'DESCRI PTI ON CATI ON EXCHANGE MEMBRANE, ELECTROLYSI S VESSEL USI NG THE SAME
AND METHOD FOR PRODUCI NG CATI ON EXCHANGE MEMBRANE Techni cal Field [0001]
The present invention relates to a cation exchange nmenbrane, an

el ectrolysis vessel using the sane and a nethod for producing the cation
exchange nmenbrane. Background Art [0002] A fluorine-containing ion
exchange nenbrane is excellent in e.g., heat resistance and chem cal

resi stance. Therefore, the fluorine-containing i on exchange nenbrane has
been used not only as a cation ex%%%%@”?@@ﬁ’r ane for alkali chloride

el ectrolysis for producing chlorine and an al kali but also a diaphragm for
generating ozone, a fuel cell, wde variety of diaphragns for electrolysis
such as wat eCAFIGNIEXCHANSEREMIMEIARE NECE C R VG IS haidm! g%'gﬁc; fhgthem the
menbrane for use in alkali chloride electrolysis is demanded to; ag.,

i ncrease cur BANE efANZi MEVHOD viFOR of PRODUMKNGYI CATIORJUERCEI/@REE Oi YSi S
voltage in vjew of economc efficiency and reduce the concentration of

sodi um chl orwaw\ﬂ’éusti c soda in view of quality of a product. 100031

O these demands, in order to increase current efficiency, an ion exchange
menbrane forned of at least two layers, i.e., a carboxylic acid |ayer using
a carboxyli cragint0ERup having high anion elimnation property as an

i on- exchange group and a sulfonic acid |layer using a | ow resistant sul fonic
acid group a®oaf] i on-exchange group, is generally used. Since these ion
exchange nmenbranes are brought into direct contact with chlorine and
caustic soda of flhgmredEnt mvedirdwatesytcem caticrodrchbygs menpesad,iaan, a
fluorine- bas(gd F(ﬂésyner havi ng extremely high chem cal resistance is used as
a material fYPCHAES ¥epsekusinniie srsndantha melbow s produsing the cetiwhange

menbr ane for | uori ne- based pol yner al one does not have
sufficient n%@ﬂgﬁé%g‘éﬁ&@ gth. Therefore, the nenbrane is reinforced, for
exanpl e, by enbeddi ng a woven fabric contai ned of pol ytetrafl uoroethyl ene
(PTFE) in the nenbrane, as a reinforcing core material. [0004] For
exanpl e, PatRBadkgRamdnaht 1 proposes a fluorine-based cation exchange
menbrane for el ectrolysis conposed of a first layer, which is fornmed of a
fluorine- basieao%lol ynmer film having a cation-exchange group and reinforced

with the woven f&q ic, and a.second |ayer, which is fornmed of a fluorine
based pol ymer ha{iHgTae-Ccaptaing or exehanas Bembeane ipsxseliephia® enheate cat hode

A%ed polym / HOR) o gt thode
from the f1rererhogent shairel kERES. "I er R BB rr i onor the.
porous base dxahaiigenehbra/RisasbeM idbathot 8l dith Lk exBhatdie [ uor i ne-based

pol ymer having the cation exchange group sOo as to integrate into the first

| ayer and t anérobranetfer aikalivetariodzosiecteysiafod peodiiciny dHGirelHeaealrape of the
porous base material on the anode side surface. [00051 Patent Docunent 1:
Japanese Pathelsagippiepior generaiunoame, 4 fisdsohevisanatety obf the | nvention

diaphragms for electrolysis such as water electrolysis and hydrochloric acid
elecirolysis.  Of them, the membrane for use in alkali chloride electrolysis is
demanded to, e.g., increase current efficiency in view of productivity, reduce
elecirolysis voltage in view of economic efficiency and reduce the
concentration of sodium chloride in caustic soda i view of guality of a
product.

{0003]



Probl enms to be Sol ved by the Invention [0006] However, the
reinforcing core material acts as a blocking naterial for a cation such as
al kali ion when flowing fromthe anode side to the cathode side within the
menbr ane thereby preventing the cation fromflowi ng fromthe anode side to
t he cathode side snoothly. To solve this phenonenon, a hole (hereinafter,
referred to as an "elution hole") is fornmed in the cation exchange nenbrane
for ensuring a flow channel for e.g., a cation and an electrol yte and used
as an el ectrol yt Ofthese demmands, in ondet toi iscreasmewrent gficianertan ipal resi st ance

of the cation exchange nenbrane | ected to be reduced. However, the
strength of FH@‘%‘QW@W@%B%&?{@@%?ﬁgfé%ﬁfemiogawé&u&eoa Wg?’FYéCSP sence of the
el ution hol e J.cul 1 ; ; i menbr ane
s mount ed ¢ SYERUEME ARyl Aid Bup YRR oD fiAleBh BEHRADES e change
nenbrane is %ﬁﬁdﬁ-@ﬁbhah?@f}f@bie@ﬂ LXMHIARARIARYET @y & MvilFestharadsnit her eby
generating a problemo i kel y devel oping a pinhole fromthe el ution hole.

I n the cati oncidxgrhangeamembnahengh golpsisgenerabatsed. [Riccentese ion t he

reinforcing core material projects fromthe cation exchange nenbrane.
Theref ore, wR¥HaNEE MeipbigReerieHyadeht itaskrastecantass with shissite #pdel ect rode or

coveri ng ¢ heor@tieat hiopaPds et it AS ofslpuaRaheaiRg s ALOTnE nf or i ng
core Mt er | abads SNARSEH I RELAEFR ERUSLARAARIAHETR flod 85500 o

function as a reinforcin tron, when the cation
exchange nenfatde)l iod iR eRehdriyetiiemsteet 1 elowelsr, wesislextBaryer f or m

el ectrolysis, reduction in voltage (electrolysis voltage) required for

el ect r ol ysi smembdamaiodedd offsuahemfliarimetiivised polyenar aldrendaesatohhges menbr ane has
desirably |l ow resistance, Furthernore, the cation exchange nenbrane capable

of deliveri nipfutiam reeesiet grsndte plierefprmhemesiorang isngintarerd. fer desired.

g? g(r)g]rre nti on%@%ﬁ?'ﬁ?ﬁ%ﬁ%@é@gl oiv(fgé] fagje}f?aq%ﬁ'?%%%%fpoi(gﬁe%@\gﬁ(%%@t@%ﬂee i nvention
is to provi d@rswg;q{{;@r}n%g%@ﬂgs ??E@f@gg? R Rgtedixcel I ent mechani cal

strength agai nst ‘folding or t ivering stable electrolytic
performance f0064ja | ong tine, an electrolysis vessel using the cation
exchange nmenbrane and a nethod for producing the cation exchange nenbrane.
Means for Sol vi nforf BxarmplebPairnt Poogagnt 1 proposesea fluainerhasedweationr s have nmade
i ntensive studies with the view for attaini nggiggéf af orenenti oned obj ects.

As a resul t,®{neyds el & SSHelyasgmege st laysh Wach st ained by a
cation eXChafﬂgﬁ%dgﬁf@ﬁ%}ﬁwet@a@eﬁiﬁﬁ%éﬁ tr}?gwgg&? t%ﬂ%é%ﬂ%é(ﬁ@#&%ﬁ'a gny a

fluorine-base yner havitg -exchal group—an nmor e
rei nforci ng \eRfGcBRWRR RS Wodsh ARGEdarRPRE8XdHiBbFd Y whizhR@fcdnk8lor Wi t hin the
menbrane body, in which the nmenbrane y has”two or nore elution holes

formed bet wadkierihdeasad pblomer havicy aeanmnixglid atid gasljppmehpodittonedan théher, and
assum ng that a distance between the reinforcing core materials adjacent to
each ot her icgtfrasiersidasin whichy: 142 obihgitbickimese d et eews bare nelenkbisci ng core
materials and the elutjon holes adjacent tg each other |s represented by b;
2 di stance BEVIREEH TERe G TUF iBYeT OWBIEEC AaPaE SR Y REERtict Rt of G

represent ed bygi, and sklif%{;gf‘%ggj%&e{% v&i{i‘ﬁa 8&--91\1'93{%#2;%'1“ 8% fQl{Rd, hefween t he

reinforcing core nmateria acent éach i's represented by n, then

a, b, c, andohrsatishyiing caispegifd g rehat iopale RXRresshen @ present.
Based on this, the present invention has been acconplished. [OM 0]
fayer and to form the convexo-concaves along with the surface shape of the

porous base materiai on the anode side surface.

[0005]



More specifically, the present invention is as follows. [1] A cation
exchange nenbrane at |east conpri sing: a nenbrane body containing a
fl uori ne-based pol yner having an ion-exchange group; and two or nore
reinforcing core materials_ arranged approximately in parallel within the
menbr ane body, wherein the nmenbrane body is provided with two or nore
elution holes forned between the reinforcing core materials adjacent to
each ot her, and assum ng that a di stance between the reinforcing core
mat eri al s adPaeshbocumentch JapdneseiRaterd dypplieativad.ain Oaen Hodid 108688 bet ween
the reinforcing core materials and the elution holes adjacent to each other
is represented by b, a distance between the elution holes adjacent to each

other is rep t he nunber of the elution holes forned
bet ween t he ?’gﬁ‘ﬁ%‘fg’i‘ﬁé 1@53?@8 terials adjacent to each other is

represented ppplbmd R85 Solvbd b theARdemtiorat i sfying the relationship
represented by the follow ng expression (1) or expression (2) are at | east

present. al (jo80$] .. (1) c > al(n+l)... (2) [2] The cation exchange
menbrane according to [1], wherein a, ¢, and n further satisfy the
relationship rep ek thaieinfagingotdre wateyiab rpiseasst blackiay mader@hfqrat1) ¢

0.9a/ (n+1)... (3) [3] The.cat] ch b dipg to [1
2 e o réafonisuch ah akaf igr e SSH RGP HE OPGCIS SR DoT Bitegent ed by
e N s e oo T
satisfy the gejdetdi@nehthe chORESSRAISSbAMy! Neo EONE BV PleRIRERTShibd 5) . 1. 1

a/(n+l) c¢c 0.8a... (5) [5] The cation exchange nenbrane according to any

one of [1] tibefddafter, referred to as an "elution hole") is formed in the cation exchange
membrane for ensuring a flow channel for e.g., a cation and an electrolyte
and used as an electrolyte flow channel. In this manner, the electrical
resistance of the cation exchange membrane is expected to be reduced.
However, the strength of the cation exchange membrane is reduced by the
presence of the elution hole. Particularly, in the case where the cation
exchange membrane is mounted fo an electrolysis vessel and the case
where the cation exchange membrane is carried, the cation exchange
membrane folds or bends thereby generating a problem of likely developing a
pinhole from the elution hole. In the cation exchange membrane disclosed
in Patent Document 1, the reinforcing core material projects from the cation
exchange membrane. Therefore, when the cation exchange membrane
rubs against an slectrode or the like due to e.g., vibration within an
electrolysis vessel, a resin covering the reinforcing core material is pealed off
and the reinforcing core material is exposed therefrom, causing a problem of
losing the function as & reinforcing member.

[Q007]



wher ein a first interval between the reinforcing core materials in
which a, b, ¢, and n satisfy the relationship represented by the expression
(1), and a second interval between the reinforcing core nmaterials in
which a, b, ¢, and n satisfy the relationship represented by the expression
(2) are alternately present. {6lhe catione ..e me rn brane according to
[5]; wherein inthe first interval between the reinforcing core
materials, a, 13, urther, satisfy the relationships represented by

G,.and n f _
the fol | owi ng ex;JP@é’Qi%BH- Vagn hisFating exdlangqimgnRpe dswenter 49 theand
in the second;d val i,nforcin r terials, .a, b, ¢, and
n further sa'(té {éscp gﬁ%lﬁge?%ng\ﬁgﬁ%rh{]%eétgdaﬁé%é%{j%c%oﬁgi}\ F?%{é];agfag?lfegwﬁ%ds expr essi on
(5). 0.2al(nvdlage) Rl idlblectrolfs® is ¥efiddd <PTd r@td s kn 1.1
a/ (n+l) c 0. 8a. .g.é)(S [ 7] Th(g3 ré)a){si;%lﬁ gxchange msFrbr ane %cc%?%flfoﬁ‘)g to [5] or
[6], wher ei nexttene msgmbnane haalkdebietbyelow rebigtanetnf Buthargoegties oaticer i al s
satisfying the rel ationship represented by the follow ng expression (6) and
the second i RXE1BPAE bunkiaan ceprble of delyednd gtablsr decteniicinsiforsandssioyi ng t he
rel ati onship_represented.by the follow ng expression (7) are alternately
present . n:Z?i%rP%t?rﬁ?és.&s’r?é‘) n=2, ¢ > al3.., (7) [8] The cation exchange
menbr ane aCCRTO@BPQ to any one of [5] to [7], wherein the first interval
between the reinforcing core nmaterials satisfying the relationship

represented by t el obsair@nBnPhasbedma8e irRewldttheaBRIMkritidheg val bet ween
the reinforcing core materials satisfying the relationship represented by

t he fol | owi ngraxmtaysisonit (0 mairobjktioftiat plegeptriesation inErodid2a/ 3 ¢ 0. 9a/ 3,
a/l3 <b 1.8al3,.. &‘2 )

cation exchange membrane having excellent mechanical strength against

folding or the like, delivering stable electrolytic performance for a long time,

an electrolysis vessel using the cation exchange membrane and a method for

producing the cation exchange membrane.

Means for Solving the Problems
[0009]

The present inventors have made intensive studies with the view for
attaining the aforementioned objects.  As a result, they found that
aforementioned objects can be attained by a cation exchange membrane
having at least a membrane body containing a fluorine-based polymer having
an jon-exchange group and two or more reinforcing core materials arranged
approximately in paralfe! within the membrane body, i which the mermbrane
hody has two of more elution holes formed between the reinforcing core
materials adjacent to each other, and assuming that & distance between the
reinforcing core materials adjacent to each other is represented by a; a
distance between the reinforcing core materials and the elution holes

adjacent to each other is represented by b; a distance between the elution



n=2, | la/3 ci 0.8 (9) The cation exchange nmenbrane accordi ng towherein a,
b, ¢, and n satistying the relationship represented by the above expression
(1) or the above expression (2) are at |least present in a MD direction and
in a TD direction of the cation exchange nenbrane. [ 10] The cation
exchange nmenbrane according to [6], wherein the first interval between the
reinforcing core materials satisfying the relationships represented by the
expression (3) and the expression (4) or the second interval between the

reinforcing ¢l adiacent taleach athesfs ientesentedriy cirindikhngnbeipideent ed by the
The cat on eSeHaRGBIRIRRed e Y REEREAIS R Bn TS e on
exchange menmbgang ref»%@.gﬁ‘egi'ﬂﬂ'ﬂ],ttﬁ@l SUERSaf 1 satist in%%gs%}él:i'ﬂg &4y more

reinforcing core materials, "a'sacrifice yarn sofu nan acid or an

al kal i, and axphessivn ¥as presentubBasédomti, efepREBhIAtkiBh WaBbebR Which the
reinforcing core materials and the sacrifice yarn are insoluble, to obtain

a reinforci ngcemoplished. having the sacrifice yarn and the dumy yarn
arranged between the reinforcing core nmaterials adjacent to each other;
soaki ng the F&18} or ci ng material in the predeterm ned solvent to renove the

dummy yarn fromthe reinforci material ;.. . acking the reinforcing
mat erial from whi %retﬁggmhaﬂﬁypl\%frrﬁseiné|r}vg%%|a aérféﬁ%i"sﬂ uori ne- based pol yner
havi ng an i on-exchange group or an ion-exchange group precursor which can

be converted into the ion-exchange group by hydrolysis, to forma nmenbrane

body havi ng fhe reidndaionierghdviRfeanémbianand least compSaddi ng the sacrifice yarn
in an acid or an alkali to renove the sacrtfice yarn fromthe nenbrane

body, thereby fornagbnediaglyiconidinihgaiflnotimebasatpayreebioalyng atf b} An
el ectrolysis vessel at | ea(it conprising: an anode; a cathode; and the
cation exchaﬂ’écg‘aﬁ‘é‘?rﬁF%ﬁea% cording to any one of [1] to [10] arranged

(o011 Accors SR BRI RARIAR AR R SREORRBALIE 15" brovi de
the cation exshad9BthFERRMARLARYIDREyexcel | ent mechani cal strength agai nst
folding, etc. and capable of delivering stable electrolytic performance for
a long tine, andwheeimticiaeniboinedisaijus prayidduewigiatwoosr rexsehsingm meedr ane.
formed between the reinforcing core materials adjacent to each other, and
assuming that a distance between the reinforcing core materials
adjacent fo each other is represented by a, a distance between the
reinforcing core materials and the elution holes adjacent to each other is
represented by b, a distance between the elution holes adjacent {o each
other is represented by ¢, and the number of the elution holes formed
between the reinforcing core materials adjacent to each other is represented
by i, then a, b, ¢, and n satisfying the relationship represented by the
following expression (1) or expression (2) are at least prasent,
b al(nd 1), (1)
¢ = aln+tl)... (2)



Brief Description of Drawi ngs [0012] Figure 1 shows a sectional side
view of the first enbodi mnent of the cation exchange nenbrane according to

t he present enbodi nent. Figure 2 shows a conceptual diagram of the
first enbodi ment of the cation exchange nenbrane according to the present
enbodi nment Figure 3 shows a conceptual diagramof the second

enbodi nent of the cation exchange nenbrane according to the present

enbodi nment . Fi gg_ure 4 shows a conceptual diagramof the third

enbodi nent  of?lt helhea3at8R e¥ghagsdRenpie Acec i wdr di nyhewin A, ghddent

enbodi nent . Fi. e 5 sho a conc ual diagram of the urth

enbodi ment ¢ uies s BlsTrE R EreESSRRE g WEMAT Shetdh Whbodi men
Figure 5 shows a §#. ual - di am ofyyvthe fifth enbodi nent of the cation
exchange nenbr ane&aéggﬁﬁzf“?g" tg'gggﬁemﬁ'r@ent enbodi nent . Figure 7 shows
a conceptual diagramfor illustrating an exanple of the producing nethod
according to the present enbodi nent. Figure 8 shows a conceptual

di agr am of al3at i e @ichangwmngerberbeanpraepaiding toh1]RdApwberedma, IlConpar at i ve
Exanpl es. Figure 9 shows conceptual diagram of another cation
exchange nenﬁ?%ﬁég%PeéﬁéP%tﬁ%f IPRPIB SERIRBEITH é%ﬁﬁ%w'@MW%%*P“

Figure 10 shﬁ‘v/s a conceptual diagramof the electrolysis vessel according
to the present” enmbodi nent. Moddes for Carrying Qut the Invention 10013]

al(n+1) < b < 1.8a/(n+1)... (4)

4]  The cation exchange membrane according to [1] or {3], wherein &, ¢,
and n further satisfy the relationship represented by the following expression
(5).

1.1a/{n+1) <c <0.8a... (5)

[8]  The cation exchange membrane according {o any one of [1] to [4],
wherein

a first interval between the reinforcing core materials in which a, b, ¢,
and n satisfy the relationship represented by the expression (1), and

a second interval between the reinforcing core materials in which a, b,
¢, and n satisfy the relationship represented by the expression (2) are

aiternately present.

5] The cation exchange membrane according (o [3], wherein
i the first intervad between the reinforcing core materals, a, b, ¢, and n
further satisfy the relationships represented by the following expression (3)

and the following expression (4), and



Hereinafter, the best node for carrying out the present invention
(hereinafter referred to as "the present enbodinent”) wll be nore
specifically described. Note that, the present invention is not limted to
t he present enbodi ments bel.ow and can be nodified in various ways within

t he scope thereof and carried out. Note that, in the draw ngs, the
positional relationship such as right - left or up - down, is based on the
posi tional relationship shown in the drawi ngs unl ess ot herw se specified.
Furthernore, the 'ai%ﬁgﬁf%'ﬁamfew&é petwsen dhej rediPriing eorpsiateials e d, co t hat

shown in the draw <Cat i on. exchange rane>. Fig. 1is a
sectional si gd\?wg\avﬁ rféaglgff%'ﬂ)%fe%W(?giprfnge%ﬁteg%&qg%ﬁ%wr@mé?ﬁ@%nbr ane
according toje present enbodiment. Fig. 2 is a conceptual diagramof a
first enbodi ment of the cation exchange nenbrane according to the present
embodi ment. A catd.pav(exighange. garRkranNe)l is a cation exchange nenbrane at

| east conprising: a nenbrane body 14 containing a fluorine-based pol yner
hayi ng an i on- exc¥émde <drodBa/ant).t W or nore reinforcing core materials 10
arranged appr oxi rtfaie/l in parallel wthin the nenbrane body 14. The

menbr ane body 14 |- aﬁ%/*'c?\}igdé%le\ﬂat-h(ﬁ)v\o or nore elution holes 12 forned
between the reinforcing core materials 10 adjacent to each other. In
addition, assuming that a distance between the reinforcing core materials
10 adj acent eaft @tbBlexk ' n the

rei nforcing !:Tgre material s ﬁaoﬁ%ﬂg&?ﬁ%%u#yﬁn%%lIggértl[gpg\gﬁegl%ﬁeﬁf&t 0 each
other is repfissanered tppwben thedicbf@bing cos maenialsheatiefyirig the rlali@sshi? adj acent
to each other is represented by c, and the nunber of the elution holes 12
fornmed bet we&iPresratedbnifsrioliongng exerensive (§)ars the saepritiatarval betesdn ot her is
represented n .then a Db, c, and p.satisfying the relationship

r epr esent ed [EIOreg ol H@tf‘éi?bw%@ﬂm ?)VE%F'O&WM?W“@Z'?V@% at | east
present. b > £1) e ) [0015] The menbr ane
body 14 has gﬁ%’ﬁ'gﬁxgﬁesgﬁ(gfgr?t%&'ﬁ%}é%é)sf%?éﬁg a cation and contains a

fl uorine-based pal=pner. a/Fhgeirenbrane body 14 preferably has at least a
sulfonic acid | ayer 142 having a sulfonic acid group as the ion-exchange
group and a carboweyl ce @8i.d7) ayer 144 having a carboxylic acid group as the
i on- exchange group. Cenerally, the cation exchange nenbrane 1 is used such
that the sulfonic acid layer 142 is positioned on the anode side (a) of the

el ectrol ysi s;pyessel. and the carboxylic acid |layer 144 i sitioned on the
cat hode si de[syi i i%gfcalﬂﬂ%eé? PdF L@%&%@i@m @Wlﬂ"@dﬁi@qaﬁld | ayer 142
is fornmed ofyge |l s2Gt; ksl Bl e | : has a
large film tvr\{i crll?ﬁ‘gshg f?ﬁ 1r5/ﬂleféif\%ll g% mﬁ%ﬁ%ﬁ%ﬂfgﬁ@%@.h nﬂ%ﬂ@%?éﬁ%@ﬁ# %@(eyl ic acid
llayer 144 predatioabhip réeesentbll 9 taniolowRlg dXpRetisicepaad e secargn i f the film
thickness is low. By containing the carboxylic acid | ayer 144 as nenti oned
above, sel ecihfaie! petwestbiheireipforting comt ineterialsclatiofying thedélatioriship can be

further inproved. The nembrane body 14 is satisfactory as long as it has
a function OFPESCEad RIthe follovdngexiraesientd) @re allernatsht @iesenta 1 uori ne- based

polymer, and the structure thereof is naot esgarily limted to the

af or ement i oned SPF%t¢g@éfg%ﬁ ‘%ggﬂwbéﬂ?éﬂigﬁgnﬂﬁgtion property” used herein
refers to a propgggy1@gﬁﬁgqup$ig%)invasion or perneation of an anion into
t he cation exchange nenbrane. [0016) The fluorine-based pol yner used
in the nenbrane body 14 may include a fluorine-based pol ymer having an

i on- exchange rogP or an ion-exchange group precursor which can be

convert ed idﬁg an i ontiexehdngee group by shydriokyisil §, wherared, infc, and | uori nat ed
hydrocarbon as a _nmain chain with a functional group capable of converting

into an i on-"EXRAUSHAYLINGERIOBSIe Fepreseyen by §i& @Poyve expssA{) 81 e chai n and
to which | I ILS..appki. le. Ar | e.of t hod f
2 ShEN T R SSEaRLD BB S TS TS

direction of the cation exchange membrane.



[ 0017] The fluorine-based pol yner can be produced by, for exanple,
copol yneri zation of at |east one nononer selected fromthe followng first
group and at | east one nononer selected fromthe followi ng second group
and/or the followng third group, or alternatively produced by
honmopol ynmeri zati on of one nononer sel ected fromany one of the foll ow ng
first group, second group and third group. [0018] | He first group
nmononer may include, tor exanple, a vinyl fluoride, conpound. Exanples of
the vinyl fluoride conmpound rosy include vinyl fluoride,

tetrafl uoroe I fl e iyl f | i

trifluoroet h@@ngﬂ%c e{l@f%xﬁfﬁq%ﬁrﬁé’@%a&%ﬁagg&% fBﬂSFﬁ’&‘SF%‘?QW%W nyl et her).
Par ti cul arly jntbival RAWEES theYaRHGcing RofdinaRNNaBXEIBNAR tABTORANRKbsaccording to
t he present enbodiment is used as a nenbrane for "al’kali electrolysis, a

per fl uor o nomepreseritsd py éfecadodasiors@d aas tHehexprégiydn @) vothedcomdrpound. For
exanpl e, a perfluoro nononer selected fromthe group consisting of

t et r af | uor oelfigivahetwpen e reiferping ppremetedals ssdisfvingdhe (elptignshimyl et her) i s
preferable. [0019 The second. group .nopo ray.. i nclude, for

exanpl e, a V;W?S%B‘?ﬂ)%m Wﬁ?ﬁ)na@? ﬁﬁﬁ??‘g‘ﬂm P@ﬁé;&?ﬁlﬁb‘ﬁbﬁ"ﬁ'&fih‘éonverti ng
into a car bo;i-g)l :ﬂfécﬁ&r\ gfiﬂ%%ﬁf? ﬁgﬂ@ﬂééﬂnﬁe‘?ﬂ@rﬁhg type ion-exchange group). The
vi nyl conpoun aving a unc(t)l ona roup capabl e of converting into a
carboxylic acid group (carboxylic acid type ion-exchange group) may

i nclude, for exanple, a nonomer represented by

CF2=CF( OCF2ClVFR} 8-A0(meitiext foODORuing éreecation exebampemesibaand, ooegdsingf 0 to 2, t
represents an integer of 1 to 12, Y and Z each independently represent F or
CF3 and R refecsd@tef a | ower al kyl group) and the Iike. Of these, a

d d. by, CF2=CF( OCF2CYF) n- O( CF2). IS, f bl e, wh
Fepresent s an' | mUSGHCHOET 008 TETaN GOBTBCUAS ACYTIFRORM (o 4 v o
ropr esent s Fodiin G aARElIR AIIC BhS 2 il 74 I ZprcBichfdear 1V, when

t he cati on exchange nenbrane according to e present e is used as

a cation exchsivge ineflzhane rdisforamdedre redtegals ahy shesadiifick gagitara perfluoro
conpound is preferably used as a nononer. However, since the al kyl group

(see the af oiheplghlei tnedaiR)a winfelsingeveierialgraying the seerifiveqeint potrtltehe pol yner
at the time of hydrolysis, the al k¥l graoup. (R) may not be a perfl uotual kyl
group wher e SHMMYYAFbAERNa‘RRIvERR RETPCOCPrMateralyadipprnt i@ ons.  Of
these, for e t .the nmononers shown bel ow are nore preferable;
CF2=CFQOCF2 CF2c000! - 13, CF2=CFOCF2CF( CF3) 0( CF2) 2COOCH3,

CF2=CF[ OCF2CF( CF = 0CH3,
Gro=Gro( G 2) 200 S B oy LR S Baoy s soRghE 2 =3 o oup

mononer may rentivedies dimmyeysaniilom tha rginfurting emgtetiid havi ng a functi onal
group capable of converting into a sulfonic acid group (sulfone type
i on- exchange gr oéfsickingdhe ranferaing metarigblion whioh the durmmiyeimoiaal gr oup

capabl e of converting into a sulfonjc acid grou sul fone type ion-exchange
group), for r@mﬁj@f‘gé fﬂﬁ’HB S?%BP&E% é&"g?”(ﬁ?g@@rﬂéﬁé@ﬁb?ﬂﬂﬂs

P Tl o O SRR SR B o B o MRS SRR 2
group by hydrolysis, to form a membrane body having the reinforchng
msteral and
seaking the sacrifice yarm in an acid or an alkali to remove the sacrifice
yarn from the membrane body, thereby forming an elution hole in the

membrane body.



