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(57) ABSTRACT 

A partially crosslinked adhesive-supported porous ?lm for 
battery separator, Which in producing a battery, can effec 
tively produce a battery as an electrode/separator laminate in 
Which an electrode and a separator are temporarily bonded 
to each other Without causing mutual slip movement 
betWeen the electrode and the separator and Which after 
producing a battery, functions itself as a separator having a 
small heat shrinkage factor even at high temperatures, and a 
process of producing a battery using such a partially 
crosslinked adhesive-supported porous ?lm. The partially 
crosslinked adhesive-supported porous ?lm for battery sepa 
rator, includes a porous ?lm substrate having supported 
thereon a partially crosslinked adhesive that is partially 
crosslinked by preparing a reactive polymer having a func 
tional group in the molecule and capable of being 
crosslinked upon reaction With a polyfunctional compound 
having reactivity With the functional group and then reacting 
the reactive polymer With a polyfunctional compound. 
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PARTIALLY CROSSLINKED 
ADHESIVE-SUPPORTED POROUS FILM FOR 

BATTERY SEPARATOR AND ITS USE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a partially 
crosslinked adhesive-supported porous ?lm that is not only 
useful for production of batteries but also able to contribute 
to safety during use of the thus produced batteries, and a 
process of producing batteries utilizing the same. 

DESCRIPTION OF THE RELATED ART 

[0002] Conventionally, a method of producing batteries 
has been knoWn in Which a positive electrode and a negative 
electrode are laminated While sandWiching a separator 
betWeen the electrodes for the purpose of preventing a short 
circuit therebetWeen, or a positive (or negative) electrode, a 
separator, a negative (or positive) electrode, and a separator 
are laminated in this order; the laminate is Wound up to form 
an electrode/separator laminate; the electrode/separator 
laminate is charged into a battery container; and an electro 
lyte liquid is then pouring into the battery container, fol 
loWing by sealing, as described in, for eXample, JP-A-09 
161814 and JP-A-11-329439. 

[0003] HoWever, in such a method of producing batteries, 
the electrode and the separator are liable to cause mutual slip 
movement during custody or delivery of the electrode/ 
separator laminate. As a result, problems involved such that 
the productivity of batteries is loW and that inferior goods 
are liable to occur. Further, according to the thus obtained 
batteries, the electrode blisters or shrinks during the use, 
Whereby adhesiveness betWeen the electrode and the sepa 
rator becomes Worse, leading to reduction in battery char 
acteristics, or an internal short circuit occurs, Whereby the 
battery causes heat generation and temperature rise, leading 
to even possibility of causing breakage. 

[0004] On the other hand, especially in the production of 
laminated batteries, in most of the cases, there is employed 
a method in Which an electrode and a separator are bonded 
to each other using a polyvinylidene ?uoride resin solution 
as an adhesive, and the solvent used in the resin solution is 
then removed in vacuum. HoWever, such a method involved 
problems such that not only the steps are complicated, but 
also the quality of the resulting products becomes hardly 
stable, and bonding betWeen the electrode and the separator 
is not suf?cient (see, for eXample, JP-A-10-172606). 

[0005] With respect to porous ?lms for battery separator, 
various production methods have hitherto been knoWn. As 
one of the production methods, a method is knoWn in Which 
a sheet made of a polyole?n resin is produced and stretched 
in a high stretching ratio (see, for eXample, JP-A-09 
012756). HoWever, such a battery separator made of a 
porous ?lm obtained by stretching in a high ratio markedly 
shrinks under a high-temperature environment such as the 
case Where the battery causes an abnormal temperature rise 
by an internal short circuit, etc., and according to circum 
stances, there is a problem such that the battery separator 
does not function as a diaphragm betWeen electrodes. 

[0006] In order to improve safety of batteries, it is an 
important issue to reduce a heat shrinkage factor of the 
battery separator under such a high-temperature environ 
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ment. As to this issue, in order to control the heat shrinkage 
of the battery separator under a high-temperature environ 
ment, there is, for eXample, knoWn a method in Which an 
ultrahigh molecular Weight polyethylene and a plasticiZer 
are melt kneaded, the miXture is eXtruded in a sheet form 
from a die, and the plasticiZer is then eXtracted and removed 
to produce a porous ?lm to be used as a battery separator 
(see JP-A-05-310989). HoWever, contrary to the above 
described method, this method does not employ stretching, 
and therefore, the resulting porous ?lm involves a problem 
such that the strength is not suf?cient. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been made to overcome 
the problems in the conventional production of batteries. 

[0008] One object of the present invention is to provide a 
partially crosslinked adhesive-supported porous ?lm for 
battery separator, Which in producing a battery, can effec 
tively produce a battery as an electrode/separator laminate 
comprising an electrode and a separator temporarily bonded 
to each other Without causing mutual slip movement 
betWeen the electrode and the separator and Which after 
producing a battery, functions itself as a separator having a 
small heat shrinkage factor even at high temperatures. 

[0009] Another object of the present invention is to pro 
vide a process of producing a battery using such a partially 
crosslinked adhesive-supported porous ?lm. 

[0010] According to the present invention, there is pro 
vided a partially crosslinked adhesive-supported porous ?lm 
for battery separator, comprising a porous ?lm substrate 
having supported thereon a partially crosslinked adhesive 
that is partially crosslinked by preparing a reactive polymer 
having a functional group in the molecule and capable of 
being crosslinked upon reaction With a polyfunctional com 
pound having reactivity With the functional group and then 
reacting the reactive polymer With a polyfunctional com 
pound. 
[0011] According to the present invention, there is pro 
vided an electrode/porous ?lm laminate comprising the 
partially crosslinked adhesive-supported porous ?lm and an 
electrode laminated thereon and contact bonded thereto. 

[0012] According to the present invention, there is pro 
vided an electrode/porous ?lm junction body, prepared by 
further crosslinking the partially crosslinked adhesive in the 
electrode/porous ?lm laminate upon reaction of the unre 
acted functional group in the reactive polymer and the 
polyfunctional compound and bonding an electrode to the 
porous ?lm. 

[0013] According to the present invention, there is pro 
vided a process of producing a battery, Which comprises 
forming the electrode/porous ?lm laminate; and after charg 
ing the electrode/porous ?lm laminate into a battery con 
tainer, pouring an electrolyte liquid containing the polyfunc 
tional compound into the battery container and heating it to 
react the unreacted functional group in the reactive polymer 
With the polyfunctional compound, thereby further 
crosslinking the partially crosslinked adhesive supported on 
the porous ?lm and bonding the electrode to the porous ?lm 
to form an electrode/porous ?lm junction body and obtain a 
battery having as a separator the porous ?lm in the electrode/ 
porous ?lm junction body. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] The reactive polymer as referred to herein means a 
polymer having a functional group in the molecule and 
capable of being crosslinked upon reaction With a polyfunc 
tional compound having reactivity With the functional 
group. The crosslinkable adhesive as referred to herein 
means a composition comprising a mixture of the reactive 
polymer and a polyfunctional compound. Further, the par 
tially crosslinked adhesive means one in Which in the 
crosslinkable adhesive, the reactive polymer is partially 
crosslinked upon reaction of the polyfunctional compound. 

[0015] The electrode/porous ?lm laminate as referred to 
herein means one comprising the partially crosslinked adhe 
sive-supported porous ?lm and an electrode contact bonded, 
temporarily bonded and laminated to each other. The elec 
trode/porous ?lm junction body as referred to herein means 
one in Which in the porous ?lm laminate, the partially 
crosslinked adhesive is further reacted and crosslinked With 
the polyfunctional compound, thereby joining the electrode 
to the porous ?lm. 

[0016] The porous ?lm substrate functions as a separator 
after the production of a battery, and hence, is desired to 
have a ?lm thickness in the range of from 3 to 100 pm. When 
the ?lm thickness is less than 3 pm, the strength is insuf? 
cient so that in the case Where the porous ?lm substrate is 
used as the separator in the battery, an internal short circuit 
may possibly occur. On the other hand, When it exceeds 100 
pm, a distance betWeen the electrodes is too large so that an 
internal resistance becomes excessive. Especially it is pref 
erable that the porous ?lm substrate has a ?lm thickness in 
the range of from 5 to 50 pm. Further, it is desired that the 
porous ?lm substrate has pores having a mean pore siZe of 
from 0.01 to 5 pm. 

[0017] The porous ?lm substrate is not particularly limited 
so far as it has the above-described characteristics. HoWever, 
taking into consideration resistance to solvents and resis 
tance to oxidation and reduction, porous ?lms made of a 
polyole?n resin such as polyethylene and polypropylene are 
suitable. Above all, polyethylene is especially suitable as the 
porous ?lm substrate because When heated, the resin is 
melted to plug pores, thereby enabling a battery to have a 
so-called shutdoWn function. The polyethylene includes not 
only a homopolymer of ethylene but also copolymers of 
ethylene and an ot-ole?n such as propylene, butene, and 
hexene. HoWever, according to the present invention, lami 
nated ?lms of a porous ?lm of polytetra?uoroethylene, a 
polyimide, etc., and the above polyole?n resin porous ?lm 
are also suitably used as the porous ?lm substrate because 
they are excellent in heat resistance. 

[0018] The partially crosslinked adhesive-supported 
porous ?lm for battery separator comprises a porous ?lm 
substrate having supported thereon a partially crosslinked 
adhesive that is partially crosslinked by preparing a reactive 
polymer having a functional group in the molecule and 
capable of being crosslinked upon reaction With a polyfunc 
tional compound having reactivity With the functional group 
and then reacting the reactive polymer With a polyfunctional 
compound. As described hereinafter, it is desired that such 
a partially crosslinked adhesive has a gel fraction in the 
prescribed range. 
[0019] The reactive polymer is not particularly limited so 
far as it has a functional group in the molecule and can be 
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crosslinked upon reaction With a polyfunctional compound 
having reactivity With the functional group. As the poly 
functional compound, polyfunctional isocyanate compounds 
and polyfunctional epoxy compounds can be enumerated as 
preferred speci?c examples. Accordingly, as the functional 
group that the reaction polymer has, active hydrogen-con 
taining functional groups capable of reacting With an iso 
cyanate group or an epoxy group, such as a hydroxyl group, 
a carboxyl group or an amino group, are preferable. 

