DESCRIPTION POROUS POLYMER FILM AND PRODUCTION METHOD FOR POROUS POLYMER
FILM 5 TECHNICAL FIELD [ 0001] The present invention relates to a porous polymer membrane
and a method of producing the porous polymer 10 membrane. Specifically, the present invention
relates to a porous polymer membrane suitably used as a microfiltration membrane or ultrafiltration
membrane for treating water, and a method of produting the membrane. 15BACKGROUND ART
00021- Porous membranes have recently been utilized in various fields, including not only for
treatment of water (e.g. water purification, waste water treatment), medical 20 usage (e.g. blood
purification), and the food industry, but also f&%@%@%@ed membranes, battery separators, and
fuel cells. [0003] For example, porous membranes are used in the field 25 of water treatment such as

water purification-and wastewvater reatment forsubstitution forcenvenptienalpupeses, including sand
filtration and coa%ulativ% pgecipitation, and improvement in the quality of treated water. Since a large

guantity of water is treated i the field of water 30 treatment, porous membranes are required to have
excellentwater permeability. Porous membranes with excellent water permeability enable to reduce
the area of the membranes, which in turn regducasrthgrsize; of water purification apparatuses.
Accordingly, TM costs can be reduced. 35[0004] 2 Moreover, porous membranes are required
to have chemical re]sistance because the membranes may be washed with an alkaline solution in
chemical cleaning. Stite FEAREBEer IEIE 6P PorsUsarRBMbianés Hiak @oAtd® astfitoropolymer

(e.g. polyvinyligene flueride cesinias adnatefiabwith igh ghemicab resistanee (sees for example,
Patent{ ferajrgg 1.1 d4). owewer, convontional Rorous Membrangs haye.pdffiglent water
permea |I|ty, and thus nee provement. .
porcus polymer membrane sultably used as a microfiltration
membrane or ultrafiitration membrane for treating water,

and a method of producing the membrane.

15 BACKGROUND ART
' x@LGOOQT )

Forous membranes have recently been utilized in
various fields, including not only for treatment of water
(e.g. water purification, waste water treatment), medical

20 usage (e.g. blood purificaticn), and the food industry, but
also for use as charged membranes, battery separators, and
fuel cells.

[ 0C03]

For example, porous membranes are used in the field

25 of water treatment such as water purification and waste
water treatment for substitution for conventional purposes,
including sand filtration and coagulative precipitation,
and improvement in the guality of treated water. Since a
large quantity of water i1s tTreated in the field of waler

30 treatment, porcus membranes are required to have excellent
water permeability. Porous membranes with sxcellent water
permeability enable to reduce the arsa of the membranes,
which in turn reduces the size of water purification
apparatuses. Accordingly, facility costs can be reduced.

35 [ 0004



10 CITATION LIST - Patent Literature [0005] Patent Literature 1 JP-A 2009-203584 15 Patent
Literature 2 JP-T 10-512194 Patent Literature 3 JP-A 63-248405 Patent Literature 4 JP-A 63-248406
Patent Literature 5 JP-A 58-98105 Patent Literature 6 WO 2003/106545 20 Patent Literature 7 JP-A
2003-138422 Patent Literature 8 JP-A 2003-236351 Patent Literature 9 JP-A 3-38228 Patent
Literature 10 JP-A 3-38227 Patent Literature 11 JP-E 2005-522316 25 Patent Literature 12 JP-A
61-4504 Patent Literature 13 JP-B 63-11370 Patent Literature 14 JP-A 2007-167839 SUMMARY OF
INVENTION 30 - Technical Problem [00061 The present invention provides a porous polymer

membrane that is excEIfent HEEonly Tt Watersariedhity 2ha diedirbsistaric Bét@so in mechanical
strength. 3 -Suotutiomto Problem 4000 7bTheporous:polymes membraneyofthevprebent invention

includes a fluprepolymer, (A):that includes:a vinylidene, o fluoride unitand.a tetrafluprogthylene unit.
have been made on porous membranes that contaln a
5 fluoropelymer {e.g. polyvinylidene fluoride resin) as a
material with high chemical resistance (see, for example,
Patent Literatures 1 to 14). However, ccnventional porous
membranes have insufficient water permeability, and thus
need improvement.
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SUMMARY OF INVENTION
30 - Technical Problem
[ 0008]
The present invention provides a porous polymer
membrane that is excellent not only in water permeability

and alkall resistance but als¢ in mechanical strength.
35



[0008] The porous polymer membrane of the present invention preferably comprises the
fluoropolymer (A) that includes the vinylidene fluoride unit and the tetrafluoroethylene 10 unitin a
molar ratio of the vinylidene fluoride unit/tetrafluoroethylene unit of 50 to 90/50 to 10. [0009]
Preferably, the porous polymer membrane of the present invention has a surface that has a ratio of 15
oxygen/fluorine content (0/F) on the surface of not less than 0.050 but less than 0.150 when measured
by X-ray photoelectron spectroscopy (XPS). Preferably, the porous polymer membrane has a surface
that has a (C-F/C-H) ratio representing a ratio of C-F bonds to C-H bonds on the 20 surface of larger
than 0.50 wheniHiedSurad ByPx 4y photbelectron spectroscopy (XPS). [0010] Preferably, the
fluoropolymer {Ayfurther has a unit represented by the following formula (1) (hereinafter, also

25referred to as a Formula (i) prORXL-CXU0R)A(1). wherein ong af #k,and Xe-is @ Bydrogen
atom, and the other is a fluorine atom; and R iség hydrogen. atom or a 01-08 alkyl %rou .30The Riin

the formula (i?i:é pre?esra%Iy a H?&r%%%ﬁya om, r%ethy?group, or gﬁsetﬁyl%lrggﬁ.l[ G11] A method of

produciriy thé paesus’polyirer nierfibrariecdctording o 4iid present inviehtion comprises at least a 35
step of forming ageprous membrane from a fluoropolymer (A')

The porous polymer membrane of the present invention
preferably comprises the fluorcopolymer (A) that includes
the vinylidene fluoride unit and the tetrafluoroethylene

10 unit in a molar ratio of the vinyliidene flucride
unit/tetrafiuorcethylene unit of 5¢ tce 90/50 to 10.
[ 0009]

Preferably, the porous polymer membrane of the

present inventicn has a surface that has a ratic of

15 oxygen/fluorine content {(O/F) on the surface of not less
than 0.050 but less than $.150 when measured by X-ray
vhotoelectron spectroscopy (XPS). Preferably, the porcus
polymer membrane has a surface that has a (C-F/C-H} ratio
representing a ratic of C-F bonds to C-H bonds on the

20  surface of larger than 0.50 when measured by X-ray
pvhotoelectron spectroscopy (XP3).
[ 0010]

Preferably, the fluoropolymer (A4) further has a unit

represented by the following formula (1) (hereinafter, also
25 referred to as a Formula (1) unit):
-CHX*-CX? (OR) - (1)
wherein one of X' and X* is a hydrogen atom, and the other
is a fluorine atom; and R is a hydrogen atom or a C1-Cy
alkyl group.
30 The R in the formula (1)} is preferably a hydrogen
atom, a methyl group, or an ethyl grocup.
[ 0011]

A method of preducing the porous polymer membrane

according to the present invention comprises at least a

35 step of forming a porous membrane from a fluoropoiymer (A7)



4 that includes a vinylidene fluoride unit and a tetrafluoroethylene unit. [00121 In the method of
producing the porous polymer 5 membrane according to the present invention, the step of forming a
porous membrane produces a porous membrane-shaped product preferably through a non-solvent
induced phase separation method and/or a thermally induced phase separation method. 10[0013]
The method of producing the porous polymer membfane according to the present invention preferably
further comprises a step of performing an alkali treatment in the presence of water and/or a CI-C8
alcohol. 15The alcohol is preferably ethanol or methanol, [0014] In the method of producing the
porous polyntetihenibrané G8cérding td'the Presdnttiventfons the-fIGsrdpBlymer (A") includes the
vinylidene fluosideanit20: and the tetraftunicethylene unit in a molar ratio of the vinylidene fluoride
unit/tetrafluorogghylene unit of 50 to 90/50 to 10. [0015] The porous polymer membrane is
preferably a hollow 25 fiber membrane. Moreover, the porqus polymer membrane is preferably used
for treating water. - Advan eg%%%ﬁéc ¢ of vahtion 6%3&} 30The'boréid BBfymer membrane of the
present ventiorias thesaforarmentioriad sthgctiies amatthis itds excellent not ohlyHn water

permeability andalkali resistance-butalsa inmeghanigabsirengthsSus membrane-shaped

product preferably through a non-solvent induced phase

separation method and/or a thermally induced phase
separation method.
10 [ 0013]

The method of producing the porous polymer membrane
according to the present invention preferably further
comprises a step of performing an alkali treatment in the
presence of water and/cr a C,-Cg alcohol.

15 The alcohol is preferably ethanol or methanol.
[ GG14]

In the method of producing the porous polyﬁer
membrane according to the present invention, the
fluoropclymer (A"} includes the vinylidene fluoride unit

20 and the tetraflucrcethylene unit in a molar ratio of the
vinylidene fluoride unit/tetrafluorocethylens unit of 50 to
90/50 to 10.

Fo01s]

The porous polymer membrane 1s preferably a hollow

25 fiber membrane. Moreover, the porous polymer membrane is

preferably used for treating water.

- Advantageous Effects of Invention
[ 001¢6]

30 The porous polymer membrane of the present invention
has the aforementioned structure, and thus i1t is excellent
not only in water permeability and alkali resistance but

also in mechanical strength.



The method of producing a porous polymer membrane according to the present invention enables to
favorably produce the porous polymer membrane. SDESCRIPTION OF EMBODIMENTS [0017]

The following describes the present invention in detail. The porous polymer membrane of the present
invention 10 includes a fluoropolymer (A) that includes a vinylidene fluoride (VdF) unit and a
tetrafluoroethylene (TFE) unit. [0018] The fluoropolymer (A) includes a VdF unit and a TFE unit.
The fluoropolymer (A) including a VdF unit and a TFE 15 unit enables the porous polymer membrane
of the present invention to have excellent alkali resistance and prevents reduction in the mechanical

strength of the memblrafie RabEEd by arPakEi freRfnént REF exampley fiF the EA& 6 & porous
membrane madewf20polyvinylidene-fiucride, analkaliitreatenenit eay tedutethe atdngation retention

rate or breakingsiress afithe porous.polymer membrane.ina tensile test. This is considered because
the polyvinylidene fluoride is defluorinated to produce double bonds, which results in a fragile

membrane. 25 Moreover, the generated double bonds cause brownish coloration of the membrane.
The TEEincorporated in the fluoropdiymge ) Suppréssestdefiubiiiition caused by an alkali
treatment, andothusjcoloration of the porous membrane due to the double bonds is suppressed. As a
30 result, the membr@rﬂe can used for a Iongiime.l%OlQ The Eoroustpol%mer membrane of
. . e go OWﬁng deFCL‘J,D C e rescﬁnt nyvencio “-IiL .
the present invention includes the fluoropolymer (%3 having éxcellent water permeability and alkali
resistance. TAGSthé membrane is 35 excellent not only in the permeability to treatment liquids, 6
such as water, but alge i the-mechanicaksirength-sugh-astensile spesgty elongation praperty, and
bending strengif, Fer.example, ie merbrane has a sigpificanty. higher, elonggtion prgperty than a
porous polymer membrane made of 5 polyvinylidene fluoride. Moreover, the porous polymer
membrane ofthd$résént iHFéntior dan &xcelfenil§ fifter pARERRT EohEBRing thE merhbrane-forming
conditions ernab{es3fo produce a membrane that can separate particles having a size as small as
appmm”naKﬂy50'“nThe fluoropolymer (A} includes a Vd¥F unit and a TFE
unit. The flucropolymer (A) including a VdF unit and a TFE
153  unit enables the porcus polymer membrane of the present
invention to have excellent alkali resistance and prevents
reducticn in the mechanical strength of the membrane caused
by an alkali treatment.
For example, in the case of a porcous membrane made of
20 polyvinylidene flucride, an alkali treatment may reduce the
elongation retention rate cor breaking stress of the porous
polymer membrane in a Tensile test. This is considered
because the polyvinylidene fluoride is defluorinated to
produce double bonds, which results in a fragile membrane.
25 Moreover, the generated double bonds cause brownigsh
coloration of fThe membrane. The TFE incorporated in the
fluoropolymer {(A) suppresses defluorination caused by an
alkall treatment, and thus coloration of the porous
membrane due to the double bonds is suppressed. As a
30 result, the membrane can be used for a long time.
[ 0019]
The porous polymer membrane of the present invention
includes the fluoropolymer (A) having excellent water
permeability and alkall resistance. Thus, the membrane is

35 excellent not only in the permeability to treatment liguids,



10[0020] The fluoropolymer (A) includes the VdF unit and the TFE unit in a molar ratio of the VdF
unit/TFE unit of preferably 50 to 90/50 to 10, and more preferably 50 to 85/50 to 15. 15The reason is
as follows: not less than 10 mol% of the TFE unit tends to suppress defluorination caused by an alkali
treatment; not less than 15 mol% of the TFE unit remarkably enhances alkali resistance; but not less
than 50 mol% of the TFE unit reduces the solubility i a solvent, 20 resulting in difficulty in membrane
formation. [0021] Preferably, the porous polymer membrane has a surface that has a ratio of
oxygenl/fluorine content (O/F) on the surface of not |less than 0.050 but less than 0.150 when 25

measured by T4y photblétiron spectrodtopy (XP8)."e P& T6/E Tatic- 6FH 5D orHigherraduces the
strength of thesgorods pelymerchembaneoshicreas e (@) ratio oftowerethdnG;150 can @chieve

excellent stregqggh.enggy\@,r limitofibe QMR Jatig is @re;gr@pgyfg%gﬁgylfmqggggg) ratio is lower than
0.050, the amount of the unit re resente%%}ghe formula (132i small, and the water ermeogbility of the
it £ 5 5 Fhexo

porous polyrr?erorﬁgr%%%é)ﬁle friay eexl%%vﬁ[ Yatio %gﬁ%reaélaﬁcﬁq d from values
obtained’by Xay phstoelsttion spectroseepy (XPS)O(0HF) ratibe ABrANalbelof e peak area of
oxygen atOmmembrane of the present invention can excellently filter

particles. Controlling the membrane~forming conditions

enables to produce a membrane that can separate particles

having a size as small as approximately 50 nm.

10 [ 0020]

The flucropclymer (A) includes the VJF unit and the
TFE unit in a molar ratio of the V4F unit/TFE unit of
preferably 50 to 20/50 to 10, and more preferably 50 to
85/50 to 15. '

15 The reason is as follows: not less than 10 mel$% of
the TFE unit tends to suppress defluorination caused by an
alkali treatment; ncot less than 15 mol% of the TFE unit
remarkably enhances alkalil resistance; but not less than 50
mol% of the TFE unit reduces the solubllitvy in a solvent,

20  resulting in difficulty Iin membrane feormation.

[ 00211

Preferably, the porous polymer membrane has a surface
that has a ratio of oxygen/fluorine content (O/F) on the
surface of not less than 0.050 but less than 0.150 when

25 measured by X-ray phcteoelectron spectroscopy (XPS).

A (O/F) ratio of 0.150 or higher reduces the strength
of the porcus polymer membrane, whereas a {(O/F) ratio of
lower than 0.150 can achieve excellent strength.

The lower limit of the (O/F) ratio is preferably

30 0.050. If the (O/F) ratic is lower than 0.050, the amount
of the unit represented by the formula (1) is small, and
the water permeability of the porous polymer membrane may
be low.

[ 002Z]



5 B: Value of the peak area of fluorine atom [0023] The porous polymer membrane has a surface
that has a (C-F/C-H) ratio representing a ratio of C-F bonds to C-H bonds on the surface of preferably
larger than 0.50 and 10 more preferably larger than 0.65 when measured by X-ray photoelectron
spectroscopy (XPS). If the (C-F/C-H) ratio is 0.50 or lower, the porous polymer membrane has
insufficient mechanical strength, and may be colored dark brown. 15The upper limit of the (C-F/C-H)
ratio is preferably 2.0, and more preferably 1.4. A larger (C-F/C-H) ratio leads to a higher
hydrophobicity on the surface of the porous polymer membrane. If the (C-F/C-H) ratio is larger than

2.0, the membrane maiFhave & lovk Walt8r FEfEAbINf 20 diie-fothE I HIrSFHoBicity on the surface.
[0024] Thet€iF/€Hyratio-carybetaloutated from values obtained by 0X-F&y photoelectron
spectroscopy(XR§) hased-on.the/iollowing expression. 25(C-F/C-H) ratio = a/b a: Value of the
peak area of the interatomic bonding energy (292.4 eV) derived from C-F bonds b: Value of the
peak area of‘ttie Ynffgfé?orﬁé gghediﬁ eheft 86.0 8V ;%%f‘zg”‘fg%v) derived from C-H bonds
30[0025F  BrRreferaibiy, thie flierapolymer @ fafthérhas aunitaepresented by the following formula
(1) (hereinaften @lsg referred to as a formula (1) unit): -CHX1-CX2(0R)-(1) 8 wherein one of X1 and

grzoijp? hydrogen atopy, and the other i & fluorine atomy; and.R is,a hydrogen atom ofa C1.C8 alkyl
(C-F/C-H) ratio representing a ratio of C-F bonds to C-H
bonds on the surface of preferably larger than .50 and

10 more preferably larger than .65 when measured by X-ray
photoelectron spectroscopy (XPS).

If the (C~F/C~H) ratio is 0.50 or lower, the porous
polymer membrane has insufficient mechanical strength, and
may be colored dark brown.

15 The upper limit of the (C-F/C-H) ratioc is preferably
2.0, and more preferably 1.4. A larger (C-¥/C-H) ratio
leads to a higher hyvdrophobicity on the surface of the
porous polymer membrane. If the (C~F/C-H) ratic is larger
than 2.0, the membrane may have a low water permeability

20 due to the hydrophobicity on the surface.

[ C024]

The (C-F/C-H) ratio can be calculated from values
obhtained by X-ray photoelectron spectroscopy (XPS) based on
the following expression.

