REVERSE OSMOSI S MEMBRANE FOR WASTEWATER TREATMENT Technical Field of the

I nvention [0001] The present invention relates to a reverse osnobsi s nenbrane
suitable for wastewater treatnment where both salt rejection rate and water
perneability are achieved in a high level in spite of using the materials
havi ng excel l ent resistance to chem cals. Background Art [0002]In order to
operate the reverse osnosis nenbrane for a long period of tinme in a stable
manner, an appropriate pretreatnent such as sterilization of the water to
be treated or renoval of turbid conponents and a periodi cal washing of the

menbrane are unﬁ%ﬁ%ﬁ??kﬁ%ﬁﬁﬁgtﬁﬁﬁBQﬁﬁ?Hﬁﬁzw %EWRQHﬁifﬁhé¥Ma?%nents are

sedi nented on t ace o e osnosi s nenbrane or sline by the growth of
m crobes is adhered thereon, significant reduction of the property is

resul ted. Exanples of the pretreatnent include renmoval of the scales and
the foul i ngechnsiay Subst aicésebynadjuistment of pH or by a menbrane

treat ment. §§§ggles of .t he menbrane W?shlngllgqé%gqigheeugg(nggggutlon of
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particul ar kympsdk ush hpoch @4y L& stewater treatment where both salt

rejection rate and water permeability are achieved in a high
level in spite of using the materials having excellent
resistance to chemicals.

Background Art

[0002] In order to operate the reverse osmosis membrane
for a long period of time in a stable manner, an appropriate
pretreatment such as sterilization of the water to be treated
or removal of turbid components and a periodical washing of the
membrane are unavoidable. That 1is because, when fouling
components are sedimented on the surface of the osmosis membrane
or slime by the growth of microbes 1is adhered thereon,
significant reduction of the property is resulted. Examples
of the pretreatment include removal of the scales and the
fouling-causing substances by adjustment of pH or by a membrane
treatment. Examples of the membrane washing include the use
of solution of alkaline chemicals and solution of chlorine~type
chemicals or, particularly, sodium hypochlorite.

[0003] As to the reverse osmosis membrane which has been
commercially used up to now, cellulose triacetate (CTA, Patent
Document 1) and aromatic polyamide (PAm, Patent Document 2) are
main ones. Although CTAmembrane is excellent inits resistance
to chlorine as compared with PAm membrane and is particularly
excellent in terms of the washing with sodium hypochlorite and

the recovery of membrane property, it is weak in terms of



[ 0003] As to the reverse osnosi s nenbrane whi ch has been comrercially used
up to now, cellulose triacetate (CTA, Patent Docunent 1) and aronatic

pol yam de (PAm Patent Docunent 2) are main ones. Although CTA nenbrane is
excellent in its resistance to chlorine as conpared with PAm nenbrane and
is particularly excellent in ternms of the washing with sodi um hypochlorite
and the recovery of nenbrane property, it is weak in terns of resistance
to alkali and has a di sadvantage that the use of solution of alkali-type
chemcals is limted. On the contrary, although PAm nenbrane is excell ent
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di sadvant ages, Patent Docunent 3 proposes a separating nenbrane using a
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Pat ent Docunent 4 attenpts that both water perneability/salt rejection rate
and cheni calf dutabité-ttyrer ehavhirevedi byl imsdrsi-of thinly coating the

sul f onat ed ly ( aryl_ ether sulfone). on a compounded nenprane of _.a PAmM
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her ei nabove, the conventional reverse | , ,
prepared as such is improved in its resistance to chemicals but,
on the other hand, there is a disadvantage that its water
permeability is bad and it is not suitable for practical use.
For solving this problem, Patent Document 4 attempts that both
water permeability/salt rejection rate and chemical durability
are achieved by means of thinly coating the sulfonated poly(aryl
ether sulfone) on a compounded membrane of a PAm type.
According to such a method however, there are problems that it
is risky for maintaining the resistance to chemicals for a long
period due to its thin coating layer and also that cost becomes
high due to an increased complication of the
membrane-manufacturing steps.
[0005] As mentioned hereinabove, the conventional reverse
osmosis membranes have a problem in any of salt rejection rate,
water permeability and resistance to chemicals and it is the
current status that the product where all of those properties
are actualized in a high level has not been available yet.
Prior Art Documents

Patent Documents

[0006] Patent Document 1: Japanese Patent No. 3591618



osnosi s nenbranes have a problemin any of salt rejection rate, water
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[ 0006] Pat ent Docunment 1: Japanese Patent No. 3591618 Pat ent Docunent
2: Japanese Patent No. 2794785 Patent Docunent 3: Japanese Patent
Application Pre-Grant (JP-B) No. 67529/ 95 Pat ent Docunent 4:

Japanese Patent Application Laid-Open (JP-A) No. 57783/98 Disclosure of the
I nvention PrOblen‘“&%&ﬂ&h%Ok%&%H%'?ﬂ j§b§ﬂ%s§okggent No. 2794785

Patent Document 3: Japanese Patent Application
Pre—-Grant (JP-B) No. 67529/95

Patent Document 4: Japanese Patent Application
Laid-Open (JP-A) No. 57783/98
Disclosure of the Invention
Problem that the Invention is to Solve
[0007] The present invention has been created in view of
the current status of the prior art as such and its object is
to provide a reverse osmosis membrane where both salt rejection
rate and water permeability required for wastewater treatment
are achieved in a high level in spite of using the materials
having excellent resistance to chemicals (resistance to alkali
and to chlorine).
Means for Solving the Problem
[0008] In order to achieve the above object, the present
inventors have conducted intensive investigations and found
that, when a specific sulfonated poly(arylene ether sulfone)
polymer being excellent in resistance to chemicals is used as
a material for the reverse osmosis membrane and the position
of peak top derived from bound water of this membrane in a
water-containing state is controlled within the region of the
specific chemical shift value, the sulfonic acid group in the
membrane and the bound water undergo an interaction in a
favorable manner so that both salt rejection rate and water
permeability can be achieved in a high level whereupon the
present invention has been accomplished.
[0009] Thus, the present invention has the constitutions

as shown in the following (1) to (7).



[ 0007] The present invention has been created in view of the current status
of the prior art as such and its object is to provide a reverse 0osnosi s
menbrane where both salt rejection rate and water perneability required for
wast ewater treatnment are achieved in a high level in spite of using the

mat eri al s having excellent resistance to chem cals (resistance to al kal

and to chlorine). Means for Solving the Problem [0008]1n order to achieve

t he above object, the present inventors have conducted intensive

i nvestigations and found that, when a specific sulfonated pol y(aryl ene
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cons tutions as shown in the followng (1) to (7).

the membrane are measured using the reverse osmosis membrane

in a water—-containing state, the relation between the chemical

shift A (ppm) of spectral peak top derived from bound water and

the chemical shift B (ppm) of spectral peak top derived from

bulk water satisfies (B - 0.36) < A < (B - 0.30):

X048 o 503X CN
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n 100=n
wherein X is H or a univalent cationic species and n is
an integer of 10 to 50.

(2) The reverse osmosis membrane according to (1),
wherein logarithmic viscosity of the sulfonated poly(arylene
ether sulfone) polymer is 1.0 to 2.3 dL/g.

(3) The reverse osmosis membrane according to (1) or (2),
wherein content of sulfonic acid group in the sulfonated
poly(arylene ether sulfone) polymer is 0.5 to 2.3 meq/g.

(4) The reverse osmosis membrane according to any of (1)
to (3), wherein no crystallization peak is observed in the
observation by differential scanning calorimetry.

(5) The reverse osmosis membrane according to any of (1)
to (4), wherein the reverse osmosis membrane is a hollow fiber
membrane having inner diameter of 70 to 100 pym and outer diameter

of 140 to 175 um.



(1) A reverse osnosis nenbrane for wastewater treatnent conprising a

sul fonat ed poly(aryl ene ether sul fone) polynmer containing a constituting
represented by the following formula [I], characterized in that,
in a proton nuclear nagnetic resonance spectrum where water nol ecules in

t he nenbrane are neasured using the reverse osnosis nenbrane in a
wat er-containing state, the relation between the chemcal shift A (ppn) of

conponent

spectr al

peak top derived from bound water and the chem cal shift

of spectral bulk water satisfies (B - 0.36)A < rxoss503XON

{(6) The reverse osmosis membrane according to (5),
wherein no pore having diameter of not less than 10 nmis observed
in a wall thickness within 1 pm from the outer surface of the
hollow fiber membrane.

(7) The reverse osmosis membrane according to (5) or (6),
wherein the yield strength in a wet state is from 4.5 MPa to
less than 9.5 MPa.

Advantages of the Invention

[0010] Since the reverse osmosis membrane of the present
invention uses a specific sulfonated poly(arylene ether
sulfone) polymer as a material, it has a high resistance to
chemicals and has a strong resistance to both solutions of
alkali~-type chemicals and of chlorine-type chemicals used for
washing the membrane. In addition, since position of the peak
top derived from bound water upon containing the water is
controlled within the range of the specific chemical shift
values in the reverse osmosis membrane of the present inventiocn,
sulfonic acid group in the membrane and water molecules undergo
an interaction in a favorable manner and, as a result, both salt
rejection rate and water permeability required for wastewater
treatment can be achieved in a high level.

Brief Description of the Drawings

[0011] Fig. 1 shows an example of a proton NMR spectral
chart.