[0020] When such a reactive polymer has a hydroxyl 
group, a carboxyl group or an amino group as the functional 
group, by reacting the reactive polymer With a prescribed 
amount of a polyfunctional isocyanate compound or a 
polyfunctional epoxy compound under a prescribed condi 
tion, it is possible to control crosslinking reaction of the 
reactive polymer, thereby crosslinking a part thereof. The 
partially crosslinked reactive polymer is supported as a 
partially crosslinked adhesive on the porous ?lm, Whereby 
the partially crosslinked adhesive-supported porous ?lm is 
obtained. 

[0021] The reactive polymer usually has a glass transition 
temperature in the range of from —30° C. to 100° C., and 
preferably from 0° C. to 80° C. That is, in the partially 
crosslinked adhesive-supported porous ?lm, the reactive 
polymer having the above glass transition temperature is 
partially crosslinked to form a partially crosslinked adhe 
sive, Which is then supported. When such a partially 
crosslinked adhesive-supported porous ?lm is used, the 
partially crosslinked adhesive is optionally heated at a 
proper temperature, and an electrode is then contact bonded 
to the porous ?lm, Whereby the electrode can be easily 
temporarily bonded. 

[0022] Especially, in a porous ?lm having supported 
thereon a partially crosslinked adhesive obtained from a 
reactive polymer Whose glass transition temperature is the 
normal temperature or higher, since the partially crosslinked 
adhesive does not have tackiness at the normal temperature, 
even When the partially crosslinked adhesive-supported 
porous ?lm is overlaid or Wound up, it does not cause 
blocking. Further, for example, in the case Where the porous 
?lm having a partially crosslinked adhesive supported 
thereon is guided into a Winding machine and laminated on 
an electrode to obtain a laminate, the porous ?lm is free from 
the matter that it is adhered on a roll guide and taken up by 
the roll guide. 

[0023] Besides, in a porous ?lm having supported thereon 
a partially crosslinked adhesive obtained from a reactive 
polymer Whose glass transition temperature is the normal 
temperature or higher, in the case Where this porous ?lm and 
an electrode are laminated and Wound up to form a Winding 
material, i.e., a Winding material of a separator/electrode 
laminate, it is excellent in so-called pin-extracting properties 
and hence, is advantageous. In order to obtain a Winding 
material by laminating the-partially crosslinked adhesive 
supported porous ?lm and the electrode and Winding up the 
laminate, in general, the porous ?lm and the electrode are 
laminated, the terminal ends of the laminate are pinched by 
a forked metallic pin, and the pin is rotated to form a 
Winding material comprising the laminate of the porous ?lm 
and the electrode around the pin. When the porous ?lm and 
the electrode are Wound up over a required length, the end 
terminal of the resulting Winding material is cut, a porous 
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?lm is then Wound up and ?xed around the Winding material, 
and the pin is extracted from the Winding material to obtain 
the Winding material of separator/electrode laminate. Since 
the partially crosslinked adhesive-supported porous ?lm 
obtained from a reactive polymer Whose glass transition 
temperature is the normal temperature or higher does not 
have tackiness at the normal temperature, the pin can be 
easily extracted from the resulting Winding material. That is, 
the partially crosslinked adhesive-supported porous ?lm is 
excellent in pin-extracting properties. 

[0024] According to the present invention, by laminating 
an electrode on the partially crosslinked adhesive-supported 
porous ?lm and contact bonding them optionally upon 
heating as describe previously, it is possible to obtain an 
electrode/porous ?lm laminate by temporarily bonding the 
electrode to the porous ?lm and laminating them. For 
example, in the case Where a porous ?lm made of a 
polyole?n resin such as a polyethylene resin is used as the 
porous ?lm, it is possible to obtain an electrode/porous ?lm 
by contact bonding an electrode While heating at a tempera 
ture at Which the porous ?lm causes neither deformation nor 
change of properties, for example, at a temperature in the 
range of from 50 to 100° C., temporarily boning the elec 
trode, and laminating it to the porous ?lm. 

[0025] Even When such an electrode/porous ?lm laminate 
is brought into contact With an electrolyte liquid during 
production of batteries, it is possible to effectively use a 
partially crosslinked adhesive (partially crosslinked reactive 
polymer) for bonding a porous ?lm to an electrode by 
preventing or reducing dissolution of the partially 
crosslinked adhesive (partially crosslinked reactive poly 
mer) into the electrolyte liquid, and thus, it is possible to 
more ?rmly bond the electrode to the porous ?lm. 

[0026] The reactive polymer can be obtained by, for 
example, subjecting a copolymeriZable monomer containing 
the functional group and other copolymeriZable monomer 
not containing such a functional group to usual radical 
copolymeriZation such as solution polymeriZation, block 
polymeriZation, and emulsion polymeriZation. The func 
tional group-containing copolymeriZable monomer is usu 
ally used in an amount in the range of from 0.1 to 20% by 
Weight, and preferably from 0.1 to 10% by Weight of the 
Whole of the monomers. 

[0027] Examples of copolymeriZable monomers contain 
ing a carboxyl group as the functional group include (meth 
)acrylic acid, itaconic acid, and maleic acid. Examples of 
copolymeriZable monomers containing a hydroxyl group as 
the functional group include hydroxyalkyl (meth)acrylates 
such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth)acrylate or 4-hydroxybutyl acrylate. Examples of 
copolymeriZable monomers containing an amino group as 
the functional group include a reaction product of a diamine 
and (meth)acryloyloxyethyl isocyanate (1:1). Above all, 
acrylic monomers such as (meth)acrylic acid or hydroxy 
alkyl (meth)acrylates are preferably used. 

[0028] On the other hand, examples of functional group 
free copolymeriZable monomers include (meth)acrylic 
monomers such as (meth)acrylic acid esters, (meth)acryla 
mides or (meth)acrylonitriles and various vinyl monomers 
such as styrene, vinyl acetate or N-vinylpyrrolidone. 

[0029] Examples of the (meth)acrylic acid esters that are 
preferably used include alkyl esters in Which the alkyl 
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moiety thereof has from 1 to 12 carbon atoms, such as ethyl 
(meth)acrylate, butyl (meth)acrylate, propyl (meth)acrylate, 
isooctyl (meth)acrylate, 2-ethylhexyl (meth)acrylate or 
dodecyl (meth)acrylate. 
[0030] Besides, When it is required to increase the glass 
transition temperature of the resulting reactive polymer, 
(meth)acrylic acid estersin Which a homopolymer thereof 
has a glass transition temperature of normal temperature 
(23° C.) or higher, such as (meth)acrylic acid isobornyl ester, 
dicyclopentenyl ester or tetrahydrofufuryl ester, (meth 
)acrylic acid esters containing a cyclic hydrocarbon group 
such as a benZyl group or a cyclohexyl group in the 
molecule, and imide (meth)acrylates containing a highly 
polar group such as an imide group, are suitably used. 

[0031] Examples of the (meth)acrylamides include N,N 
dimethyl (meth)acrylamide, N,N-diethyl (meth)acrylamide, 
N,N-di-n-propyl (meth)acrylamide, N,N-diisopropyl (meth 
)acrylamide, N-(meth)acryloylmorpholine, N-(meth)acry 
loylpyrrolidone, N-(meth)acryloylpiperidine, and N-(meth 
)acryloylpyrrolidine. 
[0032] In particular, preferred examples of the reactive 
polymer include reactive polymers comprising the func 
tional group-containing acrylic monomer component and an 
acrylic monomer component such as (meth)acrylic acid 
esters, (meth)acrylonitriles or (meth)acrylamides. For 
example, a reactive polymer having a (meth)acrylonitrile 
component in an amount of up to 80% by Weight, and 
preferably in the range of from 5 to 70% by Weight is one 
example of the preferred reactive polymer to be used in the 
present invention because it is excellent in heat resistance 
and resistance to solvents. A reactive polymer comprising 
from 0.1 to 20% by Weight of a functional group-containing 
monomer component, from 10 to 95% by Weight of a 
(meth)acrylic acid ester component, and from 4.9 to 60% by 
Weight of a (meth)acrylonitrile is one example of the pre 
ferred reactive polymer. 

[0033] HoWever, it should not be construed that the reac 
tive polymer is limited to those described above. Polymers 
containing the functional group that the reactive polymer 
has, such as a functional group capable of reacting With an 
isocyanate group or an epoxy group as described above, 
such as active hydrogen-containing polymers, may be 
employed. Examples thereof include polyole?n based poly 
mers, rubber based polymers, polyester based polymers, and 
polyether based polymers, each containing a functional 
group capable of reacting With an isocyanate group or an 
epoxy group. Further, acrylic modi?ed ?uorocarbon resins 
containing a hydroxyl group in the molecule (for example, 
Cefral Coat FG730B manufactured by Central Glass Co., 
Ltd., Which is available as a varnish) can also be suitably 
used as the reactive polymer. 

