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 Hel d

[ 0001] The present invention relates to a cation exchange
menbrane, an electrolysis vessel using the sanme and a nethod for
produci ng the cation exchange nenbrane. Background Art [0002] A

fluorine-containing i on exchange nenbrane excellent in e.g., heat

resi stance and chenical resistanceDER{eRETIAON t he

fl uori ne-containing i on exchange nmenbrane has been used not only as a
cation exchange nenbrane for alkali chloride electrolysis for

bzane; ot ubt LN ERGHANGE, e NG e R ROlE e AL i
The monbr ang e LaND TMEPHAISCTGR GETE BB SR TIOY ciedhvgE

e.g., incregga gpnangnt efficiency in view of productivity, reduce

el ectrolysis voltage in view of econom c efficiency and reduce the
concentration of sodiumchloride in caustic soda in view of quality

of a product. [0003] O these demands, in order to increase
current effTeclericyl,Fie on exchange nenbrane forned of at |east two
| ayers, i.e., a carboxylic acid |ayer using a carboxylic acid group

havi ng hi gh[0&0i1dn el i m nati on property as an ion-exchange group and a
sul fonic add layer using a | ow resistant sulfonic acid group as an

i on- exchange gr oUjg presegémweatioy relatss. toSi naléon hesgw@ngenmerditangean
menbranes are brought into direct contact with chlorine and caustic
soda of frofegolsisamesalivsing tha samecanthayretdodfer pradvsingsthe cation

fl uori ne-base ol ymer having extrenely high chem cal resistance is
used as a nTEGE TEMYAELi on exchange nenbrane. However, the ion
exchange nenbrane fornmed of such a fluorine-based pol yner al one does
not have sufficient nechanical strength. Therefore, the nmenbrane is
rei nf orced, ga(rﬁgﬁ HF’ by enbeddi ng a woven fabric contained of
polytetrafluoré% ylene (PTFE) in the nmenbrane, as a reinforcing core
mat eri al . [@@gél For exanple. Patent Docunent 1 proposes a

fl uori ne-base ation exchange nmenbrane for el ectrolysis conposed of

a first layer, v¥GHrihé chbRMAg ¥ BxEddHye M%méﬁﬁ ié{’ﬁké’él%ht it %'?b’rri‘ecat

havi ng a cati on-exchange group and rei nforce e woven

and a secondsl|styete amtichbmical resisRdcel Thbldierd, Miee Rasse-RBhMIMAG ion |
having a carboxylic acid group and positioned on the cathode side, in

whi ch =1/ 2 eichahgetrhéckresshas baepausedhdiasey ambersdtiah dxghangeect ed

fromthe first layer toward the anode side, the projecting part of

t he porous maswrane &ori alkali shiovde edzbtmilydis forquatucigglciyeinecdnd ke alkali

fl uorine-based polynmer having the cation-exchange group so as to

i ntegrate ibt@lsha diapkragmaips gearthting ezame, eHeetosil evide veriebvefs al ong

with the s%;face shape of the porous base material on the anode side

surf ace. iaphragms tor electrolysis such as water electrolysis and hydrochloric acid
electrolysis. Of them, the membrane for use in alkali chloride electrolysis is
demanded to, e.g., increase current efficiency in view of productivity, reduce
electrolysis voltage in view of economic efficiency and reduce the
concentration of sodium chloride in caustic soda in view of quality of a
product.
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Pat ent Docunent 1. Japanese Patent Application Lai dOpen No. 4-308096
Sunmary of the Invention Problens to be Solved by the invention
1. 0006] However, the reinforcing core material acts as a
bl ocking material for a cation such as alkali ion when flowi ng from
the anode side to the cathode side within the nenbrane thereby

preventing the cation fromflow ng fromthe anode side to the cathode
si de snoothly. T@tf S\?ed‘?’ﬁf"gd%HBﬁg‘#@'ﬁSd?crﬁaﬁ%I%’”@ﬁE? iCHPAYY e 10N

renbr ane 1 of (aAHS 5 orANeAPied ks GRSTRG et Fer e Ra il aoe
The. ol octri e STy BRRRyfc BER QLMD Bl e ER AT b RetOh - ERRRT b
to be reducad.iofieweN@ige §RRIPSAFSAGUTORE édi“tﬁa%%? hgfgl'gﬁ(ggf‘%ﬁﬁ{@ﬂl

is reduced by the presence of the elution In e°

case where hbie gratip @i BXihanamamgelyrans, isyeferhakdd Hned ﬁ‘r‘é§é3i'(cj>)‘15i S

vessel and the case where the cation exchange nénbrane is carried,

t he cation exciemgemeeibanee af@bdsightt iMienitlect bettabywiie raloineghd®
probl em of |ikely devel oping a pinhole fromthe elution hole. In the
cation exchaaggionsadsr afifeordi 8clood@C duriRatemiedadysieopedationhe fluorine-
reinforcing core material projects fromthe cation exchange nenbrane.
Therefore, QAR PRMMEsthayNeRErRNgY highishamical uesistagaensusad as a

el ectrode or tthe i kﬁedue to e.g., vibration within an electrolysis
vessel, a rBGH1R S0ENelgn @rehredemarebiagee oHoWwRuMEsr thel ion exgbaned of f
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desired. [OQQ8K] The present invention has been made in view of the
af orenent i oned it is a main object of the present

invention is to Foraviadepla, Eats'rmmmnmngepmpabégaeﬂdmwbrtms%c@tloﬁnt
mechani cal strength against folding or the like, delivering stable

el ectrol yt i exgh@ngermambearieforaeltctngysis tompased| et firgt jayies, wisish éd

usi ng the cation exchange nmenbrane and a nethod for producing the

cati on exch@igedms miiuaie-nesarspolymesdininayinche chtiobleanbange group and
reinforced with the woven fabric, and a second layer, which is formed of a
fluorine based polymer having a carboxylic acid group and positioned on the
cathode side, in which >1/2 of the thickness of a porous base material is
projected from the first layer toward the anode side, the projecting part of the
porous base material is covered with a coating layer of the fluorine-based
polymer having the cation-exchange group so as to integrate into the first

layer and to form the convexo-concaves along with the surface shape of the

porous base material on the anode side surface.
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[ 0009] The present inventors have nmade intensive studies with
the view for attaining the aforenentioned objects. As a result, they
found that ntioned objects can be attained by a cation
exchange nmenbrane having at | east a nenbrane body containing a

fl uori ne-based pol yner having an ion-exchange group and two or nore

rei nforcing [ terials arrange roximately jn parailei wthin
t he menbr angcag%'ﬁﬁgqlﬁm%\ﬂiﬁhﬁapﬁeeg%%@?%ﬂéo‘%'ﬁw'%gamggﬁp Yr&38BUES on
hol es forned between the reinforcing core nmaterials adjacent to each

ot her, and assumi ng that a di stance between the reinforcing core
material s a@uﬁgﬁgfx dfansagikiher is represented by a; a distance
) ot

between the reinforcing core materials and the el ution hol es adj acent

to each ot heroblemsaBRsSHlved nhBiinderflicht ance between the el ution
hol es adj acent to each other i's represented by c: and the nunber of

t he el ution[00@6gs fornmed between the reinforcing core materials

adj acent to each other is represented by n, then a, b, ¢, and n

sati sfying a spedofecen éhateinfuating cpressitonalarats pes esteibtkinGasg@rianfor a

this, the present invention has been acconplished. [0010] Mre

speci fic.", catin predsanalkativemwhen fleviag fifooh tewenode sigi torthexaltaodge

menbrane at | east conprising: a menbrane body containing a

f1 uori ne- baS'88 WHIY e Meanhragedhereby-rigeentingthgr eation faerd flowing fromuthe

or nore reinforcing core terials arranged_approximtely in parall el

within the ABMS ﬁ'ﬁ‘g tB%‘?,Cgﬁ‘O e sidggaratilyt h& oo BvepBeagmeson, a hole

provi ded w 3 re elution,holes for, bet ween t he,

r ei nf or ci ng{h%éé@%ﬁg{ ég{é Wege o e Ub‘a” ngen?&dfﬁgp?\é\grhgwe cation exchange

assumng th I t reipfaorcin qre terjals

adj acent t oﬁ‘tgamggéE@?&&sﬁﬁéggggnék%&ngg/%&eé’ 8%5?'8[1@@ ﬁl?&ﬁ oy

rei nf or ci ngy8@EcdBEE Lon : j acgnt h

other isr e?)r ese(ralt eg%wyé‘%?trgl% ﬁ%ﬁ@thgfﬁﬂﬁﬁlg ?1% e %}t ﬁ{)énelﬁgfrgg?

adj acent t ore@aeln&d bEthel GatibARLRHANEE hdYibfane? é&‘t@)&f ifeﬁe

el ution holes fornmed between the r%i nf or cfanng (g:gs})%léreftat eria _gégauj_ acent

to each ot hidoweser, e egengecbfltiie Ratibh@RcRande nfemBRthens $8ducdd/bpehd he
or

rel ati onship represented by the foll owi ng expression (1)

expr essi on [gr2peace ofithd @atibn poks erRartizulafiyninlthe .casé Where the cation
exchange membrane is mounted to 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 electrode or the like due to e.g., vibration within an
electrolysis vessel, a resin covering the reinforcing core material is peeled off
and the reinforcing core material is exposed therefrom, causing a problem of

losing the function as a reinforcing member.
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c>a/(n+l)". (2) further satisfy the relationship represented by the
foll owi ng expression ( )- 0.2a/(n+l) c 0.9a/(nl).., (3) [3]The cation
exchange menbrane according to [111 or [2], wherein a, b, and n
further satisfy the relationship represented by the follow ng
expression (4), a/(n+l) < b 1,8a/(n+l) . (4) [4] The cation exchange

the 1 ol at  onshi prtaufiedneSen B t#iPh orarandhgnenpreasishopgied fo the *
L 12/ (n+1) 1480, S o)e 5 FBofah b /IR0 EaIBHEN AiABE bR
voltage) required for electrolysis is demanded. To realize this, the cation
exchange membrane has desirably low resistance. Furthermore, the cation
exchange membrane capable of delivering stable electrolytic performance for
a long time is desired.
[0008]
The present invention has been made in view of the aforementioned
circumstances. It is a main object of the present invention is to provide a
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 ion-exchange group and two or more reinforcing core materials arranged
approximately in parallel within the membrane body, in which the membrane
body has two or more elution holes formed between the reinforcing core
materials adjacent to each other, and assuming that a 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



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, ¢c. and n satisfy the relationship
represented by the expression (2) are alternately present. The cation
exc ntle re' braneaccorchno to inthe first intetva,

bet ween t he NPETFYPEFMLO S5l °$’f'%ﬁ 'érr?ﬁ"e§en¥9d py ci and Hiednwmper ohthe
satlsfythel t ed. the fetil-w

evnt et S L S Egine materials: e aassho
furthor. sat PLTS 8 R PSP AR ONEh ol P Ehich 3g0fhe ?E§PP8\Rﬂ{8'ati°”a'
SXprEsIon (hre Qi ae B0l g brd el i been

menbr ane acg@f;@lmpgsﬁéa [5] or [6], wherein the first interval between
the reinforcing core materials satisfying the relationship

represent ed[dylalhe foll ow ng expression (6) and the second interval
between the reinforcing core materials satisfying the relationship
represented by tMeré epédfitaily, theppesenbimvémdiormieasafdliemwsat el y present.
n=2, b >al3... (6) n=2, ¢c> al3". (7) [8] The cation exchan, ge
menbrane according to any one of [5/1 to [7], wherein the first
interval between the reinforcing core materi aI s satisfying the

rel ati onshi p'lr epr 8 &Atied eghange memyanagt ésgst eosimdising) and t he
second i nterval bet ween t&pc{ ei nf orcing _core materials satisfying the

relationship rept BSSAPEACRPWHO RN HHOERgOasEH HRIYOgT B@éng an lon-

alternately pLeseRl sroup: and

two or more reinforcing core materials arranged approximately in
parallel within the membrane body,

wherein the membrane body is provided with two or more elution holes
formed between the reinforcing core materials adjacent to each other, and

assuming that a 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 holes adjacent to each
other is represented by c, 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 > al/(n+1)... (1)

c > al/(n+1)... (2)

wn



n=2, 0.2a/3 ¢ 0.9a/3, a/3 <b 1.8a/3., (8) n=2, 1.1a/3 ¢ 0.8.. [9]
The cation exchange nenbrane according to [1]. wherein a, b, ¢, and n
satisfying 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 nbrﬁne according to LG], wherein the first interval
bet ween t hel#lei nf BF CPHEN €3FRaNaR Blenransaccerdingde [ Hewherair coss ANgS

repr esent ed expression (3) and th ression.(4) or the
second i nt etfl\%r?ér[)%ttmetrﬁk’%%%ﬁ%’dﬁef‘??&ngedfgyH%FE E?”P&‘l”%’ éé?rieﬁﬂﬂ”n@)t he
relationship rep t resshon (5) is present in the MD
direction and i nb?%z(rﬁ?yé?%%@:lfaéﬁ%@h@ cati on exchange nenbrane.
[11] A nethod for producing the cation exchange nmenbrane, conprising

the steps of: weaving two or nore reinforcing core materials, a

sacrifice ygn sPhalkbioh Bxaarifd fhedibraRedickdlding 8 dr IMASYEIY, b,
soluble in a predeterm ned solvent in which the reinforcing core

material s anddthierthac safidfe ehey eslatiaiship Reresbhted ByothelFbRbWing expression
reinforcing material having the sacrifice yarn and the dunmy yarn
arranged bet4¥een the reinforcing core materials adjacent to each
ot her; soaking the reinforcing material in the predeterm ned
sol vent to renov@/(fh® dbrmy.8pdnm1j.r.dd) t he reinforcing material ;
stacking the reinforcing material from which the dummy yarn is
renoved and a fluorine-based pol ymer having an ion-exchange group or
an ion-exchange group,. precursor which can be converted into the

oL 69 teNy BXEh

i on- exchang '_be 69" BFOIISTEPRRR lﬂcﬁo'f?érr‘ﬂ)_FodHé Op bty VREIF A, tthe
RRCAE T ST e

t her eby for(;g')ng an elution hole in the nenbrane body. 021 An
el ectrol ysi $'vessel at |east conprising: an anode; a cathode; and the

cation exchange mghrape<aceqrgdi ngsyt o any one of [1] to [10] arranged
bet ween t he anode gﬁg tﬁé c_atg’r%dég))Advant ageous Effects of the
i nvention

[5]  The cation exchange membrane according to any one of [1] to [4],
wherein

a first interval between the reinforcing core materials in which a, b, c,
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

alternately present.

[6]  The cation exchange membrane according to [5], wherein
in the first interval between the reinforcing core materials, a, b, ¢, and n
further satisfy the relationships represented by the following expression (3)

and the following expression (4), and



[0011_

According to the present invention, it is possible to

provi de the cati on exchange nenbrane having excelient nechani cal
strength agai nst folding, etc. and capable of delivering stable

el ectrolytic performance for a long tinme, and the nmethod for

produci ng the cati on exchange nenbrane. Brief Description of Draw ng

[0012]
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side view of the first

Figure 1 shows a sectional _ _ _
of th# @&ﬁe&ﬁm@ﬁ%ﬁ%ﬁj eheadh Hiferelelontias sgre materalsr aslers,
i . tual dj the first
ey LB Safe RS BB SR B s ey P b L shession

) Figure 3 shows a conceptual diagramof the second
cg? ‘the cation exchange nenbrane according to the present
0.28/ @41 ¢ <4 S onggpt ual di agramof the third
of the ca ioz excp%%gﬁr;éﬁb ne according to the present
S shaus+®) €pnee +16li ggyam of the fourth enmbodi ment of

xchange nenbrane according to the present enbodi nent. Figure. 6
shows a concept ualiadinady am 00.8de (6) fth enbodi ment of the cation
exchange menbrane according to the present enbodi nent. Figure 7
shows a conceptual diagramfor illustrating an exanple of the

produci ng net hod_according to the present enbodi nent. Figure 8
shows a cont@pt ulhe gatign anchdnge reMizanesackardiey te fijrare], pihepaingtei n

Exanpl es an arative Exanples.
P ﬂrs??rﬂgrva?hetween thrtrepreinforcing core materials satisfying the relationship

represented by the following expression (6) 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, ¢ > al3... (7)

[8]  The cation exchange membrane according to any one of [5] to [7],
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 (9) are alternately present.

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

n=2,1.1a/3<c<0.8... (9)

[9]  The cation exchange membrane according to [1], wherein a, b, ¢, and
n satisfying 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 membrane.



Figure 9 shows a conceptual diagram of another cation exchange

menbr ane prepared in Exanpl es and Conparative Exanpl es. Fi gure
10 shows a conceptual diagramof the electrolysis vessel according to
the present enbodi nent. Mddes for Carrying Qut the Invention [0013]
Herei nafter, the best node for carrying out the present invention
(hereinafter referred to as "the present enbodinent') will be nore
specifically described. Note that the present invention i's not

it e o Bl S B e
he d hi h f

e BN 0 PO A o
i o5, Rt agenBeny LU0 PO v s aral sl o

exchange nMejfEAREBetween theFﬂeﬂwfo%Mg'Sc&eﬁﬁﬁfér%@éat?fﬂﬁg‘fh@ 19fioAsHil rtst

enbodi nent of the cation exchange nmenbrane accor e pres
enbodi ment . rdéprgsedtetdhyathe@@pepidioh (5 isprasamfin ehd MDHnr@eﬂimlaﬁBm tmé‘

t he cati on exchange nenbrane according to the present enbodi nent.
cati on exchahpdirextivbrafriee tatisn @xcaangmmexabrange nenbrane at | east
conprising: a nenbrane body 14 containing a fluorine-based pol yner
havi ng an ion-exchange group; and two or nore reinforcing core
materials 10 arranged approximately in parallel within the nenbrane
body 14. ThEl trendmagidopdaypmducigpingviadien archAngadembranes cOMrisingn
hol es 12 for med between the reinforcing core materials 10 adjacent to
each ot her . th&stgaaiof on, assum ng that a distance bet ween t he
reinforcing core materials 10 a J cent to each ot is r%presented

bly a, a ﬂi Istanc SQY'REéWOtCHén?'@ I?F'HP[Q"?%CEE%@&‘F%{! ?laaﬁgcr SNt he
di st ance beroube PAPERHar o ARALAMDE G nk KBTS SNLE Iny pibitefermined
repr esent edSQMeﬁ% inich M6e Péﬁﬂﬁﬁ{;lng. qtrg‘?rl%laHél dhd Ieessac}lac%‘%ffﬁgrel

between the rernforcing core na to eac

represent edifay|ble, ttB%tém é%enﬁ‘foré}ﬁ nﬁ‘atéﬁ%! [$AVAE the Q&cﬁfﬁ:’eﬁﬁd{g%@' e

represented by the fo OW Ng expressi on or~ expressl o are at

| east presedtmnby Ea igrided befWderttha rétr(f@rbir)g coreZhald¥lbhdjacent toThe
menbr ane body 14 has a functlon of selectively passing a cation and

contai ns a ehdobthee: based pol ymer. The nenbrane body 14 preferably
has at |east a sulfonic acid I ayer 142 having a sulfonic acid group
as the ion exchasapgnethe mmtfoecicqniadzsidliio tae pdedatgeninkéddsdhaantig a
carboxylic acid
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 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.



group as the ion-exchange group. CGenerally, the cation exchange
menbrane 1 is used such that the sulfonic acid layer 142 is
positioned on the anode side (ix) of the electrolysis vessel and the
carboxylic acid layer 144 is positioned on the cathode side ([1) of
the electrolysis vessel. The suifonic acid |ayer 142 is fornmed of a

| ow el ectri -resi stance material, and preferably has a large film

t hi ckness i ﬁqél e%no?leﬁﬁﬂ%ﬁéﬁ’@sﬁﬁ%tdﬁ?ﬂ cPom%n%ag: 9[‘?‘36?8@:%8109%?“9!44
preferably i i | g nation property even jf the film
Phi cknoss | T SatOhSRe AT wERToRE <caPBig T ahkeRt T ol 11 hatiehues
ment i oned ahwg j r A of a cation such as a sodium
i on can be furtﬁgﬁﬂb&rr%bgg/ggmfﬂ%%r% OIr(_:‘\'z;ne body 14 is satisfactory as
long as it has a function of selectively passing the cation and
contains a fluorine-based polyner, and the structure thereof is not
necessaril y Adwintegedus Effectabotremenehamed structure. The term "anion
elimnation property"” used herein refers to a property of preventing
i nvasi on or [p@theation of an anion into the cation exchange nenbrane.
[ 0016] The fluorine-based pol ymer used in the nmenbrane body 14
may include a fl| d6epitindisde pebgneinvamiomgdt iarpdseiie ke parvirke threotgticor
an i on-exchange group precursor which can be converted into an

i on- exchang@x_@h%ﬁ‘ﬂﬁ BiErAy@nel aying exesliesti msichanfdal sire ngiheatdiystrfokbmdon

as a main chain wth %ééngtlon,al roup capabl e of converting into an
i on- exchang& %rad’\llﬁ\fpc > g1 ,elﬁﬁ‘?tH'PSIS\%lP'? elactolpihpanernsanie Eha lengritne.o
which nelt pr Si LS _applicable. An exanple of the nethod for
produci ng slpfé‘ﬁ(“ﬁ%@%ﬁﬂS??h@%&gswgﬁgﬁmP"ﬁXP apge FEBPiEd bel ow.