CF2=CFOCF2CF( CF3) 0CF2CF2S02F, CF2=CFOCF2CF( CF3) 0CF2CF2CF2S02F

CF2=CF( CF2) 2S02F, CF2=CF(J CF2CF( CF3) 0] 2CF2CF2S02F,

CF2=CFOCF2CF( CF20CF3) 0CF2CF2502F. O these,

CF2=CFOCF2CF( CF3) 0CF2CF2CF2S02F, and CF2=CFOCF2CF( CF3) 0OCF2CF2S02F are nore
preferable. [00211 polyneii mthese nononers, copolyners can be produced by
a 1,thod devel oped for hono-pol ynerizati on and copol ynerization of

et hyl ene fl u?r' de, particularly, a general polynerization nethod used for
t et raf | uor oet I‘l@l ef elaeiplysis Xppiel at leAstrampishigi g asofe EHedhode: g8y ner i zat i on

reaction can [rl t ing an inert. sol vent ch, as

per f uor ohydrtggg%@gnexgﬁ%&g%mgﬁ‘gf Oa}cgggﬁrbfi){ﬁ Y qq;?eofrgﬁzg%(@grrgpg%d r adi cal

pol ymeri zat i gyatidi thalaRbds YR tHRAScahdey f | uor ocar bon peroxi de and an azo
conpound under the conditions: a tenperature of 0 to 200C and a pressure of
0.1 to 20 MPa. [0022] In the above-nentioned copol ynerization, the
ki nd of conbi nation of the above-nentioned nononers and the ratio thereof
are not part iAclypatapgous Rfeckiof thadnvesliett ed and det ermi ned dependi ng upon

t he type and nt of functional group that is desired | obe added to the
fluorine- basé@gggl ynmer to be obtained. For exanple, in order to obtain a

| oy ! Do Pased POAKIRING 1A LG LN, AL BRYAIPolREhoRRta B OuP:, &

| east one ki nd of nono e sel écted ea rom t he af i oned
first group aRrhar@ecmBiaft hading exefiRhy FREh&RSaI stidh&theigatfsEfoldifly OF der to
obtain a polynmer containing only a sulfonyl fluoride functional™group, at

| east one ki ptt. ahd cepairieof delyetiey stableatiedroddic petfoonmatdeciond dorgning,i oned
first group and third group and copol ynerized. Mreover, in order to obtain
a fl uori ne- baseiheBplwe fomaeiwgnatredior gretangeunembeigl group and a

sul fonyl fluoride functional group, at |east one kind of nononmer may be

sel ected each fromthe aforenentioned first group, second group and third
group and coppbyHELLiBESh of Praiicy case, a desired fluorine-based pol ymer may
be obtai nabl e al so by separ atel%% pol ymeri zing a copol yner formed of
mononers sel potigd fromthe aforenmentioned first group and second group and
a copol yner tfornmed of nononers selected fromthe aforenentioned first group
and third group digute tlsowafa sactiohalisite viewmof tHeufirshembodisment dighei xi ng ratio
of the mononers is not particularly limted; however, in order to increase
the amount ofatoNFRENIMIE MeMbIANaRGCOIHNG toplbeyriesent eRRORISTS. of nononers

ncreased, || 0025190 2 SOk R aBCEbE et aflog ety PR B or s ne

cont i ning CoRBNEERak APhARF AU 1o HLAH chBYRRay 11 1S bref erably

fromO0.5 to 2.0 ng equivalent/g in ter resin and nore preferably

fromO0.6 to 1.5 migues Bisnalvert dackptubbdiagraaf ofthd kiscémsbmbodit@nt gt al ion
exchange capacity used herein refers to an equival ent of an exchange group

per unit weiljatcaden exahaypge ewmbrand aceerding tdéhepresaeterbiodiment. al i zat i on
titration, etc. . , ) ,
Figure 4 shows a conceptual diagram of the third embodiment of the
cation exchange membrane according to the present embodiment.
Figure b shows a conceptual diagram of the fourth embodiment of the
cation exchange membrang according o the present embodiment.
Figure 6 shows a conceptual diagram of the {ifth embodiment of the
cation exchange membrane according to the present embodiment.
Figure 7 shows a conceptual diagram for illustrating an example of the

producing method according to the present embodiment.



[ 0024] The cation exchange nenbrane 1 of the present enbodi nent
preferably further has coating | ayers 146, 148, if necessary, in view of
preventing deposition of gas on the cathode-side surface and the anode-si de
surface. The material for constituting the coating |ayers 146, 148 is not
particularly limted; however, in view of preventing deposition of a gas,
an i norganic substance is preferably included. Exanples of the inorganic
subst ance nmay inc#ude zi rconi um oxi de and titani um oxide. A nmethod for

formng the coati hgUieyehaweagonaepdial diagrp oha celiuexhe)oe mankianand a

met hod knoméfrgbe}r&?inaﬁa@& ng .kﬁﬁ’g“%s‘g%ﬁ@?cﬁ%‘é?‘ Isg, a nmethod of coating a

| i qui d having 1r’norganic 'de persed in a binder polyner
solution by a Sprﬁ?ureeg ShowsS R BoR&@ iR biaQRaH of AAGRE cation excﬂ_é}fgecat' on
exchange nenbr ane has two or nore reinforcing core material’s 10 arranged
appr oxi mat el ynembnaae @rdparedint ErampibeameCorpaeativodixaidplesThe reinforcing core
material 10 refers to a nmenber for inproving nechanical strength of the
cation exchange niEgbiealeshpwsriicehoephsl diagrans phibielalegjrolysisressel The

di mensi onal stability,as used herejn refers to a property of suppressing
the expansi oﬁc‘é‘?{g'n@é%mea'a‘ie? e’(i’)"f‘b"tdr‘@e‘&tati on exchange nenbrane within a
desired range. The cation exchange nenbrane haying excellent dinensional
stability does not expand and contract nore than necessary by e.g.,

hydr ol ysi s awmd@gagumghm%%@u@ﬂ@;haﬁﬂ@hable di rensions for a long tinme. The
menber for constituting e reinforcing core material 10 may be, but not
particularly[0013ited to, for exanple, a reinforcing core material forned
froma reinforcing yarn. The reinforcing yarn used herein is a nenber for
constituting the Hephebesthybesdmodedoesaraingael thepersent ivenitdr n capabl e of
i nparting desired chani cal strength to the, catj.on,exchange rane and
bei ng st abl yﬁbqu'gg d rfaﬁer eﬁg()@ét f"@ g%ﬁgﬁ&é’%% r)gﬂggemggfe&ﬁggﬁy The form
of the r el nf gogdiiBedCONGIRLCHAbredthiRvdhibn RO e’ hd bilkbgd: however,
for exanple, a woven fabric, a nonwven aBrlc and a knitte abric using
the af or ementivboeihantd bélewainadandie moificd & wiRis weys Wi ttheistopé ew of
conveni ence in production, a woven fabric is preferable. As a weave of the
woven fabri ctheseqflaaidcameniaiti sNpteethet, ablhe. dralimgs Hhe posiionaf t he woven
fabric is not partjcularly |limted; however, it is preferably from30 to
250 pm and nBi&9FERIPSUSBIES NopbrieBEr UB - Bownp ik basgd ondpRBPEtiotHe weave

varn i & not SRERStPareYf R LGP Rt Eler bhen e shs B fy bR, (o o
yarns/inch. {{aQ8hknsional ratld6f é’@ﬁﬂ\iil’\gisrrﬁﬁiﬁﬁit@& td fiat SR ﬁft%%g%x\ﬁiﬂée mat eri al
I 0 bl'y 0 Or

10 is not particularly I'irmted, ver, It I's prefera nore and
90% or | ess.[00h4] opening ratio is preferably 30%or nore in view of the

el ectrochem cal properties of the cation exchange nmenbrane and preferably
90% or | ess Fhalioreorabpngdoamsuhaet cal strength of the nmenbrane. More
preferably, the ?penLn% ratio is 500/ or nore and further preferably 60% or
more. (0028) 9. Hing s5Eenal §ideaiews ohafeslembadirentdd the saliono of the (B)

f i h N - | ati t
the (A) "sum SNEARE Be il B QRGO B S r G BB e R Bne “ana © 1 °
represent ed iyobBh( AhgraFher 4 Bat EERLESSM: S IRE. S8MQEn Al RASLRFQUIN which a

cation and an electrolyte, etc. can pass wthout being interrupted by e.g.,
t he rei nf or cimgraior @ mmatyerialk canddt-henir einbo0nre eRGh Y aEMe@bGn:CoRtai ned in
the cation exchange nenbrane. A nethod for determ ning the opening ratio

wi || be nor eBipeci<thaald pedbsard Hadhst Aogritages rageaog bofg 1€at i on exchange
menbrane (cati n.excqwgﬁe menbrane before coating) is shot. The areas of

the regions IWNE G IFETAPORERH OV BIRE NAMNE ANPNPSCRANMEHPURAEAYM up t o
obtain the (B). Se tl fromt rea of the surface ipage of the
cation exchéﬁéQO%ﬁﬁﬁﬁﬂgﬁg“Pﬁ%”?k?g%é o%ﬁ%ﬁ éﬁ?W#H§“ ‘Vﬁé&ﬁF@?ded by the
(A) to obtaiHileeoRemphthd Bidyoi4 [ G8¢Hhembrane bokie14BiRENGEd {05 hde
reinforcing yarn constituting 'the reinforcing core material 10 I's not
particularly limted; however, it is preferably a material having
resistance to an acid and an alkali, etc. Particularly, a materi al
containing a fluorine-based polyner is nore preferable in view of

mai nt ai ni ng heat resistance and chem cad resistance for a long tine.
Exanpl es of the fluorine-based polyner referred to herein, may include a
pol ytetrafl uoroet hyl ene (PTFE), a tetrafl uoroethyl ene-perfluoroal kyl vi nyl
et her copolyner (PEA), a ethyl ene-tetrafl uoroethyiene copolyner (ElITE),
fetrafl uoroet hyl ene- hexal | uer opropyi ene copol yner, a
trifluorochl orethyl eneet hyl ene copol yner and a pol yvinylidene fluoride
(PVDF). O these, polytetralluoroethylene (FIFE) is preferable in view of



[ 0030] The dianmeter of the reinforcing yarn to be used in the
reinforcing core material 10 is not particularly limted; however, it is
preferably from20 to 300 deniers and nore preferably from50 to 250
deniers. The reinforcing yarn may be a nonofilanment or a nmulti-filanent.
Furthernore, a yarn thereof, a slit yarn, etc. can be used. [0031]
Particularly preferable formof the reinforcing core material 10 is a
reinforcing core material containing PTFE in view of chem cal resistance
and heat resiosnm@@lutiavfnm@sﬂaﬁ@mymlvﬁtwraelathﬁ r@l'rnftyrc'tmgi@m g@taratofd | ament in
view of stren ecifically, t ape yarn ared by slicing a highly
strong poroué‘%@‘f@'étt 81eé‘P'PrQH1@6f 'P‘ﬂﬁﬂ‘tioﬁ sﬂiﬁb’égp?r@?ﬁldbﬁt dedveen Peai n- weave

U517 2 1% OB RRRLA Rt S 1Ty e idg 1 0 00

yarns i'spreterabl e and
the reinfor C'di%%rﬁié&%t»@@ér?i‘h’e%mf@é’h@ﬁoﬁa ﬁmafeﬁmemsaﬁ@thelelwt&)h%r@ﬁ@e of from
50 to 100 t.tmis nore preferable. Furthernore, the opening ratio of the
.cati on exchaadicasitbrank othenisaiepiagsgnicadyrieianfistancageteenn tmatlefioml i s
further pref erably 60% or nore. [0032] In the nmenbrane body 14, two
or nore el ut helesHaladiacent Wraachaitherds represastest PYp arst tag number ef thel es t hat

B R
generated | ”eS{:r?thr Bis r@bl%s?ﬂtg rFltr?e%tzfcﬂ ¥t Encfﬁgahﬁ}qﬁ{;‘% %ﬁ’ataong‘ﬁ shape |

the elution holes iS no Cular i ' m Ne Case Where the
cati on exchapgfesesiidd ﬂwelfﬁll@mﬁgéﬁ@@wan@Qwréiﬁf&§|ow(2ha@fw wsocess

descri bed Iater the e ut| on holes 12 of the nenbrane body are formed by

di ssol vi ng apmentfl ce yarn in an acid or an alkali, thus the shape of the
elution holes 12 is sane as _the shape of the sacrifice yarn. [0033]

As shown in Fig. bl> af(R&Neatfon exchange menbrane 1 has el ution holes 12a
formed in the pe gfﬂ 2dlrectlon to the plane of paper and an el ution
hol e 12b forrred e ())ngitudi nal direction in parallel to the plane
of paper. Th@tms the elution hole 12b forned al ong the | ongitudi nal
direction in paraIIeI to the plane of paper is fornmed approximtely in

per pendi cul ar t o ThHeemémbrdreridyd 40eisea REEHI éﬂselébt;vé'l;l@aeélh?la%hbm e 12b is
preferably formed such that the elution hole 12b alternately passes through
the anode si ded Ceitdiesmduorintbased polyimeraclhe inegbraneibydyatiprefeablyt hode si de
(side near tpe C rboxyllc aci d Ia er 144) of the reinforcing core materi al

10. Owi ng t ohdudheasts syliepigrasid Me’t?ﬂ@ W"t‘g Buliprds acifigeoun gt therotrol e 12b i's

formed on th 10, a cation
(for exanpl egxci’%hggﬁm%n%eq?gﬂi)ﬁgf r}{%&% g% 'ﬁ?%n%ggéﬁ)f%ﬁftaec'%har ged in
the elution golg f&aRe idno¥kcAbAGe beurpheééﬂémgethé'c‘éﬁo@fexé% geinforcing core
material 10. As a result, since a cation flow is not |nterrupted t he
electrical resiitranceioisdhaichataidhe eumg@d nebridané Jositiomelonfthe t her
reduced. [0034] Note that, in Fig. 1, the cation exchange nenbrane 1
has el uti on &wuldesside a)fad theeeletinolysie veesgd end tfeutatboxilic ecidi layertid4tihe pl ane of
paper and the el ution hoIe 12b forned al ong the Iongltudlnal direction in

parallel to fi"l’?ét’%legr?é‘ the cplipde S’dﬁh@ ﬁﬁ%é?rle‘?‘if%ﬁ'st gl ut'iP8riuieties 12 f or nmed

bet ween the rej reyng core, mte R .adj.acent, other refers to
t he number O@fcﬁﬂ 'm&/tgl gn Esf?){ m/cia} La Gr\f\én téi((:ll()e,% QLHRP E?idté9d§ &%ﬁr})mitcrc' hy t he case

of Fig. 1, the nunberofelutd (er\fzﬁfc?'(ﬁﬁio.lr%ﬁaﬂroﬁmq thn ?‘@cﬂ%ﬁﬂ@a@d' cul ar
direction to the p ane of paper Is specified as t%e nunb n’in the

per pendi cul agcidliavect {dprdierablyeapiamng mﬂrmm&pmmammepfrea@twbvmumr of elution
holes 12b formed along the longitudinal direction in parallel to the plane
of paper is fﬁ'@ébicﬁﬁé@ iadow.hadnerrseining the caoxric awmipveuddshas direction in

arallel to the n
P m@ntupne*% aeflmve se?&%ve ne rmeall:hiy of a cation such as a sodium ion can

be further improved. The membrane body 14 is satisfaciory as long as i

11



As shown in Fig. 2, assum ng that the distance between the reinforcing core
materials 10 adj acent to each other is represented by a, the distance
between the reinforcing core naterials 10 and the elution holes 12 adjacent
to each other is represented by b, the distance between the elution holes
12 adjacent to each other is represented by c, and the nunber of the
elution holes 12 forned between the reinforcing core materials 10 adjacent
to each other is represented by n, then a, b, c, and n satisfying the

rel ationshi p hagp bwetinreef Sgiﬁctfmiy passingiheFabih Aed spifaing B flusringshesed si on (2)

t | t t / 0036 |
ﬂ]g prr 22; : esegr/newi% %Wpﬁ‘é%é{?ﬁ%‘g {Bgttq?égﬁaag@yalﬁﬂie%@tte\%én[ el utg on hol esn
when they ar eaf?rremﬂ.ﬁe 966k PLink @' T @r?ﬁa’hﬁlon%ﬁi loEE:g Ity nLQé ing core

materials 10 |nterva between the rein erlals 10
where a, b, el réfeffoispnspady @mev&itmgIuwm%hinrbrrp%nh@étﬁjﬁ@%nbahmpr ession
(1) are present, the distance b between the reinforcing core nmaterials 10
and t he el utiiole thekatoniexchdigemambraneeach other is |arger than the equal
intervals (8/ 111)) In this case, as the distance b between the

rei nforcing d9®®lmat enais ' U ann the eiutron holes 12 adj acent to each

oo al o 10, -t nal @08 HRAREET pBT e et B B RS bR YA NN S 0715 one
I's present b%d@ﬁ'@é‘a?{Dﬁlﬁe@be&feﬁ'p‘bg)?@erresrvﬁ?’%t@ﬁ'e%hé‘r%e%o&ﬁ‘@rér?otn and the

elution hole 12 and the other et ween e Teinforcing core

materi al 10 @xchdieyerdrol pmdrsbh@vhucheiantbeafhnheh@d 20 an lon-Gldapgesent

enbodi ment, it is satisfactory if at least one of the two b satisfies the
rel ati onshi p gsdupeiphaielysn, fonped vba Bugineted hysirgcarbpreas aonain ghaisent bet ween
t he adjacent reinforcing core materials 10 both satisfy the relationship of
expression ( I‘)tﬁ %\ES*PE“Q’WEQ’OUB qag%lﬁé:f QW%W”%’F‘%O &/, Qﬁoex&%png’e HOERENt bet ween
the reinforci, r| | t hit is
apparent fro @h@%@yl ni ? nﬁF%%WJ;n%Rd %hg FF% ro\?/:% 4hﬁ%@ween t he
reinforcing egpfeabi eHred@mifle Wé%@tho@forq)rm;ﬁy SRhiIBE MLSthd-Bfsed

rel ationship represented by expression (2) ‘are present, the interval c
bet ween t he eblytieomvilhiod desclibedthcment to each other is larger than the
equal intervals ga/(n+1)) In this case, as the distance ¢ between the
el ution hol ef00f7] adj acent to each other, there are two or nore di stances c,
if n =3 or nore. re are t In this case, IS

th .
satisfactory if aﬁhqh@'ﬁ’ﬂ‘em@e‘gfm@”keéf’?é\g?g’go%égrbgi%ﬁrieﬁﬂ@ﬂﬁap of expre55| on
(2) in the pg ﬁgcgy%eﬁigﬂgﬂ o?ﬁpl%ast[&%s‘tﬁhnomer sé?%é&fr@nﬂﬂé‘?& ohvjlﬁggﬁ?g he

description a nt catlon exc ent

enmbodi ment, gioup%rﬂaétlléésaeh@Mbmfneatsele@fe%tfr&ﬂ%eafomamgrmabnd;g.tduéf ying the
relatlonshlp of expression (1) or expression (2) urt her nor e,

the el ution anﬂ!/esthhzmaweng)tfmfd@rabﬂa,wraxltemmeely@roqmmdﬁ]ydrmncappr oxi mately
symmetric to the mddle of the adjacent reinforcing core materials. At this
time, the tv@ﬂbmﬁflé@@ﬁ‘tf’f@éﬁ\)%@??% setpdreiemasyitnerafitigyfodeviaadtisster i al s

becone a apprrOX| matelé qu %@1@ ILLpOOA'O] if the reinforcing core
material s 109'8HE: TERENEIHRTRAHEVESE 9% ar e formed in the menbrane body 14 so
as to sati sf{mtgg]e rel ati onship of expression (1) or
The first group monomer may include, for example, 3 vinvl flucride
cofrpound,  Examples of the vinyl fluoride compound may inciuds vinyt
fluoride, tetrafluoroethylene, hexafluoropropvlene, vinylidene fluoride,
{rifluoroethyiene, chiorotrifluoroethyiene and perfluoro(alkylvinylether).

Farticularly, in the case where the cation exchange memirane 1 according to

12



expression (2), at |least the mechanical strength of the cation exchange
menbrane 1 can be inproved. By setting positional relationship between the
reinforcing core materials 10 and the elution holes 12 to a specific
positional relationship represented by expression (1) or expression (2),
even if the case where the cation exchange nenbrane 1 may be fold in
handing, a failure such as formati on of a pinhole caused by application of
excessive load to a specific site can be prevented. As a result, the

fol di ng resi db@REsentenpedipgnt is ysed an arpembnsfamikal degirasinrcessi vel v

i nproved; excellent nmechanical. strength can be i nfai ned faqr | ong tine;
and a stable péalrfl&g{? BIXPET E&@%{%PA%H%@‘J;%%&@@”W&H&Q} e‘%?mqwngheéﬁrr esent
enbodi nment , i I j ession (2) is
sati sfied, ¢ RxalrP el ffond ég%’e?gﬁf@?%h%{béé%%& LT Vi ew of
mechani cal stisteat@iofoethiyiend, ebrdfivershbyiie axPpausboRIKNInyIsthaDse preferably
satisfied. [0041] In addition, electrolysis voltage can be further
reduced by sarefefapleng expression (1) or expression (2). Electrolysis
vol t age can ?ﬁ%r?duced by controlling the arrangenent of the elution holes
12 to ensure YO ity of a cation such as an alkali ion generated in

el ectrolysis and gél%%ﬁgjg&l}%@m@ggpé‘g?! CflLPJe fog%txrg%:%leeif %%g”t'v@e arr angenent

of the elution holes xanp f appropriately
modi fyi ng weawii@useRelibg AMndtiBnal dtb o S BRIng Bt Qibgysbange

menbr ane, as dg@cribed I%ter? HBO&%lﬁQCQ&i Further&ggé, when t e@cation
exchange nenmacingolp (cariiadybdlecld Wpetibi-extihgel golp)ol The sinyeswepouraven |ithe
cation exchange nenmbrane 1 is rubbed against the electrode, etc. by e.g.,

vi brati on of haweg e faettiophywiosp ¢apalue of canviegingdsisisbtasbexylipaeidegioup he

reinforcing corg terj%I 10 froH1danagi g and ticggn out through the
surface of tﬁ%af f 3Rd YRsHIPN-exChange & t‘%e’““ HCHAGy rﬁga’E‘B @material 10,
fc ] b . ) . . " h

Fei nf or ci ng oaramien B RbEby S B R VE O PR RS (MR8t ¢ ne

surface of tRepra®drds anitdRahof ORBDL t Epradehs arfinteger bPE % 1Peebn@f of the
reinforcing core material 10 can be effectively prevented. I'n this manner,

t he cation eratiaingeperetentaneprésdrd\F ordC R dreiig réprisentan |beecdkdignag) [ 0043]
In one aspect of the present enbodinents, a, ¢ and n preferably further
satisfy the PBUHiSB®shi p of the following expression (3) in addition to the

0 0a1(na1) . (20 PhESE aegprtadin G GoRRE b it LEHIRF B HDrkG st on (3,
t he mechani cgly -%ﬁﬂgkﬁ?ﬁé1%@?Eﬁﬁ%%ﬁﬁfﬁﬁﬁnﬁ“&%efgﬂﬁ?%?@“%e&%g?mg further

i nproved. | n addition, educi ng e sis"vol'tage can be

further inpranefeger of 1tolt Yirpi@BERsH & ©F AMERBResants THNE,M; bur t her
satisfy the relationship of expression (3-1) in addition to the

rel ati onshi pCdfly. eXjarmdarynwha) the catiopresbange (2jnbamtk dcnordieg tepthef er abl e
that a, ¢ and n further satisfy the relationship of expression (3-2).
0. 4al(n+1) 5Pregeqy egphqdiment is usedagy @tigg exphangedmembsyiefaralkall | (3-2)
[ 0044] Furt hernore, when t rel ationship o%@a pression (3) is
ot st ed, o eiTO T B aepfons eRhaRL s Sy IR LSS E PSRN of ¢ ne
fol I ow ng exprgssl 0Bnkéind kit BBt N A tioned R) of the ester group

ig removed from the polymer at the time of hydrolysiz, the allyl group ()

may nol be a perfiuoivalkyl gioup where ail hydrogen atoms are substituled

with fluorine atoms.  Of these, for example, the monomers shown below are

more preferable;

CF2=CFOCF,CF(CF3)OCF,CO0CHs,

13



By further satisfying the relationship of expression (4) in addition to
expression (3), the nechanical strength of the cation exchange nenbrane 1
can be further inproved. In addition, electrolysis voltage can be further
reduced. In addition to expression (3), a, b and n nore preferably
satisfy the relationship of expression (4-1) and further preferably satisfy
the rel ationship of expression (4-2). 1.05a/(n+l1l) bl.6a/(n+l)... (4-1)

1.1a/(n+l) bl.5a/ %n+1 ..@4-&&0045& Note that, in the interval

bet ween t he (diziEbP&EMgF CdrOiteCQPEHsat i sfyi ng the rel ationshi ps of

expression ( a I ' , interval b between the elution holes

and the rei n%ﬁé?ﬁ?@@ﬁgggg&g}gzéﬁﬁg nt to each other is broad and the

interval ¢ b £ i kg narrow. That is, needless to say,
RS b eSS

expression ( is satfs e’'reinforcing core materials. [0046]
I n addition, @:@h@(@lr%@m@gp@, between the reinforcing core materials 10
and the elution holes 12 adjacent to each other, there are two di stances
bet ween t he &dj.aCE(Cr2iGPGEEIzng core materials 10 (nore specifically, in
Fig. 2, one is present between the left end reinforcing core material 10
and the el ut i[Qﬁ?%hol es 12 and the other is present between the right end

i nf [ al 10 and th L ut i hol 2) . . h b,
| cast “one b may <ol Gy ok pERrPOReRI R o] raRerCh ¢ Slgew® >

preferably, 'I%Q&ihgl;ta"fﬁn&ﬁ%ﬁg?ﬁ@ cREANE BNcMBrfg RGeS ul, ggcrgc%@iggg core

materials 10 satiTsfy the relationship of expression

anot her enbodufent typa, iog-eRethngeRirel®r alkYhd vnyitempdahd sibyinghe rel ationship
of the follow ng expression (5) in addition to the relationship of

expr essi on ( iyncoenad gpeusespahie( o conteriing {ma pSuifolic 8aid. gre ) (suifone typBy
satisfying the rel ationship of expression (5), the mechanical _strength of
t he cation ew@rﬁﬁb@n%wagé%e L 'T”GF‘?'P?@% repreetrPy 8f- di?2Fying the

oL oL On D SRR gl 45 RAeR A RRLf ) SESBRL D o Lhe
to further rggipglesiRGbsRhaPineivielth@afnohidPdSlown below:

CF=CFOCFCF,S0,F,

CFo=CFOCFCF(CF3)OCFCF2S0O4F,

CF=CFOCF,CF(CF3)OCF,CF,CF,SO,F,

CF,=CF(CF;);SO,F,

CF=CFO[CF,CF(CF3)0),CF2CF,80,F,

CFy=CFOCF;CF{CF,0CF3)OCFCF,S0,F.

Of these, CFy=CFOCF,CF(CF3)OCF,CF.CF,S0,F, and
CFy=CFOCF,CF(CF3)OCF,CF,80,F are more preferable.

