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W2759 47, 53/8 1 DESCRIPTION CATI ON- EXCHANGE

FLUORI NATED MEMBRANE FOR ELECTRCOLYSI S AND PROCESS FOR
PRODUCI NG THE SAME TECHNI CAL FI ELD [ 0001] The present
invention relates to a cation- exchange nenbrane for

el ectrolysis, and nore 5 spefifically to a

cati on-exchange nenbrane for~ electrolysis, which is
used for electrolyzing ﬁESCQEF@?Hﬁ sol ution of an

al kali chloride, shows a stable "electrolysis

per f or Magae 1N e cIRiNYERIsR VAR T M TeS MEMERRNER| FOR
properties and nechani cal strength, and 10 can i nprove
qual ity by redsgimgROTYWIY 79 eRUEESH IBOR i n an

al kal i hydroxi de produced through an ion exchange,
and relates to a preREDYJING IHHIBAME) t he sane.
BACKGROUND ART 15 [0002] Since a fluorine-containing
i on- exchange nenbrane has a superior heat resistance
and chem cal resistance, it is enployed in various
applications such as an ion-exchange nenbrane for

el ectrolysis used in 20 producing chlorine and an
aI?%?ﬂNﬁéﬂPOQIEEDby el ectrolyzing an alkali chloride,

an?ogoP?rrierrA 2

The present invention relates to a cation-
exchange membrane for electrolysis, and more
specifically to a cation-exchange membrane for

electrolysis, which is used for electrolyzing an

aqueous solution of an alkali chloride, shows a stable

electrolysis performance while maintaining

electrochemical properties and mechanical strength, and

can improve quality by reducing impurities especially
in an alkali hydroxide produced through an ion
exchange, and relates to a process for preoducing the

sSane.

BACKGROUND ART
[0002]
Since a fluorine-containing ion-exchange

membrane has a superior heat resistance and chemical

resistance, it is employed in variocus applications such

as an ion-exchange membrane for electrclysis used in
producing chlorine and an alkali hydroxide by

electrolyzing an alkali chloride, and a barrier

W2759
53/8



menbrane for electrolysis including ozone generation,
a fuel cell, water electrolysis and hydrochloric acid
el ectrolysis, and its new usage is further expandi ng.
[0003] 5 Anpong these applications; the ion-exchange
menbr ane net hod has recently,been the nost popul ar
process for producing chlori%e and an al kali hydroxi de

P ‘o orine ai al i
néﬁ%gSELﬁg féfngléetégkgéasC95eﬁhaﬁnﬁr§§ohggg§é%Qa%a%ﬁ, a

ane used here s required not o to a hig

10sueureent, efhtebentyct ko sl echnal nghigovahbage. aznd
an adequate nenbrane strength to prevent damages

dugsiegcrbapdi sngags etechen! Mshge bt faksBetroekpdngng.
the concentration of inpurities, especially alkal
ch{opdses contained in an al kali hydroxide to be 15
produced. In order to satisfy such requirenents,
S5vari ous propasahg hheesebepplimdéiohs,i $hai dehyekpbange
that the mainstreamtoday is a quorine-containin%
i onemexrehangethedbhaserfaaenhgyabaant theapessdpopular
structure _which includes a |ayer containing._a )
f 1 REPFRBS cHAY aPRPAYCEDIr 6BLATRAGI AGdadBarbsRYE RYSErFide
group with a high electric,resistance b a,hi gh
by Rt eeTroLvafEy, Sana.kaliagbiotoHeai nihg onosxchange
fluorine-contai,njng resin_having a . sulfoni i .
oS ReRYEFec S| BerBl e Ror Bt dr ko B8R @ nion
10be&@ﬂrgﬁgf%kfig§%L8g94lganeng£E5995F§|VBQHQ eVahhQUan
p S ma 0 e

roposa ave ee et ower ectric resistance

by, 4056 €881 RembLHBRe VBE BERGPRT 8Bt peEyv@ntEAlNERBs during
| owering electric 3 resiStance gy i ncreasing the
| ORaRALNRGOSrCaPaELLY¥19Ei8, but alsc to reduce the
concentration of impurities, especially alkali
chlorides contained in an alkali hydroxide to be
15 produced. 1In order to satisfy such requirements,
various proposals have been made. It is widely known
that the mainstream today is a fluorine-containing ion-
exchange membrane having a multi-layered structure
which includes a layer containing a fluorine-containing
20 resin having a carboxylic acid group with a high
electric resistance but a high current efficiency, and
a layer containing a fluorine-containing resin having a
sulfonic acid group with a low electric resistance,
because of being useful.
25 [0004]
In addition, although variocus proposals have

been made to lower electric resistance by increasing

the water content of a membrane, lowering electric
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| ayer containing a carboxylic acid group causes a
problemthat current efficiency is |lowered, and at the
same time, inpurities in an al kali hydroxi de increase.
5 Lowering electric resistance by increasing the ion-
exchange capacity of the Iay$r containing a sulfonic
acid group causes a problemtThat the inpurities in an

al xjges dyged; hRc a £
o £6b Lo PR o Des Dhgchgdy Ak sspangeabipacyey or

decg §e§ené91ﬁﬁﬁ?n£|&arB§x?§i@nthBC§BBﬁbSc&u@@é 3
di scl ose, a reduction in electrolysis voltage and

| nprSvEsRNthoat oerbeAbteestiepghbyaie abwerptiedahy at the
i ncreasing the nunber of layers in the nenbrane and
spemné yibge | hempatetiesnipnénobliath hzgeoxidewenergase.
15 in that case, if the water content of the |ayer

f dedwering ¢hechnbderssdetanceobyhighreastngnkhet hen-
strength of the nenbrane decreases, but also the
cdﬁ%@%@?%@l@ﬁp@ﬁltYnﬁGthﬁe%aEQﬁtﬁPHEélphnalRaﬁPlfonlc
hydrOX|de to be produced  increases, 00051 . On the

ot #etd haFeuP 282 paeent Eseeﬁ%mttéatdF§e|a BUriféps in an

| ot BREE RRRTRETOngER BF PRECHERS: AHGYBpoCanbaRd: Rgsdes:
POLoMe SHOSLEALE LR BOLRL BHBYER.! ABhieKaBLfRdeCkEdRes .

contarnin

polytetfaf'ugé&@ﬁéxgenss(EEE t'BBeEDBﬁtQEﬁbaaaez

Furt her nor e d as 1 n Pafent cument 4 has been
di $£L0888e, WRi £8418PEOMESNnt BEeEt FBNGENSOL ol BBgE and

menbr ane by projecting the shape of the woven fabric

madep £ & PsmETEEe BrméfBrah&est evngeht Becanedempied. by
increasing the number of layers in the membrane and
specifying the water content of each layer. However,
in that case, if the water content of the layer facing
to the anode side is too high, not only the strength of
the membrane decreases, but also the concentration of
impurities contained in alkali hydroxide to be produced
increases.
[0005]

On the other hand, as Patent Document 3
discloses, for instance, a method is also widely known
which improves the strength of the membrane by
embedding a porous substrate formed of a woven fabric
made from a fluorine-containing polymer such as
polytetrafluocroethylene (PTFE) into the membrane.

Furthermore, a method as in Patent Document 4

has been disclosed, which improves the strength of the



A

However, the nethod fornms a section surrounded by the
projecting parts of the woven fabric pattern, which 5
reduces an anmount of an aqueous sol ution of an al kal
chloride to be supplied into the anode surface of the
menbr ane, though dependi ng o? the electrolysis
condition or the structure of an electrolysis cel

aﬂQembP&ﬁéaﬁﬁspﬁajéﬁPyﬂg Phel BREPE! beSthB aevehk@bbrla
hydr oxi de to” be produce For this reason, the quality

ofmide Btkal brhydeexiHe tarsotoherat ahl haede £3AG6]
Several nethods for inproving the shape of the

suHdaceepf eheenbthog forms ansdetsbdesarechbded by the
di scl osed so as to reduce the anmount of oxygen in
chhooieet pngdueetsi oft heeanwodensifdbrdar pagtern, which
el ectrol ysis. Patent Docunent 5 discloses a nethod of
5f oredlngea ghoaweuby ©fadsfafrepyst Relvkiape ef ARealkali

press roll having p rotrudlng parts to the nenbrane,
angbor pde ek PBcEWRRt i8ddiBsEPoLES anﬁéﬁhéaréﬁCﬁopﬁnﬁge

roove by enbedding a woven fapric he .surface
ofmgmh@aa%an%ﬂgganaegeaﬁﬁﬂg PP B Pﬁﬁ%&@ YSife i on-

CXSARARe. JETBEo0ES, SPLRLDR YL RES R RERRNSLEOR conn, ana
PO QUise 2563105 ERERSUBS! SALILELLY LN AN phggayse the

or ous

1opfﬁ%%96£§aé'¥o Sgbﬁggagcéa th?ogeﬁﬁﬁ§n§e5§oﬁusmﬁ@ dRality

e reverse side of the surface of the menbrane

ha&fnﬁhéh§lE£PQV§ 8rokoagedahhetens, sthbehikedads to
the | owering of ﬁ strength of the nenbrane. An

i opperehange nenbrane receives stresses from al
directions during
Several methods for improving the shape of
the surface of a membrane in an anode side are
15 disclosed so as to reduce the amount of oxygen in
chlorine produced in the anode side during
electrolysis. Patent Document 5 discloses a method of
forming a groove by transferring the shape of the press
roll having protruding parts to the membréne, and
20 Patent Document 6 discloses a method of forming a
groove by embedding a woven fabric intc the surface of
the membrane and peeling it off. However, the ion-
exchange membranes cobtained by these production methods
has to make the thickness of the resin on the porous
25 substrate substantially thinner, because the porous
substrate made from PTFE or the like preliminarily

embedded in the membrane is pushed up to the reverse

side of the surface of the membrane having the groove
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el ectrolysis, so that the ion-exchange nenbranes 5
obt ai ned by those production nethods show
significantly reduced strength against the stress in
the direction different fromthe direction of the
porous substrate mnmade fromthe PTFE or the |ike, for
i nstance, the stress in 45-degree direction to the

pof &UPﬁé£é§ﬁ +Riand égaéeﬂHeEhhy18@899hgpb%Vkﬂ% a

sta e el éctrolySis per or nance over I'ong “peri od of

Ui SBrefiyth NGE TORE, mehBB2haN- ezs;ﬁhaeaees@ﬁ*ah@ee&embrane
obt ai ned by those nethods do not sufficiently inprove

t hee€apasst yr péssePpEyoingal hediagueasassaltingn of the
al kali chloride into a space 15 between an anode and

t helsttfatesDé, t he trabr ahe, iandexahanydi nghipraaesot
reduce the anount of inpurities in the alkal

hyelr bxinedt by behpsedpreduct 0007hePhbdat sbowussgnificantly
JP-A-63-113029 20 Patent Docunent 2: JP-A-63-8425
PafedecedceheproBh gpapneB- phesskrepst ént thecdisrction
JP- A- 04- 308096 Pat ent Docunent 5: JP-A-60-39184
Pd@%ﬁfeE%%Enﬁﬁ?mGthFQAFGGtQ?QGGé $5epPREPBBURBPEETRE

Eggggglg»%$¢g f g%&§|$gh§g%oiﬁﬁs C%E?a#ﬁé ngg?gghe
B R R EREER BT S
S o AN o0 RROE SRS el 810U B cREpR i
performance over a long perlod of time. Furthermore,
the ion-exchange membranes obtained by those methods do
not sufficiently improve the capacity of supplying the
aqueous solution of the alkali chloride intoc a space
between an anode and the surface of the membrane, and
accordingly cannot reduce the amount of impurities in
the alkali hydroxide to be produced.
[0007]
Patent Document 1: JP-A-63-113029
Patent Document 2: JP-A-63-8425
Patent Document 3: JP-A-03-217427
Patent Document 4: JP-A-04-308096
Patent Document 5: JP-A-60-39184

Patent Document 6: JP-A-06-279600

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention
[0008]
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hydr oxi de product is required. Accordingly, such a
cati on-exchange nenbrane for el ectrolysis has been
desperately desired as to be able to reduce the
concentration of inpurities in the alkali hydroxide to
10 be produced. The present %nvention relates to an

i on- exchange nenbrane for electrolysis, which is used

for e'ectrotfzaﬂgaﬁﬁaﬁgusga§o§95etbeﬁta&nanaahgébe
chl oride, shows a stab ectrolysis performance

whih&ud® SRl ﬁh?uﬁiﬁﬂeéDeeﬁb@@iém&‘?eahCatL_kﬂﬂ.QpehtL_bQide,
and nechanic strength over a long period of tine,

Cathei 8DkaYE hheroubdéet ysbyotedudtapglenfori bppdications
especially in an alkali hydroxide produced through an

i osuckxehaagerodudt tonspyaeasbyfhasraybayepuflpat phger and
not 20 been realized by a conventional technol ogy, and

r e atleemicalt dgeptocéBswhbchpaobighay-Phsesamikalikans

for Solving the Problem [0009] The present inventors
reled 5P E5lE eREPIRC D51 P TR §REF ONAFECEBLDE 1Y e SHFBY &
probl ens, as, a result fou d that ritie
aI?%T+°%y%¥%§?ﬂ%et%Q%Eraﬁ?o g€el SFEngzﬁéFﬁtgaswﬁgﬁnan
anion enter

ioPRE T Ry o FE PR an t o PR BeTRoEE PedficelPha 1o
ascgﬁcéﬂpméfig?hgfdlﬁgﬁglEPg?heneEngggﬂaﬁﬁcﬂ?ﬁgﬁx1Pe to

appar ént aqueous solu
anbgl ablugbloride is insufficient on the surface in
%odeu3|%e of the menbrane, and 5 acconplished the

present I nvefhtOPfrestlB1®hvention relates to an ion-
exchange membrane for electrolysis, which is used for
electrolyzing an aqueous solution of an alkali
chloride, shows a stable electrolysis performance while
maintaining the electrochemical properties and
mechanical strength over a long period of time, can
improve the quality by reducing impurities especially
in an alkali hydroxide produced through an ion
exchange, and consequently has a level that has not
been realized by a conventional technology, and relates
to the process for producing the same.
Means for Solving the Problem
[0009]

The present inventors made an extensive
investigation to solve the above problems, as a result,
found that impurities in an alkali hydroxide to be
produced are generated when an anion enters a membrane

from an ancode side, is coupled with a cation and



In nore detail, the present inventors analyzed

i on- exchange nenbranes used in electrolysis cells

made by various manufactures and in various 10
operating conditions, and as a result, found the fact

t hat when an anode cl osely azntacting an ion-exchange
menbrane has a | arge area, en a current density of

el LS: LS hj ; 0 [ kS

R A AR U S i o

bFﬁHQﬁoﬁ@ﬁoﬁaﬁéégﬁegfabﬁ&réh@chh@hYQhé eabb 1y cgomhact
with the surface of the ion-exchange nenbrane in the

cahfiedeusi gdelutior boaaR aleralor eRdorfidehés insufficient
i on-exchange nenbrane al ong the shape of the anode of
t hen thecsupofysésinethe Amoder esdet off theameabiranegf and
the 20 performance, the present inventors discovered