[ 0017] The fluorine-based pol yner can be produced by, for
exanpl e, copolynerization of at |east one nononer selected fromthe

fol Il ow ng fig@rf%regﬁti@rpga?garwiﬁﬁg one nononer selected fromthe

foll ow ng secon p an e following third group, or
al ternati ve[opfoduced by honopol ynerization of one nonomer sel ected
fromany one of the following first group, second group and third

group. [0018]  Figufdie drionila 8EEIGhATRRRIBEWENthE MedtudBbodiffe o €,
a vinyl fluoride conpound. Exanples of the vinyl fluoride conpound

may i ncl udecaiioyex¢harye slemidrahe akcboatingtdiHenesehesabodpremr opy! ene,
vinylidene fluoride, trifluoroethylene, chiorotrifluoroethylene and

per fl uor o(al kyl viigyreRséopws Paoncentlardiggram of biee fims emidteliraehhef the
cation exchange nenbrane 1 according to the present enbodi nent is
used as a neaRRAXCHaIgeANRAIIraee eccoisliyg tsthespipeent embodimattmer i s
preferably used 'gs the vinyl fluoride conpound. For exanple, a

perfl uoro rmononer 98 e SNOWSi BaANESRIUGF Hagrasa Ré tha serprst embodiment of

T N —
Punoti onal or ourr SUREEH8ue £ EnGRTPAGHR G &Y s B R TEodGrartar Jun

& Funot | onaf ArEekofRde e ik e AEe M 1T g e B ROFREc: d”or oup
ononer " epr esent Ba by "Ly S S { SRERIG B AE K R o R e °
VP and 2 ach S o e e e R

I ower al kyl groufiyuan@l shbesld senceptual diagram of the fifth 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.



O these, a conpound represented by CF2=CF(OCF2CYF), - O((F2) nCOOR i s
preferable, where n represents an integer of O to 2, in represents an
inteaer of 1 to 4, Y represents F or CF3 and R represents CH3, C21-15
or C3H7. Particularly, when the cation exchange mermbrane according to
t he present enbodiment is used as a cation exchange nenbrane for

i i i ferably used
al kali electrolysis, at |least a perfluoro conpound is pre _
as a nonomer. I—bj:)(-i-g/'@'??s gheive argasicepiial diposap ¢fseeatidrecafremeremiitiede

h roup-is removed fromthe polyner at the tinme of
R/d?gl ;sss?%rgéa%cﬁ{?&Wﬁsﬂﬁﬂ Gy PRERAtIVEE @pRIEs| uor oal kyl group

these, for exant BRPRIELE RIARRER A Sl iy or an otk asoerarcaengs
T e T e

C. : 1: 2=CF[ OCF2CH( @3?%5 '5_ COCHS, * GF2=Cred : ﬁ'OF%gC?%rd
H3, CF2r- CFQ( CR2FHJeedd3shdweh cbn%ﬁ@:&)aﬁpé}ﬂaf th 8?9%&9&/3@ I

group nononer may I nclude, for exa a“vi nyl conpo a\’ﬁ?ﬁ? a

. . . . . . id group
functional grooplingpmaitleeprebefOaVBbEINMERt Nto a & ronic aci (
(sulforte type ion-exchange group). As the vinyl conpound having a

. . . . id group

functional group capable of converting into a sulfonic aci

(sul fone tyge i on- exchange group), for exanple, a nmononer represented

by CF2CF0- x&feopr Carpyirgf Ouathelnmhtioei n X represents a peffitioro

group). Specifj.c exanpl es thereof may include the nononers shown

bel ow. CF2= 2CF2S02F, CFZ:GVCFZCF(();];S) (C):ch E'Z:SOZF,

CF2=CFOCF2CF( CF3),0CF2CF2F, =CF( CF2) 28 , CF2= _

CF2CF( CF3) 012@2%??'@%% the-eest el efooerB) s OFRS02EeNt inveni@n

h CF2= 2CF2CF2 nd CF2=CFOCF2CF( OF3) 0' CF2. CF2S02F

these, N e%FréﬁgF (r:eng?re to as '%:e present embodiment") will be more specifically

are nore preferable, .
described. Note that, the present invention is not limited to the present
embodiments below and can be modified in various ways within the scope
thereof and carried out. Note that, in the drawings, the positional
relationship such as right - left or up - down, is based on the positional
relationship shown in the drawings unless otherwise specified. Furthermore,
the dimensional ratio of a drawing is not limited to that shown in the drawing.
[0014]
<Cation exchange membrane>

Fig. 1 is a sectional side view of a first embodiment of the cation
exchange membrane according to the present embodiment. Fig. 2 is a
conceptual diagram of a first embodiment of the cation exchange membrane
according to the present embodiment. A cation exchange membrane 1 is a
cation exchange membrane at least comprising: a membrane body 14
containing a fluorine-based polymer having an ion-exchange group; and two
or more reinforcing core materials 10 arranged approximately in parallel

within the membrane body 14. The membrane body 14 is provided with two

10



10021] From t hese nononers copol yners can be produced by a

i erization nmethod devel oped for hono-pol ynerizati on and

copol yneri zation of ethylene fluoride, panicularly, a general polym
nmet hod used for tetrafluonethylene. For exanple, in a non-agueous
nmet hod, a polynerization reaction can be carried out using an inert

sove such as r_fgerfl uor ohgdr ocar bon and chl orof | uorocarbon in the
presence of C4 MG KdionBPeRel iPanpd Petween Mo reiriosrnagsore materials 10

Ferper at ur o SIS 1 SBOCOING. A GLLG SHNRS (A O RRRC GRMEEN the
the above- st IREd Gein STRPUHETTD FRbbP el Ehentss RaeBRIBME LY &
particul arl yidihpid Sghrvéaer?\dth%ﬂsﬁ%r%ﬂw cHRLRIAPE o aﬂﬁ@%i&%ngl?@@?HEe
type and anount of functional grou at 1s desired to be adde o]

the fluori nedRasadtdehoiTBiher & RHroSEREAH- b, FPAisRRERIAwebR tRE SRitidrP

obtain a fluorine-based pol yner containing only a carboxyl ate

functional ¢owsp12 atjaceasto eauh dthadisolepr@sEmed byry abe the nesied Sagd
fromthe aforementioned first group and second group and

copol yner i zetltioRurdléed Bdorned betweatker theoredtforiimy eorgomytetals 00taljadard to
only a sulfonyi fluoride functional group, at |east one kind of
mononer may €6eh S#erds sepreae htefdr kym t thenad, dr, errand inosadidfifing Ste olatipnsiviol
third group and copol yneri zed. Mreover, in order to obtain a

f1 uori ne- baseRIepeNipREY thaviPhewagcambesgipal © eremreessian (Jragpmtdadsta
sul fonyi fluori d(-% functional group, at |east one kind of nononer nmay
be sel ect edPE&EH from t he aforenentioned first group, second group
and third group and oﬂpﬁgy(ﬁri zed. In this case, a desired

fl uori ne-based pol 3 y' be obtai nable al so by separately

pol yneri zi ng a cQpo rn fppmed of nononers selected fromthe

af orenent i oned f‘??s%/mgmu &;nd second group and a copol yner forned of
mononers selmpised fromthe aforementioned first group and third group
and thereafter mxing therm Furthernore, the mxing ratio of the

mononers is not PRE MéHbAinabddyM4 Bds AAWBNEH of 8e é@%g?gsihpg E&tish

the amount of functional group per unit polymer, t _
monomer s sehadtceftdinomfludenaliRisedmyiyRBed FRS AtinBiPub Y 4 Piddrably
a

group may be increased. [0023] The total ion exchange capacity of

fl uori ne cohasiahiezgt acuifbyitescid tayer 142 having a sulfonic acid group as the ion-
exchange group and a carboxylic acid layer 144 having a carboxylic acid
group as the ion-exchange group. Generally, the cation exchange
membrane 1 is used such that the sulfonic acid tayer 142 is positioned on the
anode side (a) of the electrolysis vessel and the carboxylic acid layer 144 is
positioned on the cathode side (B) of the electrolysis vessel. The sulfonic
acid layer 142 is formed of a low electrical-resistance material and preferably
has a large film thickness in view of membrane strength. The carboxylic
acid layer 144 preferably has a high anion elimination property even if the
film thickness is low. By containing the carboxylic acid layer 144 as

mentioned above, selective permeability of a cation such as a sodium ion can

be further improved. The membrane body 14 is satisfactory as long as it

11



not particularly limted; however, it is preferably fromO0.5 to 2.0
nmg equivalent/9 in terns of a dry resin and nore preferably fromO.6
to 1.5 ng equivalent/9 in terns of a dry resin. The total ion
exchange capacity used herein refers to an equival ent of an exchange
group per unit weight of a dry resin and can be determ ned by

neutralization titration, etc. [0024] The cati on exchange nenbrane 1
of the presdi® %h’k%‘gp gelschyely Res§ingdne wakom 88d coataing a fipsine-hassd

e RN e
consti Lt g LA SRRELIRIGES 181044 3eGhyRaiar LAY b
substance i $,pEigfBfABkY a!&&béﬁ%ﬁgg Fu@@éﬁmﬁ%\&%gnhﬁ ﬂ%%%égmpggfﬁigﬁﬁi%ﬂce

may i nclude zirconium oxide and titaniunT oxl rmng
t he coati nghtauBe $afid® exdldhod mehiraparticularly limted and a net hod
known in the art can be usedg. For exanple, a nethod of coating a
['iquid havif@goi1jor gani c oxi de fine particles dispersed in a binder

pol ymer solution by a spray, etc., can be nentioned. [0025] The
cation exchange frealfluariee-based poyomer usaat i theimémbeamgbody é4maberi al s
10 arranged approximately in parallel wthin the menbrane body 14.
The rei nf or didlgde arfklonnedrdsed prlymer bawng @ndoneEndisbanfiegrougpooan non-
mechani cal strength of the cation exchange nmenbrane 1 and di nensi onal
stability tSEFRYTIETHEOUM PreRYISOR Ahigh e PEtapnyeriad éforast Bnrexchpegs t o
a property of sug\ﬁ) easi nq t he e%gpgns' on and contraction of the cation
exchange meffRUNRY WYEHAIVES fRERed ofafuogeaterhy aca@onag A4mye chain

nb havi. [ di ' I bi | i d d and
cont ract mobdinREGalEvy BRBR S ChryBiiid ot dn aTEERanas Fee BRa

the reinf or B0 TLPNSRLA b ORB M et Bnd SR BR L Pl RPET g It e

to, for exaﬁebﬁcatﬁe.r eAer%fdgl‘Qoﬁﬂfeem%ﬁ’i&J fo?'pré&’tﬁéiﬁ&SLEHW@%%rring-grased

reinforcing yarn. The rein cing yarn used herein is a ne

consti t uti ngolyheerngil Bed&dcige8 Yefownt erial and refers to a yarn
capabl e of 1 nparting desired nmechanical strength to the cation

exchange ne[dgiane and being stably present in the cation exchange
menbr ane. [ 0026 The formof the reinforcing core material 10
i's not parti cul afhg flubrme-edsed podwesr, cdrobe pxedgues), byg fapeeampRhric, a

nonwoven fabric and a knitted fabric using the aforenmentioned
rei nf or ci ngcypelimeszatien ofeatleast ondesmoner salevtedffraro tive follendeg first
production, a woven fabric is preferable. As a weave of the woven
fabric, a poEup IrGIklepst premaongine:. sefaetedrark tlee &lofving seapned group
fabric is not artig.iul ar_I% limted; however, it is preferably from 30
to 2501.) . nPB@r Hhs ©llgnindtriist grotporf sterngtively rrpdvcadiby ReMfor e, t he
weave densit | H?he punb?r of woven fi be{ﬁs fper uni t | ePg]t h1) of the
r ei nf or ci ngpéé( IR L BAFITRUITAFT §EIPFIRC e AR P the follgwing first
preferably 6(0?1@, ge&?ndsgrc}/tﬁ)r Qr% 'tm%broup.

[0018]

The first group monomer may include, for example, a vinyl fluoride
compound. Examples of the vinyl fluoride compound may include vinyl
fluoride, tetrafluoroethylene, hexafluoropropylene, vinylidene fluoride,
trifluoroethylene, chlorotrifluoroethylene and perfluoro(alkylvinylether).

Particularly, in the case where the cation exchange membrane 1 according to

12



[ 0027] The opening ratio of the reinforcing core material 10 is
not particularly limted; however, it is preferably 30% or nore and
90% or |l ess. The opening ratio is preferably 30% or nore in view of
the el ectrochem cai properties of the cation exchange nenbrane and
preferably 90% or |less in view of the nechanicai strength of the
menbr ane. M?Iée E(?ref rably, the opening ratio is 50% or nore and
further prefef ABTSPTEEMRIAIRNEREIS LFWZQﬁamembraﬂ?ef%ﬁéﬁﬂ“rﬁjefﬁt&t'l/%lshér ein
refers to a rati f the (B) sum areas thraugh, which a substance
such as an ipgﬁﬁl%ojﬂ(?g%g%m?&s)aqqehag& Llsr?éia ?%Aghes‘ﬂﬁﬂg\‘uot”ﬂ@ COmR -arfedls
of the cati d B)/ (A),. The (B)
Feprosents (e DpedPare MERBRRNSFRER TEM B B rsting S

el ectrol yt e, RARS KM j j

rei nforci ngt%tg}éﬂehor;g?ﬁgly I al ’Q%éﬁﬂﬁiég?@?%@écﬁcgbéwﬁ?g@% ,hﬁ@g%’%he?ltrﬂgd in
the cation exefepsige nmenbrane. A nethod for determ ning the opening
ratio will be nore specifically described. A surface inmage of the
cation exchf@]menbrane (cati on exchange menbrane before coaling) is

shot, The areas of the regions where no reinforcing core material is
present are sum lipetsecobd groug renEB)er rBap sedudEtfbyexdmpia, théndr ea of

the surface i mage of the cation exchange nenbrane, the (A) is

obt ai ned, TREMPBMNAa¥ing déendsipnaherqui) capmbld bhcontdring peaiancarbakyla

[ 0029] The material for the reinforcing yarn constituting the

r ei nf or ci ng 266 FORRLEATLAXYHGATE tyie IgFaeXEhaNdsr drpup).m Thelvinkbeeveounit

is prefer abll# a ma% er 'hal Ihavi n%gr egi stfance to an acid and an al kal i,
A AN AL e ot M
. V] e mai i_ni Si
r esi sltO ance f%rrsgkﬂ'gn%ﬁ%%& 'OB; ?Qgeg’FO‘t‘@e’“?VU@?ﬁ%-f%%@“ﬁg'%ﬁr
f dt i j _ PTFE).
Lot raf & uor oTEet reBReaied B R BRI Y MY BT fierdn °
et hyl ene-t etd bR ont i'i\l/éq‘é?%f@)qeoi,wsgre(sg{:{%r};rrg?geraof 1t012,Yand Z

tetrafl uoroethyl ene-hexafl uor opropyl ene cop

trifl uorochkaerididpanaeh SHOR Y ldveng
fluoride (PVDF). Op%?hesgwﬁglg??@wg?%r cet h??gfr?esg(ﬂé?'ing I's kyl group)
pref er abl e andtheVik@f heat resistance and chem cal resistance. [0030]
The dianeter of the reinforcing yarn to be used in the reinforcing
core material 100f theset apantpaurdarpyeddnted eg; CRBGMOTFIQYF)§-O(CFy)y-
preferably from 20 to 300 deniers and nore preferably from50 to 250
deni ers. TheQQ@Rn$ oreferaplyavheneay répreaentsroof integrerf (oto 2 m represents
mul ti-filament, Furthernore, a yarn thereof, a slit yarn, etc. can be
used. [0031§n integer pht {q dul dePiEsents Eraalsiie arst R repredents Eithf Grtls g

core material /10 Igs arej nf%rcin core material containing PTFE in
vi ew of cheﬁ‘?'ﬁ'él r%@'@hﬂb{c@’ gRd %&atlowgpa@%gﬁ;meremns agpedipgritates a
hi ghl [ d fil t o i . st th. Specifically,
Lot Yarn oPURPLYAATEe iAo ghch B noerS hans
into G - \Weave. Usi [ oriente
mono | [ anenerseies B RBsEe My dsR St s altr i s & aimEer
densi ¢ ' . . i .
core. mat or i AP Raeh e PR ANIILOE o 1R HoRedRhio B R) S0 Bl
urn is mor eispeafdealtsm tRUbbATaREane it BPEIIMD

i caf\i on
exchange menbrane containing 'the reinforcing coglée'k?rg'b%ra&, b@pfﬁ)t her
preferably G@Y%rdt bend perfludpsalkyl group where all hydrogen atoms are substituted

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

more preferable;

CF>=CFOCF,CF(CF3;)OCF,COOCHSs,
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In the nmenbrane body 14, two or nore elution holes 12 are forned. The
elution holes 12 are holes that can be used as a flow channel of a
cation generated in electrolysis and an electrolyte. By formng the
elution holes 12, nobility of an alkali ion generated in electrolysis
and an el ectrolyte can be ensured. The shape of the elution holes 12

i t ticul i Il n_th wh th ti h

b ane | & s O R AR o process. deseri bed | aver

th [ uti L f d by di | vi

bner it ce y RIS r RO TR B P08 e °1 e Shaps of the. ol Ut on

holes 12 is @g@ﬁﬁcp%@ﬁmﬁgsﬁﬁg%@éoﬁqri fice yarn. [0033] As
e cation’exc

showmn in Fig. 1, t ge nmenbrane 1 has el ution holes 12a
formed in tmzam@ﬁ%@@gcﬂef ection to the plane of paper and an

el ution hole 12b fornmeéd al ong 't he | ongitudinal direction in parallel
to the pl an€RECHFRROF,),0GOCH, the elution hole 12b formed along the
| ongitudinal direction in parallel to the plane of paper is forned
appr oxi nat el[§020) per pendicular to the reinforcing core material 10.
The elution hole 12b is preferably formed such that the elution hole
120 alternately phedeisd growguglondher anadinclidie fgrsexdenpleaa virhé ceorgoumidc
acid layer 142) and the cathode side (side near the carboxylic acid

|l ayer 144) bAViEe FEICHPBRAITAYP capebleeatidryertia inGnarsyfooicsaait gaoup
structure, in heﬁgortion where the elution hole 12b is forned on the

cat hode si d&SYNEHEPS &hHEYFRANGE @EL8) medethavinybaorapednd bavipcr

Che Bl ut i on HTRNBLAroLPSRHEP I, SEeP sl ik de WAl it oreli & iieecpg
ot o r upt ed Ol BRY bLethPER. 3 o REr beitesrTisidhange-CrOX-
the catton oreiiate TRekrabEAREen R tetbsentn 2bhrs SRunl | Srdtinc™
per pendi cul akamtipleaCihefebrtRayd hﬁ:l@é‘ﬂfe RAbnBRIFE sABRNIHMo! Ut i on hol e

12b formed along the longitudinal direction in parallel to the plane
of paper, ThE,agFoIFJCREGe el ution holes 12 forned between the
reinforcing core materials 10 adjacent to each other refers to the
nunber of ellbFGR OO £F (CF,p0CapQEsSOsF t he sane direction. In the
case of Fig. 1, the nunber of elution holes 12a fornmed in the

per pendi cul &FdCFESIR A (CH ) DEFpChseFH0gaper i s specified as the
nunber n in _the perpendicular direction to the plane of paper;

wher eas thecﬂﬁaﬁGE(C 1)280ufti on hol es 12b forned along the

| ongi t udi nal__df tion in parallel to the plane of paper is specified
as the num@FZﬁ&E&éQ@@ﬁ@fﬁ%qFﬁFr2§|025i rection in parallel to the

pl ane of paper. Ln_ Fig. 2, assummy that he

di st ance be?&éﬁﬁggﬁ%&iﬁ(ﬁf@pﬁ:ﬁggggggkﬁgég-i als 10 adjacent to each
other is represe i rei nforcing core
material s 18 an fﬁ%sg%/G?FﬁhEﬁ)ﬁé?Fi@%gE?gEgﬁﬁbg%gﬁ er ig

repr esent edprly— d:d"ﬁ } e i hal,es 12 adj acent
to each ot h(e;BigFr eprzedfé%ﬁgggg?‘gg%@a: %%errﬁ%%ﬁg&efﬁ%l?he eki fion

hol es 12 fofgmed)between the reinforcing core materiais 10 adjacent to
each other is represented by n, then a, b, ¢, and n satisfying the

| ati onshi ] '
rel ationship represemad rhvsnbll?\%ré,qigp@wn@%rsee@g ﬁﬂ@p@tﬁé cs

expression (2) are at |east pres.. 3ent. >

gf (n+1)... pa@ynenizatien exdthes sieopmpedl foNtidoceslyeepientsn kadi st ance
et ween

copolymerization of ethylene fluoride, particularly, a general polymerization
method used for tetrafluoroethylene. For example, in a non-aqueous