From these monomers, copolymers can be produced by &
polymerization method developed for homo-polytnerization and
copolymerization of ethylene fiuoride, particularly, a general polymerization
method used for tetrafluoroethvlene.  For example, in a non-agueous

method, a polymerization reaction can be carried out using an inert solvent

14



More preferably, a, ¢ and n satisfy the relationship of expression (5-1) in
addition to the relationship of expression (1) or expression (2), and
further preferably satisfy the relationship of expression (5-2). 1.1a/(n+1)

c 1.8al(n+l)... (5-1) 1.1a/(n+l) c 1.7a/(n+l)... (5-2) [0049] _ In the
expressions, taking the case where n = 2 as an exanple, the rel ationship of
the af orenenti oned expressions wll be described. When n = 2, the nunber of

el ution holes between the reinforcing core materials is 2 and intervals are
al (n+1) =al3 v#sh asipgriiueroiydrasartaneansr ghdergebracarbopu il the presenad of aTher ef or e,

when n = 2, expression (1) and. expression ) becone respectively the
fol | owi ng exp ngiqﬂjyrg%éza %'%@E‘?&*g il a(p;g(r%uq{ogarggn BefQé%§_a"(j6ﬂ)“ n=2 c¢

>al3... (7) [%SC%pound under the conditions: a temperature of 0 to 200°C and a
pressure of 0.1 to 20 MPa.
[0022]

In the above-menticned copolymerization, the kind of combination of
the ahove-mentioned monomers and the ratio thereof are not particularly
limited, and selected and determined depending upon the type and amount
of functional group that is desired to be added to the fluorine-based polymer
to be obtained. For example, in order to obtain a fluorine-based polymer
containing only a carboxylate functional group, at least one kind of monomer
may be selected each from the aforementioned first group and second group
and copolymerized. Furthermore, in order to obtain a polymer containing
only a sulfonyl fluoride functional group, at least one kind of monomer may
be selected each from the aforementioned first group and third group and
copolymerized. Moreover, in order to obtain a fluorine-based polymer
having a carboxylate functional group and a sulfony! fluoride functional group,
at least one Kind of monomer may be selected each from the aforementioned
first group, second group and third group and copolymerized. In this case, a
desired fluorine-based polymer may be obtainable also by separately
polymerizing a copolymer formed of monomers selected from the
aforementioned first group and second group and a copolymer formed of
monomers selected from the aforementionad first group and third group and
thereafter mixing them.  Furthermore, the mixing ratio of the monomers is
not particularly limited; however, in order o increase the amount of functional
group per unit polymer, the raiio of monomers selected from the

aforementioned second group and third group may be increased,



Then, the intervals between the reinforcing coie materials satisfying the
rel ations hip of expression (6) preferably further satisfy the relationship
of expression (3). Wien the relationship of expression (3) is also
satisfied in addition to expression (6), the interval between elution holes
becones narrow and the interval between the reinforcing core material and
the elution hole beconmes wde. In this manner, nechani cal strength inproves
and electrolysis voltage can be reduced. Mdre preferably, expression (4)
is also sati 4031 in addition to expression (1). [0051] Furt her nor e,
the intervals between the reinforcing core materials satisfying the

rel ationship of eXbp dalighexchpnge sarscilsof afiyptinrordainingraPPPBIEN & at i onshi p

f i | | Enes A1y of . | at i onshi
addi 11 on to. debPRUGBRy whtee ik RlRe B3 e ABRT BB Mol o5 becones wi de
and the each defivalohal PRSP aliPrdshi MPlbld Rty FRhPN63b 1afidgt e el ution

hol e becones narrow. I's manher, mechanica ength |rrprovgs and

el ectrol ysi s eqgoivbaeg daterie of adueegin, [ GB@Abtal ion exchdilfeccapaeihensll y, the
first interval between the reinforcing core materials satisfying the

rel at i onshi pdesdin edprsdesinamujvglend ntiar gyehersge groypsperamd waightséasiy i nt er val
between the rei.nforcing core materials satjsfying the relationships of
expr essi on (7?3‘%?8‘1QQBB@@%W"’(@)W&%‘“ '?%W@éﬁraﬁg?'eﬁgﬁatel y and repeatedly.
In this arrarrmnt, mechani cal strength is further inproved and

el ectrol ysi s *voltage can be reduced. [0053] The cati on exchange

menbr ane_ accor di Nphd GatioRexRHESRNheRBRRE MBNheifedal bibdgiwi as long as the

rel ati onship of expression (1) or expression (2) is satisfied in a

pr edet er m negreferabbt fudheoiast duating dyesn®46, NdB eif apessishivcm Vigaw oft i S
satisfactory as long as the relati onshigo of expression é.hl) or expression
(2) is satisPre@ntind darosifionefidaswndhe gathodasidessuriges apf shapnadessiip

di ti d t.he 1D di t.i f the cati h . At | t i
AT A S
12T SEHER WS oI L RO Ay SPRRORUERE

direction of ifidigai@tifiandXis pesTeRbRERBINAEE. HhRengIed ot themsdiganief expression
(1) or expression (2) is satisfied. [0054] Then, in the direction of

at | east eit kabstonee why tifuudexidbnieot oxide and titamenT Bxider eBtmathod far i s
preferable to have the intervals between the reinforcing core materials
sati sfying t FREMIRG heicoayng |ryetst 148 JABsisinghpariisuladyinitgd apd gaaertbedn to t he

rel ati onshi p, of expressjion élh 0 pressipn E‘%‘% nore preferable to have
the interval 58%‘5?@@% 1R ?ﬁﬁicﬁ%eé%'?“e%nﬁ thog gg?ﬁWﬂ@r’%’ i sfying the
rel ati onshi phafing¥RIr§as¢ 8Rdé Fhe rttc?é% isptsdd'f 45 ﬁélr .Q!nsc(h]iﬁnyar n) of
t he cati on exchahge @ﬁn%rane; aﬁg urt e¢ pre?‘erag e lﬁ'?(g}r”have the intervals
bet ween the bgiarndpedgieng, €orise mehfisnedd. s further satisfying the relationship
of expression (3) both in the MD direction and in the TD direction of the
cation exchalf§@5fenbrane. [0055]
The cation exchange membrane 1 has two or more reinforcing core

materials 10 arranged approximately i paraliel within the membrane body 14,

The reinforcing core material 10 refers o & member for improving mechanicad

sirength of the cation exchange membrane 1 and dimensional stabiiily

thereof. The dimensional stability as used herein refers to a property of

suppressing the expansion and contraction of the cation exchange

membrane within a desired range.  The cation exchange membrane having
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Furthernore, in the direction of at |east either one of the MD direction
and the TD direction, it is preferable to have the intervals between the
reinforcing core materials satisfying the relationship of expression (5),
in addition to expression (1) or expression (2); nore preferable to have
the intervals between the reinforcing core materials further satisfying the
rel ati onship of expression (5) at least in the TD direction (TD yarn) of

t he cation exchange nenbrane; and further preferable to have the intervals
bet ween the reaClfent dingpsiasabstabitivdogs siot exrandrandpontagimeretthan r el at i onshi p

f i bot h t.he. .MD di ti .and. in t D dilecti | th
o £X0re5S1 oy (O HOLDS Sk e SR e b SRl b bri g, o he
herein refersalbﬁg ke, d'fh@ﬁ{e%n%br%%swg{riﬁ th%ﬁ@in‘?@%gl%gebﬁ%%@ﬁaﬁw vari ous

core materials (Tor exanple, arein cing nmateri tarned in the case
wher e the reindobe ibngnoBicetidubdriyi iBnitamefob¥xalahiBda feifferdMPédit Meatef4Ie
material, a reinforcing yarn, a sacrifice yarn, a dumy yarn, etc.) are
transported (oresdran ageinfaeiny yam. t Héepeiotesisg yam yseddeeeings ahe cati on
exchange menbrane as described later. Furthernore, the MD yarn refers to a
yarn woven (KMTTRYS ANsSHytihg revpintiprebgioshmateiial ansl gfersde ot t r ansver se

di ' 1 he. di L,on_ ! di cul he MD
direction FoPERDs RPHRRLAGTRY Hel PRl PO oG RERE EXFERae 11 edy al ong
the TD dir eCti@orahé aﬂabemaldam@srersegﬁh'tr%lééuda @&hﬁ%&@%ﬁ{gﬁhé 1) or

expression (2) but also expression (3) or expression ( is satisfied
in tw direcf0dds$, i.e., the MD direction and the TD direction of the
cation exchange nenbrane, mechanical strength of the cation exchange
menbr ane can be fUafeen of hereiderciigdost enatarisl §8 issnatplartingariydimited; f ur t her

a conceptual diagram of the second

reduced. [0057 Fig. 3is )
enbodi nent o%o%"ﬁ\éercg’(r%ﬁ'%@%ﬁmsn RENYEXet tibHG ang atest fabemit
enbodi nment . catd r i, sf 1 t t.i onship of
expression ( ﬁ@%%@gfﬁﬁ%ﬁ%ﬁg?gﬁﬂﬁégﬁfyénﬁﬁéy ﬁ)LDhg‘lgC#'ec fllj(};wﬁlsega View cffhe TD
direction, Meseveppsekfin pRldudtior, B%&@hifa&i@%qia@@%lé!ﬁfﬂb’@%aa%aﬁthbeast has
two or nore reinforcing core materials 20x arranged within the nmenbrane
body in the Woveh fabeitj @ plajreweavé is pirefehmblare ireathizkbesiyofthe ivosdwidhyicand t wo
or nore elution holes 22x are formed between the reinforcing core materials
20x adj acent sttt gatisuisrin émitedishawavieg it in areferadlyiren 80de 256emmerd t he
reinforong core materjals 2 adjiacent to each other is represented by a,
the di stance™Bét R@iﬁakﬁéf%%%%ﬁ?ﬁ@- cgtt"'éthﬁﬁ‘f’@?i &F’é"’%ﬁ? gt e el ut i on

hol es 22x adhgrfaﬁé‘ttoftvﬁb\%ﬁcfmefgﬁlﬁ’rurfiﬁerﬁgq@{cﬁfstﬁgpé?ﬁfopéfnigamti@ﬁotg' stance between

the elution es 12 adjacent to eac er 1s represente y ¢cx, and the
nunber of t hgartieliaily Mrnité lheweraX itfio prapstabRiRe B tb 8O yaaidahes.ci ng core

mat erial s 20x adjacent to each other is represented by nx, then the

rel ati onshi pl0P@py esented by the foll owi ng expression (1x) or expression
(2x) is satisfied, bx>ax/(nx+1)... (1x) cx>ax/(nx+1)... (t2x)_ [ 0058]
Furthernore, t heTé‘ﬁtqp@ﬁ'“Q%éP%ﬁé@eﬁﬁW@!ﬁ@ corenagtesip! 1@ Bsrotpagicetarlyor e
reinforcing cote, materials 20y aryr d within nbr a body in the TD
di rection (s@é’&%‘ h8¥"e¥‘ﬁre’t|‘1%%¥e§ﬁ@y%’@%°r( mete %'Fl%m Qgﬁ%‘;st V\B%SI‘ nore el ution
hol es 22y arg,d-4l B, et Weg D, Re o 6! z@x%&rbﬁx'xﬂ‘cgm GPre JIBLESHal %20y adl acent to
each ot her. sum ng that the’distancé between tfe Feintor i ng core

mat eri al s 2Qyoadjiacenthat@iigachciaihernéshrepresented.hy cay, oitibe, @i st ance
between the reinforcing core materials 20y and the elution holes 22y

adj acent to eaeki Geheeclaiice presghtodthaoyebyatehe Mirstrasiembbetiveen t he

adj acent elution holes 12 is represented by cy, and the nunber of the

el uti on hol é9eP8 1PHP et et AR aPH Ut feeistahhePATd ¢Relg: core material s
20y is reprjag,% ed by ny, then the relationship represented by the

foll owi ng expr egsi on (1y) or expression (2y) is satisfied. by>ay/(ny+1)...
(1y)
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cy>ay/ (ny+1)... (2y) [0059] In the present enbodinment it is not
necessary that all reinforcing fore materiais and elution holes in M
cation exchange nenbrane are forned so as to satisfy the aforenentioned
specific relationship (for exanple, expression (1) or expression (2), or
expression (3) or expression (5) or the like). For exanple, if the cation
exchange nenbrane has at | east one interval between the reinforcing core

materials having elution holes arranged so as to satisfy the relationship
of expression (1)7k% oR&preEdipherginyetersdp & ialo pbthedBapde darqase cation

Feai on par i1 tyangn Wby aEr BsEoelg® P rnion oo PR B VI S e D
di rection of thGue! Peayaha o BNAGe nthiats A6E Morkdid byl orcing core

materials in the TD direction the specl as one region, the ratio

of the area gB)/{fQi Ohs (Batprkyhiaghd BemrctbhaddsaR®igp wiiichex patessanaf 1) or
expression (2) relative to the area of all regions in the cation exchange
menbrane is mactiplyta iettiican pgss withew deingoneveipted by ¢.g., Preefeénfailsing from 80 to

100% and nore preferably from 90 to 100% The edge periphery of the cation
exchange rrenﬁP%n’@afeé'affH}/do eifﬁﬁ%&?w yag ele- E"i’l@a@F’ac‘ﬂ ﬁ‘@l%’f’é‘P% e%%"s?i@le whi | e
usi ng and us Si i . s of el ectrol ysis
vessel . |If tﬁgengl?rgge.r a%‘&oéﬁ%@?%ﬁﬂpn%nrgg??gidﬁeynggr ?‘(’)Vﬁl bceo'lﬁrgreespondi ng to a

current-carr %F@@fid&l?‘db@&jbeﬁpr AukfaBe Phade & the BIPERhaARs niehdikie by fol ding
can be prevented. For this reason, the area ratio of 80%or nore is

pref erabl e. Keatiaddixthawe mémbhmedrebarercatiing)iissid@% Ohe amgas, ofitiie t he portion
corresponding to a current-carrying portion, an effect of reducing

el ectrol ysi s "R@Pnsayecredyy eifgpingicaenatesial ishiresard asosmidogbtanrati o of
80% or nore i,s efgrable. [0061 rthernore en the relationship
of expressi oﬂje((%)' ogu%%?ﬂf‘ggé)i' %ﬁ”{’%‘f’ grega ggﬁg‘?sﬁ”ﬁ@ﬂ? W%@ﬁ@%cwﬂ o of regions
satisfying t | i r i assi piy
T ted: moneigrepehiiiahl @b GRS ) The BFREBIINEPIPLE L ca of
all regions bptaimhe&pehPg ratichange nenbrane and nore preferably from45 to
100% In the region satisfying the relationship of expression (3) or
expressi on (BYO29 ol di ng resistance tends to be further superior, conpared

to the region also satisfying expression (1) or expression (2). Therefore,
if the area rati dhednaiggalder fsreinfagingivarmesdnsiituling thg iRfPisa eX¥e st ance can

be obt ai ned. ] 0062] . Fig. . 4 i tual di f the third
AR R IR S I I
enbodi ment . ﬁaﬁ%k&%t&%&%ﬂ%g&%&@m ARSI o2 PaliLARNFFABRAR MEMbrane at

| east having a nbrane bo not shown) containing a fluorine-based
pol ymer havi aghtainingnflrimbanged @ofmier ) fhot&\predsrabRrie vie®) & Rsidtatdng Or e
materials 301, 302, 303 arranged approximately in parallel within the
menbr ane bodieatagelstaneeagd ohemisakresistanshdor afongltime. orbxaoipdes &dhe 322, 323,
., 324, 325, 326, are formed between the reinforcing core materials
adj acent to ediased polymer referred to herein, may include a
polytetrafluoroethylene (PTIFE), a tetrafluoroethylene-perfluoroalkylvinyl ether
copolymer (FFA), a ethylene-tefrafluoroethyviene copolymer (ETFE), &
fetrafluoroethylene-hexafiuoropropylene copolymer, a trifluorochlorelhylene-
sthylene copolymer and a polyvinylidene fluordde (PVDF)  Of these,
polytetrafiucroethylene (PTFE) is preferable in view of heat resistance and
chemical resistance.

[0030]
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[ 0063] In the case of Fig. 4, the interval between the reinforcing
core materials separated by the reinforcing core materials 301 and 302 and
the interval between the reinforcing core materials separated by the
reinforcing core materials 302 and 303 are arranged alternately and
repeatedly. Mirre specifically, in the interval between the reinforcing core
materials separated by the reinforcing core materials 301 and 302, the
elution holes 321,. 322, 323 are faornmed at the distance cl, c2, ...

(herei nafter soneﬂ‘?ré?"&eg?rl‘ggtﬂ? (RETTgTGgE @ fRibe ysegsindhe refpfofdiageoreat | east
cl satisfies Lhg, it i i - ' (R > al/ (n4- [ n
contrast, in tﬁ%“?iﬁﬂt@%\?gpﬁ%ﬁ L&é@nﬁﬁlﬁét’aae?@h% Bt @sn%r%(%ecg?l%ly ﬁéﬁb@qgi:?%()dsepar at ed

by the rei nf afepidig af@hor@BtsiablySrod80 wﬂsﬁe&ie&hema#&hﬁb%in@gaﬂaet ween the
reinforcing core materials and the elution holes adjacent to each other at

| east sati sf ireay bde maricditanuens bi p nofiti-Geprees si furthelnoren 2 varpibetdbtly . [ 0064]
As descri bed above, in the cation exchange nenbrane, it is preferable that
the first intSEhYaD $etGa8Ee ¥388. r ei nf or ci ng core materials (the interval
separ at ed by 661‘9,]rei nforcing core material 302 and the reinforcing core
mat eri al 303)[ satisfying the relationship of expression (1) and the second

i nt | bet i I tal: LAt J ted b
he. 1ot nfor ci ng. con Soua L RioB8 f52 & PR ashichia Pt LA Mty el “s02)

satisfying t henfoeting toeahateri@licopteing PTEE if Flewbit @ERAGH hasiatBMGPang OV Ng to
this arrangenment, mechanical strength of the cation exchange nenbrane 3 can
be further i mpeogsidtangetdrel aiapeqtaronr ahdhdl erdnted yehsfilmokhbigeidgier eof can
be further reduced. %00651 Note that, in the present enbodi nent, the
direction al GRE'WHRi chreqiicallyrastappagirbprennmd veslisbgenbighly sirony abmwe ar e

| | | | h ane | i cul ar
i it oa: - howeued iaried g T GRS RBCHBoR PRERERYS poh e Wehi v cct i on
o Lne Al CBrieMEHARIRIIRIEN RMfea i PTFH b6ty 3o BERURSA A° e 1T T ¢f ng

core materials satisfying the relationship of expression ( and the second
i nterval betweave Hesityaif ibar ©0 ROSE RirBsAthas palferabRi arkf thie ReintdAgng €l at i onshi p
of expression (2) are alternately arranged. The cati on exchange nenbrane
havi ng such &eedngferiaiaving pthidkpeshivithintbe eangeeff éoabb§to 10kw0ds i on exchange
nmenbrane has the fi i nt.erval between the reinforcing core materials

E ati sfyi nﬂ tHe's B'Teéegréé’ﬁs ht Brieermeeprias spsping I?ti‘?aﬁfdh? ﬁéﬁ‘g'bi@&‘i‘én%t er va:c
t t ; . t t {
oxpr esoi on (TEMREAELSIaRg IRl o8 DA gl B PREEBEE bt he wo

di rection cmy@bfe arrangenent direction) of the cation exchange nmenbrane.
Further preferably, the cation exchange nenbrane has the first interval

bet ween t he [P8B&F orcing core materials satisfying the relationship of
expression (1) and the second interval between the reinforcing core
material s satisf i H§ Pe@brasieiadyihive of mexpeletien baleg 2P aredfiroiedar e
alternately .and repeatedly arranged along the MD direction and the TD

di rection. [%%']ﬁgn Roles %@ﬁ%ﬁ‘a@g&}a&%@ e8RS b AR MR Rb7 sAomas a

rect angul ar il itydinal direction corresponds to
the MD directi oﬁﬁg?lli ?jlggﬁéi}{%%é@gra geet‘%ﬁt'lrogrc?%i 0@?’&"3’?‘}”&2‘@8@ 'Of‘(;]ofer?e D
direction. Suefii/he -6ali-anexenange MRIREBNG s S PN ALpund ;d .t ubul ar body
like a vinyl chloride tube to transport at 'the tinme of shipnment and during
a lead tinme amtida. i nstahkat comel sit@raimied eetad ebiysiiswesseliecWien the
menbrane i s wound around the tubular body, the cation exchange menbrane is
someti nes f oMYy WhewehToAT estiicogc e Tsgnces plasubehytdvcofdarhe t ubul ar

body. Even in.such the case, concentration of load in the TD direction can
be effici ent"Y’i}‘sﬁ%"&é“aS%S?’m Igie ,Pthg %‘PP&W'F‘&%%@% MREWAERECEYNt ai ned as

menti oned abgve, .S 4 JF-Te £ ar i O a. . pi.nhol.e c., can be
e y%gbr go\}g%tdeqﬁ Taén‘('f)\grggi E'%%ﬂﬁc%%@%%g%g%g?@tl %gfal aljltethbsgglgeent

enbodi ment s shi e oL@k MticANIANIE i@ AR ehPSRfRr Ahy shasict hgnf i rst interval
between the reinforcing core materials satisfying the relationship of
expression (1), which further satisfies the relationships of expressions
(3) and (4) and the second interval between the reinforcing core materials
satisfying the relationship of expression (2), which further satisfies the
rel ati onship of expression (5). Om ng t% this arrangenent, nechani cal
strength can be further inproved and el ectrolysis voltage can be further
reduced. Note that, even in this case, the direction along which the first
region and the second regi on above are alternately arranged in the cation
exchange nmenbrane is not particularly limted. [00681



Furt hernore, as another enbodi nent, the ion exchange nenbrane preferably
has the first interval between the reinforcing core materials satisfying
the rel ationship of expression (1) which further satisfies the relationship
of expression (6) and the second interval between the reinforcing core
materials satisfying the relationship of expression (2) which further
satisfies the relationship of expression (7). OsMng to this arrangenent,
mechani cal st g&gth can be further inproved and el ectrolysis voltage can be
further reduc€d”™'Note that, even in this case, the direction along which
the first region . SEee0 I: e . arranged in
the cation exchanggg%ﬂﬁ}@ﬁg' ?&hégg{'%g‘?@gﬁg%ﬁe& tﬁ!la'ﬁﬁa E 2,%& %t%'%@f’%s Fig.
5 is a conceptadbréd@itpaneipehbiubPHiréMioR T A FERN olapdeh@ngahidticgxchange
menbrane according to the present enbodi nent. A cation exchange nenbrane 4
is a cation eéwthiziglermedbaioagdéhatongitaditalktretiig ia paeatiet withe e dfnot  shown)
containing a fluorine-based polyner having an ion-exchangelr(group and two or

d
nor e rei nf or ARG’ cofet isatherglgios hada 12 ipymed gdongr the depsitudippl drectian el v i n
aral l el wthj nbrane pody, .ipn which, in at least either one of the
gi rections, i"l.‘ g?%aﬂlgﬁo eplw HF? i‘%ﬁ’”@?d iaﬂbﬁoﬁ@‘%ﬁydﬁ‘ Pg@@rglﬁyiab¥o the cation
exchange memh@Rrind it Bt 0DSHEE LR ROl BIOhEBAL KR! o7 &l o
satisfying the relatidnship of the follow ng expression an he

interval bet waemtiahthe eitidroicle NEb aRE@atEhf padsek shieagh Beyarntdetdie: rel ationship
of the follow ng expression (7) are alternately present. ri 2, h> al3". (6)

n = 2,c > al $ide pgyr theeudynic acid laysn A2 pandithe aatiedersidd Giderrefetiabl e because
mechani cal stren can be further inproved and el ectrolgési s voltage can be

th
further redufB®ORYICGERA Qyeriffbie refipypip core materiah 1§ gOWig torsuche
i nt | 2| nf i 1 terial 401 th i nf i
core mter: af Jystrdin ied BTG BE TR PR R febre macorial
401 and the eémba@@idecafwx%inf&!eﬁkgtéw?mﬁé@?qg fgatk%ﬁlt(‘ﬂ?eé}a f 1 einforcing

core material 402 and the elution hole 422 both satisty t r'el ati onship of

t he above expodissiion) t(hspottdd (pd)ghthe/clectioytd biesrgad & thehuidnHoance cl
between two el ution holes 421 and 422 satisfies the relationship: cl <

ai /3. 1 n ot hean igw also anthe igsthode sidestf the rinfataind byretnhateriali 16 oAsiang cor e
mat eri al 401 _angd the reinf o@ngmiore mat erjal 402, the distance cl between
two el ution WEHESNEEA Galiprsiow ishad fieryptedripa clastics! Esstancediifie bet ween

th in whi | |. [0072 Not
t h:{n, | inn tLg&g&g%ﬁ%&%é@@% ?éa'gg?i?@ﬂge&%&fuf%ﬁ/aat I[east] ei t her oneeof

bl or b2 satjoggies the relationship of b > a/3, however in view of

mechani cal strength and conveni ence in production, it is nore preferable
that bi and b2 bodlte thest,iis Fig. tihther@itiahieadisdrige: mémbraave3t hdDOiaBdn holes | N the
interval separated by the reinforcing core material 402 and the reinforcing
core materi al2afogned Kethgipsrransicular drectivete thaelansi ofpepei and ther e mat eri al

402 and the el uti,o 423 and fhe distance b4 between the reinforcin
core materi a‘ff?”tiﬂﬂ“ﬂﬁgg{’ ﬁ‘g"@dlﬁef?'?ﬂ]h}?ﬁ?’ég’ﬁ‘ﬁ'ﬁ’agg?%t@ﬁt’? gpiplleHe they| ati onshi g: b

< a2l13. Furhﬁgﬁ therd s4,@ y t# [ §9' es,. 423 and 424
satisfies the réeT?g%pgn'shl p o‘% ?%en gﬁtgrggi@@g'nmo?%ﬁ @eg_%f .eeirhthSt her words,
in the interyalorsiepabat @edpid eadigbadior ebhdoGeF xdBtgth@huARE: of

elution holes 17 arranged in the same direction. I the case of Fig. 1, the

number of elution holes 12a formed In the perpendicular direction {o the

plane of paper is specified as the number n in the perpendicular direction to

the piane of paper, whereas the number of elution holes 12b formed along
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and the reinforcing core material 403, the distance c2 between two el ution
hol es 423 and 424 is wide conpared to the di stance between themin which
they are arranged at an equal interval. [0074] Note that, if the

rel ati onship of expression (7) above is satisfied, at |east either one of
b3 or b4 may satisfy the rel ationship: b<a/3; however, it is preferable
that, in view of nechanical strength and conveni ence in production, b3 and

I N both sati t he rel.ationshinp: < 3. [0075 . l.n at | east either
one of the d%%@??@%‘éﬁaf%?rgﬁfoq'ﬂ@aﬁ%ebﬁoﬁé%f’l%‘ﬁ chP]‘aP‘F\réS‘fﬁf‘a{‘]‘?Cg%? *W?n of the
cation excha f Jesbte )i : f ' rval between
rei nforcing @g&%ﬂ%éﬁégrg*osd Et}"ég? ?/llrer%%%! eﬁ]r‘grgtﬁi gon{sh%ﬁl)arﬁgft aré}tef ol | owi ng
expression (§o3mmpd the interval between reinforcing core materials
satisfying the relationship of the follow ng expression (9) are alternately
present. In this Aaskown in ifj.Q2, sBsunlingtthatdbs distandeihetds@sn thedeinforsiatyi sfy t he
rel ati onship of the foll owing expression (8); and di stances a2, b3,134, and

c2 satisfy t (8% BprRSIAGR@EN theaghathenis represgiied sy antheglistapce: 2, 0. 2a/ 3

c 5 0.9a13, < i n 5.2 la 5 O g )

OnM ng to thi ggé%eggggg%#o?%%%rgﬁ‘Q%gTiggt_’tpé%&t]tﬂe8@@0330%3?[[2}@&93&?% oved and
el ectrol ysi siyeid i R s.@cm B hS a
conceptual diagr aﬁ]&g?ﬁlﬁﬁee@fﬁfértlﬁé Er?rtt))bfl ne%tgq%? £)t ég](}étt]? %'Ht'g'igﬂiggég menbr ane
accordi ng t oatljaeemnrie2aoh otheb adieprientadrbyec, @atl ited nexbBodtidRe aRiibhane 5, 4
regions are formed, which are partitioned by reinforcing core materials
501x, 502x, boleg 12fpuresbeetween dhe teinfuping cose maderigs &8 adjpcamtdo eachf or ci ng
core materi al 501ry SOZé, 5031 arr%r:%ed%%l ong the TD directjon (see Y).
Fur t her nor e, OBEN{S 'GhrassNted byyihersahy, ¢ gpdy sagsiying dhe relafianshiral ong t he MD

di rection of, i pn : 5 an | uti ol,es. 521y, 522y,
523y, 524y aF@?g%%dd%}h%ng?%%%@@ﬁ)oor{.aexgbesg}ébérg? a'{%héet?%a:f‘ i on exchange
menbrane 5 hgmsanstructure having a region where the intervals between
elution holes are | ess densely arranged and a region where the intervals
bet ween el uti on Hotagnatke. flgnsely arranged are alternately arranged in both
the MD direction and in the TD direction. [0077] The cati on exchange
nmenbrane 5 has (i9> &PtHst(@egi on surrounded by the reinforcing core
material s 50#@ EOZX in the MD direction and the reinforcing core materials
501y, 502y i ?ﬁ TD direction, (ii) a second region surrounded by the

reinforcing core J ; i I I t he

rei nforcing core !meg‘%)lk a %l@%ﬁé{(n%@%rﬁeﬁp{)% %%P,;SE%{CF%%@% i) athird
regi on surrodndes hbs iWhennednaer fdahges At eqitiREhalsShadgn tRP3x in the M
direction and the reinforcing core materials 501y, 502y in the TD direction
and (iv) a fwinfoleingegirematenialodfdeln thy intbwal ldtwken thengirdomegnmtrer i al s 502x,
503x in the MD direction and the reinforcing core materials 502y, 503y in
the TD di r ectiebiialsTHiwheiegyito fandresatispying ibgirolatipnsiviympresented by

expression (1) are present, the distance b between the reinforcing core
materials 10 and the elution holes 12 adjacent to each other is larger than the
equal infervals (a/(n+1)).  In this case, as the distance b between the
reinforcing core materials 10 and the elulion holes 12 adiacent 1o each other,
thete are two distances between the adjacent reinforcing core materals 10,
that is, there are two b {more specifically, in Fig. 2, one is present belween
ihe reinforcing core material 10 on the lefi and the eiution hole 12 and the

other is present between the reinforcing core material 10 on the right and the
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[ 0078] In the first region, the elution holes 521x, 522x are arranged

inthe MD direction so as to satisfy the relationship of expression (6) and

the elution holes 521y, 522y are arranged in the ID direction so as to

satisfy the relationship of expression (7). Since nmechanical strength can

be further inproved and el ectrolysis voltage can be further reduced, the

el ution holes 521x, 522x are preferably arranged in the MD direction so as
hi s arrangenent,

i sf he relati hj f ion (8).. O .
mechani cal s ETARGIRI DL nl R PHERALRANE b AAISa bl IPestoner ' mpr oved
d | ectrol.ysi : - t il arly, th
ol uti on nol & syt lLiA0Res BRI ERLaRA, Dl rh WRE hefiudioth coas

to satisfy thgobghéddrPpeiieRnahe aega&@ﬂséiﬂfbr&eﬁg coleQRg8kials 10 both _@alfié?f_ second
region, the elution holes 523x, 524x are arranged in the MD direction so as

to satisfy t e redimhsiopohexpreésiex pr)esSiownthafl p imtie dume obhlub o allel es 521y,
522y are arranged in the TD direction so as to satisfy the relationship of
expr essi on ( PjEsephbetyeenthegicindercingreore patesjal adiaceidiesagpather.524x are

preferably arfanged, so as to.satjsfy.the relationship of expression (9).
Oni ng to thi é@?‘%&'ﬂb’é@@ﬁ?@nﬁg@ﬁ‘a{h?géﬂ"'g?'?'ength of the cation exchange
menbr ane can(ﬂgyjurther i nproved and el ectrolysis voltage thereof can be
further reduced. "Simlarly, the elution holes 521y, 522y are preferably
arranged in the TRtih nesvalveigserihelreinfating tird Materialsatn WRsBI A hok
expression (9). [0080] In the third region, the elution holes 521x,
522x are arr angedatisfyingdhd/lalionsbipirepresentad by@xpassohy(2) e preseattj onshi p of
expression ( and the elution holes 523 524y are arranged in the TD

direction solgsniesval ghiebrsen the eldioatiolasst adinsent fppadspibariedsrger n t he VD

sat i sty the VEF0E SHERBhERBAREL o B e R o el BB rmeon:,
mechani cal  siHeengidh Rfled 12 a8BEER0 SUEH BINF tﬁ&@aramo%a@&@d{%&qr%§§§,i frpr oved

and el ectrolysis voltage thereof can be further reduced. S

el ution hol ef n523yr o2y Firat i trefre madivo armanged thmhik basd, R idi rection so as
to satisfy the relationship of expression (8). [0081] In the fourth
regi on, the eatigfacierytifcatdenstons of 6 2alislias ¢hearalatiogebipiof expressibn @)riect i on so as
to satisfy the relationship of expression (7) and the elution holes 523y,
524y are arr&ﬁdﬁﬁm?ﬁepﬁEQVEgﬁirection so as to satisfy the relationship of
expr essi on (€b38£n the MD direction, the elution holes 523x, 524x are
preferably arranged so as to satisfy the relationship of expression (9).
Owing to this arpangappavent MGHNRE LERripBbh BRI iPihel oA @kEIMhg@xchange
menbrane can be further inproved and el ectrolysis voltage théreof can be
further redunedbrdiar bathk\presdnt ealbodinemthio lsesatiS2idiory Badleaat enepr ef er abl y
arranged in the TD direction so as to satisfy the relationship of

expr essi on (@yangepumepatisfying tiewelajionship ioé exprepsing i) asmxarassiond2lr e, bal ance
of arrangengﬁb @f the reinforcing core materials and the elution holes in
the cation A nge nmenbrane can be further inproved, with the result that
t he di nensi onal Ll fur Ly | < i ng
met hod> A rrﬁjﬁglé@%r% t%rgoQa | u@Pn@'%sh%?%eﬁe@%ﬂgﬁgrggﬁéédn%trgoﬁ?ggﬁgcor ding to
the present ghedi-aRM oy EQERI 8 IR rid8e 8t @RS Pident reinford¥RAVMBY tWwo or nore
reinforcing core materials, a sacrifice yarn soluble in an acid or an

al kal i, and raadummy yarm havjihg [@cpriopesitiycofedi $ecliviag: idviarcpredet er m ned
solvent in which the reinforcing core materials and the sacrifice yarn are
i nsol ubl e, tErobtEAFHIALEEITE o rePHYifalcer¢@lal kalveng the sacrifice yarn and

t he dumy yﬁ584&rranged between the reinforcing core materials adjacent to
each other; *

if the reinforcing core materials 10 and the elution holes 12 are formed

it the mermbrane body 14 so as to satisfy the relationship of expression (1) or
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soaking the reinforcing material in the predeterm ned solvent to renove the
dummy yarn fromthe reinforcing materi al stacking the reinforcing
mate.riai fromwhich the dumry yarn is renoved and a fl uorine-based pol yner
havi ng an i on-exchange group or an ion-exchange group precursor which can
be converted into the ion-exchange group by hydrolysis, to forma nenbrane
body having the reinforcing material; and soaki ng the sacrifice yarn
inan acid or an alkali to renove the sacrifice yarn fromthe menbrane
body, ther eb;?XIPr@ﬁﬁ‘Pﬂéz aft |§ﬁ%¥tth®ﬁ“%ﬁﬁ@%%“’@ﬂ@thrﬁimﬁ eaienmpanqeoosq