[0034] The reactive polymer can be obtained as a polymer 
solution by copolymeriZing the required monomers in a 
solvent such as benZene, toluene, xylene, ethyl acetate, and 
butyl acetate. On the other hand, since according to the 
emulsion polymeriZation process, an aqueous dispersion of 
the reactive polymer can be obtained, the polymer is sepa 
rated from the aqueous solution and dried, and then dis 
solved in the solvent to form a polymer solution. According 
to the emulsion process, in addition to the above monomers, 
a polyfunctional crosslinkable monomer such as divinylben 
Zene and trimethylolpropane triacrylate may be used in a 
proportion of 1% by Weight or less. 
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[0035] Examples of polyfunctional isocyanates include 
aromatic, araliphatic, alicyclic or aliphatic diisocyanates 
such as phenylene diisocyanate, tolylene diisocyanate, 
diphenyl-methane diisocyanate, diphenyl ether diisocyan 
ate, hexamethylene diisocyanate or cyclohexane diisocyan 
ate. So-called isocyanate adducts comprising a polyol (such 
as trimethylolpropane) having such a diisocyanate added 
thereto can also be preferably used. 

[0036] Examples of polyfunctional epoxy compounds 
include biphenol Atype epoxy resins, alicyclic epoxy resins, 
aliphatic chain epoxy compounds, and phenol novolak type 
epoxy resins. 

[0037] The partially crosslinked adhesive-supported 
porous ?lm for battery separator can be obtained by com 
pounding the reactive polymer solution With the polyfunc 
tional compound in a prescribed amount, i.e., an amount 
sufficient for partially crosslinking the reactive polymer, to 
form a crosslinkable adhesive; supporting the adhesive on a 
porous ?lm substrate; and reacting the reactive polymer With 
the polyfunctional compound under a prescribed condition, 
thereby partially crosslinking the reactive polymer and sup 
porting the resulting reactive polymer as a partially 
crosslinked adhesive on the porous ?lm substrate. Generally, 
the polyfunctional compound is reacted in an amount of 
from 0.1 to 10 parts by Weight based on 100 parts by Weight 
of the reactive polymer, thereby partially crosslinking the 
reactive polymer and supporting the resulting reactive poly 
mer as a partially crosslinked adhesive on the porous ?lm 
substrate, to obtain the partially crosslinked adhesive-sup 
ported porous ?lm. 

[0038] In supporting the partially crosslinked adhesive on 
the porous ?lm substrate, a method may be employed in 
Which a solution comprising a mixture of the reactive 
polymer and the polyfunctional compound is coated on the 
porous ?lm and dried, and then heated to partially crosslink 
the reactive polymer on the porous ?lm, thereby supporting 
the partially crosslinked adhesive on the porous ?lm sub 
strate. A method may also be employed in Which a solution 
comprising a mixture of the reactive polymer and the 
polyfunctional compound is coated on a stretched polypro 
pylene ?lm or a releasable sheet such as release processed 
paper and dried, and then transferred into the porous ?lm 
substrate, Which is then heated to partially crosslink the 
reactive polymer on the porous ?lm, thereby supporting the 
partially crosslinked adhesive on the porous ?lm substrate. 

[0039] Another method may be employed in Which the 
reactive polymer is added to a solution of the reactive 
polymer and heated, thereby partially crosslinking the reac 
tive polymer to form a solution of a partially crosslinked 
adhesive, and the adhesive is coated on the porous ?lm 
substrate and dried to support the partially crosslinked 
adhesive on the porous ?lm substrate. 

[0040] The partially crosslinked adhesive has a gel frac 
tion in the range of from 5 to 99%, preferably from 10 to 
95%, more preferably from 15 to 85%, and most preferably 
from 20 to 80%. 

[0041] The gel fraction as referred to herein means a value 
de?ned by (C/(A+B))><100 (%), Wherein A represents the 
amount (part by Weight) of the reactive polymer; B repre 
sents the amount (part by Weight) of the polyfunctional 
compound; and C represents the amount (part by Weight) of 
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the crosslinkable adhesive remaining on the porous ?lm 
When the crosslinkable adhesive composed of the reactive 
polymer and the polyfunctional compound is supported on 
the porous ?lm and reacted to partially crosslink the reactive 
polymer, and the resulting porous ?lm is dipped in toluene 
at a temperature of 23° C. for 7 days and then heated. 

[0042] The method of obtaining the partially crosslinked 
adhesive having a gel fraction in the range of from 5 to 99% 
is not limited. HoWever, as described previously, such a 
partially crosslinked adhesive can be usually obtained by 
compounding the polyfunctional compound in an amount in 
the range of from 0.1 to 10 parts by Weight based on 100 
parts by Weight of the reactive polymer; heating and curing 
the mixture so as to react the reactive polymer With the 
polyfunctional compound under a prescribed condition; and 
continuing the crosslinking reaction until the resulting par 
tially crosslinked reactive polymer (i.e., the partially 
crosslinked adhesive) becomes stable in terms of character 
istics. The heating and curing temperature and time vary 
depending upon the reactive polymer and polyfunctional 
compound to be used and the kinds thereof, but these 
reaction conditions can be determined by experiments. For 
example, When heating and reaction are carried out at a 
temperature of 50° C. for 7 days, usually, crosslinking 
reaction of the reactive polymer With the polyfunctional 
compound is completed, and the resulting partially 
crosslinked reactive polymer (partially crosslinked adhe 
sive) becomes stable in terms of characteristics. 

[0043] The reaction product obtained by partially reacting 
and crosslinking the reactive polymer upon reaction With the 
polyfunctional compound, i.e., the partially crosslinked 
adhesive, is supported on the porous ?lm to form the 
partially crosslinked adhesive-supported porous ?lm, to 
Which is then contact bonded an electrode preferably upon 
heating. Thus, the electrode can be easily temporarily 
bonded to and laminated on the porous ?lm to obtain an 
electrode/porous ?lm laminate. 

[0044] When this electrode/porous ?lm laminate is 
charged into a battery container, and an electrolyte liquid 
having a polyfunctional compound dissolved therein is 
poured into the battery container, the unreacted functional 
group in the reactive polymer in the partially crosslinked 
adhesive is further crosslinked With the polyfunctional com 
pound in the electrolytic liquid While keeping the temporary 
bonding state of the electrode/porous ?lm, Whereby an 
electrode/separator junction body in Which the electrode is 
?rmly bonded to the porous ?lm With good adhesiveness can 
be obtained. Further, according to the present invention, the 
reactive polymer is partially crosslinked so as to have a gel 
fraction of from 5 to 99%, dissolution of the reactive 
polymer into the electrolyte liquid is prevented or reduced, 
and the reactive polymer is effectively used for bonding the 
electrode to the porous ?lm. Accordingly, the electrode is 
bonded to the porous ?lm stably and more ?rmly. 

[0045] In addition, in the partially crosslinked adhesive 
supported porous ?lm, since the reactive polymer does not 
cause reaction and crosslinkage any more, the partially 
crosslinked adhesive is stable, and even When stored over a 
long period of time, does not cause change of properties. 

[0046] For supporting the crosslinkable adhesive compris 
ing a reactive polymer and a polyfunctional compound on 
the porous ?lm substrate, for example, there may be 
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employed a method in Which the crosslinkable adhesive is 
directly coated on the porous ?lm substrate and then dried; 
and a method in Which the crosslinkable adhesive is coated 
on a releasable sheet and dried, and then transferred into the 
porous ?lm substrate. For improving coating properties of 
the crosslinkable adhesive onto the porous ?lm substrate, an 
organic solvent such as methyl ethyl ketone and methyl 
isobutyl ketone, or an inorganic ?ne poWder such as ?ne 
poWders of calcium carbonate heavy and silica sand may be 
compounded in an amount of 50% by Weight or less as a 
?uidity modi?er or a ?ller in the crosslinkable adhesive. 

[0047] Further, in coating the crosslinkable adhesive com 
prising a reactive polymer and a polyfunctional compound 
on the porous ?lm substrate, it is preferable that the adhesive 
is partially coated, i.e., it is coated in, for example, a ribbed, 
spotted, grid-like, striped, or hexagonal pattern form. In 
particular, by coating the crosslinkable adhesive on from 5 
to 95% of the area of the porous ?lm substrate on Which the 
adhesive is coated and partially crosslinking the reactive 
polymer, it is possible to obtain ?rm bonding betWeen the 
electrode and the porous ?lm (accordingly, the separator). 
By using such an electrode/separator junction body, it is 
possible to obtain a battery having excellent characteristics. 

[0048] In the present invention, the proportion in Which 
the porous ?lm supports the partially crosslinked adhesive 
on the surface thereof Will be hereinafter referred to as a 
supporting ratio of the partially crosslinked adhesive. For 
example, When the porous ?lm supports the partially 
crosslinked adhesive on the Whole of one surface thereof, the 
supporting ratio on that surface is 100%. For example, When 
the porous ?lm supports the partially crosslinked adhesive in 
the ribbed or spotted form on the front and back surfaces 
thereof, and the proportion of supporting the partially 
crosslinked adhesive is 50% of the area of each of the front 
and back surfaces thereof, the supporting ratio is 50% in 
each of the front and back surfaces. 

[0049] Thus, it is preferable that the partially crosslinked 
adhesive is supported on the surface of the porous ?lm 
substrate in a supporting ratio in the range of from 5 to 95%, 
more preferably from 10 to 90%, and most preferably from 
20 to 80%. 

[0050] By partially providing a layer of the partially 
crosslinked adhesive on the porous ?lm substrate, it is 
possible to obtain ?rm bonding betWeen the electrode and 
the porous ?lm (separator) in an ultimately obtained battery 
While ensuring ionic permeability and enlarging the thick 
ness of the partially crosslinked adhesive layer to 0.5 pm or 
more. 

[0051] As described above, the partially crosslinked adhe 
sive is supported on the porous ?lm substrate to form a 
partially crosslinked adhesive-supported porous ?lm for 
battery separator, to Which is then laid, contact bonded and 
laminated an electrode, to obtain an electrode/porous ?lm 
laminate. 

[0052] A negative electrode and a positive-electrode vary 
depending upon the battery HoWever, in general, sheet-like 
electrodes prepared by supporting an active substance and 
optionally, a conductive agent on a conductive substrate 
using a resin binder are used. 