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

14



el ution hol es when they are arranged at equal intervas between the

G ng core materials 10. in the interval between the re.inforcing core
materiais 10 where a, b, ¢ and n satisfying the relationship
represented by expression (1) are present, the distance b between the
reinforcing core materials 10 and the eiution holes 12 adjacent to
each other is G\ar er than the equal inhervals (a)/(nl)), in this
case, as thé&Ygyé&¢ ugrop¥diRcarPahand shierefiuaracai®sndn ieg Bresanse1d aand

other,_ there are two di stances

bet woen t ho "Aap AR BEHATET bildoE9idh fap e S iparorige dnas

are two b ( I [ g, 2 ne i r t en the
rei nforci nolggé‘r%gwgrdi Lgrfdéf%h%ﬁgpﬁtlgpgﬁ tegﬂger[az%r%ecﬁﬁfﬁo%&ﬁg\en 3 and
the other i $rddRsEBE obEIIESMEL e reinforcing core material 10 on the
right and the elution hole 12). In the present enbodinent, it is

sati sfactoryood2]at | east one of the two b satisfies the reiatic)nship
of expression (1). Mre preferably, the Iwo b present between the

adj acent rei nf or bri thg atmve-menhtonead sofdyhetinatal ithé kirder ¢ehBina@Ba hif p
of expression (1). Note that, a is the sumof all b and all c present
bet ween t hetheahd\@-oiengiooed enomtreeisadrsd tj mtierthe teof @ae hobparicularly
although it is apparent fromthe definition, [00371 In the

i nterval beliided, ane selgickicbard dgtaraireddepending uponthe tgpeaantd ancowantd
n sati sfyi ng fhe rel ationship represent edaﬂ%y expression (2) are
present, t hBf T4iclpQal areupdhaidasesiied & beiasiieddpdie fipokapdesat nalyreach

h is | h [ i 11 - hi ,
The. di 5t ancls G GUIGBEH ¢ Fe" SATRP BN THBIEE 14 204 ACKF nECPasRAP VT,
th t : di if.n =3 That j th
are tvo or §oPE NG i BerRiERe ryidtichalaioup el RSt pre find Smpnamer

‘ st o . ! .
ambod ment . "To0my o eeted o oR b AARAFRR B oL aB PO RSB o,
the cation gxgRkapegnEBREANE HhRIMbRS iRLARETH | ﬁgd p'ﬁlgher'ctoniaﬁninﬁi 0

satisfactory if at | east one arrangement satisfy relatirons
of expressi only(d3ulsny®RR6RES fATEtioRal V8P at least or'fé'kﬁﬁeéfrmbﬁomtepﬁﬁy
y

elution holes 12 are preferably arranged at positions approximte

symretric tbetsh&dedidaeh abn e afdranentione] MisobedUIas@ ardBERIp A -
At this time, the two b present between the adjacent reinforcing core

materi al s beepolgmariappr okiomed\edryinecrdal tovabiaén a[fRR49E-based pdlfmehe
reinforcing core materials 10 and the elution holes 12 are fornmed in
t he nmenbraneaypdy garbewylate fuscienalgfroup kedraesafiryh honde furetipnaksioan,
(1) or expression (2), at |least the nechanical strength of the
cation exchahi§ashenhKadeoTmerpmpe mMayhe selgcteByeash tromgthsafptanoertioned
rel ati onshiﬁ ?etween t he reinf oréi n? core materials 10 and the

5 $lifd

el ution hol ¥S! §P4R SECRRETFYRAR BFRAP 31 PR IHRWIBEH e pleimEase sy

oxehange metev LN HEBEST aohies hbe b B aiey v saeraiel

f ti j Licati f i ve, | oad t

Speciti ot pelnRiRy £ cORUR ik MRR of R RerS KRR Rl ST ot ance
pect . . . _

oxcel Tent naCrENEnARRg) MRIEIAN ald S8RoRF oA KohoNFRESHfiNed of g

a stabl e el gehbalers iselResd PHABMES ARSI et B6rP %nd

: &n

enbodi ment, as long as either one of expression ?%udandc_y expr%@?ﬁ

(2) is satisibregftertrthikirdf weeetueiath@Ef 8t mé@iy RRiCHt hensdnomareer

in view of nmechanical strength, the relationship of expression (2) is

nmor e pref eradt parbedlady liedted; however, in order to increase the amount of functional
group per unit polymer, the ratio of monomers selected from the

aforementioned second group and third group may be increased.
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[ 0041] In addition, electrolysis voltage can be further reduced
by satisfying expression (1) or expression (2). Electrolysis voltage
can be reduced by controlling the arrangenent of the elution holes 12

to ensure nobility of a cation such as an alkali ion generated in
el ectrolysis and an electrolyte. A nethod for controlling the
ar r angenent the elution holes 12 may include, for exanple, a

met hod of a %'ﬂriately nodi fyi ng weaving conditions in a step of

producing a cati xchange nenbrane, as described | ater. [0042]
Further mor e, whehne TeLEn %h@ﬁsﬁﬁ@écmﬁlﬁ 3ierine iconfaiingicop@menisn

h | Lysi [y i f th i h 11
e T Uy SRR

el ectrol ysi : : r

mator | ol 10 PRaRalie ibtelfis BESHY L asih 3Bl R bisiSRED RS P83 S e
nerbr ane bodyuilAlendigifeetR€ of é%r&‘fré’éiﬁ.' NYHEWBEI [T Od(!i\?nggz%gpﬁbﬁy us&d

enbedded in the interior portion of the nenbrane

rei nforci ngheasie relretd ah ehlivemHtdf RAteXEREREE (P6US bEE kinPWeid it FUo8ry
the surface of the nenbrane body. Particularly, e(g., |ocal peel off
of the reinfesiciang czor e detezmirdd BY neatralatehftéettionekse. prevented. In
this manner, the cation exchange nenbrane 1 having a long life can be
obt ai ned( [ 0@ In one aspect of the present enbodinents, a, c
and n preferably further satisfy the relationship of the follow ng
expressi on (3) i hhadalien exchangchmeanegdraneonehihg mesextprrabediorentl) or

Tho. rel at RGPS RSt Cesicomtina eyarhg 45e dAfint D8PESHATENGUIPGION ho-
AR 18 M A T KR
L o e SUBKEE 2 Wk ot ARy S SRS AR gt
T e P
(18al(n+1) . inorg@ficlsuBstimtens bleferdbly RMUdEHL) -Exarkpielof kPO tbrganic
substance may include zirconium oxide and titanium oxide. A method for
forming the coating layers 146, 148, is not particularly limited and a method
known in the art can be used. For example, a method of coating a liquid
having inorganic oxide fine particles dispersed in a binder polymer solution
by a spray, etc., can be mentioned.
[0025]
The cation exchange membrane 1 has two or more reinforcing core
materials 10 arranged approximately in parallel within the membrane body 14.
The reinforcing core material 10 refers to a member for improving mechanical
strength of the cation exchange membrane 1 and dimensional stability
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, when the relationship of expression (3) is satisfied, a,
b and n preferably further satisfy the relationship of the follow ng
expression (4) a/(n+l) < hil.8ai(n+l).,. (4) By further
satisfying the relationship of expression (4) in addition to
expression (3), the mechanical strength of the cation exchange
menbrane 1 can be further inproved. In addition, electrolysis voltage
can be furt xFefemgmgnsional stability dekf BelorKkREndesst eortram Mag, than h
and n nore preferably satisfy the relationship of expression (4-1)

and further NGFEFERHEINE- saﬂvéfq)yslﬁ@nﬂeq'%@tmivgﬁ.apddLaSé@abl@s@mmsM@)for
05a/ 1), 1. 1a/ 1 1.5 +1
Cooag) MY R Andd) s e inehiherat aPSait i euEinREITG PRI ESR S0 o

xpr osa Ens?ﬂﬁé’ﬂ’% 8 SRR RLRTe Sh STBRS h R B B ppatera

rei nf or ci ng sGR4& B 'réhﬁ)réﬂlﬂ e gt Re F&RRLEH WB‘V?rh %SQ&%%I?IHI et he

interval c between t uti o €S IS narro nee ss to

say, expres maﬁbérlaorlcénmht.ﬁ@ Itreéiréiﬁfov*@ﬁg chRenTREMIA B bS yamn_
materials. [0046] dition, as " the distance b between t

rei nforcing capalsleraftlmpaatlr@ d@smmdnbbﬁambutstﬁéhdﬁ@lt@ﬂwel@at&m éﬁ@fﬂng@o
each other, there are tw di stances between the adjacent reinforcing

core materi atemb@nenarcbsipgatablgaréyentiin te gatich exctearige peedeahe.
between the left end reinforcing core material 10 and the elution

hol es 12 ant0@2@d other is present between the right end re| nf or ci ng
core material 10_and the eiution holes 12). O the two b, at | east
one b may sati sf?h@fﬁ@rm ef the @¥RIgN @ Forxprtasial 3 is pt padicalarly limited;
preferably, both t %@Rr esent bet‘\%en t he adj acent rei nf orcing core

Mt er i al s 1HOBRURE o exahpE: acvefR{Abrisr 2 BopraYen SRbanNd pduted fabric

|0, anot e SURB S oot BB e P33 Bkt i o

Egl) ationshi p,0fe GERES R RAUETIN Y WENBh 955HCR dréterabliel 2A S Wetlad the
woven fabric, a plain weave is preferable. The thickness of the woven fabric
is not particularly limited; however, it is preferably from 30 to 250 pm and
more preferably from 30 to 150 um. Furthermore, the weave density (the
number of woven fibers per unit length) of the reinforcing yarn is not
particularly limited; however, it is preferably from 5 to 50 yarns/inch.
[0027]

The opening ratio of the reinforcing core material 10 is not particularly
limited; however, it is preferably 30% or more and 90% or less. The
opening ratio is preferably 30% or more in view of the electrochemical
properties of the cation exchange membrane and preferably 90% or less in
view of the mechanical strength of the membrane. More preferably, the
opening ratio is 50% or more and further preferably 60% or more.

[0028]
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By satisfying the relationship of expression (5), the nechani cal
strength of the cation exchange menbrane 1 can be further inproved.
By satisfying the relationship of expression (5), reduction of the
tensile elongation of the cation exchange nenbrane 1 due to folding,
etc. can be further suppressed to further reduce electr?lysLs
vol tage. [0048 Mre preferably, a, ¢ and n satisfy the

S ] i g‘i‘féit{’ icoiatio of tihee (Blesumhicdmsang of

rel ationship of dRprAPEsinghratio-hereinTe :

ot onshi donBhuEE & Sirefartcs suck S iy can BSe i e raum of
expr essi ons M SUTAGE AREdabb irliph Sehate etbrape kiR Fpnted by
hen n o2, R andE EFEERER RSB S Al AR M idh PR EaldE fed
T anged at Seaie: BECHT RSBl Dy TR RER 0 o 1 Ry ©

and expr essicore (el COREthEGEPESTINGE)ai!t BR. tohlaavdd s tﬁéﬂfa%ﬁ'éi('%h%ﬁée
and expression (7). n =2, b >a/3..." (6) n =2, ¢ >a/3 (7) [0050] "
Then, the | manbare. bet wetiod fre degémbining the apainthgriterwilllbe sakré st yi ng
the relationship of expression (6) preferably further satisfy the

rel ati onshi ppetifiexliyr ésxirived( 3)A sifeme inteye @ theicatishigxcofingx pr@sbizm
(3) is also satisfied in addition to expression (6), the interval

bet ween el ul§BiIPNHRIGEANEE doRBOraRE belarandating is shet.valheatamseof thhe
reinforcing care terial and the elution hole becones wide. In this
manner, mec@HPBRWNETe @ﬁdpmf(prﬁﬂ}gng raatgrial is present are sum up to obtain

the (B). Subsequently, from the area of the surface image of the cation
exchange membrane, the (A) is obtained. The (B) is divided by the (A) to
obtain the opening ratio.

[0029]

The material for the reinforcing yarn constituting the reinforcing core
material 10 is not particularly limited; however, it is preferably a material
having resistance to an acid and an alkali, etc. Particularly, a material
containing a fluorine-based polymer is more preferable in view of maintaining
heat resistance and chemical resistance for a long time. Examples of the
fluorine-based polymer referred to herein, may include a
polytetrafluoroethylene (PTFE), a tetrafluoroethylene-perfluoroalkylvinyl ether
copolymer (PFA), a ethylene-tetrafluoroethylene copolymer (ETFE), a
tetrafluoroethylene-hexafluoropropylene copolymer, a trifluorochlorethylene-
ethylene copolymer and a polyvinylidene fluoride (PVDF). Of these,
polytetrafluoroethylene (PTFE) is preferable in view of heat resistance and
chemical resistance.

[0030]
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el ectrolysis voltage can be reduced. Mire preferably, expression (4)
is also satisfied in addition to expression (1). [0051)

Furthernore, the intervals between the reinforcing core materials
satisfying the relationship of expression (7) preferably further
satisfy the relationship of expression (5). Wen the rel ationship of
expression (5) is satisfied in addition to expression (7), the

i nterval between [8RiaHAtaiAf dke b%emggwaétcagq ushd i frhrainfoseinglicore

b h f I d the el hole b

e e AR ol B RGeS et B oS0 o
I f bl he, f

oot T B Tt Ay oo R BPIALRIET s 62

T PP RSP B NSHIEESE IS

rel ationshi pt Pirne%Ry eagfineuded) and expression (5) are arranged
alternately and repeatedly. In this arrangenent, mnechanical strength

is further ippsgved and el ectrolysis voltage can be reduced. [0053]
The cation exchange nenbrane according to the present enbodi nent is

satisfactory as Pangulelyt prefarabk foonsdfithe eéinftpingsdre@m4td)iab10 is a
expression (2) is satisfied in a predetermned direction of the

menbr ane. Moeiefapiagi dare atatyrial coritsingat PSFEGN eiewv af chemiahsedibiance and
relationship of expression (1) or expression (2) is satisfied in the
di recti on ofieat rasésdanceiarnses tanreyah artrehigblybrenied onorefdamieat Fview of
direction of the cation exchangﬁl menbrane. At least in the TO

direction (P6°PPdi RR&Siosty 2 F@ryarafpr@neresiaw BliriRc aHuakfE shiomorrateys
expr asti on' EORC! GHACTIAN & e 4% 51 FISERL he RIBTONPRYS HBHOaIoNlY
ZE efg[ce))r g%%i@hé@%d" ophBfaiRet M5 PERE AT §§eﬂ>[ re iefS wif dsét?hgn
TD direction, | teo%fnsgﬁ ker Q‘L?gl@ BS aa\%;a %B |£ ﬁfe%qqé a@@tthggﬁ%? H&n9

r el nf or i N9 cBRY MalliHathadly £ flitk] srwitﬁ.n?hé f—‘é@é SnEGHRs0 & qgfﬁh?r%s' on

(3) and (4) 1n a d|t|on t e re ationship o expressmn

expr essi on e prefeeaileel euphbanbe, h@é/epéhlﬁglrahsbvﬂ%éc%ﬁ'@féhér@%

reinforcing core materials further satisfying the relationshi

expressi on (@miatankeeasitainimgtthe ré@félicirectdrermaE@ay rrfoythef PﬁéTéranN BO%
exchange nmenbrane; and further preferable to have the intervals

bet ween t heorwmiaiéorcing core nmaterials further satisfying the
rel ationshiF of expression (3) both in the MD direction and in the TD
direction of0&3¢ cation exchange menbrane. 10055]

In the membrane body 14, two or more elution holes 12 are formed.
The elution holes 12 are holes that can be used as a flow channel of a cation
generated in electrolysis and an electrolyte. By forming the elution holes 12,
mobility of an alkali ion generated in electrolysis and an electrolyte can be
ensured. The shape of the elution holes 12 is not particularly limited. In
the case where the cation exchange membrane is produced in accordance
with the process described later, the elution holes 12 of the membrane body
are formed by dissolving a sacrifice yarn in an acid or an alkali, thus the

shape of the elution holes 12 is same as the shape of the sacrifice yarn.

19



Furthernore, in the direction of at |east either one of the M
direction and the TD direction, it is preferable to have the
intervals between the reinforcing core materials satisfying the
rel ati onship of expression (6), in addition to expression (1) or
expression (2); nore preferable to have the intervals between the
rei nforcing g:ﬁ materials further satisfying the relationship of
expr essi on @é) t east in the TOdirection (TO yarn) of the cation

exchange nenbrane; and furthe referable to have the intervals
bet weeg the rei n?‘&sﬁoﬂ’é’ Bt 'fﬂi‘ﬁ@ﬁa Pg eXGhaRgs %P'P@Wiﬂba% gdution holes

| ati onshi p.qf i h in th di i dinthe.T
21201 onei naalioFes ek Sha LD dpckhe MR hesei on 2 g 5, Te
e ey ant oo ab totRELaBERTh IOkl BirbBor | Sl @l Mg tiibF "
rei nf or ci ng papeer i PhatodtAbrastidhélBe A emBeaelié hfelbﬁbﬂwhsi 8%ction

material is woven by using a reinforcing core nateria a relntorcing

yarn, a sacin pactieyr the fackiohpayaris fohéd hppfoirhb NS Popéddntidueado

direction"”) in the process for producing the cation exchange nmenbrane
as descri bethd etieforcifrgrcohenrateal tthe V2 ¢lation hefeen 3b ioprfyrably fuPred
(knitted) along the MD direction. The TD direction (transverse

di rection) getktkatitbe ehdiodi hadetli2oraliennatelyepaddep therygdritiearaate sidet he
MD direction. Furthernore, the TD yarn refers to a yarn woven
(knitted) alY#g nerethesuiqniearigiayer 14tanshihg aateodebidei (sitshigardhe

§§BF§ZZ§ on %%%bo%&ﬁce?g:@?i%r?&ﬁ%gﬁgﬁaeiﬁ'f&?sgmﬁﬁcﬁ{sgisr%%éﬁaff’ “Owirg Wpsuch
i i TD. dj i j : ,
mechani ggu "B biTes i ey .\A@Wéi‘&%ﬁl&l@ﬂpﬁ%ﬁ?ﬁ@i%‘j fri‘ :e)r?q? e
'Fi”S;"éei " Cafiofe 50 BT ke EhRE ERB BBl OrB s RE IR et cat i on
oxchange meSBaRRFicRH HriShDled tblGh e BEtinofTO LI in fe i nole,
expressi on ¢2) fipat ish Bntthe MhsHd ﬁaéi&%@@gfdg%ihp%o@nﬂdgéﬁ@t1&”-Aé@r e

specifically, the cation exchange nenbrane east WO ‘or nor

rei nf or ci ngrexie simkes talich 260K i9hbRIRGSELIIEY Ning dI86triBBITRERANSH ROGYtHEN
the MD direction (see X) of the nmenbrane body (not shown) and two or

nor e el uti onatioh egcizhgeamenfioaned &at veanthidreedeced.or ci ng core

material s 20x adjacent to each other. Assumi ng that the distance

bet ween t he[G0554if orci ng core materials 20x adjacent to each other is

represented by ax, the distance between the reinforcing core

material s 20x anWotehdaglintienl . be estionexalprgentenirasachhas khrtionsholes

repr esent ed EX f‘tg)rxm he di stance between the elution holes 12 adjacent
i

to each ot hé Felfiermasaengicelar dipetiemio tendlape of perer aed i on
o aach. ot hBIMIDS 'VAnECaMTeR BIPTA e RANERE WSt PBIR AP bigr Beont od
Y e Tl ) B TR 1A of B et haf? 2 fofmed BetlibEl the
reinforcing core materials 10 adjacent to each other refers to the number of
elution holes 12 arranged in the same direction. In the case of Fig. 1, the
number of elution holes 12a formed in the perpendicular direction to the
plane of paper is specified as the number n in the perpendicular direction to

the plane of paper; whereas the number of elution holes 12b formed along
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Furthernore, the cation exchange nenbrane 2 has at |east two or nore
reinforcing core materials 20y arranged within the nenbrane body in
the TD direction (see Y) of the nenbrane body (not shown) and two or
nore elution holes 22y are formed between the reinforcing core

mat eri al s 20y adj acent to each other. Assuming that the distance

bet ween t he ‘raei nf or ci rég core materials 20y adjacent to each other is
repr esent ed 18§ 'oONgiuAna dueghinie nyearaieiodhe plasierpqanands seeefiadesrthal s

20y and the el ution hol 2y .adj acent to each gther is represented
oy byt he- drstdrdbaBBp e Sra Rl Seaton Fitaraiensing bigra of aper

r epr esent ed[ y, and the nunber of the elution holes 22y forned

bet ween the "adjdcent reinforcing core materials 20y is represented by

ny, then the rel 's?f%%iﬂ ; e§§ﬁ t £ i SSi: e
(1ly) or expressi g% 2y Iﬁsﬁlgg%’i S Iuﬁeﬁﬂg @%&5?&%5}1&%%{8{‘%@ r%u%grcmg
cy>ayi (ny-f cbje matéd@dy 10UHtent to eachldihdtie r@;ﬁr‘%’%@ﬂfeﬂ?@ﬂh@%%ﬁdc@ IS
not necessary that all reinforcing core materials and ‘el ution hol es
in the cati Getesehingeinenrtingoeramatdiaad £ @e digticahbrby 2 Agacent
af orenenti oned specific relationship (for exanple, expression (1) or
expr essi on (@eaclhotexps eswiesanied)byob, teptistaatebetddemthd dlatibh ke)es For
exanple, if the cation exchange nmenbrane has at |east one interval
bet ween t he adiaenbiceaeh othes isreasesated havd, mypdehatriuvnbdrodfdbe alutamged
so as to satisfy the relationship of expression (1) or expression
(2), foldi ni?d%%foaﬂ@@' katwega tBateiBforexeraigenatenblsattadiacenpicosach

[ 00601 Fur.t hernore, assuming that the region partitioned, by

adj acent tV\Btl?eéi'W%‘?@Fﬁ@teﬁlg?yenv%?gﬁ'QI’ & ARd NRATRDYIRG FecialdiPsnia he
cation exch ran adj acent two, reinforcin re materials
‘' the TO dlREEsFER et ane e ErbEETes L 4L YT Earian (o) fe Teres of
the area of E 'n(?ns satisfying the relationship of expression (1) or
expressi on P‘)féyre'l ative to the area of ail regions in the cation
exchange nenbr ang i pgfiiti cularly limted; however, it is
preferably from %0 ?lgﬁul)f(}ﬁfﬂnd nore preferably from90 to 100% The
edge periphery of stdy ti exchange nmenbrane is to be i mmobilized
in the electrolysis vessel while using and used as a site sandw ched
by e.g., flp0ps3 of the electrolysis vessei. If the area ratio is 80%
or nore, in a portion corresponding to a current-carrying portion,
formation of e. gin thpiepotsesors)d/grdgksereypdaddiohectistapee peevesi ed.
For this reason, the area ratio of 80%or nore is preferable. In

addi tion, i €lutine halesawhanitoey sre8omangedrat equalintemealp drethivean the
corresponding to a current-carrying portion, an effect of reducing

el ect r ol ysi EEINoreing socamaserialpt s ngIhGFtn’ieltVﬁi Beiveasoihe refrdomirgncorst i o
of 80%or nore is preferable. [00811 =~ =~ Furthernore, when the

rel ati onshi B‘ag?”%§ﬂpé¥@¢r§r?’(k{%)c i B,eafislIBbe s)ationshis fepresanted by