Best Mode for Carrying Out the Invention

[0012] Until now, cellulose triacetate (CTA) or
cross—linked aromatic polyamide (PAm) has been used as a
material for a reverse osmosis membrane. Although CTA membrane

is excellent in terms of the resistance to chlorine, it has a

B (ppm



100-n wherein X is Hor a univalent cationic species and n is an

integer of 10 to 50. (2) The reverse osnbsis nenbrane according to
(1), wherein logarithmc viscosity of the sulfonated poly(aryl ene ether
sul fone) polyner is 1.0 to 2.3 dL/g. (3) The reverse osnosis

menbrane according to (1) or (2), wherein content of sulfonic acid group in
the sul fonated pol y(aryl ene ether sulfone) polyner is 0.5 to 2.3 neqg/g.

(4) The reverse osnosis nmenbrane according to any of (1) to (3), wherein no
crystallization peak is observed in the observation by differenti al

scanni ng calorinmetry,. . : ' v 0SS R ccording to
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menbr ane hawi e oRRer whaneten of e¥8et DedDQ nporaid cgut es rdisaretereof 140 to

175 gm to alkali as compared with CTA, it is inferior in terms of the
resistance to chlorine. A reverse osmosis membrane has a
problem during its use that sedimentation of organic and
inorganic substances 1is resulted on the membrane surface
(fouling) and its water permeability is deteriorated.
Generally, as ameans for removing the fouling, there is a method
where the membrane is dipped in a liquid containing acid, alkali
or chlorine. However, CTA is not strong in its resistance to
alkali and PAm is not strong in its resistance tochlorine. Thus,
there has been a demand for an invention of membrane being
excellent in its resistance to chemicals in view of its use for
a long period of time.

[0013] Since materials of polysulfone type and
polyethersulfone type are hydrophobic in general, they have a
characteristic that their molecular cohesion 1s poor.
Therefore, even if membrane is formed by utilizing a non-solvent
induced phase separation (NIPS) method or a thermally induced
phase separation (TIPS) method, pores being larger than
ultrafiltration membrane (UF, pore size: several tens to
several hundreds nm) are produced. Accordingly, there is
resulted a problem that the resulted membrane cannct achieve
the function as a reverse osmosis membrane. Under such
circumstances, the present inventors have hit upon an idea that
a group having an interaction force is covalently bound for
enhancing the intermolecular force. To be more specific, a
group having negative charge is preferred as a group which is

to be covalently bound. Examples therecf include carboxyl



(6) The reverse osnosis nmenbrane according to (5), wherein no pore having

di aneter of not less than 10 nmis observed in a wall thickness wwthin 1 1m
fromthe outer surface of the hollow fiber nmenbrane. (7) The
reverse osnosi s nenbrane according to (5) or (6), wherein the yield
strength in a wet state is from4.5 MPa to |ess than 9.5 MPa. Advant ages of
the I nvention [0010] Since the reverse osnobsis nenbrane of the present

invention uses a specific sulfonated poly(arylene ether sulfone) polymer as
a material, it has a high resistance to chem cals and has a strong
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while water permeability is to be secured - should be satisfied.

What is important at this time is the amount and the alignment

of sulfonic acid group. When water molecules permeate through

the membrane, they are successively permeated being induced by

chemical receptivity of the sulfonic acid group. At that time,

distance between the sulfonic acid group and the water molecule

is important. Thus, when water molecule cannot easily come

closer to sulfonic acid group even in case the density of the

sulfonic acid group is high, the sulfonic acid group cannot

achieve its receptivity and, as a result, permeation of water

does not reach the aimed level and filtration rate becomes small.
Thus, the problem is left unsolved by mere increase of the rate
of numbers of sulfonic acid group in amolecule. It is necessary
to optimize the density and the distribution of sulfonic acid
group in the membrane structure as a whole.

[0015] For such a problem, the present inventors have found
a method where the distribution of the sulfonic acid group can
be controlled by means of adjusting the coagulating condition
of the membrane. It has been further found that degree of the
receptivity of the sulfonic acid group can be measured using
nuclear magnetic resonance spectrum (NMR). Generally, when
water molecule carries out an interaction with another chemical
species in the measurement of the proton NMR, there is a change

in the density of electrons existing around the proton in water

|



[0011] Fig. 1 shows an exanple of a proton NVMR spectral chart. Best Mode for
Carrying Qut the Invention [0012]Until now, cellul ose triacetate(ClA)or
cross-linked aromati c pol yam de (PAmM has been used as a material for a
reverse osnosi s nenbrane. Although =nenbrane is excellent in terns of the
resistance to chlorine, it has a

molecule. Degree of such a change can be measured by means of

chemical shift.

[0016] The reverse osmosis membrane of the present

invention has been completed on the basis of the above findings.

The biggest characteristic thereof 1is that sulfonated
poly(arylene ether sulfone) polymer having high resistances to

alkali and to chlorine as compared with CTA and PAm is selected
as a material and that, for a purpose that the sulfonic acid
group of this polymer can well carry out an interaction with
water molecule when water is contained therein, the relation
between the chemical shift A (ppm) of spectral peak top derived
from bound water and the chemical shift B (ppm) of spectral peak
top derived from bulk water is controlled to satisfy the

relation of (B - 0.36) <A < (B - 0.30) when water molecule in
the water-containing membrane is measured by means of proton
NMR. There has been no such a thing in which a material polymer
of reverse osmosis membrane is designed in such a point of view
whereby both salt rejection rate and water permeability can be
achieved while keeping resistance to chemicals.

[0017] The reverse osmosis membrane of the present
invention is a reverse osmosis membrane for a purpose of
wastewater treatment and is used for a method where pressure
of not lower than osmotic pressure is applied to wastewater
(industrial wastewater, or treated water for preparing pure
water, ultrapure water or purified water) to prepare fresh water.
Pressure for the wastewater treatment is usually 0.5 MPa to 2.0
MPa, which can be set to a level lower than that used for
desalination of seawater or saline water. As to the salt

rejection rate and the water permeability of the reverse osmosis



probl em of being inferior in terms of the resistance to alkali. On the

ot her hand, PAmis excellent in ternms of the resistance to alkali as
conpared with CIA, it is inferior in ternms of the resistance to chlorine. A
reverse osnosis nenbrane has a problemduring its use that sedinentation of
organi c and inorgani c substances is resulted on the nenbrane surface
(fouling) and its water perneability is deteriorated. CGenerally, as aneans
for renoving the fouling, there is a nethod where the nenbrane is dipped in
a liquid containing acid, alkali or chlorine. However, CTA is not strong in
its re5|stance to al kali_ and PAm j ts.resLs o]
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negati ve chargelasips efler rethasrgegr popywhich Feritterhe hodvalerdtilogrbound.

Exanpl es thereof include carboxyl group, phosphoric acid group and
sul foni ¢ afFAPERBE Pl andcactbr i Hy T of tHe St udy BFYTIE Prie 'PhR¥ent or s,
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menbrane structure as a whol e.
membrane comprising polyester taffeta, polysulfone, etc. are

used as a support layer and polyamide, sulfonated polysulfone,
etc. are layered thereon as a separation-functioning layer. As
to the module, that of a spiral type is mostly used. As to the
reverse osmosis membrane of the present invention, it is
preferred to use a hollow fiber membrane which has big membrane
area per volume of the module and which is hardly contaminated
with foreign matters in a permeating side. The hollow fiber
membrane is designed in such a manner that the predetermined

salt rejection rate and permeability depending upon the use are



[ 0015] For such a problem the present inventors have found a nethod where
the distribution of the sulfonic acid group can be controll ed by neans of
adj usting the coagul ating condition of the nenbrane. It has been further
found that degree of the receptivity of the sulfonic acid group can be
measur ed usi ng nucl ear magnetic resonance spectrum (NVR). Cenerally, when
wat er nol ecule carries out an interaction with another chem cal species in
t he neasurenent of the proton NVR there is a change in the density of

el ectrons existing around the proton in water nolecule. Degree of such a
Chang? can, ﬁigﬁg§qg%ﬂiRXt%%?n§hg£ EﬂgnEﬁ gég]Jg thEOQ%QLEQQerﬁygﬂse
osnosi s menbrane of the present 1 nvention been conpleted on the basis
of the aboweafpisadingsmeThecbbggest characterlstlc t hereof is that
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mat eri al and that, for _a urpose ; hat the quonl C 2] hi s
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spectral peak top derived trom bound water and the chem cal shift 13 (ppm
of spectralfopeakitppderileedIfrom bul k water is controlled to satisfy the
relation of (B - 0.36) A< (B - 0.30) when water nolecule in the

wat er - cont ai fies$ nenbranéQMs neasured by oeans of proton NVR. There has

been no such a sf er e osnﬁi
i sal t j ection
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chemi cals. [ 017]The reverse 0osnosi s

wherein X is H or a univalent cationic species and n is
an integer of 10 to 50. There is no particular limitation for
the univalent cationic species and examples therecf include
sodium, potassium, lithium and other metal species as well as
various kinds of amines.
[0020] The sulfonated poly(arylene ether sulfone) polymer
used in the present invention 1is a polymer prepared by
synthesizing poly(arylene ether) using a monomer
(3,3"~disulfo-4,4’'-dichlorodiphenylsulfone derivative) into
which sulfonic acid group is introduced onto an
electron-attractive aromatic ring. In this polymer, sulfonic
acid group is hardly eliminated therefrom even at high
temperature. This polymer has such a characteristic that, as
a result of the use of 2,6-dichlorobenzonitrile together with
a 3,3’-disulfo-4,4’-dichlorocdiphenylsulfone derivative, a
highly polymerized poly(arylene ether) compound is produced
within short time even by the use of a lowly polymerized
3,3’-disulfo-4,4’-dichlorodiphenylsulfone derivative. The