5t hac¢emplishad the mpmesantofnvepbirti.es in the al kal
hydroxi de ‘increases in that part. [0011] The reason
why0PhRlfine foams are fornmed in 25 the ion-exchange
menbr ane was_consi dered as follows: an ueous

: Q
sol ution of AR BPKEI FeERLSri §BSi BTREEN LA VEBLEAS! v
su Iied to.an anoge chanber in the rt m@er t he |,
SO Ere h OB EREPONGS: BSBRFRREPOLERS 60 EARELEPLYFS
sucface hoglhe,apodeoslde. ol elhe lan: J6XChaNg8 i ous
nmenbr ane, and Yhé“toncant ration o hé aqueous

10S0bHLEQRi R LORAGLYBNL, COLAr LSSl 2eLA1R CEouhBChnel Fact

r to solve the probl em the present’inventors
studhedyNehi QHSafbaBee18kel heceHthaeengnahhecanedehange

side of the ion-exchange menbrane and achieved the
presePraneNMEBt 40Darge area, when a current density of
electrolysis is high, or when an aqueous solution is
electrolyzed in a zero-gap electrolysis cell which
15 brings the cathode of the electrolysis cell in contact
with the surface of the ion-exchange membrane in the
cathode side, fine foams are formed in the ion-exchange
membrane along the shape of the anode of the
electrolysis cell. As a result of evaluation of the
20 performance, the present inventors discovered the fact
that the amount of impurities in the alkali hydroxide
increases in that part.
[0011]
The reason why the fine foams are formed in
25 the icon-exchange membrane was considered as follows: an
aqueous solution of an alkali chloride is not

sufficiently supplied to an anode chamber in the part

where the anode of the electrolysis cell closely



[0012] Accordingly, the aspects of the present 10
invention are as described below 1. A cation-exchange
menbrane for electrolysis conprising a
fluorine-containing polyner having an ion- exchange
group and a porous substrate, characterized in that

t he nmenbrane has projecting Barts conprising a 15

po&%ﬂ?éc@éygggO?G%FgEéeﬁghﬂﬁgeaggagPsgﬂgt%go%%%fﬁ%%—Of

an anode Si menbr ane; , whéere h

| SegdehiNgd ASMBPRaAYEr 388 tMal BenebnRehghbs 6EMknk! @Queocus
the surface of the anode side of the nenbrane to the

togsletibheopr ehechilRg120chabr3de58s<1oRe?edt..20@hen, in
where P is defined as a distribution density
(poedet cu@) solvehehpr prebileng thar pgesenfiOinvenSogs
0.6, where S is defined as an 25 average val ue of area
Sfractdoed vanRbuasPyhapeshefboheomurfacesiof thkeeanode side
projecting parts on the same plane as the surface of
t hef abbeelandexehange wembrane; anddathievedoshenpeesent
is defined as an average 9 value of area fractions
(chPY8RPIOBf the top parts of the projecting parts on
thf @#éiace of the anode side of the nmenbrane. 2. The
cat P dne xchange nenbrane according to the 5 aspect 1,
wherein 0.5 £ b

where @ is darPReRideidh w08 ageelhpueloPne predlne

10 invention are as described below.
1. A cation-exchange membrane for electrolysis
comprising a fluorine-containing polymer having an iocon-
exchange group and a porous substrate, characterized in
that the membrane has projecting parts comprising a

15 polymer having an ion-exchange group on the surface of
an anode side of the membrane;

20 £ h £ 150, where h is defined as an average
value of heights (um) from the surface of the anode
side of the membrane to the tops of the projecting

20 parts;

50 < P £ 1,200, where P is defined as a
distribution density (piece/cm?) of the projecting
parts;

0.001 £ S8 £ 0.6, where 8 is defined as an

25 average value of area fractions (cm?/cm?) of the bottom
faces of the projecting parts on the same plane as the
surface of the anode side of the membrane; and

T < 0.05, where T is defined as an average



| engths (n) of the bottom sides of the projecting 10
parts on the sane plane as the surface of the anode
side of the nenbrane, and b is defined as an average
value of widths (pm of the projecting parts at the
hal f heights h/2 (m of the QrOJectlng parts. 3. The
cati on-exchange nenbrane accdording to any -15 one of

t s BsReEESate@Nd rict YBRECI Bt MemBT %ﬁ%ﬂé‘&oﬂ’%éﬁt@f&f
di sconti nuous with each other. [0013] 4.

Cath@npﬁéﬁiééﬂﬂﬁgc\ﬁ%téngnaﬁﬁér duRgate amy th@n@n@fdet ke de
aspects 1 to 3 erein the projecting parts 20 have a

si ofl ehehmpebeana. m xed shape of two or nore shapes
selected fromthe group consisting of a circular :
cobe- | i ke sh@pe, catjjondeanhahge ppmbradel akeosidapg, t@ the
circular truncated cone-li ke shape and a truncated

Squagpengul arwpgrasnhd- | i ke shape. 25 5. A process for
produci ng an i on-exchange nenbrane for electrolysis,
characteri zefl: By< bP/ﬁgﬁn% 3nan€nbossed rel ease paper
closely in c§ ég Mﬁth t surface of the anode side
of the nenbr and 48 <t aﬁgferrlng the enbossed
shape of thewéelease t he_surface,

SR oy T rhErEoR B REE bRy SESpDEyeRauen Slye of
d
| ODeSXEZNGGn )T OUPCLS baYERRTs9028, SBORUS pSUTSLETLE
10PObFEE BAVERG §Qmé051§ﬁ8h§§9€hgrQHEfQEe bl2e e ee
an anode sid e prOCGSS accord Ing to
as@f&é 5f tH@eﬁSmBrEH@ rShﬁaﬁelﬁaﬁéflhédchgsﬁhyavera e

brought in contact with the surface of the anode side
of va hee @AW AAEHBY (um) of the projecting parts at the
half heights h/2 (um) of the projecting parts.
3. The cation-exchange membrane according to any
15 one of the aspects 1 and 2, wherein the projecting
parts are discontinuous with each other.
{0013]
4. The catien-exchange membrane according to any
one of the aspects 1 to 3, wherein the projecting parts
20 have a single shape or a mixed shape of two or more
shapes selected from the group consisting of a circular
cone-like shape, a quadrangular pyramid-like shape, a
circular truncated cone-like shape and a truncated
quadrangular pyramid-like shape.
25 5, A process for producing an ion-exchange
membrane for electrolysis, characterized by bringing an
embossed release paper closely in contact with the

surface of the anode side of the membrane and



10 reduci ng pressure through the rel ease paper. 7. The
process according to the aspect 5, wherein the
enbossed shape is one shape or a m xed shape of two
or nore shapes selected fromthe group consisting of
a circul ar cone-like shape, q)nultl 15 angul ar
pyram d-1i ke shape, a hem sphere-|ike shape, a

doﬂ?ahék@réhﬂgethé chboukan EhHBEaB%dtﬁ%”%ehb%%e E%@%r to

and a truncat ti1-angular pyramd ke shape
Ancgbestiroh¥8i SwABRAERLBRiAGNRS F3UB&ihBecontaining
cati on-exchange nenbrane according to any one of the
20paspeéetshdvingdanaicatbedhangd ghoapode, lageted on a
apparatus being an el ectrolysis tank, wherein the
supdnoeshhavbagratage pherpebyi figrpanty af ptbgecting part
cati on-exchange nenbrane contacts or faces to the

S anodepr fdvaat ageslpherhbavangnghohon2expbengs Aroup on
fluorine-containing cation-exchange nenbrane
acte dengfeeet Ak preseadei AkdAti on can reduce

inpurities in an al kali hydroxide to be produced,
whPte r 11 FRENPEPREAS @F@@FgéﬁﬁeﬁPcépepﬁéﬁéFFlés and
Sor U Foth oFPanrSLPRaF| PeRPEr Fooc ARALankpPEgng ih contact

PSR BB

10, RAIL R LOQISLIhensBioh 20! sbhEpLepsphn. Tl o0

to7a pref ertgd gpbedigeltcording to the aspect 5,
wherein the embossed shape is one shape or a mixed
shape of two or more shapes selected from the group
consisting of a circular cone-like shape, a multi-

15 angular pyramid-like shape, a hemisphere-like shape, a
dome~like shape, a circular truncated cone-like shape
and a truncated multi-angular pyramid-like shape.

8. An electrolysis apparatus comprising the
cation-exchange membrane according to any one of the

20 aspects 1 to 4, a cathode and an anode, said apparatus
being an electrolysis tank, wherein the surface having
the projecting part of the cation-exchange membrane
contacts or faces to the anode.

Advantages of the Invention

25 [0014]

A fluorine-containing cation-exchange

membrane according to the present invention can reduce

impurities in an alkali hydroxide to be produced, while
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10 The present invention provides a cation- exchange
menbrane for electrolysis conprising a

fl uori ne-contai ni ng pol yner having an i on-exchange
group and a porous substrate, characterized in that
the nenbrane has projectinglparts conprising a

pol ynmer 15 havi ng the ion-eXxchange group on the

S kh%ﬁ%%%i%fir%”ieé@ﬁggﬁcﬁe%ﬁ 1 PRgE TN aN & nd hérthrfical

150, where ned as an average val ue of
heirghbhgthpTh fnemtida ysSW facemfaddwemanads & tth £ an
the nmenbrane to the tops of the projecting parts; 50
<alRa3il c2Q@rivker and isha2Q edefd neidyrasyum ditst rabetdiion
density (piece /CVM) of the projecting parts; 0.001
<hy8roxGde twhére pSddabef imed as 1any pasriagt ol ianof
area fraction (cnR/cn2) of the bottom faces of the
projecting parts on the sanme plane as the surface of

t he anode side of the nenbrane; and T 25 5 0.05, where

T BES Td M0DFe FORs GARRYING A4 VEHE L HIENMT N fracti on
(cn2/cnR) of the top parts of the projecting parts on

t HOCd Pt ace of the anode side of the nmenbr ane. 12
0016] Here, .the, sur.f.ace of .t he anod 1 de a
Erenbr!eme su%céi‘%tﬂlclﬁ &b &”i%seergtngllcféve ntgln&?h‘sejpfl now
ti on- : .0l ysi i t
B SRR BRI AR & S detSrateo e 19 1O

c?f.féfg N £8eHnd Nvention, the surface of the
afode side has projecting parts conprising a pol ymer

having an i afeexhangs arfhtidh askbdidds 4 cddEon-
present invention, the nmenbrane surface including the

1Q iR ndgnares ficy redfeait sl i sascomyeir{ siaey of

anode side" for conveni ence sake, even when the

mEllucatime-containing polymer having an ion-exchange
group and a porous substrate, characterized in that the
membrane has projecting parts comprising a pclymer
having the ion-exchange group on the surface of an
anode side of the membrane; 20 € h £ 150, where h is
defined as an average value of heights (um) from the
surface of the anode side of the membrane to the tops
of the projecting parts; 50 < P £ 1,200, where P is
defined as a distribution density {piece/cm?) of the
projecting parts; 0.001 < S £ 0.6, where S is defined as
an average value of area fraction (cm?/cm®) of the
bottom faces of the projecting parts on the same plane
as the surface of the anode side of the membrane; and T
< 0.05, where T is defined as the average value of area
fraction (cm?/cm®) of the top parts of the projecting

parts on the surface of the anode side of the membrane.
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i ndependent |y exists by itself without being enbedded
in the electrolysis cell. [0017] 15 As descri bed
above, in the present invention, projecting parts
conprising a polynmer having an ion- exchange group
exi sting on the surface of %ge anode side of the
nenbrane preferably has: ight of 20 5 h < _ 150
angg Qe preferably 20 < h <_ 120, where h 20

represents an average val ue of heights (pm) fromthe

surface of the-anedR YU Le e TR RRR (D ddandans the

of the prOJectlng parts; a distribution density

( RleR®R/aeR2 s Aff aldee wiTiRjre Cladrgs par tohen driedes wiearc et hod
the anode side of the menbrane of 20 5 P < 1,500 and

nﬁﬂ&lﬁ&ﬂ@%ﬁhﬂﬁ@ﬁjmdﬁbrandpﬁcrZEIHhIrQﬁySNE%ﬁ¢¢QKﬂlmﬂltO
of the bottomfaces of 0.001 55 S 5 0.6, where S is
déhien @d ementari rorcertdgm s e asfed Hen 1 @res factore sl s
(cnR/cnmR) of the bottom faces on the same plane as the
s@efldce dh tthe P¥esanddd nsiand ismt Hdvareiidh

area fraction of the top parts T < 0.05, mhere Tis

dé‘ﬂ"ﬁ’@d sdsley hag Hrfe ChIAUPHT T IROIRES ARG i Rfeymer
n2/.cn) of, the t arts been the

R ey %%te%cﬁﬁaff%ﬁera%g gL T C WECE

shape on t.he s rface e i

rrgrrr%rsaer?e: rlelr‘r'aeq%lb y |ncr %&g@{%} Ssﬁuipﬂfa@é Igﬁl%djune uthe

a%'rga Ut ?ﬂ?ﬂtlﬁclé(qlé eSS cjﬁf t’%éﬁgééc@f oA ndde

nmenbr ane |ng el ectrol ysis w thout

d%m-'ncfotxh%dm@?a@r&aé s%h{eengixferprwr%r?%ﬁé)@ﬁ@ﬁﬁﬁa%e 10

properties of the nenbrane, and significantly reduce
| MRldeideirRie it e ald ibyyidraada deviprrasiuc ase g embedded

el ectrol ysis.
in the electrolysis cell.
[0017]

As described above, in the present invention,
projecting parts comprising a polymer having an ion-
exchange group existing on the surface of the anocde
side of the membrane preferably has: a height of 20 £ h
<€ 150 and more preferably 20 £ h £ 120, where h
represents an average value of heights (um) from the
surface of the anode side of the membrane to the tops
of the projecting parts; a distribution density
(piece/cm?) of the projecting part on the surface of the
anode side of the membrane of 20 £ P £ 1,500 and more
preferably 50 € P £ 1,200; an area fraction of the
bottom faces of 0.001 £ S £ 0.6, where S is defined as

an average value of the area fractions (cm®/cm®)of the

bottom faces on the same plane as the surface of the



[00181 The projecting parts on the surface of the 15
anode side of the nenbrane preferably has a val ue of
b/a of 0.5 < b/la < 0.9, where a is defined as an
average value of lengths (n) of the bottom sides on
the same plane as the surf of the anode side of
the nmenbrane, and b is defified as an average val ue of

Wi ( e0f£2 h ti papt
neF0se e s 0y \BpRLEARC, BAPRELS Ik kpachaLh o cre

of thpaphst 8. 5_QTO 09| ewhéhe PropeqtiEnflefabk BASagerage
sufficient height wthin a preferred range of -

dis4rudubfobhdeasehyfPaotiohbe (pmdjent)i g pard top parts.
necessary in the present invention, 25 can
sultibasnbby beepl gntheipgedushadl bheoprofietiéng parts
al kali chloride onto the surface of the anode side of