2 L2, ol ORI 3 LR e b B B0 R e

preforabl Y, KERIRAI0 RO 181 bYfst 2SR Sttt a0HE e WS

50t on o SRUAA e (8L TSI B RE Ao b UeUBE L T

£, o 5 SO puAats 0l e SLuSHRCRS 28 etk IeS o

resi stance fere bfe b Aist@ikes between the adjacent reinforcing core materials 10,
that is, there are two b (more specifically, in Fig. 2, one is present between
the reinforcing core material 10 on the left and the elution hole 12 and the

other is present between the reinforcing core material 10 on the right and the
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[ 0062] Fig, 4 is a conceptual diagramof the third enbodi nent
of the cation exchange nenbrane according to the present enbodi nent.
A cation exchange nenbrane 3 is a cation exchange nenbrane at | east
havi ng a nenbrane body (not shown) containing a fluorine-based

pol ymer havi ng an ion-exchange group and two or nore reinforcing core
material s 30]r, . 302 Sgg afrt%nged approxinmately in parallel wthin the
menbr ane bo@HUIAHPIS 14t slnoherriegent sluRpEMast. iblsusatisiadiendsateast ape,

323, 324, 32 e _f.orned be en, t he reinfarcing re materials
adj acent to%égieﬁ%?ahéraft's%%%ﬁ rerlé’fﬁ)nsmg of ?Wéeﬁsdg%(i}f &ﬁ%ﬁe er,etf?rﬁ‘b?’the
i nterval be I [ Gl C pals r.at. the ..
reinforci ngrh)(‘:)g?)gpgr?gg 8{ ?%%%gghg%ﬁgg (rfglé?%hgorr{;ﬁg 9°i$§?§}§f'§%emgﬁ stamg,fy
rei nforcing i rat j Qf i

mator als 65 Lnaahan B SqRRRaeR s, Mol ial H B 1RE SLAZCANP ndal g
speci fical | yreddntbeevédi e/ @linfBrdiMg @Brd RfatéfdI8 haLLAiSOs&) BRS i al s
separated by the reinforcing core materials 301 and 302, the elution
hol es 321, 3RRou@?28 imapph@ntrédnathd defirdiigt.ance cj, c2.. (hereinafter
sonetinmes collectively referred to as ¢c). O these, at least cl
satisfies tH¥03FAI ati onship of expression (2): cl > aii(n+l). In
contrast, in the interval between the reinforcing core materials
separat ed by thelnriderinenaligteeee thmreinicatisg 302 aradedals, 10t \Wwbeiend b val
b2 bet ween thg reinforcing core materials and the elution holes

adj acent t 02BEhSHHSAERT e relaliensivp rerpeenieRd Y @IRiesPAB KR patst present,

EXPr eSSl o ) el Bt SRS boie st en e e erer "
separ at ed by RO S GHENF DRy Rhr dFTEE csB8” ands st G bprery
the second {15 SFval B LeR e T8 et Ry LOFESrabel PEFETE chgandet
interval separateg rﬁbﬂré.hlel'ﬁa?ii REG BS GRF & BIEE! aln ﬁﬁ’slﬁ%@ i# Re

reinforcing core material 302) satisfying the relationship’o
expressi on §asfatiopf Mat flast sRERAT: fi ; i '
mechani cal strengt ﬁf of the cati or? seagg":gﬁgt;ﬁeé)rr%ﬁ%@ﬁﬁ gf‘ggé]%ggnopu(rzg ner

i mproved i ntHehgredenesinbodinaatt. el ectrol ysi s vol tage thereof can be
further reduced. [0065] Note that, in the present enbodi nent,
the directif38]ong which the first region and the second region
above are alternately arranged in the cation exchange menbrane is not
particul arly |i s &dappareet/eem the dascriptisn abbvégn thbealn @éxceang®n or
the TD direction of the cation exchange nenbrane, the first interval
bet ween t heMegIRrABEC pighedteserttasnbadisneanis it isf satistactaey if ef leeisbasei p of
expressi on él% and tpe s?c_ond i nterval between the reinforcing core
material s sAtPRYSHRGL SHSTYIRY Ape sRldHPRSHIP o REPressIaen(1) 2 expeession (2).

al t er nat el y[O‘E');sb nged. The cation exchange menbrane havi ng such
arrangenent*’i gr eferable. More preferably, the cation exchange
menbrane has th ' jpterval .. e reinforcing core -
material s sati s%q¢%&bhdégT®Faﬁqb%ﬁih$%%&£ gggpprgg%riagiy Fh n%ﬁf{jaE psitions

ot ot onah; PEoxBEMERAS Rt el dMe 6P ABhEATEERINERdd | e
arranged al@agridie MR ghid 866 g t(&%ﬂr(ﬁé& rﬂeggﬁgﬁ?ﬁaéjarc%ﬁf ié?ﬁ%rcﬂé%ge

t he cati on exchange nenbrane. Further prefer e catlon exc
menbr ane hacbréhﬁatfeirﬂaﬁbééﬁrﬁé‘é%pd?@kh‘ﬁélfyté}ﬁlm@bmfe@r cing core
materials satisfying the relationship of expression (1) and the
second i nt §0040] between the reinforcing core materials satisfying
the rel ationship of expression (2), which are aiternately and

repeat edl y arr anbe r@irdargindeondndiareds i GrarantthetdietidiOhdiesel@ aenformed
[ 00661

in the membrane body 14 so as to satisfy the relationship of expression (1) or
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CGeneral ly, the cation exchange nmenbrane has a rectangul ar shape. In
nost cases, its longitudinal direction corresponds to the MD
direction and its transverse direction corresponds to the TD
direction. Such the cation exchange nenbrane i s wound around a
tubul ar body like a vinyl chloride tube to transport at the tine of
shi pment and during a lead tinme until installation into an

el ectrol ysi £Xpeassidn (Ahahieppiethpenpelanical stigpgHtobineurdionxchapgear

body, the cation exchan nmenbrane i s sonetines folded.in the TO

di rection tdn?@g[ﬂﬂ? ﬁ@ﬁﬁ’&i&pﬁo\’ﬁ‘ft héyﬁﬁ@ﬁgaqosﬂtﬁ’d‘)?.l ri@%ﬁ‘f‘ﬁ*"r’P SeB¥ERMe
case, conce 1 of | i,n.the TD djrectjon, can efficiently
avoi ded as ?%gé'?@q?'ﬁg C@E?ﬁme%@éﬁgnﬂbod%nﬁpg%he%ﬁtﬁaﬁ’eﬁSBEC'%C
mentioned a A t] - [ .

be- et oot i vary el EensRREisEbk Ser el BY g8l iof B i eseddf 121, 538
enbodi ment s ' BN, i

i nterval begf\/\tgg%a?ﬁéﬁﬁiegﬁggg?ﬂgecor e %ﬁgﬁ@%@é?%ﬂ%ﬁﬁytﬁh@éﬁoﬁﬁg, a
rel ati onshi gaiffre @4Bh e8TbANatidn of MirtdId BALHET biébbﬁédt%‘h dftscessive load
rel ati onshi ps of expressions (3) and (4) and the second interval

bet ween t he to eispleaifici sig «or iee prdvenited. s Asbirebyit, npe tihidingeleaistansd bpthef
expression (2), which further satisfies the relationship of

expr essi on €Blion excimgngeomehilyane racarebe excessedinmpadveslt erogitdntcan be
further inproved and el ectrolysis voltage can be further reduced.
Note that, &wRMaNca Birengihisean beeaintegad ion adboadinwhiarkl a R@bie r st
region and the second regi on above are alternately arranged in the
cation exch&ﬂ?}é’ iR Magnca ke felv@rady yIn theirregenteipeegiment, as
Furthernore, as _an n exc

preferably Y @%gﬁttﬁ?rreéqeegﬁ%)grggg%géﬁ ﬂg%‘iil%f‘ﬂ’@sﬁg?aﬁ&gﬂgg?%f%&eg‘e

i al i i i i f i 1) which. f h
L SRR, R St A 1
oxpr ossi on_ COFnGHny Ui PaiRishid Bt SidrBsSofite) Brfbfpicherab®l Sdgfenn b, O

(7). OmMnNng [@41I}i s arrangenent, nechanical strength can be further

i mproved and el éctrol ysis voltage can be further reduced. Note that,
even in this casg addiforlidiestdipdls abRage Wah B fuRBef Fddilcehag) ORisidgt he
second region above are alternately arranged in the cation exchan%e
nmenbr ane i sepptespiint (13 ok axpreskion ©¢d, E[2869]sis voltage Eargbe Pedigceti by
conceptual diagram of the fourth enbodi mrent of the cation exchange
menbr ane accontdoligg tiee ahrengermsehof dwebediiore holesAl Ztat émsurexedisiiigef a
menbrane 4 is a cation exchange nenbrane at | east having a nmenbrane
body (not sh@ai@l) skefhaaianialplbion generatedonsdectpoysisrandrmvelrgtralyte. A

i on- exchangg@gr OUP and two or nore reinforcing core materials 401,
402, 403 ar MemedTdsongRllivgttBeyariangsaenticftheetulion hales i muinslustsdy
in which, ip at |east either one of the directions, i.e., in the MD
direction of°liGXafEe MAt %@P?BHP"QS’F"”‘E \é”&%ﬁﬁﬁ’m weaMAsFONHISdRS 4,
the interval, between the reinforcing core materials satisfying the
rel ati onshi tegfoftprgggy(apgMq{@ne%hgggpdﬂeWa%@stieesqnh{earl & bet ween
the rei nfor@'dg@ core materials satisfying the relationship of the
follow ng e preésion (7) are alternately present n =2, b > a/3 (6) n

=2, ¢ >al3. (79urthermorg,§%ﬁ@n@ﬁ'e%fi@ﬁ'QQ%%éﬁﬁﬂﬁﬁégf%gp%%\ﬁlgﬁ'Wthm

mechani cal strength can urther I nprov electr _ tage
can be fur tﬂh@elé@t%lggi@ W¥séhevan iRe’ebh exchange heribfined1 id Riblag

interval separated by the reinforcing core nmaterial 401 and the

rei nf or ci ngagainst thateettadded @lc. Byhe.odi\Bb@ition dithd el didiessel, it is

reinforcing core material 401 and the elution hole 421 and the

di st ance b2pdedibledo préeentéhatreintromgomre mateeinl &0 frdd2 danthgidteasd ut i on

hol e 422 both satisfy the relationship of the above expression (6):
sticking out through the surface of the membrane body 14. Since the
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<a/3. In other words, in the interval separated by the reinforcing
core material 401 and the reinforcing core material 402, the distance
cl between two elution holes 421 and 422 is narrow conpared to the

di stance between themin which they are arranged at an equal

interval. [0072] Note that, in the expression (6 it is
satisfactory if at |east either one of bl or b2 satisfies the

rel ati onshi peBforging carg mafsial il atp. isiesbestdasdiprhaiirtarios pedingt of thad
conveni ence in production, it. jS nore gr ef er, b{e that bi and b2 both
satisfy the'} E{qr@nl%qﬁ)bzth%re;mt%@?g]cor matefig) 1 wopic Retdamage ar stiek

i 2??3{ G%Sfé’,%‘ PR 20 R &b (BB RP A PBirks Pl 1B, EYmlosel mee
foi nforci ng Lor & any oy S EEHIEBaElR, L PR RARE ISR, ot

the rel ati ongdHrxr, @\e%a%%%%xcﬁ'éhéé‘?ﬁém{)?ané li‘gltaiq@?sﬂ?%‘éolﬁgtcﬁgtH@%‘taw&.

el ution holes 423 and 424 satisfies the rel

expression (0043]02> a2/3. In other words, in the interval separated
by the reinforcing core material 402 and the reinforcing core
material 403, thkn oishapes af2hderewen emidénentson, beineisn gaderitdy 424
is wide conpared to the di stance between themin which they are
arranged at fthesqadisfyi theeeladionshipaif4he following Mapeesshat (3)iif atibigion to the
rel ati onship of expression (7) above is satisfied, at |east either
one of b3 orelplionsiip shexriepsione 1) oF akp@ssiini2)b<a/ 3; however, it is
preferable that, in view nmechani cal strength and convenience in

of
production, b3 aRFATROEF sQYHF WheIel ationship: b < a/3. [0075]
In at | east eithgr 0

O
ter. {

b e e L

nverval bewygr A PRG0S, ESEIRLS RN B9 UM imoroved,

In this case, initky ghordpréfepdARHRS Ao aﬁ@né?&h%ﬁsgﬁﬁ?} tr%arteila"‘tfdﬁfhﬂﬁ%f

relationship of the follow ng expression ( ~di‘'stances a
Li, and c2 aﬁpneséwnt(tw)riﬁlavditwﬁfgtnecrélattibﬁsﬁigldf@%p?@ssﬁ*drplﬁ%%'éa@rés?éion

n =2, 0.2a/3 ¢c 0.9a/3, a/3 < b(8)
(2) and further preferable that a, ¢ and n further satisfy the relationship of
expression (3-2).
0.4a/(n+1) < c <0.8a/(n+1)... (3-1)
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)
a/(n+1) <b < 1.8a/(n+1)... (4)
By further satisfying 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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n=2 1.1a/3s.; C5.; 0,8... (9) Om ng to this arrangenent,
mechani cal strength can be further inproved and el ectrolysis voltage
can be further reduced. [0076] Fig. 6 is a conceptual diagram
of the fifth enbodi nent of the cation exchange nenbrane according to
the present enbodinent. In a cation exchange nenbrane 5, 4 regions
are fornmed, which are partitioned by reinforcing core materials 501x,
502x, 503x ar r ande@dditien do exeragmian (Secd.iand 8880 praferapli satinfy ihry

core material s 501y. 02 503y, arranged al ong, t TD dj rection see
V). Furt her ERYONSHRGl SXPIRsSIT €b Ui an fatier gxclprably satigly dhe gplagianship
al ong the ng%%ﬁt;ﬁﬂ(‘@%&t he cati on exchange nmenbrane 5 and el ution

hol es 521y 4y are formed along the TD direction,

Moreover, the cai ange e 5 has a structure having a
regi on where theqidrﬁééﬁlsrg?§r}gét1\7\r§%ﬁ{+g1lgljt&olpahol es are | ess densely
arranged and a regipm-whers<theyint r__vgj_ bet ween el ution holes are
densely arranged ar e(hal er nat gﬁ/ﬁ( arﬁ eg) in both the MD direction
and in the Top46jrection, [0077] The cati on exchange nenbrane 5
has (i) a first region surrounded by the reinforcing core materials

501x, 502x in thslokbttditriedhée imeard betveearethaf eirforung oo mateidigl s
501y, 602y in the TO direction, (ii) a second region surrounded by

t he rei nf or stiglyaworderatationahiss 50 2xpres8n (3) andexXpiestior (), tne anervahe
reinforcing core materials 501y, 502y in the TD direction; (iii) a
third regi o keiwesnribe gluipnthvees endtlos esintpreiog sonmnmmtedals aBhasgnt303x
in the MD direction and the reinforcing core materials 501y, 502y in

. Y.
the TO di r e€RCBRRBIIS Bread and &g tievahs Srtwesn Bimelslionolasds narrow.
reinforcin ore materials 502x, 503x in the,. irection and the
rei nforci ng Ti’@ﬁ & Hﬁ?g{eﬁﬁltg SBYRXPIERHYN i(ﬁ} 'Fr?@t'l‘\f%‘gk’?gf&%‘?'bﬁle FRRIECING
regions are arranged. [0078] In the first region,
the el uti onchgﬁoﬁ%ﬁ%é, 522x are arranged in the MD direction so as

to satisfy Lmdei afi onship of expression (6) and the elution holes
521y, 522y are alrranged inthe TOdirection so as to satisfy the

relationship of gxpIAESH A the)distshBED Bﬁ%éﬂitﬁﬁlereiﬂdrﬁﬁngﬁébrgf?'ﬂalléﬁals 10

further inproved and el ectrolysis voltage can urt reduce t he

el ution hol gad3Rd ¥|utAdioles 82 RN ¥adlh baRgethdrd atd BvdBidihr&sd | on
So as to satisfy the relationship of expression (8), OMng to this

ar r angenent petvesdrathiecadjasdritesiftrcofy tdre matarials €X ¢hangepasfitdigne Eayn
be further inproved and electrolysis voltage thereof can be further
reduced, rl y2, ohe ispreseohbéivieesn th2lgit ebdgirdoreiny efrerabteyiahn 0 amgeitiei n
the TO direction so as to satisfy the relationship of expression (9).
elution holes 12 and the other is present between the right end reinforcing
core material 10 and the elution holes 12). Of the two b, at least one b may
satisfy the relationship of expression (4). More preferably, both two b
present between the adjacent reinforcing core materials 10 satisfy the
relationship of expression (4).
[0047]
In another embodiment, a, ¢ and n preferably further satisfy the
relationship of the following expression (5) in addition to the relationship of
expression (1) or expression (2).

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

29



[ 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
TO direction so as to satisfy the relationship of expression (7). In
the MD direction, the elution holes 523x. 524x are preferably
arranged so as ;gwsat%g%%hthe rel ati onshi p of expression

. ( . 9). Owing
to this arrangenesat RiecralationsbipgRiieXpressen 2k mﬁ]rr@ﬁfaﬁarc@é
nenbr ane can,be

e b S g R R LB 85 e o
Dl abl e T B U Sl o R R R o, e

el ution hol - - Wé}%eedm. ' i

satisfy theee?oe at Ii)égnogﬁlg%_co I&e%‘?es _onbﬁ%rgﬁﬁﬁ%e{ogbmlﬁ@néﬁbﬁégbg
523y, 524y aligné SipeeskddnolllRhdQeducdid@mIpds d8ithGe satisfy the
relationship of expression (6), In the MD direction, the elution

hol es 521x, (6@ are preferably arranged so as to satisfy the

rel ati onship of expression (8). OsMng to this arrangenent, mechani cal
strength of the baréeprefexatiiprme amdrbrsatisfyctas rbatibnshibest exppessied (B0l
el ectrolysis voltage thereof can be further reduced. Simlarly, the
el uti on hol #sa8@B9n t6 Huy redaiéormhed ef axprgssiondhpedekpresbienT),dinckirinen
so as to satisfy the relationship of expression (8). [0081] In
the fourth PERfEEIY shksEltie relatiprinie obegsresseax5atle arranged in the
MD direction so as to satisfy the relationship of expression (7) and
the el ution hol e 1898y 1) 5oy fad(ndrani@ed) i n the TO direction so as
to satisfy the rel ati onshi f expression (8). In the MD direction,
the el ution hol ed! @iﬁ9§f4§qafraé(’]ﬁﬁ5f'e@é%ﬁ y arranged so as to satisfy
the rel atiogfdu'gﬁ of expression (9). Omng to this arrangenent,
nmechani cal rength of the cation exchange nmenbrane can be further

i nproved and el efnttrh.gl %@'ﬁ%?éégﬁ%ggﬁnbggé egke WH%rQ?H f EL&fshé‘ﬁ k& ?&&qp%

Simlarly, the elution 4y are preferably arrange

the TD diregd|b@nstip 6Ft@a%héﬁﬁoﬁé@ek@%@é%ﬁﬁ?ﬂngcHebsgriBé&SS' nn=

[ 0082] Owing to the aforenentioned ance o

ar r angenent 2ofhet eémber 6f QubON ok etiv@barthalrsinfitdingherelihtepBidigl 28nd
in the cation exchange nenbrane can be further inproved, with the
resul t that irtbeat aensiongkEatd wheh idyticveolbe afe ttraayet rpegquadintdrQaR3]

<Pr oduci ng net hod> A nmet hod for producing a cation exchange
menbr ane acdbedifarg, Mdarhe =pt, es@nessorn 6B arehéexpressipni(8) hgcomhe st eps
of ; weaving two or nore reinforcing core materials, a

sacrifice ytaspestvelsitiee folloaingexarassican(Glaog expregsioa (Qummy yarn
hayi ng a property of dissolving in a predeterm ned solvent in which
t he reinforcing %Sr% thader+ 8)s and the sacrifice yarn are insol ubl e,
to obtain a rei nfg:f,_;i n%; tﬁial havi ng the sacrifice yarn and the
dummy vyarn arran’éé e Yhe rei nforci ng core materials adjacent
to each oth@"5 soaking the reinforcing material in the
predetermn ggg)l vent to renove the dumy yarn fromthe reinforcing
mat eri al ; LF i j . i f i .
dummy yarn is reﬂ@%@ghgﬁ eyéﬁ’? ngr‘"{rgnéi{@"aesem@%ﬁ?%g@%@\%%g?%ﬁg“éfpﬁg

i on- exchangeIePARRhIRSF &Yt 8SERIBPS HERWR RIBRYSIRLHHRE tDaRBRSHB of

converted into the ion-exchange
expression (3). When the relationship of expression (3) is also satisfied in
addition to expression (6), the interval between elution holes becomes

narrow 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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group by hydrolysis, to forma nmenbrane body having the reinforcing

material; and soaking the sacrifice yarn in an acid or an
alkali to renove the sacrifice yarn fromthe nenbrane body, thereby
formng an elution hole in the nmenbrane body. [0084] One of the

characteristics of the present enbodinent resides in that the
intervals of  the el.utilgn hol es forned between the reinforcing core

materials affSH@HSIE ¥o CHt Rereduerd. fdprecRigigiebly, EXgressian (4)is gise

not equally ted, .kn prder ta easily and efficiently realize
such the strséﬁﬁﬁ%cg', agdd&tﬂﬂﬂ'rt/% %rﬁsﬁ'gﬂ?ﬁe used. This vvill be nore
specificall Oégaﬁcri bed with reference to Fig. 7. [0085) Fig. 7
is a cori cegt ua“diagramfor illustrating a produci ng nethod according

to the present ephadbmEie. tHd hednaRUBMNEERNHMO r&ﬁfdreiﬁgtéo?é Wlé)cﬁ?iiaf%g

core materials 60, sacrifice yarns 62 tor formng e 1on holes and
dummy yar ns séfisfing twe\entibAsBiBtickpredsRiMi [tk R8aBreihal sfisk Fi g.
7, ()). The rei gfngrci ng mat erlpal 6pcan betﬁgai nel?jwas a so-cafﬁged

woven fabri celatiohshifof exerdstalor 55, et\thenNakeeldiahshipofexgvestion (5) is
productivity, a woven fabric is preferable, in this case, between the

r ei nf or ci ngsatsfednintasiditiinstocdkpressios 42, ithé odevat hstvwaZ rasidtidm éothsmy
yarns 66 are preferably woven so as to be arranged at approxi mately
equal i nt er P&FEMEBide war thy eashynimseal ibefvedie thentginforceg garemasariaind
t he dunmmy yar 66 at approxi mately equal intervals, no conplicated
control is PBHE‘P? ebitiog Nigle ArgeMERdIasEY.i findbisympRses megharieal strength
intervals which satisfy relational expression of expression (1) and
expr essi on {B§TOvVEp@nd %ﬂ?fr%ﬁs'ﬁﬂ@ﬁﬁg?Sgn%re\ﬂé‘ﬁwng yarns can be

sinply perf with a satisfactory production efficiency. Note
that, the dummy“‘yarn 66 has a high solubiiity to a predeterm ned

| . [ 0086 rai. [ | al: L; ked i
or edet o7 m ned soIPe Ry AAE QR LBREBARIR FnBrefo RER Gy " ©
66 al bi Qv WaTar ' - t ' th
Harmy yarna oh T Lo e s O e R o)l DA AR

intenral isantdensdeoddP®lval betweehNBetrbéPorRing BiseRha@pkbey %‘éﬁﬂgg the

sol vent for dissolving and renoving the material for the d

66 and dummelydonshits dbSexpobssiant(T cah@ekyrdssort @) dre BaRYeH altetndtsly
satisfactory if the solubility of the dummy yarn to the predetermned
sol vent is Anhghepeathdly. t hathinbriashgeneintfroechagcsaiostesrph & fuadhepO and
the sacrifice yarn 62. Exanples of the material for the dummy yarn 66
may i ncl ude!npioyed myid electonpsis (vPIYAYe caayenredpokget hyl ene

terephthai afe (PET), cellulose and polyam de. O these, polyvinyl

al cohol is rable in view of high solubility.