25 (C~-F/C-H) ratio = a/b

a: Value of the peak area of the interatomic bonding
energy (292.4 eV) derived from C-F bonds

b: Value of the peak area of the interatomic bending
energy (286.0 eV and 287.8 eV) derived from C-H bonds

30 [ 0025]

Preferably, the fluocropolymer (&) further has a unit
represented by the following formula (1) (hereinafter, also
referred to as a formula (1) unit):

-CHX'-CX* {OR) - (1)



If the fluoropolymer (A) has the formula (1) unit, 5 the porous polymer membrane of the present
invention has excellent water permeability. [0026] The R in the formula (1) may be any of a
hydrogen atom and a CI-C8 alkyl group, but is preferably a hydrogen 10 atom, a methyl group, or an
ethyl group. This arrangement greatly improves the water permeability of the porous polymer
membrane. If the fluoropolymer (A) has a plurality of the formula (1) units, Rs in the units may be
the same as or 15 different from one another. Hereinafter, the fluoropolymer (A) having the
formula (1) unit is also referred.to as a fluoropolymer (Al). [0027] In the fluoropolymer (Al), the molar
I

ratio of the VARG ufit, °FFE Uit “an@Formiulal () tinf(VaR iy PEE UnithBin (ALY bR is preferably
30 to 84.9/10.tp 50/0uter20ie atotn thisgase,thedfluoyopotpmer (Alyachieves excellent
hydrophilicity,and; exeglient mechanical strength 25 at high levels. [0028] The fluoropolymer (Al)

may have different stryctural u TS% such as a hexafluoropropylene unit, a chlarotrifluoroethylene unit,
or a perfluorovinyl et %r% %nﬁi&t %?%otalriy fﬁ%rfoml h@ipu%ﬁ,e as? Porn%u%sa th £?)lrolf)%ﬁ;ie’s are
maintained. [0029P 0 OWs alsuate of TsEporus polyrhef niemisrane, tHe’€r0-bend edhtent in a total

of C-C bonds:anéd bpads between £=3mand aniatom other than C is preferably not less than 0.80
[ 002¢8]
The R in the formula (1) may be any of a hydrogen
atom and a C;~Cg alkyl group, but is preferably a hydrogen
10 atom, a methyi group, or an ethyl group. This arrangement
greatly improves the water permeability of the porous
polymer membrane.
If the flucropolymer (&) has a pluraslity of the
formula (1) units, Rs in the units may be the same as or
15 diftferent from one another.
Hereinafter, the fluoropolymer {A) having the formula
(1) unit is alsoc referred to as a fluoropolymer (Al).
[0027]
In the fluoropolymer (Al), the molar ratio of the VA4F
20 unit, TFE unit, and formula (1} unit (V4dF unit/TFE
unit/formula (1) unit) is preferably 30 to 84.38/10 to
50/0.1 to 20,
In this case, the fluoropolymer (Al) achieves
excellent hydrophilicity and excellent mechanical strength
25 at high levels.
[ 00281
The fluorcpclymer (Al) may have different structurail
unit (s), such as a hexafluocropropylene unit, a
chlorotrifliucrcoethylene unit, or a perfluorovinyl etherx
20 unit, other than the formula (1) unit, as long as the
properties are maintained.
[ 0029]
In a surface of the porous polymer membrane, the -0
bond content in a total of C-C bonds and bonds between C

35 and an atom other than C is preferably not less than 0.80



9 mol%, and more preferably not less than 1.50 mol% when measured by X-ray photoelectron
spectroscopy (XPS). A larger 0-0 bond content in a total of C-C bonds and bonds between C and
an atom other than C enables to produce 5 a porous polymer membrane having greater hydrophilicity.
In the case of a larger 0-0 bond content in a total of C-C bonds and bonds between C and an atom
other than C, the proportion of the formula (1) unit in%he fluoropolymer (A) is supposed to be larger.
For example, if the C-0 bond 10 content is not less than 0.80 mol%, the fluoropolymer (A) is
considered to haye the formula (1) unit. The C-0 bond content in a total of C-C bonds and bonds

between C aRd afratBAfofhRf thar &1i§ breterably hot rdte thaH!10.01hol8858 tHisEhables the
porous polynrerslB:mednbrans 1o havelextelemt ahechanical strepgthory  (RRSC-0 bond content in a

total of C-C bonds and banrds betweenGand-an atam otherthan G, ¢an becalcylatedfram yalues
obtained by X-ra){i gggtoelectron specérosco%é (())I(HPS%gased on th%followgiﬂg3 Se>ép‘ression 20C-0 bond

content in a t%?arf 0 %t%anedls acncf1 Bonélsn betweenO and f}{‘r}l1 %Fom other = eﬁISOducae: Value of

the pealCared of tHe e ratoriiieorthind sper)y (290 Ke VY dafvad g e baends 13:-Value of the

peak area of a total of the 25 intesatoptc honding=energy (280,08 te 300 heV) dedved fram C-C bonds
and bonds beweenC and an alom olies 13 CI00SOL o, The porays Rolymer membrane of the
present invention may contain the fluoropolymer A? in a part thereof, or ma%/ 0 consist of'the
fluoropolymef {&). P~ orpretdrably? the péroti er enrahe Has a'Surface icRidtng e
fluoropolymer #Al) i s sthipamadgement allews the porous palymeranembranestachave-exeellent water

pewne@@Myég%Q%%g is not less than 0.80 mol%, the fluoropolymer (&)
is considered to have the formula {1} unit.

The C-0 bond content in a total of C~-C bonds and
bonds between C and an atom other than C is preferably not
more than 10.0 mol% as this enables The porcous polymer

15 membrane to have excellent mechanical strength.

The C-C bond content in a totai of C-C bonds and
bonds between C and an atom other than C can be calculated
from values.obtained by X-ray photoelectron spectroscopy
(X¥PS) based on the following expression.

20 C-0 kond content in a total of C-C bonds and bonds
between C and an atom other than C = wo/p

¢.: Value of the peak area of the interatomic bonding
energy (280.1 eV) derived from C-0 bonds

B: value of the peak area of a total of the

25 interatomic bonding energy {280.0 to 300.0 eV) derived from
C-C bonds and bonds between C and an atom other than C
[ 0030]

The porous polymer membrane of the present invention

may contain the fluoropolymer (A} in a part thereof, or may
30  consist of the fluorcopolymer (A).

Preferably, the porous polymer membrane has a surface
incliuding the fluoropolymer (Al}.

This arrangement allows the porous polyner membrane
o have excellent water permeability.

35 [ 00317



10 As described later, the porous polymer membrane of the present invention can also be
produced through a specific alkali treatment on a fluoropolymer (A') having a VdF unit and a TFE unit.
5Thus, the porous polymer membrane may include the fluoropolymer (A') that includes a VdF unit and
a TFE unit, and the fluoropolymer (Al). [0032] In the porous polymer membrane partially including 10
the fluaropolymer (A1), the whole porous polymer mémbrane preferably includes 0.01 to 99% by
weight of the fluoropolymer (Al). [0033] The weight average molecular weight of the 15 fluoropolymer
(A) depends on the ﬁrgglication of the porous polymer membrane of the present invention, but is

preferably not less tHan TO0007in16fms BF e’ medRaRicalstredyth Bha mBmbrarRe forting property. It
is more prefetralsly50000rtd 1000800, and Stith nfoke preferably 20cE0D0001101800080. The weight

average molegiar weighi can be detedminedby-gelpermeation shigmatography, (R &)y [9034]
The porous p@)émgr meml%rgng QIfB e present invention may substantially consist of the fluoropolymer

(A), or may 2 contain other resins in addition to the fluoropolymer (A). [0035] In terms of the
mechanital strength BhdsalkdlNresistarices i the/ perouspolmBE membrane bidfe piesent invention

containing other:resins; theduorgpolymer(Al) 3@ coatent in theswhalerporads potymenmemprane is

preferably no§+edsstﬂgn AQ% by w [ ﬁié more-preferably not less than 60% by weight, and still more
preferably not less than 80% ypwglg t. TOO(§6])H i1 Examples of other resins include thermoplastic

resins. Therrh(%)légﬂic resins deform or flow when heated or compressed.
In the porous polymer membrane partially including

10 the fluorcpolymer {Al), the whole porous polymer membrane
preferably includes 0.01 to 89% by welght of the
fluoropolymer (Al}.

[ 0033]

The weight average molecular weight of the

15  fiuoropelymer (A) depends on the application of fThe porous
polymer membrane of the present invention, but is
preferably not less than 10000 in terms of the mechanical
strength and membrane forming property. It is more
preferably 5C0C0 to 1000000, and still more preferably

20 10C000 to B800000. The weight average molecular weight can
be determined by gel permeation chromatography (GPC).

[ 0C24]

The porous polymer membrane of the present invention
may substantially consist of the fluocropclymer (A}, or may

25 contain other resins in addition to the fluoropolymer (A).
[ 0035]

In terms of the mechanical strength and alkalil
resistance, in the porous polymer membrane of the present
invention containing ofther resins, the fluoropoclymer (Al)

30  content in the whole porous polymer membrane is preferably
nct less than 40% by weight, more preferably not less than
60% by weight, and still more preferably not less than 80%
by weight.

[ 0036]



Examples of the thermoplastic resins include 5 polyethylene-based resin, polypropylene-based resin,
polyvinylidene fluoride resin, acrylic resin, polyacrylonitrile, acrylonitrile-butadiene-styrene (ABS) resin,
polystyrene resin, acrylonitrile-styrene (AS) resin, vinyl chloride resin, polyethylene terephthalate,
polyamide 10 resin, polyacetal resin, polycarbonate resin, modified polyphenylene ether resin,
polyphenylene sulfide resin, polyamideimide resin, pélyetherimide resin, polysulfone resin,
polyethersulfone resin, and mixtures and copolymers thereof. Any resin miscible with those may be
added. 15[0037] The thermoEIastic resin is preferably at least one selected from the group

consisting of polyetfyigliB5ased reSin olyprobyiche-Baself fesin: FolyRmyiitiens filidfidtTesin, and
acrylic resin 8s theseressiavecligh €hemical20resistaree w0038 ¢ a t dhepolyethylene-based
resin includes a-Rolyethylene homopolymer or a polyethylene copolymer. The polyethylene-based
resin may contain plltral kingg3 é)f fé)gly t@/let@le 25 coPolglmers. Examgles offﬂg golyethylene

eth

: £ - t
copolymer include cop}%":ll)l}nr‘ﬁers o] yléne and at 18astone selscted Trom Tinear unsaturated

hydrocafbon® cSuthtasy propyianies diteifes bhd penteme (003830 THepolypropylene-based resin
contains a palyprepylenehemepalymer ora palyarepylese copelyraer; The polypropylene-based resin

may contain plural kinds of polypropylene copolymers, Examples of the_polypropy! opolymer
include copo ?niejyl'g %}f}é?cgﬁly]lggeg %ﬁgd at er%th %%emfi‘slséél)g?:%cpf ré?nnl?ne%%r%\%ﬁ%g%ra%ggs ydrocarbons,
such as ethyfefe’ Butere! ARAperténe: §6040] THerddrylic Fesin s & polyprér compodiict ifainly 5
containing a palypiersuchasiacrylic acigd, methacrylic acid, and detivathiesthereof 1eguadeylamide,

acrylonitsile). Acrylic agid esterresin and methacrylic.acid gsterresin.are pagfiaylaly preferred. [0041]
polyphenylene ether resin, polyphenylene sulfide resin,
polyamideimide resin, polyetherimide resin, polysulfone
resin, polyethersulfone resin, and mixtures and copolymers
thereof. Any resin miscible with those may be added.

15 [ 0037

The thermoplastic resin is preferably at least one
selected from the group consisting of polyethylene-based
resin, polypropylene-based resin, polyvinyvlidene fluoride
resin, and acrvlic resin as these resins have high chemical

20  resistance.
[ 0038]

The polyethylene-based resin includes a polyethylene
homopolymer or a polyethylene copolymer. The polyethylene-
based resin may contain plural kinds of polyethylene

25 copolymers. Ixamples of the polyethylene copolymer include
copoelymers of ethylene and at least one selected from
linear unsaturated hydrocarbons, such as propvlens, butene,
and pentene.

[ 0039

30 The polypropylene-based resin contains a
polypropylene homopolymer or a polypropvlene copolymer.

The polypropvlene-hased resin may contain plural kinds of |
polypropylene copolymers. Examples of the polypreopylene

copolymer include copolymers of propylene and at least one



10Concomitant use of aforementioned other resins enables to control the membrane strength, water
permeability, and filtering performance. [0042] From the viewpoints of hydrophilization and control 15
of the phase separation, the porous polymer membrane of the present invention may further contain
an additive, such as polyvinyl pyrrolidone, polymethyl methacrylate resin, montmorillonite, Si02,
CaCO3, or polytetrafluoroethylene. [0043] 20The paréus polymer membrane of the present invention
has a pore size of preferably 2 nm to 1.0 pm, and more preferably 5 nm to 0.5 pm. Too small a pore
size may lead to insufficient gas or liquid permeability. Too large a pore size reduces the filtering

performance ShtGHeERaNCA 25 ERGth "ivRRt hHhay fehd i easABreaRing ofHRE niémbrane. The

pore size is determinec byltaking<, photographtefree surface of the porous polymer membrane with
SEM or other deyvjegs at a magnification allowing clear observation of fine pores and measuring the

size of the fine pores. The 30 size of an elliptical pore is (axb)-5, where a and b are length of the minor
** i
and major axes. An approifiate pore Size’cah e dafe frORRRB BArde Hift€ring rate. For

example; a porousameiibiare Whichnfilters ot less than 959 of 80<hmpolysarene particiéslis

considered ta;have;a35paresize of, 80 awr orsmaller 13 [Q04d] e, sthepereus polymer membrane
of the presen&n%/efyon has a pure water permeagili}X oefficient, of prgfe&aglgtl.o x 10-10 m3/m2/s/Pa
0 S i

or higher, and more p?ef%?éb y@ZS. %10-105 m3im2/5iPa %Fﬁ% er. THeré iS ho Timitation on the
maximum pufe-fatet Perfieability ceefiERRE SThe higher the value, the better, as long as the desired
permeability prd strength are maintained. For determination of the pure water permeability 10

e L UL SN DR Ml urog o iroen at
enables to control the membrane strength, water
permeability, and filtering performance.

[ 0042]
From the viewpoints of hydrophilization and control

15 of the phase separaticn, the porocus polymer membrane of the
prasent invention may further contain an additive, such as
polyvinyl pyrrolidone, polymethyl methacryvlate resin,
montmorillionite, S10:, CaCl0s;, or polytetraflucorcethylense.

[ 0043]

20 The porous polymer membrane of the present invention
has a pore size of preferably 2 nm to 1.0 um, and more
preferably 5 nm to 0.5 um. Too small a pore size may lead
to insufficient gas or ligquid permeability. Too large a
pore size reduces the filtering performance and mechanical

25  strength, which may lead to easy breaking cf the membrane.

The pcre size is determined by taking a photograph of
a surface of the porous polymer membrane with SEM or othsr
devices at a magnificaticon allowing clear observation of
fine pores and measuring the size of the fine pores. The

30 size of an elliptical pore is {axb)?®, where a and b are
length of the minor and major axes. An approximate pore
size can be determined from the particle filtering rate.
For example, a porous membrane which filters not less than
5% of 50~nm polystyrene particles is considered to have a

35 vpore size of 50 nm or smaller.



porous polymer membrane. Concretely, the pure water permeability coefficient is determined based on
the 15 following expression. Pure water permeability coefficient - (Amount of permeated
water)/(Membrane area)/(Permeation time)/(Evaluation pressure) [0045] 20The porous polymer
membrane of the present invention has a 100-nm or 50-nm patrticle filtration rate of preferably not less
than 90%, and more preferably not less than 95%. Tiie particle filtration rate is determined as follows.
25 Particle size-controlled polystyrene latex particles are dispersed in deionized water to prepare a
dispersion of approximately 100 ppm as an original liquid for evaluation, and the original liquid is
permeated. 'Ifh(ggﬁér}(icle filtration rate is calculated based on the following 30 expression. Particle
filtration rate(%)=((Absorbanrce-afsoniginghigichforevaluation)-{Absarbanee of permeatedn

iquid)/(Absogbance of ariginaligid.for, eyaluiation) x 100-35(0046]. 14 The, porous,polymer,

membrane of the present invention preferably has @ maximum point breaking strength”of not lower

than 1.0 MP&* ahtl mofe piefetdbly ot IGWetan 20 MP& it térisirimediarmcal ereh@th? 5The
maximum poimt/breakifeestrendth s deterniihed by measuringrthediréakingrstrengthrefd sample piece
under conditigns. of g gdistance beween ehycksof 50;mm and a ﬁ@{@i‘?ﬁ%ﬁ%%d 0£,20Q mmmin., where

the sectional agea of the sample pllece before the tensijle test is set a% a.unit 10 measurement area.
the betler, as long as the desired permeability and

strength are maintained.
For determination of the pure water permeability

10  c¢oefficient, deiconized water is pressurized at not lower
than 0.01 MPa with a pump or nitrogen at a temperature of
25°C to allow the water to be permeated through a produced
porous polymer membprane. Concretely, the pure water
permeability coefficient is determined hased on the

15 following expression.

Pure water permeability coefficient = {(Amount of
permeated water)/ (Membrane area)/ (Permeation
time) /(Evaluation pressure)
[ 0C45]

20 The porous polymer membrane of the present invention
has a 100-nm or 50-nm particlie filtration rate of
preferably not less than 20%, and more preferably not less
than 95%.

The particle filtration rate 1s determined as follows.

25 Particlie size-controlled polystyrene latex particles are
dispersed in deionized water to prepare a dispersion of
approximately 100 ppm as an original liguid for evaluation,
and the original liguild is permeated. The particle
filtration rate i1s calculated based on the following

30 expression.
Particle filtration rate(%)={(Absorbance of original liguid
for evaluation)- (Absorbance of permeated
liguid))/ (Rbsorbance of original liguid for evaluation) x
100

35 [ 004¢]



[0047] The porous polymer membrane of the present invention preferably has a maximum point
elongation of not less than 120%, and more preferably not less than 150%. 15The maximum point
elongation is determined by measuring the breaking strength of a sample piece under conditions of a
distance between chucks of 50 mm and a tension speed of 200 mm/min., and calculating the
elongation rate at the maximum point based on the distance 20 between chucks of 50 mm. [0048]
The porous polymer membrane of the present invention may have any structure. For example, the
membrane may have a three-dimensional network structure in which the solid 25 comgonents

three-dimensionally Spr&adaht 46 A&t br R HRSa Sphérical SHEERIE in WHTCh“ 2Ry spherical
or substantialty sphenrdal golid somponentsiareccombinedde leach otheredirgdtlywf through streak solid

components. ;Ehe.-membrane maybave both ofthese structures 30 simultaneausly, {0049 The
porous polymer membrane of tgf\\g present invention %%referably a flat membrane or a hollow fiber
rabl

membrane, andfis thore Braferbly & ROt fiber Mehibiand in terms of 35 the amount of water to be
treated ger area or péhwoluari s 0050t briake porcusysolgner hterabragrerofithe prasent

invention is a-flatfnembrane: dhe perausipolymes membranepreferably has-thickpess of 10 km to 1
mm, and more 5 preferably 39 kin to 300 km: (B3] ILine poroys polyner membrane of the present
fension speed of 200 mm/min., where the secticnal area of
the sample piece before the tensile test is set as a unit
10 measurement area.
[ 0047]

The porous polymer membrane of the present invention
preferably has a maximum point elongation of not less than
120%, and more preferably not less than 150%.