5t hef newbh adeshdpesonothdgesrsfseet hé sheepgedeosidgecf the
projecting part, and can easily keep the shape of the
4me%P6?%@tFﬂ@aﬁbﬁplﬁvéﬂcﬁﬁéﬁetﬁEenﬁﬁﬁpéﬁeoﬁsaBré§§§&us

h d |
VoFBLSEHOR 9] Sh0aokaT Ll GLOLEAE, ORER, ChF FHGface of the
t { d
ol 2ert| S b FAaoRenErAle BEESRE SXBELEPIES gnytERout
A8gh3L 0 §TPHB nGbnk heca10UEOUSGER! ULl 3700t btacalkal

n an ano ectro SIS ce

10i YpoLt 8851 9£t PRe RMRD SﬁeOfahBesﬂaﬁ§?1§hﬁ%l f reBgice
fe bR g

rane. Furthernore, e pfojecting part
deﬁﬁﬁﬁﬁfﬁléésln1Qn351289&hhyﬁ@@i@heTBQoBh@bacb

parts in a nore preferred enbodi nent satisfy 25 <
h/@lectBoBPsip.terns of a
[0018]
The projecting parts on the surface of the
15 anode side of the membrane preferably has a value of
b/a of 0.5 € b/a £ 0.9, where a is defined as an average
value of lengths (pum) of the bottom sides on the same
plane as the surface of the anode side of the membrane,
and b is defined as an average value of widths (pm) of
20 the projecting parts at the half heights h/2 (um) of
the projecting parts. If the value of b/a is 0.5 or
more, the projecting part has a sufficient height
within a preferred range of distribution density P of
the projecting part necessary in the present inventioen,
25 can sufficiently supply the aqueous solution of the
alkali chloride onto the surface of the anode side of
the membrane, does not decrease the strength of the

projecting part, and can easily keep the shape of the




rel ati on between an average height h (m of the 15
projecting part on the surface of the anode side of
the nmenbrane and an average length a (pm of the
bottom side of the projecting part on the sane pl ane
as the surface of the anodg, ide of the nenbrane. If
the value of h/a is 0.25 or nore, the projecting

pa§£§3@§¥§n§0p§ﬂﬁfé@éﬁnhhaﬁ'QHE mbmsraﬂ@eagspggb@buon
of  the al ka chloride is sufficiently supplied, the

ar £ga Dhst hehe panbaet bigapaeleetrbhesser tace . of rthehe
anode side of the nenbrane contacting the anode of
t heakbhecdfobysi $scelb odogkesnpt thecameaerfeshieverctketing
fine foans can be 25 inhibited fromformng in the
mepdrianeenbadtihg theesneodeyofsther deptimodysas bell does
inhibited from lowering. On the other hand, if the
5yvanek becoma excess8ver pagsant RdegHafecemaynpart d5€s
not decrease _the 15 strength, which stabilizes the

el @FEERNFsPILupdPRoPfrahbe. aﬂﬁéi@]c¢ﬁ@rﬁﬁ81éBt?ﬁgaBQﬁP
I 5 h h

orCrERaBFy O GPLY RLPAEGALYBAS tﬁsléﬂﬂﬁiéép%ﬁe ot2nbliE

si de, Lcéh§§ PRODLAng agegrdip h% Rg%b? gagnt

|nven FoR. °The ©profect ing® part Sviig -t Re “shape can

rEH&r@?PSOUEE8S§LHBF?géHé FﬁftahﬁéhiyopbeEhg%es its

I Ciently be uring elect SIS
10 bgtpgn gisconti nuous" neans that the projecting parts-
do not forn1an encl osed space on the surface of the
anp@elglde by connecting with each other to forma
continuous wall in a narrow range of the nenbrane
surface. TheThe projecting parts in a more preferred

embodiment satisfy 0.25 < h/a £ 0.80 in terms of a
relation between an average height h (um)} of the

15 projecting part on the surface of the anode side of the
membrane and an average length a (pm) of the bottom
side of the projecting part on the same plane as the
surface of the anode side of the membrane. If the
value of h/a is 0.25 or more, the projecting parts have

20 sufficient height, the aqueous solution of the alkali
chloride is sufficiently supplied, the area of the
projecting part on the surface of the anode side of the
membrane contacting the ancde of the electrolysis cell
does not become excessive, the fine foams can be

25 inhibited from forming in the membrane, and the
electrolysis performance can be inhibited from
lowering. On the other hand, if the value of h/a is

0.8 or less, the projecting part does not decrease the




15 projecting part on the surface of the anode side of
the nenbrane has preferably a shape of a circul ar
cone, a multi-angular pyram d such as a triangul ar
pyram d and a quadrangul ar pyram d, a hem sphere, a
done, a circular truncated e, or a truncated

mul ti-angular 20 pyramd, and nore preferably has a

Ci§€P%ﬁétﬁPnﬁhk&5e8t§9§@§ze§ checrhaerkbygsaked
cone-|1 ke shape, a quadrangul ar pyram d-Iike shape, a

trg@g@@gﬂanggadrangular pyram d-1i ke shape or the
i ke, because the shape is superior in a contacting-

ar eaobet ween the 25 projecting part and the anode of

the electrolysis cell, and the bal ance of the

strength of The projecting part. inFhedpngj ecpdgmeart s

of the surface of the anode side of the nenbrane may
Shalvavangi agl eoshapehanga grgun i6 pshigeablytwo or

nore shapes sel ected fromthese shapes. [0021) Here,

andh%geagénvavaeoa the) serfpeagPhstBe apreepsicsnPrt the

sides, on the sane, plane as the surfagce of 5 the ode

si%%m%Fa?ﬁeaﬁﬁﬂggéﬁg RﬁstBBtBFﬁé@nBylEU?PFﬁﬁn'thgﬂe

cross. section of tFe nenbg ne _passi ng_the to% of _ the
or G GLE TR BaP L Frt 6 AP BN ST PIAPSa A oRekPyIRG ARUCOUS
W g&a@foﬁagg' &8%19?}? cﬁgoﬂggssméf%a@mg gt i cal
m croscopé. Spécrfrcally, en e projecting part has

101osépﬁfgéﬁe&£r§ﬁgLéﬁébéioggﬁgf.a Abrey! apelhyncat ed

cone, m sp e or a the boftomface of the

pf@i§§éhﬂﬂn9@ﬁ§"Wﬁéaﬁ@”%hﬂﬁrEﬂet rBﬁeétﬁh@&Eﬁrt%n@oth%t
di anet er was observed. On the other hand, en the

propeat aNgeR8lbsbasspasbapa oheasquadeangidl ahepyhadied side
15 or a truncated quadrangul ar pyram d, the shape of
t ey connecting with each other to form a continuocus wall
in a narrow range of the membrane surface. The
15 projecting part on the surface of the anode side of the
membrane has preferably a shape of a circular cone, a
multi-angular pyramid such as a triangular pyramid and
a quadrangular pyramid, a hemisphere, a dome, a
circular truncated cone, or a truncated multi-angular.
20 pyramid, and more preferably has a circular cgne—like
shape, a circular truncated cone-like shape, a
guadrangular pyramid-like shape, a truncated
guadrangular pyramid-like shape or the like, because
the shape is superior in a contacting area between the
25 projecting part and the anode of the electrolysis cell,

and the balance of the strength of the projecting part.

The projecting parts of the surface of the anode side

of the membrane may have a single shape or a mixed




K bottom face was considered to be a square and the
l ength of a side was observed. The length of a side of
the projecting part was determ ned. The average val ue
was determ ned by observing 10 sides in each case. 20
[ 00221 Subsequently, the average val ue of heights h
(m of the projecting parts and a half height h/2 (m
of 5t BSe PE 8] £6bI B ﬂéEE %éﬁegegeﬁ%ﬂéé @foﬁlmth'e%% ts'ﬁ%pes
cross section of the nmenbrane passing the top of
25[pppirecting part into a thin film and obserV|ng |t
wth the magnification of 40 tines by using an
optical mi cHeseppen Aherayer aglueahud umdsodeflengithedof
fromthe result of having observed 10 pieces of the
cross WBFttemcsidas. oA whdt hahe( pignef ash&éhpr spedeicegof
part at the half height h/2 of the projecting part
5maghqeaavﬂen@adebyfnﬁbgumamgraﬁ@ aaén@béalWﬁéanh§uttlng
o%ectlng part has a shape of a circular cone or
tr %a@éﬁsélﬁéﬁFaPn5°§oﬁEe ﬁﬁ@bﬁ?nﬁe§§§ﬁﬂﬁ§ the W@Eg@ﬁ

of a side,when the ectin t h
qu%ﬁ?aﬂﬁapﬁFtbQFaﬁ?H #tﬁ FrgHgaréaE%3a§P§n§§ﬁ§Fv1ng it

S B EERLL ED EARR te
898 é&e OEP%E§§105&§ t'8H§n5t§%”§Q85%Et9%ﬁ;E%rt has

S of roje flng

10p|§n§h§§et8§ guEEEESlQE CBHE aaoegrEhQErOEth%ated cone,

menbrane was deferm ned by u$ing the value of a and
bya aRek OxpABEENGrt Bedaned ehet Bettembehienuiragdel Nt o

the area of a circle or the area of a pol ygona
shppejedbinyepage wakueomsfaakantp bk ancircle, and the
diameter was observed. On the other hand, when the
projecting part has a shape of a guadrangular pyramid
15 or a truncated quadrangular pyramid, the shape of the
bottom face was considered to be a square and the

length of a side was observed. The length of a side of

the projecting part was determined. The average value

was determined by observing 10 sides in each cése.

20 [0022]

Subsequently, the average value of heights h

(um) of the projecting parts and a half height h/2 (um)
of the projecting part were determined by cutting the
cross section of the membrane passing the top of the

25 projecting part into a thin film, and observing it with
the magnification of 40 times by using an optical
microscope. The average value was determined from the

result of having observed 10 pieces of the cross




area fraction of the top part of the projecting part
was approxi mately determ ned by cutting the cross
section of the nenbrane into a thin film observing
the 20 projecting part with the magnification of 100
times by wusing an optical .froscope measuri ng an
average value of w dths of the part 5 pn1|omer from

theetopoRf . theg PaPLEB! i) peft ‘é‘g%gjéeﬁ Rgt bam: at the

face; and supposing the area o cut s ape as th
afE@l@fhélﬁthhﬁ2WB§nt35 bb@j@b@hﬁ@tbﬁgtpﬁéb Baie@mlned
shape of the circular cone or the truncated circul ar
cang madsstppgstng fdbemetea ehent BReCpkogbapenagsphlte has
area of the pol ygonal shape when the projecting part
has shapapefod thecpysantcdnerorhe t8untmtrdatedcular
pyram d. In addition, the values of S and T were

Srespeet | ¥rflybyeneansunéngathenhdepgtbenfagesidé when the

10
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areas of the bottomfaces and the top parts to the .
urP¥oleeehngfrahe Bagfacaehapet Aé anaaéd§aaeuéﬁrtﬁaramld
menbrane. 5 The distribution density Ebece/cnﬂ of

tH%rp?o?%%%?ﬂbedpﬁ??@raﬁguH@FePﬁFﬁ@adby §eﬁVPﬁ69Phgalue
urfacq% g 9 i i de ofb 5@
melghF £ 7 %?%%ﬁ o?l%b AT ¥eBYb§ B%Fﬁéngn pPFSSFS

pre. [0024] 10 A porous substrate used in the
prgsen$ invention is used for inparting strength and

di mensi onal gtabhbLhY; L0 EngePEag8e 0uk obSarea

i ndi spensably requrred fhat e porous

Supsi el 6n&Xs St em? ferie oFe HNARR L tIHE E R RO HD
substrate is required to have heat resistance and

chetbtett1egi 54 BDSCofVERe AshRBOpPEhEOdsOthi BRrfagd of

accordingly is preferably forned of fibers made froma
the anode side of the membrane was determined by using
the value of a and by approximating the area of the
bottom face intc the area of a circle or the area of a
polygonal shape. An average value T (cm?/cm?) of an
area fraction of the top part of the projecting part
was approximately determined by cutting the cross
section of the membrane into a thin film; observing the
projecting part with the magnification of 100 times by
using an optical microscope; measuring an average value
of widths of the part 5 um lower from the top of the
projecting part toward the bottom face; and supposing
the area of the cut shape as the area of a circle when
the projecting part has a shape of the circular cone or
the truncated circular cone and supposing the area of

the cut shape as the area of the polygonal shape when

the projecting part has a shape of the pyramid or the
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fluorinated polynmer. The exanples of the fluorinated

pol ynmer include polytetrafluoroethylene (PTFE), 20
tetrafl uoroethyl ene-perfluoroal kyl vinyl ether

copol ymer (PFA), tetrafl uoroethyl ene-ethyl ene

copol ynmer (ETFE), tetraflugroethylene-hexafluoro

propyl ene copol ynmer, trifl grochloroethylene-ethylene
COPOLYOE cadBP-yh iyl | dEnCalluel b2 eALYYRTueEVEID) 5 and T

However, 5 preferable to use a fiber made from

pokytet rashuet pebhyl 88eethninalt hSULAE. pek@BRBhgls of the
porous substrate to be used in the present 19

| nyesd s opf | shé opsetonf fhtber anlavhagtapdpamekets the unit
preferably of 20 to 300 denier, and nore preferably of
50at®a 260 tkeai surfaod 0f tbeeanatieasiwdavefdéhnsi mpmbrane.
preferably of 5-50 |lines/inch. The porous substrate to

5 Pee udbsit hilbubishagensity Pabpiecel/omh) af nohewwepjecting
cloth or a knitted cloth, but preferably has the

shapet of wapedetappiged| byhobsReviagr thecpPorfargs o4 the
thi ckness, preferably of 30 to, 250 m and nore
prafefaptideroBothe gnemprape wathobbe) meABifisptdon of 40
cloth or,a knjtted cIth o& t he Eorous substrate

enptBSE BY nidRbPe | aeRPt L6231 it EFPPFIRENt, or a yarn
thf@ﬁ?&] a slit yarn or the like, and is woven with
various’ types of weaving 15 nethods such as a pl ane

fabric, alegopupaye. ofokbibeo"egys. 17 EALIpYEAYR: and

a seersucker: abric cloth or the knitt cloth
hagnent PPENL f9uL84erpE el RpablYngf s80¥ngtnMaRE, and

nnéf;ensional stability to a membrane, and it is
indispensably required that the most of the porous
substrate exists in the membrane. Such a porous
substrate is required to have heat resistance and
chemical resistance over a long period of time, and
accordingly is preferably formed of fibers made from a
fluorinated polymer. The examples of the fluorinated
polymer include polytetrafluoroethylene (PTFE),
tetrafluoroethylene-perfluorocalkyl vinyl ether
copolymer (PFA), tetrafluoroethylene-ethylene copolymer
(ETFE), tetrafluoroethylene-hexafluoro propylene
copolymer, trifluorochloroethylene-ethylene copolymer
and vinylidene fluoride polymer (PVDF)}. However, it is
preferable to use a fiber made from
polytetrafluoroethylene in particular.
[0025]

A porous substrate to be used in the present
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preferably of 50% or nore and 90% or | ess. The opening
20 rate is preferably 30% or nore fromthe vi ewpoi nt
of el ectrochenical properties as an ion-exchange
menbrane, and is preferably 90% or |less fromthe

vi ewpoi nt of a nmechani cal %R%ength of the menbrane.
[0027] 25 A particularly preterable formanong these

valhPEst { 8hMBs Ok P é&ugfw%&&@t RSving 4083 amk@er
i nstance, a form h enpl oys a tape yarn prepared by

sl btéEagaB1hi gh- §Of€Bng0paéﬁﬂ§r$hﬁﬁH hede breelPhbiy of
20 into a shape of a tape, or a highly oriented

nobof tbapeot dehib9;t and0Dsdebiven medea wwearePdkhsihygs a

pl ai n-weave structure with a weave density of 10 to 50

| ipesfengblyanfl bubOhtinkagiachhi cEhesporpuas sabgérate to
5 50 to 100 mand an opening rate of 50% or nore.