sulfonated poly(arylene ether sulfone) polymer is particularly
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invention is a reverse osnosis nenbrane for a purpose of wastewater
treatnent and is used for a nethod where pressure of not |ower than osnotic
pressure is applied to wastewater (industrial wastewater, or treated water
for preparing pure water, ultrapure water or purified water) to prepare
freshwater. Pressure for the wastewater treatnment is usually 0.5 MPa to 2.0
MPa, which can be set to a level |ower than that used for desalination of
seawater or saline water. As to the salt rejection rate and the water
perneability of the reverse osnobsis mnenbrane required for wastewater
treatnment, it | suall referre |t .rej I {5 not |ess
t han 93@6aﬁﬁc?#é?¢ﬁfﬁf%¥10% %§§{?§%Egg%m%ggg§?H%ﬁsﬁgggﬁ%%gféggga%%018]As to

t he rever sgn@sh BormIIr ane wefs 1 her pr esente iviventigise af holdeowpdn ber
menbrane or a flat nenbrane is used. Hollow fiber menbrane generally
conpri ses holdwowr tf4rgersgr epaked tPiag€har gi ng a pol ymer froma nozzle of

tube-in-orif] type qQr.froma nozzle of arg .t e- poi i dge) and
coagulatinégbgg]discthbéo %%T%ﬁ%ry!?ﬁﬁ%ﬁ%&f?jﬁ%f%%gﬁﬁ%ﬁe?gﬁgﬁ%ﬁg%% is
general ly ba @& JRIIBOhy HbRASKWIRBhLEL Ty NI aRe: K ah8| B eshghe, materi al .
Still further, since hollow fiber menbrane can have nore effective nmenbrane
area per unttmasplbgner oducedbessulanauregiinera¢emdliing) te han afPatt reénbr ane,

there is an advantage that it is possible to nake th dul e. co ct.
However , mﬁéﬁl??}%mi]rﬁ?e?ukb%t'r]ttud?lot“h%eﬂﬂowﬁﬁr@ethﬁéﬁ%F%éldi Sél%f ggged, its

recovery isgydi Effiigﬁf:” handUg: §O thisouddie Sroldrew ficher rapplnangri sagften used
as an outside-in"type. On the other hand, flat nenbrane is usually a

fi | m shapedonendranewand geheralilzpthas ssictpralusttedctarerwwrer ecathayer ed
menbrane conprising polyester taffeta, polysulfone, etc. are .used as a

support | ag&Pmahtc pBIyaRPRIE, iUl Tt edporysderGhé et I &% 1'ayEfed
thereon as d§f§§89£ a}a‘r%ﬁ\ét:ggckiso%bﬂgﬁl aa}/r%/'orAsaxti 0 atctﬁgvggg&” Qiicthh%]E:OOf a

spiral type is nostly use to e reverse osnosis nenbrane of the
present i nwueBhbhdhe ddmposingr €betraied nigotusel e thobkhdve fdebendnembragdtwhi ch has

bi g nenbrane area per volunme of the nodule and which is hardly contam nated
with forei ganfetiderseonnrundset bt iang Vi g mUtRel HWol'f v W14 CAefBrane is

et o, T AR A8 DR el L chebsppdon st ond

changes of gbhenaenbiangs wahhhelapsecetdtidme nar eemp@tdture range of 0
to 350°C and the temperature of 50 to 250°C is preferred. When
the temperature is lower than 0°C, there is a tendency that the
reaction does not carry on sufficiently while, when it is higher
than 350°C, there is a tendency that decomposition of the polymer
may also start. Although the reaction may be conducted without
solvent, it is preferred to be conducted in a solvent. Examples
of the wusable solvent include N-methyl-2-pyrrolidone,
N, N-dimethylacetamide, N, N-dimethylformamide, dimethyl
sulfoxide, diphenylsulfone and sulfolane although they are
non-limitative but anything which can be used as a stable
solvent in an aromatic nucleophilic substitution reaction may
be used. Each of those organic solvents may be used solely or

a mixture of two or more thereof may be used. Examples of the

basic compound include sodium hydroxide, potassium hydroxide,
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[ 0019] The reverse osnosis nenbrane of the present invention conprises a

sul fonat ed poly(aryl ene ether sul fone) polynmer containing a constituting
conponent represented by the 100-n wherein X is H or a univalent
cationic species and n is an integer of 10 to 50. There is no particular
limtation for the univalent cationic species and exanples thereof include
sodi um potassium |ithiumand other netal species as well as various kinds

of am nes.

sodium carbonate, potassium carbonate, sodium hydrogen
carbonate and potassium hydrogen carbonate although they are
non-limitative but anything which can make an aromaticdiol into
an active phenoxide structure may be used. In an aromatic
nucleophilic substitution reaction, water 1is sometimes
produced as a side product. In that case, it is also possible
to discard the water outside the system as an azeotropic mixture
by such a means that toluene or the like is made to coexist in
the reaction system in addition to a polymerization solvent.
As a method for discarding the water outside the system, a water
absorbent such as molecular sieve may be used as well. When
the aromatic nucleophilic substitution reaction is conducted
in a solvent, it is preferred that a monomer is charged thereinto
so as to make the concentration of the resulting polymer 5 to
50% by weight. When it is less than 5% by weight, degree of
polymerization tends to hardly rise. On the other hand, when
it is more than 50% by weight, there is a tendency that viscosity
of the reaction system becomes too high and after-treatment of
the reaction product becomes difficult. After completion of
the reaction, the solvent is removed by evaporation from
reaction solution and the residue is washed if necessary whereby
a desired polymer is obtained. It is also possible that the
reaction solution is added to a solvent to which solubility of
the polymer is low so that the polymer is precipitated as a solid
and the polymer is obtained by filtering the precipitate.

[00221] Logarithmic viscosity of the sulfonated
poly(arylene ether sulfone) polymer is preferred to be 1.0 to
2.3dL/g. When the logarithmic viscosity is less than 1.0dL/g,

the membrane after making into a reverse osmosis membrane is
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[ 0020] The sul fonated poly ( arylene ether sulfone) polyner used in the
present invention is a polyner prepared by synthesizing poly(aryl ene ether)
usi ng a nononer (3,3'-disulfo-4,4"'-dichlorodi phenyl sul fone derivative) into
whi ch sulfonic acid group is introduced onto an electron-attractive
aromatic ring. In this polyner, sulfonic acid group is hardly elimnated
therefromeven at high tenperature. This polyner has such a characteristic
that, as a result of the use of 2,6-dichlorobenzonitrile together with a
3,3 -disulfo-4, 4" -dichl orodi phenyl sul fone derivative, a highly polynerized
pol y(aryl en ther) co IS:Pro i £ hi t, td4 v t he use
of a Iowlya 8??%%?%%%%9§%§ﬂga#§hfgbgﬂgﬁgfg%%HF%?g%%%ﬁgﬁaggﬁ ?gggpg
derivativeisTthei spkhenatiedpoly{ ar ylrene gt hefesukfiare) cpot yrenulisng
particularly excellent in its resistance to chemcals (resistance to

al kal i andiroachtoriqie)inangriasefia e CREnge W th- el apse of tine upon a

| ong-term t he rane.. [ 0021] Sul f onat e ol. r er

sul f one) pgﬁ§%gI may 8Hg?%gdgéﬁugéoﬁéﬁv%ﬁg?éﬁgwgykﬁn%m%Eﬁgﬁﬁgggggnd, for
exanpl e, itoByabedioduaed Dy RRlYNBOLEaddt AR peepsLh dtp thobarn & epat i c
nucl eophilic substitution reaction using the left hand side and the right
hand si de €ofApoemtts. offhehectabovefpoimacad pFoas ¢aviemdr §5 Mfeh than

pol ymeri zation i s, conducted accor i@g %o t he .onatgc n ghgggpkhgc
substituti On rBa 9o PR A8tT vatsd tRF I Word arsalt c° tongound and/ or an
activated dichl of9 AkQUBLLCEOMNAURDa SONL-ALAERY S dif heharthsiade and the
ri ght hand si de conpounds of the above formula [I] may be nade to react
with an ar ewatbcediwdlilien wihen presenoeedfhan Basircea/onpousre 1Fhe risk

pol ymeri zati on may be conducted at the tenperature range of 0 to 350C and
t he t enper &g rSEE 2TUCE i S PRt ErT é%l.swﬁ?\ﬁ A" taﬁé“tgg‘rﬁeé?paetrlfrtélries | ower

than OC, there is: Hﬁgg t.th L d aryy Qn .
sufficientP&d% iﬁé?h eanﬁxi%nﬁié efoéﬁiﬁigggé,@§Ee$g£?§ﬁ%;tendency t hat
deconposi tifonz2af the polkynefvarey absositartemi@drnroughitde theactbicom nay be
conducted without solvent, it is preferred to be conducted in a sol vent.
Exanpl es ofPcli@etsebieF i1 9Erths REPaERE NSy PR 2L HyPPSRFEBHEZ S 11