The cation exchange membrane according to the present embodiment
is satisfactory as long as the relationship of expression (1) or expression (2)
is satisfied in a predetermined direction of the membrane. More specifically,
it is satisfactory as long as the relationship of expression (1) or expression (2)
is satisfied in the direction of at least either one of the MD direction and the
TD direction of the cation exchange membrane. At least in the TD direction
(TD yarn described later) of the cation exchange membrane, it is preferable
to satisfy the relationship of expression (1) or expression (2), and more

preferably both in the MD direction and in the TD direction of the cation
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[ 00881 As the predeterm ned solvent, any solvent may be used as

lona 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 dutmy yarn is not

particularly limted; however, the kind and anount of solvent can be

appropri at el el ected in consideration of the quality of the .

rei nforci ng e%ﬁﬁ%”%ﬁ@t"?@'ﬁﬂes%ﬁeﬁtt%‘syﬁ’r ®, ©NIAFHIOY 41 Ot Xrsessiead 2 hisd

pr oduci ng c%gfiifteiéﬁns, etc. Exanples of such a solvent nmay include an

acid, an al $'%hd hot water. Exanpl es of the acid may include

hydr ochl ori %@é{:‘i d, nitric acid and sulfuric acid. Exanples of the

al kali may include sodium hydroxi de and potassi um hydroxi de. O

t hese, sodi um hy F i Ret L i i j

i 550l ut o rat e " gobgye aireehoBt &f ekt B AR Ane MY fiécBbpiline

dummy yarn G airectiet ittgbieferAs by hhidtiethte AN vech tM@‘?‘éﬁnﬁ‘@’bP?:gd of
i ckness o om

from4 to 12 polyvinyl alcohol filanents having a th

20 to 50 decbey matevihla saiisipingahe TERSIBNSIHIBE lof @RpicssHIre38 ARl @) id 0090]
The sacrifice yarn 62 refers to a yarn capable of dissolving in an

acid or an addion todhé ozlatiamshep of erpressioa (1) ot bepeatiorn(2exabange
menbrane. In addition, the solubility of the sacrifice yarn 62 in a
pr edet er mi n@Efetmbletr have e ttervals kirtwegnythe nei6Bordingsuire esatiesialsofwether
than that of the du arn 66. Exanples of the material for the

sacrifice yaRHEROIRY PREPOSRIPSISYOIaRFOT( ehdrast ivle TPagisistion (TD
pol yet hyl ondeiE0h AaVGH E{BERE TerrEne ais GiiHer earenlo e dovpiits
The. arount 1ot SRt o8 5l eofBeEal el S iagne’
Fei nt or ci hg HaVer T C5ieP 2P LPRREEY)=V i Tbp 4 aug 1 dRection
Fur t her nor eofmbecétgﬁ%/{d#%?‘gégﬁgwg%é t hi ckness of from 20 to 60

deniers and prefer a nonofilarnent or nmultifilament,
[ 0092] [0dBs)dummy yarn 66 can be woven such that it inserts
bet ween sacrifice yarns 62 and between the reinforcing core nmateri al

60 and the sacriFugkeyasre, flthe RIcEbAIE at It ERher ¥ f ffe MEdirection

reinforcing core materials 60 and the sacrifice yarns 62 arranged in

t he rei nf or anddhediDediredtion, ¢as pbeferable to have the intervals between the
reinforcing core materials satisfying the relationship of expression (5), in
addition to expression (1) or expression (2); more preferable to have the
intervals between the reinforcing core materials further satisfying the
relationship of expression (5) at least in the TD direction (TD yarn) of the
cation exchange membrane; and further preferable to have the intervals
between the reinforcing core materials further satisfying the relationship of
expression (5) both in the MD direction and in the TD direction of the cation
exchange membrane.
[0056]

The MD direction (machine direction) used herein refers to the

direction along which the membrane body and various core materials (for
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arbitrarily determ ned by appropriately selecting the thickness and
shape of the dummy yarn and the manner and order of weaving the dummy
yarn Since the dunmy yarn 66 is renoved by a predeterm ned sol vent
before the reinforcing material 6 is |layered on a fluorine-based
polyner, the interval of the sacrifice yarns 62 to be arranged can be
arbitrarily determned. In this manner, the reinforcing core materi al
60 and the SXEMA¢cealorciag MyeralRRipkgddR tee Gese Whest Ehe Eintrscing

arranged so as, to satisfy the relationship of expressiaon (1) or
expr essi on (’%t.e”?b'ﬁé/ﬁve'yby USINg: & WP%’P%BO%’“@&&PE@ Ry ?'%P,g yarn, a

arranged ot B i PRehyINER. o0 S ehbhSted] et BhfouiE) mihe

met hod of pagsidg f?@l‘lﬂﬂ'cﬁw hetc‘!g?ioﬂre%ﬂgﬁgﬁgﬁ%ﬂpn&ayeeﬁé ag?t%rftﬁéa (:latﬂgr

rei nforcing yarn, sacriftice yarn an yarn roug

singl e dent Rfithhfofeare MDA NaaM B Vafmvaﬁer?(krﬁttéaatéleﬂ%ﬂge MD

provi ding a dent having no yarn between  dents through ‘whi

rei nf orci ngdjrattion.a Fiee T diestip@r (frandvatdBmiret 8o ) refére.toahe diestsslin
For exanple, control in the MD direction can be nade by varying types
of yarns (reentallyiprgpgadioylas axttief MEediyestion. effarthensieds,ithe d@rpamat i on
passi ng through a single dent of the reed of a weaving nachine. Mre
speci fi cal | yefess suaghen wbvan (leiitiédr @long thad® dinectionsadindtiady ylaen i s
passed through a first dent, a bundle of a sacrifice yarn and a

r ei nf or ci ng§/aHAN$HP PASKR@SEINIIYRT BXBESEINN (PabH! alsosadressier (Faen
and a sacrifice éarnsﬁr? passed _through a third bundle. In this case,
the arrangefSRESSION(Y &l 5r5atiafed & o direglianss i-ee thaMP diesten pprdke

I ot TR e RTERL o R DT bl b
(e sacrT {1 UYL RS g R LA TRl B SRR Bl oteos

from which a;qWwarwthar ﬂao@.ﬁeh? removed is | ayered on a fluorine-based
pol ymer having an 1 on-exchange group to forma nenbrane body havi ng
the reinformoryjmaterial 6. A preferable nmethod for form ng the
menbrane body may include, for exanple, a nethod having the foll ow ng
(1) step and (2)F®t eps a conceptual HiayrhhUerthe &ebase &nfsddifent bAYRY cation
(hereinafter referred to as a "first layer") containing a carboxyl ate
functi onal grchengeosietiloard agootdiey tathzostesehtlemaodingertl ug catdrbased
pol ymer layer (hereinafter referred to as a "second |ayer) contai ning
a sui fonyl excanggemeouane 2adatigfios phearaataestip otledoressioor(h) arfi | m
Subsequently, the reinforcing material and the second |ayer/first

| ayer conpoS8kRessionnZapeth iytBeddDidiractips anddethed tadir¢ctiom| ddereor a
drum having a hfeatlys&ur ce.and a vacuum source, and having mcro pores

in the surf 3L SRl angaMeRRIr 3 dtat ieasd 498 tyarmomese

films are integrated at the. tenperature under Elhi ch | ndi v%a!

pol ymers mel9MWAT S CPERBIALRIRISiHOXpEtanses WiHENtAG sremBlans Wgthe MD
. ! ! th d | /first | .

Pomosi te 1firestiop GretRRufe SdmblTR haF 155 aRopnd AGH el drmp B Elien

; CCh s Das v Eluor ] . ;

o5 oo A R L A e 0P

layer filmea@d BIHITCI RIsTRIRY ik t@giswwfﬁrtﬁé'r{aﬁok%%or

conposite filmare layered i'n this or at-plate or a Srum

having a hemfate@ls COxifhcent &5 BHEM SEHETGE réhvdsBAMINSY Bl GhE dRPASS 1 N
the surface, via a perneabl e heat resistant rel ease paper. These
filns are inttegentted rainfoleing espanatatiats 20dandwhé efutiondholes pak
polyners inelt while renoving air between the |ayers by reducing
pressure. Nadjacehidp,edahn athesiscapessertied by e cthieatist@incadeamvieeh thdrelution
extruded filmis fed is the MD direction, [00951 Coext rudi ng
holes 12 adjacent to each other is represented by c,, and the number of the
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[ 0097] In the case where the fourth layer is used as a
constitutional elenent of the cation exchange nenbrane, the first

| ayer and the fourth |ayer may be forned into a coextrusion film the
second | ayer and the third | ayer may be separately and singly forned
into films, and then these filnms nmay be | ayered in accordance with
the aforementioned method. Furthernore, the three layers, i.e., first
| ayer, four teﬂulllcaymleaﬂaweﬁm beayaran th@dﬁlrﬁ@romq PRIEt BRI yOx adjacent

coextruded into 6 f|| n this nner ; rane body contai ni n%
6n

f1 uori ne- badB8&35 I%V?t%r ﬁ%p,reﬁgntgﬁ F\bé’%’é’hﬁﬁg@ YIBFp SR BB vt

t he reinfor 8 the sacrifice
yarn cont ai ﬁé‘g&'i" t é'r‘%@f%{&ﬁ(zokgéerqsé'ope@ﬁt ag@?'agssol ving it in an
acid or an al kal [ ion hole(s) in the menbrane body. The
sacrifice yarn hgégé)l(é%ﬁ]bl {1l*§y to an acid or an alkali and the
sacrifice yarn ig g upad) zg(re cation exchange nmenbrane producing
step and under the el ectrolng/ s environnent to formelution holes at
the eluti on[ga)sgqs In this nmanner, the cation exchange nenbrane
having elution holes formed in the menbrane body can be obtained. The
el uti on hol es ar Buftbemecrewtidcaptitsi &xcnmigerababrans RiHassatiesdttivadort he
af orenenti oned rel ati onal expression represented by expression (1) or
expressi on (Xre red09e|ng core mA@riale2 Opparangded withti the erotiaage body in
menbrane according to the present enbodi nent preferably has a
protrudi ng Fes Dd%fQﬁﬁlp? (§©ﬁ§)ﬂf1h@m¢i’@h? yHao! aigowin) aioth hes ohangre
group on the sul fo qu%s: acid |layer side (on the anode surface side, see

F: g. 1). hTh@ Yiosth aavamqrmed %itmefnéhawe@fwﬁm %qrEﬁPaf@rﬁLSe%@m
LT
the rel case BEsENT i Fedlt Bl beASSuana Rrh e AT nfqé“d wesh dhe renfarGHe
te f f d he . f t d,.t
el hfor ci ng® hé%% s Zﬁi%qufw 8 oB0F ol £ eritbsn 0 iy ahq o rdistansne
according tgethe h%sr‘%'ﬂ'ffof‘d’??gggbrnéer%tecrfﬂk E@)ﬁéﬁﬁghé%hﬁﬁ)rn §% 22y

el ectrolysis vesse IS a concep Iragram o

el ectrol ysi gguReaelo 85906 rbdhtBd %23&" m@@@fan@%rﬁe ebf the

el ectrolysis vessel A at ast as an an a catho and the

cation exchaggeeneaRfionolesAPZ & Gphdsdrted By DI &8¢ e #TPBEF BBIHe elution
arranged between the anode Al and the cat hodé A2. The el ectrol ysi s

vessel A caholes 2B3efdrhed beanveonshd dpesenf redhferdin@cyrd matdieiieizohed ow,
as a typical exanple, the case where the cation exchange nenbrane is

used in el ectpresested byony, dreratpecelsioakkipl iepoddented @yshe ddlicavingd | | be
descri bed. [0101]
expression (1y) or expression (2y) is satisfied.
by>ay/(ny+1)... (1y)
cy>ay/(ny+1)... (2y)
[0059]

In the present embodiment, it is not necessary that all reinforcing core
materials and elution holes in the cation exchange membrane are formed so
as to 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

interval between the reinforcing core materials having elution holes arranged
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El ectrolysis conditions are not particularly limted; however,

el ectrolysis can be perfornmed in conventionally known conditions. For
exanple, a 2.5 to 5.5 N aqueous al kali chloride solution is supplied
to an anode chanber, whereas water or a diluted aqueous al kal i

hydr oxi de solution is supplied to a cathode chanber. Electrolysis can
be perforned in the conditions: a tenperature of from50 to 120C and
a current défs?tip wAtisfy bia slationsbp afexmnessipn{dxr expressigmé2), folding
constitution of the el ectrolysis vessel according to the present
enbodi nent irgs'ﬁtﬁncﬁéﬁtﬂ?%G?%?’%/?Xq’ha}ﬁgtee@,em%?”%ksa 8Veq: uni pol ar
systemor a %6| pol ar system may be enpl oyed. The materials for
constituti ngg e] el ectrolysis vessel are not particularly |imted.

chl orf ner osi ot ahETPEaRE A Shrie PR FEF B Ao b A By i =
cat hode Cha'?@iﬁforcﬁugﬁbore%&@Piblshﬁ‘i’ﬁé’ﬁlﬁ’?fr@@ﬁoﬁ'g h%Q%Troheéécﬁ%ﬁpE ni ckel

are preferable. As™the arrangenent ectrodes, an appropriate

i nterval maynéabpirevasteddpeEnes moﬁaﬁ%@aree%@WQmﬂ@Tmﬂre%ﬂent he
anode. However if the anode is arranged En contact with the ion
exchange nerferaotis dpucifiest asiohe regioantheaatis o thd hheaudf rRAioN Sdtls®iThg
Furthernore, the cathode is generally arranged at an appropriate

i nterval wi the tatioahipnf exgieasige (Teobeapressidovi@y exlative tacihet avet-dfygile
el ectrol ysis vessel (zero-gap systemelectrolysis vessel) having no

i nterval bef9@ens iméw eatipnrxaiesgevinembianaasyngimebliedarly bmdef; however,
In the catign exchangfe menbr ane accor ding to the present enbodi nent,
el ectrol ysi & 1§8refamdl ERMEO te d G &any mare svgienab rdiasn SRdo 100%. The

-constitu_tin menber s vviftﬂin he nmepbrane bo so as to satisfy the
o or et oAdaC R BhEohel Metias Srenans eaEtana s 15 begrpar e ed inthe
ti | i OF : b wh luti h f i
S ons cunelERiohAh FARE Ie TR ARS 140G 8 i, SAEDER tvif ahoar s
regunr o (8ndeC B (RMGIEEASFER SR i ALRE Bl 1S 8% BB in gy

decr ease (n?EﬁiWraﬁég}ﬁdeéegrr@ﬁt—ég‘?y'ﬂé?%%n,? HidFEGE e oS Not

o i
limted to S). arti cul ar in’'the 1 nterval’s

bet ween rei pfrictddané @fafbk%fbio%@ caAblesinkiagietine Foekiatir@AsdH Rhehrea
af orenenti oned expression (2), elution holes are arranged near a

rei nf or ci ngraty ef $@XHesrirabre iBtp@efargblend IiRadakiofnif tkdvargh ERiotiB®0% or
arrangenent, the region interrupting a cation reduces and the
resi stance thwre, odheqorfian tbeespadiicg $o aAsirent-eatrying @réohr ah yffest of
voltage is further reduced (note that, the function of the present
ermbodi nent Tedunig elesirob@ist wltagiesyan IEx abfdiesd. Forthis reatow, theharea
presem nvenhi on WUI0 be nore spec:flit:oily described by way Exanpes.
Not e Met, t Qe EhtorimemesPreeradle. iimted to the byahapes. 0106]
¢
Measur enment [0%61?' st ance]
Furthermore, when the relationship of expression (3) or expression (5)
is satisfied, the area ratio of regions satisfying the relationship of expression
(3) or expression (5) is not particularly limited; however, it is preferably from
40 to 100% relative to the area of all regions in the cation exchange
membrane and more preferably from 45 to 100%. In the region satisfying
the relationship of expression (3) or expression (5), folding resistance tends

to be further superior, compared to the region also satisfying expression (1)
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The di stance a between the reinforcing core materials adjacent to
each other, distance bb2) between the reinforcing core materials and
el ution holes adjacent to each other, and the distance ¢ (ci, c2)

bet ween the el ution holes adjacent to each other were neasured by the
foll owi ng nethods (see Figs. 8 and 9), In the case where the
distance in the TO direction was neasured, the cation exchange.

nmenbr ane waP' @R IHNY (D he TApTaets, Hihe @rer Faknigi 400k & Mere; Reftivently
direction (i.e., the MD direction). The cut surface was a cross
section of HH@hBH@mSﬁegﬁ ﬁd@”dﬁ%ﬁp%ﬂﬁ?-n the TOdirection. In the
case where E@ﬁzﬂistance in the MD direction was neasured, the cation
exchange ne % e was cut along the direction in perpendicular to the

exor ! ne uas . _ .
0T the. oot L on ox it 8'd EideBial dldtraft ke PEIHAG BriliMefit BPtheERldDT
section of thensakd AEEXERANILPRARIG IR M@%eﬁﬁ@ﬂibgbﬁﬁeﬁty a AL pPscope

and a, b and c inthe TD direction"and in the MD direction were
nmeasured. Alexthasgd hignbrahe Jissd aaeeh veshaiRkahBiibeshd ¥t RS HEURG 4 he
di stance between the center point of the reinforcing core material
and the cenmnesmpmng bady ¢roe shbwh) oontadliey arfluchi@etsaesMesig@ed haetigi 41.
For exanple, a was determ ned by neasuring the distance between the
cent er poi nforoExehmngesymoliprarichiyvacor monatanfcating ndre heateeals &0 1 Gioat 308
the other adjacent reinforcing core material in the transverse
direction. RowE&IEHAPPreximatelnd pav@ieewitbiastieadembrantebodndnth? sets age
val ue of the 5 neasurenent val ues was used 50107 [ Measur enent o