Fupe hesedr bast aeshapei efckofhbray chcthdeaansuppyen ggoth
fiber which is usually referred to_as_a sacrificial

coPt aaketrhed cépthnebptir pssEcspbprehast thg ghape of the

d of . th b [ 10
or %ﬁ%‘gg”@fapﬁdbﬁﬁér?ﬁgra%néagﬁﬁﬁéﬁi“sﬁ bPRRG

fiber _has qu he proc ss _of

eREF SRESBTY uBerOafcerabt FBTy 8he. BREF BRASRE LAY OF 30
r gb ﬁﬁ be used for the supporting fiber includes

rayon, “pofyéet hyl ene terephthal ate (PET), cellul ose and

15 @@bg?nlde The anmpbunt of the bl ended fabric of the
supportlng fiber in this case is preferably 10 to 80

e g TSRS B Kty saane

[ 0938bus substrate employs a monofilament, a
multifilament, or a yarn thereof, a slit yarn or the
like, and is woven with various types of weaving
methods such as a plane fabric, a lenc weave, a knit
weave, a cord weave, and a seersucker.

The fabric c¢loth or the knitted cloth has an
opening rate preferably of 30% or more, and more
preferably of 50% or more and 90% or less. The opening
rate is preferably 30% or more from the viewpoint of
electrochemical properties as an ion-exchange membrane,
and is preferably 90% or less from the viewpoint of a
mechanical strength of the membrane.

[0027]

| A particularly preferable form among these
various forms of porous substrates includes, for
instance, a form which employs a tape yarn prepared by

slitting a high-strength porbus sheet made from PTFE



20 A fluorine-containing polynmer used in the present
invention is a polyner fornmed of a main chain of
fluorinated hydrocarbon, has a functional group as a
pendant side chain, which is transformable to an ion-
exchange group by hydroly3|§u?nd the like, and can be
25 nelt-processed. [0029] In the next place, an

exﬁ?HPBeaOEhQ geBer al apeoduet 'aoﬂl%tl'}o%ﬂfen%lé@‘

fluori ne- con ai ni ng pofyfrer be described. A

flWenbpe1sABhAI BiENgoPebY BBD @éﬁl@% ﬁé@@U€&6m IBrFE, has a
copol yneri zing at | east one nononer selected from the

f oblenhrgehivesttgueupre whitat al @@aveodensingmef 30 to 50
sel ected fromthe follow ng second group and/or third

gr bipesThechpnandr fokthee hasst ghdgfnessa ivi mylrange of
fluoride conpound, for instance, at |east one conpound
5t haP te $6Depmednflr am epapingl getedef PO% or more.

hexaf | uor opr opyl ene, vinylidene fl uoride,

t rFRELBRBROKG) ehibe ERbsi6t FLPLHOR@St Ajicdiide @ supporting
Sﬁé%ﬁgrn%ﬁék%és;h%%éﬁﬁzﬂ?@ae%%%& Z61 20 %%%&*lél%?%l
menbr ane . for i ne.el ectrol %ferab
CePRkEaGarrohals tor, EPELBRERERY Bhe PredRrtaTEoR Kyl

| ,
v 8%%%%2%%8?}2%t@%‘éﬁ%a.“ﬁ.%‘n’%%"iéﬁ?ﬁﬁg (SUSRBLE in 2

1°ﬂD€?§§é59IaEQFF§§§9E§ gﬁgé Eéaﬁbnleh%o§aE@%¥H¥$g
fiber has solubility in the process of producing the
mempbrane or under an electrolysis environment. A
material to be used for the supporting fiber includes
rayon, polyethylene terephthalate (PET), cellulose and

15 polyamide. The amount of the blended fabric of the
supporting fiber in this case is preferably 10 to 80
wt%, and more preferably is 30 to 70 wt% with respect
to the whole fabric cloth or the whole knitted cloth.
[0028]

20 A fluorine-containing polymer used in the
present invention is a polymer formed of a main chain
of fluorinated hydrocarbeon, has a functional group as a
pendant side chain, which is transformable to an ion-
exchange group by hydrolysis and the like, and can be

25 melt-processed.
[0029]

In the next place, an example of a general

production method of such a fluorine-containing polymer




transformable to a carboxylic acid type ion-exchange
group. A nononer to be generally used is expressed by
the formula of CF2=CF( OCF2CYF) 3-Q(CZF)t-COOR Here, s
is an integer of O to 2, t is an integer of 1 to 12,
Y and 25 Z represent F or Cgil and R represents a

| ower al kyl group. A prefefable nononer is a conpound

expressgd dgycr;_};geé:FO( CF2CYFO) n- (CF2) m COOR. Here, n

IS an integer to 2, mis an integer of 1 to

4, Y repr eS%tﬂfoﬁne-%:&itﬁﬁ% §5&THhe £H8an (B&Op 20@uced

C3H7 When the polyner is used particularly as a

mMeh st fade 8l Xl d ner el @odtt drys i fondiier n@aDeRt edl SE bom
preferably a perfluoro conpound, but only R (Il ower

althd frlduying fitsthersssarwitlo de kegpet fdneroonhyper
because it di sappears when the functional group is

5 hyrldgizet fimimo the fohlexichangreondupro@ucand/or third
pref erabl e nononer includes, for instance, CF2=CFOCF2
1@FCHRCF3) - O CF2000CH3, CF2=CFOCF2CF (CF2) O (CF2)
2C00CH3, CE2=CF [OCF2-CF_(CF) 3] 20 (CF2) 2000CH3,
CF2= cpocpzcﬂttwn@le(w Hreodapst GG Ry 1Nyl

2G0003 and.  CF2- éﬁCFﬁ%\ 300008, [0pail, e The oo
‘i‘ﬁ‘li"f’“fﬁ d TR Bt 1ednhothd ‘ﬁ%ﬁ}?ﬁ‘én
Sl}:ll}ao(r:]tel onal, group mLeh, {3 ltff‘uiﬁ Oéémb' e 1o a

ype |on exchange oup. pref erabl e
to PR R, e m ety s o
2({1\6@51%5161—%61{ R 1 d MOF OLAT ROFL SF ¢ DEne A SPeci fic
exanpl e of the conpound i ncl udes CF2= 2CF2SCeF,
perfluorc{alkyl vinyl ether) and tetrafluoroethylene,
and when the polymer is used particularly as a membrane
for alkaline electrolysis, is preferably selected from_
15 tetraflucrcethylene, perfluoro{alkyl vinyl ether) and
hexafluoropropylene, which are perfluoromonomers
containing no hydrogen.
(0030]
The monomer of the second group is a vinyl
20 compound having a functional group which is
transformable to a carboxylic acid type ion-exchange
group. A monomer to be generally used is expressed by
the formula of CFy=CF (OCF,CYF);-0(CZF).~COOR. Here, s is
an integer of 0 to 2, t is an integer of 1 to 12, Y and
25 7 represent F or CF3, and R represents a lower alkyl
group.
A preferable monomer is a ccompound expressed

by CF»;=CFO (CF,CYFOQO),— (CF2),~COOR. Here, n is an integer
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CF2=CFOCF2CF (CF3) OCF2CF2SQ2F,

CF2=CFOCF2CF( CF3) OCF2CF2CF2SQ2F, CF2=CF( CF2) 2SQ2F,
CF2=CFO [ CF2CF (CF3) 0] 2CF2CF2SQ2F, and 25
CF2=CFOCF2CF( CF20CF3) OCF2CF2SQ2F, and a particularly
pref erabl e exanpl e anong tlgg_s:,; i s CF2=CFOCF2CF (CF3)
OCF2CF2CF2S2F and CF2=CF CF (CF3) OCF2CF2S2F. 23

[09§263 &C@p%yﬂgraaf 159@%@r”8@0?{e5:§ QaanﬁeBE:%%ﬁ%@ F or
with a polynerization nethod devel oped for single

flopy,i mategeidudenecry)d gng aped YoBs, . t hereof, and 5

particularly with a general polynerization nethod used
for tetrafl uphest biybepelyher iBstiasdepatrbéralazly asna
aqueous net hod which includes: enploying an inert

| imemdrauehfas pekélimeoehygdtoodybor, ahdechbopmer is
fluorocarbon as a solvent; using a radical 10
pabypterabiyoa parflucoe saovhousda pukf PnévoBarBewer
per oxi de and an azo compound; and can copol yneri ze the
nohbkEl @roupt ehﬁeﬂ@tunéceﬁsermwobe anBeapreseutare,

of, 0.1 to, 20 a. At and tio of the nononers
tob%%aag%dltlélﬁappeaﬁ%|vh@PiEE?.%HnaFéoge o8 CtPard

d_fr the_abpve d hed t,
o7 OUPSC REEB o b DL A Loy rE aRf ARoBRPUBT  aCHEs, Ped

Funct Fopgl. 0rauRoReruifeduaber okl Uactaated el YeFoce,-

I nstance conf

Onéy R, CH RAX RS St B, LSt i @ﬁ'c@ﬁ@qwﬁzd&m; ed,

It |s acceptable to se 2ct at 1east -one nonone

I eSPRAIF MRIBL~CF (CF) 3] 20 (CF,) 2COOCH3,
CF;=CFOCF,CF (CF3) O (CF3) 3CO0CH3, CF;=CFO (CF;)CO0CH3 and
CFs=CFQ (CF2) 3CO0OCH;.
[0031]

The monomer of the third group is a vinyl
compound having a functional group which is
transformable to a sulfone type ion-exchange group. A
preferable compound is expressed by the general formula
of CFo=CF0O-X-CF;-S0,F, where X is a group selected from
various types of perfluorocarbon groups. A specific
example of the compound includes CF,=CFOCF.CF:S0:;F,
CF,=CFOCF,CF (CF3;) OCF:CF,S0:F,
CF,=CFOCF,CF (CF3) OCF:CF,CF.S0;F, CF,=CF(CF;)230;F,
CF,=CFO[CF,CF (CF3) O] 2CF,CF;S0;F, and
CF,=CFOCF,;CF (CF,0CF3) OCF,CF;S0;F, and a particularly
preferable example among these is
CF,=CFOCF,CF (CF3) OCF,CF,CF>,S0F and

CFy=CFOCF,CF (CF,) OCF;CF,SO,F.



fromthe nononers of the first group and the second
group, and copolynerize them 25 On the other hand,
when a polyner containing only a sulfonyl fluoride
functional group is required, it is acceptable to
sel ect at | east one nononer o4 espect ively fromthe
mononers of the first group™@and 24 the third group,
angogepepl yneri ze them Furthernore, when a pol yner
contal ning both of two functional groups, carboxylic

ester and SUAfQB?blyﬁbHOBEdEheES hefuineed, chh b® produced
acceptable to select at 5 | east one nononer

regspekt avpbyyheoizbbeononennbd dbvikhepel fotr giagpe

t he second group and the third group, and

copbhynenatzedt behylénet hhd easepodnmelj ébeireef, and
fluorinated polyner can be obtained by separately
Spopgneicuiagly withcapokepaealf pedymerdrais oof meffhod used
first group _and the second group and a copol ynmer from
nofekeketsafinerpeEbylegeoupFand ingEanger d tesEp 1 Safd non-
then m xing the copolyneri. As for ? ntxing rati o of
caRRURBHENBRLNOGNERLIFR LECdBERrPedSFBIPYLPGasE dReTT

ok prcfoa3 pEehihfre PaSkhErenst o PReeECor
h : : h
tnf HEEERaRESon; B ch) SSAvERR: 08ARg0a" kol 0" (1°

10?Cﬁ8igh§9159t585 gﬂiQﬁS%@QtSEEHeEEiQnPQQYiﬂ%r%%arbon
I oh- exc I

0 ange capacity in a range preferably of 0.5 to
2. Be PBx £HI ¥aKeRh ¥WebIBbmPoull ; dahad chaSicBpoARtheFaZ@ the

preferably of 0.6 to 1.5 ng equival ent weight/g of
dringéflonesi 8ti 8 genpeahruabt 8F 0 to 200°C and a pressure of
0.1 to 20 MPa.
A type and a ratio of the monomers to be used

15 for copolymerization are selected and determined from
among the above described three groups according to a
type and amount of a desired functional group required
for a fluorinated polymer. |
[0033]

20 For instance, when a polymer containing only
a carboxylic ester functional group is required, it is
acceptable to select at least one monomer respectively
from the monomers of the first group and the second
group, and copolymerize them.