15 The maximum point elongation is determined by
measuring the breaking strength of a sample piece under
conditions of a distance between chucks of 50 mm and a
tension speed of 200 mm/min., and calculating the
elongation rate at the maximum point based on the distance

20  between chucks of 50 mm.

[ 0048]

The pcrous polymer membrane cof the present invention
may have any structure. For example, the membrane may have
a three-dimensicnal network structure in which the solid

25 components three-dimensicnally spread and form a net, or
may have a spherical structure in which many spherical or
substantially spherical solid components are combined to
each other directly or through streak solid components.

The membrane may have both of these structures
3¢  simultaneocusly.
[ 0049]

The porous polymer membrane of the present invention
is preferably a flat membrane or a hollow fiber membrane,
and ig more preferably a hollow fiber membrane in terms of

35 the amount of water tc be treated per area or per volume.



invention is a hollow fiber membrane, the hollow fiber membrane preferably has an inner diameter of
100 km to 10 10 mm, and more preferably 150 km to 8 mm. The hollow fiber membrane preferably has
an outer diameter of 120 km to 15 mm, and more preferably 200 km to 12 mm. The porous polymer
membrane of the present invention preferably has a thickness of 20 km to 3 mm, and more 15
preferably 50 km to 2 mm. The pore sizes of the inner and outer surfaces of the hollow fiber
membrane may be freely determined depending on the application thereof; however, the sizes are
preferably in a range of 2 nm to 1.0 km, and more preferably in a range of 5 nm to 0.5 km. 20[0052]
The porous )% membrane of the present invention is preferable for a microfiltration membrane or
ultrafiltration membrane whithris used foctieating watéria productionsoferinkingcwater, water

purification 25 freatment, and wastewater freatment. Mereguel, insthe-field of ultta:pute,water
production, the porous polymer membrane of the present invention may be used as a charged porous

membrane WhGH Mtreases 6/ extlisionserfdimancetd provide Plre WhteF\WitA a higher purity. The
porous 30 palyrmérmerbrabe afttheé preseht imvention has a high permeability to liquid to be treated,
and is thus preferably for use as a porous polymer membrane for treating water. 10053] 16
Moreover, the porous po%meer rgemlpran% fthee present igventi%n ngvo%aggyeu%ed in such fields as
the medical, food, and‘battery]%eﬁ%. 06)541%% the medical field, the pofous pori' mer membranes of
the present invetitioh'cdh Bé uded fartlto b@ﬁﬁcﬁﬁ%ﬁ%@é@rsp@%ﬁi%ﬂ}}ﬁ% i&ifiBrane for blood
purification te.egmewve waste-inblaed pyranextracarperal airewlation, sichiambleeddialysis, blood
filration.,and blood 40 diafilraion, which replages Kidney fungfion- (093], .., In.the fpod field, the
porous polymer membrane of the present i vention can be used for separation and removal of yeasts
after fermentafBR r6rior BAREHHARLOT Iifufd. an cuter diameter of 120 pm to 15

mm, and more preferably 200 um te 12 mm.
The porous polymer membrane of the present invention

preferably has a thickness of 20 um to 3 mm, and more

15 preferably 50 ym to Z mm. The pore sizes of the inner and
outer surfaces of the hollow fiber membrane may be freely
determined depending on the application therecof; however,
the sizes are preferably in a range of 2 nm to 1.0 um, and
more preferably in a range of 5 nm to 0.5 um.

20 [ 00521

The porous polymer membrane of the present invention

is preferable for a microfiltration membrane or
ultrafiltration membrane which is used for treating water
in production of drinking water, water purification

25 treatment, and waste water treatment. Moreover, in the
field of ultra-pure water production, the porous polymern
membrane of the present invention may be used as a charged
porcus membrane which increases ilon exclusion performance
to provide pure water with a higher purity. The porous

30 polymer membrane of the present invention has a high
permeability to liguid te be treated, and is thus
preferably for use as a porous pclymer membrane for
treating water.
[ 0053]



15[0056] In the battery field, the porous polymer membrane of the present invention can be used
as a separator for batteries to allow an electrolyte to pass therethrough but retains battery reaction
products, and as a base material 20 for polymer solid electrolytes. [0057] The porous polymer
membrane of the present invention can be used as it is as a porous membrane for the aforementioned
applications. Also, the membrane may be 25 used ihfintegration with other porous base materials, or
other porous resin members made of other resin (complex membrane). Examples of other resins
include the aforementioned thermoplastic resins. 30[0058] Specifically, for example, for use as a

flat membrane, the fliCrmenibrane nisy B8 Hroduds B’W@&vé‘?ﬁ@tﬁ%nﬁjrﬁéet&% Borots base material
with the porois polymermembrane oithe/present invention, drimay bedormee bysstaciarnig a 35 layer

made of a poreysibase materialand & layey of the porous polymer membrane of the present
invention. M§r88\é%, the membrane may be formed by stacking a layer of a porous base material, a

layer of the porous polymer membrane of the present invention, and the porous resin member in an
arbitrary-order. Futthermore dorase Asalkollow: fibecmentbrane vifie thollewfiseranembrane may

be produced byprevidinga porauseover layer made of therafprementioned-other resin over the
surface (inner g%rface angéoj[ outer surfaceg of theth Qrous #Orp%lxrggé membrtane f.the present

invention in a hollow fiber mecr:n rané sﬁ%pe, and then the gyers are mtlg}"gzgalteé.% ?58]1 t%xamples of
the porous bas& RiFterfal Indlude aTabBAE; textilel oftiiwdver fabiit contdifihtpdry@nic fibers, such 15
as polyester fibei; hyton fibet) pelydrethane fiber, acpdic fibef, rayanfiber«<otton, and silk. Other

10 diafiltration, which replaces kidney function.
[ 0055}

Iin the food field, the porous polymer membrane of the
present invention can be used for separation and removal of
yeasts after fermentation, or for enrichment of liguid.

15 [ 0056]

In the battery field, the porous polymer membrane of
the present invention can be used as a separator for
batteries to allow an electrolvte to pass therethrough but
retains battery reaction products, and as a base material

20 for poliymer solid electrolytes.
[ 0057}

The porous poelymer membrane of the present invention
can be used as it is as a porous membrane for the
aforementioned applications. Alsc, the membrane may be

25 used in integration with other porous base materials, or
other porous resin members made of other resin (complex
membrane) .

Examples of other resins include the aforementioned

thermeoplastic resins.
30 [ 005¢]

Specifically, for example, for use as a flat membrane,
the flat membrane may be produced by covering the surface
of & porous base material with the porous polymer membrane
of the present 1lnvention, or may be formed by stacking a

35 layver made of a porous base material and a layer of the



examples thereof include a fabric, textile, or unwoven fabric containing an inorganic fiber, such as
glass fiber and metal fiber. In terms of flexibility and cost, a 20 porous base material containing an
organic fiber is preferable. The pore size of pores in the surface of the porous base material may be
freely determined depending on the application; however, it is preferably 5 nm to 1.0 wrt, and 25 more
preferably 8 nm to 0.5 pin. [0060] The followingldescribes a method of producing the porous
polymer membrane according to the present invention. A method of producing the porous polymer
membrane 30 according to the present invention includes at least a step of forming a porous

membrane frEF& AGofopbiffer (A tRAEHTIUdes A Ginghderid fluchidédit ard a tetrafidsfdethylene
unit. [0061] FEirst, asnmethedwofpeoducing afluetopplymes ¢X') that inclades-a winydidene fluseride unit

and a tetraflugroethylene unitis explained. The flupropelymer (A) can.be pragduced by & conventionally

known methods. For example, the flugropolymer (A' ) can be produced by palymerization, such as
solution polymefizBtiG Btitk bBM%%?z%ﬁOn,aéﬁui%%%w By mETiZAbSn ant Slspension Solymerization.
Preferably, itésprodteed byzermulsion polymerization or suspension 10 polymerization for an easier
industrial implementation: {0062] Polymerization inkiatorsosuriactants=ehainiransfer agents, and
solvents, inclding conveptionally known ones, may be used.in the polvmerization. 15[00031
cover laver made of the aforementioned other resin over the
surface (inner surface and/or outer surface) of the porous
10 polymer membrane of the present invention in a hollow fiber
memprane shape, and then the lavers are integrated.
[ 0059
Examples of the porous base material include a fabric,
textile, or unwoven fabric containing organic fibers, such
1%  as polyester fiber, nvlon fiber, polyurethane fiber,
acrylic fiber, rayon fiber, cotton, and silk. Other
examples thereof include a fabric, textile, or unwoven
fabric containing an inorganic fiber, =such as glass fiber
and metal fiber. In terms of flexibility and cost, a
20 porous base material containing an organic fiber is
preferzble.
The pore size of pores in the surface of the porous
base material may be freely determined depending on the
application; however, it is preferably 5 nm to 1.0 um, and
25 more preferably 8 nm to 0.5 um.
[ 0080}
The following describes a method of producing the
porous polymer membrane according to the present invention.
A method of producing the porous polymer membrane
30 according to the present invention includes at least a step
of forming a porous membrane from a fluorcopolymer (A" ) that
includes a vinylidene fluoride unit and a
tetrafluocrocethylene unit.
[ 0061}



The solvent may be appropriately selected depending on the type of polymerization. Examples thereof
include water, a mixed solvent of water and alcohol, and a fluorine-containing solvent. 20[0064]
Examples of the polymerization initiators include oil-soluble radical polymerization initiators and
water-soluble radical polymerization initiators. [0065] 25Examples of the surfactants include known
surfactants. For example, nonionic surfactants, aniohic surfactants, and cationic surfactants may be
used. Fluorine-containing anionic surfactants are especially preferable. The surfactants may contain
an ether-bonding oxygen atom (i.e., 30 an oxygen atom may exist between carbon atoms). More

preferable examples inciide 08-G50 irsar OF brarncHed-fisorihetcottamiy- dRidhic ‘Sirfactants. [0066]
Examples of thexchaindfanster agents incluten85 hydrocarksons) stuchas ethane, isopentane,

n-hexane or J19.Gyclohexapei arpmatic cempounds, .such asdgluene or xylene; ketones such as
acetone; acetic esters such as ethélaietate or butyl acetate; alcohols, s&_%ch as methanol or ethanol;

mercaptanes, such a5 HiethyI fHerEAptaRE and hdlogehated & h§arocarbons, such as carbon
tetrachloride  cchiorefdrat rmeéthylefiecehioride; lordrethyl ehlotidenThe antdunt of the chain transfer

agent to be added may vapedepending.an the chaipdransfer-constantef the sempound; hewever, the
amount is normall%' arange 8f1 0-08% 10 éLQg/% Qy r%%slsklo r(allagi\éer tozglgi%mou%t %flthe Cpolymerization
solvent. [006?]S he polyrﬁenifﬁlon temperature is an en¥pera%ure and rhaynf)e 516 100C. The
polymerizatioPpressiress Gbpropridtélydetemnined depehtlitigrort othep polymefi£atichi 15 conditions,
such as the kind, iasneunic and yapor presseie-af theisahant 1a bedisesl Ok pelysesization
temper%ure;&nggiiggw&or%a}ly;ne %505§G§EMEI§<9I499§%11 implementation.
[ 0062]
Polymerization initiators, surfactants, c¢hain
transfer agents, anrnd sclvents, including conventicnally
known cnes, may be used in the polymerization.
15 [ 0063]
The solvent may be appropriately selected depending
on the type of polymerization. Examples therecf include
water, a mixed solvent of water and alcohol, and a
flucrine-containing sclvent.
20 [ 0064]
vxamples of the polymerization initiators include
oil-soluble radical polymerization initiators and water-
soluble radical polymerization initiators.
[ 0065]
25 Examples of the surfactants include known surfactants.
For example, nonionic surfactants, anionic surfactants, and
cationic surfactants may be used. Fluorine-containing
anionic surfactants are especially preferable. The
surfactants mavy contain an ether-bonding oxygen atom (i.e.,
30 an oxygen atom may exist between carbon atoms). More
preferable examples include C4-Cip linear or branched
fluorine-containing anionic surfactants.
[ 00¢&¢€]
Examples of the chain transfer agents include

35 hydrocarbons, such as ethane, isopentane, n-hexane or



The fluoropolymer (A') can be produced by the 20 aforementioned methods, or may be any
commercially available product. Examples of the commercially available product include
NEOFLON VT50, VP50, VT100, VP100, VP101 and VP100x produced by Daikin Industries, Ltd.
25[0069] The fluoropolymer (A") includes the vinylidene fluoride unit and the tetrafluoroethylene
unit in a molar ratio of the vinylidene fluoride unit/tetk&fluoroethylene unit of 50 to 90/50 to 10. 30If the
amount of the VdF unit is too small, the fluoropolymer (A") is not easily dissolved in a solvent. Thus,
formation of porous polymer membranes may be difficult. If the amount_of the TFE unit is not less than

10 mol%, deffiGTr2tioh HH aldoRBIEadditi S TEAEEBA S5 properly deEartncditarkali Fréhfifiant step
mentioned bélewy r2:swhichireduces theonember ot double hondsdn alpereus polyirererembrane to

be obtained. Thus, the;membrane can heprevented from degrading.,,;  Ibe flugropolymer (A) that
includes not less than 15 mol% of the TFE unit more significantly exer{g:i the aforementioned effects.

Thus, the mdiSrratib of 176 vdE Uity FEETHitIE mSte reterably 63 85140 16 157 {6701 The
fluoropolymenr YA'Y has sbsurfacesthalhas aq€- LOF/C=HY atiol rapresentiiy e ratiocotG-F bonds to

C-H bonds ofpreferably=netless-than 1.2:-when measuradby Xray phetoglestion spectrescopy (XPS).
Moreover, the fluoropolymer. referab i en/fluoripe content (O/I;) %fhlgss than

. chaln g ans g¥) ent @éh%%ag %%gf%é V3 cpendl o)
0.050 15(|nclu8|n no et%cﬁon o%%xygen peaks) when mea uredtlgy -%y %orfgelectron
spectroscopy-{¥PS). & rarHérar tHeefhidropelyfier (A9 fEATES 8 a poroaE tdembrshe shape may be
used as a samplefor the measurements.okthessurtace0f the fluorapolymen(A by X-ray 20
pthG%&UOQéE%ggggopg(%ﬁgﬁaQEHQE of the polymerization solvent.

[ 0C&67]

The polymerization temperature is any temperature and
may ke 0 to 100°C. The polymerization pressure 1is
appropriately determined depending on cother polymerization

15 conditions, such as the kind, amount, and vapor pressure of
the solvent to be used, or polymerizatiocon temperature;
however, 1t may normally be 0 toc 9.8 MPaG.

[ 0068]

The fluoropoclymer (A’ ) can be produced by the

20 aforementioned methods, or may be any commercially
availlable product.

Examplas of the commercially avallable product
include NEOFLON VT50, VP30, VT100, VP100, VP10l and VP100x
produced by Daikin Industries, Ltd.

25 [ 0069]

The fluoropolymer (A"} includes the vinylidene
flueride unit and the tetraflucroethylene unit in a molar
ratioc of the wvinylidene fluoride unit/tetrafluoroethylene
unit of 50 to 90/5C to 10.

30 If the amcunt of the VdF unit is too small, the
fluoropolymer (A} is not easily dissolved in a solwvent.
Thus, formation of porous polymer membranes may be
difficuit. If the amount of the TFE unit is not less than
10 mol%, defluorination and alcohol-addition reaction

35 properly cccur in an alkall treatment step mentioned below,



The production method of the present invention includes a step of forming a porous membrane from
the fluoropolymer (A'") or a mixture of the fluoropolymer (A") 25 and another resin (hereinafter, both are
collectively referred to as fluoropolymer (A’)-containing material). Examples of another resin
include resins other than the fluoropolymer (A) that may be contained in the aforementioned porous
polymer membrane of the present 30 invention.  2The step of forming a porous membrane can be
performed by various methods. Examples of the methods include a phase separation method, a melt
extraction method, a steam coagulation method, a stretching method, an etching 35 method, a method
of sintering a"Pol{mer SREES H%‘%n%lélab?f M6 £pEroud g?@%‘%?aﬁé? EFmetHotHof crushing a cellular
polymer sheetctd formn arporbus meermbrane, andaimethod Tising, eletirospinbingtechniqué<0072]
5The melt extraction methed is.performed by melt- mixing the fluoropolymer (A’)-containing material,
inorganic particles, and an ort?anic IiglrL:id; molding the mixtyre with a press machine or by extruding it

from a die at a temperafuré of the REHAG poifit of the flordpSIVHIEF 10(AY of Righer, followdd by
cooling Solidificatiors; andhthe Rl Extracting the erganitliduid antdlinorgramic-particles to thereby form a

porous structyre, {0Q43)-The steamy eeagulationymethodjaclydes preparing & 454luorapalymer solution
by dissolving thggl g%pol mer gA) in a good sglvgat,lgorrgﬁgta tt‘ggé‘%mggatﬁ%from the fluoropolymer

. L%Il un L ? mo% re 3{ O . ..
solution, and forcedly supplyingat least oné surface of the thin membrane with Steam containing

saturated stda¥ dFhist of a poor solvent which is
The fluoropolymer (&) has a surface that has a (C-

10 F/C-H) ratio representing a ratio of C-F bonds to C-H bonds
of preferably not less than 1.2 when measured by X-ray
phctoelectron spectroscopy {(XPS).

Moreover, the fluoropolymer (A") preferably has a

ratio of oxygen/fluorine content (CG/F) of less than 0.050

[
3]

{including no detection of oxygen peaks) when measured by
X-ray photoelectron spectroscopy (XP3).

Here, the fluorcpolymer (A ) formed into a porous
membrane shape may be used as a sample for the measurements
of the surface of the flucropolymer (A") by X-ray
20  photoelectron spectroscopy (XPS).

[ 0C71]

The preduction method of the present invention
includes a step of forming a porcus membrane from the
fluoropolymer (A’ or a mixture of the fluorcpolymer (&)

25 and another resin (hereinafter, both are collectively
referred to as fluoropclymer (A" }~containing material).

Examples of another resin include resins other than
the fluoropolymer (A} that may be contained in the
aforementioned porcus polymer membrane of the present

30  invention.