One of the characterist ¢ embodi rent 1 esid that th
nterval s of HPENG 6 CRiBe Par hBY SBLAgERtP 65"?15‘* R A
mtertals adiaeRitiolhotRnidRls {GRd tBuframRess2 [ Ssp #R: ¢) are not

equal |y separate I'n“order to easily an f| clently rea I ze such the

structure, apdsmamzyelatrbrfsarp represspdd bgh-mgrmldn (b?orn@(;ﬁe@mﬁﬁezﬁ i@kl y
described with reference to Fig. 7. Fig. 7 is a conceptual

di agram f or ifltheisascawierg the pamChgngmmlembrmbmayd@ fol inthangings@nt
enbodi ment. First, between two or nore reinforcing core materials 60,
sacrifice yafﬁﬁ'é"’%%’thﬁs PPl P @ R Ie Cﬁwe@stawf'eeﬁaﬁwofﬁaﬁﬁ%&\eaoa@e woven

?n?lt glrj} 2: nGacané1 gég%@% aﬁ}n&g‘t '!”%l’%'gteéal i rg%{} Fpeff\é\@‘ %reg[?gan?e%ﬁ e[ ed fabric
etc. Note thaktiod dkchhRyé ﬁ’lfenﬂfr&%‘?tcha‘{bé)éxc@ss‘f%\@ sﬁrs\% Exéelighf ef erable. In

this case, between the reinforcing core materia the sacrifice yarns

62 and the dunsiayieslssefghare uerraéataa:mwfomw@m me,aemd@sifaelearranged at
approximately equal intervals (interval é%lweavi ng the sacrifice yarns
62 and the damvoly%ap@fcsmaapea@rpbemh\eﬂreﬁy lodbrbrasaneerobddiment asonpl i cat ed

control is required . to arr ethe crlflce 62 at the intervals
whi ch sati sf %Bésﬁ'ﬁhﬁﬁ%\“e é‘?ﬁ% f’”@ﬁﬁﬁ’@éé )4 patiligd tE‘ﬁr ession (2),

etc., and angpperaliails gfgegv&%vaengmxﬁgpsh@g&ebﬁﬂwg,me%%a.egmed with a

sati sfact ory pro I on i Cl enc arn 66 has a high

solubi lity tgtrénhgth, Qﬂé‘?@étfﬂrﬁﬁ% cﬁ@x}é%&mn[@ﬂg%om preferawébnshee reinforcing
material 6 is soaked in a predeterm ned sol vent to sel'ectively dissolve and

renove the did®dy] yarn 66 al one (see Fig. 7 (10). OnMng to this step, the
site where the dunny /arns 66 have been woven becones a vacant space and

thus the interval npgd '&e&‘fe@m'&[swl]age can be‘fﬂé"quﬁ@w QYrﬂ';at'ﬁWert er m ned
sol vent for dissol. :%h (r)\wg %} . éj %yarn 66 and
dumy yarn G%XH@S%?H zﬁ’f W‘?:@F%EPP %faysﬁ 7ef ¢ cam CIreOUCEiNf actory i f
the sol ubil I(E(Yf}'%l%ﬁh g r}(@ﬁtrbfttﬁ’e Ihﬁorpﬁagghﬁft%pﬁgre%ﬁ'ﬁ byhs higher

than that of t orc core nmateria sacri |ce yarn 62.

Exanpl es of ééli%nfmbﬁraks%ln eﬂm bR e HAYETRY W MdttBf sKBhd Méi@@@olfl@' ywi nyl
al cohol (PVA), rayon, polyethylene terephthalate (PET), cellul ose and

pol yam de, Gnetﬁwdsfer, cqoiollingrilyé aahogdroénticd ther elfiborabbles i1B wayeiwclafie hi gh
solubility. for example, a method of appropriately modifying weaving conditions in a
step of producing a cation exchange membrane, as described later.
100421
Furthermore, when the cation exchange membrane 1 is inglalled within
the electrolysis vessel, even if the cation exchange membrane 115 rubbed
against the electrode, efc. by e.g., vibration of the electrolysis vessel, it is
possibie io prevent the reinforcing core material 10 from damaging and

sticking out through the surface of the membrane body 14, Since the
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[ 0088] As the predeterm ned solvent, any solvent may be used as | ong
as it does not dissolve a reinforcing core material and a sacrifice yarn
but can dissolve a dumry yarn. Therefore, the anount, etc. of solvent
required for dissolving the dummy yarn is not particularly limted,
however, the kind and anount of solvent can be appropriately selected in
consideration of the quality of the reinforcing core material, sacrifice

yarn, dummy yamto he used and producing conditions, etc. Exanpl es of such
a sol vent rrayeinfwneléw&rmaf@n@l10aﬁt%5k%mbechwﬁ im#te inkerier portiaepines of t he

of tho. a1 kal "Ry AR ORANE BEBIAY AP e Bor S e do. O

t hese, sodiu r View

di ssol ution ?a?g%'%“gg Sgﬁaéﬂ&)&“&%gﬁﬁéé négéfaﬁrﬁ%dé%g bgit' 'BEaiEeEEe dunmmy
yarn 66 are rfftofpied teirforciigl aord matdrRdl 10 BaneE effectivelepravémedednahisf rom 4 to
12 polyvinyl alcohol filaments having a thickness of from20 to 50 deniers
and a ci r cul &rarteodbe selion exchasggpmembdrais €hayiogaddng life can Prebsaiced.f i ce yarn
62 refers to rn capable of dissolving in an acid or an alkali to form
an elution h n the cation exchange nenbrane. In addition, the

solubility of th 62 00N term.ned 59 | v in which the
dumy yarn 66 di ?Q(S)q vesSL?!E(gt fﬁ%eé‘re?%rg e@%cﬁmgﬁgt%&%ﬁ%%ﬂﬁ@% Exanpl es
of the materiggl h \rR&d; cohol
(PVA), rayon, g§§3g?§f¥/%g§g%513§%ﬁﬁf K{gég‘)l%“ﬁ%ﬁr@%{w@ E‘gé&mh@ypoﬁ%am de.
t hese, pol yetdiyticraiptsreaphisbiahdteor(dplgssion (Ry.eferable in view of stabili ty
during a weaving step and solubility to an acid or an alkali. [0091]
The anount of thel.2alrith sees 0QeHN6D..ctained in a fabric is preferably

the reinforcing materi al

;Lgmml)(r)etgrgge?: ngft‘rs ?ﬁe%@ggﬁgg@%?@ﬁ%%m $ s ae ﬂ'@c%'acrlflce yarn
has a(hi cknghondil of RaRf LB GHSL A B8RSl B1ABl o B1E

nmonof i | anent I nu anon ar n an be woven

such that italidigés, e @ﬁéwmmm@éué&ﬁ)m@maﬁa caﬁoaeb@ﬁtw&%pﬁdw@dr ei nforcing
core material 60 and the sacrifice yarn 62. Therefore, the intervals of the

rei nforcing cor e ihanere prafeGbleathdt & heasde firther aatisfy e GRatnskipgeéd in the
reinforcing material 6 can be arbitrarily determ ned by appropriately
sel ecting t heXRresdRhess) inmddiing pe thef relatienshime) exripssian {1)idiexpegsnien and

or cdct or m neld) éﬁfi&@ﬁ?@f@?%v%?q et e A it et i bl SRy o on o

fluori ne-basg,g) %ATF;_ the interval of the sacrifice yarns 62 to be
arranged can be ar a)r'ily determ ned. In this manner, the reinforcing

core material 60 gl nuhp<@agmg§;(@e1 y 62 for formng an elution hole can
be arranged so as to satisfy the rela |onsh|p of expression (1) or
expression (2). 0.4a/(n+1)<c<0.75a/(n+1)... (3-2)

[0044])
Furthermore, when the relationship of expression (3) is satisfied, a, b
and n preferably further satisfy the relationship of the following expression (4)
af(ree 1y < by = 1.8a/{n+ 1), {d)
By further satistying the relationship of expression (4) in addition to
expression (3), the mechanical strength of the cation exchange membrane 1
can be further improved.  In addition, electrolysis voltage can be further

reduced.
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[ 0093] Furthernore, as to the MD yarn, although not shown in the
figure, the sacrifice yarn, etc. can be arranged at arbitrary intervals in
the reinforcing material by a nethod of passing a bundle of two or nore
yarns selected fromthe reinforcing yarn, the sacrifice yarn and the dumy
yarn through a single dent of the reed of the weaving nmachine or a nethod
of providing a dent having no yarn between dents through which a
reinforcing yarn, a sacrifice yarn, a dummy yarn, etc. are'Passed. For
exanmpl e, control fddiionipeypieasion 6h. adnapd nieere MsfeabhysaigivtPpes of yarns
(reinforcing yarn, ,sacrifice. yarn, etc.) used in conbjnatiqgn passing

t hrough a si ﬁéiﬁéo'?fgmoO%pr%é'o%gég')@dgu \W%@rarl?ﬁfc?ﬁq‘iﬁ)@?ﬁ%ggt'cgﬁgﬁ fically,

a bundl e of @sfp }g%géﬁpﬂg)yarn and a sacrifice yarn is passed through a
first dent, a bundlie of a sacrifice yarn and a reinforcing yarn is passed

t hrough a second yesa(na)sasce iigaga+yar u-and a sacrifice yarn are passed
through a third bundle. In this case, the arrangenent of a reinforcing
yarn, a sacrificel.yaimi1)a sadridined).ysd-8) a reinforcing yarn, a sacrifice
yarn and a s%ﬁiifice yarn in this order can be repeatedly nade. In this
manner, the ift%¥vals of the sacrifice yarn arranged in a reinforcing

mat eri al can be r.pll e . 0094 Subsequent | he,rei nforcing
material 6 from ﬁ&%ﬁﬁ% ﬁgnﬁb‘q%?Lb%%’e?%tf}eerﬁgi%rg‘”gscof%(}‘gieé@lson a

fl uori ne- basegs; i ! 'ﬁﬂﬁf ; iftdiRybr ane body
having the r Sigtﬁgb%%re@%s&g??g%%#%epr e g? gﬁ?%&ﬁ%?ﬁlga (é)ggﬁgf@tr m ng the
menbr ane body batweémtbletggtionfilesxanpkeaecinforolg ko hatdriag ddehold owi ng (1)
step and (2) step. (1) A fluorine-based polyner |ayer (hereinafter
referred to &8chother isshrobdiped the iptsvalicrishyeen therdidiopl hdes & umaooiwonal group
positioned on,the cathode side and a fl| uorine-based pol yner | ayer

(herei nafter %@P’@r?‘:ée@pefs@ g say, expERssIag (1 é&?eﬁat")‘f’%ﬁ’ﬁ“é{?g'i” H'é? rgindericigny |

fluoride fung&&ﬂﬂgkaﬂﬁoup are coextruded to forma film Subsequently, the
rei nforcing materi al ahd the second | ayer/first |layer conposite filmare
layered in tameprder on a flat-plate or a drumhaving a heat source and a
vacuum source, and having mcro pores in the surface, via a perneabl e heat
resi stant rel easdnpagition, dhikeelidtahash bevaentteg raibfectimg cdrbendtengienat ur e
under whi ch i ndi vi dual Eolyners.nelt whil e renoving air between the |ayers
by reduci ng gpé&eldtion holes 12 agjpceaidarcack iofhar tbaie e twesistandesyer / i r st

| ayer conposite fil fl uori pe-bhased po r er (hereinafter referred
to as a "thi baﬁ\{eﬂ;ég& ?g@ﬁﬁ‘%&a{ﬂﬁ‘ﬁ{ﬁmgcﬁ’[ﬂ ‘F‘S*ﬁ%ﬁﬂd@%‘?@é&‘ﬁ'h%l&oﬁ 'Sgroup is
singly forned |} ' j [ yer film
rei nforcing rgraat)ﬁ(;ér Ega{fle %érﬁé%%&ﬁgﬁéggwﬁﬁ?ﬂﬁ%%ﬁ(r:noatrtr%%slitlp & nﬂ iﬂlllg?n are
layered in tBlusiooheRE 12’ the atheP B sOnt ibtWesiHRAGHBn@ rdieRkcifPUr ce and a
vacuum source and having mcro pores in the surface, via a perneabl e heat
resi st ant rekegsvatpdpiel( arthibeeeldtionmeler €2)i NOf theatvedn, att ledst obe bpeayat ur e
under which individual poly nere nmelt while renoving air between the |ayers
by reduci ng pRisésthedelatipagin phgxpressiemidd. cMete prefrsablyrketbiteabal ong whi ch
the extruded filmis fed,is the MD.direction, 1:Q095 . Coext rudi ng
the fhrst I apseelARRE Hiscadir ok o iy Heardaitiy basiE e os ¢ o

enhanci ng thﬁﬁﬁﬁ@@ﬁ%Qﬁe%&%@%@ﬁg$pf the interface. Furthernore, in the

i ntegration nethod Under' reduced pressure, conpared to a pressurizing press
met hod, the fhisckness of the third layer on the reinforcing materi al
characteristically increases. Mdreover, since the reinforcing material is

i mobi | i zed wi t hilmatibigecatibotinext hangadmeplei@anely nohariigialhst rength of the
cation exchange nmenbrane can be sufficiently maintained. [0096] Not e
that, to furfehEonshiedfssfolpiing @amsispionybbify adddionde tnrelstionshige menbr ane, a
| ayer (hereinafter referred to as.a "fourth |ayer") containing both a

car boxyl at e %ﬁﬁ%%?%%gmcﬁ?é@ﬁsﬁﬂﬁiQ‘sulfonyl fluoride functional group can
be further intergpﬁgﬁwq?gwggﬁggheS irst layer and the second | ayer and a

| ayer containing both a Eafbdxyfé& functional group and a sul fonyl
fluoride functional group can be used as the second layer. In this case, a
met hod in which a polyner containing a carboxylate functional group and a
pol ymer containing a sulfonyl fluoride functional group are separately
produced and then m xed, and a nethod A which a nononer containing a
carboxyl ate functional group and a nononer containing a sulfonyl fluoride
functional group both are copol ynerized and put in use may be used. [0097]
In the case where the fourth layer is used as a constitutional elenent of

t he cati on exchange nenbrane, the first layer and the fourth | ayer nay be
formed into a coextrusicin film the second |layer and the third | ayer may
be separately and singly fornmed into filns, and then these filns may be



coextruded into a film In this manner, a nmenbrane body containing a
fluorine-based pol ynmer having an ion-exchange group can be forned on the
reinforcing material. [0098] Furthernore, the sacrifice yarn
contained in the nmenbrane body is renoved by dissolving it in an acid or an
alkali to formelution hole(s) in the nenbrane body. The sacrifice yarn has
a solubility to an acid or an alkali and the sacrifice yarn is eluted in

the cation exchange menbrane produci ng step and under the el ectrolysis
envi ronment to fo W@W%‘?@WW@I%’@%'PPﬁ@x%ﬁ‘iﬁ“‘i’rb@ shedechgpicghi s manner, the

cation excha r.ane havin elutlo rane body
can be obt ai HEANOIIL 15] Cate e TapEBrasE e Bt Ffiek P Bied "M at t onen p
satisfying t X nted by
expressi on (%?nﬁ@ g?g?@%gﬁﬂﬁﬁ 5§E§%%g§gﬁ ® Rﬁ%é@ﬁ?@”é?ﬁ%ﬁﬁg the cation
exchange nenli@agatios obihdication axdnaage hesebrtne T toesitingl @tecabby has a
protrudi ng portion only consisting of polynmer having an ion-exchange group
on the sul f ofithersugpleasest todlideer(retuscheleaindlyiss voltdggce si de, see Fig. 1).
The protrudiggbﬁgrtion is preferably consisting of resin alone. The
protruding p n can be fornmed by previously enbossing t he rel ease paper

uhi ch can be usecyblh bASHIPt N0 1E A8 FEROLLBNSH, SAIRRSIA®, (oL of the

second | ayer and R ‘ayer and € RFor ] erla e c 10100
The cation emh@dlﬂ&w ﬁﬂﬂ@W@Qﬁ‘or%ﬁﬁo%f@xﬂ&as‘sﬁmt(’??orpé@'f@s&‘ior?@?Qﬂid”ﬁﬂﬁeaca” be
used in various electrolysis vessels. Fig is a conceptual diagram at
the el ectrol )pseferabe,smﬂsfyabewldi:mg;hhmftéxgrq:slsme(ﬁu)enbodl ment. An

el ectrolysis vessel A at |east has an anode Al, a cathode A2 and the cation
exchange nenbr anel.1afetorsds ad Gadnt-hk.. #@étent embodi nent arranged bet ween
the anode Al and fhe, cathode The ctrolysis vessel A can be used for
various types of Lﬂ@%?TéFV%rga%ﬁ@ ﬂE%EBM/ as a typical exanple, the case
where the ca JQQ exchange nmenbrane is used in electrolysis for an aqueous
al kali chl ori éolution wi |l be described. [0101] El ectrol ysis
condi tions are nah tR@kkprebsiangd, YakindiHeSshse MRy ar= 2 ab aalek@mptd, shean be
performed in conventionally known condi tions. For exanple, a 2.5 to 5.5 N
aqueous al kalrélatidrishiyi mféhsafunememlar@dsaxpmssmdsmollb@dasmdhedchwr‘@ern wher eas
wat er or a diluted aqueous al kal i droxide solution is supplied to a

cat hode chanBethe w'mqrroéﬁ%pg helgs bﬁngﬂh@rrﬁ@@rwng cae r@atwa& ipBganda
tenperature of from50,t of fr to 100

d
A ano. [ o10zimtenaR B uh e v afisy hoRs et aeaesd & GEBRAE Cor di ng
to the presefhoRRRRIWAERH = 5 él’?];esgﬁfnt Hh@é@regéigﬁ g@%gcf)@:% exanpl e, a

uni pol ar systemor a multip syste e materials for
constituting réép@cﬂ@ﬂﬂfe@b&’@hﬁg ¥RHSEsi0A(E) Memésidwmrl y limted. For
exanple, as a material for the anode chanber, al kali chloride and

chl ori ne-resi st ant =t bas’um{@r e preferable. As a material for the cathode
chanber, e.g., alkali hydrOX|de and hydrogen-resistant nickel are
preferable. As tHE"& EZalenéit of el ectrodes, an appropriate interval may
be provi ded Rﬁ%&gen t he cati on exchange menbrane and the anode. However it
t he anode is nged in contact with the on exchange nenbrane, this
structure can be ugedii houl BikcRHARL &rofid AL MRS AL AEugAROde | S
general ly arranged at an appropriate interval Wt he cation eXchange
menbr ane. Howeviefsiicashic ontaatsdiyp e glreetaiol ysihs: vgs-;s}eﬂ he(r2eriongaposyst em
el ectrol ysis vessel) having no |nterval bet ween them can be used wit hout
any probl em ef0863d1 (3). When the relalionship of expression (3} is also salisfied in

addition to expression (6), the interval between elution holes becomes
nafrow and the interval between the reinforcing core material and the elution

hole becomes wide.  In this manner, mechanical strength improves and
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In the cation exchange nmenbrane according to the present enbodi nent,

el ectrolysis voltage can be reduced by arrangi ng nmenbrane-constituting
menbers within the nmenbrane body so as to satisfy the aforenentioned

rel ati onal expressions. Particularly, conpared to a conventional cation
exchange nmenbrane where el ution holes for passing various substances such
as a cation are arranged at equal intervals, resistance to a cation
decreases by arranging, el ution holes at unequal intervals. As a result,

el ectrol ysi s SFAUHOHGE Yigop Fas bratiurede cMarsRefqiahly, SHRERSSIAE) fs#ed i on of

t he present I . jmted.to this). [0104] Particul arly,
in the int er%%Pgﬁgggﬁ\%égﬁa?gqoé)fdé%ég%’é]ngﬂe'ore materials satisfying the

rel ationshi p jgf5@f orementi oned expression (2), elution holes are arranged
near a reinforcing core material interrupting a cation. OMng to the
arrangenent, the Fatieoomore)ties intpvalo getvepatthe reinfectivgesoramshtbhds r esi st ance to
a cation further reduces. As a result, electrolysis voltage is further
reduced (not &atisfeing theeelatipnehip of ewpressien phaxefatabdnbidbeneaisii thenot |inited

to this). Ex . 0105 . Her ej nbel the. t - I ill b
o L) SRl s L SRR B Reon 1 e
ruenton 1S Rk a0 0k 01 AR B5eol 88D fgecur e o

adj acent to @astmes Wile arfli tHbAER iMedvRl betRden BRL MRSl oFE€dtdgi Ng core
materials and elution holes adjacent to each other, and the distance c (ci,

c2) between twhd ile efutionhblelbesomds aspow. t v thschamidiemevkeardcaissngtrd by t he
follow ng methods (see Figs. 8 and 9). In the case where the

di stance i n iRAROYES ang él‘?@ﬁ%’MS*M@Et?@a%ﬁﬂ%Eedﬂiﬁ%d-cati on exchange nenbrane was
cut al ong th%iziecti on in perpendicular to the TD direction (i.e., the MD
direction). ut surface was a cross section of the cation exchange
menbrane in the T, di Welol ‘ tWES! el s in the MD
direction was ma@%ﬁ%ﬁ@’é%ﬂ%&nﬁiﬁﬁjﬁ%e me errgﬁ‘é&\tf\gé%?ﬁf al ong the

direction i nnpesRensatRulify thedekabiendip bt detdsemn((Bhand Bxstesgst (HN) . The cut
surface was a cross section of the cation exchange nenbrane in the MD
direction. andthe sEvendinjsryakkaiveon thef refrifercingt doom neteieis salisfmpbthane was
magni fied by a mcroscope and a,_ b and c in the TD direction and in the M
di recti on wefRAUQBSRIRR O SXRESTIAN & HANREEXPIRSION; (51 AR TaNgsd e Med by

measuring th st b n ter i.nt, of . nforcing core
mat eri al ands?(ﬂgespggﬁ]%%@r g’éﬁgaﬁ%ﬁﬁeﬁgﬂl ﬁ\pfﬁﬁ%lﬁ%lsgepétﬁﬁ%@ Ansver se
direction. Fefn8seBhEelodtdfRsSs IStRIdd4mask RyypE@suri ng the di stance between
the center poipnt of the re?‘?l%orci% core mat g??al and the center point of
t he ot her adjoas8nt reinforcing core material in the transverse direction.
Note that, a, b and c were neasured 5 tinmes and an average val ue of the 5
measur enent val uddewaionssehadrngearampibescceitint todhe prisgnhgmbedinentince]

Degr ee of re,duchi on in sé_)r e?ﬁ%tgegjoldi n%d; esi st ance) bry fol ding the cation
exchange nenBraHIaGRY a%onda5dbe BatianshiPariicsRissg ond heloexreision (2)

is satisfied in a predetermined direction of the membrane. More specifically,

itis satisfactory as long as the refationship of expression (1) or exprassion (2)

is satstied in the direction of af least either one of the MD direction and the

T direction of the cation exchange membrane.  Adleast in the TD direction

(TL yarn described later) of the cation exchange membrane, it is preferabie

to satisfy the reiationship of expression (1) or expression (2), and more

preferably both i the MD direction and ini the TD direction of the cation

27



that, the folding resistance refers to the ratio of the tensile el ongation
(tensile elongation ratio) of the cation exchange nenbrane after fol ding
relative to the tensile elongation of the cation exchange nenbrane before
f ol di ng. Tensil e el ongati on was nmeasured by the follow ng nethod. A
sanple of 1 cmin width was cut along the direction having an angle of 45
degrees agai nst the reinforcing yarn enbedded in the cation exchange
menbr ane. Subseguent | i the tensjl.e el ongation, of She sanpl.e S measured
in the condi t¥6 r?get'ﬁé BradEa éel?g?vgﬁthog‘?ﬁﬁ’&%.‘o“s@ %?X%gg%% frate: 100
m m nut e in%gffggrdqance with JI'S K6732. [0108] The cation exchange
menbrane was folded by the foll ow ng nethod. The cation exchange nenbrane
was fol ded byo@pp! yi ng wei ght of 400 9/cn? so as to allow the surface of
the carboxylic acid layer side (see Fig. 1, the carboxylic acid |ayer 144,
and "pol yner A | alksr, inlthealiiebtah dfatt daadst eithdrace df thed M. ditectidhand/Bef ol di ng,
the cation eﬁ]ange menbrane was folded so as to forma folding line in

r

per pendi cul arl & gredennpspagigrable torave dhe tilersale beivrevibaseiatesciagid eval uati on
d MD f ol ding. | he . ID f.ol di h t.i nb

e mase (DL e LTS TP B BB I SR s s e

cat | on exchangaNIR IR LROFEY B SAHAQ A5 oFBARCLIR 4l dopa). Therefore,

in the MD folding, contribution of contro bet ween reinforcing

core mat eri alpsefamdletouizve thdintetalgbernrgadharan@rdimecdi® riate A8l igther o f ol di ng
resistance can be evivated, whereas in the TD fol ding, contribution of
control of i sakafyiag Sepelaiivaship of exession (3 @t ashindné ADsdiwetior(R i on hol es
arrariged al onl% tgﬁ&I\/D direction to fol ding resistance can be eval uat ed.