25 On the other hand, when a polymer containing
only a sulfonyl fluoride functional group is required,
it is acceptable to select at least one monomer

respectively from the monomers of the first group and



t he whol e anbunt of the functional groups have been
25 converted to an exchange group is used. A process
for producing an ion-exchange nenbrane according to
the present invention is characterized in that a
projecting part including a.25 polynmer having an

i on-exchange group is forned on the surface of an

angge éhﬁfdb%ﬁ!gﬁ%?%ﬂa a8 Sﬂpﬂé?ﬁge E@Leﬁ@se paper

closely 1n c act wth the Surface of the anode side

and transfergipghtbRoeabosre shpeeyhkroScbheaigalieas®oth
paper to the surface, en a fluorine- containing

pob ¥ mewo hawhogianal ogrexgbangarpbaypicseskayenad enldfonyl
porous substrate. [0035] Here, an objective shape is
préluonsdly, 18 eeaqossed,ontt he mebepsebpepér selbet at
used when integrating the filmwth the porous
5subsasttenei nononder resppebivedyt izopr Shecmongmgast ofn the
the surface of the nmenbrane in the anode side, which
i sEhRsBbyEeEP of theheepprdearorRvandi he Rhisdhegorpy and
formng the 15 enbossed shape on the rel ease paper
i nePRege¥merde FA8Rance, the steps of: bringing the
rel ease pape osely in contact w.th e heated
metal lic rolﬁnhgb?ﬁgcgﬁeSu?Pae 3?8%%HFCEE§RI88F§gFive
projecting. sha i L Qr i : Is
P18 PGhER0;NIRE, bPsaLRETEy) BopRtataty, At,RERISIS o
10 USLOHoPyREESELE ﬁ8h gedeq sl AW 210881 Bro@b AnkOkMend
ten%g?aYﬁre pre?era F? o? 28 to ?%3% aﬁgongre
pr§£§6ﬁ@'¥r8ﬁ82§n80a8ngom&hgrafEbHEmoﬁbﬁ%%%r%fOEhe first
preferably 500N cmor nobre and nore preferably of 600
t og2o@P0Ah@Mhanghatdagkenpi ngndpeden mixing the
copolymers. As for a mixing ratio of each monomer,
when it is desired to increase an amount of the
15 required functional group per unit monomer, it is
acceptable to increase the ratio of the monomers
selected from the second group or the third group.
[0034]
An ion-exchange membrane according to the
20 present invention having an ion-exchange capacity in a
range preferably of 0.5 to 2.0 mg equivalent weight/g
of dried resin, and more preferably of 0.6 to 1.5 mg
equivalent weight/g of dried resin in general, after
the whole amount of the functiocnal groups have been
2% converted to an exchange group is used.
A process for producing an'ion—exchange

membrane according to the present invention is

characterized in that a projecting part including a



25 preferably of 50m m nute or smaller, and nore
preferably of 40m m nute or smaller. In addition, the
dept h of an enbossed recess can be controlled by
changing the line pressure of the pressure roll nade

26 froma resin for pressi%% the rel ease paper to the
heated netal roll. The basi $§™wei ght of the rel ease

p yihe_ aigo i wel
e e o R g PE oo e T e Pre b°

viewppadt 6f hanghbhe Eeabsb@neeinfinfeah ERbbskadce.
[0036] In addition, when transferring the enbossed

shepbed sethspsEnblaselyi ini Sopteterabth the keepbog of
the nmechanical strength of the nenbrane to enploy a
netiedadfdef sbde ngndgt taesfekeang phpeembbesebly shape of
contact with the surface of the nenbrane in an anode
S sitee byeleasei pgperheopthesanefaneoughenha fébegine—
paper. Furthernore, it is preferable for surely .
t repRteiring Ao pyBer ohadvingnhBsien-sKapangsr FEAUBn 1fhe
15 rel ease paper to the surface of the nenbrane in the
antRECEPdeCt 02 CBRFPYF FHBSEEADErature of the surface
of[oéggbnenbrane preferably at 180C or hi gher and 300C
or r. In addition, when enbossing the release 20

paner 1L SuBLE! CLALE;La- Ul gk abbe; Lebease ARy

havi ng the air pernea 'ess, and

10 Prehiss 8bLy of £nd2pe §38r§h$§§ 28d,emhesy khenr el ease

paper under a reduced pres in order to further
EgPﬁ@%%rébfn@dﬁﬁélffﬂﬁsﬁigﬁ the pekeagestBRerate,t ha
nme

rane and surely transfer a previously enbossed

order to provide the projecting part on the surface of
the membrane in the anode side, which is an object of
the present invention. A method for forming the

15 embossed shape on the release paper includes, for
instance, the steps of: bringing the release paper
closely in contact with the heated metallic roll having
a surface to which an objective projecting shape is
formed in advance; and pressing the release paper to

20 the heated metallic roll by using a pressure roll made
from a resin, at a forming temperature preferably of 20
to 120°C and more preferably of 25 to 80°C, with a line
pressure of preferably 500N/cm or more and more
preferably of 600 to 2,000N/cm, and at a forming speed

25 preferably of 50m/minute or smaller, and more
preferably of 40m/minute or smaller. In addition, the

depth of an embossed recess can be controlled by

changing the line pressure of the pressure roll made




5

10

15

20

25

shape fornmed on the rel ease paper. The air
perneability of the rel ease paper was neasured with a
pneunmatic mcroneter type testing 27 instrunent
according to a standard of JAPAN TAPPI No. 5 -

1: 2000. [0037] The rel ease er can have any enbossed
shape 5 thereon because thé netallic roll transfers

ang GO SﬁéQQnSESPepEégﬁﬁggt9&569@ EgsbhEaE%Ef%%etﬁ%

the release paper. In ordér to ac I eve pur pose of

t heea PE@SRBEal N¥ENL L ONTHH¥AKLAYSE HBARAS 6&Nthe sehesled

from 10 the shapes of a circular cone, a

nubipeangsl Be pyeanmndysbehsaseatkti aneml ar cpympatiad idedy

a quadrangul ar pyramd, a hem sphere, a done, a

ciwrLdé arahgepchtedprebfaeabhg ast50ntatédOgYménfdeanue

m xed shapes of two or nore of the above shapes may

bevieveeirt. of5h0038hg| neaddrahon, andehansr agsilnsbgie.

of the enbossed shape is preferably 20 to 150 pm and

nmok@03Bteferably is 20 to 120 m as descri bed above,

because when the ion-exchange nenbrane . is i te% ted

20 apprOX|na?%l?d?hElQﬁnewgﬁﬁpEré§sﬁﬁ§réﬁﬂo§g€d @%&ﬁéed
transfe ed to the surface of

{ hehengnEe aFhS PhfbRaRRer bt RS PEEFFRADLAN CaEnEEEpigE the
CROSSHRIL .| SPEERSEALLY 2ol BednB0RLPLECEREIRE 22fdcnod

more- preterabPy Te pleces/cnﬂ er ag
25
RS PR BOMAATY ottt ey che

surface of the membrane in an anode side by reducing
the pressure through the release paper.

Furthermore, it is preferable for surely
transferring a previously embossed shape formed on the
release paper to the surface of the membrane in the
anode side to control the temperature of the surface of
the membrane preferably at 180°C or higher and 300°C or
lower. |

In addition, when émbossing the release
paper, it is preferable to employ the release paper
having the air permeability of 0.03 MPa or less, and
preferably of 0.025 MPa or less and emboss the release
paper under a reduced pressure, in order to further
improve the adhesiveness of the release paper to the
membrane and surely transfer a previously embossed
shape formed on the release paper.

The air permeability of the release paper was

measured with a pneumatic micrometer type testing



area fraction of the top part of the enbossed shape
di ffers depending on the enbossed shape, but is 28
preferably 0.05 cn2/cn2 or |less in any case. The
enbossed shape preferably has such a relationship
between a and b as to satisfy the expression of 0.5
< b/a < 0.9, where a is defined as an 5 average

ValH@t?Eméﬁ@958@09&1586t905tQﬁhﬁHQQE 8f ASANDERPRT No. 5

faces in the enbossed shape, and is defined as an
aver aggoyal ue of widths at the half hei ght of the
enbossed shape; and preferably has such a rel ationship
befowednia and h as to satisfy the expression of 0.25 <
10 h/a <_ 0.8, where a is defined as the average val ue
of the | engThe opéleheebpapem shdebagk thg koboswed shape
faces in the enbossed shape, and h is defined as an
5Savehageonvhegause rbeghesasdtichsoddbssangiengpan
[0039] 15 When the nenbrane descri bed above is
proBReeaingyshaPAgtPRECHeFBaEEOPakEr thEnEUREREFaRE the
acqujres rojecting parts conprising a polyner having
anr? fieSexEfBRAge group formed on the surface in an

d d h h
R e e OLEE AT AR O
ti h
petan i e T

1oth€hé”9H§ skdgrof Ehfcuﬂﬁgbﬁéﬁs Ehﬁﬁitﬁhﬁngﬁh%%tp9&amid

the present invention can be achieved
e”@@éﬁegsr30€§§a3?ﬁm89 pprbﬁedrahaaaequaa&@hguaar

preferably disconfinuous. the enbossed recesses

f oppramelipsednahapphaueh asdgmed,atberaauhr truncated
cone and a truncated pyramid, and mixed shapes of two
or more of the above shapes may be selected.

15 [0038]

In addition, the average height of the
embossed shape is preferably 20 to 150 um, and more
preferably is 20 to 120 pm,'as described above, because
when the ion-exchange membrane is integrated,

20 approximately the same shape as the embossed shape is
transferred to the surface of the anode side of the
membrane. Furthermore, a distribution density of
embossment is preferably 20 to 1,500 pieces/cm®, and
more preferably is 50 to 1,200 pieces/cuﬁ. An average

25 value of an area fraction of bottom faces of the
embossed shape is preferably 0.001 to 0.6 cm?/cm?.  An
area fraction of the top part of the embossed shape

differs depending on the embossed shape, but is



surrounded by the projecting part is formed, when the
29 enbossed shape is transferred to the surface of
the anode side of the menbrane. The surrounded part
makes it difficult for the alkali chloride solution
to be sufficiently suppli eggto t he anode side during
5 el ectrolysis. The recesses enbossed in the rel ease

féfef@ulpe r@QULﬂf}cymaro&axéL%%sormarg ge%ga,eat r andom

ong as t e arrangenent does not e t’he range
of the di stehbubtiepsdensshypangrbferdepihngk then a
enbossed 10 recess according to the presént invention.
[ 0OBdDat FopshipCchéawk¥npaehalr Bdagethodatnelrydese
formng a filmby coextruding a fluorine-containing
poéypeeséionsof| aybri bhacl Cofj avhera aaibodgfined as an
ester 15 functional group and is located in a cathode

5S|@%eam@eava1UGoofnéenghhalanghpobynepm(sedeﬁdofayée)
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whi ch contains a sul fon fluoride functional group.
Ashefetom baceneinbble pm%pas@d shppe,aand b is defined as

fl uori ne-contai ni ng yner (third Iag F whi ch
co%@a?ﬁ%r%9§uY?%H9l°§OW+PEBF|GE Fhfichroha eggaap°¢sthe

f d t fil d. T
R TR o LT R RSO
b d
NS LaYcE LU 8 OEONSREDCLER! BrBRle Ry SRS <

Orﬁlﬁé oy 3g 'l @le PL L €; OF g 8¢ AR UG 28 YRL CQvéfﬁaﬁéO%ﬁﬁQ of

with a heat’ source and a vacuum sour
POERS DendHes SYET age, bé@f@ﬂggléeshsﬁttﬁ@sbéﬁﬁah faces in

rel ease paper having gas perneability; and

| ntlegr &tbdgséhesnape o ARAPER dkuder dheWhhshagagherage
value of heights of the embossed shape.
[0039]

When the membrane described above is produced
by using the release paper, the membrane acquires
projecting parts comprising a pol?mer having an ion-
exchange group formed on the surface in an anode side,
the projecting parts mitigate the adhesiveness of the
membrane to an anode while electrolysis, and an alkali
chloride solution in the anode side is sufficiently
supplied to the surface of the anode side of the
membrane. Thus, the object of the present invention can
be achieved.

The embossed recess formed in the release
paper is preferably discontinucus. If the embossed

recesses form a closed shape such as grid, the part

surrounded by the projecting part is formed, when the



30 polynmer nelts while renoving air anong the |ayers
by reducing pressure. Here, coextruding the first

| ayer and the second |ayer contributes to the
enhancenent of the adhesive strength between the
interfaces, and 5 integrati of the layers under the
reduced pressure has a featuUre of making the

théﬁ%8§§éd°§h£ S iQ'EganE§ EEeQ”tEhEhQOEBH%a%%b%Er%h%

| arger, In co ison wth a pressurization process.
Fustbes oy 8e §ﬂffhélﬁ€hbrﬂﬁéhanTﬁé|sﬁ&&%ﬁﬁb@dobakﬁemakes
nmenbrane can be retained, 10 because the porous
supstapteitali ged thet Bekhlnerhlagedeobol be ivarhoane.
[00411 In the above description, for the purpose of
entafifiopehheyekeppiiedl tpether aande sfidehdurdngl5
exchange nenbrane, a fourth |ayer containing both
Sfuatetonal ygidups of carboxyl ate ester and sul fonyl
fluoride can be interposed between the first |ayer and
the second | Byerregessne seboagetajbr thesspfleage paper

rsﬁ%aced with_the | ayer caontaining both of the 20
Yi%%aFe@P%ﬁﬁ%YoFrFﬁgeéaPsoﬂyFPBgégtéF 4A89PRe as long

| f fl i de. hi av b
orbt e %?%%5@333#Q?ta?'ﬁsﬁ?ﬁi%ésgeﬁr BBFyFapot of the
an@igﬁ?&ﬁ&tléﬁedén%ig Ln&' ﬁ%‘%ﬂ%'egkggeed

poly con i Ng t e car ic ester

lofuP&&é§§a$0859§Pn%a99 £Rel Easgh%'ﬂﬁvkhﬁlepyV"EfS

a process may enpf oyed whi ch copolynerizes
bot o phya monomer containing the carboxylic ester
functional group and a nononer containing the

sul fonyl flugrpsgetigntiiopapréterred method includes

forming a film by coextruding a fluorine-containing
polymer (first layer) which contains a carboxylic ester

15 functional group and is located in a cathode side and a
fluorine~containing polymer (second layer) which
contains a sulfonyl fluoride functional group. Aside
from the above prepared film, a fluorine-containing
polymer (third layer) which contains a sulfonyl

20 fluoride functional group is singly formed into a film
beforehand. Those prepared films are integrated by the
steps of: stacking the third layer f£film, a porous
substrate and a composite film of the second layer with
the first layer in this order on a flat plate or a drum

25 which is provided with a heat source and a vacuum
source and has many pores on the surface, through a
heat-resistant release paper having gas permeability;

and integrating them at a temperature at which each



group. Wen inserting the forth layer as a structure
of the nenbrane, it is an acceptable process to forma
co-extruded filmof the first layer and the fourth
| ayer, singly formthe third | ayer and the second
layer 5 into filns separategb, and stack themw th the
above described nethod, or to forma film by
c dj reestay heg. {i a
A S L A P e e T
10r&®k€ind NSréssstel aygéréﬁscéekﬁkﬁlﬂﬂﬁgsthéf ehesabhyyer
of 5 to 50 pun and nore preferably of to 30 m The
segodchayeschbasd Baybickoassipueker abl yhef eRflantemdd® of
pun and nore preferably of 40 to 100 pun, because of
beting adhaeyeve ostdengbhtbagweébre sheehgthrbdhceke abd
menbrane. The third | ayer has a thickness preferably
5ofintegvabion oFuthdetapers whdari hher pedingdt beegsove
described fourth |ayer between the first | ayer and the
seeande | Bgeture hef takinghternebickpepreofohhex&hange
menbrane prior to hydrolgsis IS appropriately 20 |,
coMY®F | ¥ tle pPeFeranPyPobbaptinlefr IPEss i AndORBRELSON

f bly i f 50 80 h hi ck .
LB L0 80080105012, T00EpuD, THS 1) KRB o
e GG e T S S

10rQ§é§$@§§ hegégégﬁ% gﬁbQ?P&anfg ?? Qaeinthﬁe inher face
n menpr or

cat1 on-excha ane electrolysis is required

t O, £34ISE Reh9¥ane. VOl tage. As one nethod for |owering
the voltage, a

[0041]

In the above description, for the purpose of
enhancing the electrical performance of the ion-