N N di et iyl aget ami de,, N I diethy! for i 0o AAIRERY k] X A

di phenyl sulfone and s ane alt g ey are non-limtative but anything
whi ch can heecksedaasr anslicahllessoh e niefibaanar ormtrica snuebeophnd ithe
substitution reaction may be used. Each of those organic solvents may be
used sol el yegeraeniogrgpésoferparr hore tREFPEOFCHEY B UsEF I Exd M es of

the basic compound jnclude sodium hydrqxide, Rptas imspYdr oX] dfax
top derived from bound water and chemical shift B (ppm) of the
spectral peak top derived from bulk water is controlled to
satisfy (B - 0.36) < A < (B - 0.30). Here, bound water is a
water molecule forming a solvation by an interaction with a
charged group or a polar group in fine pores of the reverse
osmosis membrane and its rotation and translation movements are
restricted. On the other hand, bulk water (also called “free
water”) keeps its usual liquid state and is in a state of high
motility conducting the rotation/translation movements. With
regard to chemical shift, when outer energy (radio wave) is
applied to an object to be measured existing in magnetic field

of proton NMR, the outer energy amount to be absorbed varies

13



sodi um car bonat e, potassi um carbonate, sodi um hydrogen carbonate and
pot assi um hydrogen carbonate although they are non-limtative but anything
whi ch can nmake an aromatic diol into an active phenoxide structure may be
used. In an aromatic nucl eophilic substitution reaction, water is sonetimnes
produced as a side product. In that case, it is also possible to discard
the water outside the systemas an azeotropic m xture by such a neans that
toluene or the like is nmade to coexist in the reaction systemin addition
to a polynerization solvent. As a nethod for discarding the water outside
the syste ter or.hent 1. 8S u Si.ev as well.
When t he gb8§%¥$%n d%%%b&%%lﬁgggggg?i?ﬁ?%gﬁ é%ﬁ%ﬁ#ﬁﬁ%ig%%oﬁgﬁg?ggnin a
sol vent, itxistprebeonad drkahyd@ sgEroaesns o cttes gedet herebaieasoras to nake
the concentration of the resulting polymer 5 to 50% by weight. Wen it is
| ess than Bo%byheeidghferdees eeherfe ol Ymeiz@sis6n eendset &l%afﬁaﬁg)C?i se. On
the ot her hand, .when.i.t is.ppre than % by _wei gh t.here | dency
t hat viscogfg§mb?afﬁ%u%§ac ?%%%§V§$eﬂ?gg%%n8ge %%5%?ﬁh%§n%£3¥%%§ggreatnent
of the reaghbien-produsk . begores wWid féraddronAfd&ds ia@npl et Lengef the
reaction, the solvent is renoved by evaporation fromreaction solution and
t he resi duehisldashedfpft necessanyewreeshy & degh rad porgaeral e6bt ai ned.
It is also EossibLe that .the reactio ,sq%ution i.s adgedkggeqjiglv%nt to
whi ch sol uBPPPEYS df? the i6 NG9 bir £ Sthat Hife S hor yWer S s  pFegi pi t at ed
as a solid,and.the paLympr ignhoabtaides by fdd terdsngyt he preanpi take. [0022]
Logarithm c viscosity of the sul fonated pol y(aryl ene et her sul fone) polyner
is preferretditddbeg leffdas 2s3swd)lg.anhensphettogaeiakharpedyi sciosithy i s | ess
than 1.0 dl/g, the nenbrane after making into a reverse osnosis nenbrane is
apt to becdf¥ TAHGHE WilesSidhdhPPs i Wote® LAGKPPS B U9 §° “HEFd -is a risk
t hat di ssolution. h Y. I i £1 t | 44 NG o Bloemin
terns of aA%%Pg?ﬁgéé%ﬁﬁf?§% O%Q%F%g%{Eh%q%fxggﬁga%%%ggg?aéaggﬁpOin t he
sul f onat ed 1peky( aryl=ene letdfertisul flone)capol ymeraics ipnekeried bo bé&e0. 5 to
2.3 meq/g. Wien the sulfonic acid group content is less than 0.5 nmeq/g,
there is adhegkcehathifé SuPFPEPRALTsaf tratefr detlisitieat® AR & e -
per meabi | i ty g‘éera eg %\éﬁ\r 2¢s W3 ate ANG frné l?%%q M@égé?sen%%n It I'S
more than 2. 3 ned?g, Rere 1s a risk that the reverse osnosis membrane is
swol | en at Wi ghetespenat ure nuder shigbnhunididt yramg drsl net i suiitkatilye for
practical use. [0024] The reverse osnosi s nenbrane using the above pol yner
mat eri al ofthehdopmeseriter pyent G WM Ny SHanadterd e tsntishat t 13t Pr ot on
nucl ear magneti ¢. resonance spectrum wher e ter L. ec i.n. the
merbr ane aré%ﬁeggﬁ?éﬂxﬂg?nggg%% ?%@é&g@lg n%gi%uﬁg)%fé%glgn&%%%)ﬁé
wat er - cont aiRigRg Siat enat Be Jiakatd i hetweens chesl gahashift e Fedpy of the
spectral peak top derived from bound water and chem cal shift B (ppm of
t he spectralenseak neprdehievéduhdomabalrkfnanergi s eonenol Ledetacsar sfy (B -
0.36) A< (B - 0.30). re, bound water is ter. nolecule formng a
sol vati on Wcﬁﬁ‘eisn?)e}g&g‘%iyo%aﬁﬁ’?%gaaehtj}ﬁg}eaf 3?“ p or-a p%F(é?r%lr%qr?ﬁ”i n fine
pores of the4gvensg 9sMDshsuREIREape Rl ks 10t athonnand ity ansiat i on
novenents are restricted. On the other hand, bulk water (also called "free
wat er") keeps htighusa@hetdiqufiidlgt aben aride is1lknwatst at €hef mhtgbd nfotd | ity
conducting the rotation/transl ati on novenents. Wth regard to.cﬂgg%cal

0

shift, whelGHELrEnEPGYPEPad: V) T dpPlatequt6 Rt objeEtth

measur ed eﬁx;)esr@r%%e! 0 Rgnehh 6, &1 elxd, gt ) pf At NYRnpf 1% QUESH cepef gy anmount
to be absorbed varies depending upon the quantity of the density of the

el ectron exist pagv asinddl beedydr ogeth ldtcanBaodr the Obpnectté¢o abberorasur ed
and the difference thereof is expressed as the difference (chem cal shift

di f f er ence)tafretrhe uappéabiGigwpbaeet ofntttha hRVRespekt Pfalaljsedk > Wednd he

el ectron density.is |arge, .the shieldi f t r.en is high
and a specﬁ%ﬁvjégaﬁaﬁﬁﬁgg‘%efnw %%ﬁ%SEgﬁgg%ﬁg%g'?F%Fglgg%gn%%hggg?de wher e
the ppm valedismspat ] ) wahendrhenel ectthens fesisd by trstsophé watsheashi el di ng
effect is small and a spectral peak appears in the |low magnetic field side
(the side vilere BAE tpprPYale vesahhr gdpidaeept Hiatgyl FulPparageinpeshef| of the
el ectron density stands for large or small of the chem cal interaction
acting on the chem cal shift of proton NVMR of water nolecule in the
menbrane. A reverse osnosis nmenbrane cohprising the polynmer represented by
the formula [I] has a sulfonic acid group and it is |ikely that bound water
particularly strongly conducts the interaction with this group. Electron
density of sulfonic acid group is larger than that of bulk water and it is
likely that the electron density near the bound water formng a strong
interaction becones slightly larger than that of bul k water. Accordingly,



into an NVR tube of 5 mmdi aneter and subjected to a proton NVR nmeasurenent
usi ng AVANCE 500 manufactured by BRUKER (resonance frequencies: 500.13 Miz;
tenperature: 3000; FT integration: 16 tinmes; waiting tinme: 21 seconds).
(Shi mmi ng was conducted in advance with using heavy water (020).)

[ 0025] Fig. 1 shows an exanple of a proton NVR spectral chart. In the two
spectral peaks observed at that tine, the spectral peak appearing in the

| ow magnetic field side is adopted as that derived frombulk water and the
peak top of this chem cal shift is adjusted to 5.24 ppmto be used as a

standard. Then LnGuehem.cal Shifd: ol tbe. Reacuson.of e sRRchy gl peak

derived from wat er appeari ng at nagnetlc field side and the
di stance theseoferdrer GoONfid RVRNCE 1300 Ideerlilifctldtyl,reﬁh@y pBEKER apespansc he

hi ghest position of the spectral peaks obtained as the result of the NWR
neasurenenﬁreﬁﬁmnnﬂaﬁhehOQhb3p@ak taopeAatppry VX Ct HE éhepdeliahi £ derived

from bound Wat e,r an ltnrg}et]?e?ak tlogecB r((%gg)(gg%%%n@?%c%ndqmteh gﬁl’l ved

from bul k al'e?’ are in elation © re 1s a problemthat,

al though t hevaRebrane sisiuet Hegvy Swsignif,opnt |y dense as a whole and the
salt rejection rate is not |ess than about 93% the water perneability
significanttP92bbwers &nd-thathdws pot eprartd cdl 2 Brﬁi@%fm%ﬁ seecthélcase of B

> A (B - 0. t he s rejection.rate is |ower n 90@6and that is not
f avor abl e. Fé%ﬁ?]ﬁﬁvﬁ ﬁet¥9mﬁﬁ%ﬁﬂraln?%?%%t??ﬁ?ﬁyedmég He WAler - b

spectral peak appearing in the low magnetic fleld side 1is
adopted as that derived from bulk water and the peak top of this
chemical shift is adjusted to 5.24 ppm to be used as a standard.
Then the chemical shift of the peak top of the spectral peak
derived from bound water appearing at the high magnetic field
side and the distance thereof are confirmed. Incidentally, the
peak top means the highest position of the spectral peaks
obtained as the result of the NMR measurement.

[0026] When the peak top A (ppm) of the chemical shift
derived from bound water and the peak top B (ppm) of the chemical
shift derived from bulk water are in a relationocf A< (B~ 0.36),
there is a problem that, although the membrane structure is
significantly dense as a whole and the salt rejection rate is
not less than about 93%, the water permeability significantly
lowers and that is not practical. Similarly, in the case of
B>A2> (B - 0.30), the salt rejection rate is lower than 90%
and that i1s not favorable.