o oy

ALt er MD fol 4f CREOR GKElIaNge REBLIEBE R ChRigEaklede hae ’;é‘leonga_t: on of
ol ongat | on 1 HarRdLefEOEH AP nRiaIE B3I, Rtk A Talb BllRe 1ot oyedas a

fol ding resi ﬁéta'ﬂféﬁ\@hip[cﬁ%Qﬁﬂesf;iwﬁ%?ﬁcﬁme%D%i'ir@éﬁdrpéﬁbsih%hé’q’btd%%‘élion AN

el ectrolysis vessel was prepared using the cation exchange nenbrane and its
el ectr ol ysi softbbtcatien erchanga swrratstandhe el ectrol ysis vol tage was nmeasured in
an electrolysis cell of a forced circulation type having a 1.5 mmgap. As

t he cat hode, [0885k] ectrode formed by appl yi ng ni ckel oxide serving as a

t al yst t i | . et al d. As t de, @ | ectrod
or med by appl vi R VEUREAT Gris Hirpaic At anipas Siir o oA 1D Slochonat al yst
onto a ti tanémh%x‘@(iﬁ]@&ioﬁe&?é pr\g’?e?alﬂg?cgg?\\lrlétei‘ntﬁn i eﬂ)a?scﬁc%}geéﬁg}f%cel |, the

cati on exchange nenbrane was arrange e ano er and the

cat hode chanegiforcinylcdé materials sdtflietrRNRARIORKIS of SXpragdiePLss, modi um
chloride solution was supplied while controlling a concentration to be 205

g/ L, wher easadhliaer towapressspml (i pdr sstpréssiora{2)t mbre mgfdrhide dabave thesoda
concentration on the cathode side at 32 wt % Subsequently, electrolysis
was per f or meftansis belwpes the reinforpingperedeaisrialy fgthegalighiing thivd a t enperature

o cotron yor SEuUBERP L8R 0L ot B el ORI R Rl "
pressure of &Jg)gln %Q{g}‘i’f\g%' iﬁ@ﬂb?ﬁ{?%ﬁ@ Etﬁfherbrbq‘ea%lbfé%rh%k,}g%é Y@l Lgge required

was measured ol t'met er.
betwsen the reinforcing core materials further satisfying the refationship of

expression (o) bothy i the ML direction and in the T direction of the cation
exchange membrane.
{0056]

The MU direction {machine direction) used herein refers o the

direction along which the membrane body and various core materials (for
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[ Exanpl e 1] As a reinforcing core material, a nonoliianmenf of

poi ytetratiuoroe,thyiene (FIFE) of 00 deniers (hereinafter referred to as a
"Rl FE yarn") was used. As a sacrifice yarn, a yarn of 3-fil anent

pol yet hyl ene terephthal ate (PET) of 40 deniers twisted at a rate of 200
times/m(hereinafter referred to as a "PET yarn") was used. As a dummy
yarn, a yarn of 15-filanent polyvinyl alcohol (PVA) of 36 deniers tw sted

at a rate of 200 Fi nmes/ é.herei nafter referred to as a "PVA yarn") was
used. [0112] Sxampe, Bipigjor e PRSI RRtARGAdN G eaRgaunele the fedtferclie 24

yarns/inch a Q%; I | . yar.ns. : repared by use
of a conti nutgl]fgt -I%‘H?P%nee%uﬁgéjsé?’b%\t/rfgw%%u%%@gxgﬁr@n@zr'ﬁ%B%rgngi sting of

PTFE yarn andaBffiteyard avmmﬁgggﬁéeta?;ré}e%ngpédé§¢'feé§%ﬂéctﬁanbﬁn@rk@ of 2 yarns
consisting of PET yarn and PTFE yarn was passed through a second reed; and

a bundl e of Processforepoodicity thg cafiorP&Eichpaye neamcbrRET ay aescribed Igtassed t hr ough
a third reed._ The bundl es of yarns in this conbination were sequentially
and r epeat edFyrbersasa thaMjdyam eters tea vam woves (spitted) alorg the MD yar ns, PTFE

. PET PVA PVA,. PET PTE PVA yarn, PVA
varn, per yachectaty YR D GyRidBiFnsier s YRefton rgrioahe dhgRehh i ni s or der

t edl iy i £.a] _ O
e O T Bl TR e T

Subsequent | y refeiseo @bjath Weder Gintfed aiong thATEr didlctiv@s IBHGi @RI e to contact
bondi ng perforned by a roll heated to 125C. Thereafter, the reinforcing
mat eri al was relatigostipi of exp@ssioN (Hoerenpsess i (@b ityalsextessal (B)ioon t o

di ssolve a dump/ rarn. (PVA yarn) alone and renove it fromthe reinforcing
materi al . Th&*R ﬁf’%ﬂ'ﬂ\@s&t‘bf istsREsiies intwe diraefionat iet-i the MP diealiancndthe dumy

nas o copol yner ISP Orus Al Bi PR e ep s Sighiser StndtR ot e A €
Cr2=CROCh2CHLATE RRREZ AN herCsh Mol Bl PINEYERANNS, coRAR LY O

0.85 ng equivalent/g, and a dry- resin s a copol yner
of CF2=CF2 acah b&BrtbleOuiCe( CF3) 0CF2CF2S02F and had a total ion exchange
capacity of 1.05 ng equivalent/g, were prepared. Using polyners A and B,
t wo- | ayered F405A X, whi ch consisted of a polyner A layer of 13 pmin

t hi ckness and a g:olyrr.er B | ayer <§f 84 min thickness, was obtained in
accordance with &'%ceRERaceRus dagrameiibe seeqnd eraberiment f thencatioronsi st i ng

T di e met hod 145 reRBrofe SELFHRERS SRR At~ e " © 1
reinforcing smhahb@hmetiistahd BalsMRIBe |ré}¥f?6r%ﬂgj (ﬁ filessRhq4f oon @ drum

housi ng a heat source and a vacuum source an aving mcro pores in the
surface, andetpeesséch (2)deth indioe MXldipsaioawne.in Afe Thidfettiore, Mdie processi ng
tenperature was 219C and a degree of pressure reduction was 0.022 Mra.

Ther eaf t er, $Resificalie dRecatippeaxcharce wetbeana 2 ableast hrscvigpyanere fil m The

obtai ned conposite filmwas,. soaked i n an aqueous sol ution contajning 30
nmass % of drpﬁgﬁwﬁngsqﬂr?m\%@g@?s( %S@f)ra%ﬂﬁﬁ! ‘f{’gﬂ'ﬁrﬁﬁ%m ansoeelydn dhs Mr oxi de
(KOH) at 90C:f.or: f i ol | d washing with
wat er and d S#fe(r%gmjr F%'%%ﬁ (;sfq?fééﬁ{neg% r%%égé&:ﬁré? ? tﬁ%\gﬁ )yéa'}aﬁt%ﬁg%?fg rei‘jq'oﬂas

di ssol ved t ohdbt 2bna@ ARARY BOQ.-BAY: ﬁﬁf%ﬂ%cﬂé&b'n@ﬁeﬁ&k_%%x%@}f'a@@ﬁk herein,
[0115] Furthermore, to a 5 mass % ethanol solution of ‘an acid-type
pol ynmer, polsgmeraiheizi reomiumioxiide dravicagcawpei as pirpartizcle: si ze of 1 pm
was added up to a faction of 20 nmass % and dispersed to prepare a
suspensi on SOFGRSH ICHEESE et oot i ereias b pr.aledistasichot h sur f aces
of the abov onposite. filmby a spra thod and dried to forma coating
| ayer (0.5 %{fg‘éj@} a‘é‘nrﬁ’frﬁ‘ér“%‘gr‘%éecg?%df‘%tg@ *é‘?fﬂﬂ@s‘?cf'ﬁ@”f*’i‘qq% S‘f’h thi s manner,
the cation exg :g%p@ [ LS ( i.n FlL g 00t al.ned... The cation
exchange rrer%ﬁ,%%@ggv 0 i |tg&%§?ﬁ§3%%PQﬁE¢%5ﬁc nottvggﬁg&lne)eqlg'r%’ two or
nore rei nf orgidgl Tagiacamiieehat 5théPisabpRRGB&IARALOXhd B mid dpalal | el
wi t hin the nenbrane body. The menbrane body had a structure where two
elution holes 72 were forned between the reinforcing core materials 70

adj acent to each other, In the structure of Exanple 1, the intervals
between reinforcing core materials having al, 131, d and the intervals
between reinforcing core materials havithg az, bz, cz repeatedly appear in
the TD direction or in the MD direction. Note that, in other Exanples and
Conpar ati ve Exanpl es described later, if the intervals between reinforcing
core materials have only single a, b, ¢ values in the TD direction or in

the MD direction, these values will be hereinafter described as al, 131, ci.
[01161



In the obtained cation exchange nmenbrane, in the TD direction, the distance
az between the reinforcing core materials adjacent to each other was 1112
um the nunmber n of elution holes provided between the adjacent reinforcing
core materials was 2 and the di stance cz between the adjacent elution holes
was 432 pm According to calculation, distance cz was expressed by

1.17a2/ (n+l) (see Fig. 8, the sanme hereinafter). Furthernore, in the
TO direction,_,i.n t i.stance. a... between the reinforcin ore materials
adj acent to eezfl_%t[%moﬁeesfé%f%%%%g%%%ﬁ%e m@ngnco(g? ”@tﬂfqigﬁgﬁﬁ I8 r ovi ded
between the agiaeieBief &1BhisehtdE L ANERYR lBliBndRS rSorBld by fiot ance? 01

of the adjacent elution holes was pm Accor alcu Ion, the

di stance G ; folesvisxpx@essch Pix) Or &Gndddidnt k) is satisfied. Mor eover, in the M
direction, in the distance a2 between the reinforcing core materials

adj acent to each beBehxot)- 1MI2 am the nunber n of elution holes provided
bet ween the adjacent reipfojcing core materials was 2 and the distance c2
of the adjacent PGEY G ﬂoi €% was 528 m Accor di ng to cal culation, the

di stance c2 WBEXW essed by 1.33a2/(n+l). In the MD direction, in
the di stance al between the reinforcing core materials adjacent to each

other of 998 pm FM@&HH@'{h&céﬁon%xﬁﬁérﬁéﬁgﬁgﬁ e’P adladehatyEen the

adj acent reinforcing core materials was I stance ci of the

adj acent el uniwe réiofoesingesre28fepat 20¢ cardiagwitbindaé mentirae@bodim di st ance
cl was expressed by O. 89a11&n+1 . [0117] The physical properties of
t he obt ai ned teat P sireeiarmiangd) ebthsrmaembeane hstdynoti shoWabbed two bonmebl e 1, the

i nterval units,be en.reinforcing core materials, which were alternately
arranged in gﬁiﬁ%b\ﬁﬁs%yéé% f@@ﬁ@%hql??qﬁl?g HIT NG EpfegRaEralsRdYcat i on

exchange ne [ 1 t ' ed.. rei nforcing
core materi ZIQ 81? E?grtgggﬁw&ﬁd.ﬁ%@wg g‘?"rq%%cdggtgh%% gﬂ%ﬂ%%?&é@%’nglz.

Furt her nor e, chie rhieridl 20l r@fHce Ao dRAMMAE FPRsddnicd hpRakhdidiiapcder e
designated as reinforcing core material interval ML and reinforcing core
mat eri al i nt betwgieniie reffemirascdre ndteridlo RDpahd theexlation Bsleardy Conpar ati ve
Exanpl es, description was made in the table simlarly. As shown in Table 1,

it was confiFiaeentiaeaghathenisirepresgled Rydynbeistisiarcekeiwaeniheh tensil e

el ongati on ret.aini.ng.rate,.in.either one,of MD folding,and, TD f o] di ng.
C0S18T | Eran gt Mo Sl iSTos En By crcabitn corbe" B BB A8 by usi ng
t he sane mat gL j b@ﬁﬁéﬁﬂ ; 5 n) of
15-fil arnent ﬁ%’g??x%‘(f@ egl coho @S&ﬁ%ﬁp%g‘f@%mggﬁ&s@mté@(%%% %i rnes/rn
was used as wpessemediyh,, [HEhIBE relationship phdsenft i edolklingn exchange

menbrane, in the TD direction, the distance az between the reinforcing core
mat eri al s adfdvession ¢ ypacexmoesson (@y3 isl@oBfigin t he nunmber n of el ution holes
provi ded between the, adj acent reinforcing core materials was 2 and the

di stance cz of tRe&UPEdEnd™8 ution hol es was 373 gm According to

cal cul ati on, thecd;jas}(r(iqufz E% was expressed by 1.11a2/(n+l) (see Fig. 8, the
same hereinafter)? “YVY ' F ¥)herm)re, in the TD direction, in the distance
al between tjhgsgei nforcing core materials adjacent to each other of 1091
p.m the nunber 'n of elution holes provided between the adjacent

rei nforcing coreimiegrbahs enasdnandi she st aneeral spleitbeadiasent

el ution holes was 252 um According to calculation, the distance ci was
expr essed by H@{_@G@@l’:’;’%"@rﬁﬁlﬁ)ﬂj’? notas mine oallon 65)((33’)&%?"19@ marnbrane are formed S0y

as o satisfy the aforementioned specific relationship (for example,
expression (1) or expression (2), or expression (3) or expression (5) or the
like).  For example, if the cation exchange membrane has at least one

inferval between the reinforcing core materials having elution holes arranged
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Moreover, in the MD direction, in the distance az between the reinforcing
core materials adjacent to each other of 1199 um the nunber n of elution
hol es provi ded between the adjacent reinforcing core materials was 2 and
the distance cz of the adjacent elution holes was 500 um According to

cal cul ation, the distance cz was expressed by 1.25a21(n+1). In the MD
direction, in the distance al between the reinforcing core materials

adj acent to C t , . t he_ number of el ution,holes provided
bet ween t he Ssg)j%c@n{g’%fgi%? ge?%"ﬁg?‘@oo? &R Py éﬂsor\%grefsgﬁgmt ﬁ’é‘%agstance cl
between the adhia@RBé oflndldaftn B RHgUATmGEnYE | ing to calculation,
the distance G was expressed by 0980a|/(n-'?rl)f.mﬁ%(:{\geir 11 He physi cal
properties ctif00# obtai ned cati on exchange nenbrane are shown in Table 1.

As shown in Fable 1, it was confirmed that the cation menbrane had a high
tensile el ongati ohuitharaiors, mgswraing that the regien parditiofedViy adjibcimdvand TD

folding. [0121 Exampl e 3] , . FiLrst, PTFE yarns were arranged at a
rate of 24 yé?h&rﬁfﬁgﬁg%tmaﬁb?k?ﬁm'@bﬁ'@&m of the &atian exchanggar ns wer e
prepared by | - L foll. . undl e of 2 yarns
consi sting o?ﬁ %?@E”gé"?‘ﬁ%tg#&g3@%&?‘%@@%@%@%&9 r&%Lﬁ‘ﬁ\ﬁ%T@ cﬁrlepg "reed; a
bundl e of 2 yherasf i @pstiidd BGoRd rddfich, YR futid o (T S through a
second reed; and a andll e of02 ;ar ns consli g)ﬁ'{r%gé:rg?)bg%b'yar r;ﬁgﬁgﬁgET yarn
was passed t Hinedtioashipiaf éxpression (Bariengrestionli) felptigk esthefargaons)in this

conbi nation was repeated in this order to obtain a plain weave. As to TD
yarns, PTFE ye#ans ipvhe galion exsangamemipaTe oh pareTiayhy fimjte@\mweren and PVA
yarn were artr. in this.ord epeat edl nd.a} approxinately equal
intervals to 'tg}gﬁ ge?gaglyg{og? ﬁ%\%i@%&" q%ﬁ r‘i“Pﬁ*‘"ﬁﬁéFﬁ?@F %ro'?a‘ é@@‘abr ine
(reinforcing ki Al l. a_ned . einforcing
mat eri al was e%?gg@e%’ypﬁﬁlgg%hgﬁ% gﬁ’éﬁ’ggﬁg‘gﬁ@?"ﬁ %rlér;té)c}g %@ﬁ%t@%ﬁ% ’ﬁg%ﬁ ed to
125C. Ther eabtegtrolybiseessd Ririe Gisihg JMitRELSs 18f SRRkRSelby® §. 1 N aqueous
sodi um hydr oxi de solution to dissolve a dumy yarn (PVA yarn) al one and
renove it frangdaseofites aleotrolysig vassedr i lathe arba ratiu islg08ser mbrd, irear ei nf or ci ng
material fromwhich the dumy yarn was renoved was 85 pm A cation exchange
menbr ane was PRIIBPAPEESRoNdiNLioFheiTapinsARYiIng PortipnElasmmgtien of @dcept t he above.
[0122] I n the i tj.on .exchan menbrane, Ln the TO direction, the
di st ance al B@{R\Ef)\%gn% ﬁ;g Si HffBﬁa@g %reﬁﬁ'?atggi f:%rthﬁjrﬁﬁ%orﬂ' the28dch ot her
vas M el d- I katioldi®0mhiRbre s BherBhbld, O'ln BBl fin A MY AEd AIRIivEY, e adj acent
reinforcing core materials s 2 and the distance cl1 of the adjacent
el ution hol esmonasn Bebpdrtion AceepdndBgtte acuieul-sdrhany pbiien Carsémagef C1 was
expressed by 0.68al/(n+l) (see Fig. 8, the sane hereinafter).
Fur t her nor e, fadycingeleabroliisisesttagn can he otaineth c & cahibesasmentheteea ei nf or ci ng
core materi aléazi agjpaggnt to .eac% %E?Per was 1229 pm the nunber n of elution
hol es provi de¥fO% Of PRE 5@ HRERE r ei nforcing core materials was 2 and
t he di stancelo%ﬁﬂof t he adj acent elution holes was 569 pm According to

€

calculation, t di stance c2 was expressed by 1.39a2/(n+1). Mor eover,
in the MD direct irgfhelf®ethvAbADRERlioREINSEBxIREEE I Rleghds GRS materials
adj acent to each other was 985 pm(" t'ﬁe H%ﬁbe’r(ﬁ'n 3§ﬁg}udt?iegh%%%ﬁgéﬁpr ovi ded

bet ween t he iadpadient teeint omtti fgegione saBdrang alsra@nghignd ekhesdihst ance cl

of the adjacent elution holes was 323 pm According to calculation, the

di stance ci wWas' expresged )by e B8ad/{n+byied 00R8Yer, it is prefhebiphysi cal

properties o/’{lgthﬁmq tﬁ%i nv\%g_ ﬁa_t ion ex hpan,g}e menbr ane ar e shown in Table 1.

As shown in ] 1?‘“1"':{3%’ S -%%ﬁ?ﬁ@r{ S TPH ‘;t"gFh‘éﬁé‘éff?i}féﬁx%%‘@ﬁﬁnge menbr ane had

2omyan tensihenslanaatd Abid SLABb)%ohPES ) Todh! " n@1858h sHRefigh @ 1o and TO
the relationship of expression (3) or expression {5}, folding resistance tends

fo be further superior, compared fo the region also satisfying expression (1)
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[0124] [ Exanple 4] First, PTFE yarns were arranged at a rate of 24
yarns/inch at approxi mtely equal intervals. NMD yarns were prepared by use
of a continuous 3-dent reed as follows. A bundle of 2 yarns consisting of
PTFE yarn and PET yarn was passed through a first reed; a bundle of 2 yarns
consisting of PET yarn and FI FE yarn was passed through a second reed and a
bund! e of 2 yarns consisting of PET yarn and PET yarn was passed through a

third reed. i.ng _of the. bundl es of vans.in this conbinagtion was
repeated in Yﬁiaé}ﬁ‘%e%a’gf‘ (%)o J}S‘?gﬁq eaﬁmea?'ﬁa\ﬁ%téﬂ/‘é.‘{oﬂéo't'HOTGDSV 'P‘ﬁé‘ﬂy R FE yarn,
PET yarn and {RBE sordh LAl pproxi mately equal interval
sequentially ilﬁ{ t hi s@{)ér%r %e%gg%:%ték?ﬁ obtain a plain weave. In this
manner, a wjoesRjfabric (reinforcing material) was obtained. Subsequently,
the obtained reinforcing material was subjected to contact bonding
performed by a rofig. héna edneeptuat 8@grarhef thefthisd embhdinet af thedatien nf or ci ng

material was soaked in g 0.1 N agueous sodi um hgdr,oxi de solution to

di ssol ve a d&*ﬁﬁa%'ﬁe’(‘ (AReAGCRTIINY teriBe RIRFEPEAHIRIIMENt.r dhFEU® rei nf or ci ng
material. Th ' [t rei.nforcing material fromwhi.ch the dumy
yarn was rerr%&é@'ﬁ%gﬁ %@b%ﬁe g&%caa%t'gﬂ eé)g(ﬁq.@?dgéwéwaq‘ée% aYP&Pared in the
same manner agerhPrabs dIBRY ot sREW Al BinBROU Brink ! obt ai ned
cation exchange ngnbranié?hi r? thgpélpo di Irngctl oﬁ'?é?’??gé%fo‘é'%’?ﬁégg‘gf‘é Egt ween t he
rei nforcing darexchange igedup adi iwoentmadre reiatdicing bere ma®riaRBD1MBY2 t3p8 nunber n

of elution holes provided between the adjacent reinforcing core materials
was 2 and thér@ngedaperosimasely eeerali¢iaviti] theanembianeibody hatd? selsor364 m

According to cal cul ation, the dist e s expressed by 1.00al/(n+1).

In the MD di J'é‘%{?i“d?ﬂm%@faf%?aﬁeé*sgi%%b%ﬁé@ | t--hég‘?'vé?zﬁ’ﬁ 8f%i ng'ore materials
adj acent to : ; er . e i ol es provided
bet ween the g jagce}%étm%%l n O%h?{%ﬁlﬂggpé@ﬁg&gﬁﬁaéd@cﬁgétazé%gr%oc{ﬁ'%g di stance 02
of the adjacemyssgl uti on holes was 509 m According to calculation, the

di stance c2 was expressed by 1.30a2/(n+l) (see Fig. 8, the sane

herei nafter). in the nasehef N 4ithee ot roal, bethheerdibetraintecial chet ween t he

reinforcing core materials adjacent to each other was 930 p.m the nunber n
of elution hilAegs sspaiaigddwitoe ginfordngepradesieriale 381 andidvg andrthe mat eri al s

2 and the dist bet the adjacent elution hol 253
Accor di ng t o HEMELTAFFEA he ool G sitce Mele! s enepmid DU AN (PTgonsn 1 ( n+1)

[ 0126] co%hﬁal@%l%ila‘;}%:angrﬁﬁec{ryaﬁ%&:ﬁé? h@g%ﬁyﬁf%& fétp%g{ﬁ‘idﬂp ﬁ@%ﬁgange

menbr ane are shown I n e 1. As’s was ‘co med t hat

the cation expiagay TR ARSvddndedi BB rbPfFtihg colomariiaRsepafAtdi Ny rate
in TD folding. [0127] [Conparative Exanple 1] A cation exchange

menbr ane was by thedetrdorchg\viong metteriaind0 hehd 802 chaetitiab hetpsad2 1, 822&r val s bot h
inthe MDdirection and in the TD direction. As a reinforcing core

material, a nen8fd CHRERAt EdsBICHEN Gr et REPINBRYIIAEME (ivRigehof 90
511 | anent  pBIYRORERE ¢ BF Binsenaladd d meliestha ol Ao e eNes od a a
rate of 200 pw StsAMARET HabRYaes tHe flarvhRiddhben the reinforcing core

materials separated by the reinforcing core materials 302 and 303, the
erval by between the reinforcing core materials and the elution holes
adjacent to sach other at least satisfies the relationship of expression (1) by
> af(nt1).

[0064]
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First, PTFE yarns were arranged at a rate of 24 yarns/inch at equal
intervals. As to MD yarns, PTFE yarn, PET yarn and PET yarn were arranged
in this order repeatedly to obtain a plain weave. Also as to TD yarns, PTFE
yarn, PET yarn and PET yarn ... were arranged repeatedly to obtain a plain
weave. In this manner, a woven fabric (reinforcing material) was obtai ned.
Subsequently, the obtained reinforcing material was subjected to contact
bondi ng performed by a roll heated and controlled so as to have a thickness
of 86 pm The catfdHewsbREAGevedmicartiongxcivogimenbianet his wafasablanner as

in Ex le | . th . 101291, . ' he | ] h
mertbr ane, i n G ISH N FeEe R e dPelosriee o3 BREHRRHIRERG nf or ci ng cor e
materi al s adls%ﬁﬁf%tcef]&&ﬁ@qginﬂ%raﬁ%c%%%@ﬁgt k117 értbeth@lfgmgllrr%iﬂ%géreel ution holes

provi ded between the ‘adjacen I'nf'orci-ng core materi 2 and the
di stance cl ohatehs 38d) eaRffingeihetrbRboMHiL6f MHRsestion (M and\GeoSdoRd t o

cal culation, the distance cl was expressed by 1.00ar/(n+l) (see Fig. 8, the
sane her ei nafitterpl between thaveitiercivd adie eaterals (thdptavaltsepamtad bpieneen t he

rei nforcing co,rg) material s ad@gent to each other was 1058 m the nunber n
of el ution héFBOIYhGGPEsBaigEahId PRdHBe seitoreng corgimatarialidfg) ealisdvingt eri al s
was 2 and the, dj C etween t.he adjacent el ution es was 353 pm
According t o?%ea%eigl}%ﬁ@ﬁgr# e?@{gs%?g{éﬁitgrﬁémgp%g{pr @g"é%%gblsl. 00al/ (n+l1).
[0130] BRGNS FREhATIGAREE] iR anes of
Exanples 1 tg 4 s%md Conpar at!i vg’{r%ggﬁnpoquéhél&gtrog%géh ing$ggﬁg@i. te that,
the synmbol " & firthdrivaptoabli ¢ inediieat@saidelecihelysiokbIeaRANGIDYcHIBST ance i s
present in Exanples and Conparative Exanples. As shown in Table 1, it was
confirnmed thétthehéedsgelon exchange menbrane of each Exanple had a high

tensile elon tiSPn retaining rate in either one of MD folding and TD
f ol di ng. [018%6 [ Tabl e 1] Exanplel Exam | e2 Rei nforcing

Note that, in the present embodiment, the direction along which the
first region and the second region above are alternately arranged in the
cation exchange membrane is not particularly limited; however, in at least
either the MD direction or the TD direction of the cation exchange membrane,
the first interval between the reinforcing core materials satisfying the
relationship of expression (1) and the second interval between the reinforcing
core materials satisfying the relationship of expression (2) are alternately
arranged. The cation exchange membrane having such arrangement is
preferable. More preferably, the cation exchange membrane has the first
interval between the reinforcing core materials satisfying the relationship of
expression (1) and the second interval between the reinforcing core materials
satielying the relationship of expression {2), which are alternately and
repeatedly arranged alohg the MD direction (TE yarn arrangement direction)
of the cation exchange membrane. Further preferably, the cation exchange
membrane has the first interval between the reinforcing core materials

satistying the relationship of expression (1) and the second interval between
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yarn Material PTFE PTFE Denier 90 90 Filanment nono nono

the reinforcing core materials satisfying the relationship of expression (2),
which are alternately and repeatedly arranged along the MD direction and the
TD direction.

[0066]

Generally, the cation exchange membrane has a rectangular shape.
In most cases, its longitudinal direction corresponds to the MD direction and
its transverse direction corresponds to the TD direction. Such the cation
exchange membrane is wound around a tubular body like a vinyl chloride
tube to transport at the time of shipment and during a lead time until
installation into an electrolysis vessel. When the membrane is wound
around the tubular body, the cation exchange membrane is sometimes folded
in the TD direction to reduce the length of the tubular body. Even in such
the case, concentration of load in the TD direction can be efficiently avoided
as long as the cation exchange membrane contained as mentioned above is
used, and thus formation of a pinhole, etc., can be effectively prevented.
[0067]

As one aspect of the present embodiments, the cation exchange
membrane preferably has the first interval between the reinforcing core
materials satisfying the relationship of expression (1), which further satisfies
the relationships of expressions (3) and (4} and the second interval between
the reinforcing core materials satisfying the relationship of expression (2),
which further satisfies the refationship of expression (5. Owing o this
arrangement, mechanical strength can be further improved and electrotysis
voltage can be further reduced.  Note that, even in this case, the direction
along which the first region and the second region above are alternately
airanged in the cation exchange membrane is not particularly limited.

{0068]
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Material PET PET Denier 30 30 Sacrifice yarn Filament 6 6 Twi sting tines

Furthermore, as another embodiment, the ion exchange membrane
preferably has the first interval between the reinforcing core materials
satisfying the relationship of expression (1) which further satisfies the
relationship of expression (6) and the second interval between the reinforcing
core materials satisfying the relationship of expression (2) which further
satisfies the relationship of expression (7). Owing to this arrangement,
mechanical strength can be further improved and electrolysis voltage can be
further reduced. Note that, even in this case, the direction along which the
first region and the second region above are alternately arranged in the
cation exchange membrane is not particularly limited.

[0069]

Fig. b is a conceptual diagram of the fourth embodiment of the cation
exchange membrane according to the present embodiment. A cation
exchange membrane 4 is a cation exchange membrane at least having a
membrane body (not shown) containing a fluorine-based polymer having an
ion-exchange group and two or more reinforcing core materials 401, 402, 403
arranged approximately in parallel within the membrane body, in which, in at
least either one of the directions, i.e., in the MD direction or in the TD
direction, of the cation exchange membrane 4, the interval between the
reinforcing core materials satisfying the relationship of the following
expression (6) and the interval between the reinforcing core materials
satisfying the relationship of the following expression (7) are altemately
[resernt,

=2 b ald,, (6)

n=2 c>al3. 7)

[0070]



200 200 Material PVA PV Denier 36 28 Dumy yam Filanment 15 15

Such an arrangement is preferable because mechanical strength can
be further improved and electrolysis voltage can be further reduced by the
arrangement.

{0071]

In Fig. 5, in the interval separated by the reinforcing core material 401
and the reinforcing core material 402, the distance by between the reinforcing
core material 401 and the elution hole 421 and the distance b, between the
reinforcing core material 402 and the elution hole 422 both satisfy the
relationship of the above expression (6): by (b;) > a/3.  Furthermore, the
distance ¢y between two elution holes 421 and 422 satisfies the relationship:
¢1 < a«/3. In other words, in the interval separated by the reinforcing core
material 401 and the reinforcing core material 402, the distance ¢, between
two elution holes 421 and 422 is narrow compared to the distance between
them in which they are arranged at an equal interval.