The step of forming a porous membrane can be
performed by various methods. Examples of the methods
include a phase separation method, a melt extraction method,
a steam coagulation method, a stretching methoed, an etching

35 method, a method of sintering a polymer sheet to be formed



20 compatible with the good solvent and does not dissolve the fluoropolymer(A)-containing material.
[0074] The membrane forming method is preferably a phase separation method because of the
ease of pore size control. 25 Examples of the phase separation method include a thermally induced
phase separation method (TIPS), and a non-solvent induced phase separation method (NIPS). Porous
membranes produced through a non-solvent inducettphase separation method have a good
mechanical 30 strength due to relatively easy formation of the three-dimensional network structures.
Such porous membranes are favorably used for production of asymmetric membranes. Porous

membranes pfodtcadiRrotigh PRI indudbe PiSeSeparativnrietiod fehtito®e excellent in
water 35 permeapility dué ¢e telatively sasy formation ofsthe r22 spherical struetures. Sucmporous

membranes can have ahigher,mechanical strength by increasing the concentration of the polymer
solution during membrane formation. The above is preferably taken into consideration for choosing 5

the method of gr?ﬁilng membranes. [0075] In the case of employing a thermally induced phase
separatibn method, & perouslmembtare-shaped prddict tanberobtained throughld step of dissolving

the fluoropolymer 18(M)-containing materialin apgorsolvent o aggad-solvent at a relatively high
temperature to obtain a solution.of.the fluor%PoI mer gAfI-contfi,ninqQateriﬁlcgnd a sﬁeep of cooling
an or ; ing t

solidification%?%regsa&ﬁﬁoﬁa[f}zﬁé]les’ att ARLe Ladu o

mixture with a press machine or by extruding it from a die
at a temperature of the melting point of the fluoropolymer
10 (A" ) or higher, followed by cooling solidification; and
then extracting the orgarnic liguid and inorganic particles
to therepy form a porous structure,
[ 0073]
The steam coagulation method includes preparing a
15 fluoropelymer solution by dissolving the fluorcpolymer (&)
in a good soivent, forming a thin membrane from the
fluoropolymer scolution, and forcedly supplyving at least one
surface of the thin membrane with steam containing
saturated steam cr mist of a poor solvent which is
20  compatible with the good soclvent and deoes not dissclve the
fluoropolymer (A) —containing material.
[ 0C74]
The membrane forming method is preferably a phase
separation method because of the ease of pore size control.
25 Examples of the phase separation method include a thermally
induced phase separation method {(TIPS), and a non~solvent
induced phase separation method {NIPS).
Perousg membranes produced through a non-sclvent
induced phase separation method have a good mechanical
30  strength due to relatively easy formation of the three-
dimensicnal network structures. Such porous membranes are
favorably used for production of asymmetric membranes.
Porous menbranes produced through a thermally induced phase
separation method tend to be excellent in water

35 permeability due to relatively easy formation of the



15The fluoropolymer solution, in which the fluoropolymer (Afl-containing material is dissolved in a
solvent, is a single-phase homogeneous liquid when it is maintained at a temperature higher than the
cloud point. Phase separation occurs at a temperature not higher than 20 the cloud point, so that the
solution is separated into two phases, a polymer-rich phase and a solvent-rich phase. When the
temperature further lowers to not higher than the crystallization temperature, the polymer matrix is
immobilized to form a porous membrane. 25[0077] In the case of employing a thermally induced
phase separation method, the fluoropolymer solution preferably contains 10 to 60% by weight or more

preferably 15505695/ wéight 6f tHePfuoropoRymEr () Eortainig faterfatin 38 % tatal of the
fluoropolymen {&)<«ontaningmatetiakame the- solvgnti nc r eldweivigcasity afdhe fluorepolymer solution

can be adjusted in.a properrange By eontrolling the concentration of the flupropolymer (A)-containing

material in a proper 35 range. A porous membrane may not be formed from the 23 fluoropolymer

solution haviflg @Viscosity SutS§ida the’ prépertangé J067BFFHE bodr-8GvERtTefed Y8 H'Solvent that
cannot dissoleenatdéssothanis%byweightofithiesfhgsropolymer (M)-containing material at a
temperature petpyy, 60C but can dissolve not less than 5% by weight of the material at a temperature
not lower than 60C bijt n %higher than the mﬁltin%ﬁpoint q:fﬁhe res_Lin the meltin pqrilnt of the 10
fluoropolymer (At), or in thé“casé of ir?éflugfﬁa another resin, the et nglff)l int of the f?usoﬁ?opolymer (A"
or the melting poirit of apbthes FasiA, whichever s [Ber): i eontfastethergoutlsslveat reférs to a
solvent that casrdisselye 1ot tassithan 5% pyveighisefthe flugrapalymenis@fbcontaining material at
a temperature helow 60C. A non-solvent refers, to a solvent that does not dissolve or swell the
fuoropomes (A-cOARIcD maionar il e KBt siors feashet e frelird oaint of the resin or
theboHMg[MﬁﬁﬁaﬁﬁEI%Ekﬁ relatively high temperature to obtain a

solution of the fluoropcelymer (A7 )-containing material and
a step of cooling solidification of the solution.
[ C076j
15 The fluoropcolymer solution, in which the
flucropolymer (A" )-containing material 1s dissclved in a
solvent, 1s a single-phase homogeneous liguid when it is
maintained at a temperature higher than the cloud point.
Phase separation occurs at a temperature not higher than
20  the cloud peint, so that the solution is separated into two
phases, a polymer-rich phase and a solvent-rich phase.
When the temperature further lowers to not higher than the
crystallization temperature, the polymer matrix is
immobilized to form a porous membrane.
25 [ 00771
In the case of employing a thermally induced phase
separation method, the fluorcpolymer solution preferably
contains 10 to 60% by weight or more preferably 15 to 50%
by weight of the flucropolymer (A’ })~containing material in
30 a total of the fluoropolymer (A")=~containing material and
the solvent.
The viscosity of the fluorcpolymer solution can be
adjusted in a proper range by controlling the concentration
of the fluorcpolymer (A )-containing material in a proper

35 range. A porous mempbrans may not be formed from the



20[0079] Examples of the poor solvent for the fluoropolymer (A")-containing material include alkyl
ketones, esters, glycol esters and organic carbonates having a medium chain length, such as
cyclohexanone, isophorone, 7-butyrolactone, 25 methyl isoamyl ketone, dimethyl phthalate, diethyl
phthalate, propylene glycol methyl ether, propylene carbonate, diacetone alcohol, and glycerol
triacetate; and mixed solvents thereof. Other examplés include diphenyl carbonate, methyl benzoate,
diethylene glycol ethyl acetate, 30 and benzophenone. Meanwhile, a mixture of a non-solvent and a
poor solvent is considered a poor solvent when the mixture satisfies the above definition of a poor
solvent.  fritHereasetafémplymya thermifaliyifddced pirase-Separatidn Hethdd, the solvent for
the fluoropolymer85 sotutipn.is preferably, but not limited to, a poor solvent. 24 A good solvent may
be used in cpngideration of the phase separation behavior of the fluoropolymer (A’)-containing
material. [0080] 5Exam%Ies of the good solvent include lower aﬂgyl ketones, esters, and amides, such
e

as N-methyl-2-pyrroliddne? Qitethyl Siifoxide timathytacetdn ?%ﬁngﬁ?ﬁoﬁﬁgﬁ?&é, methyl ethyl
ketone, acetetie; tefrakydrofuranstetrangethylares; andiintethy] phosphate; andwmixed 10solvents

thereof. [0081},, | _ Exgmples Qf the-non-salvent.include water,.and.aliphatic hyskecarbons, aromatic
hydrocarbons, %Ilp atic fgf%hyggg coholsdﬁ%mggcﬁpolmgdn alcoﬁwoili and %5 chloyn%g:ed

Ca 153 2355 3 ﬁg ﬁ O & m? eria
hydrocarbons, such as héxane, pentane, benzene, toluene; methanol, ethanol, propanol, carbon

tetrachloride go-dichterobenzene,atichloroethylene, éthidernaiglyoolt diethylene ghyool, thethylene
glycol, propylesne:glyeok-butytenerglyeel, pertanediohchexanediol, ansk low-20 molecular-weight

polyethylene glycols; or,qiher.chigrinated organig,liquids, and mixed solvents thereof. .
resin, the melting point of the fluoropolymer (A'} or the
melting point of ancther ressin, whichever is lower). In
contrast, the good solvent refers to a solvent that can
dissolve not less than 5% by weight of the fluoropolymer

15 (A" )=containing material at a temperature below 60°C. A
non-sclvent refers to a solvent that does not dissolve or
swell the flucropclymer (A" )-containing material until the
temperature reaches The melting point of the resin or the
boiling point of the liguid.

20 [ 0079

Examples of the poor solvent for the fluoropclymer
(& y-containing material include alkyl ketones, esters,
glycol esters and organic carbonates having a medium chain
length, such as cyclohexancne, isophorone, y-butyrolactoene,

25 methyl iscamyl ketone, dimethyl phthalate, diethyl
phthalate, propylene glyccel methyl ether, propylene
carbonate, diacetone alcohol, and glycerol triacetate; and
mixed solvents therecf. Other examples include diphenvyl
carbonate, methyl benzcate, diethvlene glycol ethyl acetate,

30  and benzophenonea. Meanwhile, a mixture of a ncon-solvent
and a poor solvent is considered a poor solvent when the
mixture gatisfies the above definition of a poor solvent.

In the case of employving a thermally induced phase
separation method, the solvent for the fluoropolymer

35  solution 1s preferably, but not limited to, & poor solvent.



[00821 In the case of employing a thermally induced phase separation method, the fluoropolymer
solution is prepared 25 by dissolving the fluoropolymer (Afl-containing material in a poor solvent or
good solvent preferably at a temperature of 20 to 220C, and more preferably at a temperature of 30 to
200C. If the fluoropolymer (A')-containing material is dissolved at a relatively high temperature, the 30
concentration thereof can be increased. Thereby, agbrous polymer membrane produced through the
subsequent steps is allowed to have high mechanical strength. An excessively high concentration of
the  fluoropolymer (Afl-containing material leads to a low void 35 rate in a porous polymer

membrane td*b& BBthited: “Frills, "2 tHEwAaRT perreability: friaf Pe-overéd. A poroifs
membrane-shaped product ndyenotde fofmedsdf & prepaned fiaoeapolpner solutien hasa viscosity
outside the prpperrange. 5[0083] The method for cooling solidification of the fluoropolymer
solution is prfggé%l()gl performed, for example, by extruding the fluoropolymer solution from a die into a
cooling bath."Fo ming a flat porous polymer membrane, 10 the cooing solidification is preferably
performéd by, for exditiples castimyf the solatimt and vem inmersing 4 in acooling Hiath. [0084]
Ehxamﬁles ?f f@%mlslqulidy@@b@[, fog the geglmgsl,F b,la&b;ngwdmmtd%%a\dgg%yt@gmem@g@ ,I]?wer
than that of t uoropolymer_solution. For example, liquid containing 60.to % by weight of a poor
solvent or gog%%%%le%?aﬁ h?/?{nlgqg Ter%%@?a%ppgl 0 Ctkoa%genﬁaé B%%%% ﬂ On%?‘&é%%ht, ora
non-solvent éontaifing®a poor §6ivefRtor goii-20 Solveht Fay1se” Gséd as the cooling liquid. [0085]

In the step oftpreparing asparews membrane:shapeg produet the eoneenirationeef the fluoropolymer

solution,the camposifign.of the. solvent for dissolving the
[ 0081}

Examples of the non-solvent include water, and
aliphatic hydrocarbons, aromatic hydrocarbons, aliphatic
polvhydric alceohols, aromatic polyhydric alcohels, and

15 chlorinated hydrocarbons, such as hexane, pentane, benzene,
toluene, methanol, ethanol, propanocl, carbon tetrachloride,
o~dichleorobenzene, tricnloroethylene, ethylene glycol,
diethvlene glycol, triethylene glycol, propviene glycol,
butylene glycol, pentanediol, hexanediol, and low-

20 molecular-welght polyethylene glycols;: or other chlorinated
organic liguids; and mixed solvents thereof.

[ 0082)]

In the case of employing a thermally induced phase
separation method, the flucropolymer sclution is prepared

25 Dby dissolving the fluoropolymer (A" )-containing material in
a poor solvent or gcod sclvent preferably at a2 temperature
of 20 to 220°C, and more preferably at a temperature of 30
to 200°C. If the fluorcpolymer (A’ )-containing material is
dissolved at a relatively high temperature, the

3G concentration thereof can be increased. Thereby, a porous
polymer membrane produced through the subsequent steps is
allcwed tc have high mechanical strength.

An excessively high concentration of the
fluorcpolymer (A" )-containing material leads to a low void

35 rate in a porous polymer membrane to be obtained. Thus,



25 fluoropolymer (Afl-containing material, and the composition of the cooling liquid for the cooling bath
are important. The porous structure of the porous polymer membrane to be produced through the
subsequent steps can be controlled by adjusting the above compositions. 30[0086] For example, when
the composition of the fluoropolymer solution and the composition of the cooling liquid in one side of
the porous membrane-shaped product are differentdrom those in the other side, the two sides 26 of
the porous polymer membrane are allowed to have different structures from each other. [0087] In the
case of the production by a non-solvent 5 induced phase separation method, a porous
membrane-shaifed’protficPeanbelobtainédthroudh a stépiétbreparing SfMiordpBiyARErSolution by
dissolving thes flugrepolymer (&) -cantaining matefiatinca sol/ent andeested of extruding the solution
from a die inte 2.80lifying:hath JO: canfaining.a nonssalvent; 10083 ;. AWhendhe forgpolymer
solution is immersed in the solidifying bath containing a non-solvent, a concentration gradient between
the solvent and % non-solvent in the 15 fluoropolymer solution and the solidifying bath causes
nonsolvent-induc¢édlphase separation. In this method, a dense skin layer is formed on an outer surface

where a phase separatign fisst:oceurs,due to,an exchange; between the solventand the non-solvent.
The phase sef_pla}ration ZQP%henomepon,proceeds with time to the inner sid e membrane. As a

of th
result, an asymmeficefbrans ¢an be produced i whith the Pors S7& ’coﬁ%ﬁuSﬂ{ﬁ?ﬁceréased
from the skintayer:t6 thelinreriside ofthermembrane. [0089]-1on from a die into a

cooling bath. For forming a flat porous polymer membrane,
10 the cooing solidification is preferably performed by, for

example, casting the solution and then immersing it in a

cooling bath.

[ 0084]

Examnples of cooling liguid usable for the cooling

=
an

bath include liguid having a temperature lower than that of
the fluoropolymer solution. For example, ligquid containing
60 to 100% by welght of a poor solvent or good sclwvent and
naving a temperature of 5 to 50°C may be used. A non-
solvent, or a non-solvent containing a pcoor solvent or good
20 solvent may be used as the cooling liguid.

[ 0C85]

In the step of preparing a porcus membrane-shaped
product, the concentration of the fluorcopolymer sclution,
the composition of the solvent for dissolving the

25 fluoropolymer (A" )-containing material, and the composition
of the cocling liguid for the cooling bath are important.
The porcous structure of the porous polymer membrane to be
produced through the subseguent steps can be controlled by
adljusting the above compositions.
30 [ 0086]
For example, when the composition of the
fluoropolymer solution and the composition of the cooling
liguid in one side of the porous membrane-shaped product

are different from those in the other side, the two sides



25In the case of employing a non-solvent induced phase separation method, the fluoropolymer
solution preferably includes the fluoropolymer (Afl-containing material and a solvent. The
fluoropolymer solution containing a non-solvent in addition to the fluoropolymer (Afl-containing 30
material and a solvent is also a preferable embodiment of the present invention. The
fluoropolymer solution preferably contains 5 to 35%43y weight or more preferably 10 to 25% by weight
of the fluoropolymer (A')-containing material in a total of the 35 fluoropolymer (A')-containing material,
a solvent, and a 27 non-solvent (in a total of the fluoropolymer (A")-containing material and a solvent
in the case oPéoritAfimy e MoONSSOVEIRY. TIEMIGTOBoR/tersbittitipreferaB contains 0.1 to 5 10%
by weight or mofe preferabdy 6.5-t018%sbyf wetght of a norkasclvent in a total of the fluoropolymer
(Afl-containiqu"@gtgrial, a solvent, and a non-solvent. The concentration of the fluoropolymer (A")-
containing material controlled in an appropriate range 10 enables to control the viscosity of the
fluoropolymer solutioh’in Gncagptoprite rBﬁ@ePﬂ%%?&&é‘ MientBrafie 1Ay NGLBE formed from the
fluoropolymet sdlution hplvingea vispositt outsidesthiecapprepratearangesf@096}25Fhe fladropolymer
solution having anormaltemperatye-or-heing heated-may bedised: Forexamplg, the fluoropolymer

soluton haing a femperature of 1 0 35¢ is preferably used. (0091

%luoropolymer
(A" Y-containing material 1in a solvent and a step of
extruding the solution from & die into a solidifying bath

10 containing a non-solvent.

[ 0088]

When the fluoropolymer soiution is immersed in the
solidifying bath containing a non-solvent, a concentration
gradient between the solvent and the non-solvent in the

15 fluoropoiymer solution and the solidifying bath causes non-
solvent~induced phase separaticn. In this method, a dense
skin layer is formed on an outer surface where a phase
separation first occurs due to an exchange between the
sclvent and the non-solvent. The phase separation

20  phenomenon proceeds with time to the inner side of the
membrane. As a result, an asymmetric membrane can be
produced in which the pore size is continuously increased
from the skin layer to the inner side of the membrane.

[ 0089]

250 In the case of employving a non-solvent induced phase
separation method, the fluoropolymer solution preferably
includes the fluoropolymer (A’ }-containing material and a
solvent. The fluorcpolymer solution containing a non-
solvent in addition to the fluoropclymer (A" )-containing

30 material and a solvent is also a preferable embodiment of
the present invention.