[0027] Now the chemical interaction between the water
molecule in the reverse osmosis membrane of the present
invention and a polymer chain constituting the membrane
molecule and its relation to the membrane property will be

mentioned. Generally, the membrane which is under use as an
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nol ecule in the reverse osnosis nmenbrane of the present invention and a

pol ymer chain constituting the nenbrane nolecule and its relation to the
menbrane property will be nentioned. Generally, the nmenbrane which is under
use as an as-spun and as a reverse osnpsi s nmenbrane has noi sture of about
50%to 1,000% of water content in the nenbrane. \Wen the water-containing
state of such a range is naintained, the chemcal shift between spectral
peak tops in proton NVR of bul k water and bound water shows nearly a
constant val ue regardl ess of the water content. At that tine, not all of

the water legﬁxl gﬁgiags ;aéedverr%»gegs%@osqssnpémmgg%ig@egwf a,ghem cal

interaction w olymer chain constituting the nenbrane. According to
the investpgattenipbodtheopresesnt domenttoris, tike rfeaciranhet heheorthet the
interaction exists can be judged by neasuring the proton NVR of water

nol ecul e andtewteentHe imenistane o alrbse i3 ORe lgbspé hateedcohbent, it

e

spectral peak™appedrs at ion e and definite

di stance fpamthedSpectd ahtpeakndwePnoir bulkcomd@int To1be rmateaspesific, it
has been found that one to plural peak(s) is/are observed wthin such a
range wher eft hbechefpratosteit. AXppptoftisgectral apéaktt spederieed from
bound water and he.chenigal shift B ak.top rived

( pn% of s ectrgl peak, to| Cd
from bul k BALET 5ot 141 T 65T Ca <P P aRTsit of "CEPE S0 S67ORCE { 55T0°30) . Thi s
means that ;the stal&s WtiRg Wal e61yAKE NGk thestRrdyianet havenplruhal.ity. Due
to the above, it has been found that the water in the nenbrane conprises

sone wat er Avhbchinmas stibeettesstigagernaph hemreakninteyactidon tbeund
water) in addition to free water. £$028 According to the investigation of

the presentaFhvERtOrY, 97t "Ras Been I Na*REF ST F SHG5G E8rrel ation
bet ween t Necconeentr ahlop Bloa RARYR! oLut kefctorbeasybl eabadeh@ Spinning

and the above-nentioned chem cal shift and physi cal

membrane is almost in the above water content, it has been found
that, regardless of the quantity of the water content, spectral
peak appears at the position which is at stable and definite
distance from the spectral peak top of bulk water. To be more
specific, it has been found that one to plural peak(s) is/are
observed within such a range where the chemical shift A (ppm)
of spectral peak top derived from bound water and the chemical
shift B (ppm) of spectral peak top derived from bulk water
satisfies the relation of (B — 0.36) £ A < (B - 0.30). This
means that the states the water taking in the membrane have
plurality. Due to the above, it has been found that the water
in the membrane comprises some water which was subjected to
certain chemical interaction (bound water) in addition to free
water.

[0028] According to the investigation of the present
inventors, it has been found that there is a strong correlation

between the concentration of a polymer solution to be subjected

to spinning and the above-mentioned chemical shift and physical
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val ues. Thus, when the above polyner was used as a material for the reverse
osnosi s nenbrane and proton NVR of water nolecules in the nenbrane was
measured using a hollow fiber nmenbrane (in a water-containing state)
prepared in such a condition that the pol yner concentration was | ower than
25% by wei ght, the chemcal shift of water nolecule in the nenbrane
appeared within a range of B ?_ A (B - 0.14) (ppm. Further, the nenbrane
prepared under such a condition has a possibility that no salt rejection
rate is shown or the salt rejection rate is not nore than 5% when

eval uation_is done.in_ter f Furt e r wher e
strength oYaf¥%FhoF?Bﬁ/fY%%}qﬁﬁﬁggéﬁ% %%lonééwlgmﬁgﬁgiﬁig%ﬁéﬁ§§?§§terns of
resi stancertp PheSSUKeraseckRstls efembeiebyamd prwicii oMk soaichkewed as a
reverse osnos is nenbrane in a practical level. On the contrary, when the
pol yner comeéntyked om ithenmaEbRve |titemeraRe3596 by vieilgHt OvpfiyBFEal
property of the resulting nbrane i.s.w thin, such e Lts salt
rej ection Pﬁ?gr?%%pglﬁsﬁbﬁ? %ﬁgﬁxhgﬁg}n?hgtgﬁgﬁigﬁggéfgétgﬁo%gg%e%tral peak
top of thec%&@fié@"c%@@'@u&%@iﬁﬁ@ﬂ dobcanstatl & waBNN@FerakRahm s bel ation of
A< (B- 0.36) (ppm whereby the water perneability is |ower than 180

L/ n2/ day amdightat titee mbenfagbrablfe. of0029§Mirderade Lhethd meg@paneéngt h upon
spinning also greatly affects on the alhgnnent of sulfopic acig group in
the menbr adBPaREed uHtthér o a1 ehahged T bt he’ cHeEmi'BBIY shifft “F&Eei ved by
bound wat ek, AGGE ARG LS 408 LRYES YRt L QR nafi tt B HIesasJiMMeREQrs, it
has been found that there is a strong correlation between the air gap

| engt h andthhe rabewét menjciconed wheni salhoshi ¢1 tandsEnbeanet prpopeiei es.

Thus, when a fiber was_ prepared under such a condition where air _gap |ength

ir
is |onger lEhARt AXEr FAPR F PECafV ¥Rl Al Und Svhidte lf“h@e’érBFv%%?Qa]Cr]i't he
system i s RogihLyely. evanoraled ushngya heating.one: A0doRIGLEI R of the
prepared fiber was nmeasured, tthe chemcal sifts of water nolecules in the
menbr ane appearefle Whd dine sa lloangadobpr BoXen(B in Qeldy Opprdsidimrdee thol | ow

fi ber menbrane prepared under such a condition, the solvent in the nmenbrane
i s excessi PEEYSBYApaF at B TUrdhghEReYr Bees8n ot Passt mEIT6GgR St Re air

gap. Vhen LNE.POLYRNL LD 08, IYLEM |2 SVARAN ALEGh | boliGRULd R Aot he

i ncrease of a po?yner concentration and, at the sane tinme, aggregation of
sul foni ¢ agihdngf VR diSraecebarabetht As asraagktnott hewetl £banh 3ECig group in
the resulting systemis |ocalized. Wen the nenbrane having such a
structure iweight} | ieth i®slarr enerise cdshpSirs sieihRaem @S + il ddidie
diffusing in the nenbrane cannot effectively con kAteraction wth

t he sulfonﬁ@céc?%Eag%ﬁglgﬂgeéﬂ¥%§ﬁﬁ%,r? e%%ﬁ%bgagggﬁﬁﬁgbﬁeéfg%é%%g}ejection
rate and reguet i omOfcHanithat ERney atd. sbBcaddi thauk el yrerndensidy in the
menbrane surface side becones very high and the structure becones very
dense. As aolesule, ne@askiqy liayersisifaor mednen ahe Yutersdstitaydr Pof the

menbrane and a coarse structure having no separati. abiliity is .fornmed

i nsi de. vaféfBﬁégnéébi$¥?§ %ﬁe%ﬂ%%t%?g@ﬁﬁf&ﬁ%”ﬁ%%éﬂg5' %%égﬁefdjffhﬁlday
and salt rejgRCti/Ar Al &S chass:t han: 5Q%amheneby no function is achieved as
a reverse osnosi s nenbrane in a practical level. [0030] Although the
det ai | ed nechaniism t heteefovieas bkenast iddp ariaghoupont heipnesemlinvent ors
have found that there is a correlation between the pogﬁner concentration

and the merfiedne Ypi o't 88. tirhas L owReh” e pot YHET 2ColcEM Fat o' s t oo
| ow, aggregathon af Sul foniG.achd 9rOURLEXGESSEY LY. PEQEREMS Upofcd or mati on
of a nmenbrane as the characteristic of theé nenbrane structure. |t nmeans
t hat t he wateefe imebesubeuekivetieng iAcddrelimgndr ahe icarnotgeffociognthe achi eve

the interaction state with the sulfonic acid group in said aggregated
structure. Bxesgntedarentohen it Hes Bsed H3ved ridvadr S&<5snvsi & Rendit%ne, the
wat er nol ecul e diffusing in the nenb f fheient Ly eonduct an
interacticnf?ﬁﬁﬁ1%§ﬁPP&ﬁlé"?%ﬁgh%ggﬁpéaﬁgsg§§ﬁé$$%Eg%éﬁﬁb thetmater

mol ecul e i scrspREEsSSEt ARfd hewpwaherpfepkereabil i thhuss wesuhtfchetheachen cal
shi ft

prepared under such a condition where air gap length is longer
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recei ved by bound water is also in a position near that of bulk water. On
the contrary, when the polynmer concentration is made high, the size of the
structure of aggregation nay be small. However, sulfonic acid group will be
di ffused uniformy w thout aggregation, whereby the possibility of chem cal
contact and interaction with the water nolecule in the nenbrane increases.
As a result, sulfonic acid group channel is aligned and forned so as to
make the diffusion of water nol ecule quick whereby the high water
perneability is achieved. The chem cal shift of bound water is also

obser Ved ?‘%hgrb% eorstlatilnocg]ri %_Ic%g \];aalruef zgr?Fg]dBQf% t?g stoll%eglelilﬁ ‘M@é @E/sté_ﬁseq on
such findings, the reverse osnosi s nenbrane of the present i1nvention is
made, Wi thiEkegsd it e 1geakaboOpa asidsiansa ofe fariotonoNbRude rdrvednf xor bul k
water in the nmenbrane of a water-containing state, in such a manner that
cheni cal shEfttheAry pprebf i spectrdnegaried ophderrpedat sdmtBRNY2hat er and

chem cal shift B (ppm) of spectral peak tqp derived from bul ter satisfy
t he reIatiHﬁl%?uf??-9I0F§8)mgf??99? @@p?aé?goyléhfq:ﬁafaFﬁ%(ﬁg&%gﬁﬁeghas t he