: f
fol di ng resiRrgdraymber of elufigy etesod2 T ethide B28n--i: $ 24t PEAGE4P.(F-318i ng
resi stance) by fol ding the cati on exchange nenbr.ane s eyal.,uated by
he Toil o RIS ARSI rempaEha aerB o A rUaretLiReachatBRs ¢ o
the ratio OL(%ﬂﬁ tensile elongation (tensile elongation ratio) of the
cation exch % € menbrane after folding relative to the tensile

el ongation of thg, gatina cﬁ)ﬁg.aﬁ(}glﬁﬁrﬁft%gf#%? e Q11 Fe?ﬁhfghﬂlg%core

Tensil e el ongati on was neasure OW ng ne sanpl e of

1 cmin w dH’atéﬁéls%‘éTpaﬁét?H%gttH@ rQinT&%Hrqﬁ?%bégggéﬁgia%@ﬁghﬁ 392 4 the

degrees agalnst the reinforcing yarn e I'n the cation exchange
nenbrane. Syhseaupstlesn theaelrfsinceleanatiiaMs&batie] RN FoiM@¥cing
measured in the conditions: the distance between chucks: 50 nm a

t ensi on rat eorel@tenulsB0OREAd J0Recoadange] witéimaldly K6d32peb@HDB8] More
The cation exchange nenbrane was folded by the follow ng nmethod, The
cati on exchapgeficalybiratie nkesvaldiatedebthepgihioroggvesirg imatefiald0e pgirateni2
so as to allow the surface of the carboxylic acid | ayer side (see
Fig. 1, thebgéhdesipldreingsiose materialgs1 amdi30olheradution haleerd21, 322,
described later) to face inside. In the MD-folding, the cation
exchange nerB? @@ foaed 8l edlislanss cr.ocx or (haieiaftar Rgmetimes epllectively

Gva uat | on (RIETRAE SN | O 1 2L 1973 e SRS I3 P18 ORBN Pt apression
h | ded . f f ol di i in.

per pondi cul B Cos ARE ey i fobfraBRdd et PhEMALRRe herBiging core
pendi _ 5 oeha LR O Eker S

cont 11 buti oh R TRSRePaaed o e e EE G HrEmoBra A ahd ofiocthe

material s apgbghibl 9 hedbiiie %@ﬂqaf&%@%ae'itq%s;ugpg Hdles

fol ding resistance can be eval uat ed, ereas Int i ng,
contributi oacy EehOt d40h Gthet B RAYAL StidTREWRE He8bAS NP f tpfsfon (1): b,
materials and el ution hol es arranged along the MD direction to
fol di ng reskshgnee).can be evaluated. After MD folding and TO fol ding
were separately made, tensile

[0064]
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el ongati on of the cation exchange nenbrane was neasured to obtain a
ratio of tensile elongation relative to that before folding. This
rati o was enployed as a folding resistance. [0109] [ Measurenent of

el ectrol ysis vol tage] An el ectrolysis vessel was prepared using
the cation exchange nenbrane and its el ectrolysis voltage was

measured. The electrolysis voltage was neasured in an el ectrolysis
cell of a for ced%@iqq,s&r'ﬁ?ﬁj GROVGpB thagaken gxehangaingaperans. i ffepreferable

i . S y
i, DAL B
as a cata ySePat Y L9y KRB b Ee MRl b2 ZhE M ARGt cB%e >

: . at i
The anode champae! 20N A BB o 16T (P R s e ke o
side, an aqmﬂéuﬁalﬁeﬂhééﬁﬂm:%mfeﬁ:iﬁ%gﬁé BtaMds RHERhteRrh WBphated blgltlhg g

controlling a concentration to be g/L, whereas water was suppl
whi | e mai nt aginforginghsre ansterisl SEUane ens aNbfoatihg Bofd nidierisidoT datisfyiiey
at 32 wt ,10. Subsequently, electrolysis was performed for 7 days at
a current démsrelgtiaishgdoféxmsaiod (2) bkepetey appeaf. I0@Wing to thiwe
conditions that |iquid pressure on the cathode side of the

el ect r ol ysi @rgegselentasesieanica dieengitiyhéthebgat®rdeidPanghanembeand Guiaoh
pressure of the anode side. Thereafter, the electrolysis voltage
requi red waSertEBar BiPBYEd VBl tieadion grotalertrpigrisnsiiage thaead can be
reinforcing_core terial, a nonofilanment of polytetrafl uoroethyl ene
(PTFE) of o ifgaec? ereinafter referred to as a "PTFE yarn") was
used. As a f@é‘éé]fi ce yarn, a yarn of 6-fil anent

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
satisfying the relationship of expression (2), which are alternately and
repeatedly arranged along the MD direction (TD yarn arrangement direction)
of the cation exchange membrane. Further 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
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pol yet hyl ene terephthal ate (PET) of 40 deniers Masted at a rate of
200 tinmesim (hereinafter referred to as a "PET yarn") was used. As a
dummy yarn, a yarn of 15-filanent polyvinyl alcohol (PVA) of 36
deniers twisted at a rate of 200 times/m (hereinafter referred to as
a "PVA yarn") was used [0112] First, PTFE yarns were arranged
at a rate of 24 %/&rgn_s/i nch at approxi mately equal intervals. M yarns

ver e prepar &oe BYNRENgcose preliala sadshingsiie ret@nshirofl ERessian kahdl e

of 2 yarns cqnsisting of, K PTFE yarn a PET yarn wa ed through a
first reed; "‘g“%bﬁ[fﬁ @Q‘?ff’a?hf/épﬂ§e€%ﬂ§agﬁrﬁ§{‘§lﬁc{@E‘?gjﬁgﬁﬁéﬁﬁeﬁmaﬁgrthe
was passed tTtﬂgHg@-P second reed; and a bundle of 2 yarns consisting
of PET yarn an é}K'/arn was passed through a third reed. The bundl es
of yarns in[@djg% conbi nati on were sequentially and repeatedly passed
through the'reed in this order. As to TD yarns, PTFE yarn, PET yarn,

PVA yarn, PVA yaEanePH, ¥ Ratidnl ,
yarn, PET yarn, PVAeya;yn and #\?Ag)gcar?éﬁfg\%erpgh@rr?rz%gg%Bi\f'r%cﬁ{gs@ﬂ%rf%\ép ©

repeat edly amehcat capes asi 1IBBERLY NS A ctioAtRiabENE O tOMHD dirébtidand
weave. In this manner, a woven fabric (reinforcing material) was

obt ai ned. Sitbsemseatseydirddiienalotri@spedds & tifeoT Didig:ctiaher Sakhwas cation
subj ected to contact bonding perforned by a roll heated to 125C.

Ther eaf t er, expleangs nieonlwiang isrmoendadround astobhilad body dike .alvitylachieddes
sodi um hydroxi de solution to dissolve a dummy yarn fPVA_yar n) al one
and renove f4be folinsror: af edinee pfshiwmantand diiina aiaskhigse wttil t he
reinforcing. materjal fromwhich the dunmy yarn was renoved was 81 Mn
[0113] Next Jn%@'fﬁm&nw %P&leyﬁ!s ViSEh ex thepaeYRERNgE wWound

e R A G AR
i in: B i 2=CF? .
C?Z/- ‘- rcﬁ%'c?k’%@ﬁyoﬂ@;%@E%@Wien@e%@&hyﬁ@%ﬁ’“*?Llﬁgf RGDha gt hsiSh y
1. 05 j i . .
PwoT aver oq Y S BBt Pl B TERARELN o eftidkiflyMavoided
i n thi cknesgsagsy as e Y% Bxérife Rkenfiftahé cgrtGeiiﬁr;%cg E%gﬁé}gﬁﬁred"?&ove is

obt ai ned in accordance wth a coextrusion T- ur t hernore,
filmY consusédngndthue eerhuiiEs oBa@intile _éteN daf BbBkiRes Yrsefipi ned
by using a single layer T-die method. [01141 Subsequent |y,

rel ease papf@067ilmyY, a reinforcing material and film X were | ayered
in this order on a drum housi ng a heat source and a vacuum source and
havi ng micro porAs dng aspecsaf fheqeesanierhbadietentiadibe catidneedhpngssur e.
At this tinme, the processing tenperature was 219C and a degree of
pressure r emﬁfﬂb@ﬁ\e\%@fﬂab'ﬂ%aﬂjﬁe firpldnteivaldretwens thereiaycipgpmarewas
removed to obtain conposite film The obtained conposite filmwas

soaked i n af3igiRlssatishying therretsionahim el auesmes (9 shieh fustheysatisfies

or 5 hour 1 BAFRIHIR, By oy ons b St e T el befwas
o obtai ' a TV ERe B5alF el sl ReteetpbihblotRererses (dits,
ol ynor B ST frheFBsfere it RlonShis et D SIOARG BT s

added up toaﬁaﬁ?éﬁoi.r?‘ﬁﬂ rﬁéc%i@a%?reo ”Z?, n@iesfﬂﬁﬁéreﬂw&%vgagﬂt@g&%gt{%lysis

suspensi on sol uti The suspensio ution was spraye

surfaces of yoigyerby 8eFAARSSICEH! MNBYe thatPawsh mMBthoch N dhél HirBskid P
forma coating layer (0.5 ng/cn2) on the surfaces of the conposite

film In tha®ngaaieh the fissteagionmndeheangadregionadtové & Shomatelyn
Fig, 8 was obtained. The cation exchange nmenbrane 7 of Fig. 8 had a

nmenbr ane bodya(ged irstimvgticenekdhangermembeame isnfiatrpertigulady émitetier i al s
70 ar ranged[o%%%r] oxirnateiy in parallel within the nenbrane body. The
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[0116] In the obtained cation exchange nmenbrane, in the TO
direction, the distance a2 between the reinforcing core materials
adj acent to each other was 1112 pm the nunber n of elution holes
provi ded between the adjacent reinforcing core materials was 2 and
the di stance c2 between the adjacent elution holes was 432 pm
According to cal cul ation, distance c2 was expressed by 1,17a2/(n+1)
(see Fig. 8, theFydhermeicsiaaamosigr. embodimentrthrdpmexehange memi@ne
direction, in ft@he di stanc? al. between the reinforcing core materials

adj acent t o PESIERARYY hap tag Tiidinfepm! behesiiscieinforrng Fore Bata@les

e S e b TR S o LB 3T
o P R AR oA R o
et nforf 0 cos BN A8 Al A6 SBlatRSh APPA! UL iDAPe

core materi ghfisi@sthedeRMdnERR &licdpdiafort 27)0f Cifig 3RS HMtarRichtdmn

hol es was 528 j _an. According to calculation, the distance™c2 was

expressed byndch3dicl 6tréhgth can be furthdrhephyali 466 bicdrolysit VdIRadl sh@pee
al between the reinforcing core materials adjacent to each other of

998 pin, théunthereducedf NKbitthat) dvehds tipis @asdethebditemtion didtvey adiicic gt
reinforcing core materials was 2 and the distance ci of the adjacent
el uti on hol @stuagiopgdidlive s&coot degigntabavel arelateratelyt dreantiest entbe ci
was expressed by 0.89ali(n+l), [Qll?é ) The physical properties
of the obtaFAleN EXENYWENEHHGRE MRt RaiéicuiedydFBtad. i n Table 1, In
Tabl e 1, th&' erval units between reinforcing core materials, which
were altern d.dbj arranged in adjacent to each other in the TD

di [ f th i h nb ' | ,
espoct vel y dost Gnaisd S CPCIUA ST aPe (AaiE ATOdAER) oihe cationy
i nf [ ' j F . t h .
i rocti on. _PLandeEERene HeEaio (onelbiebPl dREByt, "R Ston
rect o nSEl'e oAl ¢ s n
morval N AR e e e P A Gl R B B AR RS TR

Exanpl es, dﬁ@ﬁb@hb%dmomﬁl&mhﬂcémirﬁﬁé)beflu%iriﬂ"eh@ééew-rpb&ﬁnéhﬁggin'g'hn

Table 1, it was confirned that the cation exchange nemnbrane

hi gh tensi | presaigaigeirolpaaidtivadon bk Péln@iréihgrcoﬁélmé!érié@tﬁml, 4009403
and TD folding. [0118] [Exanple 2] A cati on exchange nenbrane

was prepar edrrbpged iapgrdxi@assyrin patadiel wltsinaseimerfveans Bodly, dx e@pth tinait
a yarn (PVA yarn) of 154ilanment polyvinyl alcohol (PVA) of 28 deniers
twi st ed 200leaistredhen ors oltheditesctianduingry inytierVID] dite®pn 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 alternately
present.
n=2,b>al3..(6)
n=2,c¢>al3. (7)
[0070]
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In the obtained cation exchange nenbrane, in the TO direction, the

di stance a-, between the reinforcing core materials adjacent to each
ot her was 1005 pm the nunber n of elution holes provided between the
adj acent reinforcing core materials was 2 and the distance c2 of the
adj acent elution holes was 373 gm According to cal cul ation, the

di stance 02 was expressed by 111a2i (n+l) (see Fig. 8, the sane

herei nafter). Such gnyarrargeroeet isiprefieneblg begaree meanhaniaal strength can
di st ance al beft en the reinforcing core materials adjacent to each
other of 109f H\%ef KePIYREENdLlBetrey i iveragp cas e feithae edbwesdanthene
adj acent reinforcing.core materials was 2 and the distance cl of the
adj acent el F10198 s was 252 pm According to cal culation, the

di st ance el [5\@-}9 expressed by 0.69all (n+l). Mor eover, in the MD
direction, i'n"the distance a2 between the reinforcing core materials

adj acent to eaCthE@%,mth%Jiﬁ%rPéﬂs B?at@H'H‘g/gpgf‘rﬁﬁf%rr%!ng‘és&\%a @8@?@] 401

provi ded between t adj acent rel nforcing

the di st ancengdnefretif®rcig @gemhatelitll 462 the! s iroh
to cal cul ati on, tﬁg di g?\g;lnce c2awals expr egﬁaﬁgég?gg%/ (nn@%:féﬁrﬁ*bﬂgng

in the MD dicoeshiaderiali4d 1t oved thesdélane® hale H1 wREMhdé Bt OhEIMRGE CPe
materi al s adjacent to each other of 999 pm the nunber n of elution
hol es provi deidfdreingemme nhstedd] 4@2and tied efudibaihude 40P dotmtetidfaltise was 2
and the distance el between the adjacent elution holes was 266 gm
Accor di ng t ¢eletiprshiptof 81 abbiee dxpreanion (6): wab2)ex prEs sadthgrmore, the
0.80al/ (n+1). (0120] The physical properties of the obtained
cation exchgiﬁ@%%bﬁwe@r@%ﬁyaﬂn halesatd eand 422 sehisflies the edaianshjp:
it was confi rrredé hat tFe catjon g{(ec,hange menbrane had a_high tensile
el ongation Fefd" 'ng‘“roo{ 8" YVAr pHIVarsamsraisddiniessinietsing Faieng.
[01211 [Exa

le 3 First. PTFEE yarns. rranged at a rate
of 24 yar nsm'n%igﬂala‘lmaﬁ'aq 56 F?A'Efté’wn%&eﬁl "ﬁﬁ%ﬁ‘vﬁ“rﬁs .?hei\@s%m%cw\%@tween
prepared by I S ws,. A bundl.e of 2
arne. cons, 0 Suften ol iRz Badn AT SRR dle B vRrRE R efh:
reed; a bun ) .St nd PTFE yarn was
passed thr oﬁ‘gﬁngﬁ @é%@eﬁgﬁﬁyeg%%d @aol ﬁ%ﬂg/d;r ns consi sting of
PET yarn anfb(f-}lﬂ 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 plai n weakethaf\Sntie Ebikith (BYTIERE yaishactBNAf %BIcast Berdidof
PET yarn, PET yarn; PVA yarn and PVA yarn were arranged in this order
repeat edl y bndr bt sajgficaxheatitipnsigpalf b At alveeer iobleal of @eghahidal
weave. In this manner, a woven fabric (reinforcing material) was
obt ai ned. Sabsregtheartd gonuenéerulst iai preductemfitos cnorg praferable thatb, and b,
subjected to contact bonding performed by a roll heated to 125C
Ther eafter,b@ﬂi‘é&"@fﬁﬂtﬁ@'ﬁi@%ﬁtmh 2B/3was soaked in a 0.1 N aqueous
sodi um hydrf)qybi 3? solution to dissolve a dummy yarn (PVA yarn) al one
and renove Bdom t he reinforci ng material. The thickness of the

i nf i ial f which th : .
. A cal Pon exEHERGHeRAIF AR By AP ESEECg GaE eaRbaHAenddte
Ex le 1 . 1.0 o he .obt ai ned '
oxanange el S FRTY ME A Paths divertshbelbePRRRg efio lBrears,
change CHETHG ¢ !
nunber 1 of "ERU ool e POU RRle A BRA LA dER, b rbeiheci g

core mat eri gligfor@sg 2ot thaidiealdicst Fhecélu%n trﬁ?e §§4 oANLa iy thon

hol es was 255 um According to calculation, the distance c:”was

expressed byel&ididnld: (¢ B/ seridHedmode, thBalistaRBe Rebetiadd 8ld elution
holes 423 and 424 satisfies the relationship of the expression (7): ¢, > a,/3.

In other words, in the interval separated by the reinforcing core material 402
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Furthernore, in the MD direction, the distance a2 between the
reinforcing core materials adjacent to each other was 1229 pm the
nunmber n of elution holes provided between the adjacent reinforcing
core materials was 2 and the distance c2 of the adjacent elution

hol es was 569 prn. According to cal culation, the distance c2 was
expressed by 1.39a2/(1-41). Moreover, in the MD direction, the
di stance ai HERBEAINTHEINILGHE Sheieng 403 dhadistancs & befwassniva elugadh

ot her was 985 he er .n of elution holes provided between the
adj acent r em%r%%anggﬁgb'ﬁﬁ‘f@? Pawa\v%ét%t%sf@weegaeéwg%@w igMvhige
adj acent el yti h 2 . According to cal culation, the

di st ance cl%\%‘gg%ex%@@%e\é%gbgn %.qgg?a'fﬁ af‘)it-l). [0123] The

physi cal pr W@Mi es of the obtained cation exchange nenbrane are
shown in Table ﬂ As shown in Table 1, it was confirned that the

cation exchange @R ?F’@)i i i Y ate
in either one of N%I\/D[@gﬁ?glf ﬂé@’ﬁ%ﬂﬂ%ﬂ*p{) di rééssf%qgg?é?%aﬁp%bﬂ%aga{
First, PTFE|emteghvesse af babebgnily satishl edbldbn¥his bB) iwever, it is
approxi mately equal intervals. MDyarns were prepared by use of a
conti nuous Preferdble ¢eat, msviéwl dfonschahitnirtleagtf add yennenientsirs pidtlicibn
PTFE yarn and PET yarn was passed through a first reed; a bundle of 2
yarns consi $tiang afodiEsalisfy thanedafdrehiyan & alds passed t hrough a
second reed and a bundle of 2 yarns consisting of PET yarn and PET

yarn was paﬁw&]through a third reed. Weaving of the bundles of yarns
in this conbinatjon was repeated in this order to obtain a plain

weave. As to TD Yafiigasieiitierpaepf thedirpglionsng. phe N direstipe cathanfed
Fo obt ai n aCHPEHRN HEAPEAPR SRNETRaRRBDIENg dobismPippIaeiahis AIAer ng
o 15 g SHRBEME P e U ST e,
2 0. 1N aquo g e B R BBl B R L ¥ R R "

(PVA yarn) §b@§9in§rtﬁerrél%ﬂ&ﬁsﬁihﬂc{fgmcfliaw@%bgﬁ%ﬁidthﬁ(g}%}é%ité}natét)e

t hi ckness of the relnforcing umry yarn’was
renoved was prdsehit M InAhGAEASY) il FRN N ARSAREEY 2N®, 8.5 apten@dn/ et he
same manner as in Exanple 1 except the above. f0125] I'n the
obt ai ned catélatiorestihantie folowiraNexpressibhe8 T @ndi dieinces a,! he bdi sh@ase
al between the reinforcing core materials adjacent to each other was
1092 pm t heatmfyites relatdnsHipof tre fotbemgexuedsidni®).ween t he adj acent
reinforcing core materials was 2 and the distance cl between the

adj acent el uti onn Fo?,d52a3s< 8640 par3, Aé3 oriikhPard..d8) cul ation, the

di stance cl was expressed by 1.00al/(n+1 ). In the MD direction,
the distance a2 B&tdwekhaBrecrsed 8f-ofBi ng core materials adjacent to

each other was 1178 rj .the nunber n of elution holes provided
bet ween t he adj acétid H;%hr'ﬁ Branagmest dnaehaical|sirangth oan g fupker

di st 2. t he adj t oeluti hol 509, ri A di t
cai cul ati onmRYSHAARER Sl 8ln FBe T el bl n 1) (see Fi o
8. the sarre[dwrsiei nafter).