[0053] By using such an electrode/porous ?lm laminate, it 
is possible to produce a battery Without causing mutual slip 
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movement betWeen the electrode and the separator and With 
good ef?ciency, and it is possible to obtain a battery in Which 
after producing a battery, the porous ?lm functions itself as 
a separator. 

[0054] According to the present invention, a method may 
be employed in Which the partially crosslinked adhesive is 
supported on both of the front and back surfaces of the 
porous ?lm substrate, and electrodes, i.e., a negative elec 
trode and a positive electrode, are contact bonded, tempo 
rarily bonded and laminated on each of the front and back 
surface of the porous ?lm substrate to form an electrode/ 
porous ?lm laminate. A method may also be employed in 
Which the partially crosslinked adhesive is supported on 
only one surface of the porous ?lm substrate, and an 
electrode, i.e., either one of a negative electrode or a positive 
electrode, is contact bonded, temporarily bonded and lami 
nated on that surface to form an electrode/porous ?lm 
laminate. As a matter of course, a laminate having a con 
struction of positive (or negative) electrode/porous ?lm/ 
negative (or positive) electrode/porous ?lm may be formed. 

[0055] The electrode/porous ?lm laminate according to 
the present invention can be suitably used for the production 
of batteries. That is, the electrode/porous ?lm laminate is 
charged into a battery container, and an electrolyte liquid 
having a polyfunctional compound dissolved therein is 
poured into the battery container and reacted With the 
unreacted functional group of the reactive polymer in the 
partially crosslinked adhesive in the electrode/porous ?lm 
laminate to further crosslink the reactive polymer, Whereby 
the electrode is bonded to and integrated With the porous 
?lm. Thus, it is possible to obtain a battery having an 
electrode/separator junction body in Which not only the 
porous ?lm functions as a separator, but also this separate is 
?rmly bonded to the electrode. 

[0056] The proportion of the polyfunctional compound in 
the electrolytic liquid is usually in the range of from 0.1 to 
20 parts by Weight based on 100 parts by Weight of the 
reactive polymer supported on the porous ?lm. When the 
proportion of the polyfunctional compound is less than 0.1 
parts by Weight based on 100 parts by Weight of the reactive 
polymer supported on the porous ?lm, crosslinking of the 
reactive polymer With the polyfunctional compound is insuf 
?cient, and in the resulting electrode/separator junction 
body, it is impossible to obtain ?rm bonding betWeen the 
electrode and the separator. On the other hand, When the 
proportion of the polyfunctional compound is more than 20 
parts by Weight based on 100 parts by Weight of the reactive 
polymer, the adhesive after crosslinking is too hard so that 
adhesiveness betWeen the separator and the electrode may 
possibly be hindered. 

[0057] Thus, according to the present invention, the par 
tially crosslinked adhesive prepared by partially crosslink 
ing the reactive polymer in advance is supported on the 
porous ?lm; the electrode is laid on the surface; a pressure 
is applied to the porous ?lm While heating at a temperature 
at Which deformation or the like is not caused, and prefer 
ably, a part of the partially crosslinked adhesive is press 
?tted into the electrode, thereby temporarily bonding the 
porous ?lm substrate to the electrode in a sense, to form an 
electrode/porous ?lm laminate; thereafter, the laminate is 
charged into a battery container; and an electrolytic liquid 
having a polyfunctional compound dissolved therein is 
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poured into the battery container and reacted With the 
unreacted functional group of the reactive polymer in the 
partially crosslinked adhesive, thereby further crosslinking 
the reactive polymer to obtain an electrode/porous ?lm 
junction body. Accordingly, in such an electrode/porous ?lm 
junction body, the electrode is ?rmly bonded to the porous 
?lm. 

[0058] The porous ?lm in the thus obtained electrode/ 
porous ?lm junction body is put in a battery and then 
functions as a separator. In the electrode/porous ?lm junc 
tion body, the porous ?lm (namely, the separator) has a loW 
area heat shrinkage factor of usually 20% or less, and 
preferably 15% or less, even at high temperatures. 

[0059] Likewise the electrode/porous ?lm laminate 
described above the electrode/separator junction body 
includes not only a negative electrode/separator/positive 
electrode junction body but also a junction body of either 
one electrode of a negative electrode or a positive electrode 
and a separator and a construction of positive (or negative) 
electrode/separator/negative (or a positive) electrode/sepa 
rator. 

[0060] The electrolyte liquid is a solution comprising an 
electrolyte salt dissolved in a solvent. Examples of the 
electrolyte salt that can be used include salts comprising 
hydrogen, an alkali metal (such as lithium, sodium, and 
potassium), an alkaline earth metal (such as calcium and 
strontium), or a tertiary or quaternary ammonium salt as a 
cation component; and an inorganic acid (such as hydro 
chloric acid, nitric acid, phosphoric acid, sulfuric acid, 
tetra?uoroboric acid, hydro?uoric acid, hexa?uorophospho 
ric acid, and perchloric acid) or an organic acid (such as 
organic carboxylic acids, organic sulfonic acids, and ?uo 
rine-substituted organic sulfonic acids) as an anion compo 
nent. HoWever, of these electrolyte salts, those comprising 
an alkali metal ion as a cation component are especially 
preferably used. 

[0061] As the solvent of the electrolyte liquid, any solvent 
capable of dissolving the electrolyte salts therein can be 
used. Examples of non-aqueous solvents include cyclic 
esters such as ethylene carbonate, propylene carbonate, 
butylene carbonate, and y-butyrolactone; ethers such as 
tetrahydrofuran and dimethoxyethane; and chain esters such 
as dimethyl carbonate, diethyl carbonate, and ethyl methyl 
carbonate. These solvents are used alone or as mixtures of 
tWo or more thereof. 

[0062] The present invention Will be described in more 
detail by reference to the folloWing Examples, but it should 
be understood that the invention is not construed as being 
limited thereto. 

Reference Example 1 

Preparation of Reactive Polymer 

[0063] A monomer mixture solution of 45 parts by Weight 
of N,N-dimethyl acrylamide, 38 parts by Weight of butyl 
acrylate, 15 parts acrylonitrile, and 2 parts by Weight of 
2-hydroxyethyl acrylate along With 0.2 parts by Weight of 
aZobisisobutyronitrile dissolved in 150 parts by Weight of 
ethyl acetate Was charged in a four-necked ?ask equipped 
With a stirrer, a nitrogen introduction tube, and a condenser, 
and the inside of the ?ask Was displaced With nitrogen While 
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stirring. The mixture Was polymeriZed in a Warm Water bath 
at 60° C. for 24 hours While stirring, and after raising the 
temperature at 75° C., the resulting mixture Was further 
polymeriZed at this temperature for 4 hours. Ethyl acetate 
Was added to the reaction mixture to obtain an acrylic 
polymer adhesive solution having a concentration of 25% by 
Weight. This reactive polymer had a glass transition tem 
perature of 48° C. 

[0064] The glass transition temperature of the reactive 
polymer Was measured in the folloWing manner (hereinafter 
the same). That is, the solution of the reactive polymer Was 
cast on release paper and dried to obtain a sheet having a 
thickness of from 0.2 to 0.5 mm and a Width of 5 mm. Using 
DSM120 manufactured by Seiko Instruments Inc., this sheet 
Was measured for storage elastic modulus (E‘) and loss 
elastic modulus (E“) at a bending mode of 10 HZ With a 
distance betWeen chucks of 10 mm, and a peak temperature 
of tan 6 (E“/E‘) Was de?ned as the glass transition tempera 
ture. 

Reference Example 2 

Preparation of Reactive Polymer 

[0065] A solution of a reactive polymer having a concen 
tration of 25% by Weight Was obtained in the same manner 
as in Reference Example 1, except for using a monomer 
mixture solution consisting of 35 parts by Weight of N-acry 
loylmorpholine, 48 parts by Weight of butyl acrylate, 15 
parts by Weight of acrylonitrile, and 2 parts by Weight of 
2-hydroxyethyl acrylate along With 0.2 parts by Weight of 
aZobisisobutyronitrile dissolved in 150 parts by Weight of 
ethyl acetate. This reactive polymer had a glass transition 
temperature of 42° C. 

Reference Example 3 

Preparation of Reactive Polymer 

[0066] Using 41 parts by Weight of butyl acrylate, 41 parts 
by Weight of methyl methacrylate, 15 parts by Weight of 
acrylonitrile, 2 parts by Weight of 2-hydroxyethyl acrylate, 
0.1 parts by Weight of lauryl mercaptan, and 3 parts by 
Weight of a nonionic surfactant, emulsion polymeriZation 
Was carried out according to the conventional manner. To the 
resulting reactive polymer aqueous dispersion, 10 % hydro 
chloric acid Was added to precipitate the reactive polymer. 
The precipitate Was taken out, thoroughly Washed With 
Water, and then dried in vacuum. The thus obtained reactive 
polymer Was dissolved in ethyl acetate to obtain a solution 
of the reactive polymer having a concentration of 25% by 
Weight. This reactive polymer had a glass transition tem 
perature of 34° C. 

Reference Example 4 

Preparation of Reactive Polymer 

[0067] Using 41 parts by Weight of butyl acrylate, 41 parts 
by Weight of methyl methacrylate, 15 parts by Weight of 
acrylonitrile, 3 parts by Weight of methacrylic acid, 0.1 parts 
by Weight of lauryl mercaptan, and 3 parts by Weight of an 
anionic surfactant, emulsion polymeriZation Was carried out 
in Water according to the conventional manner. To the 
resulting reactive polymer aqueous dispersion, 10% hydro 
chloric acid Was added to precipitate the reactive polymer. 



US 2004/0101757 A1 

The precipitate Was taken out, thoroughly Washed With 
Water, and then dried in vacuum. The thus obtained reactive 
polymer Was dissolved in ethyl acetate to obtain a solution 
of the reactive polymer having a concentration of 25% by 
Weight. This reactive polymer had a glass transition tem 
perature of 36° C. 