wat er per ngghi loi kY ) apshd)he saldne 8beCdd @GN phat e MaQier e Dfedastienat er
treatment. [0031] Now the nmethod for the manufacture of the reverse osnosis
menbr ane obuthea praesgnt onnvemt i orl veinltl ihethd Imggbranedis takiasgivRéycase of a
hol | ow fi ber nmenbrane as an exanple. The same as .in the conventionally
known neth88§$of?ﬁfquﬂuFdﬁgﬁ?Héfmﬁﬁﬁﬁ?éﬁéfﬁ?sfﬂ% Pred ﬁptgﬁf%ﬁiﬁgﬁ‘nay_be
manuf act ur gl i 1BUCH: fe BNREILd B3t dORG &sadlh.sehar ged dentota Goagul ating
bath froma spinneret via air gap and the resulting hollow fiber nmenbrane

i s washed wnthewat esf andpsujecectetceotaat reataeht afi tthehotamgattémeso as to
shrink the nmenbrane. [0032] As a dope, there is used dgge cont ai ni ng the
pol ymer r epPeseatetP byt the TPBE ARCA [P N THCT S S atéfor ane 2étdrital , the

sol vent and,thg, NallSoLyelty: (L03R! G ackd . andAoTs ahganic Alne kel is added
t heret o upon necessity. 0 the so vent, it is preferred to use one or
nore nenbembs) sekenddckdromaN,iNgdisnehhyl tormanmude, i N, N-idiimethylsaeet am de,
reverse osmosis membrane, water molecule diffusing in the
membrane cannot effectively conduct an interaction with the
sulfonic acid group. As a result, it causes reduction of salt
rejection rate and reduction of filtration rate. 1In addition,
polymer density in the membrane surface side becomes very high
and the structure becomes very dense. As a result, a skin layer
is formed on the outermost layer of the membrane and a coarse
structure having no separating ability is formed inside. Water
permeability of such a membrane does not reach 10 L/mz/day and
salt rejection rate is less than 50% whereby no function is
achieved as a reverse osmosis membrane in a practical level.
[0030] Although the detailed mechanism thereof has been
still ambiguous, the present inventors have found that there
is a correlation between the polymer concentration and the
membrane properties. Thus, when the polymer concentration is

too low, aggregation of sulfonic acid group excessively

proceeds upon formation of a membrane as the characteristic of
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N- et hyl - 2- pyrrol i done and N, N-di net hyl sul f oxi de. More preferred one is

N- et hyl - 2-pyrrolidone. As to the non-solvent, it is preferred to use one or
nore nenber(s) selected fromethylene glycol, diethylene glycol,
triethylene glycol and polyethylene glycol. Mre preferred one is ethyl ene
glycol. As to the organic acid, it is preferred to use amno acid, aromatic
carboxylic acid, hydroxylic acid, alkoxylic acid, dibasic acid or

hydr oxynonoest er thereof. Mre preferred ones are phthalic acid, tartaric
acid, E-am no-n-caproic acid, benzoic acid, 4-methylam nobutyric acid,

p_oxybenzokﬁ?aﬁggbggﬁg sléﬂé%&%g.d %@dnk sokhggr%hgfWEQQQ]QBXeEGlQiXEd and
used. As to the organic am ne, any of primry, secondary and tertiary

hydr oxyl al kyk amimes i ray ke wseshake beammse specifdlyprefersed ohes are
nonoet hanol am ne, tri et hanol am ne, dii sopropanol am ne and

triisopropancbandiieon [ 0038} Conclntitat | Bl &Pniheapdfy WEUSf theSfdfinula [ 1]
'n aggregated structure. As a result, when it is used as a reverse
osmosis membrane, the water molecule diffusing in the membrane
does not efficiently conduct an interaction with sulfonic acid
group whereby diffusion of the water molecule is suppressed and
low water permeability is resulted. The chemical shift
received by bound water is also in a position near that of bulk
water. On the contrary, when the polymer concentration is made
high, the size of the structure of aggregation may be small.
However, sulfonic acid group will be diffused uniformly without
aggregation, whereby the possibility of chemical contact and
interaction with the water molecule in the membrane increases.
As a result, sulfonic acid group channel is aligned and formed
so as to make the diffusion of water molecule quick whereby the
high water permeability is achieved. The chemical shift of
bound water is also observed at the position being far from that
of the bulk water. Based on such findings, the reverse osmosis
membrane of the present invention is made, with regard to peak
top positions of proton NMR derived from bulk water in the
membrane of a water-containing state, in such a manner that
chemical shift A (ppm) of spectral peak top derived from bound
water and chemical shift B (ppm) of spectral peak top derived
from bulk water satisfy the relation of (B - 0.36) £ A < (B -
0.30) so that the membrane has the water permeability and the
salt rejection rate required for wastewater treatment.

[0031] Now the method for the manufacture of the reverse

osmosis membrane of the present invention will be illustrated
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the dope is preferred to be 32.5 to 35% by wei ght. Wen the pol yner
concentration is |ower than the above range, the resulting hollow fiber
menbrane does not satisfy the salt rejection property demanded for
wastewater treatnment while, when it is higher than that, there is a
possibility that the resulting hollow fiber nmenbrane does not satisfy the
practical water perneability. In addition, the ratio by wei ght of

sol vent/ non-sol vent in the dope is preferred to be from95/5 to 20/ 30, and
nore preferred to be from90/10 to 75/25. Wen the ratio by wei ght of

sol vent /nop.gol YAk L8.d auel fdian.t Be,2baaLange. s LS ARAdIANersur f ace
structure does hot become dense since evaporation of the solvent does not
proceed andamaldheugihsalcer cpersrabiy iknypwioest ots greathyl changeer sal t
rejection rate becones low. Wien it is higher than the above range,
formati on oemextremed yhasyarent Ennenbrandapriot deds faReresy ithérelis a
possibility that strength of. the nbrane s not hi . 0 hen the
dope prepa%é&ﬂggné %@g %%p%fgégf%ggmﬁﬁxﬂég ?ﬁ@CgFggéhﬁéggéﬁ%ghﬁgk%he

di ssol ved dags rirsrextyuded-fq0m ad RO2zt &.0ft iy BRE L1 dv BiBer peimbt-abei dge)
type, a Ctype or a tube-in-orifice type heated at 150 to 180C. When a

t ube- i n- or iibivwesheyipel ttorzt er podussdi edted) o priefegitmed ttvol WskoaivRtehi t r ogen
carbon di oxi de, argon,, etc. as hol | ow-form ng nmaterial although it is

al so possiBPeaPot%§%“€ﬁﬁbF§§nWEg§6?W%ht havi ng hi gher boiling point than
the spinni ngptefperat ue, EQEe?XEBé‘Q@diQC’@:@ed Sa Passeddfaughqt heeai r gap
(gaseous atnosphere) for 0.02 to 0.4 second and then di pped in an aqueous
coagul at i ngobaihbr t vepoagultaide by[ @085 Asmnkat [ bhedhatlr eidyy nembiréngecessary
for a good interaction of the sulfonic acid group in the materjal polyner
with the wiRERT bl eClPS RN Tt Syt PBHFEOJaY:?% gr gﬁgaf”sc ﬁﬁggﬁnﬁll/f?r

di stributed,| Qn&gean@{gbg?‘gajés PO eSUEhe Ac PUTRRSCH 885410, Ohste Rkl gap
length is arso I nportant. re, the term™air gap" nmeans a space existing
bet ween a spilkBhhg 0% 2| & it radcoagulead h e g rbad he imendedn( y) vetl esytienni ng.
When the length of the air gap is as long as |longer than 50 cm, the sol vent
i s evapor aft&@mnhi | e N NedeReF gk dbe deuns i n N Ne damet ak? S ™ &§gr egat i on
of sul fonic¢ aci roup t s, place_j,n gﬁggr hat is

preferred. W g%gggc é?ﬁﬁ}'%ﬁgﬁg igngseﬁ?ﬁsa t J§?§g??§ﬁ5?§fe bé@%ﬁ%s | ess

t han 50% apdcwateedpesneabiti ty-heconmes -pet robieotdhan 10/ R/ dayheand t hat
is not practical. On the other hand, when the air gap is as short as |ess
than 0.5 cmenthelunstable ssapeebiridte Hopesaferd Dei Y xBFUREd From a

I is fixed. b h | ati d t.h i f h
noz e T S 0K 105 coROiLal Lo and R s noly rster e an, such o

I ron’ rate rncrea rejection

rate | over S;l%@ltﬁﬁidpéﬁyé@{ywn@%i%l-. Wisre bheraire@apeiis smeeldlid and a

menbrane i s prepared by dipping a nozzle in a coagul ating bath, strength

becomes i nsufyiciodi. eris &edthhatrda imoecpd ef gy hedpr Prefesd &@ upbe Yup'd ength is
30 cmto 1 accnlld,aanrdomrg[*);ri% cparr%co?(g/ tl)lcyaczl%,chrgér%x%lgg\acid, alkoxylic acid,
dibasic acid or hydroxy monoester thereof. More preferred ones
are phthalic acid, tartaric acid, €-amino-n-caproic acid,
benzoic acid, 4-methylaminobutyric acid, p-oxybenzoic acid and
maleic acid and two or more of them may be mixed and used. As
to the organic amine, any of primary, secondary and tertiary
hydroxylalkylamines may be used. To be more specific,
preferred ones are monoethanolamine, triethanolamine,

diisopropanclamine and triisopropanoclamine.