[0072]

Note that, in the expression (6), it is satisfactory if at least either one of
b1 or b, satisfies the relationship of b > a/3, however in view of mechanical
strength and convenience in production, it is more preferable that by and b;
both satisfy the relationship: b > a/3.

[0073]

In the interval separated by the reinforcing core material 402 and the
reinforcing core material 403, the distance by belween the reinforeing core
material 4072 and the elution hole 423 and the distance by batween the
reirdorcing core material 403 and the elution hole 434 both satisly the
relationship: b < ax/3.  Furthermore, the distance ¢; between two elufion
holes 423 and 424 satisfies the relationship of the expression (7): ¢ > ay/3.

Iri other words, in the interval separated by the reinforcing core material 402
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and the reinforcing core material 403, the distance ¢; between two elution
holes 423 and 424 is wide compared to the distance between them in which
they are arranged at an equal interval.

[0074]

Note that, if the relationship of expression (7) above is satisfied, at
least either one of bs or by may satisfy the relationship: b<a/3; however, it is
preferable that, in view of mechanical strength and convenience in production,
bs and b; both satisfy the relationship: b < a/3.

[0075]

In at least either one of the directions, i.e., the MD direction or the TD
direction of the cation exchange membrane 4, it is more preferable that the
intervai between reinforcing core materials satisfying the relationship of the
following expression (8) and the intervat between reinforcing core materials
satisfying the relationship of the following expression (9) are alternately
present. In this case, in Fig. 5, distances a4, b1, by, and ¢, satisfy the
relationship of the following expression (8); and distances ay, bs, by, and ¢
satisfy the refationship of the following expression (9).

n=2 02a/3<c¢c<09al3, a3 <b<1.8a/3... (8)

n=2 11a3 <c<08..(9)

Owing to this arrangement, mechanical strength can be further
improved and electrolysis voltage can be further reduced.

[0076]

Fig. 6 s a conceptual diagram of the fifih embodiment of the cation
exchange membrane according o the present embodimert, I a cation
exchange membrane 5, 4 regions are formed, which are pariitioned by

reinforcing core malerials 501x, 502x, 503x arranged along the MD direction

(see X) and reinforcing core materials 501y, 502y, 503y arranged along the
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TD direction (see Y). Furthermore, elution holes 521x, 522x, 523x, 524x are
formed along the MD direction of the cation exchange membrane 5 and
elution holes 521y, 522y, 523y, 524y are formed along the TD direction.
Moreover, the cation exchange membrane 5 has a structure having a region
where the intervals between elution holes are less densely arranged and a
region whete the intervals between elution holes are densely arranged are
alternately arranged in both the MD direction and in the TD direction.

[0077]

The cation exchange membrane 5 has (i) a first region surrounded by
the reinforcing core materials 501x, 502x in the MD direction and the
reinforcing core materials 501y, 502y in the TD direction, (i) a second region
surrounded by the reinforcing core materials 502x, 503x in the MD direction
and the reinforcing core materials 501y, 502y in the TD direction; (iii) a third
region surrounded by the reinforcing core materials 502x, 503x in the MD
direction and the reinforcing core materials 501y, 502y in the TD direction
and (iv) a fourth region surrounded by the reinforcing core materials 502x,
503x in the MD direction and the reinforcing core materials 502y, 503y in the
TD direction. These regions are repeatedly arranged.

{0078]

In the first region, the elution holes 521x, 522x are arranged in the MD
direction so as fo satisfy the relationship of expression (6) and the elution
holes 521y, 522y are arranged in the TID direction so as o satisfy the
refationship of expression (7). Since mechanical strength can be further
improved and electrolysis voliage can be further reduced, the eiution holes
021x, 622x are preferably arranged in the MD direction so as to satisfy the
relationship of expression (8).  Owing io this arrangement, mechanical

strength of the cation exchange membrane can be further improved and
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electrolysis voltage thereof can be further reduced.  Similarly, the elution
holes 521y, 522y are preferably arranged in the TD direction so as to satisfy
the relationship of expression (9).
[0079)

in the second region, the elution holes 523x, 524x are arranged in the
MD direction so as to satisfy the relationship of expression (7) and the elution
holes 521y, 522y are arranged in the TD direction so as fo satisfy the
relationship of expression (7). In the MD direction, the elution holes 523x,
524x are preferably arranged so as to satisfy the relationship of expression
(9). Owing to this arrangement, mechanical strength of the cation exchange
membrane can be further improved and electrolysis veltage thereof can be
further reduced. Similarly, the elution holes 521y, 522y are preferably
arranged in the TD direction so as to satisfy the relationship of expression (9).
[0080]

in the third region, the elution holes 521x, 522x are arranged in the MD
direction so as to satisfy the relationship of expression (6) and the elution
holes 523y, 524y are arranged in the TD direction so as fo satisfy the
relationship of expression (6). In the MD direction, the elution holes 521x,
522x are preferably arranged so as to satisfy the relationship of expression
{8). Owing to this arrangement, mechanical strength of the cation exchange
membrane can be further improved and electrolysis voltage thereof can be
further reduced.  Similarly, the elution holes 523y, 524y are preferably
arranged iy the T direction so as fo satisly the relationship of exprassion (8).
[0081]

in the fourth region, the elution holes 523x%, 524X are arranged in the
MDD direction so as to satisfy the relationship of expression (7) and the slution

holes 523y, 524y are arranged in the TD direction so as {o satisfy the
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relationship of expression (6). In the MD direction, the elution holes 523x,
524x are preferably arranged so as to satisfy the relationship of expression
(8). Owing to this arrangement, mechanical strength of the cation exchange
membrane can be further improved and electrolysis voltage thereof can be
further reduced.  Similarly, the elution holes 523y, 524y are preferably
arranged in the TD direction so as to satisfy the relationship of expression (8).
[0082]

Owing to the aforementioned structure, balance of arrangement of the
reinforcing core materials and the elution holes in the cation exchange
membrane can be further improved, with the result that the dimensional
stability can be further improved.

[0083]
<Producing method>

A method for producing a cation exchange membrane according to the
present embodiment, comprising the steps of:

weaving two or more reinforcing core materials, a sacrifice yarn
soluble in an acid or an alkali, and a dummy yarn having a property of
dissolving in a predetermined solvent in which the reinforcing core materials
and the sacrifice yarn are insoluble, to obtain a reinforcing material having
the sacrifice yarn and the dummy yarn arranged between the reinforcing core

materials adjacent to each other;

soaking the reinforcing material in the predetermined solvent o
remnove the dummy yvarn from the reinforcing material;

stacking the reinforcing materiai from which the dummy yam is
rermoved and a fluorine-based polymer having an ion-exchange group or an

ion-exchange group precursor which can be converfed into the ion-exchange
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group by hydrolysis, to form a membrane body having the reinforcing
material; and

soaking the sacrifice yarn in an acid or an alkali to remove the sacrifice
yarn from the membrane body, thereby forming an elution hole in the
membrane body.

[0084]

One of the characteristics of the present embodiment resides in that
the intervals of the elution holes formed between the reinforcing core
materials adjacent to each other (see, for example, Fig. 2 b, ¢) are not
equally separated. In order to easily and efficiently realize such the
structure, a dummy yarn can be used. This will be more specifically
described with reference to Fig. 7.

[0085]

Fig. 7 is a conceptual diagram for illustrating a producing method
according to the present embodiment. First, between two or more
reinforcing core materials 60, sacrifice yarns 62 for forming elution holes and
dummy yarns 66 are woven to obtain a reinforcing material 6 (see Fig. 7, (i)).
The reinforcing material 6 can be obtained as a so-called woven fabric and a
knitted fabric etc. Note that, in view of productivity, a woven fabric is
preferable.  In this case, between the reinforcing core materials 60, the
sacrifice yarns 62 and the dummy yarns 66 are preferably woven so as to be
arrangea at approxdmalely equal intervals (irdecvat d). By weaving the
sacrifice yarns 82 and the dummy yarns 66 at approximately equal intervals,
1o complicated control is required to arrange the sacrifice yarns 62 at the
intervals which satisfy relational expression of expression (1) and expression

(2), etc., and an operation for weaving yars can be simply performed with a
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satisfactory production efficiency, Note that, the dummy yarn 66 has a high
solubility to a predetermined solvent.
{0086]

Then, the reinforcing material 6 is soaked in a predetermined solvent
to selectively dissolve and remove the dummy yarn 66 alone (see Fig. 7 (ii)).
Owing to this step, the site where the dummy yarns 66 have been woven
becomes a vacant space and thus the interval is widened.

{0087]

The type of the predetermined solvent for dissolving and removing the
material for the dummy yarn 66 and dummy yarn 66 is not particularly limited;
however, it is satisfactory if the solubility of the dummy yarn to the
predetermined solvent is higher than that of the reinforcing core material 60
and the sacrifice yarn 62. Examples of the material for the dummy yarn 66
may include polyvinyl alcohol (PVA), rayon, polyethylene terephthalate (PET),
cellulose and polyamide. Of these, polyvinyl alcohol is preferable in view of
high solubility.

[0088]

As the predetermined solvent, any solvent may be used as long as it
does not dissolve a reinforcing core material and a sacrifice yarn but can
dissolve a dummy yarn. Therefore, the amount, etc. of solvent required for
dissolving the dummy yarn is not particularly limited; however, the kind and
amount of solvent can be appropriately selected in consideration of the
quality of the reinforcing core material, sacrifice yarn, durmmy yaim 1o be used
and producing conditions, elc.  Exampies of such a solvent may include an
acid, an alkali and hot water. Examples of the acid may include hydrochloric

acid, nitric acid and sulfuric acid,  Examples of the alkali may include sodium
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hydroxide and potassium hydroxide. Of these, sodium hydroxide or hot
water is preferable in view of high dissolution rate.
[0089]

The thickness and shape, etc. of the dummy yarn 66 are not
particularly limited; however, a yean formed of from 4 to 12 polyvinyt alcohol
filaments having a thickness of from 20 to 50 deniers and a circular cross-
section is preferable,

[0090]

The sacrifice yarn 62 refers to a yarn capable of dissolving in an acid
or an alkali to form an elution hole in the cation exchange membrane. In
addition, the solubility of the sacrifice yarn 62 in a predetermined solvent in
which the dummy yarn 66 dissolves is lower than that of the dummy yarn 66.
Examples of the material for the sacrifice yarn 62 may include polyvinyl
alcohol (PVA), rayon, polyethylene terephthalate (PET), cellulose and
polyamide. Of these, polyethylene terephthalate (PET) is preferable in view
of stability during a weaving step and solubility to an acid or an alkali.

[0091] '

The amount of the sacrifice yarn 62 contained in a fabric is preferably
from 10 to 80 mass % based on the total amount of the reinforcing material
and more preferably from 30 fo 70 mass %. Furthermore, the sacrifice yarn
has a thickness of from 20 {o 50 deniers and preferably formed of a
rmonofilament or multifilament.

(0082

The dummy yarn 66 can be woven such that if inseris between
sacrifice yarns 62 and between the reinforcing core material 80 and the
sacrifice yarn 62.  Therefore, the intervals of the reinforcing core materials

60 and the sactifice yarns 62 arranged in the reinforcing maieriat 6 can be
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arbitrarily determined by appropriately selecting the thickness and shape of
the dummy yarn and the manner and order of weaving the dummy yam.
Since the dummy yarn 66 is removed by a predetermined solvent before the
reinforcing material 6 is layered on a fluorine-based polymer, the interval of
the sacrifice yarns 62 to be arranged can be arbitrarily determined. In this
manner, the reinforcing core material 60 and the sacrifice yarn 62 for forming
an elution hole can be arranged so as to satisfy the relationship of expression
{1) or expression (2).

[0093]

Furthermore, as to the MD yarn, although not shown in the figure, the
sacrifice yarn, etc. can be arranged at arbitrary intervals in the reinforcing
material by a method of passing a bundle of two or more yarns selected from
the reinforcing yarn, the sactifice yarn and the dummy yarn through a single
dent of the reed of the weaving machine or a method of providing a dent
having no yarn between dents through which a reinforcing yarn, a sacrifice
yarn, a dummy yarn, efc. are passed. For example, control in the MD
direction can be made by varying types of yarns (reinforcing yarn, sacrifice
yarn, etc.) used in combination passing through a single dent of the reed of a
weaving machine. More specifically, a bundle of a reinforcing yarn and a
sacrifice yarn is passed through a first dent, a bundle of a sacrifice yarn and
a reinforcing yarn is passed through a second yarn, a sacrifice yarn and a
saciifice yarm are passed through a third bundle.  in this case, the
arrangement of a reinforcing yam, & sacrifice varn, a sacrifice yam, a
reinforcing yaim, a sacrifice yarn and a sacrifice yarn in this order can be
repeatedly made.  In this manner, the intervals of the sacrifice yam arranged
in a reinforcing material can be controlled.

[0094}
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Subsequently, the reinforcing material 6 from which a dummy yarn 66
is removed is layered on a fluorine-based polymer having an ion-exchange
group to form a membrane body having the reinforcing material 6. A
preferable method for forming the membrane body may include, for example,
a method having the following (1) step and (2} step.

(1) A fluorine-based polymer layer (hereinafter referred to as a "first
layer'} containing a carboxylate functional group positioned on the cathode
side and a fluorine-based polymer layer (hereinafter referred to as a “"second
layer") containing a sulfony! fluoride functional group are coextruded to form
afilm. Subsequently, the reinforcing material and the second layer/first
layer composite film are layered in this order on a flat-plate or a drum having
a heat source and a vacuum source, and having micro pores in the surface,
via a permeable heat resistant release paper. These films are integrated at
the temperature under which individual polymers melt while removing air
between the layers by reducing pressure.

(2) Separately from the second layer/first layer composite film, a
fluorine-based polymer layer (hereinafter referred to as a “third layer")
containing a sulfony! fluoride functional group is singly formed into a film in
advance. Subsequently, the third layer film, reinforcing material and second
fayerffirst layer composite film are layered in this order on a flat-ptate or a
drum having a heat source and a vacuum source and having micro pores in
the surface, via a permeable heat resistant release paper.  These films are
integrated at the temperature under which individua! polyroers mell while
removing air between the layers by reducing pressure.  Note that, in this

case, the direction along which the extruded film is fed is the MD direction.

[0095]
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Coextruding the first layer and the second layer in the step (1)
contributes to enhancing the adhesion strength of the interface.
Furthermore, in the integration method under reduced pressure, compared to
a pressurizing press method, the thickness of the third layer on the
reinforcing material characteristically increases. Moreover, since the
reinforcing material is immobilized within the cation exchange membrane,
mechanical strength of the cation exchange membrane can be sufficiently
maintained.

[00986]

Note that, to further increase the durability of the cation exchange
membrane, a layer (hereinafter referred to as a "fourth layer") containing both
a carboxylate functional group and a sulfony! fluoride functional group can be
further interposed between the first layer and the second layer and a layer
containing both a carboxylate functional group and a sulfonyl fluoride
functional group can be used as the second layer. In this case, a method in
which a polymer cantaining a carboxylate functional group and a polymer
containing a sulfonyl fluoride functional group are separately produced and
then mixed, and a method in which a monomer containing a carboxylate
functionat group and a monomer containing a sulfonyt fluoride functional
group both are copolymerized and put in use may be used.

0097}

i the case where the fourth layer is used as a constitutiona! element
of the cation exchange membrane, the firet jayer and the fourth layer may be
formed into a coextrusion film, the second layer and the third layer may be
separately and singly formed into films, and then these films may be layered
it accordance with the aforementioned method. Furtherimore, the three

layers, Le., first layer, fourth layer and second layer, may be simultaneously
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coextruded into a film.  In this manner, a membrane body containing a
fluorine-based polymer having an ion-exchange group can be formed on the
reinforcing material.

[0098]

Furthermore, the sacrifice yarn contained in the membrane body is
removed by dissolving it in an acid or an alkali to form elution hole(s) in the
membrane body. The sacrifice yarn has a solubility to an acid or an alkali
and the sacrifice yarn is eluted in the cation exchange membrane producing
step and under the electrolysis environment to form elution holes at the
elution sites.  In this manner, the cation exchange membrane having elution
holes formed in the membrane body can be obtained. The elution holes are
formed with positional relationship satisfying the aforementioned relational
expression represented by expression (1) or expression {2).

[0089]

Furthermore, the cation exchange membrane according to the present
embodiment preferably has a protruding portion only consisting of polymer
having an ion-exchange group on the sulfonic acid layer side (on the anode
surface side, see Fig. 1). The protruding portion is preferably consisting of
resin alone. The protruding portion can be formed by previously embossing
the release paper which can be used in integrating the aforementioned
composite film of the second layer and the first layer and the reinforcing
material efo.

[0100]
The cation exchange membrane according (o the present embodiment
can be used in various electrolysis vessels, Fig. 10 is a conceptual diagram

of the electrolysis vessel according to the present embodiment,
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An electrolysis vessel A at least has an anode A1, a cathode A2 and the
cation exchange membrane 1 according to the present embodiment arranged
between the anode A1 and the cathode A2. The electrolysis vessel A can
be used for various types of electrolysis. Hereinbelow, as a typical example,
the case where the cation exchange membrane is used in electrolysis for an
agueous alkali chloride solution will be described.

[0101]

Electrolysis conditions are not particularly limited; however, electrolysis
can be performed in conventionally known conditions. For example, a 2.5 to
5.5 N aqueous alkali chioride solution is supplied to an anode chamber,
whereas water or a diluted aqueous alkali hydroxide solution is supplied o a
cathode chamber. Electrolysis can be performed in the conditions: a
temperature of from 50 to 120°C and a current density of from 5 to 100 A/dm?.
[0102]

The constitution of the electrolysis vessel according to the present
embodiment is not particularly limited; for example, a unipolar system or a
multipolar system may be employed. The materials for constituting the
electrolysis vessel are not particularly limited. For example, as a material
for the anode chamber, alkali chloride and chiorine-resistant titanium are
preferable. As a material far the cathode chamber, e.g., alkali hydroxide
and hydrogen-resistant nickel are preferable. As the arrangement of
alectrodes, an appropriate interval may be provided between the cation
axchange membrane and the anode.  However if the anode is arrangad in
contact with the ion exchange membrane, this structure can be used without
any problem. Furthermore, the cathode is generally arranged at an

appropriate interval with the cation exchange membrane.  However, a
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contact-type electrolysis vessel (zero-gap system electrolysis vessel) having
no interval between them can be used without any problem.
[0103]

In the cation exchange membrane according to the present
embodiment, electrolysis voltage can be reduced by arranging membrane-
constituting members within the membrane body so as to satisfy the
aforementioned relational expressions. Particularly, compared to a
conventional cation exchange membrane where elution holes for passing
various substances such as a cation are arranged at equal intervals,
resistance to a cation decreases by arranging elution holes at unequal
intervais.  As a result, electrolysis voltage may presumably decrease (note
that, the function of the present embodiment is not limited to this).

[0104]

Particutarly, in the intervals between reinforcing core materials
satisfying the relationship of aforementioned expression (2), elution holes are
arranged near a reinforcing core material interrupting a cation. Owing to the
arrangement, the region interrupting a cation reduces and the resistance to a
cation further reduces. As a result, electrolysis voltage is further reduced

(note that, the function of the present embodiment is not limited to this).

Examples
10105}

Hereinbelow, the pregent invention will be more specifically described
by way of xamples.  Note thal, the present invention is not limited to the
following Exampies.

[0106]

[Measurement of distance]
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72 76 70 82 41 [0132] [Exanple 5] First, PTFE yarns were arranged at
a rate of 24 yarns/inch at approximately equal intervals. MD yarns were
prepared by use of a continuous 3-dent reE yarn and PET yarn was passed
through a first feed; a bundle of 2 yarns consisting of PET yarn and Fl FE
yarn was passed through a second reed; and a bundle of 2 yarns consisting
of PET yarn and PET yarn was passed through a third reed, Waving of the
bundl es of yarns in this conbination was repeated in this order to obtain a
pl ai n weave. As tohapisianes a litween {herrainfeemg garmmateviaisyetiatenPivegar n, PVA

yarn, PVA yarn, and PET n re arranged in this order repeatedly and at
appr oxi mat el fQIé ug'lsgﬁnﬁ?ér%hlbé BWEBR HieTefycap solR AR aisandgldtiomnner, a

woven fabric i Of: ' teria S ' : ly.. the

obt ai ned rei n%e%lcﬁﬁée% er%@lﬁl\aéarsg')s‘% | edéi&ghg% g@b?f?ﬁ?@%ﬁﬁﬁ% ﬁé"t'ﬁgrfor med by
a rol | heat eholes dfRGnt Hedpaiih@werb Meedsaidd 19 HleltBldb ¢ Foloddgsesoaked in a
0.1 N aqueous sodi um hydroxi de solution to di'ssolve a dumry yarn (PVA yarn)
al one and rerugse Siandf om t he reinforcing material. The thickness of the

reinforcing materjal fromwhich the duimy yarn was renoved was 85 m A
cation exchange n'Bribe A wWhereghe pistangeiin thenED difaetioramamegsured, eanpl e 1

except the a%g’}fgn exchange membrane was cut along the direction in perpendicular to
the TD direction (i.e., the MD direction). The cut surface was a cross
section of the cation exchange membrane in the TD direction. In the case
where the distance in the MD direction was measured, the cation exchange
membrane was cut along the direction in perpendicular to the MD direction
(the TD direction). The cut surface was a cross section of the cation
exchange membrane in the MD direction.

The cross section of the cation exchange membrane was magnified by
a microscope and a, b and ¢ in the TD direction and in the MD direction were
measured. At this time, the distance was determined by measuring the
distance between the center point of the reinforcing core material and the
center point of the elution hole in the transverse direction.  For example, a
was determined by measuring the distance between the center point of the
reinforcing core material and the center point of the other adjacent reinforcing
core material in the transverse direction. Note that, a, b and ¢ were
measured 5 fimes and an average value of the 5§ measurement values wag
Laedd
[G107]
[Measurement of folding resistance]
Degree of reduction in strength (folding resistance) by folding the

cation exchange membrane was evaluated by the following method.  Note



[ 0133] In the cation exchange nmenbrane, in the TD direction, the

di stance al between the reinforcing core materials adjacent to each other
was 1040 m the nunmber n of elution holes provided between the adjacent
reinforcing core materials was 2 and the distance cl between the adjacent

el ution holes was 448 um Accordingly, the distance ci was expressed by
1.29al/(n+l) (see Fig. 8, the sanme hereinafter). In the TD direction of the

[ h f . EX le 5, the only the int al bet
el nf or of ng. Ao P IS ARG FCRHE et BrletRiie bASE Sprodiondionst ues uas
d ' . L . : Tt
?(rairﬁp g(raci ng Ceé?%daﬂglﬁ 2% ioz/lgfsg‘gg% g{:zl'(la%?cf}ahagé\g%rﬁ%‘tgﬁé%ﬂ\%ﬁfgﬁrﬂg‘é‘%‘?ﬂ{m?ﬁe nunber n

of el uti on hdhewrpliowiongatidesMre batiditex@fhagEmenpant BE6id 18I € mterial s
was 2 and the distance c2 between the adjacent elution holes was 478 pm

Accordingly, the Henslastngetiomass exqasaesidy thy fdlloRfapmethol) . Al ganigle MD
di rection, th(1af di stance al between the reinforcing core materials adjacent

to each ot heP \&d BA%IH wancylainsiertha diectign having abprgle of 45 deeeebet ween t he
adj acent rei j [ rials S and. the di stance, cl of the
ad} acent el uh%%ﬁg?g%ﬁﬁ%@”ggé’% r'ﬁﬁ??qﬁi‘,ont%gh%n@t'ﬁﬁ@@%e- was

db 1 i ; L i trength, the
expressed by Sb88akhtip the tensile ellog?%t;cﬁ'y & tH@Fb&ﬁé&L@%@@t@’]@ﬁ% 8% g

cation exchange nenbrane was fo appl yi g/ cn2 so as
to al | ow t he condifiaree thaf ditfance betd@eyichacias 50 iy & tersicheratesqeoFi 9. 1, the
carboxylic acid | ayer 144, and "polymer A |ayer" described above) to face

i nsi de” and t HENiprigdtert acesrdannesnitelI6fK&73g. . pi nhol e formati on was observed.
In the obtai @F@Bﬁati on exchange nenbrane of Exanple 5, formation of a

pi nhol e by f I"’hg was not confirnmed. [0134] In Exanples 1 to 5 and

COTPS" L Lo X cot SERS R Aol R GREER BLcRBaSmeBesin 1o
E}r( 2 rr;s) Ihgwn | nThelehtorlexdhBAg® memirBhEwab folGERBPLEpilng Wiight of a8 o< aml e

so as to allow the surface of the carboxyiic acid layer side (see Fig. 1, the

carboxylic acid layer 144, and "polymer A layer" described later) to face

inside. In the MD-folding, the cation exchange membrane was folded so as

to form a folding line In perpendicular to the MD yarn of the cation exchange

membrane and evaluation was made (MD folding). In the TD folding, the

cation exghange membrane was folded so as to form a folding line in

perpendicular to the TD yarn of the cation exchange membrane and

evaluation was made (TD folding). Therefore, in the MD folding,

coniribution of control of intervais between reinforcing core materials and

elufion holes arranged along the T direction to folding resistance can be

evalbated, whereas in the TD folding, contribution of controt of intervals

between reinforcing core malerials and elution holes arranged along the MD

dgirection to folding resistance can be evaluated.

After MiD folding and TD folding were separately made, tensiie

elongation of the cation exchange membrane was measurad to obtain a ratio



Conparative 1 2 3 4 5 Exanple 1 Electrolysis 3.22 3.26 3.31 3.37 3.30 3.45

of tensile elongation relative to that before folding. This ratio was employed
as a folding resistance.

{0109]

[Measurement of electrolysis voltage]

An electrolysis vessel was prepared using the cation exchange
membrane and its electrolysis voltage was measured. The electrolysis
voltage was measured in an electrolysis cell of a forced circulation type
having a 1.5 mm-gap. As the cathode, an electrode formed by applying
nickel oxide serving as a catalyst onto a nickel expanded metal was used.
As the anode, an electrode formed by applying ruthenium, iridium and
{itanium serving as a catalyst onto a titanium expanded metal was used. In
the electrolysis cell, the cation exchange membrane was arranged between
the anode chamber and the cathode chamber,

[0110]

To the anode side, an aqueous sodium chloride solution was supplied
while controlling a concentration to be 205 g/L, whereas water was supplied
while maintaining the caustic soda concentration on the cathode side at 32
wt %. Subsequently, electrolysis was performed for 7 days at a current
density of 80 A/dm? and a temperature of 90°C, in the conditions that liquid
pressure on the cathode side of the electrolysis vessel was set to be higher
by 5.3 kiPa than the liquid pressure of the anode side.  Thereaiter, the
electrolysis voltage required was measured by a voltmeter
EERT
(Example 1]

As a reinforcing core material, & monofilament of
poiytetrafiuoroethyiens (F1FE) of 90 deniers (hereinafter referred o as a

"PTEE yvarn"y was used,  As a sacrifice yar, a yarn of 8-filament



vol tacX M [0136] As shown in Table 2, when electrolysis was
performed by using the cation exchange nenbrane of each Exanple, it was
confirmed that electrolysis voltage was reduced conpared to Conparative
Exanpl e Furthernore, when an el ectrolysis operation was perforned for 7
days, electrolysis could be stably perfornmed. [D 37] From t he
above, it was denonstrated that the cati on exchange nenbrane of each
Exanpl e was excellent in mechanical strength against folding, etc. As a

resul t, it weSlgdvsmstiewpbthaiaia(PET0149 danés twpipdiat ageter&idbnce can be
e el 8 e a3 a0 SeBag aLed et b Lhe cat on
conmar €0, L0, S8, S5 SRR IR BN R RS SEg {oL
[0138] [ Exanpate dPR00 times/m (hereinafter referred to as a "PVA yarn") was used.

[0112)

First, PTFE yarns were arranged at a rate of 24 yarns/inch at

approximately equal intervals. MD yarns were prepared by use of a

continuous 3-dent reed as foliows. A bundle of 2 yarns consisting of PTFE

yarn and PET yarn was passed through a first reed; a bundle of 2 yarns

consisting of PET yarn and PTFE yarn was passed through a second reed;

and a bundle of 2 yarns consisting of PET yarn and PET yarn was passed

through a third reed. The bundles of yarns in this combination were

sequentially and repeatedly passed through the reed in this order. Asto TD

yarns, PTFE yarn, PET yamn, PVA yarn, PVA yarn, PET yarn, PTFE yarn,

PVA yarn, PVA yarn, PET yarn, PET yarn, PVA yarn and PVA yarn were

arranged in this order repeatedly and at approximately equal intervals to

obtain a plain weave. In this manner, a woven fabric (reinforcing material)

was obtained. Subsequently, the obtained reinforcing material was

subjected to contact bonding performed by a roll heated to 125°C.