Fig. 6 is a conceptual diagram of the fifth embodiment of the cation
exchange membrane according to the present embodiment. In a cation
exchange membrane 5, 4 regions are formed, which are partitioned by
reinforcing core materials 501x, 502x, 503x arranged along the MD direction

(see X) and reinforcing core materials 501y, 502y, 503y arranged along the
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In the MD direction, the distance al between the rein orcino core

mat eri al s adj acent to each other was 930 nm the nunber n of elution
hol es provi ded between the adjacent reinforcing core materials was 2
and the distance cl between the adjacent elution holes was 253 pm
According to calculation, the distance cl was expressed by
0.82all(n+1). 10126] The physical properties of the obtai ned
cation exchaig8iraelifit &se r e FIHBRATPRE, RAWIGN Nolead2dmohA2x. B2BihI5@4xRre

| uae contl et Lhat LS Satk e SxpIenas enbrone fad o, Mg enei e
o ot AP REINNE SRR SRS IR T =
o ect] on, ool MOLEIARLRON S JTLETH Ano § MENOLIL BERERL FRCE Bon

a sacrifice W thdintéhald BERGn Y ufsl hoRIEBRE 18Y yeidny Eg?ngss and a

terephthal ate (PET) of 40 deniers and twisted at a rate
twi st si m ( PEdgipahervase igedald Bd@den elutioﬁhb@s,arBUéﬁséWAiﬁ?M%%are
0

arranged at a rate of 24 yarns/inch at equal intervals.

yarns, PTFEajtarmatelpEfrargen inmdtiPEE Vi directione@idiratheargeltectiob hi s
order repeatedly to obtain a plain weave. Also as to TD yarns, PTFE
yarn, PET y@®W7dnd PET yarn ... were arranged repeatedly to obtain a
plain weave, In this manner, a woven fabric (reinforcing material)
was obtai ned. SubbegaEan eychange aisrahrase & eanfipadisigegmnesuradundesl by
subjected to con;[ﬁl%géiﬂbondi ng perfornmed by a roll heated and

o one v LAl b 15 Sl TRBRCL 5o 1 AL 1 exeemn L
o oA R T ) B o ol
a;jjo\ellicggé ':) g eagﬁ %%‘?1@? pételﬁﬁ)ggﬁggpk;%ﬁjgnﬂla?ﬁ@zx, tﬂogT 'r}am&.‘t | ?éﬁ%ﬁ’@
Phe.di st ance R s o [saong ke nieB 87 sp2L  BF 505l g

cal cul ati on redibﬁ,sdhfghﬁaé@ b9|th¥"?§ipﬁdft9iﬁ§%%‘?g ntefiQRas gk %ég.ir( HREMD 9

8, the same hereinafter), MD direction, the distance al

bet ween t hedrettifroasd it RN rdTRG ebicdhfatathia®ent, 502\erCiheotD firc¥Bsn
1058 pm the nunber n of elution holes provided between the adjacent

rei nf or ci ngandn(i@) eEfberth atgionasirduaddd yehdirsinimemcdorbahueeiald He2x,
adj acent elution holes was 353 pm According to cal cul ation, the
di stance ci S0as ireftyer MEsaidedipnlar@Dénk/ eimfa)cing 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 to satisfy the relationship of expression (6) and the elution
holes 521y, 622y are arranged in the TD direction so as to satisfy the
relationship of expression (7). Since mechanical strength can be further
improved and electrolysis voltage can be further reduced, the elution holes
521x, 522x are preferably arranged in the MD direction 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
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[ 0130] The physical properties of the cation exchange nenbranes
of Exanples 1 to 4 and Conparative Exanple 1 are shown in Table 1,
Note that, the synbol "-" in the table indicates that no
correspondi ng substance is present in Exanples and Conparative
Exanpl es. As shown in Table 1, it was confirned that the cation
exchange nenbrane of each Exanple had a high tensile elongation
retaini ng r &ctiolysds yolaoeotherent o e fultheg reddcerd fQimdiedy,. theoalstipn
[Table 1] R%iees’ 52Fy>,( %EBb%zre plrzé( epeﬁily? grralrz\ggcri iinﬁ) ﬁme 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 to 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 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).
[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, 5624y are arranged in the TD direction so as to 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 in the TD direction so as to satisfy the relationship of expression (8).
[0081]

In the fourth 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 623y, 524y are arranged in the TD direction so as to 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
(9). 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 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
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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
arranged at approximately equal intervals (interval d). By weaving the
sacrifice yarns 62 and the dummy yarns 66 at approximately equal intervals,
no 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 yarns 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, dummy yarn to be used
and producing conditions, etc. Examples 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 polyvinyl 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 to 70 mass %. Furthermore, the sacrifice yarn
has a thickness of from 20 to 50 deniers and preferably formed of a
monofilament or multifilament.

[0092]

The dummy yarn 66 can be woven such that it inserts between
sacrifice yarns 62 and between the reinforcing core material 60 and the
sacrifice yarn 62. Therefore, the intervals of the reinforcing core materials

60 and the sacrifice yarns 62 arranged in the reinforcing material 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 yarn.
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 sacrifice 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, etc. 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
sacrifice yarn are passed through a third bundle. In this case, the
arrangement of a reinforcing yarn, a sacrifice yarn, a sacrifice yarn, a
reinforcing yarn, a sacrifice yarn and a sacrifice yarn in this order can be
repeatedly made. In this manner, the intervals of the sacrifice yarn 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 sulfonyl! 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
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. 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.

[0096]

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 sulfonyl 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 containing 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
functional group and a monomer containing a sulfony! fluoride functional
group both are copolymerized and put in use may be used.

[0097]

In the case where the fourth layer is used as a constitutional element
of the cation exchange membrane, the first layer 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
in accordance with the aforementioned method. Furthermore, the three

layers, i.e., 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).

[0099]

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, etc.

[0100]

The cation exchange membrane according to 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
aqueous 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 chloride solution is supplied to an anode chamber,
whereas water or a diluted aqueous alkali hydroxide solution is supplied to 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 chlorine-resistant titanium are
preferable. As a material for the cathode chamber, e.g., alkali hydroxide
and hydrogen-resistant nickel are preferable. As the arrangement of
electrodes, an appropriate interval may be provided between the cation
exchange membrane and the anode. However if the anode is arranged 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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1.00 1058 352.5 353 1.00 '1.00 41 yarns were
arranged at a rate et 24 ynnislinch at approxi mately equal intervals.
MD yarns were prepared by use of a continuous 3-dent reed as foll ows.
A bundl e of 2 yarns consisting of yarn and PET yarn was passed
through a first reed; a bundle of 2 yarns consistinyarn and PTFE yarn
was passed through a secccc teed; and a bundle of 2 yarns conssting
of pET yar ncanthcPEpeyelentrolysispasset(zehy-gagisysten kieotrolystsivesdsdyngving

t he bundles of yarns in this conbination was repeated in this order
to obtain anpllaéﬁvalmeem\@em CPD hevsrd Withewt apapibl®BET yarn, PVA
yarn, PVA ym{h PVA yarn, PVA yarn and PET yarn were arranged hi this
order repea 35,} and at approximately equal intervals to obtain a
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p.m A cation exchange nenbrane was prepared int manner as in

Exanpl e 1 exoepéntion@l adeexdfihgd] membrané WHeh€ efiontiblex edtasiting

menbrane, in the TD direction, the distance al between the

rei nf or ci ngvaeooes sabstanedssach asentation aracranigeeratwagial Ménpm, t he
nunmber n of elution holes provided between the adjacent reinforcing
core mat eri ssistanse o armtipheledresasasdey arabgingedutiarheoladjsaceryual ut i on
hol es was 443 pm Accordingly, the distance cl was expressed by

1, 29al/ ( n+1jnteras. FiAg agesylheledmlysieveltagd may)presumahly derreasednoten
of the catiﬂ{l e{&%g(an e nmepbrane of Exanple 5, the_onl% t he interval
bet ween rei HIBr CEAYNERREOREREEERL HAPPAKEHdS APbIBHRALS BHEd al , DI,
cl val ues 1éf4rranged. In the MD direction, the distance a2
bet ween t he rlf orcing core materials adjacent to each other was

rei nf or ci ng. cor e ol B ey BnBe G ke 3R B
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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
[0105]

Hereinbelow, the present invention will be more specifically described
by way of Examples. Note that, the present invention is not limited to the
following Examples.

[0106]

[Measurement of distance]
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reinforcing core materials was 2 and the distance cl of the adjacent
el ution holes was 269 urn. Accordingly, the distance el was expressed
by 0.8521/(n+l). As eval uation of nmechanical strength, the
cation exchange nenbrane was fol ded by applyi ng wei ght of 400 g/cnR
so as to allow the surface of the carboxylic acid | ayer side (see
Fig. 1, the carboxylic acid |ayer 144, and "polyner A |ayer described
above) to face | hER dlistaner aretyees dhr eeiaforeibg sace msfteraly adjagtartiéb each
Evarl ¢ 5, | COpraiREAGSiD gb@kﬁbm@te%b?ﬁ%wéﬁ“ CRasC B MIGHR FraTReton
O B o BRI LR e T
[eloigtsrl()l[ }'I_z 'bi‘ﬁoYe% dAEeNas e%ﬂsotfﬁgﬂwepéhﬁ\eagﬁ%ot By fHe" foﬁg\?/m& ,ln@tf,%" s (esee
Figs. 8 and 9).

In the case where the distance in the TD direction was measured, the
cation 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 c 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 times and an average value of the 5 measurement values was
used.

[0107]
[Measurement of folding resistance]

Degree of reduction in strength (folding resistance) by folding the

cation exchange membrane was evaluated by the following method. Note
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that, the folding resistance refers to the ratio of the tensile elongation (tensile
elongation ratio) of the cation exchange membrane after folding relative to
the tensile elongation of the cation exchange membrane before folding.

Tensile elongation was measured by the following method. A sample
of 1 cm in width was cut along the direction having an angle of 45 degrees
against the reinforcing yarn embedded in the cation exchange membrane.
Subsequently, the tensile elongation of the sample was measured in the
conditions: the distance between chucks: 50 mm, a tension rate: 100
mm/minute in accordance with JIS K6732.
[0108]

The cation exchange membrane was folded by the following method.
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 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 exchange 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,
contribution of control of intervals between reinforcing core materials and
elution holes arranged along the TD direction to folding resistance can be
evaluated, whereas in the TD folding, contribution of control of intervals
between reinforcing core materials and elution holes arranged along the MD
direction to folding resistance can be evaluated.

After MD folding and TD folding were separately made, tensile

elongation of the cation exchange membrane was measured to obtain a ratio
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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
titanium 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 kPa than the liquid pressure of the anode side. Thereafter, the
electrolysis voltage required was measured by a voltmeter.

[0111]
[Example 1]

As a reinforcing core material, a monofilament of

polytetrafluoroethylene (PTFE) of 90 deniers (hereinafter referred to as a

"PTFE yarn") was used. As a sacrifice yarn, a yarn of 6-filament
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polyethylene terephthalate (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-filament polyvinyl alcohol (PVA) of 36 deniers twisted at a
rate of 200 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 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. The bundles of yarns in this combination were
sequentially and repeatedly passed through the reed in this order. Asto TD
yarns, PTFE yarn, PET yarn, 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 material from
which the dummy yarn was removed was 81 pm.

[0113]

Next, dry-resin polymer A, which was a copolymer of

tetrafluoroethylene (CF,=CF;) and CF,=CFOCF,CF(CF3)OCF,CF,COOCH;

and had a total ion exchange capacity of 0.85 mg equivalent/g, and a dry-
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resin polymer B, which was a copolymer of CF,=CF, and
CF,=CFOCF,CF(CF3)OCF,CF,SO,F and had a total ion exchange capacity
of 1.05 mg equivalent/g, were prepared. Using polymers A and B, two-
layered film X, which consisted of a polymer A layer of 13 um in thickness
and a polymer B layer of 84 um in thickness, was obtained in accordance
with a coextrusion T-die method. Furthermore, film Y consisting of a
polymer B of 20 um in thickness was obtained by using a single layer T-die
method.

[0114]

Subsequently, release paper, film Y, a reinforcing material and film X
were layered in this order on a drum housing a heat source and a vacuum
source and having micro pores in the surface, and heated under reduced
pressure. At this time, the processing temperature was 219°C and a degree
of pressure reduction was 0.022 MPa. Thereafter, the release paper was
removed to obtain composite film. The obtained composite film was soaked
in an aqueous solution containing 30 mass % of dimethyl sulfoxide (DMSO)
and 15 mass % of potassium hydroxide (KOH) at 90°C for 1 hour to perform
hydrolysis, followed by washing with water and drying. In this manner, the
sacrifice yarn (PET yarn) was dissolved to obtain a membrane body having
elution holes formed therein.

[0115]

Furthermore, to a 5 mass % ethanol solution of an acid-type polymer,
polymer B, zirconium oxide having a primary patrticle size of 1 um was added
up to a faction of 20 mass %, and dispersed to prepare a suspension solution.
The suspension solution was sprayed to both surfaces of the above
composite film by a spray method and dried to form a coating layer (0.5

mg/cm?) on the surfaces of the composite film. In this manner, the cation
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exchange membrane 7 as shown in Fig. 8 was obtained. The cation
exchange membrane 7 of Fig. 8 had a membrane body (not shown) and two
or more reinforcing core materials 70 arranged approximately in parallel
within the membrane body. The membrane body had a structure where two
elution holes 72 were formed between the reinforcing core materials 70
adjacent to each other. In the structure of Example 1, the intervals between
reinforcing core materials having as, b4, ¢c1 and the intervals between
reinforcing core materials having as, b, ¢, repeatedly appear in the TD
direction or in the MD direction. Note that, in other Examples and
Comparative Examples 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 ay, b, c4.

[0116]

In the obtained cation exchange membrane, in the TD direction, the
distance a, between the reinforcing core 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 c, between the adjacent
elution holes was 432 um. According to calculation, distance ¢, was
expressed by 1.17a,/(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 was
2 and the distance c, of the adjacent elution holes was 203 um. According
to calculation, the distance ¢ was expressed by 0.58a4/(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
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As shown Table 2, when &ec.troysis was performed by using the cation
exchange nmenbrane of each Exanple, a was confirned that dectroiysis
veasi ge was reduced conpared to Conparative Exanpie 1. Furthernore,
when an el ecarays;s operation was performed for 7 days, el ectroiysas
coul d be stably performed. 371 From t he above, it was
denonstrated that the cation exchange nenbrane of each Exanple was
excel | ent i aed Hendlistancetae gher adigaentelufioh diokeg, was 628 Asn.a Agsuﬂdjng
it was denonstrated that stable electrolytic perfornmance can be

del i vered fdP Céi%%%ﬂ@nt theedistancRete Wag exEES ¥dt33elatihat, in the

Cat L on exohange e AR B SR X e oo SRS B i S o2
E’g: ? o]; ?nraggg rﬁ%tgﬁ%%%%?%ﬁ:tc\é?a%h o?}'rl]éjr oe%)ifg%l ﬁr%?%heeﬁl?r% &P !‘1 %tf efution holes
provided between the adjacent reinforcing core materials was 2 and the
distance c, of the adjacent elution holes was 296 um. According to
calculation, the distance ¢4 was expressed by 0.89a:/(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 1 except that a yarn (PVA yarn) of 15-filament
polyvinyl alcohol (PVA) of 28 deniers twisted 200 times/m was used as a
dummy yarn.

[0119]
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[0138] (Exanple 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 t hrough a second reed; a bundle of 2 yarns consisting of PET
yarn and PTFE yatmthgegbtpmedamtiohraxahhnge membraneeth the Da diteetion, the
yarns consi sting of PET yarn and PET yarn was passed through a fourth
reed; and adkiadteapbebvapiyine rebviaicitd eryednateralsyadiacamdorRrhyeihar was

dth h jfth d. [ f the bundl f [ hi
Cambi nat § on WERs! PEHE L1F DHTDRT & QSN kel Pamicen BPETSPTBRAYRNL o
TO , PTE rn, PET n. PET. PVA , A PET..
and PET yar 1e G Edhceln Bl i 2 dne Al of MR Adocent Sladd” "
 at el ot . . . .
ranner , & worBlerage RIS rpare g el oty e i e kb Spressed
Subsequent | yy ﬁ_mpazg(#ﬁg??é%qg;bf/@gg; g"elcgﬂgerm}&hgﬁéawas subj ected to

contact bondi ng pe ated to 125t. Thereafter, the

obt ai ned rei nf or ELABeBGR! irtdheVBS gheak&d ihAha dRtaMtcraleoEesOgieum
hydr oxi de sol ution to dissolve a dummy vyarn (PVA yarn) al one and

renove it freinfdrbiagradr@haiterialg it & eadhetidr atkinegsuraf tHeh®umber n
reinforcing material fromwhich the dunmy yarn was renoved was 93 um
The cation ekehdingéaesbrovtedsbativeen tha deijasend reiaforpingmare dnatarialsevas
sanme manner as in Exanple 1 except the above. The cation exchange
menbr ane 8 Ra&nd the digiabrarse obtuyadjacentstiotien hales waw262 pmbr eAccording
reinforcing core materjals 80 arranged approximately in parallel
within the HeRBFHIFEOBUE dislfacaenirasexseesethiy 0% H0Elre where 4

| uti hol f d h einforci ials 80
L on 10 S B RS i AL LRGSO TR
522, 329, SH G B PRSI o SR oty
oLl nod Cop ] ey BORA TR etk BT R O e

1521 Hm the JHiReqistaRbe &) itl%‘aﬁitﬁhgﬁt d@gﬁ&!ﬁ ﬂS%gQ@J?é’"{iﬁG e ﬂgl:&%lﬁg;‘

reinforcing core material s“was 4, ance e'reinforci

core materi g capdiatibg m@idwt%ﬂberstOékd?@&ééd/‘B? 12885, Awand the
di stance ci between the el ution hole and the adjacent elution hole

was 265 um The pitheaviDealicstibat wet@se distantava, eetvéamtHioledsfording Bere

center was 443 pm (see Fig. 9). Furthernore, in the MD
di rection, elaitiias dujdcent weeech otredf B99aquathel mirabgah f beitivedivléhe
reinforcing core materials. [01401 The physical properties of

t he obt ai nefira¥dedhewyasiaihgadiecantapefacHngstwarmaterizibives 2. anskthes
shown in Table 3, it was confirmed that the cation exchange nmenbrane

had a hi gh fistiqecCeheinganitoa adiacsintehgiondtales wan2atonai nd\ccorgiag ¢l

ol cot ol yei SHIGHIR QRoteHOs oL SV REH B H DY RO (eapar ati ve.
Exanpl e 2. Ed)ljzéb:}]

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.

[0121]
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[ Exanpl e 7] First, PTFE yarns were arranged at a rate of 24
yarns/inch at approxinmately equal intervals, MD yarns were prepared
by use of a continuous 5-dent reed as follows. A bundle of 2 yarns
consi sting 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

t hrough a second reed; a bundle of 2 yarns consisting of PET yarn and
PTFE yarn wélsxarapleed] t hrough a third reed; a bundle of 2 yarns

consi sting of PET yarn and PET yarn was passed through a fourth reed,
and a bundl e of DRir§taPd§Ecyvaieb sreragqreangeEatyeraie ohd4pEMS/HCH atas
passed thro%%g afifth reed. Weaving of the bundles of yarns in this
conbi nat i on BRALNBERAY 8aURINtERYRIS or B} YREISOMR'S RIERAMGEPHUSRAIE. As to

yarn P y SPRIMGRR et K wcipputn _%’emi’nvd’i?fvi‘kgv@&rﬁ’ﬂoﬁﬁéﬁhg,lﬁﬁéﬁe
&ESSZF egnyt Rath Bho PR ARG Eh ¥ S oy L AIE oo RebBle o5 Vol
Sub ected 16 RoSibl PET Yin el TEE vafh D8 ElsRaTRIRbhY 485 reed:
Thereaf ter; ahBe b@hdé oF 0 y2BndBbREERMg WPE?%?R%nHrPET%in Na8quaQuey

sodi um hydr oxi de solution to dissolve a dunmy yarn al one and renove

it from thethreugh ertbirogesat eWedvinglbethe utingssf @irnt ve tHie cohbigatih
mat eriai fromwhich the dummy yarn was renoved was 93 jtrn. A cation
exchange nemasappeais iprieiparddr ookt s pteén meaner as tor Eyamy, € T6E
except the above, [0142] In the cation exchange nenbrane, in
t he TD di r ey@irodr VA yerrdiFtAmee, £ beyawe B Thgame PMAoyainmand BVA yarn
materi al s adj acent to each other was 1523 p, rn, the nunber n of
el uti on hol ¥&rgaFanded ibEiIneertIrecaEdhcard at aPRfaxBAtRy eeval intervals
material s W?S 4, .the distance of. the reinforci Qfg core material and
nto gp R

the adj ace T BRIHBINEANEs JBANIRIMARGIRS 8 NEOVENSPRHAE &&4TOBFING he

2" bet weon [THASTab VB G SEHor SyBsrStalbe B Bhtetin Susrone fudetel o,
9). F ' ' ' | uti haol f d
2t equal i nlBPVAPIBHIE o Rt CRLEVRbERLEReddhed fallueido aTts ™
Co ti : : i . d
havi na. ol ut o aesa e e intoreid (R ERECRR (TR Sty Reatli?
direction angaictideoilfRdiiid RLbRE a &ﬁm?%@lzrﬂf(m Sl Ache B @hdiAbue &

nonofi | arnent poi ytetrafl uoroethyl ene ) of 90 déniers

yarn) was ufeeh thBsretnfsRmid frist€rialar TheGhickasensf wiel neairbdirtNMaterial from
terephthal ate (PET) of 40 deniers twisted at a rate of 200 twi stsim

(PET yarn) wagchusedurb®y44ln was remavadd, wiS BE (war nd owiod eédchanged at a
rate of 16 yarns/inch at equal intervals. As to MD yarn, PTFE yarn,
PET yarn, PHEEMNRIiane VRETpepaned itdtHeEamea nnawearesanrzeyeplei hexdepd toe der
repeatedly to obtain a plain weave. Also as to TO yarn, PTFE yarn,
PET yarn, PEWO‘{/%W n, PET yarn and PET yarn were arranged repeatedly to
obtain a pl @Jwave t her eby produci ng a woven fabric (reinforcing
material). ] gquently, the obtained reinforcing naterial was

Cont ol ed 9o aarHBeRRANE LA BRASCEaRTS BTIhHANE, BaatP SeRnpde
distance a| between the reinforcing core materials adjacent to each other
was 1119 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 255 um. According to calculation, the distance ¢, was expressed

by 0.68a4/(n+1) (see Fig. 8, the same hereinafter).
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menbrane was obtained in the same manner as in Exanple 6 except the
above. [0145] In the cation exchange nmenbrane, in the TO
direction, the distance a between the reinforcing core nmaterials

adj acent to each other was 1517 the nunber n of elution holes

provi ded between the adjacent reinforcing core materials was 4, the
di stance b between the reinforcing core material and the adjacent

el uti on hol e wasFguBepnergnin theeMBh ditention, the distanserastiedwetnthen hol e
and the adjacent elution hole was 303 ! Am The di stance 02 between the
two el uti on rfipfesingtcaraanaterialsradipeerd da epch othgrawes F240 o), the number n

ntervals. bof SUERMTIRSS BiodbaiyeEe be R TeMorgRo gefe materiafngss
P Compar a8 EESiEtS 2 AR e BB PP e PR A A Ragpding
in Exanpl e §, thcluiattio ; ec@gf(ainﬁg%d v&é&aé?rgg?é%?g% go'h%p{inéﬁ‘ je menbr ane

had a high tensile elongation retaining rate er Tolding.