15 exchange membrane, a fourth layer containing both
functional groups of carboxylate ester and sulfonyl
fluoride can be interposed between the first layer and
the second layer, or the second layer itself can be
replaced with the layer containing both of the

20 functional groups of the carboxylic ester and the
sulfonyl fluoride. 1In this case, a process may be
employed which separately produces a polymer containing
the sulfonyl fluoride functional group, and a polymer
containing the carboxylic ester functional group, and

25 then mixing the polymers, or a process may be also
employed which copolymerizes both of a monomer
containing the carboxylic ester functional group and a

monomer containing the sulfonyl fluoride functional




nmet hod i s enpl oyed which decreases the thickness of a
| ayer nmade froma fluororesin containing a carboxylic
acid group, and the layer made froma fluororesin 5
containing a sulfonic acid group. In this case, as for
the strength of the menbraney; there is a problemthat
the strength of the nenbrane decreases proportionally

t ogthept hi gkagssnetrthag ne&@teeethlnage@eeste e&ew@&hre
the decrease of the strength of the nmenbrane, a nethod

10cEstndopemBryfghienbgdanaapeeptiabiebprbateesm®de form a
from PTFE or the like in the nenbrane, but the

i oneexrhanded femiar afethentairsitndatyee padothes fosirtdt e
makes a resin |ayer around the porous substrate the
t hiapest panglywhioch sheonbliydaflbgetrs atke téer eegomdoflayer
the nmenbrane. 15 Accordingly, in order not to decrease
St hentet Féhgehseparhteilyn- endhéﬁg@knﬁhﬁmaweths@@ﬁ gbove
production nmethod is effective as not to decrease the
th?%ﬁﬁééQGGfm?ﬁéoﬁesPﬁ FQyéPrﬁréuﬁ&lﬁhEYpGP§§§ru ing
su tratf 20 [0844b A nethog of tr rrlng
BEegd §H§5E EVPohLFy L1 Pﬁﬁaro alg4de Bgﬁéra“d
he gur rane accordlng to the

B e e I

p gbggé?ng parts nmade froma 25 fluorinated resin on
surface of the anode side of the ion-exchange

10msnbrane Wi TRk, t%h@”fﬂQsE“@a&%%‘Bas'ﬁy%hlé&ﬁﬁﬁg the
porous substrate, and can inprove the surface of the

anggerst8819f oEhs #BMBLANA hAdamsRaP8rdderwbliRowl 5 to 30
| owering the strength of the nenbrane. In addition, a
praductThe setbad degerdhag hothhekneesepteferably of 30
to 120 um and more preferably of 40 to 100 pum, because
of being a layer of dominating the strength of the
15 membrane. The third layer has a thickness preferably
of 15 to 50 p. Furthermore, when interposing the above
described fourth layer between the first layer and the
second layer, the total thickness of the ion-exchange
membrane prior to hydrcolysis is appropriately
20 controlled to preferably 200 pm or less and more
preferably in a range of 50 to 180 um. The thickness
of the membrane is particularly preferably 50 um or
more from the viewpoint of mechanical strength, and is
180 pum or less from the viewpolint of electrolytic
25 resistance.
[0043]
As mentioned before, the cation-exchange

membrane for electrolysis is required to cause a low



i nvention does not nmake a nelted fluorine-containing
pol yner directly contact a roll, and accordingly can 5
prevent the nmetallic roll from being corroded even
when formng the projecting parts, for instance, by
using the netallic roll. Fuythernore, the production
met hod according to the present invention provides
S dhsc [ PEQL-eeLi. 00 PAr 0
i R R S
CORSERMENL L YehSUYGES RhiEANHAEteRSEL BAchEhWBRAckERBEOf a
anode in an electrolytic tank and the surface of the
mendyehemad@kesodnaafkabrorebliar tdataohtihijon carboxylic
sufficiently be supplied, and accordingly can | argely
reglore grpup)taed theabagkkambdelBrbmdeoXiderbeebén
produced. [0045] A nenbrane according to the present

5i nvents omingey davEonhci acidagkoupeat Ingthigecapgr as for
preventing the ases from being entrapped on the
su¥h%c@§r@mgtheogotbatm@m@ranae 5h@renésaroREChLER, th3T
needed. The coating |ayer can he forned on the |,
mehi® aher eReED Pﬁsf-ﬁﬁc@,emleyagﬁr 4§FR§2&SFi BHPRCRAFPRGLLY
fine jnorgani oxid rticles dispecsed_i,n_a_polyner
bi TeF S of bt ERSSThats F (or FRECEBRE Al nfigoTder to prevent
Pa%ﬁ@”aSé%QQQgeo§5tH§”E§§QS %ﬁPSEdkﬁg ﬁgmBESnQEGEGR%tnod
i nVéntion can be use OF 9ari ous ypes 0

lOelf§t5&+%§é§’w?ﬂ&htQﬁb83§eaoﬁﬁgpﬁgngﬁpéfggEermEB%_from

el ectrol'ysis of an aqueous a oride sol ution

W bt rROMr DEndesekEDeH PRECmeABrand4 pLEPERECAbALEXRhange
exanpl e. A known condition can be adopted as an

el RehbPAYS| Sos08LhIhNthEOpokBaEaBGEBstrbBe makes a resin
el ectrolysis is conducted on the conditions of an
layer around the porous substrate the thinnest part
which strongly affects the strength of the membrane.
15 Accordingly, in order not to decrease the
strength of the ion-exchange membrane, such a
production method is effective as not to decrease the
thickness of the resin layer around the porous
substrate.
20 [0044]

A method of transferring an embossed shape
previously formed on a release paper to the surface of
the membrane according to the present specification can
provide discontinuous projecting parts made from a

25 fluorinated resin on the surface of the anode side of
the ion-exchange membrane without thinning the resin
layer around the porous substrate, and can improve the

surface of the anode side of the membrane in a shape



el ectrolysis tenperature of 50 to 120C and a current 5
density of 5 to 100 A/dn2, while supplying a 2.5 to
5.5 normal (N) aqueous solution of an alkali chloride
into an anode chanber, and supplying water or a

di l uted aqueous solution of,.an al kali hydroxide into
a cathode .chanber. 10 [ooi%? An el ectrolysis cell

inﬁ%@ﬁGQtalBQQ ih etFEOQEEEHbEH 62! LAR- fXmBOGR. 1n
menbrane for elecfrolysis according to the present

| NY@A1+08n| SaUpedduiBYoRemathstngkecetealr ede thePpresent
a doubl e-el ectrode type as 15 long as the tank has the

abDneefles6ni Bedsshouchbke ai melluddnglaocdhkedenandndng

anode. The electrolysis cell is fornmed preferably,

f opolyméandireftdyn tohbactna asla, mandr eakolaingdy can

resistance to an alkali chloride and chlorine in an
5anpdeventinbee, mahdlitonralikéromsbeing parcedgd kaennghen

resistance to an al kali hydroxide and hydrogen in a

cafapaEnghbhbepropgctréndt Rarkpr afigEmtActapre, by using

el ectrodes, _the fluorine-containing cation-exchange

neﬁ%$aﬂ%t?%%l@|ée%fo|y§P§theaPaﬁngt§8 PredyrEdeny method

i nvention ang tEﬁ anode n@y.be aEnanged at a suitﬁgle d

252 SpREBI M ButCi hPPhBEEAER  of "YRB ABADPARE *8E80PERA] £8

t he. . Qv L .1 he 0 e

e e

1oi09%s&sh§fas OEEHH%aaggg&snétregﬁggqaeneiyt9e89&g§0%

each other. In 1 3 addi t1on, e cathode 'S
gepsh ek by 6£€Bgﬁdbé9ké6§nthboanbﬁé Fanzexehaggeolytic

menbrane at a suitable space, but an advantage
of @firdahd the Puesedé bEVENki ABmbgaRe] hakes an alkali
chloride solution sufficiently be supplied, and
accordingly can largely reduce impurities in an alkali
15 hydroxide to be produced.
[0045]

A membrane according to the present invention
may have an inorganic coating layer for preventing the
gases from being entrapped on the surfaces of the

20 cathode side and the anode side, as needed. The
coating layer can be formed on the membrane, for
instance, by spraying a liquid having fine inorganic
oxide particles dispersed in a polymer binder sclution.

The fluorine-containing cation-exchange

25 membrane according to the present invention can be used
for various types of electrolysis, but the case of

being used for the electrolysis of an aqueous alkali

chloride solution will now be described here, as a



even in a contact type electrolysis cell having no
such 5 space (zero-gap-type electrolysis cell). In the
next place, the present invention will now be
described wth reference to exanples and conparative
exanpl es. Exanples 10 [004341he present invention

will now be described belowwth reference to the
expoples-Apdr L P& eﬁQﬂB@éat i xekﬁéaﬁphsﬁdlb%nt egn be
present 1nvention is nhot |limted to these exanpl es at

al 4dogBeliNnabhgnexagpt es1386sCoBRAN @i bYE exarpliastanke,
el ectrol ysis was conducted in a self-circulation type

el exérel st sotebliswikhcandaceadobnltelchadingoas of an
cat hode of an expanded netal and an anode of a porous
plalectftbhyshg pempsratudenrfD58r candéf®@tasdpatchesent
open area 20 rate of 40%,_at a tenperature of 90C

Swi denaitureénd tdeh8t i/dh’ 60k bierpstpplgtvena days, to 5.5
while sup an aqueous sol ution of sodium
chh@FRak &B%tﬁ@Pﬁ@HSt§°iH§l°BoﬁéeﬁPréﬂkéﬁlthQQSlde into
g/liter to an anode Slg , t he concenty,
of 2R a3RPHe SBAEPBE. 2B tﬁBHB FH Yatsy §§%?b91 it Ht
and settin Lfferential ,press bet.ween +a flui
re3itrus | ol RELRA, REdBhoraBRoR PRE=oRRER, A ps P SC@gwde

anghg?gégld pressure in the anode } 36 side so that

thé urd’ pressure of the cathode side can be higher

100y [8p8ckPa. [00481 Exanple 1

An electrolysis cell, in which a fluorine-
containing cation-exchange membrane for electrolysis
according to the present invention is used, may be a
single-electrode type or a double-electrode type as

15 1long as the tank has the above described structure
including a cathode and an anode. The electrolysis
cell is formed preferably, for instance, from titanium
as a material having resistance to an alkali chloride
and chlorine in an anode chamber, and from nickel as a

20 material having resistance to an alkali hydroxide and
hydrogen in a cathode chamber. As for the arrangement
of electrodes, the fluorine-containing caticn-exchange
membrane for electrolysis according to the present
invention and the anode may be arranged at a suitable

25 space, but in the case of the membrane according to the
present invention, the purpose can be achieved without
any problem even if the anode and the ion-exchange

membrane are arranged so as to contact each other. In
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5 Afabric cloth with a thickness of 100 pm was

obt ai ned as a porous substrate by the steps of:

preparing a thread by twisting a tape yarn of 100

deni ers made from pol ytetrafl uoroethyl ene (PTFE) at

900 tinmes/m preparing a supporting fiber

(sacrificial 10 thread) by twsting 6 filanments of

pohygl Pybgnecnkergehbhal @E?g@ﬁ?ﬂal@% 30 rdagkar 8d3hced? to
times/mas a warp; preparing a weft by twsting 8

fitpeenbs-ekcRahgd mbhbeadeoht3a dafit@bieabpdle, but an
times/m and plain-weaving these threads while

al d¢vanteby dfspesdngyt bRePpkEséhtt hheadsiah 24 not lost
threads per inch and the sacrificial threads at 64

t heeedsipea conhawhi thipesedetimed ybigheelldbayiing tivamsuch
that of the PTFE threads. The obtained fabric cloth
waspaot f seredgiproyPReelBcEknéysisf cdlpm by being
crinped by a heated nmetallic roll. At this 20 tine, ,
the open ar edlr Ehfon8RLoRLPCENe tPEFRrEREBRD IRY§NEET, Will
[ 00491 Next, a,polyner (A) was prepared which was, a

COBOY yhe AoPCEEBeRI L b - B9 LoRBEr Ser SaRgy 60 and
OCF2CF2COOCH3, 25 and had an ion-exchange capacity of
O.%%mﬂﬁr%EbVeaFéﬁPPgeary resin; a polyner (B) was
prepared which was a copol yner of CF2=CF2 and
CF2=CFOCF2CF( CF3) OCF2CF2SQ2F, and had an i on-exchange

peTSTEPRE8) Vuas pr epar ad i ch had (he Same structure

a35@@@7polyner (B) and had an ion-exchange capacity of

1.05 ng equivalent/g dry resin. A dual-layer film(x)

5 was prepareHebpresextr tiflivegtiba ahavenpel peedeswrtibed

: below with reference to the examples and the
comparative examples, but the present invention is not
limited to these examples at all.

In the examples and comparative examples, the
electrolysis was conducted in a self-circulation type
electrolysis cell with an area of 1 dm® having a cathode
of an expanded metal and an ancde of a porous plate
(having pores of 4 mm® arranged at 6 pitches, open area
rate of 40%), at a temperature of 90°C with a current
density of 60 A/dm® for seven days, while supplying an
aqueous solution of sodium chloride controlled to the
concentration of 205 g/liter_to an anode side, keeping
the concentration of caustic soda of a cathode side at
32% by weight, and setting a differential pressure

between a fluid pressure in the cathode side of the

electrolysis cell and a fluid pressure in the anode




T-di e technique. The filmwas formed of the pol yner
(A) with the thickness of 25 pm and the pol ynmer (B)
wi th the thickness of 75 pm In addition, a film(y)
with the thickness of 25 pmforned of a polyner (O
was 10 obtained wth a singlg-layer T-die technique.
[ 0050] Next, a netallic roll” having protrusions

(p§9ﬁ§05b”9h96rﬁﬁb enyife %B%E@E% W@StB%eE%E%%déMﬁﬁéé can

had a circular truncated cone shape, a average hei ght

15pef hi§RepMbyasdaskphbhuti on density of about 500
pi eces/cnR2, an area fraction of the bottom faces of

0. 167482/ cn2, a length of the bottom sides of 200 pm

and a width of 125 pmat the half height of the
prBxamgiaglpart, and was heated to 40C, and an

enbossed 20 shape was forned on a rel ease paper with a
Sbasis wei ghtA &abr2z glathbyithi apithdcknesselodad®O Hm was
paper with the heated netallic roll and a resinous
pr@%E@%@eﬁoPF at ParoppneuppEsatirebyf theosdeREC Mtf or

the resipous pressure, roll at a enbossin

niﬂfﬁpaﬁsngOGSEPr?ﬁE ?Vrtﬁéﬁﬁé35|s£F§p8f gﬁ@ P%I&gée
AR LRESSTPEE FPR BOGNEGREPTUAraPoRYLE e )ﬁ%g%%zsta& 900
e

10ft€ﬂ§e9&) B aE%h 9ih e6r?Eg§ﬁSnE p%ﬁl Bﬁ?e%h&ﬁbﬂ@

he 5 porous su str te an X) “of vari ous
met er&phenabhaknedrher 8£i Bot hbpiardeht Qooatdh@@/m as a

havi ng a heat

warp; preparing a weft by twisting 8 filaments of a PET
thread of 35 deniers at 10 times/m; and plain-weaving
these threads while alternately disposing the PTFE

