituent 
material of Layer A, and then Layer A may be laminated 
With Layer B, Layer C or the above-described thin layer. 
Depending upon the kind of laminate, this technique is 
particularly preferred. HoWever, When Layer A of the lami 
nate is used substantially in the solid state, such as a SPE or 
PGE, the amount of the solvent is preferably reduced before 
use to the extent that the solvent does not ooZe out from 
Layer A. 

[0141] The solvent for use in the present invention pref 
erably has good compatibility With an ion conductive sub 
stance such as anion conductive polymer constituting Layer 
A of the laminate, a large dielectric constant of 1 or more, 
a boiling point of 70° C. or higher and a Wide electrochemi 
cal stability, more preferably an organic solvent. HoWever, 
depending upon the kind or use of the laminate, the ion 
conductivity may be improved When Water is present, and in 
this case, Water may be used as a solvent. Examples of the 
organic solvent include oligoethers such as triethylene gly 
col dimethyl ether and tetraethylene glycol dimethyl ether, 
carbonates such as ethylene carbonate, propylene carbonate, 
dimethyl carbonate, diethyl carbonate, vinylene carbonate 
and (meth)acryloyl carbonate, lactones such as y-butyrolac 
tone, aromatic nitriles such as benZonitrile and tolunitrile, 
sulfur- or nitrogen-containing compounds such as dimeth 
ylformamide, dimethyl sulfoxide, N-methylpyrrolidone, 
N-vinylpyrrolidone and sulfolane, phosphate esters, and 
alcohols such as ethanol, propanol and butanol. Among 
these, preferred are oligoethers, carbonates and lactones. 
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The above-described solvent includes substances having a 
function also as a non-polymeriZable plasticiZer for an ion 
conductive material. 

[0142] In general, as the content of the solvent is 
increased, the ion conductivity of the SPE or PGE in Layer 
A increases. HoWever, When the solvent content is too large, 
the mechanical strength of SPE or PGE may be reduced. 
Also, in general, as the content of the solvent is increased, 
the viscosity of the ion conductive material or a precursor 
material thereof in Layer A is reduced (or increased in 
?oWability). Accordingly, several advantages may be real 
iZed such that Layer A is formed having a uniform thickness 
in the production of a laminate or When the laminate is used, 
the outer layer (Layer B, Layer C or the above-described 
thin layer) is easily peeled off and removed. HoWever, if the 
content of the solvent is too large, depending upon the 
intended laminate, the ?oWability of the ion conductive 
material or a precursor material thereof constituting Layer A 
is increased to the extent that problems may arise such that 
the uniform thickness of Layer A cannot be maintained or 
the dimension of the laminate cannot be kept constant. The 
presence or absence of the solvent or the content of the 
solvent varies depending upon the kind or use of the 
laminate of the present invention. HoWever, in general, the 
content of the solvent in the ion conductive material con 
stituting Layer A is suitably from 0.1 to 10,000 parts by 
Weight, preferably from 1 to 1,000 parts by Weight, more 
preferably from 5 to 500 parts by Weight, per 100 parts by 
Weight of the total amount of the ionic substance and the ion 
conductive substance. Furthermore, When the above-de 
scribed curable substance, for example, a polymeriZable 
compound such as vinylene carbonate, (meth)acryloyl car 
bonate or N-vinylpyrrolidone is used as a solvent appropri 
ately in combination With a non-polymeriZable solvent and 
copolymeriZed With the above-described functional mono 
mer or oligomer, the content of the solvent can be increased 
and the ion conductivity can be improved Without loWering 
the mechanical strength. Thus, this technique is preferred. 

[0143] When the ion conductive material for use in the ion 
conductive laminate of the present invention contains an 
additive, the additive may include a curing aid such as an 
initiator, a polymeriZation catalyst, a chain transfer agent, a 
curing rate controller, an oxidiZing agent, an antioxidant, a 
stabiliZer or others. Additives are freely added to achieve the 
desired properties of Layer A or the ion conductive sub 
stance in Layer A of the laminate of the present invention. 

[0144] When the ion conductive material for use in the ion 
conductive laminate of the present invention contains an 
additive, the amount of the additive varies depending upon 
the ion conductive substance such as a polymer, the ionic 
substance such as an electrolyte salt or other components 
that are mixed therein, and also varies depending upon the 
use of the laminate. HoWever, for example, the amount of 
additives in the ion conductive material if present is suitably 
from 0.0001 to 30 parts by Weight, preferably from 0.001 to 
10 parts by Weight, per 100 parts by Weight of the total 
amount of the ionic substance and the ion conductive 
substance. 

[0145] When the ion conductive material for use in the ion 
conductive laminate of the present invention contains a 
?ller, the ?ller is a substance that is ?lled in Layer A so as 
to achieve full use of desired properties of Layer Aor the ion 
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conductive substance in Layer A, to increase mechanical 
strength of Layer A, to elevate the shape stability of Layer 
A, or to improve processability of Layer A. Examples 
thereof include thermoplastic resins, thermosetting resins, 
polymers having rubber elasticity and other organic and 
inorganic substances, Which are added to control strength or 
?exibility of Layer A, to keep the thickness of Layer A 
constant, or to improve shape stability. More speci?cally, for 
example, in order to obtain a laminate comprising an 
ultrathin LayerA having a constant thickness of from 1 to 10 
pm or smaller, alumina particles, silica particles, latex 
particles or non electron-conductive ?ne particles Which do 
not inhibit ion conduction and are stable in the ion conduc 
tive substance, having a particle siZe corresponding to the 
thickness of Layer A, may be used by incorporating these 
particles into Layer Ain an amount necessary for controlling 
the ?lm thickness. Furthermore, in order to obtain a laminate 
comprising Layer A having a constant homogenous ?lm 
thickness of from 1 to 1,000 pm and having good ?exibility, 
excellent mechanical strength and processability, polyethyl 
ene nonWoven fabric, polypropylene nonWoven fabric or 
other porous non electron-conductive polymer matrix mate 
rials may be used by incorporating the same into Layer Ain 
an amount as needed. 