The fluoropolymer solution preferably contains 5 to
35% by welght or more preferably 10 to 2Z5% by weight of the
fluoropolymer (A" )-containing material in a total of the

35 flucropolymer (A" })=~containing material, a solvent, and a



20In the non-solvent induced phase separation method, the same solvents as those listed for the
thermally induced phase separation method may be used. The solvent may be any of poor solvents
and good solvents, but a good solvent is preferably used. 25The same non-solvents as those listed for
the thermally induced phase separation method may be used. [0092] For solidification, a liquid
containing a non-solvent is preferably used as a solidifying liquid to be used for 30 the solidifying bath.
The liquid may contain a poor solvent or a good solvent. The same non-solvents listed for the
thermally induced phase separation method may be used. For example, water can be preferably used
as the non-sdlvént> 35[0003] 28" @ FREdRe aIfWﬁduéé@Eﬁ&é@%ﬁéraﬁ@n hethod and the
non-solvent induced phase separatian neethod may. be emplayed:i cambination an thei stepof
preparing the-porous Ig%mpgafn@) shaped product. 5[0094] In the non-solvent induced phase separation
method and/or the thermally induced phase separation method, a porous membrane-shaped product

can be prepared by dis$ol nd?ﬁ(?]ﬁBG%B%E/rﬁéjrlCAtﬂl%htﬁﬁn%eﬁ%%ﬂal 57 A F0- 86lventito'give a
fluoropolymet 86lutign extriding thenflueropolyheerasolutidh. frorca die, landvsolidifying the: extruded

solution. Examples; ofitherdie include gslit dier adquble ga-extiy Wa@ramc%y@qggfgj(trusmn
head. [0095] 15For anLductlon o{a hollow flber membran sha

vent, and a non-so ven
The concentration of the flucropolymer (&7 )-
containing material controlled in an appropriate range

10 enables to control the viscosity of the fluoropoclymer
solution in an appropriate range. A porous membrane may
not pe formed from the flucocropolymer scolution having a
viscoslity ocutside the appropriate range.

[ 0090

15 The fluoropeolymer sclution having a normal
temperature or being heated may be used. ¥For example, the
fluoropolymer scolution having a temperature of 10 to 35°C
is preferably used.

[ 6091] ]

20 In the non-solvent induced phase sgeparation method,
the same solvents as those listed for the thermally induced
vhase separation method may be used. The scolvent may be
any of poor solvents and good solvents, but a good solvent
is preferably used.

25 The same non-sclvents as those listed for the
thermally induced phase separation method may be used.

[ 0082]
For solidification, a liquid containing a non-solvent
is preferably used as a solidifying ligquid to be used for

30 the solidifying bath. The liquid may contain a poor
solvent or a good solvent. The same non-solvents listed
for the thermally induced phase separation method may be
used. For example, water can be preferably used as the
non-solvent.

35 [ 0083]



product as the porous membrane-shaped product, preferable examples of the die include a double
co-extrusion head or a triple co-extrusion head for spinning hollow fiber membranes. 20[0096] In
the case of using a double co-extrusion head, the fluoropolymer solution is extruded from the outer
tube of the double co-extrusion head while ejecting a fluid for forming the hollow portion, such as
deionized water, from 25 the inner tube, followed by2$olidification in a solidifying bath or a cooling bath.
Thereby, a hollow fiber membrane-shaped product can be produced. [0097] The fluid for forming the
hollow portion is normally 30 gas or liquid. Liquid containing a poor solvent or good solvent having a

concentration of 60 t61V0% SAHIEH 1</ it #6 the* E66Ih PRI, 36 préfeFably tSed i tHe thermally
induced phaseseparatien methad cAlsopa noa-selventor acnom-solvent eantaining:agpooysslvent or

good 35 solvent may;be applicable, In the non:solyent induiced, 29 phase separation method,

preferable examples of the fluid for forming the hollow portion include the aforementioned
non-solvents™ fOFS@RTHIE ARAfRT stéh A8 deionized water. The non-solvent may contain a poor solvent
or a good 5splvéAr[00981 A hollow fiber membrane-shaped product having two kinds of

structures can be produced by.changing;the-campesition ﬁﬁgbeeﬂléjg arforming the:hollow portion and
10 the composition of the cooBI%r}lw qu$id or th solidi%in liquid. The flujd for forming the hollow portion

may be coolé'Béfofe it'S s 1 the BRYE GiRe éq%’eecosoeﬁﬂarbadifﬁ CAN"SEHiCIE ity solidify the
hollow fiber membranesshaped: produet the floithimaly bexsupistied without d 5qre-cooling.

dissolving the flucropoiymer (A" )-containing material in a

10 geclvent to give a fluoropolymer sclution, extruding the
fluoropolymer solution from a die, and solidifyving the
extruded solution. Examples of the die include a slit die,
a double co-extrusion head, and a triple co-extrusicon head.
[ 0095]

15 For production of a hollow fiber membrane-shaped
product as the porous membrane-shaped product, preferable
examples of the die include a double co-extrusion head or a
triple co-extrusion head for spinning hollow fiber
menbranes.

20 [ 00eg)

In the case of using a double co—extrusion head, the
fluoropolymer soluticn is extruded from the ocuter tube of
the double co-extrusion head while ejecting a fluid for
forming the hollow portion, such as deionized water, from

25  the inner tube, followed by scolidification in a solidifving
bath or a cooling bath. Thereby, a hollow fiber membrane-
shaped product can be produced.

[ 0097]

The fluid for forming the hollow portion is normally

30 gas or liguid. Liguid containing & poor sclvent or good
solvent having a concentration of 60 to 100%, which is
similar to the cocling liguid, is preferably used in the
thermally induced phase separation method. Also, a non-
solvent or a non-solvent containing a pcor solvent or good

35 solvent may be applicable. In the non-solvent induced



[0099] A triple co-extrusion head is preferably used when two kinds of resin solutions are used.
For example, a hollow fiber membrane-shaped product can be produced by 20 extruding two kinds of
fluoropolymer solutions from the outer tube and the middle tube of a triple co-extrusion head while
ejecting the liquid for forming the hollow portion from the inner tube, and solidifying the extruded
solutions in a solidifying bath or cooling bath. A holla# 25 fiber membrane-shaped product can also be
produced by extruding the fluoropolymer solution and a resin solution containing a resin other than the
fluoropolymer from the outer tube and the middle tube, respectively, of the triple co-extrusion head
while ejectingrthesfiuidorfornirg tHes30:R6llove poftiotriém thednrdratbe fard solidifyity the
extruded solutions:in arsaliglfying bath osa easlingath.[0108kFermation-efthe hollewdfiber
membrane-sl;}%%e_ds Bﬁqge%EQyt gfoergm géigned g{g%ucggg m%tgog@ulsirrlg_gled@u‘fp?!l g9-35 extrusion
head or a triple cc-extrusion head is preferable’ 30N terms othre ucing the amount of the solidifying
liquid or coolRigigiiid} = doHfipareBawitts fothiationcofPfdt mMérbrane. 10161]5Pthe desired porous
polymerimemnfaranerig a hollow fiber membrane, a layer including the fluoropolymer (A) or a resin layer
including a regs(i)r@} gther than the fluoropolymer (A) may further be formed on the outer ~ surface or
inner surface of the product obtained by the 10 aforementioned method. Formation of the resin layer

including a resin othér than th& flgéﬁb%%lﬁﬁb(ﬁa}pe%éﬁ%mt%dpﬁaﬁgélﬁmokHBWf%rWmerane in
which the potousdsolpher memtiranesncladingsthe fludropalyiner (Ayisdritegrated with the
composition of the fluid for forming the hollow portion and
10 the composition of the ccoling liguid or the solidifying
ligquid. The fluid for forming the hollow portion may be
cooled before it is suppiied. In the case where the
cooling bath can sufficlently solidify the hollow fiber
membrane~shaped product, the fluid may be supplied without
15 pre-cceling.
[ 0099]
A triple co~extrusion head is preferably used when
two kinds of resin solutiocons are used. For example, a
hollow fiber membrane-shaped product can be produced by
20  extruding two kinds of fluoropolymer solutions from the
cuter tube and tThe middle tube of a triple co-extrusiocon
head while ejecting the ligquid for forming the hollow
portion from the inner tube, and solidifying the extruded
solutions in a solidifying bath or cooling bath. A hollow
25 fiber membrane-shaped product can also be produced by
extruding the fluoropolymer solution and a resin solution
containing a resin other than the fluoropolymer from the
outer tube and the middle tube, respectively, of the triple
co-extrusicon head while ejecting the fluid for Fforming the
30  hollow portion from the inner tube, and solidifving the
extruded solutions in a solidifying bath or a cooling bath.
[ 0100]
Formation of the hollow fiber membrane-shaped product
by the aforementioned production method using a double co-

35 extrusion head or a triple co~extrusion head is preferable



15 resin layer formed on its surface. [01021 The resin layer can be formed by applying a solution
of the fluoropolymer (A) or a resin solution on the outer surface or inner surface of the hollow fiber
membrane- 20 shaped product. Preferable examples of the method for applying the solution of the
fluoropolymer (A) or the resin solution include immersion of the hollow fiber membrane-shaped product
in the solution or dropping of the solution on the holfdw fiber membrane-shaped product. Preferable 25
examples of the method for applying the solution on the inner surface of the hollow fiber
membrane-shaped product include feeding of the solution into the hollow fiber memprane-shaped
product. The dmdGtst thé sbiition 18 betapplieldis 3b preferably Contrdlidd by Just ddjdsting the
amount of the sofutiohiorg altermativiely aby scratehirg offioriblowingaaff with@n air kKnde a part of the
solution, afteg immersign of the porous membrane in the solution or application of the solution on the
porous membprane, 35[0103] 31 If the desired porous membrane-shaped product is a fiat
membrane-s%gﬂige&]product, it can be produced by casting the solution of the fluoropolymer (A"),
followed™by immersiortinta:eodlirgtbath arsolidifying betle Alsethe B fatimembrade-shaped product

can be producegddy extruding the solutign of the-flupropglymer (Adthraughia,slit:dig intoa-cooling
bath or solidigir%% bath. 10104J For o%ucin a composite %orou%l[laoym r membrane of 10 the

. . S1T), . er including-a resin other the .
present invention’in whlcﬁ%orous ase materials and other mateflagfs are integrated with each other,
immersion offthe pereds base mdteridls in e $olatoR of tHeMsstopslyRiet (AY 6t application of the
solution of the:fluosepolymer (A} onai teast onesside of thecparous ase ikb-materials: may be
perforr%d. [Oa 05]1 e enm% gt@iqg&%%rgus membrane-shaped product may further be stretched. This
enables to further enhance the water permeability of the porous lDO| mer membrane. 20If an alkali
Ueaﬂnentnm%MonedqﬁﬁW%§m@mdéﬁ,th@ resin layer including a resin other

than the fluocropolymer (A} enables to produce a hollow
fiber membrane in which the porous pcolymer membrane
including the fluorcpclymer (A) is integrated with the

15 resin layer formed con its surface.

[ 010Z]

The resin layer can be formed by applying a solution
of the fluoropclymer (A)Y or a resin solution on the outer
surface ¢r inner surface of the hollow fiber membrane-

20 shaped product. Preferable examples of the methed for
applying the solution of the fluorcpolymer (A) or the resin
solution include immersion of the hollow fiber membrane-
shaped product in the solution or dropping of the soiution
on the hollow fiber membrane-shaped product. Preferable

25 examples of the method for applying the solution on the
inner surface of the hollow fiber membrane-shaped product
include feeding of the solution into the hollow fiber
membrana-~shaped product.

The amount of the solution to be applied is

30 preferably contreclled by just adjusting the amcunt of the
solution or, alternatively, by scratching off or blowing
off with an air knife a part of the solution, after
immersion of the porous membrane in the solution or
application of the solution on the porous membrane,

35 [ 01C3)



the stretching treatment may be performed after the alkali treatment. [0106] In this step, the pore size
of the porous membrane- 25 shaped product may be controlled, for example, by adding an additive for
controlling the pore size in the fluoropolymer solution, and then eluting the additive during or after
formation of the porous membrane-shaped product. The additive may be kept in the porous
membrane-shaped product, 30if necessary. [0107] 31 Examples of the additives include organic
compounds and inorganic compounds. The organic compounds are preferably those that are soluble
in the solvent contained 35 in the fluoropolymer solution. In a non-solvent induced 32 phase

separation method, thé ofg&hi€ BBmitings afe prafeFably 86Iubleinitfie Horrssheritscohtained in the
solidifying liqdida in a¢hermally-ndueed phaseiseparation srethod, thecetgasi¢ ¢compeunds.are
preferably 5 sqluble in the splvent 9@1@3@)‘59396?%999@}9 liquid. [0108} ... Examples of the organic

compounds include water-soluble poli/)mers, surfactants, glycerin, and saccharidés, such as polyvinyl

pyrrolidone, poljéth§iene ghvedi, 6 polyvihyPaicohsi pdRetiidne finé Adlyachlié acid&hd dextran.
[0109] Preferabketexarmplesrof thé nprgamic compourds beinpludewnaterisplubie- compoygnds, such as

calcium chloridg, 1oJithium,chloriderand barwmsulfaie. [0320, through a siit die
inte a cooling bath or sclidifyving bath.
[ 0104]

For producing a composite porous polymer membrane of

10  the present invention in which porous base materials and
other materials are integrated with each other, immersion
of the porous base materials in the soluticon of the
flucropolymer (A') or application of the solution of the
fluoropolymer (A"} on at least one side of the porous base

15 materials mayv be performed.

[ 0105]

The obtained porcus membrane-shaped product may
further be stretched. This enables to further enhance the
water permeability of the porous polymer membrane.

20 If an alkalli treatment mentioned later is included,
the stretching treatment may be performed after the alkall
treatment.

[ 0106]

In this step, the pore silze of the porous membrane-

25 shaped product may be contreolled, for example, by adding an
additive for controlling the pore size in the fluoropolymer
soluticn, and then eluting the additive during or after
formation of the porous membrane-shaped product. The
additive may be kept in the porcus membrane-shaped product,

30 if necessary.

[ 0107]

Examples of the additives include organic compounds
and lnorganic compounds. The organic compounds are
preferably those that are scoluble in the solvent contained

35 in the fluoropolymer solution. In a non-solvent induced



Instead of using the additive for controlling the pore size of the porous membrane-shaped product, the
average pore size in the surface can be controlled by 20 selecting the type, concentration, and
temperature of the non-solvent in the solidifying liquid so as to control the phase separation speed.
Generally, a high phase separation speed leads to a small average pore size, and a low phase
separation speed leads to a large average pore sizeiAlso, 25 addition of a non-solvent to the
fluoropolymer solution is advantageous for controlling the phase separation speed. [0111] From the

viewpoints of hydrophilization and control of the phase separation, the fluoropolymer solution may 30
further contain’ & additivée 'stich™s PEIGURYY pyrrSlidones Bolynteti FHethachfate resin,
montmorillonitecSi02:EaC O3, larid BTEE. {014 2} Thraughvthetaforemernticnedistepsea porous

polymer 35 membrane jnclyding the fluoropolymar (A) can be;praduced by .33 the method of

producing the porous polymer membrane according to the present invention. [0113] The method of

producing a porBas poiyitereritrane 35aceordifg fo T BrRESRAE IERLET Ty fithér include a step
of performingsan alkafi treatrnbat. so 1 vEhe alkall treatment.maytioe perfdroved aftercrbefore the step
of forming a peroyg;membrane from the fluoropolymer (A’).

Examples of the organic cempounds include water-—
soluble polymers, surfactants, glycerin, and saccharides,
such as polyvinyl pyrrolideone, polyethylene glycol,

10 polyvinyl alcchol, polyethvlene mine, polvacrylic acid, and
dextran.
[ 0109]

Preferable examplies of the inorganic compounds

include water-soluble compounds, such as calcium chloride,
15 lithium chloride, and barium sulfate.
[0110]

Instead of using the additive for controlling the
pore size of the porous membrane-shaped product, the
average pore size in the surface can be controlled by

20 selecting the type, concentraticn, and temperature of the
non-sclvent in the solidifying liguid so as to control the
phase separation speed. Generally, a high phase separation
speed leads to a small average pore size, and a low phase
separation spesed leads to a large average pore size, Alsco,

25 addition of a non-sclvent to the fluorcpolymer sclution is
advantagecus for contrelling the phase separation speed.
T0111]

From the viewpoints of hydrophilization and control
of the phase separation, the fluoropolymer solution may

30 further contain an additive, such as polyvinyl pyrrolidone,
polymethyl methacrylate resin, montmorillonite, $i0;, CalCls,
and PTFE.

[ 0112]
Through the aforementicned steps, a porous polymer

35 membrane including the fluorcpolymer (A) can be produced by



10[0114] The step of performing an alkali treatment (hereinafter, also referred to as alkali
treatment step) includes contacting the porous membrane-shaped product with an alkali treatment
solution, which is prepared by 15 dissolving a solid or liquid alkali in water and/or a C1-C8 alcohol, by,
for example, immersing the porous membrane-shaped product in the alkali treatment solution or
applying the alkali treatment solution to the porous mémbrane-shaped product. 20[0115] Examples of
the alkali include alkali metal hydroxides such as sodium hydroxide, and potassium hydroxide; alkaline
earth metal hydroxides such as magnesium hydroxide, and calcium hydroxide; alkali metal 25
alkoxides or afkalif& BaftH mdtaP&ROXEeRT dntforgahftiamirre5s 8RR deifrietRflamine, and
triethylaminea[@dd6§ i ng The alcehglrnay be anyW€tC& alcohol, but is preferably ethanol or
methanol. 30[QL17], The concentration of the alkali in the alkali treatment solution is not particularly
limited. For example, in the case where the alkali is sodium hydroxide, a 0.01 to 8N alkali treatment

solution may be used- S5[0F18]°84 °F HRIAE CA8E where Tird SIKBR trEaTheREEBILRART contains water
and the alcokalcthediclumeaativ of waterctotthe ralcohiol nrayrise; optioridl dout isypreferably about 30 to

70/70 to 30. 5[0349},  lnthegasewheresthejporous membrane-shaped product is immersed in the
alkali treatment solut_ing in tlﬂ;b% tep, the immersion ma% be enjgrmed for gné time p%riod at any
Y, 0 g

temperature. Normal the' Ut isHRTmersed il e ftti Cr)lrﬁ%levcilng‘3 %p%?atu?efffif:% to 70C for

several minutésttosseveral daysrfol120] & porous membrane from the
fluoropolymer (A ).
10 [ 0114}

The step of performing an alkali treatment
(hereinafter, alsoc referred To as alkali treatment step)
includes contacting the porcous membrane-shapsed product with
an alkali treatment soluticn, which is prepared by

15 dissclving a sclid or ligquid alkali in water and/or a C1-Ca
alcochol, by, for example, immersing the porous membrane-—
shaped product in the alkali treatment solution or applying
the alkali treatment soclution to the porous membrane-shaped
product.

20 [ 0115]

Examples of the alkali include alkali metal
hydroxides such as sodium hydroxide, and potassium
hydroxide; alkaline esarth metal hydroxides such as
magnesium hydroxide, and calcium hydroxide; aikali metal

25 alkoxides or alkaline earth metal alkoxides; and organic
amines such as trimethylamine, and triethylamine.

[ 011¢]

The alcchol may be any C.-Cy alcohol, but is
preferably ethanol or methancl.