15 threads at 24 threads per inch and the sacrificial
threads at 64 threads per inch which is 4 times higher
density than that of the PTFE threads. The cbtained
fabric cloth was controlled into the thickness of 70 um
by being crimped by a heated metallic roll. At this

20 time, the open area ratio of only the PTFE thread was
75%.
[0049]

Next, a polymer (A) was prepared which was a

copolymer of CF.=CF; and CF,=CFQOCF.CF (CF3) OCF,CF;CO0OCH3,

25 and had an ion-exchange capacity of 0.85 mg
equivalent/g dry resin; a polymer (B) was prepared
which was a copolymer of CF,=CF; and

CF,=CFOCF,CF (CF3) OCF.CF,S0;F, and had an ion-exchange



source and a vacuum source in the inner part, and
having fine pores on its surface; crinping the stacked
films while heating and depressurizing them and then
10 renoving the rel ease paper. At this tinme, a formng
tenperature was 225C and a rgduced pressure was 0.022
NPa [ 0052] The surface of tnhe obtained nenbrane was

§§§§5¥9 faadges E§ ggkfﬁggh%r/j onbishipEd 4 @a%h

an"ano ing parts wit

trp69§ﬁ89 Q@ whbk?régaﬁédfﬁhﬁﬁﬂ hB@rQﬁE,sWﬁbC@t&%ﬁ%ure
t he hei ght abou m by an average value h, are

di §§rtbatpdl§tﬁnea denskhy Raaf ahO@op-exehhtdi, chpueity of

such 20 bottom faces as to occupy about 0.04 cnR/cn®

byladb amgeequévedkne/§ dryareaihrach dealkdagezudh o x)

parts as to occupy about 0.012 cnR/cn2 by an average
Svavae prepéradehyf raekiondihgvé&hboabomes pddymairsh wikd a

| ength of about 100 an average val ue a, have a

wi dr@ief teshpbaue- 75Tgﬁ1Eylanwa@eﬁQQ@eﬁapéetbeapOﬂW@er

hal f hel ht of the projectin and are_made from

a pol yteEhnbhenghigkress- Qﬁcﬁgng@ gREupheaPolTe T i(Bd,

?g*l%ﬁo%%f ReferERa b ABnEE- cotBosridthgRbr And WS (¥)
DYALOhYERS EhiRinebal 02"3s ! rofREd! B2 2 B8 LIS 0) was

5 n e 29% t ni um
10, Pk Sgeand, choB L apBseLEY LN Rbrpucgan i
0. @Qogg] into an ethanol sol ution containing 596by

wei ght of an
Next, a metallic roll having protrusions

(projecting parts) on the surface was prepared, which
had a circular truncated c&ne shape, a average height

15 of 150 pm, a distribution density of about 500
pieces/cm?, an area fraction of the bottom faces of
0.157 cm?/émz, a length of the bottom sides of 200 pm,
and a width of 125 pum at the half height of the
protruding part, and was heated to 40°C; and an embossed

20 shape was formed on a release paper with a basis weight
of 127 g/m® by crimping the release paper with the
heated metallic roll and a resinous pressure roll at a
line pressure of 1,000 N/cm for the resinous pressure
roll at a embossing speed of 10 m/min.

25 [0051]

The air permeability of the release paper

used herein before being embossed was 0.005 MPa when

measured with a pneumatic micrometer type tester



5

10

15

20

25

acid type polyner of a polyner (C), and a
gas-releasing coating filmof 0.5 ng/cn2 was forned
on both surfaces 10 of the above described conposite
menbrane by spraying the suspension with a spraying
techni que. [0054] Tensile sgﬁfngth tensil e el ongation
and electrolysis performance were evaluated on the 15

f'H@&bE&;ﬁanEé'Q'Egcﬁﬁ&bgm gxshangs 6%”@@@@@ Qﬁb@lnﬁ@ 5-
as descri béd above. The tensile strength and

tenspbeoel ongati on were neasured accordi ng to JIS

K6732 by the steps of: preparing a sanple which was
taken out fposvinpesiresbmanpranecawdisr ebthdnedf b45the
degrees with 20 respect to a porous substrate enbedded

i nstépsnefbr aheckand hhd aelkedsh phpér¢mthandilm (y), the
stretching the sanple on conditions of a distance
bepowens chubkSratesondnthadfalm dndi b ypadgust maggrials
mm mn, The electrolysis was performed in the above
deskFrbracdeheser éPy§¥éSc@FFian 28 @hPAgHT MAVERI( §)
arranged so.as to face an ano a current densit

of 589 %?dﬁ@ aﬁdvﬁchﬂpéPHFE?elgeFkﬁtln@@é PBFtSe9€H

| t t
oSt RarELhg! R En) Bp 328 s8RrRGRL st ipbtag  Bhel M alkea
VR £1FEHE £, 1,500 B CCHEOLLS S SLATLU LY L1BS, and cthen

ron1res ecti ve va ues neasur

Sef&ﬁgv9ﬂ§eéﬂg %Q§e§§¥e?55?gay ﬁﬁtﬁhﬁg'ﬁih50|ﬁsf%r%§%g

been st ar € anoun sodium chloride in the

ErﬁéﬁgéﬂaﬁaﬂétWQsSQQQWfNﬁﬁaléoﬁéaﬁééﬂ YBSs eterwrsed. 022
y:

taining a value nmeasured by the steps of
remeaing chloride ions of sodiumchloride in the
caustic soda wth nercury thiocyanate to isol ate
t hiogyahat e i ons,

The surface of the obtained membrane was
observed, and as a result, it was confirmed that a film
(y) of an anode side had projécting parts with a
truncated-cone-like shape formed thereon, which have
the height of about 45 um by an average wvalue h, are
distributed at a density P of 500 pieces/cm®, have such
bottom faces as to occupy about 0.04 cm?’/cm® by an
average value S of area fraction, have such top parts
as to occupy about 0.012 cm?/cm® by an average value T
of area fraction, have bottom sides with the length of
about 100 um by an average value a, have a width of
about 75 pum by an average value b at the half height of
the projecting part, and are made from a polymer having
an ion-exchange group. At this time, a value of b/a

was 0.75 and a value of h/a was 0.45.



reacting the thiocyanate ions with iron (lIIl) ions to
10 formthiocyanate iron (l111), and neasuring the
intensity of coloration due to the thiocyanate iron
(1'11); and converting the value to the case in which a
caustic soda sol ution conceq&;ation was 50% by wei ght.
[ 0055] 15 The results are shown in Table 1 together

W thothe results of other exanples and conparative
exanpl es. The nenbrane showed the val ues of tensile

strength andykgesi kReebBREAheAN cOMpbisq it@Nehbirainer aklse
for the electrolysis. The nenbrane al so showed a snal

20hdegoadakdontoboet etdr obiysi lsope) f afidathenonakheinsed and
second day after the initiation of electrolysis and

t herisdvenFhrthgrmaneyl &r auspeasavaumasoprepdire by
chloride contained in caustic soda, no remarkable _
5i neddang avdndisperhénge?@it bydapighterft lré ricoinijua iogide
of 25 electrolysis, and consequently stable
eIE%?Fbp§§ﬁsW1%€rﬁoPﬁﬁﬁééY pegsérlecdinpeser of 0a02 pm
rel ease ga eé mai en&ossed by a resinous B&ESSUTG r ol

at 1R3tP; A gF 3881 eSBLUBHBNCRRFAANIRENPSs Pe WRdbitand an
was prepared with the_sane t hod Exampl e 1 so .
L AP RREYRFOPELITRE Bhr CsPRAUESE dia 8700y HEP-REHRG N
an_.jopsexc e.grau r, el t r% c
anciBPLfCeEE et Rl PALEHC O ' £Fms 2R EetY, Bpgaces
108N, AVERA08LYBLUBeBerBBedl Sy BB&%g AbmBraf@neit % @a&&n
500 pieces?cnﬂ, ﬁave such boFton1 aces as to&gcghp g
abeyé Qu935n§ﬂgﬁcﬂ¥tﬁyaa5p§&9&ﬁ§etééhﬂﬁq§e9f

[0054]

Tensile strength, tensile elongation and
electrolysis performance were evaluated on the
fluorine-containing cation-exchange membrane obtained
as described above. The tensile strength and the
tensile elongation were measured according to JIS K6732
by the steps of: preparing a sample which was taken out
from the membrane in a direction of 45 degrees with
respect to a porous substrate embedded in the membrane
and had a width of 1 cm; and stretching the sample on
conditions of a distance between chucks of 50 mm and a
tensile speed of 100 mm/min. The electrolysis was
performed in the above described electrolysis cell in
which a film (y) was arranged so as tc face an ancde at
a current density of 60 A/dm? and a temperature set at

90°C for seven days. Electrolysis voltage, current

efficiency and an amcunt of sodium chloride in produced




10 area fraction, have such top parts as to occupy
about 0.012 cnR/cnR2 by an average value T of area
fraction, have bottomsides with the |Iength of about
80 mby an average value a, and have a w dth of about
67 pm by an average val ue t the half height of the
projecting 15 part. At this tinme, a value of b/a was

ab@&&s@1§4s§39 w@réahHSSQEeB/aaﬂﬁseﬁge%kogy@ls thability
obt al ned conposite nenbrane was subj ected

el gg&revyshaten EB@msaaape@emébtvam&eQSmeasE&@apba the
The results are shown in Table 1 in the sane way. The

Exeapbrd 2dahonrd aHequavenPh tdegubfsesi gilkatrbdyisie has

case of Exanple 1. [0057] Exanple 3 A netallic rol

haveeay ptattedi onfhe(pmojett bligspditm) chhotrhdesuinf abe

was prepared, which 25 had a quadrangul ar pyram d
5shapeduaedaganagéchepdat (¥aC1880FmNagHdi yesi Hetiegmined

density of about 250 pieces /CM2, an area fraction of

t heY boPPbainhegsaovadug @ﬁﬁﬁéﬁﬁd RY LBRgEKEBE Offereacting

bott sldes of 4Q0 and th,of 42 225 m at
t hel ar% felghf B Fgg]BWoFPEBFﬁg epipt thgngaughdc soda

R LS L St T TR
fgﬁ@ gngh€néekﬁ§88 RAREE M1 FJE%P“%FE 'ﬁ&z' 'l'o%s to

resi nous ressure r ol ssur

100;€o}m19918%29g39§ EPSnr?it@? aaaeﬁéagﬁraﬁbltﬁb a

0Ssi ng” spee 10 m nin. A conposite nerbrane was
”HﬂﬁtéﬂsﬂﬁyngftESl&EhE@éﬁ ?ﬁ@etowthg theocegamatet Redn

as in Exanple 1. 10 [O
(III); and converting the value to the case in which a
caustic soda solution concentration was 50% by weilight.
[0055]

15 The results are shown in Table 1 together
with the results of other examples and comparative
examples. The membrane showed the values of tensile
strength and tensile elongation sufficiently tolerable
for the electrolysis. The membrane alsc showed a small

20 degradation of electrolysis performance on the second
day after the initiation of electrolysis and the
seventh day, an ultratrace amount of sodium chloride
contained in caustic soda, no remarkable increase even
on the seventh day after the initiation of

25 electrolysis, and censequently stable electrolysis
performance.

[0056]

Example 2
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It was confirned that the obtained conposite nenbrane
made from a pol yner having an ion-exchange group had
the projecting parts forned on the surface of an
anode side, which had the height of about 66 m by 15
an average value h, were disfyibuted at a density P of
250 pieces/cnR2, had such bott'omfaces as to occupy

about 0.1 caPiefRa Y BApAYELAGE HBlodRed By & 8@sinous
fraction, had such top parts as to occupy about 0.009

cnBrepBuby¥ 2B11ayer ageivial peeksofreabda gonadt/ican, mad
bottom sides with 20 the | ength of about 200 pun by an
avevapesyakbureabrand whadpzephdeld efthbatle E2memmeytharx as
average value b at the half height of the projecting
paEkampl et hi sot khet theepraljeetdhgbpartas malbieutt r@r6 3

and the value of h/a was about 0.33. The obtained
coRrposMEs haNbnananwasn2sxshengét ggoup dlogeedolopsitdieon
the same conditions as in Exanple 1. The results are
shewhinfeTabl an1appdeheidgafeuddy shoie thealisiighy of about
sh d adequate results _simlar tog.the case of

Exgﬁ‘ﬁ}’@ By 38 ayBB3SF ERAHFI 8/4PK FdBEZSEISEFeAWEs
enmhossed at a_li ressyresof. 1400 N cm f a
FeaPRRs Y pPeatuplt, BRPSRRSE"Congte phcfiehnfhal fages o

pr €8%§9u§’yt ap%;gﬁ 0202 P”Ehb‘?ﬁlfﬁjsof%{mix?e%ié; JdAle L6 ¢

projecting p romo ol yner ving an
| 0p+8XCRAREE; BHOURALRA" BRENOR LN BareY BRC’ ObRUAN MUt
si de showed the height of about 95 mby an average

vabuglh, clr@ndipt rdrbWved-Rfe ardansit oG ROff PRk ion,

pi eces/ cnR2, had such bottom faces as to occupy about

0. A8venBbeoBmbyidasaweehAgehwalledgbhobfaa®aut 80 pm by an
average value a, and have a width of about 67 um by an
average value b at the half height of the projecting
part. At this time, a value of b/a was about 0.84 and
a value of h/a was about 0.41. The obtained composite
membrane was subjected to electrolysis on the same
conditions as in Example 1. The results are shown in
Table 1 in the same way. The Example 2 showed adequate
results similar to the case of Example 1.
[0057]
Example 3

A metallic roll having protrusions

(projecting parts) on the surface was prepared, which
had a quadrangular pyramid shape, an average height of
150 pm, a distribution density of about 250 pieces/cm?,
an area fraction of the bottom faces of 0.4 cm?/cm?, a

length of the bottom sides of 400 pm, and a width of



fraction, had such top parts as to occupy about 0.009
cn2/cn2 by an average value T of area fraction, had
bottom sides with the I ength of about 270 pm by an 15
average value a, and had a width of about 135 pm by an
average value b at the half i ght of the projecting
part. At this tine, a value b/a was about 0.50 and

a y@éUﬁmoithéﬁe“ﬁ§1§b§é§g9t3éf IH@ B?Békﬂaﬂngoﬁag%'ténd

menbr ane was subj ecte el ectrolysis on thé sane

COR&ls t hO&aBedStbN4BXGMURY Jan Tos £5ed t Shap € wAOWoiMed on
Table 1 in the sane way. The Exanple 4 showed adequate

resutéSess8i papetowibh sapesol kxaghpkeot. 1p00GON* by
Conparative Exanple 1 25 A conposite nenbrane was
prepaneindytbisi nglaaseepepse paphr thbahehdddnoethéénc
enbossed with the sane nethod as in Exanple 1 and
Sevablhtand Asresimsgubtpoésshaei nglobsér aedinkepsestare of
of an anode side, there was 4 44 not such_a
prbj%%@|HQC@af?ra§h§eéﬁsFﬁOEiaEﬁﬁé§ur¢hé01#e§GIﬁ is
sh in Table 1. The_ Conparative Exanple 1 showed
$3Ln@cPRAPEaPlstPeh WhnmhuéhcﬁﬁgoééﬁﬁuPﬁ@&rapﬁ yas

tensi | e test d d ‘e
P Eh LT T PR LY aPB 5= BF e PPRFy SLE AP oPRRRcBS ERod as

| arge anobunt of sodiumchloride in
caﬁ%t?%gﬂgg%aleven on the second day after initia

10e|p@@5§1y5|s and a remarkably increased anount of
the sodium chloride on the seventh day. 10 [0061]

Conparative fEXagRsecénfirmed that the obtained composite
membrane made from a polymer having an ion-exchange
group had the projecting parts formed on the surface of
an anode side, which had the height of about 66 um by

15 an average value h, were distributed at a density P of
250 pieces/cnﬁ, had such bottom faces as to occupy about
0.1 cm®*/cm® by an average value S of area fraction, had
such top parts as to occupy about 0.009 cm®/cm® by an
average value T of area fraction, had bottom sides with

20 the length of about 200 um by an average value a, and
had a width of about 125 um by an average value b at
the half height of the projecting part. At this time,
the value of b/a was about 0.63 and the value of h/a
was about 0.33. The obtained composite membrane was

25 subjected to electrolysis on the same conditions as in
Example 1. The results are shown in Table 1 in the
same way. The Example 3 showed adequate results

similar to the case of Example 1.