[0033] Concentration of the polymer of the formula [I] in
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[ 0036] As to a conposition of solvent and non-sol vent of a coagul ati ng bath,
it is preferred to use the sane conposition as that used for the dope. As
to the conposition ratio of a coagulating bath, the ratio by weight of
solvent : non-solvent : water is preferred to be O to 15 : 0to 8 : 100 to
77. Wien the rate of water is too | ow, phase separation of the nenbrane
proceeds and pore size may becone too large. [0037] From the holl ow fi ber
menbrane drawn fromthe coagul ating bath, the remaining sol vent,
non-sol vent, etc. are renoved by washing with water or salt water. Exanples
of the nethod faor washing w rshnelude;a mul tistage pehimation
gutter metﬁ%a C;Oc}jre Was Fﬁgeyv:r%cg t%:bgr 3\%\hgr%ejéjwat e?;gf or (\%\B.Shi ng is flown down
in a |long pacliaed-gutdeiraandna kol 1ow:f itrem membr abevd srahgpedtha said
washing water to conduct the washiepvg with water; a Nelson roller_ nethod for
washi ng wi raswaitiers whedew o Heangerdirkaes deRel 86k paFEef%) te?o83thg with
each other in certain angles. are us and _hol | ow fi.ber rapes.are wound
infold upﬁﬁj?%ﬁhonor?rtoﬁ’gglrcgl ?%?%n%dg%éjlrn wfaﬁ’geﬂé eslf)ntpr(raeo thgrmasu%a%'es are
al ways madgnueti wisthnwaher €100 Washi ngnarg the washipgl Wiyt khwat ehei s
conducted by nmeans of contacting said water for washing to the hollow fiber
menbr anes; rasngt ishbwet owdshienguereitrog wheh nwat et ifer ehdeirkehitrber
menbrane i s shaken do .lo.nto a net é%lnl_owed vvashjongbvvi gqhis}tlgmg% wat er ;
and a washi'AgSWi PR=HEER 6y di ppi ng”Wher® hot 1w 1 ter “hefibrane ©'s directly
di pped int Q. a,vashidlg Watehti iy aeeRpuessebr-dld-eueds bye washi vg/wi t h
water. [0038]It is preferred that the hollow fiber nenbrane subjected to a
washi ng tr eat &Nt wahld materpresedicppedo gt drwat &/ Wnder 72/ Hon- Heased state
and is subjected to a treatnent wiith hot water or hot_salt water %anneal i ng
treatment) T4E DO-1® PE20ETPRF & 1901867 REE el Uiitfer 5t heY terdpéiatire
condi tion qf, higher,d han 1006, an. aut o6l ave ofcthee | hkes Ry hecused. As a
result of subjecting to a treatnent wth hot water, inprovenents in
fixati on apdndenensicoralkpstabibhtyf athensobrvane &tesucburer armkd antiher mal
stability can be expected. For such a purpose, in the annealing treatnent,
the tenper attiPeushi EATFS RPGHEIPthan £Woasyt rErS Yo igoPRt 3Adti s | ower
than a ”El%%99c99é£“r£€% becomes low. When it is higher than the above

range, formation of extremely asymmetric membrane proceeds

whereby there is a possibility that strength of the membrane

is not achieved.

[0034] Then the dope prepared as above is dissolved Dby

heating at 90 to 190°C and the dissolved dope is extruded from
a nozzle of an arc (three-point bridge) type, a C type or a
tube-in-orifice type heated at 150 to 180°C. When a
tube-in-orifice type nozzle is used, it is preferred to use air,
nitrogen, carbon dioxide, argon, etc. as a hollow-forming
material although it is also possible to use an organic solvent
having higher boiling point than the spinning temperature. The
extruded dope is passed through the air gap (gaseous atmosphere)
for 0.02 to 0.4 second and then dipped in an aqueous coagulating
bath to coagulate.

[0035] As mentioned already, it is necessary for a good
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usual | y adopt ed. Al t hough the nenbrane structure or, particularly, alignnment
of sulfonic acid group is al nost deci ded by dope concentration and air gap
l ength, it is not always aligned at the nost stable position. The annealing
treatment has such an effect that the position of nolecular chain
constituting the nenbrane including the alignnent of the sulfonic acid
group in the nenbrane is brought to the optinmum place. [0039] When t he
tenperature for the treatment with hot water is higher than the above
range, densification of the nenbrane structure proceeds too nmuch whereby

the balance, petyeen,the Gl Lul ehecl LaRa AR AN dien el Sl PBEIPADL! | 1Y By

be | ost whi en I wer th an t e above range, asymmetry of the
menbr ane Stlttu@t Uhe hwsthet eiktiuckenthashertebysuir de s raeﬂ&aixﬁodmj estion rate
may be achieved. Tinme for the hot water treatment is usually 5 to 60

m nutes. Waehferely rceetturﬁguteﬁem sthoESHREPNE - nd” FUfFI énPUaRABEL i ng

effect may be, achi ev | n_addi .. non-uni f or mi e re din the
merbr ane stractit & §1$ﬁ%%ltﬁ8ptre %PHHS |ﬁ81f1Of08R¥og§%r%ofﬁS%F%£§n

increase i naMANYHACKHEANG 698te Rith sali 5§ YawerMch fansihycatiAr ahdt he
menbr ane may happen whereby no desired bal ance in the properties may be
achi eved. EO@&ﬁrmheimgtb@Mhﬁnberdnﬁﬂhﬂaﬁ@l@ﬁl@ﬁe ﬂ&é@eh@elkﬂﬂﬂﬂﬁ ®f prepared

as above is assenbled as a hollow fj nbra b the
convent i on&PPy*kho¥ et RGd AR %iékﬁ} h?ﬁeggscm’qtlnﬁxbfepﬁelﬁollow

fiber ”Enblé%ﬁo{r@té@mlﬁem@lel @xtt@uéétﬁtdo%% tQn480n hohd aw f ideer arapbr anes
are put together to give hollow fiber nenbrane bundles, then they are

al i gned pargbkegatoomakesal fidrdtc hold @wothpbtetkerﬁenbaa@enbtﬂm@IH@mbaﬁdef urther
it is wind up :

and that is not preferred. When such a membrane is used, salt
rejection rate becomes less than 50% and water permeability
becomes not more than 10 L/m?/day and that is not practical.
On the other hand, when the air gap is as short as less than
0.5 cm, the unstable state of the dope after being extruded from
a nozzle is fixed by the coagulation and that is not preferred.
When such a membrane is used, although filtration rate increases,
the salt rejection rate lowers and that is not practical. When
the air gap is made nil and a membrane is prepared by dipping
a nozzle in a coagulating bath, strength becomes insufficient
and that is not preferred. Preferred air gap length is 30 cm
to 1 cm, and more preferably 20 cm to 2 cm.

[0036] As to a composition of solvent and non-solvent of
a coagulating bath, it is preferred to use the same composition
as that used for the dope. As to the composition ratio of a
coagulating bath, the ratio by weight of solvent : non-solvent :
water is preferred to be 0 to 15 : 0 to 8 : 100 to 77. When
the rate of water is too low, phase separation of the membrane

proceeds and pore size may become too large.

[0037] From the hollow fiber membrane drawn from the
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wWith traverse to a core pipe having many pores to wind around thereon. The
winding angle at this tine is nade 5 to 60 and the winding is done in such
a manner that a crossing part is forned on the surface of a specific
position of the wound-up body. After that, both ends of this wound-up body
are adhered and only one side and/or both sides thereof is/are cut to form
a hollow fiber opening(s) whereupon a hollow fiber nmenbrane el enent is
prepared. The resulting hollow fiber nmenbrane elenent is inserted into a
pressure container to assenble a hollow fiber nenbrane nodul e. [0041]1 nner

di amet er oL} iy ol Pus L e MBINANAS! & RIGher A6 40 R cfQdo 200 Lm When
s snal a

the i nner draneter | l'er than the above range, loss in the pressure of
the fluid tkewag dhwesghnd he tholvhowr aneaausuad 1o beEpamsldargetinher eby
there is a possibility that no desired vol ume of perneated water is

achi eved afeahpd dosurashisedvi Ah waseswst Droder e Ae AR A 1%AgER 8P t he

hol | ow fi ber nbrane is made_ rel ati.yel t when t he

i nner dian%FEre?énq%%ﬁgiofh%%S?ﬂg;é%égex?%%gg?m%%s%?gﬁgfgﬁiégﬁggﬂgthe

hol I ow r at g¢sandotheadmdul € drerdi@anecareashappens aheremplilowi $ineeessary to
sacrifice any of the pressure resisting property and the nenbrane area per

unit vol uneenpo@dRlieut errad] anetedd wishing net¢owof PEtuGeb? &6 89pr ef err ed

to be 140 to 175 lira. Wen the outer di ter is _smaller n above
range, thew?ﬁ%é?“&?aﬁ%ﬁ?%SPﬂéVﬁﬁéﬁfvﬂﬁg§ggE§V@ﬁ%ﬁpgﬁﬁg¥éﬁﬁégﬁWh%Qg

e same problem

as in the ¢ase 9fg t-hie1abgverd el rdi BoRd Llerbs sk ggultedeabn dtherotiher hand,
when the outer dianeter is |arger than the above range, it is not possible

to nmake theembabn aaveylarsearpensemiandy bblievi fitkdre mepduhee$ aige wound
in fold upon fold on the rollers wherein the Nelson roller
surfaces are always made wet with water for washing and the
washing with water is conducted by means of contacting said
water for washing to the hollow fiber membranes; a net shower
washing method with water where hollow fiber membrane is shaken
down onto a net followed by washing with shower water; and a
washing with water by dipping where hollow fiber membrane is
directly dipped into a washing water in a deep vessel followed
by washing with water.
[0038] It is preferred that the hollow fiber membrane
subjected to a washing treatment with water is dipped into water
under a non-tensed state and is subjected to a treatment with
hot water or hot salt water (annealing treatment) at 90 to 120°C
for 5 to 60 minutes. Under the temperature condition of higher
than 100°C, an autoclave or the like may be used. As a result
of subjecting to a treatment with hot water, improvements in
fixation and dimensional stability of membrane structure and
in thermal stability can be expected. For such a purpose, in
the annealing treatment, the temperature which is higher than