Reference Example 5 

Preparation of Reactive Polymer 

[0068] A solution of a reactive polymer having a concen 
tration of 25% by Weight Was obtained in the same manner 
as in Reference Example 1, except for using a monomer 
mixture solution consisting of 65 parts by Weight of N,N 
diethyl acrylamide, 32 parts by Weight of butyl acrylate, and 
3 parts by Weight of 4-hydroxybutyl acrylate along With 0.2 
parts by Weight of aZobisisobutyronitrile dissolved in 150 
parts by Weight of ethyl acetate. This reactive polymer had 
a glass transition temperature of 36° C. 

Reference Example 6 

Preparation of Reactive Polymer 

[0069] Using 10 parts by Weight of acrylonitrile, 5 parts by 
Weight of methacrylic acid, 30 parts by Weight of butyl 
acrylate, 60 parts by Weight of ethyl acrylate, 3 parts by 
Weight of a polyethylene glycol alkylphenyl ether, 0.08 parts 
by Weight of n-dodecyl mercaptan, 0.3 parts by Weight of 
potassium persulfate, and 300 parts by Weight of ion 
exchange Water, emulsion polymerization Was carried out to 
obtain a reactive polymer aqueous dispersion. To the result 
ing reactive polymer aqueous dispersion, 10% hydrochloric 
acid Was added to precipitate the reactive polymer. The 
precipitate Was taken out, thoroughly Washed With Water, 
and then dried in vacuum. This reactive polymer had a 
Weight average molecular Weight of about 850,000 and a 
glass transition temperature of —13° C. The thus obtained 
reactive polymer Was dissolved in a mixed solvent of 
toluene and methyl ethyl ketone (Weight ratio: 75/25) to 
prepare a solution of the reactive polymer having a concen 
tration of 7%. 

Reference Example 7 

Preparation of Reactive Polymer 

[0070] Using 40 parts by Weight of acrylonitrile, 2 parts by 
Weight of 2-hydroxyethyl acrylate, 10 parts by Weight of 
methyl methacrylate, 50 parts by Weight of 2-ethylhexyl 
acrylate, 0.3 parts by Weight of aZobisisobutyronitrile, and 
300 parts by Weight of toluene, solution polymeriZation Was 
carried out according to the customary manner to obtain a 
solution of a reactive polymer in toluene. This reactive 
polymer had a Weight average molecular Weight of about 
300,000 and a glass transition temperature of 5° C. 

EXAMPLE 1 

Preparation of Partially Crosslinked 
Adhesive-Supported Porous Film 

[0071] To 100 g of the reactive polymer solution obtained 
in Reference Example 1, 0.8 g of a trifunctional isocyanate 
comprising 3 parts by mole of hexamethylene diisocyanate 
having 1 part by Weight of trimethylolpropane added thereto 
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(hereinafter simply referred to as “trifunctional isocyanate”) 
Was added to form a solution of a crosslinkable adhesive. 
This crosslinkable adhesive solution Was coated in a ribbed 
form on a releasable ?lm made of a stretched polypropylene 
?lm using a grooved bar (groove Width: 0.1 mm, depth: 0.03 
mm, gap betWeen grooves: 0.2 mm) and dried at 50° C. for 
one minute to obtain a releasable ?lm having the crosslink 
able adhesive partially coated in a ribbed form thereon. 

[0072] Immediately thereafter, the coated surface of the 
crosslinkable adhesive of this ?lm Was laminated on each of 
the front and back surfaces of a polyethylene resin-made 
porous ?lm (thickness: 25 pm, porosity: 50%, mean pore 
siZe: 0.1 pm, hereinafter the same), and the crosslinkable 
adhesive Was transferred in a ribbed form into each of the 
front and back surfaces of the polyethylene resin-made 
porous ?lm in a supporting ratio of 60% and placed in a 
thermostat at 50° C. for 7 days to partially crosslink the 
reactive polymer in the crosslinkable adhesive. There Was 
thus obtained a partially crosslinked adhesive-supported 
porous ?lm having a gel fraction of 56%. 

Preparation of Electrodes 

[0073] Lithium cobaltate (LiCoO2) having a mean particle 
siZe of 15 pm, a graphite poWder and a polyvinylidene 
?uoride resin Were mixed in a Weight ratio of 85 :10:5, and 
the mixture Was added to N-methyl-2-pyrrolidone to prepare 
a slurry having a solids content of 15% by Weight. This 
slurry Was coated in a thickness of 200 pm on the front 
surface of an aluminum foil having a thickness of 20 pm and 
dried at 80° C. for one hour. The slurry Was similarly coated 
in a thickness of 200 pm on the back surface of the 
aluminum foil and dried at 120° C. for 2 hours. The 
aluminum foil obtained by applying the slurry to both sides 
thereof and drying Was passed through a roll press to prepare 
a positive electrode sheet having a thickness of 200 pm. 

[0074] A graphite poWder and a polyvinylidene ?uoride 
resin Were mixed in a Weight ratio of 95:5, and the mixture 
Was added to N-methyl-2-pyrrolidone to prepare a slurry 
having a solids content of 15% by Weight. This slurry Was 
coated in a thickness of 200 pm on the front surface of a 
copper foil having a thickness of 20 pm and dried at 80° C. 
for one hour. Thereafter, the slurry Was similarly coated in 
a thickness of 200 pm on the back surface of the copper foil 
and dried at 120° C. for 2 hours. The resulting copper foil 
Was passed through a roll press to prepare a negative 
electrode sheet having a thickness of 200 pm. 

Preparation of Negative 
Electrode/Separator/Positive Electrode Laminate 

[0075] The positive electrode sheet Was laid on the front 
surface of the foregoing partially crosslinked adhesive 
supported polyethylene resin-made porous ?lm, and the 
negative electrode sheet Was also laid on the back surface 
thereof The assembly Was heated and pressuriZed at a 
temperature of 80° C. under a pressure of 5 kg/cm2 for 5 
minutes, thereby contact bonding and temporarily bonding 
the positive and negative electrode sheets to the partially 
crosslinked adhesive-supported polyethylene resin-made 
porous ?lm to obtain a negative electrode/porous ?lm/ 
positive electrode laminate. 

Assembling of Battery 
[0076] In an argon-displaced glove box, an electrolyte salt 
lithium hexa?uorophosphate (LiPF6) Was dissolved in a 
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mixed solvent of ethylene carbonate and ethyl methyl car 
bonate (volume ratio: 1/2) so as to have a concentration of 
1.2 moles/liter, to prepare an electrolyte liquid. Further, 2 
parts by Weight of the trifunctional isocyanate Was dissolved 
in 100 parts by Weight of the electrolyte liquid. 

[0077] The negative electrode/porous ?lm/positive elec 
trode laminate Was charged into a 2016 siZe coin type battery 
can serving both as positive and negative electrodes, and the 
electrolyte liquid having the trifunctional isocyanate dis 
solved therein Was poured into the coin type battery can, 
folloWed by sealing to prepare a semi-product. The contriv 
ance Was placed in a thermostat at a temperature of 50° C. 
for 7 days, thereby crosslinking the reactive polymer in the 
partially crosslinked adhesive supported on the porous ?lm 
of the negative electrode/porous ?lm/positive electrode 
laminate With the trifunctional isocyanate and bonding the 
positive and negative electrodes on the porous ?lm, i.e., the 
separator. There Was thus obtained a coin type lithium ion 
secondary battery having a negative electrode/porous ?lm 
(separator)/positive electrode junction body. 

Evaluation of Discharge Load Characteristics of 
Battery 

[0078] The battery Was subjected to charge and discharge 
5 times at a rate of 0.2 CmA, charged at a rate of 0.2 CmA, 
and then discharged at a rate of 2.0 CmA. As a result, the 
battery had discharge load characteristics of 93% in terms of 
a ratio of the discharge capacity at a rate of 2.0 CmA to the 
discharge capacity at a rate of 0.2 CmA. 

Evaluation of Blister Properties 

[0079] After the charge and discharge test, the battery Was 
evaluated With respect to blister properties. The blister 
properties of the battery as referred to herein mean a 
phenomenon in Which the separator ?oats up from the 
electrode due to generation of bubbles in the electrolyte 
liquid, expansion and contraction of the electrode sheet 
bonded to the separator, and the like. After the charge and 
discharge test, the battery Was broken up and evaluated by 
observing the separator. As a result, the battery did not cause 
blister. 

Evaluation of Adhesion BetWeen Separator (Porous 
Film) and Electrode 

[0080] The positive electrode/porous ?lm/negative elec 
trode laminate having been punched out into a prescribed 
siZe Was impregnated With the electrolyte liquid having the 
trifunctional isocyanate dissolved therein and put betWeen 
glass sheets. In order to suppress volatiliZation of the elec 
trolyte liquid, the assembly Was Wrapped by a ?uorocarbon 
resin sheet, and a 50 g Weight Was placed thereon, folloWed 
by placing in a thermostat at a temperature of 50° C. for 7 
days, thereby crosslinking and reacting the reactive polymer 
in the partially crosslinked adhesive supported on the porous 
?lm of the negative electrode/porous ?lm/positive electrode 
laminate With the trifunctional isocyanate and bonding the 
positive and negative electrodes on the porous ?lm (i.e., the 
separator in the battery). There Was thus obtained a positive 
electrode/porous ?lm/negative electrode junction body. 

[0081] The thus obtained positive electrode/porous ?lm/ 
negative electrode junction body Was cut into a Width of 1 
cm and dipped in the electrolyte liquid at normal tempera 
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ture for 24 hours. When the electrode Was released from the 
positive electrode/porous ?lm/negative electrode junction 
body in the moistened state, the case Where resistance Was 
present Was designated as “O”, and the case Where the 
electrode Was released Was designated as “X”, respectively. 