A rel ease paper was enbossed at a line pressure of
400 Ncmfor a resinous pressure roll. A conposite
menbrane was prepared with the sane nethod as 15
Exanple 3 so that the projecting parts nade froma
pol ymer having an ion-exchange group fornmed on the
surface of an anode side showWed the hei ght of about 16
m byoggiaverage value h, were distributed at a density
P of 256 pi eces/ cnR2, had such bottom faces as to
OCEMAYp28 about 0.019 cn®/cnR by an average val ue S of
area ?raction, had such top parts as to occupy about
0. 009 cnR/ cAlrbleaseapapagewaal eambbsekdaata af ldeia on
had bottom sides with the |length of about 87 pm by an
averageuvel o€ a40ant/bavéox wi debiobusbpues4tiemrnllan A
25 average value b at the half height of the
Sprepepebnge panbrane whssprepared valthe tbe segengethod as
about 0,53 and a value of h/a was about 0.18. The
obEafRBdecénpesthat KBRLPERE eREdNGuBREEteflade from only a
el ec rol¥sks on the sane 1 45 conditions as

ExBHpYEe BRiNEt anglensREGHAPFeTIBPEP oirﬁ‘efj:'] g’ns he
) i m | | t ~ati Ex o i
e dirals' 8F Yo' SnfRh 8i e, KEelsRIRe heysltR Bott o5
h _ gl .
SnBHCHy ah 2 98458 GRLEOR, Ohetd HERk LYY density

103MBUBE. 950SPALUELIBIOY | Mg | SulRUSLE EofiOfdegYChs €8 bBeupy
second day after i1nitial electrolysis. [0062]

Cogpanat by es ExmPpdf? Byl ArA RlRaRe RARRY vast efassed
at aline pressure of 400 NNcmTor a resinous
pr €savt€ohpl hadAsuch top parts as to occupy about 0.009
cm® /cm? by an average value T of area fraction, had
bottom sides with the length of about 270 pm by an
15 average value a, and had a width of about 135 um by an
average value b at the half height of the projecting
part. At this time, a value of b/a was about 0.50 and
a value of ﬁ/a was about 0.35. The obtained composite
membrane was subjected to electrolysis on the same
20 conditions as in Example 1. The results are shown in
'Table 1 in the same way. The Examplel4 showed adegquate
results similar to the case of Example 1.
[0060]
Comparative Example 1
25 A composite membrane was prepared by using a
release paper that had not been embossed with the same

methed as in Example 1 and evaluated. As a result of

having observed the surface of an anode side, there was
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25

conposite nenbrane was prepared with the sane net hod
as Exanple 1 so that the projecting parts nade from a
pol ymer havi ng an ion-exchange group forned on the 15
surface of an anode side showed the hei ght of about 15
pm by an average val ue h, we distributed at a
density P of 500 pieces/cn®,” had such bottom faces as

tonsecyegh gb %JQﬁQézgugﬁéW%sbge@a AneRAGGpMAsUe Fhe

of area ract top parts as to occupy

abpeku: 013 sROWAMRACTRLEY an avgeagemyakieileokxdmpde 1
fraction, had bottom sides with the |Iength of about

65spowby adeqgadekageckahtiead, sérdnhane waivhdilsokonfirmed
about 35 pmby an average value b at the half height

of ihhe pengétei ngstpabtit Ahowbkdsat laegeadegiracadfiony @f
was about 0.54 and 25 a val ue of h/a was about 0.23.
Theunbeatne@féofposit emongnblens radysdsbpectedmances, and
el ectrolysis on the same conditions_as in Exanple 1.
Thehewed| &8 L3rgRo@amoppt PibpediumTrblesips: em gaustic
Exampl e 3 al so showed 46 adequat e nechani

st ?%ﬁ@t RYeBuPishBRed®gordr ey éé&?édéﬁl&ﬁagf edgetEmlysis,
ff t f
Shobias ”%mﬁ?&ﬁ%ﬁ&%ﬁ%ééf ARPSBH B GE% BRI | ¢

e ys. Gn' GBS SERaREE T ) Ny 0N o N

E9 WaJLoMLOONMONriONwavMN
1f§@%) b Od co

Comparative Example 2

A release paper was embossed at a line
pressure of 400 N/cm for a resinous pressure roll. A
composite membrane was prepared with the same method as
Example 3 so that the projecting parts made from a
polymer having an ion-exchange group formed on the
surface of an anode side showed the height of about 16
‘um by an average value h, were'distributed at a density
P of 250 pieces/cmz, had such bottom faces as to occupy
about 0.019 cm?/cm® by an average value S of area
fraction, had such top parts as to occupy abcocut 0.008
cm?/cm® by an average value T of area fraction, had
bottom sides with the length of about 87 um by an
average value a, and have a width of about 46 pm by an
average value b at the half height of the projecting
part. At this time, a value of b/a was about 0.53 and
a value of h/a was about 0.18. The obtained composite

membrane was subjected to electrolysis on the same
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U4 LO WkOri N Oo O 7ror-l MMO O O %4
a) CacCqgcC.11 vri vril NN mri ~ri 1-4

Lk%ghgltlﬁﬁ¥ 3s &ﬁ Eiam l% @N >RBsu1%sahr%)s§bwntlQ @%ble
MDb) tr rn U , a)

> 1 CGihUBhEOs by Ua@« 0 sﬁinlrlarug I‘l:@ Cbazp@l@at(lﬁrevzxéhpme 1,

-Pa) va) ro'O0O'0O0 40+~v C+~a) )i 4-) w'1l

O gomphrative Erdmpber R bhoéd+3dequate mechanical
strength, but showed a large degradation of current
efficiency among electrolysis performances, and showed
a large amount of sodium chloride in caustic soda even
on the second day after initial electrolysis.
[0062]
Comparative Example 3

A release paper was embossed at a line

pressure of 400 N/cm for a resinous pressure roll. A
composite membrane was prepared with the same method as
Example 1 so that the projecting parts made from a
polymer having an ion-exchange group formed on the
surface of an anode side showed the height of about 15
pm by an average value h, were distributed at a density
P of 500 pieces/cmz, had such bottom faces as to occupy
about 0.017 cm?/cm? by an average value S of area
fraction, had such top parts as to occupy about 0.012
cm?/cm? by an average value T of area fraction, had
bottom sides with the length of about €5 um by an
average value a, and have a width of abcocut 35 pm by an
average value b at the half height of the projecting
part. At this time, a value of b/a was about 0.54 and
a value of h/a was about 0.23. The obtained composite
membrane was subjected to electrolysis on the same
conditions as in Example 1. The result is shown in

Table 1. The Comparative Example 3 also showed
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[ 0064] A cation-exchange ne ane for electrolysis
according to the present invention can reduce 5

| BT ETREAL NABBLAEKRL T Thydr oxide to be produced,

whil e maintaining excellent electrochem ca

prppeesies and nechanical strength in the

el ectrol ysis of an aqueous solution of an al kal
chloride, pravcdesoanrecatkahge hyslbeshderolr bilghtrolysis
quality, can exhibit stable 10 electrolysis

pezforndihee byvetha boegeperindentivnnean arducen
S|gn|f|cantly contribute to a reduction of an

S5 el Hepybl yEes tosenapdkplbvhzidsaxbdfleahoabrabirodygedxi wbile
of hjgh purity. 50 _CLAIMS 1. A cation-exchange
nefﬁ%as%%l%me%%ﬂbﬁ% gleebrprhemhgas properties and

fluorine-contajnin ol ymer ha |n
mechanlcaf strengtﬁ X ﬁe e Ty51s of an aqueous

solution of an alkali chloride, provides an alkali
hydroxide of high quality, can exhibit stable
electrolysis performance over a long period of time,
and can significantly contribute to a reduction of an
electrolysis cost and provision of an alkali hydroxide

of high purity.



e

exchange group and a porous substrate, characterized
in that the nenbrane has projecting parts conprising
a polyner having an ion-exchange group on the surface
of an anode side of the nenbrane; 20 < h <_ 150,
where h is defined as an average val ue of heights
(pm fromthe surface of the anode side of the
menbrane to the tops of the onpjecting parts; 50 <P
< 1,200, where P is defined as a distribution

density (pi egebgf®hnObxbREGnBEOMERbrAte FRL! 1+ vsis
S50.6, where Sis defined as an average val ue of

aresmprasi hgna fraBrent)cehthhaihgt pelymkaceavahgt @ ion-
projecting parts on the sanme plane as the surface of

t hexahadgesgdeupf ahleanpohbpasesubsdrite, @h@rachesrneed in
is defined as an average value of area fractions
(chRatnkheohemheanephpar projectihg prejtscrongrising én
the surface of the anode side of the menbrane. 2. The
caPpbrnexchargeIndhbianecsebangengrodP enaithel surface of
wherein Q.5 < b/a S 0.9 and 0.25 < h/a <- 0.80,
whdhe2Rofle géfened LBeafteBbERrBGe value of |engths

(P of the BGLLom i geg, obuit B oLockiiheslect 3! 2ypuage

e B0a" ) SEELACERE 00 c2EE, B8 b

heLg8L BE2ifBMhefthrhRE Eﬁokﬁgtkegsp@Etthe projecting
parts;

50 £ P £ 1,200, where P is defined as a
distribution density (piece/cm?) of the projecting
parts;

0.001 £ 8 £ 0.6, where S is defined as an
average value of area fractions (cm®/cm®) of the bottom
faces of the projecting parts on the same plane as the
surface of the anode side of the membrane; and

T < 0.05, where T is defined as an average
value of area fractions (cm?/cm?) of the top parts of
the projecting parts on the surface of the anode side
of the membrane.

2. The cation-exchange membrane according to
claim 1, wherein

0.5 £ b/a £ 0.9 and

0.25 < h/a < 0.80,

where a is defined as an average value of

lengths (pm) of the bottom sides of the projecting



3. The cation-exchange nenbrane according to any one
of clains 1 and 2, wherein the projecting parts are

di sconti nuous with each other. 4. The cation-exchange
menbrane according to any one of clains 1 to 3,
wherein the projecting partg%have a single shape or a
nixed shape of two or nore shapes selected fromthe

gr 9P+ 60851 ShiNgaflb ﬁﬂﬁEéCHEaEhéogﬁrfEbbeo%h%B% afode
quadr angul ar pyram d-1i1ke shape, a circular truncated

cogedti ke shapfemBdanel r HABAbeds geFdhadddsabn average
pyram d-1i ke shape. 5. A process for producing an

| onakxehafgeidorebramne &6r thkepirbobysiag phatacher ithed

by bringing an enbossed rel ease paper closely in
condhftheightt hé2 sumf acé bhet becdrcotiéngi derdsf. t he
menbrane and transferring the enbossed shape of the
reBease papefheocathensgkthaagewmenbzane according to any
fl uorine-containing polymer havin an ion-exchange

grenp P35 Fé?émédloﬁnﬁ B@rUB§r§&BsgP§tBFOJ?ﬁéﬂéﬁyParts are
form g prOJectlng part cogpr|5|ng a polynmer having
and?%ﬁ BkiAUAYE Hiblpe8RMt REN8Erface of an anode

si de. 6. The roce S accorg Wk m 5, wherei t
refease papef Fs 3 o8BI §*b Sﬂgﬁ ESHFa FcﬁFgﬁth & any
3“55808f°§%595saﬂ° § §'d%hSEe&HetHE”EEgg%c$Xn$hg%%%gghave

pressure rough™t e rél ease paper

prQC§§§ QCQEQEQQOEO aClh@lkAHS h @rBEnthBeoreEBQ%s%ﬂapes

one shape or m Xe ape of two or nore
Sh§@§§c§SBeEESH Eh@ﬂgkaapgbeH@lgea§@3bfng efirdular cone-
S

circul ar cone-| ape, a multi-angular pyramd-Iike
like shape, a gquadrangular pyramid-like shape, a
circular truncated cone-like shape and a truncated
guadrangular pyramid-like shape.
5. A process for producing an ion-exchange -
membrane for electrolysis, cha:acterized by bringing an
embossed release paper closely in contact with the
surface of the ancde side of the membrane and
transferring the embossed shape of the release paper to
the surface, when a fluorine-containing polymer having
an ion-exchange group is layered on a porous substrate,
thereby forming a projecting part comprising a polymer
having an ion-exchange group on the surface of an anode
side.
6. The process according to claim 5, wherein the
release paper is closely brought in contact with the

surface of the anode side of the membrane by reducing

pressure through the release paper.



shape, a hem sphere-|ike shape, a done-like shape, a
circular truncated cone-li ke shape and a truncated
mul ti-angul ar pyram d-like shape. 8. An electrolysis
apparatus conprising the cation-exchange nenbrane
according to any one of clai 1to 4, a cathode and
an anode, said apparatus being an electrolysis tank,

wherein the ghefgeg-bayi aecbkeaiep%s%' 89mPaN t wBkrlS the

cati on- exchange nenbrane contacfs or faces fo the

angfifossed shape is one shape or a mixed shape of two or
more shapes selected from the group consisting of a
circular cone-like shape, a multi-angular pyramid-like
shape, a hemisphere-like shape, a dome-like shape, a
¢ircular truncated cone-like shape and a truncated
multi-angular pyramid-like shape.
8. An electrolysis apparatus comprising the
cation-exchange membrane according to any one of claims
1 to 4, a cathode and an anode, said apparatus being an
electrolysis tank, wherein the surface having the

projecting part of the cation-exchange membrane

contacts or faces to the anode.