Thereafter, the reinforcing material was soaked in a 0.1 N aqueous sodium

hydroxide solution to dissolve a dummy yarn (PVA yarn) alone and remove it

from the reinforcing material.  The thickness of the reinforcing materdal from

which the dumimy vam was removed was 81 um,

[0113]

Next, dry-resin polymer A, which was a copolymer of
tetrafluoroethylene (CFy=CFy) and CFp=CFOCF,CF{CF)OCH,CF,CO0CH,

and had a total ion exchange capacity of 0.85 myg equivalent/y, and a dry-
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First, PTFE yarns were arranged at a rate of 24 yarns/inch at approxi mately
equal intervals. MD yarns were prepared by use of a continuous 5-dent reed
as follows. A bundle of 2 yarns consisting of PTFE yarn and PET yarn was
passed through a first reed; a bundle of 2 yarns consisting of PET yarn and
PET yarn was passed through a second reed; a bundle of 2 yarns consisting
of PET yarn and PTFE yarn was passed through a third reed; a bundle of 2
yarns consi sti n,% of PET yarn and PET yarn was passed through a fourth reed;
and a bundl e "8FNPOYMHS. Yoy Was AgopelVpETON G aTCAn@ PET yarn was passed

h h a fifth,_ j f d ' hi mbi
was. T opeat et T CREL GGy DECRECERIDAE BT Sl Eom Recrabeeiodelic. prre
yarn, PET yard ,1.d%3EgBé€|0ﬂaleRV€;\, W&?r{;rbre;ga\féd.yaﬂgln%giglﬁgﬁf A Rk Rizd. yarn were

arranged in this order repealed and at approx y equal Tntervals to
obtain a pl ailayeredsien X] whichicensmtanes a pa:gmwe:ma@@:b@ﬂm;imm hickhesng material )
was obt ai ned. Subsequently, the obtained reinforcing material was subjected
to contact b@ndiarplyver Blayet obfd amriolthickress pdas obtal?®a.in Fberrdarideer , t he

obt ai ned reinf.orcing, materj al oaked in a 0.1 N aqueous sodi um
hydr oxi de sol"ﬁ&%ﬁo “ﬁ'ioggldi%éﬂmgﬁﬁi rhegmares BOAY\RoRREURY 8f& and renove it

om e Ao Bl VA 0958 B e e O PR

menbrane 8 shgyRodn Fig. 9 was prepared in the sane manner as in Exanple 1
except the above. The cation exchange nenbrane 8 had the nenbrane body (not
shown) and t\Wi%} nore reinforcing core materials 80 arranged approxi mately
in parallel wthin the nenbrane body. The nmenbrane body had a structure

where 4 el ution hovliEeauenly, feleassdodner videny ehieinfericingapelerigl andrfémmrat eri al s 80

adj acent to each other. Nore specifically, four elution holes 821, 822,
895" 554 wer S IAYBIPCLD 1B SRR R AT oYL BhatRolbte thd & 8wk ween t he

rei nforcing %Bgﬁe%ﬁgﬁv@l Snidfh p:%r%&ﬁ‘?ﬂhe surface,'é?ﬁter{b%tcﬂpﬁﬁié??gdtﬁ%i on exchange

nmenbrane, int tion, e distance 'a ween the reinrorcing core
materi al s adjppsenie. t Ateas ARl MR praassshiyémplatlREnvAHPPRT dhdh 98hidbi on hol es
provi ded between the adjacent reinforcing core materials was 4, the

di stance b obf piggsureirafiastionvpscbb22 Miteer iThkeremfier, tthe ralehseceapter @lagt i on hol e

was 268 p.mand the di stance cl between the elution hole and the adjacent
el ution hol e's{ARvEskS ghlain cARPESILE Hie e Toe abidivrdpompesieiiimarassasietol es at

el ut  on nol ot aLra SR ETal Bnialing a0 mapa’e b ARIERN Spiee tvEPy ng “cor e

materials. | o Ny s ; j ' cation
exchange rren‘g'}gﬁé n&?Sg éﬁé&ﬂ%}sﬁmﬁgﬂgwﬂaé Qg@ ﬁibg%oo"\%fof E%?QE{(@&%’% it was
confirmed thaydrolysiscalllbwad ey akange wignha@nand aeisy. hilghis eRsnke tigd ongat i on
retaining rate in MD fol ding conpared to Conparative Exanple 2.

Fur t her nor e, sgarifigagarc@ifl yarepweas disselned & eluthingd pembrand boadychaving eof was

| ower than thag o;‘ Conpar at ihve,ExarrpI e 2. [0141] [Exanple 7] First,
PTFE yarns weliion P@ﬁg@ﬁ‘e&tt &%t e of 24 yarns/inch at approximtely equal
i ntervals. l\/@%?Lns were prepared by use of a continuous 5-dent reed as
foll ows. A bun of 2 yarns consisting of PTFE yarn and PET yarn was

passed through afimatmkRes 5 8 andle.f 2 SMI%EW P&?‘%J“%éIt\f;qﬂgpcﬂ%'vn«;'?ﬁ-r yarn and

PET yarn was passed through a second reed; a unﬁl e of 2’'yarns consisting
of PET yarn andnBTEE yannrwasidpassed 4 hreughaiddied of eed; vasbungi e of 2
yarns consisting of PET yarn and PET yarn was passed through a fourth reed,
and a bundl etipfc 2 fardipnst éonsisstngofisRETey &F preand: PETsyasmnviaditpassed

t hrough a fi.{wth\r_eed.‘, \ea i_,ng of the bundles of yarns in this conbination
was repeat ed' ThSEHEESHREEIIIPE VEistsarayed tBogihs\WEars of K¢ #PVED yarns, PTFE

yarn, PET Yaii, Y8 o BYA, ¥l BETNALD oPET, dap, EYAG/arn, PA yarn

and PET yarn were arran s order fepe ﬁroxinately
equal i nt er vialyferd’p of @b MR eRlAME YRRYGsIte!fn! NirStBARGar ReWRYEn fabric
(reinforcing material) was obtained. Subsequently, the obtained reinforcing
material was subjected to contact bonding perforned by a roll heated to
125C. Thereafter, the reinforcing material was soaked in a 0.1 N aqueous
sodi um hydr oxi de solution to dissolve a dummy yarn alone and renove it from
the reinforcing material, The thicknes$4of the reinforcing material from
whi ch the dummy yam was renoved was 93 m A cation exchange menbrane was
prepared in the sane manner as in Exanple 6 except the above. [0142]



In the cation exchange nenbrane, in the TD direction, the distance a
between the reinforcing core materials adjacent to each other was 1523 pm

t he nunber n of elution holes provided between the adjacent reinforcing
core materials was 4, the distance b of the reinforcing core material and
the adj acent elution hole was 264 m and the distance cl of the elution hole
and the adjacent elution hole was 361 p m The distance c2 between the two

el ution hol es a]hathe center was 245 pm (see g Furthernore, in
the MD di r ect*6PANGS EMBIANEJ] assheyeinifdg. fwage féwdl The 6ptka) s bet ween t he

exchange nentraia B kPielisdcel T b BNGE TR R BPRL TR Sl anddyea ©
intervals bo'fo'?nid?e?é]ﬁfo%@bér@%ét@ﬁal g a'rr'&n%&f Bogl q‘fé:lglrpﬁ'a

reinforcing core material’, a nonofi arrent etra roet ﬁﬁ%ene (PTFE) of

90 deniers (RWiRE mamﬁemw'@seusagd As: mehdedrid boy na@rawstnﬁ:tlﬁrblva@e&wo
pol yet hyl ene terephthal ate (PET) of 40 deniers twisted at a rate of 200

twi sts/ m ( PERWiaRMplase? weedomiaiiaetiveen the reffifersing deTeMajerials7@er e ar r anged
ual intervals PTFE yarn,

f /
PET yarn, PEFOREPR OpRT Gl lﬁﬁhwﬁru%r@rpfﬁesa@pmathaaae%aiwnge@? der
repeat edl y t%m@wc&e%&%g@g\%ﬁg A 500 e RN At LT, Y2 e PET

yarn, PET yarn, yarn an were arrange eared| y to obtain a

pl ai n weave rrémrroamgb@csredmenas Painy ap Hz?@{ﬂeﬁeéteﬁiyrgp%bﬁi Adnegperial ) .
Subsequent |y, the obtained reinforcing erial was subjected to contact

bondi ng perfdrrmiubnby irathed¥iD direatied tNptd 8% ianthas @xarmpldseghdso as to have a
t hi ckness of 85 p.m A cation exchan&p@ nenbrane was obtained in the sane
manner as in W*@@@)@mdq%b% if free1inirvals between reéoreiagi on

h m 1D di t the di bet
el nforci ng CREaHEaRIARe i Uil o s BN DIAESITN e M nunber n
of elution h@ir@r?t:oﬂrfﬁ‘éb%@glu%wﬁﬁé'hér'éﬁa di a5&Rbed 85 %Tlfgc[ cing core materials

was 4, the distance b between the fein OI‘CII’I core 'efial and the

adj acent el ufg1a9e] hol e was 303 nm and the di stance cl between the elution
hol e and the adjacent elution hole was 303 nm The distance c2 between the
two el ution hol edn e oliteined cation exrhaB@s mantlzaee Fin ¢he B direction, thaur t her nor e,
in the MD direction, elution haoles were fornmed at equal intervals between
the reinf Orcﬁzﬁ@ng@,,a@ ghvesnithe gemfpg,lagﬁ]:ore materials adjacent to each other

was 1112 um, the number n of elution holes provided between the adjacent
reinforcing core materials was 2 and the distance ¢; between the adjacent
elution holes was 432 um. According to calculation, distance c; was
expressed by 1.17ax/{n+1) (see Fig. 8, the same hereinafter).

Furthermore, in the TD direction, in the distance a, between the
reinforcing core materials adjacent to each other of 1056 um, the number n
of elution holes provided between the adjacent reinforcing core materials wes
2 and the distance ¢ of the adjacent efufion holes was 203 pm. According
to caloutation, the distance oy was expressed by 0.58ad(n+1).

Moreover, in the MD direction, in the distance a; between the
reinforcing core materials adjacent to each other of 1192 um, the number n

of elution holes provided between the adjacent reinforcing core materials was



The physical properties of the cation exchange nenbranes of Exanple 6, 7
and Conparative Exanple 2 are shown in Table 3, As shown in Table 3, in
Exanple 6, 7, it was confirmed that the cati on exchange nenbrane had a high
tensile elongation retaining rate also after folding. Furthernore, as is
shown in Table 3, when electrolysis was perfornmed by using the cation
exchange nenbrane of each Exanple, it was confirnmed that electrolysis

vol tage was reduced conpared to Conparative Exanple 2. Furthernore, when an
el ectrol ysi s ot heidistangssc: i theoadiaeprt slution halps was &8 ol yAreording be stably

por o1 [ QEdbyl e o U SpRaBSFTY Sk T 21 Vo Bxamle 2

In the MD direction, in the distance a between the reinforcing core
materials adjacent to each other of 988 um, the number n of elution holes
provided between the adjacent reinforcing core materials was 2 and the
distance ¢4 of the adjacent elution holes was 296 um. According to
calculation, the distance ¢, was expressed by 0.89a4/(n+1).

[0117]

The physical properties of the obtained cation exchange membrane
are shown in Table 1. In Table 1, the interval units between reinforcing core
materials, which were alternately arranged in adjacent to each other in the
TD direction of the cation exchange membrane in Example 1 were
respectively designated as reinforcing core material interval T1 and
reinforcing core material interval T2. Furthermore, In the MD direction,
repeated constitutional units were designated as reinforcing core material
interval M1 and reinforcing core material interval M2.  Also as to the
following Examples and Comparative Examples, description was made in the
table similarly. As shown in Table 1, it was confirmed that the cation
exchange membrane had a high tensile elongation retaining rate in either
one of MD folding and TD folding.

[0118]
[Example 2]

A cation exchange membrane was prepared by using the same
materials as in Example T except that a yarn (PVA yarn) of 15-4iament
polyvinyi alcohot (PVA) of 28 deniers twisted 200 times/m was used as a
aummy vairi,

10110]



yarn Sacrifice yarn Material Denier Filanment Material R FE 90 non PElI PTFE
90 nono PET

In the obtained cation exchange membrane, in the TD direction, the
distance a, between the reinforcing core materials adjacent to each other
was 1005 um, the number n of elution holes provided between the adjacent
reinforcing core materials was 2 and the distance ¢, of the adjacent elution
holes was 373 um.  According to calculation, the distance ¢, was expressed
by 1.11ax/(n+1) (see Fig. 8, the same hereinafter),

Furthermore, in the TD direction, in the distance a; between the
reinforcing core materials adjacent to each other of 1091 um, the number n
of elution holes provided between the adjacent reinforcing core materiais was
2 and the distance ¢y of the adjacent elution holes was 252 um.  According
to calculation, the distance ¢4 was expressed by 0.69ay/(n+1).

Moreover, in the MD direction, in the distance a, between the
reinforcing core materials adjacent to each other of 1199 um, the number n
of elution holes provided between the adjacent reinforcing core materials was
2 and the distance ¢; of the adjacent elution holes was 500 um. According
to calculation, the distance ¢, was expressed by 1.25a,/(n+1).

In the MD direction, in the distance a; between the reinforcing core
materials adjacent to each other of 999 um, the number n of elution holes
provided between the adjacent reinforcing core materials was 2 and the
distance ¢y between the adjacent elution holes was 266 um. According to
calculation, the distance ¢y was expressed by 0.80a4/(n+1).

101201

The physical properties of the oblained cation exchange membrane
are shown in Table 1. As shown in Table 1, it was confirmed that the cation
exchange membrane had a high tensile elongation retaining rate in either
one of MU folding and T foiding.

[0121]
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[Example 3]

First, PTFE yarns were arranged at a rate of 24 yarns/inch at
approximately equal intervals, MD yarns were prepared by use of a
continuous 3-dent reed as follows, A bundle of 2 yarns consisting of PTFE
yarn and PET yarn was passed through a first reed; a bundle of 2 yarns
consisting of PET yarn and PTFE yarn was passed through a second reed;
and a bundle of 2 yarns consisting of PET yarn and PET yarn was passed
through a third reed. Weaving of the bundles of yams in this combination
was repeated in this order to obtain a plain weave. Asto TD yams, PTFE
yarn, PVA yarn, PVA yarn, PET yarn, PET yarn, PVA yarn and PVA yarn
were arranged in this order repeatedly and at approximately equal intervals
to obtain a plain weave. In this manner, a woven fabric (reinforcing
material) was obtained. Subsequently, the obtained reinforcing material
was subjected to contact bonding performed by a roil heated to 125°C.
Thereafter, the reinforcing material was soaked in a 0.1 N aqueous sodium
hydroxide solution to dissolve a dummy yarn (PVA yarn) alone and remove it
from the reinforcing material. The thickness of the reinforcing material from
which the dummy yarn was removed was 85 um. A cation exchange
membrane was prepared in the same manner as in Example 1 except the
above.

[0122)

in the obtained cation exchange membrane, in the TD direction, the
digtance ay between the reinforcing core materials adjacent (o each other
was 1118 un, the number n of eiution holes provided between the adjacent
reinforcing core materials was 2 and the distance ¢4 of the adjacent elution
holes was 255 um.  According to caleulation, the distance ¢, was expressed

by 0.68a/(n+1) (see Fig. 8, the same hereinafter).
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Furthermore, in the MD direction, the distance a, between the
reinforcing core materials adjacent to each other was 1229 um, the number n
of elution holes provided between the adjacent reinforcing core materials was
2 and the distance c; of the adjacent elution holes was 569 um.  According
to calculation, the distance c; was expressed by 1.39a,/(n+1).

Moreover, in the MD direction, the distance a; between the reinforcing
core materials adjacent to each other was 985 um, the number n of elution
holes provided between the adjacent reinforcing core materials was 2 and
the distance ¢ of the adjacent elution holes was 323 um. According to
calculation, the distance ¢, was expressed by 0.98a:/(n+1).

[0123]

The physical properties of the obtained cation exchange membrane
are shown in Table 1. As shown in Table 1, it was confirmed that the cation
exchange membrane had a high tensile elongation retaining rate in either
one of MD folding and TD folding.

[0124]
[Example 4]

First, PTFE yarns were arranged at a rate of 24 yarns/inch at
approximately equal intervals, MD yarns were prepared by use of a
continuous 3-dent reed as follows. A bundle of 2 yamns consisting of PTFE
yarn and PET yarn was passed through a first reed; a bundle of 2 yamns
consisting of PET yarm and PTFE yarn was passed through a second reed
and a bundle of 2 yarns consisting of PET yam and PET yarn was passed
through a third reed.  Weaving of the bundies of yarns in this combination
was repeated in this order to obtain a plain weave. As to TD yamns, PTFE
yarn, PET varn and PET varn were arranged at approximately equal interval

sequentially in this order repeatedly to obtain a plain weave.  In this manner,
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a woven fabric (reinforcing material) was obtained. Subsequently, the
obtained reinforcing material was subjected to contact bonding performed by
aroll heated to 125°C. Thereafter, the obtained reinforcing material was
soaked in a 0.1 N aqueous sodium hydroxide solution to dissolve a dummy
yarn (PVA yarn) alone and remove it from the reinforcing material. The
thickness of the reinforcing material from which the dummy yarn was
removed was 76 um. A cation exchange membrane was prepared in the
same manner as in Example 1 except the above.

[0125]

In the obtained cation exchange membrane, in the TD direction, the
distance a1 between the reinforcing core materials adjacent to each other
was 1092 um, the number n of elution holes provided between the adjacent
reinforcing core materials was 2 and the distance ¢4 between the adjacent
elution holes was 364 um. According to calcutation, the distance ¢, was
expressed by 1.00a4/(n+1).

in the MD direction, the distance a, between the reinforcing core
materials adjacent to each other was 1178 um, the number n of elution holes
provided between the adjacent reinforcing core materials was 2 and the
distance c¢; of the adjacent elution holes was 509 um. According to
calculation, the distance ¢, was expressed by 1.30ax/(n+1) (see Fig. 8, the
same hereinafter).

i the MD direction, the distance ay betwaan the reinforcing core
materiale adiacent to each other was 930 um, the number i of slution holes
provided between the adjacent reinforcing core materials was 2 and the
distance ¢ between the adjacent elution holes was 253 um.  According to
caiculation, the distance ¢y was expressed by 0.82a/(n+1).

[0126]
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The physical properties of the obtained cation exchange membrane
are shown in Table 1. As shown in Table 1, it was confirmed that the cation
exchange membrane had a high tensile elongation retaining rate in TD
folding.

[0127]
[Comparative Example 1]

A cation exchange membrane was produced having elution holes
formed at equal intervals both in the MD direction and in the TD direction.

As a reinforcing core material, a monofilament made by
polytetrafluoroethylene (PTFE) of 90 deniers (PTFE yarn) was used. As a
sacrifice yarn, a yarn formed of 6-filament polyethylene terephthalate (PET)
of 40 deniers and twisted at a rate of 200 twists/m (PET yarn) was used.
[0128]

First, PTFE yarns were arranged at a rate of 24 yarns/inch at equal
intervals. As to MD yarns, PTFE yarn, PET yarn and PET yarn ... were
arranged in this order repeatedly to obtain a plain weave. Also as to TD
yarns, PTFE yarn, PET yarn and PET yarn ... were arranged repeatedly to
obtain a plain weave. In this manner, a woven fabric (reinforcing material)
was obtained. Subsequently, the obtained reinforcing material was
subjected to contact bonding performed by a roll heated and controlied so as
to have a thickness of 86 um. The cation exchange membrane was
oblained in the same manner ag In Exampie 1 except the above,

[0129]

ir the cation exchange membrane, in the T direction, the distance a4
between the reinforcing core materials adjacent to each other was 1058 pm,
the number n of elution holes provided between the adjacent reinforcing core

materials was 2 and the distance ¢4 of the adfacent elution holes was 353 pum.
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According to calculation, the distance ¢ was expressed by 1.00a(/(n+1) (see
Fig. 8, the same hereinafter).

in the MD direction, the distance a; between the reinforcing core
materials adjacent to each other was 1058 pm, the number n of elution holes
provided between the adjacent reinforcing core materials was 2 and the
distance ¢, between the adjacent elution holes was 353 um. According to
calculation, the distance ¢, was expressed by 1.00a/{n+1).

[0130]

The physical properties of the cation exchange membranes of
Examples 1 to 4 and Comparative Example 1 are shown in Table 1. Note
that, the symbol "-" in the table indicates that no corresponding substance is
present in Examples and Comparative Examples. As shown in Table 1, it
was confirmed that the cation exchange membrane of each Example had a

high tensile elongation retaining rate in either one of MD folding and TD

folding.
{0131]
[Table 1]
Exampe1 | Bampe? | Exawe3 | Exanped | Comparafive
Exampie 1
o Material PTFE | PTFE | PTFE | PTFE PTFE
Reﬁf'@ Denier 90 90 90 90 90
| Filament mono | mono { mono | mono mono
Material PET PET PET PET PET
Denier 30 30 40 40 40
Sacrifice yarn | Filement | 6} 6, 6 6 16
Twisting 200 | 200 | 200 | 200 | 200
- LHmes
| Material 1 PVA | PVA | PVA L -
Denier 36
Dummy yarn | Filament 15 15 "
Twisting 200 200 200 - -
S 111 S R U RO S
Thickness of reinforcing malarial 81 84 85 76 86
()
n 2 2 2 2 2
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C2 443 245 303 ci/(a/(n :DE _ c2/(a/(n+ 1)) 0.9 1.2 1.0

a1 1056 | 1091 1 1119 | 1092 1058
by 4265 | 4195 | 432 | 364 3525
¢ 203 | 252 | 255 | 364 353
T1 [ byffafin+ | 1.21 | 115 | 1.16 | 1.00 1.00
1)),
Yam ciar/n+ | 0.58 | 066 1068 1.00 1.00
interval 1)
(TD chector) az 1112 | 7005 |- - -
bs 340 | 316 : ; :
T2 cs 432 | 373 ; - ;
Cof(ay/(n+ 1.17 1.11 - - -
)]
ay 998 | 999 | 985 | 930 1058
b 351 | 3665 | 331 | 3385 3525
¢ 206 | 266 | 323 | 253 353
M1 Bif(ad(n+ | 1.06 | 140 | 1.01 | 1.09 1.00
1))
Yam Ciltaqf(n+ | 0.89 | 0.80 | 0.98 | 0.82 1.00
interval 1)
(MD dreckon) as 1192 | 1199 | 1299 | 1178 .
be 332 | 3495 | 330 | 3345 -
M2 Co 528 | 500 | 569 | 509 .
cl@d(n+ | 1.33 | 125 | 139 | 1.30 .
)]
Folding resistance MD 63 51 58 42 41
(%) (Tensile Folding
elongation D
rfenonrate (%) | Folding | ‘2 | 6 | 70 | 82 41

[0132]
[Example 5]

First, PTFE yarns were arranged at a rate of 24 yarns/inch at
approximately equal intervals.  MD yarns were prepared by use of a
continuous Ddent resd as follows. A bundle of 2 yvarmy conglsting of PTEE
yar and FET yarn was passed {hrough a first reed; a bundie of 2 varns
consisting of PET varn and PTFE yarn was passed through a second reed;
and a bundle of 2 varns consisting of PET yarm and PET yarn was passed

through a third reed.  Weaving of the bundles of yarns in this combination

was repeated in this order to obtain a plain weave, As to TD yvams, PTFE
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1.5 0.8 1.0 Folding resistance(% (Tensile elongation retention kite (%)
MD Fol ding 44 44 28 Electrolysis voltage (V) 3.26 3.26

yarn, PET yarn, PVA yarn, PVA yarn, PVA yarn, PVA yarn and PET yarn
were arranged in this order repeatedly and at approximately equal intervals
to obtain a plain weave. In this manner, a woven fabric (reinforcing
material) was obtained. Subsequently, the obtained reinforcing material
was subjected to contact bonding performed by a roll heated to 125°C,
Thereafter, the reinforcing material was soaked in a 0.1 N agueous sodium
hydroxide solution to dissolve a dummy yarn (PVA yarn) alone and remove it
from the reinforcing material. The thickness of the reinforcing materiat from
which the dummy yarn was removed was 85 um. A cation exchange
membrane was prepared in the same manner as in Example 1 except the
above,
{0133]

in the cation exchange membrane, in the TD direction, the distance ay
between the reinforcing core materials adjacent to each other was 1040 pm),
the number n of elution holes provided between the adjacent reinforcing core
materials was 2 and the distance ¢4 between the adjacent elution holes was
448 um. Accordingly, the distance ¢ was expressed by 1.29a4/(n+1) (see
Fig. 8, the same hereinafter). Inthe TD direction of the cation exchange
membrane of Example 5, the only the interval between reinforcing core
materials having the aforementioned a1, b1, ¢1 values was arranged.

in the MD direction, the distance a; between the reinforcing core
materials adigcent (o each other vias 1151 umy, the number n of elution holes
provided betweon the adjacent reinforcing core materials was 2 and the
distance ¢; belween the adjacent elution holes was 478 pm.  Accordingly,
the distance ¢y was expressed by 1.25a,/(n+1).  in the ML) direction, the
distance a; between the reinforcing core materials adjacent (o each other

was 944 um, the number n of elution holes provided between the adjacent

64



3.31 [0148] Fromthe above, it was denonstrated that the cation
exchange nenbrane of each Exanple was excellent in nmechanical strength
against folding, etc. As aresult, it was denonstrated that electrolytic
performance could be stably delivered for a long tine. Furthernore, it was
denonstrated that in the case where the cation exchange nmenbrane of each
Exanpl e was used, electrolysis voltage could be reduced conpared to the
case where the cation exchange nmenbrane having the reinforcing core

mat eri al s wheebf@Tingicore metedslswisse? nd theddistenemciadf theybdipuaitsiutond t hat
excellent electrolytic perfaormance could be delivered. [0149] [Exanple 8]
First, PTFE yHISisWaRteY air afgedidinglvathedigagse ouvgmexspssegibyat appr oxi mat el y
equal intervg §5a ;XPJr%ar ns were prepared by use of a continuous 5-dent reed
as follows. A'burdle of 2 yarns consi sting of PTFE yarn and PET yarn was
passed through a Ab6ealusis mediunbestiingth, YR BRicHAAshideeRbrlel yarn and

PET yarn was passed through a second ree yarns consi sting
of PET yarn avas fBIUEE byapplyiwasveiaistsd d00 hyangdo as todilod theedifage biwndl e of 2
yarns consisting of PET yarn and PET yarn was passed through a fourth reed,;
and a bundl e S8fPoxyNeaaGid layensire (saed iaf 1. piErcyrapnyligrgidHEe Hidn ands  passed
through a fifth reed. Wayi ng, of the bupdl es . of ns in this conbination
was repeat ed P‘ﬂy'ﬁ‘ﬁf I3 estcgb%ci)?%?vr‘?)g) Cﬁi'??‘qol%%x\fg{he@e'i%‘c?@ryar ns, PTFE
yarn, PVA yarpe.F Nen i PE rn.. .PET rn, PVA yarn
and PVA yar nawg? ec%f?ég%g%iaﬁfﬁ%—f ﬁsograggrébr%é@gg_t eld %gé}ﬁ&a 'E@ %% Poxi mat ely
equal i ntervakshdraedhérabizna ob ERBMPIER St oRbpiNFRINIBY foldnyWagof abric
(reinforcing material) was obtained. Subsequently, the obtained reinforcing
mat eri al was ceifisjredt ed to contact bonding performed by a roll heated to

125C. Thereafter, the reinforcing material was soaked in a 0.1 N aqueous
sodi um hydr om1§é]sol ution to dissolve a dummy yarn (PVA yarn) al one and

remove it fromt ' rel erial . The thickness of the reinforcin
material from whimjF"?h“@"e%uﬂ%?%@%"Wé’ére}*e{ﬁg‘s‘é‘m}%& %C*FR?V% ¥&8i on exchange
menbr ane was GRS, hdd d1ke 5%%%{%3%31&{”%& ARl felangxcept the above.

101501 In the obtained cation exc e rane, in the TD direction,
t he di st anceelachelysieeoitdgeonvasinebolietingThe FsuBbRs sidvwn RdTafept to each

ot her was 1559 gm the nunber n of elution holes provided between the

adj acent rei Wﬁ@gbi ng core materials was 4, the distance b of the
reinforcing ﬁpgwt erial and the adjacent elution hole was 463 tan and the
di stance c1 0f el ution hole and the adjacent elution hole was 206 m
The di stance c2 betwegeRahipe | \Warfpiit | Dampel eExahpkd NeeeapleeT 20 i m (see
Fig. 9). [0a51] [ Exanpleq9] 2 Filrstg PTFE )@ens wese ar IBshEg 1ajt arate
of 24 yarns| ipedoidls appg 0% NRt &lH6 equag shnt Ergads. [VD3 §gr g W8 prepar ed
by use of a cpmgspyous 5-dent reed as follows. A bundle of| 2 yarns
consi sting of "PTFE yarn and PET yarnm was passed-through—a first—reed; a
bundl e of 2 yarns consisting of PET yarn and PET yarn was passed through a
second reed; o undl e of 2 yarns consisting of PET yarn and PTFE yarn was
passed thrngh third reed; a bundle of 2 yarns consisting of PET yarn and
PET yarn was pas = I 1 s " &HQ:: ; I NS
consi sting of PE%@%S?%B%%E%%%%%%\%@% g‘s@@%’ ?ﬂlr?oug d%ﬂgl”ﬁ %%r eed.