30 [0117]

The concentration of the alkalil in the alkali
treatment sclution is not particularly limited. For
example, in the case where the alkall is sodium hydroxide,
a 0.0%1 to 8N alkali treatment solution may be used.

35 [ 0118]



The method of producing the porous polymer membrane according to the present invention may
include a wetting 15 treatment on the porous membrane-shaped product prior to the alkali treatment
step. In particular, when the porous membrane-shaped product or the fluoropolymer (A"), on which the
alkali treatment is to be performed, is not easily wettable, a wetting treatment allows it to be easily 20
wettable. The wetting treatment may be performéd, for example, by immersing an object of the
alkali treatment in alcohol such as methanol and ethanol, and then replacing the alcohol with water.
25[0121] After the alkali treatment step, the alkali treatment solution ma)gbe‘replaced with water, if

necessary. [0122] Intfe mEth&d of protiticing tHe porbas polyniér86 ferfbrane deeording to the
present invertior; asraentioried eardiet; lthe porousomenbrane fonmiag step. mayberpédormed after

the step of treating, thefluorapalymey (A9 with-theralkali,hy thesaforementioned methed.Moreover, the
porous mem?ran%if? ingost% may be 35 performed after the step of treating the fluoropolymer (A'")
by t

35 with the alkali é aforementioned method, and then again the alkali treatment step may be

performéd. [0723] ¥h the method of producing the porous polymer 5 membrane according to the

present invention, throughribe adkali treatmentisten: &-part ohthervdh anitrin the: fluerapalyimer (A) is
replaced witrmltshe.formglsgeg) yrrgitt ethe Ce%qa.lgrigation and tSUQCS; quent addgiot%gf water or alcohol.

Thereby, a poroulsréf)ﬁoﬁymer. membraneai% ing tﬁ%al%nf?ﬁloropo ymer%&) that conisair?s? e

fluoropolymef {Al) taRbe dbtainedY Sitfce thelfiidiepolymer YAY has BRIV E siall mimiSersof double
bonds, it maintains agoodsolubilibyinld solventand thuischas excelleat mxeinbranesferming property.

ABO,ﬂy%oﬁ%%@gggggbﬁg¥a%gﬂgrggg%g§é¥¥¥%d%%.5 to 70°C for several
minutes to several days.
[ 0120]

The method of producing the porous polymer membrane

according to the present invention may include a wetting

15 treatment on the porous membrane-shaped product prior to
the alkalli treatment step. In particular, when the porous
membrane-shaped product cr the flucoropolvmer (A ), on which
the alkalili treatment is to be performed, is not easily
wettable, a wetting treatment aliows it Lo be easily

20  wettable.

The wetting treatment may be performed, for example,
by immersing an object of the alkall treatment in alcochol
such as methancl and ethanol, and then replacing the
alcohol with water.

25 [ 0121}
After the alkali treatment step, the alkali treatment
solution may be replaced with water, if necessary.
[ 0122]
In the method of producing the porous polymer
30 membrane according to the present invention, as mentioned
earlier, the porous membrane forming step may be performed
after the step of treating the flucropolymer (&) with the
alkali by the aforementioned method.
Morecover, the porous membrane forming step may be

35 performed after the step of treating the fluorcpolymer (A7)



15 Accordingly, an excellent porous polymer membrane is obtained. [0124] As mentioned earlier,
the method of producing the porous polymer membrane according to the present invention 20 enables
to favorably produce the porous polymer membrane of the present invention. EXAMPLES [0125]
25The present invention is described in more detail by, but not limited to, examples below. In the
examples, hollow fiber membranes were produced and evaluated by the methods mentioned below.
[0126] 30 [Pure water permeability coefficient] The pure water permeability coefficient was determined
by permeating deionized water through a produced hollow fiber membrane at 25C. The deionized
water was pregsurizeidetomot dowerthan't:0k MRawithitrogeh gash 86, anBurewater permeability

coefficient [mRm2/s/Pak=AAmount of permeatedwatenifvea of membrane)/(Permeation
time)/(Evalu ti8pzo§jessure) [0127] 5 [Particle filtration rate] Particle size-controlled polystyrene

latex particles weré dispersed in deionized water (approximately 100 ppm) to prepare an original liquid
for evaluation, and the® tihe method of producing the porous polymer

5 membrane according to the present invention, through the
alkall treatment step, a part of the Vd¥F unit in the
fluoropolymer (A"} is replaced with the formula (1) unit by
the defluorination and subsegquent addition of water or
alcohol. Thereby, a porous poelymer membrane including the

10  fluoropolymer (A) that contains the fluoropolymer (Al) can
be obtained. Since the fluocropolymer (A) has only a small
number of double bonds, it maintains a good solubility in a
soclvent and thus has excellent membrane-forming property.
Also, the obtained membrane tends not to be degraded.

15 Accordingly, an excellent porous polymer membrane is
ocbtained.

[ 0124
As mentioned earlier, the method of producing the
porous polymer membrane according to the present invention

20 enables to favorably produce the porous polymer membrane of

the present invention.

EXAMPLES
[ 0125]
25 The present invention is described in more detail by,
but not ilimited to, examples below.

In the examples, hollow fiber membranes were produced

and evaluated by the methods menticned below.
[012¢]
30 [ Pure water permeabllity coefficient:

The pure water permeability coefficiant was
determined by permeating deilcnized water through a produced
hollow fiber membrane at 25°C. The deionirzed water was
pressurized to not lower than 0.01 MPa with nitrogen gas.



original liquid was permeated. The particle filtration rate was calculated based on the following
expression. Patrticle filtration rate (1) = ((Absorbance of original liquid for evaluation)-(Absorbance
of permeated liquid))/(Absorbance of original liquid for evaluation) x 100 15[0128] [Maximum point
breaking strength] The maximum point breaking strength was determined by measuring the breaking
strength of a sample piece under conditions of a disténce between chucks of 50 ram and a 20 tension
speed of 200 mm/min., where the sectional area of the sample piece before the tensile test was set as

a unit measurement area. [0129] [Maximum point elongation] 25The maximym point elongation was

determined by meas@iiiG tHEbreakirf Stisiyth of 4 SHrfplé Pieca tindét éohditioRglofa distance
between chucaksnofin@ mm anerantensian speed 0f/ 200 axmaingancrealeyldting the=elongation rate at

the maximun}_%ig} pqg% onthe ggtg%%gg pgfween chucks of 50 mm. [0130] [Alkali treatment]

The alkali treatment was performed under the following conditions in the examples and comparative
35 examples[. 372Alkali treatment (1): Hollow fiber was immersed in a 1N solution (alkali treatment
solution)oof NaH in. eflranbi/watert(50/50nediame%) Alkali treatment (2): Hollow fiber was immersed in

aIN Particle size-controlled polystyrene latex particles
ware dispersed in deionlized water (approximately 100 ppm)
Lo prepare an original liguid for evaluation, and the
original ligquid was permeated. The particle filtration

10 rate was calculated based on the following expression.

Particle filtration rate (%) = ((Abscrbance of
original liquid for evaluation)- (Absorbance of permeated
liguid))/ (Abscrbance of original liguid for evaluation) x
100

15 [0128]

[ Maximum point breaking strength]

The maximum point breaking strength was determined by
measuring the breaking strength of a sample plece under
conditions of a distance between chucks of 5C mm and a

20  tension speed of 200 mm/min., where the secticnal area of
the sample piece before the tensile test was set as a unit
measurement area.

[ 0129]
[ Maximum point elongation]

25 The maximum point elongation was determined by
measuring the breaking strength of a sample piece undsr
conditions of a distance petween chucks of 50 mm and a
tension speed of 200 mm/min., and calculating the
elongation rate at the maximum point based on the distance

30 between chucks of 50 mm,

[ 0130]
[ Alkali treatment]

Tne alkali treatment was performed under the
following conditions in the examples and comparative

35 examples.



5 aqueous NaCH solution (alkali treatment solution). Alkali treatment (3): Hollow fiber was immersed in
a 1N solution (alkali treatment solution) of NaOH in isopropanol/water (50/50 volume%) The
alkali treatment was performed under the same 10 condition as in the alkali treatment (1) unless
otherwise stated. [0131] [Surface measurement by X-ray photoelectron spectroscopy (XPS)] 15The
surface of the porous polymer membrane (and porotis membrane-shaped product) was measured by
X-ray photoelectron spectroscopy (XPS) in accordance with the following method. The measurement
was performed with ESCA3400 (produced 20 by Shimadzu Corporation) using Mg Ka X-ray source
(1253.6 eV). frhécdiamet&ofthie measuremtient 2t wag abBae 3 mean the Befection depth was
about 7 nm (phdtoelectrondtake-Loff angket 800} [ {CikE/C-E) Ratit] 8THe {€-F/C-H) ratio was

calculated based.qn,an expressiofpbelow ising the values obtained by X-ray photoelectron
spectroscopy (XPS), (C-F/C-H) ratio - a/b ue of the peak area of the interatomic bonding

a: Val {
30 energy (282.4%V) d&iEd from G+ Bonds Vb Vafile 8Fthie PEARATES of thé'intératomic bonding
energy (286.6 @\eand 287 8eVypderivet frdmiGH bohds § (O/F) Ratio]. 881 The (0/7) ratio was
calculated based-on aR €XprESSION (3) : Hollow fiber was immersed in a 1IN

solution (alkali treatment solution) of NaCH in
isopropanol/water {(50/50 volume%)
The alkali treatment was performed under the same

10 condition as in the alkali treatment (1) unless otherwise

stated.
[0131)
[ Surface measurement by X-ray photoeslectron spectroscopy
{XPS)]
15 The surface of the porous polymer membrane {and

porous membrane-shaped producht) was measured by X-ray
photoelectron spectroscopy (XPS) in accordance with the
following method.

The measurement was perfcrmed with ESCAZ400 (produced

20 by Shimadzu Corporation} using Mg Ka X-ray source (1253.6
eV}. The diameter ¢f the measurement area was about 3 mm,
and the detection depth was about 7 nm (photoelectron take-
off angle: 90°).

[ (C-F/C-H) Ratio]

25 The (C-F/C-B) ratioc was calculated based on an
expression below using the values obtained by X-ray
photoelectron spectroscopy (¥PS).

(C-F/C-H) ratio = a/b
a: Value of the peak area of the interatomic bonding
30  energy (2%2.4 eV} derived from C-F bonds
: Value of the peak area of the interatomic bonding
energy (286.0 eV and 287.8 eV) derived from C~H bonds
[ (O/F) Ratio]



below using the values obtained by X-ray photoelectron spectroscopy (XPS). (0/F) ratio = A/B 5A:
Value of the peak area of oxygen B: Value of the peak area of fluorine [C-0 bond content in a total of
C-C bonds and bonds between C and an atom other than C] The ratio was calculated based on
an expression below 10 using the values obtained by X-ray photoelectron spectroscopy (XPS).

C-0 bond in a total of C-C bonds and bonds betweesfC and an atom other than C = a/P a
Value of the peak area of the interatomic bonding 15 energy (290.1 eV) derived from C-0 bonds P:
Value of the peak area of a total of the interatomic bonding energy (280.0 to 300.0 eV) derived from
C-C bonds and bond$HetiEér C AAd an di6m GReFthahtcJoP3RThERampISTP S ALS8lymer
solution was pedpared by rmixing:2 3%l e weight of asvinylidere flupridedetraflyoroethylene copolymer
(vinylidene fluy, g@%@ggﬂggge?ggyg - 80/20 (molar ratio)), 68% by weight of dimethylformamide, 6%
by 25 weight of water, and 3% by weight of Tween 40 at 25C. The polymer solution was extruded
from a double co-extri&ﬁrf hgﬁ‘(ﬂé’gexth with deionized water serving as an internal fluid, and
solidifiecbin deionized:watertogive atHoHonfiber awembranesstyaped product. 30The hollow fiber

membrane-shaped produgt had anrouter diameter, o£0.95smm and andnner diameter of 0.79 mm; a
pure water p rm_eatl)t(iglit oefficient at 25C of 7.3 x 1.0-113 [m3/m2/Pa/s]; a 50-nm polystyrene particle
filtration ratei? not 1885 ﬁﬁno%%f% mAxitum %%}nt%%eﬁi%%?r%éathaéég @%%I%)a%éhr%/ 4 maximum
point elongatforAsfi 10% 2 89 ©tITHe durfaeeof the product had a ratio of oxygen/fluorine content

(0/F) of 0.044 when measured:hy ¥ES. ThedCiE/G:H) ratiereprasenting:a ratiosefthere-Fohond to the
C44bofg\Na§gi%%'the values obtained by X-ray photoslectron
spectroscopy (XPS).

C-0 bond in a total of C-C bonds and bonds bestween C
and an atom other than C = o/

o: Value of the peak area of the interatomic bonding

15 energy (290.1 V) derived from C-0 bonds

f: value of the peak area of a total of the
interatomlic bonding energy (Z80.0 to 300.0 eV) derived from
C-C beonds and bonds between C and an atom other than C
[ 0132]

20 [ Example 1]

A polymer solution was prepared by mixing 23% by
welght of a vinylidene fluoride-tetraflucroethylene
copolymer {vinylidene fluoride/tetrafluocrcethylene = 80/20
(molar ratio)), 68% by weight of dimethylformamide, 6% by

25 weight of water, and 3% by welght of Tween 40 at 25°C.

The polymer sclution was extruded from a double co-
extrusion head together with delonized water serving as an
internal fluid, and solidified in deionized water to give a
hollow fiber membrane-shaped product.

30 The hollow fiber membrane-shaped product had an outer
diameter of 0.95 mm and an inner diameter of 0.7% mm; a
pure water permeability coefficient at 25°C of 7.3 x 107V
[m®/m*/Pa/s} ; a 50-nm polystyrene particle filtration rate
of not less than 98%; a maximum point kreaking strength of

35 3.2 MPa; and a maximum point elongation cf 410%.



5The C-0 bond content in a total of C-C bonds and bonds between C and an atom other than C was
not more than 0.70 mol%. [0133] Next, the hollow fiber membrane-shaped product 10 obtained
through the above steps was subjected to an alkali treatment under the following conditions to give
hollow fiber membranes. Example 1-1: Alkali treatment (1) for 0.5 hour Example 1-2: Alkali treatment
(1) for 4.5 hours 15Example 1-3: Alkali treatment (1¥ for 24 hours [0134] The physical properties
of the resulting hollow fiber membranes were as follows. Example 1-1: The membrane had a pure
water 20permeability coefficient of 7.4 x 10-10 [m3/m2/Pa/s]; a 50- nm polystyrene patrticle filtration
rate of not less than 98%:; &'Madiffurh bolntbrédking Strefgth 6f 29™Pa®and a maximum point
elongation of4d@%%rExdampleil2: Thetmembranehad & guré ivateh2b peemeabiity coefficient of 9.8 x

10-io [ ma haz,/[Pa/s} . a £O-m polystyreng pacficle filtration rate of nat less, than:98%;, a maximum
point breaking strength of 2.8 MPa; and a maximum point elongation of 460%. The color of the porous
hollow fiber fi&Mbranesivas 36t thanged by the alkali treatment in Examples 1-1 and 1-2.

Examplé>1-3: The méthbraieCharapure watercpermealbility coefficieht ©f 1¢9:144029:{m3/m2/Pa/s] ; a
50-nm polystyrgneparticls filtrationsrate of nat lass than 98%; a-maximumpointpreaking.strength of
5.1 MPa; a m@%urgo\?ia%point elongation of 330%; a (O/E) ratio of 0.087; and a (C-
[ 0133]
Next, the hollow fiber membrane-shaped product
10  obtained through the above steps was subjected to an alkali
treatment under the following cconditicns to give hollow
fiber membranes.
Example 1~1: Alkali treatment (1) for 0.5 hour
Example 1-2: Alkali treatment (1) for 4.5 hours
15 Example 1-3: Alkali treatment (1) for 24 hours
[ 0134]
The phvsical properties of the resuliing hollow fiber
membranes were as follows.
Bxample 1-1: The membrane had a pure water
20 permeability coefficient of 7.4 x 107 [m'/n?/Pa/s];: a 50-
nm polystyrene particle filtraticon rate of not less than
98%; a maximum point breaking strength of 2.% MPa; and a
maximum point elongation of 410%.
Example 1-2: The membrane had a pure water
25 permeability coefficient of 9.8 x 107" [ m’/w®/Pa/s] ; a 50-
nm polystyrene particle filtration rate of not less than
98%; a maximum point breaking strength c¢f 2.8 MPa; and a
maximum point elongation of 460%.
The color of the porous holicw fiker membranes was
3¢ not changed by the alkali treatment in Examples 1-1 and 1-2.
Example 1-3: The membrane had a pure water
permeability coefficient of 1.9 x 1077 [ w’/m*/Pa/s]; a 50-nm
polystyrene particie filtration rate of not less than 28%;
a maximum point breaking strength of 5.1 MPa; a maximum
35 point elongation of 330%; a (0O/F) ratioc of 0.087; and a (C-



40 F/C-H) ratio of 0.94. The 0-0 bond content in a total of C-C bonds and bonds between C and an
atom other than C was 2.95 moil. Also, a unit represented by the formula: -CHXICX2(0R)- 5(wherein
one of X2 and X2 is a hydrogen atom, and the other is a fluorine atom; and R is a hydrogen atom or a
02 alkyl group) was generated. The hollow fiber membrane obtained in Example 1-3 was only
slightly colored, showed very little change in color, #3'and maintained the strength. Moreover, the
hollow fiber membranes obtained in Examples 1-2 and 1-3 had enhanced water permeability. In
particular, the water permeability of the membrane in Example 1-3 was enhanced by 2.6 times.
15[0135] [ExAMpI&'2] “2E A%lymer dblution \vas prepatad by thixiit 189 By waight of & vinylidene
fluoride-tetraflu6roethyienexcopdipmes (Vinylidese flloride/tetrafiioroethyiene £180/2@ 20@nolar ratio)),

79.6% by weight of dimethylfprmamide, and-2. A%, by weight-of Tween 40 at 25C, Theqplymer solution
was extruded from a double co-extrusion head together with deionized water serving as an internal
fluid, and sol%ﬁ(fie(&?‘r? deionized water. A resulting hollow fiber 25 membrane had an outer diameter of

1.02 mnd and!am el diameter bf .79 mimXa pureavater perrmeabititycoefficient at 25G:0£2.6 x 10-22
[m2/m2/Pals} sa 50mn:pelystyrena partiglesfiltratien sate ef notlessthan 98%0:a maximum point
breaking stren%huof 1.#al\élPa' agq:gtrggximum point 30elongation of 410%. The surface of the
product had d ratl(ﬂ)f oxyge%?ﬁluorme content (0O/F) of 0.044 when measured by XPS. The (C-F/C-H)
ratio representing a rafi¢ offHel CtF bbAE o e CrABoreklas 120. ThefGOHarid ¢ormteritih a total of

41 C-C bonds:and bondshetyween G asd ansatoweathes than Covas:nehmese than @70dn0l%. [0136]
10 and maintained the strength.