Measurement of Area Heat Shrinkage Factor and 
Evaluation of Separator (Porous Film) 

[0082] Apositive electrode/porous ?lm/negative electrode 
junction body Was obtained in the same manner as in the 
preparation for the sake of evaluation the adhesion betWeen 
the separator (porous ?lm) and the electrode. The thus 
obtained positive electrode/porous ?lm/negative electrode 
junction body Was put betWeen glass sheets and placed in a 
drying machine at 150° C. for one hour as it Was. The glass 
sheets Were taken out from the positive electrode/porous 
?lm/negative electrode junction body, and the separator Was 
released from the positive and negative electrodes and read 
into a scanner. An area heat shrinkage factor Was determined 
While comparing the area of the initially used porous ?lm. 
As a result, it Was 5%. The results are shoWn in Table 1. 

EXAMPLE 2 

[0083] Apolyethylene resin-made porous ?lm in Which a 
partially crosslinked adhesive having a gel fraction of 69% 
Was supported on each of the front and back surfaces thereof 
in a supporting ratio of 60% Was obtained in the same 
manner as in EXample 1, eXcept for using the reactive 
polymer solution prepared in Reference EXample 2 in place 
of the reactive polymer solution prepared in Referential 
EXample 1. Using this polyethylene resin-made porous ?lm, 
a coin type lithium ion secondary batter having a negative 
electrode/porous ?lm (separator)/positive electrode junction 
body Was obtained. This battery Was evaluated in the same 
manner as in Example 1 With respect to the discharge load 
characteristics, the blister properties of battery, the adhesion 
betWeen separator (porous ?lm) and electrode, and the area 
heat shrinkage factor of separator (porous ?lm). The results 
are shoWn in Table 1. 

EXAMPLE 3 

[0084] The crosslinkable adhesive solution prepared in 
EXample 1 Was uniformly coated on the Whole of a releas 
able ?lm made of a stretched polypropylene ?lm and dried 
at 50° C. for one minute to obtain a releasable ?lm having 
the crosslinkable adhesive uniformly coated on the Whole 
thereof. 

[0085] Immediately thereafter, the coated surface of the 
crosslinkable adhesive of this ?lm Was laminated on each of 
the front and back surfaces of a polyethylene resin-made 
porous ?lm, and the crosslinkable adhesive Was uniformly 
transferred into the Whole of each of the front and back 
surfaces of the polyethylene resin-made porous ?lm and 
placed in a thermostat at 50° C. for 7 days to partially 
crosslink the reactive polymer in the crosslinkable adhesive. 
There Was thus obtained a porous ?lm in Which a partially 
crosslinked adhesive having a gel fraction of 56% Was 
supported on each of the front and back surfaces thereof in 
a supporting ratio of 100%. 

[0086] Using this partially crosslinked adhesive-supported 
porous ?lm, a coin type lithium ion secondary batter having 
a negative electrode/porous ?lm (separator)/positive elec 
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trode junction body Was obtained in the same manner as in 
Example 1. This battery Was evaluated in the same manner 
as in Example 1 With respect to the discharge load charac 
teristics, the blister properties of battery, the adhesion 
betWeen separator (porous ?lm) and electrode, and the area 
heat shrinkage factor of separator (porous ?lm). The results 
are shoWn in Table 1. 

EXAMPLE 4 

[0087] To the reactive polymer solution obtained in Ref 
erence Example 1, a silica sand poWder having a mean 
particle siZe of 12 nm Was added as a ?ller in an amount of 
5 parts by Weight based on 100 parts by Weight of the solids 
of the reactive polymer and uniformly dispersed therein. A 
porous ?lm in Which a partially crosslinked adhesive having 
a gel fraction of 61% Was supported thereon in a supporting 
ratio of 50% Was obtained in the same manner as in Example 
1, except for using the ?ller-compounded reactive polymer 
solution, from Which Was then obtained a coin type lithium 
ion secondary batter having a negative electrode/porous ?lm 
(separator)/positive electrode junction body. This battery 
Was evaluated in the same manner as in Example 1 With 

respect to the discharge load characteristics, the blister 
properties of battery, the adhesion betWeen separator 
(porous ?lm) and electrode, and the area heat shrinkage 
factor of separator (porous ?lm). The results are shoWn in 
Table 1. 

EXAMPLE 5 

[0088] A porous ?lm in Which a partially crosslinked 
adhesive having a gel fraction of 50% Was supported thereon 
in a supporting ratio of 60% Was obtained in the same 
manner as in Example 1, except for using the reactive 
polymer solution prepared in Reference Example 3 in place 
of the reactive polymer solution prepared in Reference 
Example 1. Using this porous ?lm, a coin type lithium ion 
secondary batter having a negative electrode/porous ?lm 
(separator)/positive electrode junction body Was obtained. 
This battery Was evaluated in the same manner as in 

Example 1 With respect to the discharge load characteristics, 
the blister properties of battery, the adhesion betWeen sepa 
rator (porous ?lm) and electrode, and the area heat shrinkage 
factor of separator (porous ?lm). The results are shoWn in 
Table 1. 

EXAMPLE 6 

[0089] To 100 g of the reactive polymer solution prepared 
in Reference Example 3, 0.4 g of the trifunctional isocyanate 
Was added to form a solution of a crosslinkable adhesive. A 
polyethylene resin-made porous ?lm in Which a partially 
crosslinked adhesive having a gel fraction of 37% Was 
supported on each of the front and back surfaces thereof in 
a supporting ratio of 60% Was obtained in the same manner 
as in Example 1. Using this polyethylene resin made porous 
?lm, a coin type lithium ion secondary batter having a 
negative electrode/porous ?lm (separator)/positive electrode 
junction body Was obtained. This battery Was evaluated in 
the same manner as in Example 1 With respect to the 
discharge load characteristics, the blister properties of bat 
tery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 1. 
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EXAMPLE 7 

[0090] To 100 g of the reactive polymer solution prepared 
in Reference Example 3, 4.8 g of the trifunctional isocyanate 
Was added to form a solution of a crosslinkable adhesive. A 
polyethylene resin-made porous ?lm in Which a partially 
crosslinked adhesive having a gel fraction of 85% Was 
supported on each of the front and back surfaces thereof in 
a supporting ratio of 60% Was obtained in the same manner 
as in Example 1. Using this polyethylene resin-made porous 
?lm, a coin type lithium ion secondary batter having a 
negative electrode/porous ?lm (separator)/positive electrode 
junction body Was obtained. This battery Was evaluated in 
the same manner as in Example 1 With respect to the 
discharge load characteristics, the blister properties of bat 
tery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 1. 

EXAMPLE 8 

[0091] Asolution of a crosslinkable adhesive Was obtained 
in the same manner as in Example 1, except for using 100 
g of the reactive polymer solution obtained in Reference 
Example 4 in place of the reactive polymer solution obtained 
in Reference Example 1 and adding thereto 0.4 g of a 
tetrafunctional epoxy compound made of N,N,N‘,N‘-tetra 
glycidyl-m-xylenediamine in place of the trifunctional iso 
cyanate. 

[0092] Using the this crosslinkable adhesive solution, a 
porous ?lm in Which a partially crosslinked adhesive having 
a gel fraction of 52% Was supported thereon in a supporting 
ratio of 60% Was obtained in the same manner as in Example 
1. Using this porous ?lm, a coin type lithium ion secondary 
batter having a negative electrode/porous ?lm (separator)/ 
positive electrode junction body Was obtained. This battery 
Was evaluated in the same manner as in Example 1 With 
respect to the discharge load characteristics, the blister 
properties of battery, the adhesion betWeen separator 
(porous ?lm) and electrode, and the area heat shrinkage 
factor of separator (porous ?lm). The results are shoWn in 
Table 1. 

EXAMPLE 9 

[0093] A porous ?lm in Which a partially crosslinked 
adhesive having a gel fraction of 50% Was supported thereon 
in a supporting ratio of 60% Was obtained in the same 
manner as in Example 1, except for using the reactive 
polymer solution prepared in Reference Example 5 in place 
of the reactive polymer solution prepared in Reference 
Example 1. Using this porous ?lm, a coin type lithium ion 
secondary batter having a negative electrode/porous ?lm 
(separator)/positive electrode junction body Was obtained. 
This battery Was evaluated in the same manner as in 

Example 1 With respect to the discharge load characteristics, 
the blister properties of battery, the adhesion betWeen sepa 
rator (porous ?lm) and electrode, and the area heat shrinkage 
factor of separator (porous ?lm). The results are shoWn in 
Table 2. 

EXAMPLE 10 

[0094] Apolyester adhesive (Vylon 200 manufactured by 
Toyobo Co., Ltd., hydroxyl value: 6 mg KOH/g, glass 
transition temperature: 65° C.) Was dissolved in a mixed 
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solvent of toluene and methyl ethyl ketone so as to have a 
concentration of 25% by Weight, and 0.8 g of the trifunc 
tional isocyanate Was added to 100 g of the resulting solution 
to prepare a crosslinkable adhesive. Using this crosslinkable 
adhesive, a polyethylene resin-made porous ?lm in Which a 
partially crosslinked adhesive having a gel fraction of 54% 
Was supported on each of the front and back surfaces thereof 
in a supporting ratio of 60% Was obtained in the same 
manner as in Example 1. Using this polyethylene resin-made 
porous ?lm, a coin type lithium ion secondary batter having 
a negative electrode/porous ?lm (separator)/positive elec 
trode junction body Was obtained. This battery Was evalu 
ated in the same manner as in Example 1 With respect to the 
discharge load characteristics, the blister properties of bat 
tery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 2. 

EXAMPLE 11 

[0095] To 100 g of the reactive polymer solution obtained 
in Reference Example 6, a silica sand poWder having a mean 
particle siZe of 12 nm Was added as a ?ller in an amount of 
5 parts by Weight based on 100 parts by Weight of the solids 
of the reactive polymer and uniformly dispersed therein. The 
dispersion Was compounded With 0.3 parts by Weight of the 
trifunctional isocyanate to prepare a solution of a crosslink 
able adhesive. 