Weavi ng of tdatiobencteseoheyBrare dfRabhiESaeRmRinald @ninwasd fiepeated in this
order to obtain a plain wave. As to TD yarns, PTFE yarn, PET yarn, PET
yarn, PVA yareniropvg yaieae vRETegars! cPETgatnCoPTEEfyarngaRET tyarn, PVA
yarn, PVA yarn PET yarn, PET yarn, PVA yarn, PVA yarn and PET yarn were
arranged i n hPETBY GV NFR BEAYAY ShnerariApproREHRTEA OB GaYSi nterval s to
obtain a plaij e...kn 1hi pner., .a woven fabric (reinforcing nmaterial)
was obt ai ne&.g&gxéﬁ%}éqQUOgﬁ ?%?{%%N;?égﬁcﬁg’ieﬁed reinforcing material was subjected
to contact boenging perfornmed by a roll heated to 125C. Thereafter, the
reinforcing matérial was soaked in a 0.1 N aqueous sodi um hydr oxi de
solution to dissolve a dunmy yarn (F-'VA yarn) alone and re Ilove it from
the reinforcing material. The thickness of the reinforcing material from
whi ch the dummy yarn was renoved was 92 i"tm The cation exchange nenbrane
was prepared in the same manner as in Exanple 1 except the above.
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[ 0152] In the obtained cation exchange nmenbrane, in the TD
direction, the distance a between the reinforcing core nmaterials adjacent
to each other was 1743 pm the nunber n of elution holes provided between
the adjacent reinforcing core materials was 4, the distance b between the
reinforcing core material and the adjacent elution hole was 201 pm and the
di stance cl between the elution hole and the adjacent elution hole was 470
pm The distance c2 between the two elution holes at the center was 255 pm
(see Fig. 9). FronFthet dhevapit was damphetraiad thaiier eatiohexdhangence a bet ween
the reinforcin %Pcore materal s adj acent to each other was 1387 pm the

nunber n of &MEPPEREIHLRS Fravrle S@Wﬁ%ﬂ’ﬂﬁ’@%ﬂ}'%éﬁ?”gtﬁl%ﬁ&s ing core

I h t t I
and the ad] ad2ArEcr A HEREL HSet AR Pl SRRk BNE L e 1 he
elution hole p@ﬂﬁnﬁé‘rﬁ:&aﬁ%na&eé@bv@#e'étfb%‘ IR tenahast &@@f@fﬁbr&&%oﬁé’@été@ce c2

between the two elution holes at the center was 8 pm(see Fig. 9). [0153]
The physi cal tipatpipethé ne@oméxchla&ge:aimﬂnamofrwmgeﬁmww afasrobfisishetagees 8 and
9 are shown in Table 4. Note that, the synbol "-" in the table indicates

that no corr €8poededcesiapsnaediolas cpﬁ@s@mhamemﬁéntﬁﬁawh@m @lotiorConpar at i ve

Exanpl es. [01‘1‘2@5 wF\:aurg fc())rmed z}/t%rqﬂa n%erv %?(ggi%nteegﬁcr)ll (l,ig)eE oPrrEn-I:;mlczz)gm er4040

can be delivered.
[0138]
[Example 6]

First, PTFE yarns were arranged at a rate of 24 yarns/inch at
approximately equal intervals. MD yarns were prepared by use of a
continuous 5-dent reed as follows. A bundle of 2 yarns consisting of PTFE
yarn and PET yarn was passed through a first reed; a bundle of 2 yarns
consisting of PET yarn and PET yarn was passed through a second reed; a
bundle of 2 yarns consisting of PET yarn and PTFE yarn was passed through
a third reed; a bundle of 2 yarns consisting of PET yarn and PET yarn was
passed through a fourth reed; and a bundle of 2 yarns consisting of PET yarn
and PET yarn was passed through a fifth reed. Weaving of the bundles of
yarns in this combination was repeated in this order to obtain a plain weave.
As to TD yarns, PTFE yarn, PET yarn, PET yarn, PVA yarn, PVA yarn, PET
varn and PET yvarm were sivanged it this order repeatedly and ad
approximately equatl intervals to obtain 4 plain weave.  In this manner, a
wovern fabric (reinforcing material) was oblained.  Subsequently, the
obtained reinforcing material was subjected to contact bonding pertormed by
a roll heated fo 125°C.  Thereafter, the obtained reinforcing material was

soaked i a 0.1 N agueous sodium hydroxide solution {o dissolve a dummy
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yarn (PVA yarn) alone and remove it from the reinforcing material. The
thickness of the reinforcing material from which the dummy yarn was
removed was 93 um. The cation exchange membrane 8 shown in Fig. 9
was prepared in the same manner as in Example 1 except the above. The
cation exchange membrane 8 had the membrane body (not shown) and two
or more reinforcing core materials 80 arranged approximately in parallel
within the membrane body. The membrane body had a structure where 4
elution holes were formed between the reinforcing core materials 80 adjacent
to each other. More specifically, four elution holes 821, 822, 823, 824 were
formed at respective intervals of a, b, ¢4, ¢z between the reinforcing core
materials 80.

[0139}

In the obtained cation exchange membrane, in the TD direction, the
distance a between the reinforcing core materials adjacent to each other was
1521 um, the number n of elution holes provided between the adjacent
reinforcing core materials was 4, the distance b of the reinforcing core
material and the adjacent elution hole was 268 um and the distance ¢,
between the elution hole and the adjacent elution hole was 265 um. The
distance ¢; between the two elution holes at the center was 443 pm (see Fig.
9).

Furthermore, in the MD direction, elution holes were formed at equal
irdervals between the reinforcing core materials,

01401

are shown in Table 3. As is shown in Table 3, it was confirmed that the
cation exchange membrane had a high fensile elongation retaining rate in

MD folding compared to Comparative Example 2. Furthenmore, it was
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confirmed that the electrolysis voltage thereof was lower than that of
Comparative Exampie 2.

[0141]

fExample 7]

First, PTFE yarns were arranged at a rate of 24 yarns/inch at
approximately equal intervals. MD yarns were prepared by use of a
continuous 5-dent reed as follows. A bundle of 2 yarns consisting of PTFE
yarn and PET yarn was passed through a first reed; a bundle of 2 yarns
consisting of PET yarn and PET yarn was passed through a second reed; a
bundle of 2 yarns consisting of PET yarn and PTFE yarn was passed through
a third reed; a bundle of 2 yarns consisting of PET yarn and PET yarn was
passed through a fourth reed; and a bundle of 2 yarns consisting of PET yarn
and PET yarn was passed through a fifth reed. Woeaving of the bundies of
yarns in this combination was repeated in this order to obtain a plain weave.
As to TD yarns, PTFE yarn, PET yarn, PVA yarn, PYA yarn, PET yam, PET
yarn, PVA yarn, PVA yarn and PET yarn were arranged in this order
repeatedly and at approximately equal intervals to obtain a plain weave. In
this manner, a woven fabric (reinforcing material) was obtained.
Subsequently, the obtained reinforcing material was subjected to contact
bonding performed by a roll heated to 125°C. Thereafter, the reinforcing
material was soaked in a 0.1 N aqueous sodium hydroxide solution to
dissolve a dummy yarmn alone and remove it from the reinforcing material,
The thickness of the reinforcing material from which the duimmy yam was
removed was 83 wn. A cation exchange membrane was prepared in the
same manner as in Example 6 except the above,

[0142]
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in the cation exchange membrane, in the TD direction, the distance a
between the reinforcing core materials adjacent {o each other was 1523 um,
the number n of elution holes provided between the adjacent reinforcing core
materials was 4, the distance b of the reinforcing core material and the
adjacent elution hole was 264 um and the distance ¢, of the elution hole and
the adjacent elution hole was 361 um. The distance c; between the two
elution holes at the center was 245 um (see Fig. 9).

Furthermore, in the MD direction, elution holes were formed at equal
intervals between the reinforcing core materials.

[0143]
[Comparative Example 2]

A cation exchange membrane was produced having elution holes
formed at equal intervals both in the MD direction and in the TD direction,
As a reinforcing core material, a monofilament polytetrafluoroethylene
{PTFE) of 90 deniers (PTFE yarn) was used. As a sacrifice yarn, 6-filament
polyethylene terephthalate (PET) of 40 deniers twisted at a rate of 200
twists/m (PET yarn) was used.

[0144])

First, PTFE yarns were arranged at a rate of 16 yarns/inch at equal
intervals.  As to MD yarn, PTFE yarn, PET yam, PET yarn, PET yarn and
PET yarn were arranged in this order repeatedly to obtain a plain weave.
Alse as to T yam, PTFE yam, PET yarn, PET yarn, PET varn and PET vam
wele arranged repaatedly to oblain a plain weave thereby producing a woven
fabric (reinforcing material).  Subsequently, the obtained reinforcing materiai
was subjected to contact bonding performed by a roll heated 1o 125°C and

controiled so as to have a thickness of 85 um. A cation exchange
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c2/ (al (n+l1))

180 255 ciga/in +1)) 0.66 0.58 1.35

membrane was obtained in the same manner as in Example 6 except the
above.
[0145]

In the cation exchange membrane, in the TD direction, the distance a
between the reinforcing core materials adjacent to each other was 1517 um,
the number n of elution holes provided between the adjacent reinforcing core
materials was 4, the distance b between the reinforcing core material and the
adjacent elution hole was 303 um and the distance ¢, between the elution
hole and the adjacent elution hole was 303 um. The distance c; between
the two elution holes at the center was 303 um (see Fig. 9).

Furthermore, in the MD direction, elution holes were formed at equal
intervals between the reinforcing core materials.

[0146]

The physical properties of the cation exchange membranes of
Example 8, 7 and Comparative Example 2 are shown in Table 3. As shown
in Table 3, in Example 6, 7, it was confirmed that the cation exchange
membrane had a high tensile elongation retaining rate also after folding.
Furthermore, as is shown in Table 3, when electrolysis was performed by
using the cation exchange membrane of each Example, it was confirmed that
electrolysis voltage was reduced compared to Comparaiive Example 2.
Furthermore, when an electrolysis operation was performed for 7 days,
elecirolysis can be stably performed.

{01477

{Table 3]

i Example 6 | Example 7 | Comparative
g . Example 2
Reinforcin Material PTFE PTFE

AMOTERY - MDenier 90 gD
ydl n o e T L s e e s
Fitlament mono __mono
Sacrifice yam | Material PET PET
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0.73 T2 A -

1387 - 228

Denier 30 40 40
Filament 8 B 6
Twisting times 200 200 200
Material PVA PVA PVA
Dummy yarn D.enier 36 36 36
Filament 15 15 15
Twisting times 200 200 200
Thickness of reinforcing material 93 93 85
{um)
n 4 4 4
a 1521 1523 1517
b 268 264 303
—_ o 265 361 303
Yan | )P dedon ——C 443 245 303
irterval cil{al{n+ 0.9 1.2 1.0
)]
cyf(al(n+ 1.5 0.8 1.0
1)
Folding resistance (%) MD
(Tensile elongation Fokiing 44 44 28
retention rate (%))
Electrolysis voltage (V) 3.26 3.26 3.31
[0148]

From the above, it was demonstrated that the cation exchange
membrane of each Example was excellent in mechanical strength against
folding, etc. As a resull, it was demonstrated that electrolytic performance
could be stably delivered for a long time. Furthermore, it was demonstrated
that in the case where the cation exchange membrane of each Example was
used, electrolysis voitage could be reduced compared to the case where the
cation exchange membrane having the reinforcing core materials where
efution holes were formed at equal intervals, and that excelient electrobviic
performance could be delivered.

[0149]
tExample 8]
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ci

c2 -

462

- 218 cl/(a/(n+l)) - 1.67

FFirst, PTFE yarns were arranged at a rate of 24 yarns/inch at
approximately equal intervals. MD yarns were prepared by use of a
continuous 5-dent reed as follows. A bundle of 2 yarns consisting of PTFE
yarn and PET yarn was passed through a first reed; a bundie of 2 yamns
consisting of PET yarn and PET yarn was passed through a second reed; a
bundle of 2 yarns consisting of PET yarn and PTFE yam was passed through
a third reed; a bundle of 2 yarns consisting of PET yarn and PET yarn was
passed through a fourth reed; and a bundle of 2 yarns consisting of PET yarn
and PET yarn was passed through a fifth reed. Weaving of the bundles of
yarns in this combination was repeated in this order {o obtain a plain weave.
As to TD yarns, PTFE yarn, PVA yarn, PVA yarn, PET yarn, PET yarn, PET
yarn, PET yarn, PVA yarn and PVA yarn were arranged in this order
repeatedly and at approximately equal intervals to obtain a plain weave. In
this manner, a woven fabric {reinforcing material) was obtained.
Subsequently, the obtained reinforcing material was subjected to contact
bonding performed by a roll heated to 125°C. Thereafter, the reinforcing
material was soaked in a 0.1 N aqueous sadium hydroxide solution to
dissolve a dummy yarn (PVA yarn) alone and remove it from the reinforcing
material. The thickness of the reinforcing material from which the dummy
yarn was removed was 95 um. A cation exchange membrane was prepared
in the same manner as in Example 1 except the above.

{01540]

I the obtained calion exchange membrane, in the T alrection, the
distance a between the reinforcing core materials adjacent (o each other was
1559 pm, the number n of elution holes provided between the adjacent
reinforcing core materials was 4, the distance b of the reinforcing core

material and the adjacent efution hole was 463 um and the distance c; of the
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c2/ (al (n+l))

to allow the surface of the carboxylic acid |layer side (see Fig. 1,

carboxylic a
I nside and t
In the obtai
a pinhol e by

st abl e el ect rebliiphiholepard hermijppentaiotidrehae Wagel0eduh.or Tlee distagce cpe. 101561
This application is based on Japanese Patent

whi ch was fi
her eby i ncor
The cation e
as the catio
Ref erence S

- 0.79 [0155] As eval uation of nechanical strength,
cati on exchange nenbrane was fol ded by applying weight of 400 g/cn2 so as

t he

t he

cid layer 144, and "polyner A |layer"” described above) to face

he presence or absence of e.g., pinhole formation was observed.
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folding was not confirmed. In addition, it was discovered that
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SEE%@9@®?E menbrane for alkali chloride electrolysis, etc.
ns List ' [0158] 1, 2, 3, 4, 5...Cation exchange nenbrane,

First, PTFE yarns were arranged at a rate of 24 yarns/inch at
approximately equal intervals.  MD yarns were prepared by use of a
continuous 5-dent reed as follows. A bundle of 2 yarns consisting of PTFE
yarn and PET yarn was passed through a first reed; a bundle of 2 yarns
consisting of PET yarn and PET yarn was passed through a second reed; a
bundte of 2 yarns consisting of PET yarn and PTFE yarn was passed through
a third reed; a bundle of 2 yarns consisting of PET yarn and PET yarn was
passed through a fourth reed; and a bundle of 2 yarns consisting of PET yarn
and PET varn was passed through a fifth reed. Weaving of the bundles of
yarns in this combination was repeated in this order to obtain a plain weave,
As to TD yarns, PTFE yarn, PET yarn, PET yarn, PVA yarn, PVA yarn, PET
yarn, PET yarn, PTFE yarn, PET yarn, PVA yvarn, PVA yam, PET yarn, PET
yarn, PVA yarn, PVA yarn and PET yarn were arranged in this order
repeatedly and at approximately equal intervals to obtain a plain weave. In
this manner, a woven fabric (reinforcing material) was obtained.
Subsequently, the obtained reinforcing material was subjected to contact
bonding performed by a roll heated to 125°C. Thereafter, the reinforcing
material was spaked in a 0.1 N aguesus sodium hydroxide sclution {o
dissolve a dummy yarn (PVA varn) alone and remove it from the reinforcing
material,  The thickness of the reinforcing material from which the dummy
yarn was removed was 92 nm.  The cation exchange membrane was
prepared in the same manner as in Example 1 except the above.

[0152]
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6. ..Reinforcing material, 10, 20x, 20y, 301, 302, 303, 401, 402, 403,
501x, 501y, 502x, 502y, 503x, 503y, 60.. Reinforcing core material, 12,
12a, 12b, 22x, 22y, 321, 322, 323, 324, 325, 326, 421, 422, 423, 424, 521x,
521y, 522x, 522y, 523x, 523y, 524x, 524y...Elution holes, 14. ..Menbrane
body, 62...Sacrifice yarn, 66... Dumy yarn, 142."Sulfonic acid |ayer,
144.. .Carboxylic acid |layer, 146, 148...Coating layer, A ..Electrolysis
vessel, Al...Anode, A2...Cathode, a...Anode side, fl.,.Cathode side,
direction, Y. |D bitheobtained catiah eBScvirge maembiaaieniadhé 3D direatiomtthen exchange
menbrane at | east conprising: . . _ _

distance a between the reinforcing core materials adjacent to each other was

1743 um, the number n of elution holes provided between the adjacent

reinforcing core materials was 4, the distance b between the reinforcing core

material and the adjacent elution hole was 201 pm and the distance ¢y

between the elution hole and the adjacent elution hole was 470 um. The

distance c¢; between the two elution holes at the center was 255 um (see Fig.

9).

Furthermore, in the case where the distance a between the reinforcing

core materials adjacent to each other was 1387 jum, the number n of elution

holes provided between the adjacent reinforcing core materials was 4 and

the distance b between the reinforcing core material and the adjacent elution

hole was 228 um and the distance ¢ between the elution hole and the

adjacent elution hole was 462 um. The distance c; between the two elution

holes at the center was 218 um (see Fig. 9).

[01563]

The physical properties of the cation exchange membranes of

Examples 8 and 9 are shown in Table 4. Note that, the symbol "-" in the

table indicates that no corresponding substance was present in the Examples

and Comparative Examples.

[0154})

{Table 4]

Lhxample s Exampled

Matarial g

§\e;fffc{,{_,zzﬁg Derior 90 50
Vai r‘s —- e
’ Filameni NoNaQ mono
Material PET 4 PET
o Denier 40 40
Sacrfice Yam | Eiament o B 6.
Twisting times 200 200
Dummy vam | Material PVA PVA
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a nmenbrane body containing a fluorine-based pol yner

group; and
appr oxi mat el

menbrane body is provided with two or

rei nforcing

havi ng an ion-exchange
nore reinforcing core materials arranged

wi t hin the nenbrane body, wherein the

nore elution holes formed between the
and assum ng t hat

two or
y in parall el

core materials adjacent to each ot her,

a di stance between the reinforcing core naterials adjacent to each other is
repr esent ed by—-a,—a-—di-st-ance-between-t-he-r-ei-nf-orci-ng-rcore-yaterials and the
el ution hol gs adj acent {&%8%Eh other is rﬂnrnégnf ed-by. b, 20di.stadce
bet ween t he |el uti on hol =E’|¢fﬂj3@|trpnf to p:mh ot Ar is rpnr esdft ed by ¢, and
the nunber df_the elutionWsnedniesr ned het weed®d he reinfore@thg corle
mat eri al s adj adéitkness daeinfoseingmaterialepr esent 88 by n| then9d, b, ¢, and n
satisfying tthe rel ati onstunp represented| by the foll owi ng expressi gn (1) or
expression ([2) are at leaNt present. b » a/(n#l)... (1) ¢ %a/(n+l).. (2)
9, The cation exchange nenbrane ageorthng to qbsg m whererr 1@48, ang n
further satijsfy the reljati onshi pgepresented 4ng t he fol [ oweagg expriessi on
(3). O. 2a1(r+1) s c(3) 3 cJhe cafion epghange | menbrge accqrding to
claim1 or 2, wherein g,1bh—and g, TUrther satigyfy the rel aggg)nsm
represent ediby the foIIovm 19 EXEN R O (4) Odéén'rl) < )... (4)
4. The CatI( eXChlg ? menbr d(l;l af’# .’)di 19 LUOL.g&iI IH_L or—3; -y\g,lcl etrn a, C,
and n furthe %%E‘ he—f-et t T P—Teptresent ed U_) t-h €1|3 IOV’W‘FQ
expressi on (3]P gt (In+1}—e—< “8a. S - 5.~——'Fhe-§g¢—|—en~exchange
menbr ane acgording to any pne..of 7B - 228
o C1 ~ 462
Co - 218
ci/(al(n+1)) - 1.67
co/(al(n+1)) - 0.79

[0155]

As evaluation of mechanical strength, the cation exchange membrane
was folded by applying weight of 400 g/cm? so as to allow the surface of the
carboxylic acid layer side (see Fig. 1, the carboxylic acid layer 144, and
"polymer A layer" described above) to face inside and the presence or
absence of e.g., pinhole formation was observed. In the obtained cation
exchange membrane of Examples 8 and 9, formation of a pinhole by folding
was not confirmed. In addition, it was discovered that stable electrolytic
petformance can be delivered for a long time.

[G156]

cation No, 2008

This application is based on Japanese Patent Appli
245869 which was filed with Japan Patent Office on Colober 26, 2008, which
is hereby incorporated by reference herein.

industrial Applcability

[0157]



claims 1 to 4, wherein a first interval between the reinforcing core
materials in which a, b, ¢, and n satisfy the relationship represented by

t he expression (1), and a second interval between the reinforcing
core materials in which a, b, ¢, and n satisfy the relationship represented
by the expression (2) are alternately present. 6. The cation
exchange nenbrane according to claim5, wherein inthe first interva

between the reinforcing core materials, a, b, ¢, and n furthertithe
relationships r epﬂ'beseatﬁcenbmyamgaembmuramf ofghe yprsessineent{cd)caarig: t he fol | ow ng
expression (4), an in the second interval between the reinforcing
core materi a|%ﬁtalaiy uged as theneptian fexrelhange reampemg fohalkaleghdeidenshi p r epresent ed
by the foll ow X re sion (5), 0.2a/M4-10,9al(n+l)... (3) a/(n+l) < b
1.8a/(n+l)" El‘f%E aF n+l) c 0.8a (5) 7. The cati on exchange

menbr ane accordl ng to claim5 or 6, wherein the first interval between the
reinforcing core materials satisfying the relationship represented by the

fol | ow ng exmedeshod Signs tagtd the second interval between the reinforcing
core materials satisfying the relationship represented by the foll ow ng
expression (191%je alternately present. n=2, b > a/3... (6) n=2, ¢ > al3...

(7) 1, 2, 3, 4, 5...Cation exchange membrane,

6...Reinforcing material,

10, 20x, 20y, 301, 302, 303, 401, 402, 403, 501x, 501y, 502x, 502y, 503x,
503y, 60...Reinforcing core material,

12, 12a, 12b, 22x, 22y, 321, 322, 323, 324, 325, 326, 421, 422, 423, 424,
521x, 521y, 522x, 522y, 523x, 523y, 524x, 524y...Elution holes,
14...Membrane body,

62...Sacrifice yarn,

66...Dummy yarn,

142...Sulfonic acid layer,

144 .. .Carboxylic acid layer,

146, 148...Coating layer,

A...Electrolysis vessel,

A1l...Anode,

A2, . Cathode,

oL Anode side,

i3, .Catlhode side,

A MDD direction,

Y...TD direction
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8. The cation exchange nenbrane according to any one of clains 5 to 7,
wherein the first interval between the reinforcing core materials
satisfying the relationship represented by the foll owi ng expression (8) and
t he second interval between the reinforcing core materials satisfying the
rel ati onship represented by the foll ow ng expression (9) are alternately
present. n=2, 0.2al3 ¢ 0.9a/3, a/l3 <b 1.8a/3... (8) n=2, 1.1a/3 ¢ 0.8...
(9) 9. The cation exchange nenbrane according to claim1l, wherein a,
b, ¢, and n satisfying the rel ati onskii\lMEpr esent ed by the above expression
(1) or the aR&¥e_exE;e%éiQn (2) are at least present in a MD direction and
in a ID directN8hs R TH&IScat i on exchange nenbr ane. 10. The cation
exchange nmenbrane according to claim6, wherein the first interval between
the reinforcing core materials satisfying the relationships represented by
the expression (3) and thg(gmgggﬁﬁ@gPeﬁﬂin@@néggmggggmﬁwgnk@rvaI bet ween
the reinforcing core materials satisfying the relationship represented by

t he expression (5% meanipaasbotly conthihmgMIludirinediaiso palyther hatihg ahlbgli r ect i on
of the cation exchange nenbrane. 11. A nethod for producing the cation
exchange nentsxah@nNgdecdiapPiatidng t he steps of: weavi ng two or nore
reinforcing core materials,. a sacrifice yarn soluble in a cid or an
alkali, and a dunp GAPHedBITRRS R Blokals LIAROREAPRIIAEN R whi ch t he

rei nforcing %‘Eaﬁlemftﬁf\itﬁé &e%%ié“ﬁooi@cri fice yarn are insoluble, to obtain

a reinforcing material having e sdc¢rifice yarn and the dummy yarn

arranged between yh@elrehahdfibiage 08¢ isBbatb@ With agb 3F fidhe BRIISARDILRL her ;
soaking the reinforcing material in the predeterm ned solvent to renove the

dummy yarn f famadietweemtherreinfigcingtcera mbaterials adjacest tocdaamgpthére angi nf or ci ng
material fromwhich the dummy yarn is renoved and a fluorine-based pol yner
havi ng an i on- ex EHHENGGLA distance hedMeandbrdpiorgng Gpreginai@iglsor whi ch can

D ot o BBt 2R P BRI e A0 Kol en' e orm @ merr ane
reinforcing core materials and the elution holes adjacent to each other is
represented by b, a distance between the elution holes adjacent to each
other is represented by ¢, and the number of the elution holes formed
between the reinforcing core materials adjacent to each other is represented
by n, then a, b, ¢, and n satisfying the relationship represented by the
following expression (1) or expression (2) are at least present.
b > a/(n+1)... (1)
c>alln+t1)... (2)
2. The cation exchange membrane according to clalm 1,
whareitr a, ¢, and n further satisty the relationship represented by the
following expression (3).

0.2a/{n+1) < ¢ £ 0.8a/n+1)... (3)

7



soaking the sacrifice yarn in an acid or an al kali

bet ween the anode and the cat hode.

to renove the sacrifice
yarn fromthe nenbrane body, thereby Mmng an elution hole in the ibrane
12. An el ectrolysis vessel at |east conprising: an anode; a cathode;
cation exchange nenbrane according to any one of clains 1 to 10 arranged

3. The cation exchange membrane according to claim 1 or 2,
wherein a, b, and n further satisfy the relationship represented by the
following expression (4).

al(n+1) < b < 1.8a/(n+1)... (4)

4, The catlon exchange membrane according to claim 1 or 3,
wherein a, ¢, and n further satisfy the relationship represented by the
following expression (5).

1.1al(n+1) < ¢ < 0.8a... (5)

5. The cation exchange membrane according to any one of

claims 1 to 4, wherein

a first interval between the reinforcing core materials in which a, b, ¢,
and n satisfy the relationship represented by the expression (1}, and

a second interval befween the reinforcing core materials in which a, b,
¢, and n satisfy the relationship represented by the expression (2) are

alternately present.

8. The cation exchange membrane according to claim 5,

wherein

in the first interval between the reinforcing core materials, a, b, ¢, and n

PR
%
i

further satisfy the relationships representad by the following expression {3
and the fellowing expression (4), and

int the second interval between the reinforcing core malterials, a, b, ¢,
and n further satisfy the relationship represented by the following expression
(5).

0.2a/(n+1) ¢ £0.8a/n+1).. (3)

8

and t he



a/(nt1) < b < 1.8a/(n+1)... (4)
1.1a/(n+1) <c<0.8a... (5)

7. The cation exchange membrane according to claim 5 or 6,
wherein the first interval between the reinforcing core materials satisfying the
relationship represented by the following expression (8) and the second
interval between the reinforcing core materials satisfying the relationship
represented by the following expression (7) are alternately present.

n=2, b > a/3... (6)

n=2, ¢ > a/3... (7}

8. The cation exchange membrane according to any one of
claims 5 to 7, wherein the first interval between the reinforcing core materials
safisfying the relationship represented by the following expression (8) and the
second interval between the reinforcing core materials satisfying the
relationship represented by the following expression (9) are alternately
present.

n=2, 0.2a/3 ¢ <0.9a/3, af3 <b £ 1.8a/3... (8)

n=2, 1.1a/3 ¢ <0.8.. (9

9. The cation exchange membrane according 1o claim 1,
whiereln a, b, ¢, ard n satisfying the refationship representad by the above
expression (1) or the above expression (2) are at least present In a MD

direction and in a TD direction of the cation exchange membrane.

10, The cation exchange membrane according 1o claim 6,

wherein the first interval between the reinforcing core materials satisfving the
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reiationships represented by the expression (3) and the expression (4) or the
second interval between the reinforcing core materials satisfying the
relationship represented by the expression (5) is present in the MD direction

and in the TD direction of the cation exchange membrane.,

11. A method for producing the cation exchange membrane,
comprising the steps of:

weaving two or more reinforcing core materials, a sacrifice yarn
soluble in an acid or an alkali, and a dummy yarn soluble in a predetermined
solvent in which the reinforcing core materials and the sacrifice yarn are
insoluble, to obtain a reinforcing material having the sacrifice yarn and the
dummy yarn arranged between the reinforcing core materiais adjacent to
each other;

soaking the reinforcing material in the predetermined solvent to
remove the dummy yarn from the reinforcing material;

stacking the reinforcing material from which the dummy yarn is
removed and a fluorine-based polymer having an ion-exchange group or an
ion-exchange group precursor which can be converted into the ion-exchange
group by hydrolysis, to form a membrane body having the reinforcing
material; and

soaking the sactifice yarn in an acid or an alkali to remove the sacrifice
yarn from the membrane body, theraby forming arn elution hole in the

mambrane body.

12. An electrolysis vessel at least comprising: an anode: a
cathode, and the cation exchange membrane according to any one of claims

1 t0 10 arranged between the anode and the cathode.,
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