Morecver, the hollow fiber membranes obtained iIn
Examples 1-2 and 1-3 had enhanced water permeability. In
particular, the water permeability of the membrane in
Example 1-3 was enhanced by 2.6 times.

15 [ 0135]
[ Example 2]

A polymer solution was prepared by mixing 18% by
weight of a vinylidene fluoride~tetrafluoroethylene
copolymer (vinylidene fluoride/tetrafluocrcethylene = 80/20

20 {molar ratio)), 79.6% by weight of dimethvlformamide, and
2.4% by weight of Tween 40 at 25°C. The polymer sclution
was extruded from a double co-extrusion head together with
deionized water gerving as an internal fluid, and
solidified in deionized water. A resulting hollow fiber

25 membrane had an cuter diameter of 1.02 mm and an inner
diameter of 0.79 mm; a pure water permeability coefficient
at 25°C of 2.6 x 107*° [m?’/m®/Pa/s] ; a 50-nm polystyrene
particle filtraticn rate of not less than 28%; a maximum
point breaking strength of 1.4 MPa; and a maximum polnt

30 elongation of 410%.

The surface of the product had a ratio of
oxygen/flucrine content (O/F) of 0.044 when measured by XPS.
The (C-F/C-H) ratio representing & ratioc of the C-F bond to
the C-H bond was 1.20. The C-0 bond content in a total of



Next, the hollow fiber membrane-shaped product 5 obtained through the above steps was subjected to
an alkali treatment under the following conditions to give hollow fiber membranes. Example 2-1: Alkali
treatment (1) for 24 hours Example 2-2: Alkali treatment (1) for 48 hours 10Example 2-3: Alkali
treatment (2) for 48 hours Example 2-4: Alkali treatment (3) for 48 hours [0137] The physical
properties of the resulting hollow fiber membranes Were as follows. 15Example 2-1: The membrane
had a pure water permeability coefficient of 3.8 x 10/10 [m3/m2/Pa/s] ; a 50- nm polystyrene particle
filtration rate of not less than 98%; a maximum point breaking strength of 1.3 MPa; a maximum point

elongation of350%°& (6/F} 14tic’ 6P 60-B66= 30 AR & (CTEICa) AticTof Ate5 “THE 810 borkd ontent in a
total of C-C bondsrandebarnds:bétween:@© ahd an atom other than C was 2.00 mol%. Also, a unit
represented py thg;formula: -CHX1-CX2(0R)-  (wherein one of X1 and X2 is a hydrogen atom, and
the other 25 Is a fluorine atom; and R.is a hyd_ro%;n atom or a 02 alkyl group) was generated. The

+

hollow fiber membrahg BhtainetFin Ex: Ble2150as ORIy Slightly colored eHewEdvery litle change in
color, arid maihtained: the-strength. 30Examples2-2t Fhe membrare kad achure waterpérméability

coefficient of 4L x::Q:40 [m3im2/Pals]; ab0-Him pglyshrene paricle filtration rate afnot less than
98%; a (0/F) £at£o %f %é@é%_»%”%sa (C-F/C-H) ratio of 0.80. The 0-0 bond content in a total of C-C bonds
and 35 bonds betweér G and an atom other than C was 5.46 moil. 42 Also, a unit represented by the
formula: -CHX1-0X2 (@RI EaHtseréintoné bkXd land- %2 i§ahydrdgentatent, anecthesother is a fluorine

atom; and R is a hydmgen-atenveora 021alkylgreupkwas generated.or 48 hours

10 Example 2-3: Alkali treatment (2) for 48 hours

Example 2-4: Alkalil treatment (3) for 48 hours
[ 0137]

The physical properties of the resulting holliow fiber
membranes were as follows.

15 Example 2-1: The membrane had a pure water
permeability coefficient of 3.8 x 107'° [m’/m®/Pa/s]; a 50-
nm polystyvrene particle filtration rate of neot less than
98%; a maximum point breaking strength of 1.3 MPa; a
maximum point elongation of 350%; a (O/F) ratio of 0.060;

20 and a (C-F/C-H) ratio of 1.05. The C-0 bond content in a
total of C~C bonds and bonds between C and an atom other
than C was 2.600 mcl%. Also, a unit represented by the
formula: -CHX'-CX”(OR)-

(wherein one of X! and X° is a hydrogen atom, and the other

25 is a fluorine atom; and R is a hyvdrcgen atom or a C; alkyl
group) was generated.

The hollow fiber membrane obtained in Example 2~1 was
only slightly colored, showed very little change in color,
and maintained the strength.

30 Example Z-2: The membrane had a pure water
permeability coefficient of 4.1 x 107*° [m®/m?®/Pa/s]; a 50-
nm polystyrene particle filtration rate of not legg than
98%; a (O/F) ratio of 0.105; and a (C-F/C-H} ratic of 0.80.

The C-0 bond content in a total of C~C bonds and

35 bonds between C and an atom other than C was 5.46 mol%.



5Example 2-3: The membrane had a pure water permeability coefficient of 2.9 x 10-10 [M3/m2/Pa/s]; a
50- nm polystyrene patrticle filtration rate of not less than 98%; a (0/F) ratio of 0.099; and a (C-F/C-H)
ratio of 0.88. The 0-0 bond content in a total of C-C bonds and 10 bonds between C and an atom other
than C was 1.54 mol%. Also, a unit represented by the formula: -CHX1-CX2(0R)- (wherein one of Xi
and X2 is a hydrogen atom, and the other is a fluoriié atom; and R is a hydrogen atom) was
generated. Example 2-4: The membrane had a pure water 15permeability coefficient of 2.8 X 10-1
[m3/m2/Pa/é]P;A£ 50- nm polystyrene particle filtration rate of not less than 98%;.a (O/F) ratio of 0.061;
and a (C-F/C§ Patidtof-1.68. TREBG BBAE Content it a 16T b €:C Hoids &aid Bohts between C and
an atom othetithar € was:2:6®maot%. 203AI50, Asunit fepiesentied dydhe formulahaCleX1eEX2(0R)-

(wherein one;of X' and;X2 i$,@ hydragen-atonk and thergtherisa,flugrine atpm; and R iga hydrogen
atom or a 03 alkyl group) was generated. Moreover, the hollow fiber membranes obtained in 25
Examples 2-¥15 %54 h4d enhahgéd Water permeability. In particular, the water permeability of the

membrahe in Example:2:drand that in Exanfpe 2 peré edhancedby 4¢5:times and 1.6 times,
respectively. Furthermore,no degradation was feund in the membranes: 30[0138] [Example 3] A

polymer solug%n_v%qf re %rend b mizgrig 8% Pxi_yy:ei ht ofa\éig Iic(i%ﬁ_e fluor de-tSet[Caglggroethylene
copolymer (wnylﬁeng%lugngeﬁeéaaf uoroéﬁlﬁyl%ene - gé?%Sfmoélr ratl&?,'% 91.50% by weight of
d"neﬂwﬁonngﬁﬁdegmﬁp@@) ratio of 0.099; and a (C-F/C-H) ratio of (.88.

The C-0 bond content in a total of C-C bonds and

10  bonds between C and an atom cother than C was 1.54 mol%.
Also, a unit represented by the formula: =~CHX'-CX?(OR)-~
(wherein one of X' and ¥° is a hydrogen atom, and the other
ig a fluorine atom; and R i1s a hydrogen atom) was generated.

Example Z-4: The membrane had a pure water

15 peimeability coefficient of 2.8 x 107" [ w/m*/Pa/s]; a 50-
nm polystyrene particle filtration rate of not less than
98%; a (O/F) ratic of 0.061l; and a (C~-F/C~H) ratioc of 1.08.

The C-0 bond content in a total of C-C bonds and
honds between C and an atom other than € was 2.60 mol%.

20 Also, a unit represented by the formula: ~CHX -CX? (OR) -
(wherein one of X' and X* is a hydrogen atom, and the other
is a fluorine atom; and R 1s a hydrogen atom or a C; alkyl
group) was generated.

Moreover, the hollow fiber membranes obtained in

25 Examples 2-1 To 2-4 had enhanced water permezbility. In
particular, the water permeability of the membrane in
Example 2-1 and that in Example 2-2 were enhanced by 1.5
times and 1.6 times, respectively. Furthermcre, no
degradation was found in the membranes.

30 [ 0138]

[ Example 2]

A polymer sclution was prepared by mixing 18% by
weight of a vinylidene fluoride-tetraflucroethylene
copolymer ({(vinylidene fluoride/tetrafluorcethylene = 63/37

35 (mclar ratio)), 792.6% by weight of dimethylformamide, and



2.4% by weight of Tween 40 at 25C. The polymer solution was extruded from a double
co-extrusion head together with deionized water serving as an internal fluid. The polymer solution was
solidified in 5 deionized water to give a hollow fiber membrane-shaped product. The hollow fiber
membrane-shaped product had an outer diameter of 0.94 mm and an inner diameter of 0.75 mm; a
pure water permeability coefficient at 25C of 2.0 x 1939 10 [m3/m2/Pa/s]; a 50-nm polystyrene particle
filtration rate of not less than 98%; a maximum point breaking strength of 1.2 M2a; and a maximum
point elongation of 340%. The (O/F) ratio was 0.033, and the (C-F/C-H) ratio was 1.72 on the surface
of the product nféastired HyHRS oI5 The«T-0%oriecatitént in a total of C-C bonds and bonds between
C and an atom otherthan £€-wasaot more tham 0wd:meldt r[0139] Kext, the hollawdibes -

membrane-shaped, progduct 20 pbfained trough,the aboye steps was subjected to,an alkalj treatment

under the following conditions to givé hoilow fiber membranes. Example 3-1: Alkali treatment (1) for 24
hours Exampté 382 &kalt tréatment B 1648 RotrS S5 EXamples:3: Afiafitreatfiént (2) for 48 hours
[0140] 5 The physicabpropesties-af thevesulting hollew fibee membianes avereags:follows. Example
3-1: The merEQ@{q@Cqu a pure water 30 permeability coefficient of 5.8 x 10-9 [m3/m2/Pa/s]; a 50-nm

olystyrene particle filtration rate of not less than 98%;
Polysty P The hofﬁow fgber membraﬁ%—shaped product had an outer

diameter of 0.94 mm and an inner diameter of 0.75 mm; a
pure water permeability coefficient at 25°C of 2.0 x 1077

10 [ o¥/m®/Pa/s]l; a 50-nm polystyrene particle filtration rate
of not less than 98%; a maximum point breaking strength of
1.2 MPa; and a maximum point elongation of 340%.

The (O/F} ratio was 0.033, and the (C-F/C-H) ratio
was 1.72 on the surface of the product measured by XPS.

15 The C~0 bond content in a total of C-C bonds and bonds
between C and an atom cther than C was not more than 0.70
mol%.

[0139]
Next, the hcellow fiber membrane-shaped product

20  obtained through the above steps was subjected to an alkali
treatment under the following conditions to give holliow
fiber membranes.

Example 3-1: Alkall treatment (1) for 24 hours
Example 3-2: Alkali treatment (1) for 48 hours

25 Example 3-3: Alkali treatment (2) for 48 hours
[ 0140]

The physical properties of the resulting hollow fiber
membranes ware as follows.
Example 3-1: The membrane had a pure water

30  permeability coefficient of 5.8 x 1077 [m’/m®/Pa/s}; a 50-nm
polystyrene particle filtration rate of not less than 98%;
a maximum point breaking strength of 1.1 MPa; a maximum
point elongation of 320%; a (O/F) ratio of 0.092; and a (C-
F/C~H) ratio of 0.54. The C-0 bond content in a total of

35 C-C bonds and bonds between C and an atom other than C was



a maximum point breaking strength of 1.1 MPa; a maximum point elongation of 320%; a (0/F) ratio of
0.092; and a (CF/C-H) ratio of 0.54. The C-0 bond content in a total of 35 C-C bonds and bonds
between C and an atom other than C was 44 3.43 mol%. Also, a unit represented by the formula:
-CHX-- CX2(0R)- (wherein one of X' and X2 is a hydrogen atom, and the other is a fluorine atom; and
R is a hydrogen atom or a C2 alkyl 5 group) was geaérated. Example 3-2: The membrane had a
pure water permeability coefficient of 9.2 x 10-9 [m3/m2/Pa/s]; a 50-nm polystyrene particle filtration
rate of not less than 98%; a (O/E) ratio of 0.118; and a (C-F/C-H) ratio of 0.67. 10The C-0 bond content
in a total of C2Cboritidland bonds between € divParR atorhsthérthah<T {58179 mol%Also, a unit
represented lpytheformula: -CHX1-CX2(0R)- (wherein one of X' and X2 is a hydrogen atom, and the

other is a f'uoﬂrﬂ‘?@%@% and R isahydrpgen atom or 8 G2 alkyl 15.grp) was generated.,

Example 3-3: The membrane had a pure water permeability coefficient of 5.0 x 10-9 [m3/m2/Pa/s]; a
50-nm polystyrené particte fitatiorPfate df Notless thar B85S /B 1afioOf 07094; aid 4 (C-F/C-H)
ratio of 1:98. 203 he IC-O=bong=cantentin .a total of C-C bonds and bonds between C and an atom other

than C was 3.70 mol%, Als0, 2 unibrepresented by the formula: -CHX1:CX2(0R)- (wherein one of X'
and X2 is a hydrogen atom, and the other is a fluorine atom; and R is a gydrogen atom) was

generated. 25TH& Rltdw fibér figmbranes bbtahed it Exanibled 2V 37Had furthet erifanced

water permeatsility s nyparticukas,rthe wate £ pérmeability of the membranelin Exariple 32 %that in

Example ﬁ-Z,aam@m i&fﬁﬁ@;ﬁb@?ﬁ%@% egﬂ@@déway%:ﬂmesﬁ-@ﬂgn%% ands2.5, 30 v st

respectively. Moreover, the hollow fiber membranes obtained jn Examples 3-1 to 3-3 were only slightly

colore ,\f)showed very i ﬁe%chgn%é) "?ﬁg cgl%ﬁtéan%esﬁo%gd%g%%réj at%n& [%)1%1 %55[E<>¥\émple 4] 45
bonds between C and an atom other than C was 3.79 mol%.

Also, a unit represented by the formula: —CHX*-CX? (OR) -
(wherein one of X' and X* is a hydrogen atom, and the other
is a flucrine atom; and R is & hydrogen atom cor a C; alkyl

15 group) was generated.

Example 3-3: The membrane had a pure water
permeability coefficient of 5.0 x 1077 [m?/m®/Pa/s]; a 50-nm
polystyrene particle filtration rate of not iess than 98%;
a (O/F) ratio of 0.0%4; and a (C-F/C-H) ratio of (.88,

20 The C-0 bond content in a total of C~C bonds and
bonds between € and an atom other than C was 3.70 mol%.
Also, a unit represented by the formula: -~CHX'~CX?(OR}~
(wherein one of X' and x® is a hydrogen atom, and the other
is a fluorine atom; and R 1s a hydrogen atom) was generated.

25 The holiow fiker membranes obtained in Exampless 3-1
to 3-3 had further enhanced water permeability. In
particular, the water permeability of the membrane in
Example 3-1, that in BExample 3-2, and that in Example 3-3
were enhanced by 2.9 times, 4.6 times, and 2.5,

30 respectively. Moreover, the hollow fiber membranes
obtained in Examples 3-1 to 3-3 were only slightly colored,
showed wvery little change in color, and showed no
degradation.

[ 0141]
35 [ Example 4]



A polymer solution was prepared by mixing 18% by weight of a vinylidene fluoride-tetrafluoroethylene
copolymer (vinylidene fluoride/tetrafluoroethylene = 80/20 (molar ratio)), 79.6% by weight of
dimethylformamide, and 5 2.4% by weight of Tween 40 at 70C. The polymer solution was extruded
from a double co-extrusion head together with deionized water serving as an internal fluid, and
solidified in deionized water. A resulting hollow fiber4fiembrane had an outer diameter of 0.84 mm and
an inner 10 diameter of 0.61 mm; a pure water permeability coefficient at 25C of 6.0 x 10-1
[m3/m2/Pa/s] ; a 50-nm polystyrene patrticle filtration rate of not less than 98%; a maximum point
breaking strength of £:6AAPEM&Ad ahakihtim pomteicmyation 63602 iTise hélfow fiber membrane
after a 15 five-boyralkalf treatmert hag asmaxiowim. peint breaking srengthofd:é MPa, and a

maximum poi ign %@ %. Mereover, i ollow fiber membrane after bejng immersed in
an alkaline sé%ﬁon $or%‘ive %flourg %//\(/iadseélrﬁy gﬁaﬁt yltclin%zé%%v%,rilj %/\lﬁt rr?c?%%@% gnge%?(?[% 42]

[Example 5] (CAZolyiREr8alution wals prePaltiBy: mikihg A5T8% 1K/ Waight Bf d%inylidéne
fluoride-tetraftuoreethylenei eopolymer gdaylidepe fluorideftetrafluoreethylene =80/20:25(molar ratio)),
2.2% by weight of a.vinylidepe flugride- tetrafluoroeinylene copglymer thathad undergone,an alkali

treatment for nine days (vinylidene fluoride/tetrafluoroethylene = 63/37 (molar ratio)), 75.0% by weight

of dimethylfoffiamitie” 229 By e Rt Bt Thedh 40! R34 by WwelgheStvater at 25C. The
polymer solution was Extrdided from endouble eeextrusién head togethehwith deiohized-water serving

as an internafluid,-and selidified in.deiopizedwater A sesulting hallow fiker,membrane had an outer
diameter of 0.93 mm and ag [ ner 35 diameter of 0.70 mm; a Eure a erggrmea%ity coefficient 46 at
.61 :

25C of 5-8 x 10-9 [m3im27Pa/s]: A 50%im polystytelid partichs filiation rate of 1ot léss-thah 98%; a
maximum point bEggking Strengthcofl 70°MPra? /andl @aiaximum pointrelangation of 466%.

particle filtration rate of not less than 28%; a maximum
polint breaking strength of 1.6 MPa; and & maximum point
elongation of 360%. The hollow fiber membrane after a

15 five-hour alkali treatment had a2 maximum point breaking
strength of 1.6 MPa, and a maximum point elongation of 360%.

Moreover, the hollow fiber membrane after being
immersed in an alkaline solution for five hours was only
slightly tinted brown with no coclor change.