[0146] When the ion conductive material for use in the ion 
conductive laminate of the present invention contains the 
above-described ?ller, the amount of the ?ller may vary 
depending upon the ion conductive substance such as an ion 
conductive polymer, the ionic substance such as an electro 
lyte salt or other components that are mixed therein, or may 
vary depending upon the use of the laminate. HoWever, the 
amount of ?ller in the ion conductive material if present is 
suitably from 0.01 to 900 parts by Weight, preferably from 
0.1 to 300 parts by Weight, per 100 parts by Weight of the 
total amount of the ionic substance and the ion conductive 
substance. 

[0147] The ion conductive material in the ion conductive 
laminate of the present invention has a speci?c resistivity at 
room temperature (20° C.) of 106 Q-cm or less in order to 
provide various elements or electrically conductive materi 
als having excellent capability using the above-described ion 
conductive substance. The speci?c resistivity at room tem 
perature is more preferably 105 Q-cm or less When it is used 
in electrochemical elements or apparatuses, and more pref 
erably 104 Q-cm or less in order to produce electrochemical 
elements or apparatuses having further higher capability. 
The term “a non ion-conductive material” means a material 
having an ion conductivity of 10-10 S/cm or less When 
measured at 25° C.) by a knoWn AC impedance method (P. 
R. Soerensen et al.; Electrochimica Acta, Vol. 27, No. 12, 
pages 1671-1675 (1982)). 

[0148] In the ion conductive laminate of the present inven 
tion, Layer B and Layer C each must have an ion conduc 
tivity loWer than that of Layer A so as to prevent or reduce 
as much as possible aging change in conductivity, stability 
or mechanical properties of the ion conductive material of 
Layer A. This may result from penetration or diffusion of 
ionic species undertaking ion conduction in Layer A into 
Layer B or Layer C in the laminate. In the laminate of the 
present invention, the ion conductivity of each of Layer B 
and Layer C is desirably one tenth (l/io) or less, preferably 
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one hundredth (l/ioo) or less, and more preferably one 
thousandth (1/1,ooo) or less, than the ion conductivity of Layer 

[0149] When the ion conductive laminate of the present 
invention has a thin layer(D1 or D2) comprising a metal, a 
metal oxide or carbon betWeen Layer B and layer A (or 
betWeen Layer C and Layer A), a Layer B/thin layer D1 (or 
Layer C/thin layer D2) laminate in the state such that the ion 
conductivity is loWer than that of Layer A, may be provided 
on LayerA. More speci?cally, When the thin layer (D 1 or D2) 
has an ion conductivity loWer than that of Layer A, the ion 
conductivity of Layer B located opposite Layer A through 
the thin layer D1 (or Layer C located opposite Layer A 
through the thin layer D2) itself may not necessarily be loWer 
than that of Layer A. On the contrary, When the thin layer 
(D1 or D2) has an ion conductivity higher than that of Layer 
A, Layer B located opposite Layer A through the thin layer 
D1 (or Layer C located opposite Layer A through the thin 
layer or D2) itself may be suf?cient if it comprises a material 
having an ion conductivity loWer than that of Layer A. In this 
context, Layer B and Layer C may include Layer B/thin 
layer D1 and Layer C/thin layer D2, respectively, as far as the 
thin layer D1 and D2 has a function in terms of ion conduc 
tivity to the extent that Layer B and Layer C in the laminate 
of the present invention should have been required to have, 
respectively, if the thin layer D1 and D2 are not present. 

[0150] Athin layer (D1 or D2) comprising a metal, a metal 
oxide or carbon provided betWeen Layer B and Layer A (or 
betWeen Layer C and Layer A) in the ion conductive 
laminate of the present invention can solve handling or use 
problems, Which may result from the production, storage or 
use of the laminate depending upon the kind of Layer A, 
Layer B or Layer C constituting the laminate. Accordingly, 
the ion conductive material having a thin layer (D1 or D2) 
comprising a metal, a metal oxide or carbon provided 
betWeen Layer B and Layer A (or betWeen Layer C and 
Layer A) is one preferred embodiment of the present inven 
tion. The presence of the above-described thin layer is 
accompanied by various advantageous effects. Namely, the 
thickness of Layer A can be made homogenous in construct 
ing the laminate, or the quality, strength, storage stability or 
handling properties of Layer A may be improved in various 
electrochemical elements or apparatuses after peeling and 
Without deforming the shape of Layer A upon use, or in 
handling properties upon use in electrically conductive 
materials, for example, for preventing electri?cation. 

[0151] The constituent material of the thin layer is selected 
depending on the kind of the laminate and its intended 
purpose. Examples thereof include metals and alloys such as 
aluminum, copper, gold, platinum, silver and stainless steel, 
metal oxides such as indium tin oxide (ITO), alumina and 
silica, and carbon-base substances such as graphite, diamond 
and impermeable carbon materials. 

[0152] In the laminate, When both of Layer B and Layer C 
are electron conductive materials and When Layer B and 
Layer C are placed into direct contact With each other or 
each is connected to another electrically conductive mate 
rial, for example, When the laminate is bent, a plurality of 
laminates are piled, or the laminate is connected to an 
electric conductor (either intentionally or not), an electrical 
closed circuit is formed betWeen Layer B/Layer A/Layer C 
in the laminate or betWeen laminates. This causes an unex 






















