Furthermore, as \eréfdMin the B! @redtiol @cﬁéiﬁ%é%ﬂ%ﬁeéﬁﬁwéﬁ‘émﬁr&ﬁg
nb Exanple, 1t was

by using the cation exchange menbrane of eac

confirmned thkate ﬁia@@ﬁdl@bgﬁcénvw EaGeoN@S WRMBLANC AP ALSBef A of elution
Conparative Exanple 2. Furthernore, when an electrolysis operation

was per f or mhdldsarroviddaystwekr the abijpseat camfobeng cakd phapeidlowmd? and
[0147] [Table 3] Reinforcing yarn Sacrifice yarn
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 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 yarns in this combination
was repeated in this order to obtain a plain weave. As to TD yarns, PTFE
yarn, PET yarn and PET yarn were arranged at approximately equal interval

sequentially in this order repeatedly to obtain a plain weave. In this manner,
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Material Denier Filanent Material Conparat:ve xanmple 2 PT FE 90
nmono PET  Dummy Thi ckness 111.(1/1 (Tensile retalion Fabling
rssistance(% Electrolysis yarn TD di

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 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 a4 between the reinforcing core materials adjacent to each other
was 1092 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 364 um. According to calculation, 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 c, was expressed by 1.30a2/(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 930 um, the number n of elution holes
provided between the adjacent reinforcing core materials was 2 and the
distance c, between the adjacent elution holes was 253 pm. According to
calculation, the distance c4 was expressed by 0.82a4/(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 asto 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 roli heated and controlled so as
to have a thickness of 86 um. The cation exchange membrane was
obtained in the same manner as in Example 1 except the above.

[0129]

In the cation exchange membrane, in the TD direction, the distance a;
between the reinforcing core materials adjacent to each other was 1058 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 353 um.
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According to calculation, the distance ¢y was expressed by 1.00a4/(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 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 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]
Bampe1 | Bampe2 | Bampeld | Bamped | Comparaive
. Example 1
Reinforcing Matt_erial PTFE | PTFE | PTFE | PTFE PTFE
yarn 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 | Filament 6 6 6 6 6
Twisting 200 200 200 | 200 200
|times | l .
| Material PVA PVA PvA | - | -
Denier 36 28 6 | - -
Dummy yarn | Filament 15 15 15 - - N
| Twisting 200 200 200 - -
| times i I
Thickness of reinforcing material 81 84 85 76 86
(um) §
n 2 2 | 2 2 2
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44 3.26 40 6 200 EVA 36 15 200 93 4 1523 264 361 245 1.2 0.8 44

a; 1056 | 1091 | 1119 | 1092 1058
by 4265 | 4195 | 432 | 364 352.5
¢t | 203 | 252 | 255 | 364 353
T1 | boGadd(n+ | 121 | 1.15 | 1.16 | 1.00 1.00
1))
Yam ci/(ad(n+ | 058 | 069 | 068 | 1.00 1.00
interval 1))
(T ecko) a 1112 | 1005 | - - -
bs 340 | 316 - ; -
T2 co 432 | 373 _ - :
Cl(@d(n+ | 117 | 1.11 ; i :
1))
a 998 | 999 | 985 | 930 1058
by 351 | 366.5 | 331 | 3385 352.5
c 206 | 266 | 323 | 253 353
M1 | bi(a/(n+ | 1.06 | 1.10 | 1.01 | 1.09 1.00
1)
, Jail cil(ad/(in+ | 0.89 | 0.80 | 0.98 | 0.82 1.00
interval 1)
D deochar) as 1192 | 1199 | 1229 | 1178 -
ba 332 | 3495 | 330 | 3345 :
M2 C 528 | 500 | 569 | 509 -
col(@d(n+ | 1.33 | 125 | 1.39 | 1.30 :
1))
Folding resistance MD 63 51 58 42 41
(%) (Tensile Folding
elongation TD
rtentionrate (%)) | 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 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 yarns in this combination
was repeated in this order to obtain a plain weave. As to TD yarns, PTFE
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r Fromthe above, it was denonstrated that the c.xchange nmenbrane of
each Exanple was exceilent in nmechanical strength against folding,
etc. As aresult, it was denonstrated that el ectrolytic performance
could be stably delivered for a long tinme. Furthernore, it was
denonstrated that in the case where the cation exchange nmenbrane of

each Exanpi gamwa$ BB edin, €\GC Y01, Y3146 yN0l, Pageysou Ry A eamresiue PETCpampar ed

to the case where the caton exchange nenbrane havi ng the reinforcing

core mat eri alese whangedlinthisordel repeniddy aod aedpptoxeqataly enuarivkrsals
and that e.xceilent electrolytic performance could be delivered.

[ 0149] [ ExafppPetad) 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 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.

[0133]

In the cation exchange membrane, in the TD direction, the distance a;
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 ¢ between the adjacent elution holes was
448 um. Accordingly, the distance ¢ was expressed by 1.29a4/(n+1) (see
Fig. 8, the same hereinafter). In the 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 adjacent to each other was 1151 um, the number n of elution holes
provided between the adjacent reinforcing core materials was 2 and the
distance c; between the adjacent elution holes was 478 um. Accordingly,
the distance c; was expressed by 1.25a,/(n+1). In the MD direction, the

distance a1 between the reinforcing core materials adjacent to each other

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

64



First, PTFE yarns were arranged at a rate of 24 yans/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 t hr ougihfacingi aade nesdriala vbamdladdhe 2listancs c¢ ohihiesddjace rtfeldn
yarn and PET yarn was passed through a fourth reed; and a bundle of 2
yarns consi swigsgwas 2BETinyar AceordirRiyT thadistaece pagaséxprassadibya fifth
reed. Weaving of the bundles of yarns in this conbination was

repeat ed i nG39a/BFrder to obtain a pl ain weave. As to TO yarns, PTFE

Varn and PVA yar RWPLAAPP gt b st eBaeing Goial st R Rmbrane
[ | | .0, obt ai i - '

mener o l&&(ﬁsﬁfﬁ@mv{:‘%ﬁ%ﬁaﬁv&é'@rﬁaﬁ‘ AT afrh) 2 LSRG hdhitate of e

oo DonSPHISSI ASRBEE, SELTL i TR LB AT 10,

' el nfor i ng g ik A laYes RARIELd %B?ge\)gto]fa% HEHROHAd REpHIBNC (I de

solution to diSsolve unmy yarn yarn) alone and renove It from
the reinfor ebsgnc@besigal pinddie foihatkdtewas ObsbRRd! ilRtifs BbihdBESdR!
fromwhich the dunmmy yarn was renpoved was 95 pm A cation exchange
menbrane wagxphiamngy ednbrahb ef Sxaen plasn trmasionrofExpinhble dy idiagtwddgot
above. [01 60j In the obtained cati on exchange nenbrane, in the
TO di rect i oppntitmeedli st ance a between the reinforcing core materials
adj acent to each other was 1559 pm the nunber n of elution holes
provi ded bef@k¥ the adjacent reinforcing core materials was 4, the

distance b of the reinforcing core material and the adjacent elution
hol e was 463 pm BhExamelegi kioahaadGorppataive Examplen . IRg@rolyids was

adj acent el uti,on hole was 6 jot). The distance G2 hetween the two
it s on hol BEMBImERGY liRrafinaababer fafpd XCRATEe SEHTENSENT Bxanpl e
9] Fi.rs PTFE yarns_were arranged at rate of 24 [ nch

at appr oxi r’rﬁ[eé’\lh‘;?lygauﬁquq%‘g?%g?es?suﬁ&ygﬁﬁ% r%%ﬁtg %ﬁég&?’v@dmbﬁaarﬂég'of a
cont i nuous Ej@gt reed as follows. A bundle of 2 yarns consisting of
PTFE yarn ahd PET yarn was passed through a first reed; a bundle of 2
yarns consi g{émgz(])f PET yarn and PET yarn was passed through a second
reed; a bu 2 yarns consisting of PET yarn and RIFE yarn was
passed t hrough a thirdEewE | : dxempiz y dp@epso ndoetripiey | dlonpamtve
yarn and PET yarn was pa$sed|thrdugh|a fdurth reéd; and & bundbBeangfe
yarns consi sEedmlye PET39arn| angl2BET| yas.31was p&gFed|thggogh|a f34sh
reed. \Weavi ngoligfie phe| bundl es|of yarns in this conbination 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, Eﬁ% arn, PVA yarn, PVA yarn, PET yarn, PET yarn, PVA
yarn, PVAy nd PET yarn were arranged in this order repeatedly

i P R T
Subsealont| ey d e Ao PARLON OB SGIL o yiRScHIEge (0 |

rei nfor ci ngepRiBlisAl yiRSeS0aK ek i da da Qo N cAqHaoMs pa pdiNE DydsiRX de

solution to dissolve a dunmmy yarn (PVA yarn) alone and renove it from
the reinf or ELRBemBb R, Walen dhelcchibRkressedtioh s edideiad rg Medey i al
fromwhi ch the dunmmy yarn was renoved was 92 pm The cation exchange
menbr ane wasleptrefyarsecbula behgalsianmerivameer as in Exanple 1 except the
above. [0152] hi the obtained cation exchange nenbrane, in the
TD directio®13he di stance a between the reinforcing core naterials
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The physical properties of the cation exchange nenbranes of Exanpl es

8 and 9 are shown in Table 4, Note that, the synbol "-" in the table
i ndi cates that no correspondi ng substance was present in the Exanples
and Conparative Exanples. 10154] [ Table 4] Thi ckness of

Twisting (p.rl) 'Denier Filanment reinforcing times material A 36 15
20095 From the above, it was demonstrated that the cation exchange
membrane of each Example was excellent in mechanical strength against
folding, etc. As a result, it was demonstrated that stable electrolytic
performance can be delivered for a long time. It was further demonstrated
that, in the cation exchange membrane of each Example, electrolysis voltage
can be reduced compared to the cation exchange membrane where elution
holes were formed at equal intervals, and excellent electrolytic performance
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 bundie 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
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 obtained reinforcing material was

soaked in a 0.1 N aqueous sodium hydroxide solution to 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, c, 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 c;
between the elution hole and the adjacent elution hole was 265 um. The
distance c, between the two elution holes at the center was 443 um (see Fig.
9).

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

[0140]

The physical properties of the obtained cation exchange membrane
are shown in Table 3. As is shown in Table 3, it was confirmed that the
cation exchange membrane had a high tensile elongation retaining rate in

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

[0141]

[Example 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. 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, PVA yarn, PVA yarn, 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 soaked in a 0.1 N aqueous sodium hydroxide solution to
dissolve a dummy 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. 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 to 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 c4 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 yarn, PET yarn, PET yarn and
PET yarn were arranged in this order repeatedly to obtain a plain weave.
Also as to TD yarn, PTFE yarn, PET yarn, PET yarn, PET yarn and PET yarn
were arranged repeatedly to obtain a plain weave thereby producing a woven
fabric (reinforcing materiaf). Subsequently, the obtained reinforcing material
was subjected to contact bonding performed by a roll heated to 125°C and

controlled so as to have a thickness of 85 um. A cation exchange
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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 ¢4 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 6, 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 Comparative Example 2.
Furthermore, when an electrolysis operation was performed for 7 days,

electrolysis can be stably performed.

[0147]
[Table 3]

[ | Example 6 | Example7 | Comparative

~Example 2
Reinforcin Material PTFE PTFE PTFE
a2 [ Denier ] 90 90 90

o y Filament ~mono mono mono

Sacrifice yarn | Material PET PET PET
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[0148]

From the above, it was demonstrated that the cation exchange

membrane of each Example was excellent in mechanical strength against

folding, etc.

could be stably delivered for a long time.

As a result, it was demonstrated that electrolytic performance

Furthermore, it was demonstrated

that in the case where the cation exchange membrane of each Example was

used, electrolysis voltage could be reduced compared to the case where the

cation exchange membrane having the reinforcing core materials where

elution holes were formed at equal intervals, and that excellent electrolytic

performance could be delivered.

[0149]
[Example 8]
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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 | ayer, 146, 148,..Coating layer, A ., Electrolysis
vessel , Al AnodeFird€ PTFRRyhodevere. arraiiedeats dee of 04.yaatdivde =i de,
X...MD direction, .10 direction CLAIM
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 bundies of
yarns in this combination was repeated in this order to 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 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 95 um. A cation exchange membrane was prepared
in the same manner as in Example 1 except the above.
[0150]
In the obtained cation exchange membrane, in the TD direction, the
distance a between the reinforcing core materials adjacent to each other was
1559 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 463 um and the distance ¢, of the
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What is clained is: 1A cation exchange nenbrane at |east conprising:
a menbrane body containing a fluorine-based pol yner having an ion
exchange group; and two or nore reinforcing core nmaterias
arranged approxinmately in parallel within the nmenbrane body.

wherein the nmenbrane body is provided with two or nore elution holes
formed between the reinforcing core materials adjacent to each other,

and astutisinreolé batl the dididcane elutiehwesd wake2 0eeiumf oMmtiengsteeice c,

mat eri al s adj acent to each other is represented by a, a distance

bet ween t he bebvedrotie g elatien matesr atdhe cantertivies €8Diuno(sdeofFigs 9adj acent
to each other is represented by b, a distance between the el ution

bol es adj acéhtStlo each other is represented by c, and the number of
the elution gol es fsﬁrmed between the reinforcing core naterials

adj acent tol PtHer is represented by n, then a, b, ¢, and n

salistying Lhe 1 plal SN B LopLEStl ol bY § DS Ll S Agh RyeL ess! on

L) AR BRI, D B (Y h BT B sBr 2

FONNN e, coRtifudlis 5-dent redd as follows:  AOBurdi#%r 2 yfnd@bh8ittdg 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
yarn, PET yarn, PTFE yarn, PET yarn, PVA yarn, PVA yarn, 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 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 92 um. The cation exchange membrane was
prepared in the same manner as in Example 1 except the above.

[0152]
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The cation exchange nenbrane according to claiml or 2, wherein a, b,
and n further satisfy the relationship represented by the follow ng
expression (4). a/(ti) c bl.8a/(n+l).,. (4) 4. The cation
exchange nmenbrane according to claim1 or 3, wherein a, ¢, and n
further satisfy the relationship represented by the foll ow ng
expression (5). 1 .1 ai(ri it 1) si cis 0.8a... (5) 5. The

cation exchange hrethierashiiginadaeitidhrgchang@ynamieraele, ¢ tierTED ldirecfion, the
wherein a first interval between the reinforcing core materials

i n whi ch a. distange ahetwesathesfenfoheng ebet mahaialp adpreatEneé@ch biheriveas
expression (1). and a second interval between the reinforcing
core mat eri dir43ipmihedtunaber) otelutinad helasapriogided: tetweehdbé adisrient
represented by the expression (2) are alternately present. o, The
cation exch&IgErapg-aoranwtadalsiand he dstanae b, beiweesithe reinforcing ¢afe
first interval, betwe t he reinforci core terials; a;.b, c; and n
further sat mﬂrt9"?'rﬂé‘f@\%(ﬁ%?%ﬁi%%ﬂ%ﬁ&sm %Q?W ?HQ%%&W%W
expressi on and,.t he t.oilow n xpression (4 and int
cebond i nt: PEMESD I Eulh hak A MPRARGe Rl bidn B wps 47 g, ' dReang
n further satd h i.atil e 1AM N :
expr €5si On ?J%térfl%e ézz%tglr\%eﬂcthg_rf@a) ﬁ{llﬁlﬁ% ﬁ&gg%g)ﬂpé/ cEhr W' 29M N (see Fig.
9).

Furthermore, in the case where the distance a between the reinforcing
core materials adjacent to each other was 1387 um, 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).

[0153]

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]
L - | Example8 | Example Q—W
: . Material PTFE PTFE
Reinforcing Denier i 90 90
yam Filament mono mono 5
Material PET PET
Sacrifice yarn Denier =t .
Filament 6 6
Twisting times 200 200
Dummy yarn | Material o ~ PVA | PVA
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at(n+l) < bl a/(n+l)...

(4) 1.130+1) c - 0.8a (5) 7. The

cation exchange nenbrane according to claim5 or 6, wherein the first

i nterval
rel ati onshi

second i nterval

rel ati onshi
alternately
The cati on

wherein the first

p-represente

between the reinforcing core materials satisfying the

p represented by the foll ow ng expression (6) and the
between the reinforcing core nmaterials satisfying the
h\/ the follow ng-expr ession (7\ are

present. n=pDeBies 213 (6) n=2, 38 as3 .| (7) 36
exchange menbrriégmeeaiccor di ng tlo any dfe of cairns 95to 7,
i nt er vawishiegwesss t he riei nf or2lhg corje nat e20@&l s

8

sati sfying

(8) and the second int er ,’:H bet ween the

t ha@hickhats onedinforcingmesteriaied by thegbol | owi hg expilgessi on
reinforcing core materiais

sati sfyingthe retati onerp represent ed by the foltowing expr@s*si—(m—
(9) are al ternately present. n=2,,0,2af3 ¢ < q : 8) n= Tal-3
5.; ¢ 0.8_/(9) 9. *Fhef—aonn exchan-g-e accort
wherein a, |b, ¢, and n|sat i . "by the
above expression (1) of J{1h abové1expr eslsi on (286 are at east4ff esent |
ina M ttret,)ficsn and ip a IDcdirectijon of 18 Gabon exchd®me |
menbr ane. 10. The catiof(adetiange nmenbiCaB@® accor di ng 1.85cl ai m
6, wherein|tygfihtstbal Nteryval cheymean the rei mfsgcing core maygrials
sati stying|t9p girection) A . 1387 |
B - 228
C1 - 462
- o : 218 |
cq/(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
performance can be delivered for a long time.

[0156]

This application is based on Japanese Patent Application No. 2009-
245869 which was filed with Japan Patent Office on October 26, 2009, which
is hereby incorporated by reference herein.

Industrial Applicability
[0157]

73



rel ati onships 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 nmenbrane. 11. A nethod for producing the cation exchange
menbr ane, conprising the steps of: weavi ng two or nore

reinforcing cor eThéfcefibﬁleichmgfeaﬁférﬁtbr@ﬁemme plsebl vieRtiam cagik or an
al kali, and a dunmy yarn soluble in a predeterm ned solvent in which

t he rei nf or sunablg arsed rasttbeicaltion @xdhahge ssenbrianedoyalkali @hridesol ubl e,
to obtain a reinforcing material having the sacrifice yarn and the
dunmy yarn &haciiolsds, isée.ween the reinforcing core nmaterial s adjacent
to each ot her; soaking the reinforcing material in the
predet erm ned sol vent to renove the dunmy yarn fromthe reinforcing
mat eri al ; stacking. the reinforcing material from which the
dummy yarn RERERGS %ﬁ]g's fl uori ne-based pol ymer having an
ion-exchangﬁqgﬁup or an ion-exchange group precursor which can be
converted i he i on-exchange group by hydrolysis, to forma

menbr ane boqyz’hg,vjl,rg_bgﬁ%ﬁ g%géén)ﬁgg ﬁ%"iﬁw’%’%i al; and soaki ng the

sacrifice yatn' 1'n'an acl 0 renove the sacrifice yarn

from the megbradgihGHY matgaePy formng an elution hole in the
menbr ane body. ’ An el ectrolysis vessel at |east

ccor ding o aag g of ol e o D e el nee The angds
and t he cat 508g.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,

A1...Anode,

A2...Cathode,

a...Anode side,

B...Cathode side,

X...MD direction,

Y...TD direction
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CLAIMS

What is claimed is;

. A cation exchange membrane at least comprising:

a membrane body containing a fluorine-based polymer having an ion-
exchange group; and

two or more reinforcing core materials arranged approximately in
parallel within the membrane body,

wherein the membrane body is provided with two or more elution holes
formed between the reinforcing core materials adjacent to each other, and

assuming that a 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 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 > al/(n+1)... (2)

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

0.2a/(n+1) < ¢ <0.9a/(n+1)... (3)
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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 cation exchange membrane according to claim 1 or 3,
wherein a, c, and n further satisfy the relationship represented by the
following expression (5).

1.1al(n+1) <c < 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, c,
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

alternately present.

6. The cation exchange membrane according to claim 5,
wherein

in the first interval between the reinforcing core materials, a, b, ¢, and n
further satisfy the relationships represented by the following expression (3)
and the following expression (4), and

in the second interval between the reinforcing core materials, a, b, c,
and n further satisfy the relationship represented by the following expression
(5).

0.2a/(n+1) < c <0.9a/(n+1)... (3)
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al(n+1) < b < 1.8a/(n+1)... (4)
1.1al(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 (6) 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,c>ald... (7)

8. The cation exchange membrane according to any one of
claims 5 to 7, 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 (9) are alternately
present.

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

n=2,1.1a/3<¢c<0.8... (9)

9. The cation exchange membrane according to claim 1,
wherein a, b, ¢, and n satisfying 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 membrane.

10. The cation exchange membrane according to claim 6,

wherein the first interval between the reinforcing core materials satisfying the
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relationships 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 materials 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 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.
12. An electrolysis vessel at least comprising: an anode; a

cathode; and the cation exchange membrane according to any one of claims

1 to 10 arranged between the anode and the cathode.
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