20 [ 0142]
[ Example 3]

A polymer sclution was prepared by mixing 15.8% by
welight of a vinylidene fluoride-tetraflucoroethylene
copolymer (vinylidene fluoride/tetrafluoroethylene = 80/20

25 (molar ratio)), 2.2% by weight of a vinylidene fluoride-
tetrafluoroethylene copolymer that had undergone an alkali
treatment for nine days (vinylidene
fluoride/tetrafluorcethylene = 63/37 {(molar ratio)), 75.0%
by weight of dimethylformamide, 2.2% by weight of Tween 40,

30 and 4.7% by weight of water at 25°. The polymer solution
was extruded from a double co-extrusion head together with
deionized water serving as an internal fiuid, and
solidified in deionized water. A resulting hollow fiber
membrane had an outer diameter of 0.93 mm and an inner

35 diameter of 0.70 mm; a pure water permeability coefficient



5The (0/F) ratio was 0.059, and the (C-F/C-H) ratio was 1.21 on the surface of the product measured
by XPS. The C-0 bond content in a total of C-C bonds and bonds between C and an atom other
than C was 2.52 mon. Also, a unit represented by the formula: -CHX1-0X2(0R)- 10 (wherein one of X1
and X2 is a hydrogen atom, and the other is a fluorine atom; and R is a hydrogen atom or a C2 alkyl
group) was generated. [0143] [Comparative Example&l] 15A polymer solution was prepared by mixing
18% by weight of polyvinylidene fluoride (product of Daikin Industries, Ltd.), 79.6% by weight of
dimethylformamide, and 2.4% by weight of Tween 40 at 25C. The polymer solution was extruded from
a double co- 20 eX¥isi6r héad togéther With deioRz &8l water SErving &9 Ak SiteRedlfluid, and solidified
in deionized waterito biveta holtew fiber memabrahesshapeskproduet: Théhollowsfibermum

membrane-shaped praduct had aé‘t%ﬁ%@i@"&%eﬁ%li@%?ma%@ anjnner.digmeter.of 0.82 mm; a 25
pure water permeabllltg coefficient at 25C of 8.0 x 1091 [m3/m2/Pa/s]; a 50-nm polystyrene particle

filtration rate 9t ROFRSES War? §8% A'maximum point breaking strength of 2.0 MPa; and a maximum
point elongation of 130%. (C/F)The(0/F) ratio Waéd 0035 andithe (CHFCLRY Fatioc3@ was 1.01 on the

surface of the,product measured: by XRS.J0144] Next, thehollow fibersmemprane-shgped product
fobgil\l/r:aeg ;ﬁ]ésvugg ;itgeefh%c;vrﬁ géaer?g%\%/lvgs ngrtg ee%%d gLomarc_!l altkgg érleagye(r:lt_ 8”%%@1 tgg fglrll%wmg conditions
bonds between C and an atom other than C was 2.52 mol%.
Also, a unit represented by the formula: ~CHX'-CX®{OR)-

10 (wherein one of X' and %% is a hydrogen atom, and the other

is a fluorine atom; and R is a hydrogen atom or a C; alkyl
roup) was generated.

[ 0143]

[ Comparative Example 1]

15 A polymer soclution was prepared by mixing 18% by
weight of polyvinylidene flucride (product of Daikin
Industries, Ltd.), 79.86% by weight of dimethylformamide,
and 2.4% by welght of Tween 40 at 25°C.

The polymer solution was extruded from a double co-

20 extrusion head together with delonized water serving as an
internal fluid, and solidified in deionized water to give a
hollow fiber membrane-shaped product.

The hollow fiber membrane-shaped product had an outer
diameter of 1.03 mm and an inner diameter of 0.82 mm; a

25 pure water permeability coefficient at 25°C of 8.0 x 107
[ m’/n?/Pa/s] ; a 50-nm polystyrene particle filtration rate
cf not less than %8%; a maximum point breaking strength of
2.0 MPa; and a maximum point elongation of 130%.

The (O/F) ratio was 0.035%, and the {C-F/C-H) ratio
30 was 1.0l on the surface of the product measured by XPS.
[ 0144]
Next, the hollow fiber membrane-shaped product
cbtained thrcough the above steps was sublected to an alkali
treatment under the following conditions to give hollow

35 fiber membranes.



47 Comparative Example 1-1: Alkali treatment (1) for 0.5 hour Comparative Example 1-2: Alkali
treatment (1) for 4.5 hours 5Comparative Example 1-3: Alkali treatment (1) for 24 hours Comparative
Example 1-4: Alkali treatment (1) for 48 hours Comparative Example 1-5: Alkali treatment (2) for 48 10
hours Comparative Example 1-6: Alkali treatment (3) for 48 hours [0145] The physical properties of the
resulting hollow fiber 15 membranes were as follows.’ Comparative Example 1-1: The membrane
had a pure water permeability coefficient of 6.6 x 1041 [m3/m2/Pa/s] ; a 50-nm polystyrene particle
filtration rate of not less than 98%; a maximum point breaking strength of 1.9 MPa; and 20 a maximum
point elongation of 1209PEbATparative EXBmple  T-2: Thelhembraré haf apurk/water permeability
coefficient ofigolix 1041 [m3/m2/Pals]

Comparative Example 1~2: Alkali treatment (1) for 4.5

hours
5 Comparative Example 1-3: Alkalil treatment (1) for 24
hours
Comparative Example 1-4: Alkali treatment {1) for 48
hours

Comparative Example 1-5: Alkall treatment (2) for 48
10  hours
Comparative Example 1-6: Alkali treatment (3} for 48
hours
[ 0145]
The physical preperties of the resulting heollow fiber
15 membranes were as follows.
Comparative Example 1-1: The membrane had a pure
water permeability coefficient of 6.6 x 107" [m’/m?/Pa/s] ;
a 50~-nm polystyrene particle filtration rate of not less
than 98%; a maximum point breaking strength of 1.9 MPa; and
20 a maximum point elongation of 120%.
Comparative Example 1-2: The membrane had a pure
water permeability coefficient of 6.1 x 107'° [ m®/m®/Pa/s] ;
a 50-nm polystyrene particle filtration rate of not less
than 98%; a maximum point breaking strength of 1.8 MPa; and
25 a maximum point elongation of 120%.
Comparative Example 1-3: The membrane had a pure
water permeability coefficient of 8.9 x 107 [ n¥/m*/Pa/s];
a 50-nm polystyrene particle filtration rate of not less
than 98%; a maximum point breaking strength of 1.8 MPa; a
30 maximum point elongation of 9%8%, a (O/F) ratio of 0.07%;
and a (C-F/C-H) ratio of 0.67.
Comparative Example 1-4: The membrane had a pure
water permeability coefficient of 1.1 x 1077 [wm’/m°/Pa/sl; a
50-nm polystyrene particle filtration rate of not less than
35 98%; a (O/F) ratic of 0.125; and a (C-F/C-H) ratio of 0.51.



a 50-nm polystyrene patrticle filtration rate of not less than 98%; a maximum point breaking strength of
1.8 MPa; and 25 a maximum point elongation of 120%. Comparative Example 1-3: The
membrane had a pure water permeability coefficient of 8.9 x 1041 [m3/m2/Pa/s] ; a 50-nm polystyrene
particle filtration rate of not less than 98%; a maximum point breaking strength of 1.8 MPa; a 30
maximum point elongation of 98%, a (0/E) ratio of 04879; and a (C-F/C-H) ratio of 0.67.

Comparative Example 1-4: The membrane had a pure water permeability coefficient of 1.1 x 1049

[m3/m2/Pa/s] ; a 50-nm polyst}gj;ne particle filtration rate of not less than 3598%; a (O/F) ratio of 0.125;
and a (C-F/C-H) rati¢6f' 6812 48"¢ EEampatative Exariplé e THemBAtbran& ha8 a pure water
permeability seefficient of19ax 10+1/[ mémiiPa/sk @-5@-nnepalystytene’ particlediltration rate of not

less than 98%; 80/F) ratiq £ 0,100, and.a (G-E{G-H)iralio Of DO:6S. 2 - CoMparativexample 1-6:
The membrane had a pure waternpermeablllty co%ffl |e(r}'1t_ of 9.% >g10-1_(£gn Im2/Pals] ; a SOfnm
polystyrene pgaticle tiitfatich raté bt nbtiess tian 98%: & (O7F) ratio of 0083 and 4 (¢F/BH) ratio of

100.77.> Thémembranes in Comparative Examples 1-1 to 1-6 changed color to brown about five

minutes after the beginnipg of the,alkali freatment. Fherperous hollew fibex mempranes obtained in
Comparative Examples 1-3 to 1-6 were 15 dark brown. In particular, the, membra ea(kbtained in

Comparative' BEXampR fad debladed Véry badly [6146] [Comparative ExAnpie’ 214 Polymer solution
was prepare@ by MixihgP8% Ly 2T Weidghit1of pehirditere fiusfdée IkF1200)179.6% by weight of
dimethylformamide sand 2 4% by myeight-of-Tween 4058 256: J he patymer salutien mias exdruded from
a double,co- @xtwgion head together with deionized water serving as an internal fluid, and solidified in

deionized water. A
The membranes in Comparative Examples 1-1 to 1-6

changed color te brown about five minutes after the
beginning of the alkali treatment. The porous hollow fiber
membranes c¢btained in Comparative Examples 1-2 to 1-6 were
15 dark brown. In particular, the membrane cobtained in
Comparative Example 4 was degraded very badly.
[ 0146]
[ Comparative Example 2]
A pclymer solution was prepared by mixing 18% by
20  weight of polyvinylidene fluoride (EKF1100), 79.6% by weight
of dimethylformamide, and 2.4% by weight of Tween 40 at
25°C. The polymer solution was extruded from a double co-
extrusion head together with deionized water serving as an
internal fluid, and solidified in deionized water. A
25 resulting hollow fiber membrane had an outer diameter of
0.89 mm and an inner diameter of 0.72 mm; a pure water
permeability coefficient at 25°C of 7.7 x 107 { m¥/m*/Pa/s) ;
a 50-nm polystyrene particle filtration rate of not less
than 98%; a maximum point breaking strength of 2.7 MPa; and
30 a maximum point elongation of 120%.
[ 0147]
Next, the hollow fiber membrane-shaped product
obtained through the above steps was subjected tco an alkali
treatment under the following conditions to give hollow

35 fiber membranes.



25 resulting hollow fiber membrane had an outer diameter of 0.89 mm and an inner diameter of 0.72
mm; a pure water permeability coefficient at 25C of 7.7 x 10-1 [m3/m2/Pa/s] ; a 50-nm polystyrene
particle filtration rate of not less than 98%; a maximum point breaking strength of 2.7 MPa; and 30 a
maximum point elongation of 120%. [0147] Next, the hollow fiber membrane-shaped product obtained
through the above steps was subjected to an alkali fréatment under the following conditions to give
hollow 35 fiber membranes. 49 Comparative Example 2-1: Alkali treatment (1) for 0.5 hour

Comparative Example 2-2: Alkali treatment (1) for %._5 hours 5[0148] The phisical properties of the
resulting hollow fiber MBRBFaes Wefe aS folfows. - ‘Coiparative EXaMie 11: TR ntenbrane had
a pure water!peemeability coefficient of 6.7 x 10-1 [m3/m2/Pa/s]; 10 a 50-nm polystyrene particle

filtration rate of not less;{han 98%:;.a maximum point.breaking:stiengih @k 2.2 NIPa; apd agmaximum
point elongation of 120%. Comparative Example 2-2: The membrane had a pure water

permeability ¢oefficient of 6.5 x 10-1 [ m3/m2/Pa/s] ; 15 a 50-nm polystyrene particle filtration rate of
not less tharf 98% 24 maximum point breaking strength of 2.3 MPa; and a maximum point elongation of
110%. The physical properties of the resulting hollow fiber

membranes were as follows.
Comparative Example Z-1: The membrane had a pure
water permeability coefficient of 6.7 x 107°% [ m’/m*/Pa/s} ;
10  a 506-nm polystyrene particle filtration rate of not less
than 28%; a maximum point breaking strength of 2.2 MPa; and
a maximum point elongation of 120%.
Comparative Example 2-2: The membrane had a pure
water permeability coefficient of 6.5 x 107 [m¥/m?/pPa/s) ;
15 a 50-nm polystyrene particle filtration rate of not less
than 98%; a maximum point breaking strength of 2.3 MPa; and
a maximum point eleongation of 110%.
The membranes in Comparative Examples 2-1 and 2-2
changed color to brown about five minutes after the
20  beginning of the alkali treatment. The porous hollow fiber
membrane cobtained in Comparative Examples 2-2 was dark

brown.

INDUSTRIAL APPLICABILITY
25 [ 0149
The porous polymer membrane can be used for various
applications, and ilg particularly preferably used for

water treatment.



The membranes in Comparative Examples 2-1 and 2-2 changed color to brown about five minutes
after the 20 beginning of the alkali treatment. The porous hollow fiber membrane obtained in
Comparative Examples 2-2 was dark brown. INDUSTRIAL APPLICABILITY 25[ 0149] The porous
polymer membrane can be used for various applications, and is particularly preferably used for water
treatment. 50 CLAIMS 1. A porous polymer raémbrane comprising a fluoropolymer (A) that
includes a vinylidene fluoride unit 5 and a tetrafluoroethylene unit. 2. The porous polymer
membrane according to claim 1, wherein the fluoropolymer (A) includes the vinylidene fluoride unit
and the tetrafluoroethylene unita molar 10 ratio of W%%ylidene fluoride unit/tetrafluoroethylene unit of
50 to 90/50 to 10. 3. The porous polymer membrane according to claim 1 or 2, 15wherein the

porous polymer memprane has &.surfacethat-has.agatio of @&@ﬁmgtiq@eacontent (O/F) on the
surface of n ﬁ (!)e% s than 0.050 btéll)less than 0.150 when measured hy X-ray photoelectron

spectroscop <204 Ths pbrous BS‘W&F%&%‘B%& 4EEording T8 TIaitnL 2,6 3 Wierein the
porous ﬁolynﬁérdném‘@@ézﬁ@ﬁag%ﬁﬁfdmhﬁaﬁha@a*{c F/C-H) ratio representing a ratio of C-F bonds
to C-H bonds on the surface of larger than 0.50 when

2. The porous polymer membrane according to claim 1,
wherein the fluoropolymer (A) includes the wvinylidene
fluoride unit and the tetrafluorocethylene unit in a molar
10 ratio of the vinylidene flucoride unit/tetrafluorocethylene
unit of 50 to 90/50 to 10.

3. The porcus polymer membrane according to claim 1
or 2,

15 wherein the porous pclymer membrane has a surface
that has a ratio of oxygen/fluorine content (O/F) on the
surface of net less than 0.050 but less than 0.150 when
measured by X-ray photoelectron spectroscopy (XP3).

20 4. The porous polymer membrane according to claim I,
2, or 3,
wherein the porous polymer membrans has a surface
that has a (C-F/C-H) ratio representing a ratic of C-F
bonds to C-E bonds on the surface of larger than 0.50 when
25 measured by X-ray photoelectron spectroscopy (XPS).

5. The porous polymer membrane according to claim 1,
2, 3, or 4,
wherein the fluoropclymer (A) has a unit represented
30 by the following formula {(1}:
-CHX'-CX” (OR) - (1)
wherein cne of X' and X° is a hydrogen atom, and the cther
is & fluorine atom; and R is a hydrogen atom or a Ci1-Cg
alkvl group.
35



25 measured by X-ray photoelectron spectroscopy (XPS). 5. The porous polymer membrane
according to claim 1, 2, 3, or 4, wherein the fluoropolymer (A) has a unit represented 30 by the
following formula (1): -CHX1-CX2(0R)-(1) wherein one of X2 and X2 is a hydrogen atom, and the other
is a fluorine atom; and R is a hydrogen atom or a C1-C8 alkyl group. 51 6. The porous polymer
membrane according to claim 5, wherein the R in thelformula (1) is a hydrogen atom, a methyl group,
or an ethyl group. 57. The porous polymer membrane according to claim 1, 2, 3, 4, 5, or 6, wherein the
membrane is a hollow fiber membrane. 8. The porous polymer membrane according to claim

1,102, 3, 4, 5, 6, or 72 wHelRIPPEINEnR and fToF HRakAG e 0L 42 89A tRethod ‘df producing the
porous polymer membirane accardingrtoiclaimng, 2034y 15; 6{ ¥) oL 8, eomprising<at 151east a step of

forming a poroug membrane.from a flugropolymer (Av),that includes a vinylidene fluoride unit and a
tetrafluoroethylene unit. ~ 10. The method of producing the porous polymer 20 membrane

according to claim 9, wherein the step of forming a porous membrane produces a. porous
membrahe-shaped produtt ¢thrpaghasnaorrsolvent indubed phase sepdration methbdiandler a
thermally indyced phase separation method. 25 11. The method of producing the porous polymer

membran rdin lai ri . .
embrane accord Q%%g%%g£9t e(%embrane ig a hollow fiber membrane.

3. The porous polymer membrane according to claim 1,
10 2, 3, 4, 5, 6, or 7,

wherein the membrane is for treating water.

9. A method of producing the porous polymer membrane
according to claim 1, 2, 3, 4, 5, €, 7, cr 8, comprising at
15  least a step of forming a porous membrane from a
fluoropolymer (A’) that includes a vinylidene fluoride unit

and a tetraflucrcethylene unit.

10. The method of producing the porous polymer
20 membrane according to claim 9,
wherein the step of forming a porcus membrane
produces a porous membrane-shaped product through a non-
solvent induced phase separation method and/cor a thermally

induced phase separation method.

25
11. The method of producing the porous polymer
membrane according to claim 9 or 10,
further comprising a step of performing an alkali
treatment in the presence of water and/or a Ci~Cy alcohol.
30

12. The method of producing the porous polymer
membrane according to claim 11,

wherain the alcchol 18 ethancol or methancl.

35 13. The methed of producing the porcus polymer



further comprising a step of performing an alkali treatment in the presence of water and/or a 01-C8
alcohol. 30 12. The method of producing the porous polymer membrane according to claim 11,
wherein the alcohol is ethanol or methanol. 52 membrane according to claim 9, 10, 11, or 12,
wherein the fluoropolymer (A") includes the vinylideng:fluoride unit and the tetrafluoroethylene unitin a
molar ratio of the vinylidene fluoride 5Sunit/tetrafluoroethylene unit of 50 to 90/50 to 10.

menbrane according te claim 9, 10, 11, or 12,
wherein the fluorcopolymer (A’ ) includes the
vinylidene fluoride unit and the tetraflucroethylene unit
in a molar ratic of the vinylidene fluoride
5 unit/tetrafluoroethylene unit of 50 to 90/50 to 10.