[0096] This crosslinkable adhesive solution Was coated on 
the Whole of release paper using a Wire bar (Wire diameter: 
0.2 mm) and dried. Using this, the crosslinkable adhesive 
Was transferred onto each of the front and back surfaces of 
a polyethylene resin-made porous ?lm. This porous ?lm Was 
placed in a thermostat at 50° C. for 7 days to obtain a porous 
?lm in Which a partially crosslinked adhesive having a gel 
fraction of 42% Was supported on each of the front and back 
surfaces thereof in a supporting ratio of 100%. This battery 
Was evaluated in the same manner as in Example 1 With 

respect to the discharge load characteristics, the blister 
properties of battery, the adhesion betWeen separator 
(porous ?lm) and electrode, and the area heat shrinkage 
factor of separator (porous ?lm). The results are shoWn in 
Table 2. 

EXAMPLE 12 

[0097] A porous ?lm in Which a partially crosslinked 
adhesive having a gel fraction of 42% Was supported on each 
of the front and back surfaces thereof in a supporting ratio 
of 50% Was obtained in Example 1, except that in Example 
11, the crosslinkable adhesive solution Was coated in a 
ribbed form on each of the front and back surfaces of the 
polyethylene-made porous ?lm using a grooved bar. 

[0098] Using the thus obtained partially crosslinked adhe 
sive-supported polyethylene resin-made porous ?lm, a nega 
tive electrode/separator/positive electrode laminate Was 
obtained in the same manner as in Example 1. Using this 
negative electrode/separator/positive electrode laminate, a 
coin type lithium ion secondary battery Was assembled in the 
same manner as in Example 1. This battery Was evaluated in 
the same manner as in Example 1 With respect to the 
discharge load characteristics, the blister properties of bat 
tery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 2. 
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EXAMPLE 13 

[0099] A porous ?lm in Which a partially crosslinked 
adhesive having a gel fraction of 42% Was supported on each 
of the front and back surfaces thereof in a supporting ratio 
of 50% Was obtained in Example 1, except that in Example 
11, the crosslinkable adhesive solution Was coated in a 
ribbed form on each of the front and back surfaces of the 
polyethylene-made porous ?lm using a grooved bar. On the 
other hand, an electrolyte liquid Was prepared in the same 
manner as in Example 1, except for using 2 parts by Weight 
of diphenylmethane diisocyanate in place of the trifunctional 
isocyanate. 

[0100] A coin type lithium ion secondary battery Was 
assembled in the same manner as in Example 1, except for 
using the foregoing partially crosslinked adhesive-supported 
porous ?lm and the electrolyte liquid. This battery Was 
evaluated in the same manner as in Example 1 With respect 

to the discharge load characteristics, the blister properties of 
battery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 2. 

EXAMPLE 14 

[0101] To the reactive polymer solution obtained in Ref 
erence Example 7, the trifunctional isocyanate Was added in 
an amount of 1.0 part by Weight based on 100 parts of the 
solids of reactive polymer solution, to prepare a solution of 
a crosslinkable adhesive. This crosslinkable adhesive solu 
tion Was coated in a spotted form on a release ?lm made of 
a stretched polypropylene resin ?lm and dried. This Was 
laminated on each of the front and back surfaces of a 
polyethylene resin-made porous ?lm and contact bonded 
thereto under pressure While heating at a temperature of 60° 
C., folloWed by placing in a thermostat at a temperature of 
50° C. for 7 days. There Was thus obtained a porous ?lm 
having a releasable stretched polypropylene ?lm on each of 
the front and back surfaces thereof, in Which a partially 
crosslinked adhesive having a gel fraction of 55% Was 
supported on each of the front and back surfaces thereof in 
a supporting ratio of 60%. 

[0102] After releasing the releasable stretched polypropy 
lene ?lm from the partially crosslinked adhesive-supported 
porous sheet, the positive electrode sheet Was laid on the 
front surface of the resulting partially crosslinked adhesive 
supported porous ?lm, and the negative electrode sheet Was 
also laid on the back surface thereof The assembly Was 
heated and pressuriZed at a temperature of 80° C. under a 
pressure of 5 kg/cm2, thereby contact bonding and tempo 
rarily bonding the positive and negative electrode sheets to 
the porous ?lm to obtain a negative electrode/porous ?lm/ 
positive electrode laminate. 

[0103] Using the thus obtained negative electrode/porous 
?lm/positive electrode laminate, a coin type lithium ion 
secondary battery Was assembled in the same manner as in 
Example 1. This battery Was evaluated in the same manner 
as in Example 1 With respect to the discharge load charac 
teristics, the blister properties of battery, the adhesion 
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between separator (porous ?lm) and electrode, and the area 
heat shrinkage factor of separator (porous ?lm). The results 
are shoWn in Table 2. 

EXAMPLE 15 

[0104] One part by Weight of the triisocyanate and 60 parts 
by Weight of an acrylic modi?ed ?uorocarbon resin varnish 
(Cefral Coat FG730B manufactured by Central Glass Co., 
Ltd., hydroxyl value: 8 mg KOH/g, Weight average molecu 
lar Weight: about 200,000, glass transition temperature of 
coated ?lm: 75° C.) Were dissolved in 20 parts by Weight of 
toluene to prepare a solution of a crosslinkable adhesive. 

[0105] The crosslinkable adhesive solution Was coated in 
a ribbed form on each of the front and back surfaces of a 
polyethylene resin-made porous ?lm, and the resulting 
porous ?lm Was placed in a thermostat at a temperature of 
50° C. for 7 days to obtain a porous ?lm in Which a partially 
crosslinked adhesive having a gel fraction of 40% Was 
supported on each of the front and back surfaces thereof in 
a supporting ratio of 60%. 

[0106] Using the thus obtained partially crosslinked adhe 
sive-supported polyethylene resin-made porous ?lm, a nega 
tive electrode/separator/positive electrode laminate Was 
obtained in the same manner as in Example 1. Using this 
negative electrode/separator/positive electrode laminate, a 
coin type lithium ion secondary battery Was assembled in the 
same manner as in Example 1. This battery Was evaluated in 
the same manner as in Example 1 With respect to the 
discharge load characteristics, the blister properties of bat 
tery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 2. 

EXAMPLE 16 

[0107] A porous ?lm in Which a partially crosslinked 
adhesive having a gel fraction of 17% Was supported on each 
of the front and back surfaces thereof in a supporting ratio 
of 60% Was obtained in the same manner as in Example 1, 
except that in Example 1, a solution of a crosslinkable 
adhesive prepared by adding 0.2 g of the trifunctional 
isocyanate to 100 g of the reactive polymer solution pre 
pared in Reference Example 3 Was used. Using this porous 
?lm, a coin type lithium ion secondary battery having a 
negative electrode/porous ?lm (separator)/positive electrode 
junction body Was obtained. This battery Was evaluated in 
the same manner as in Example 1 With respect to the 
discharge load characteristics, the blister properties of bat 
tery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 2. 

Comparative Example 1 

[0108] In Example 1 the reactive polymer solution 
obtained in Reference Example1 Was used as a solution of 
an adhesive as it Was Without adding the trifunctional 
isocyanate thereto and supported on each of the front and 
back surfaces of a polyethylene resin-made porous ?lm in a 
supporting ratio of 60% in the same manner as in Example 
1. Using the thus obtained adhesive-supported porous ?lm, 
a coin type lithium ion secondary battery having a negative 
electrode/porous ?lm (separator)/positive electrode laminate 
Was obtained in the same manner as in Example 1. This 
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battery Was evaluated in the same manner as in Example 1 

With respect to the discharge load characteristics, the blister 
properties of battery, the adhesion betWeen separator 
(porous ?lm) and electrode, and the area heat shrinkage 
factor of separator (porous ?lm). The results are shoWn in 
Table 3. 

Comparative Example 2 

[0109] In Example 1, a polyethylene resin ?lm not sup 
porting a partially crosslinked adhesive thereon Was used as 
it Was in place of the partially crosslinked adhesive-sup 
ported porous ?lm. That is, the positive electrode sheet Was 
laid on the front surface of the polyethylene resin ?lm, and 
the foregoing negative electrode sheet Was laid on the back 
surface thereof, to form a negative electrode/porous ?lm/ 
positive electrode laminate Without temporarily bonding the 
electrode sheets. 

[0110] This negative electrode/porous ?lm/positive elec 
trode laminate Was charged into a 2016 siZe coin type battery 
can serving both as positive and negative electrodes, and the 
electrolyte liquid Was poured into the coin type battery can, 
folloWed by sealing to prepare a coin type lithium ion 
secondary battery. This battery Was evaluated in the same 
manner as in Example 1 With respect to the discharge load 
characteristics, the blister properties of battery, the adhesion 
betWeen separator (porous ?lm) and electrode, and the area 
heat shrinkage factor of separator (porous ?lm). The results 
are shoWn in Table 3. 

Comparative Example 3 

[0111] A coin type lithium ion secondary battery Was 
prepared in the same manner as in Example 1, except that in 
Example 1, the electrolytic liquid Was used as it Was Without 
dissolving a polyfunctional isocyanate. This battery Was 
evaluated in the same manner as in Example 1 With respect 

to the discharge load characteristics, the blister properties of 
battery, the adhesion betWeen separator (porous ?lm) and 
electrode, and the area heat shrinkage factor of separator 
(porous ?lm). The results are shoWn in Table 3. 

Comparative Example 4 

[0112] A porous ?lm in Which a partially crosslinked 
adhesive having a gel fraction of 3% Was supported thereon 
in a supporting ratio of 60% Was obtained in the same 
manner as in Example 1, except for using a solution of a 
crosslinkable adhesive prepared by adding 0.02 g of the 
trifunctional isocyanate to 100 g of the reactive polymer 
solution prepared in Reference Example 3 in Example 1. 
Using this porous ?lm, a coin type lithium ion secondary 
battery having a negative electrode/porous ?lm (separator)/ 
positive electrode junction body Was obtained. This battery 
Was evaluated in the same manner as in Example 1 With 

respect to the discharge load characteristics, the blister 
properties of battery, the adhesion betWeen separator 
(porous ?lm) and electrode, and the area heat shrinkage 
factor of separator (porous ?lm). The results are shoWn in 
Table 3. 
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TABLE 1 

F amnle 

Partially crosslinked adhesive-supported ?lm 

Tg of reactive polymerl) (O C.) 48 42 48 50 34 34 34 36 
Supporting ratio of adhesive (‘70) 60 60 100 50 60 60 60 60 
Gel fraction of adhesive (%) 56 69 56 61 50 37 85 52 
Amount of polyfunctional compound in reactive 0.8 0.8 0.8 0.8 0.8 0.4 4.8 0.4 
polymerz) (g) 
Battery 

Discharge load characteristics (%) 93 94 90 91 93 91 92 93 
Adhesion o o o o o o o 0 

Heat shrinkage factor of ?lm (‘70) 5 12 0 3 8 12 15 5 
Blister properties No No No No No No No No 

1)Reactive polymer used for preparation of partially crosslinked adhesive 
2)Amount (g) of polyfunctional compound per 100 g of reactive polymer solution used for preparation of 
partially crosslinked adhesive 

[0113] 

TABLE 2 

F amnle 

9 10 11 12 133) 14 15 16 

Partially crosslinked adhesive-supported ?lm 

Tg of reactive polymerl) (0 C.) 36 65 —13 —13 —13 5 75 34 
Supporting ratio of adhesive (‘70) 60 60 100 50 50 60 60 60 
Gel fraction of adhesive (%) 50 54 42 42 42 55 40 17 
Amount of polyfunctional compound in reactive 0.8 0.8 0.3 0.3 0.3 1.0 1.04) 0.2 
polymerz) (g) 
Battery 

Discharge load characteristics (%) 91 90 91 95 92 93 90 92 
Adhesion o o o o o o o 0 

Heat shrinkage factor of ?lm (‘70) 11 7 5 8 10 6 12 18 
Blister properties No No No No No No No No 

1)Reactive polymer used for preparation of partially crosslinked adhesive 
2)Amount (g) of polyfunctional compound per 100 g of reactive polymer solution used for preparation of 
partially crosslinked adhesive 

n e ectro te i ui avin 1 en met ane iisoc anate ast e o nctiona com oun isso ve )A l ly l'q 'dh ' gd'ph yl h d" y h p lyfu ' l p dd' 1 d 
therein Was used. 
4)Amount (g) of polyfunctional compound per 80 g of polymer solution made of 60 parts by Weight of 
acrylic modi?ed ?uorocarbon resin varnish and 20 parts by Weight of toluene 

[0114] 
TABLE 3-continued 

TABLE 3 
Comparative Example 

Comparative Example 3 
1 2 3 > 4 

3 
1 2 3 ) 4 Heat shrinkage factor of ?lm (%) 57 60 26 58 

Blister properties Yes Yes Yes Yes 
Partially crosslinked adhesive-supported ?lm 

1) Reactive polymer used for preparation of partially crosslinked adhesive 
Tg of reactive polymer 1)(° C). 48 — 48 34 2) Amount (g) of polyfunctional compound per 100 g of reactive polymer 
Supporting ratio Of adhesive ((70) 60 _ 60 60 gplxtion used for preparation _of partially crosslinked adhesive 
Gel fraction of adhesive ((70) O _ 56 3 n electrolyte liquid containing no polyfunctional compound Was used. 

Amount of polyfunctional compound in 0 — 0.8 0.02 
reactive polymer 2)@ [0115] The partially crosslinked adhesive-supported 
Battery porous ?lm for battery separator according to the invention 
— is one comprising a porous ?lm substrate having supported 
Discharge load characteristics (%) 85 95 90 93 thereon a partially crosslinked adhesive that is partially 
Adhesion X X X X crosslinked by preparing a reactive polymer having a func 

tional group in the molecule and capable of being 
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crosslinked upon reaction With a polyfunctional compound 
having reactivity With the functional group and then reacting 
the reactive polymer With a polyfunctional compound. 

[0116] Accordingly, by laying an electrode on such a 
porous ?lm and preferably upon heating under pressure, it is 
possible to easily temporarily bond the electrode to the 
porous ?lm. Thus, in producing a battery, it is possible to use 
the thus formed porous ?lm as an electrode/porous ?lm 
(separator) laminate Without causing slip movement 
betWeen the electrode and the porous ?lm (separator), and 
batteries can be produced With good ef?ciency. 

[0117] Further, even When such a laminate is charged in a 
battery container, and an electrolyte liquid is poured into the 
battery container, temporary bonding betWeen the electrode 
and the porous ?lm (separator) is kept, and the reactive 
polymer in the partially crosslinked adhesive is partially 
crosslinked. Accordingly, dissolution of the reactive poly 
mer into the electrolyte liquid is prevented or reduced, and 
in producing a battery, the reactive polymer in the partially 
crosslinked adhesive is further crosslinked, thereby forming 
an electrode/separator junction body in Which the electrode 
is ?rmly and stably bonded to the porous ?lm (separator) 
With good adhesiveness. 

[0118] Thus, in the battery obtained according to the 
invention, blister does not occur, and temperature rise of the 
battery caused by heat generation during abnormal short 
circuit can be suppressed. Moreover, in the electrode/sepa 
rator junction body, even When the battery is placed at high 
temperatures, the separator made of the porous ?lm is loW 
in heat shrinkage factor and hence, can contribute to safety 
of the battery at high temperatures. 

What is claimed is: 
1. Apartially crosslinked adhesive-supported porous ?lm 

for battery separator, comprising a porous ?lm substrate 
having supported thereon a partially crosslinked adhesive 
that is partially crosslinked by preparing a reactive polymer 
having a functional group in the molecule and capable of 
being crosslinked upon reaction With a polyfunctional com 
pound having reactivity With the functional group and then 
reacting the reactive polymer With a polyfunctional com 
pound. 

2. The partially crosslinked adhesive-supported porous 
?lm as claimed in claim 1, Wherein the partially crosslinked 
adhesive is partially crosslinked by reacting a reactive 
polymer having an active hydrogen-containing functional 
group With a polyfunctional isocyanate compound. 

3. The partially crosslinked adhesive-supported porous 
?lm as claimed in claim 1, Wherein the partially crosslinked 
adhesive is partially crosslinked by reacting a reactive 
polymer having an active hydrogen-containing functional 
group With a polyfunctional epoXy compound. 

4. The partially crosslinked adhesive-supported porous 
?lm as claimed in claim 2, Wherein the active hydrogen 
containing functional group is a hydroXyl group, a carboXyl 
group, or an amino group. 

5. The partially crosslinked adhesive-supported porous 
?lm as claimed in claim 3, Wherein the active hydrogen 
containing functional group is a hydroXyl group, a carboXyl 
group, or an amino group. 
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6. The partially crosslinked adhesive-supported porous 
?lm as claimed in claim 1, Wherein the partially crosslinked 
adhesive has a gel fraction in the range of from 5 to 99%. 

7. The partially crosslinked adhesive-supported porous 
?lm as claimed in claim 1, Wherein the partially crosslinked 
adhesive is supported on the porous ?lm substrate at a 
supporting ratio in the range of from 5 to 95%. 

8. The partially crosslinked adhesive-supported porous 
?lm as claimed in any one of claims 1 to 4, Wherein the 

reactive polymer has a glass transition temperature of from 
—30° C. to 100° C. 

9. An electrode/porous ?lm laminate comprising the par 
tially crosslinked adhesive-supported porous ?lm as claimed 
in any one of claims 1-7 and an electrode laminated thereon 

and contact bonded thereto. 

10. An electrode/porous ?lm junction body, prepared by 
further crosslinking the partially crosslinked adhesive in the 
electrode/porous ?lm laminate as claimed in claim 9 upon 
reaction of the unreacted functional group in the reactive 
polymer and the polyfunctional compound and bonding an 
electrode to the porous ?lm. 

11. The electrode/porous ?lm junction body as claimed in 
claim 10, Wherein the porous ?lm has an area heat shrinkage 
factor of 20% or less after heating at 150° C. for one hour. 

12. A process of producing a battery, Which comprises 
supporting a porous ?lm substrate With a partially 
crosslinked adhesive that is partially crosslinked by prepar 
ing a reactive polymer having a functional group in the 
molecule and capable of being crosslinked upon reaction 
With a polyfunctional compound having reactivity With the 
functional group and then reacting the reactive polymer With 
a polyfunctional compound; laminating and contact bonding 
an electrode on the thus obtained partially crosslinked 

adhesive-supported porous ?lm to form an electrode/porous 
?lm laminate; and after charging the electrode/porous ?lm 
laminate into a battery container, pouring an electrolyte 
liquid containing the polyfunctional compound into the 
battery container and heating it to react the unreacted 
functional group in the reactive polymer With the polyfunc 
tional compound, thereby further crosslinking the partially 
crosslinked adhesive supported on the porous ?lm and 
bonding the electrode to the porous ?lm to form an elec 
trode/porous ?lm junction body and obtain a battery having 
as a separator the porous ?lm in the electrode/porous ?lm 
junction body. 

13. A battery having as an electrode/separator junction 
body an electrode/porous ?lm junction body having an 
electrode bonded to a porous ?lm With an adhesive that is 
obtained by preparing a reactive polymer having a func 
tional group in the molecule and capable of being 
crosslinked upon reaction With a polyfunctional compound 
having reactivity With the functional group and then reacting 
the reactive polymer With a polyfunctional compound. 