a glass transition point and is lower than a melting point is
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and the conpactness which is one of the advantages of the hollow fiber

menbrane nodul e is deteriorated. [0043]Length of the hollow fiber nenbrane
is preferred to be 20 to 300 cm This length is the possible range which is
generally used in a hollow fiber nmenbrane nodul e. However, if the length is
out of the above range, there is a possibility that it is difficult to

satisfy both water perneability and salt rejection rate at a | ow operati ng
cost. [0044] The reverse osnosis nenbrane of the present invention has such
a characteristic that no crystallization peak is nmeasured when observed by

differential scanning calori ry. This.is likely to he due to the fact
that, as sHoWA' by Fﬁ%pFSPnulg%%?f?u?%eiﬂg1yﬁﬁpgﬁ afn %ﬁﬁ?ﬁfﬁg nany et her
bonds wher ghy. t hier 2her mad 1 MPkdehict Yo £0f s § e iTRI b Chai g disp hi ghaiapge that the
pol ymer chain has a hydrophobi c segnment having a | ow nol ecul ar cohesi on.
Accor di ngl yenbdagigriegapiengostenctakrieor esdl Binggam tenysthal litzasi oati s
expressed. In addition, when the reverse_ osnosis, nenbrane of t@gPﬁresent

i nvention P&YaYhottoiRsd Gdr TEnBCshe StEREF ePPEL Bl Yhar dcfe PSR at no
pore havi ngrg%%terha%f oot Lgsseihan Qs 0bseried d moaewahk-t hi ckness
within 1 p.mfromthe outer surface of the hO|FOM/fIber menbr ane.

General | y, chaia dwlskawut i berhlei kenisaing i ool beimgtde ppednmana coageal ati ng
liquid via air gaps, renoval of solvent takes place fromthe outernost

|l ayer of tHBlReMi ©WFCherowRibr Ahe WHEIEH? pRISEWHSarat iivh PimBdlat el y

t akes placg1 However, since phase separation tinme is short in the outernpst
side, fine structure is formed and the nearer the inside (thickness

di rection) [obbe) |l ongemnhthet phasensapanati @ort the whesent herd hsta
tendency that coarser structure is fornmed in the inside than in the surface
si de. Partiwetibar Ly, hiteepotharertheeploeyentaddpy tdes ¥ordaiien Pf Ka§ a
sulfonic acid group and an interaction_takes place wthin.t | fonic acid
groups or V&P ?%rSﬁﬁ?%%ﬁﬁ%sPr%@%%é%i%%?y?ufﬁewggf%%ﬁ ﬁggcggﬁéﬂfﬁ such a
direction thatethe st EHCt Weg ot ibhe QW gramsk shder ebribephol tpwaki ber

menbr ane becones dense and, as a result, pore size on the nenbrane surface
si de beconmbs stgnithi tantdhgnshlils. L§@045han i hehebeew grsgcosHosive te¥nbr ane of

the present invention, the yield strength in the t state is from4.5 MPa
to less th&h @?%WWBFaE%r%%FFWei%S flggnse“céefglscéﬁ?t}[/\%earpe yyn?heesolurtegir
pressure of;,npt  Lover; 3:han@spRy it essyea  ofr wastrewatge Kdoraxample, it
i s about 0.04 MPa when concentration of NaC is 500 ppm for wastewater
treat nent . tEertachi ehd ngubhéy pr act b@ahifiddsr.at Woen rtdteet reeting fdgessary to
apply the oquter pressure of 0.5 to 2.0 MPa. As result of investjgations
of the predéntC? miféitor 8 %%thﬁieBEe%P??ﬁﬁﬁfgtﬁgﬁe?%é?%’Pg FEST S at i on
bet ween the resj e : I ey : d the
yield streﬁ&t%aP%£?ﬁ§'fg%gﬁ?gfg?bgg¥eﬁﬁpg%athe ﬁggﬁo&ﬁf?%§?§ﬁgﬁ§§§he in a
wet state. séenecakty, whee aheveryhely stimendtshtios prefermed drolyberrnot | ess

than 4.7 MPa, and nore preferred to be not |ess than 5 MPa for using the
hol I ow fi béfCHERBP aemasy & ¢ levesec 88 mbaits® bt PAHE Fofe hast Evit e

treatment. hen.a,del).ow fmiageﬁag%g}%@%e%gteﬁon&ésﬁaetci $hy.hbe abaue range of

yield strength, there 1's a poss ity t It cannot resist for the
operation u.gerpiesstde doracmastenat er treatment. Wien the above yield
strength is less than 4.5 MPa in the hollow fiber nenbrane conprising the
pol ymer of 04 0f or nul &Hel polidie ffiphermarRanshapépsPriseght yverfdtihed in

the practl %%lepg%g easoglb(g\pee iguatsesrem%Iig Sa%rgh%%?gwiflﬂ'lbteqemev}ﬁ)srla%%géule
by the conventionally known method. An example of the
assembling of the hollow fiber membrane to make a module is that
45 £o 180 hollow fiber membranes are put together to give hollow
fiber membrane bundles, then they are aligned parallel to make

a flat hollow fiber membrane bundle, and further it is wind up
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treatment whereby there is a possibility that the water perneability tends
to becone bad and that is not preferred. For endow ng the nenbrane with the
pressure resistance of not lower than 9.5 MPa, it is necessary to enhance

t he polyner concentration in the dope but, within such a range, there is a
possibility that water perneability of the hollow fiber nenbrane | owers and
that is not preferred. As a result of the intensive investigations of the
present inventors, it has now been found that , for a purpose of using the
pol ymer of the fornmula [I] and applying as a reserve osnpbsi s nmenbrane for

wast ewat er _treat ment together w e 2SS I [l nhejecti
Jéhatraverse. ?o a %og\éne]ggﬁ)eei?%@g??ﬂ Iﬁgn%rﬁl%ﬁgsa@&'vﬁe}ld é@l}ﬁ §€j ection

rate and water permeability, engt a wet state is preferred
to be fromfebeMPa t@el £551:11ARNG18 MPa:ni[0046E ns addid 5obe dd° hsadesirabl e
that the nmenbrane still maintains its yield strength even after being

exposed tothhewswoliutd ¢ efnehieniseabsa VWeret Héarerbfanesing &éthalFy used,
it is necessary.to riodically sh with, a sol.ution_of, .c ical s.in order
to naint ai Ofﬂ%jﬁﬁh%%ﬁnéuﬁg%%%fP¥%§?p§fl H%ﬁxffﬁé?geegﬁjé Sg%%?hgpnenbrane

i's exposedpbayt hersel-uth on ebreham£aksshid wbsnprep eyougdatdatinkheadl oweri ng
of pressure-resisting property and salt rejection rate is as snmall as
possi bl e. Shdce theneevietss endgapsics e hde artdegkof hies s edt T hvyenti on i s
expected to be used for wastewater treatnent, it is preferred.that |owering
of the sal & P@}é%Yi%H“?éF@QBFHFﬁ%{n%%&ﬁ%ﬁﬂ?q & hB}E?V b TSI

obger ved and t hat the

strength retajnipg;tatecgh-Lhe membr ang,is iptnd @SS thiar B0%Mmprater abl y
not | ess than 90% and nore preferably not |ess than 95% Wen the strength
retaini ng rataeehs 1essddrard hetabave;edsere dogstaipessididdtgnlileat t he

hol I ow fi ber nmenbrane is no |onger resisting to the operating outer
pressure fOPLLAE (oA™Y 2 FeRPHiRht; that the appearance of fiber-like

shape is defanned and that the vater pergeabilidy Ang.t hersalher gisect i on

rate becone bad. The present 1 nventors investigated the resistance to

chlorine apdetrerabkalipdishre 1dwephol dwnfiher nienbsanet epaprimsingrt he
pol ynmer of the fornula [1]. As a result, it has been found that there is
al most no ¢haRges APPHE WHIgE 1 B BT LI G RE8S 8VER C4f tt T19 1Rkl dd t he

yield strength retaining.rate i s not, e %.i L bg case
where the %%ﬁﬁ?%ﬁéﬂF%hagﬁ%%érFﬁ‘% 6HH8}?%85£%$&%?§%‘gﬁ?ﬁ%ﬁ%gﬁ?ogléb ppm of

free chlori;ngceneent fat iods RH Jeandcabeutin206f apdride: ehseatwheries t he
menbrane is dipped in an alkali solution adjusted to pH 10 and 70C.
| nci dent al laghiehedydtep dbrssengtusacetaivaichg rate trgaggerbMhgRstength  yjel d

strength re%g%g%w%égﬁ%ggsg%aﬁgggégcistren th g%rggg%?g%%gﬁgaggqﬁmgenbrane

before di ppi'n Fength*of "t e “haf o rane after
di ppi ng [ MRak)erXn109, Exavmkes [ Q047 ]1Ashereunderarddie theasent dwsrention

will be nore

range, a scramble between the hollow rate and the module
membrane area happens whereby it is necessary to sacrifice any
of the pressure resisting property and the membrane area per
unit volume.

[0042] Outer diameter of the hollow fiber membrane 1is
preferred to be 140 to 175 um. When the outer diameter is
smaller than the above range, the inner diameter inevitably
becomes small whereby the same problem as in the case of the
above inner diameter is resulted. On the other hand, when the

outer diameter is larger than the above range, it is not possible

to make the membrane area per unit volume in the module large
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specifically illustrated by way of Exanples although the present invention
is not limted to those Exanples only. Measurenents of the characteristic
val ues nmeasured in the Exanpl es were conducted according to the foll ow ng

met hods. [0048] (1) logarithmc viscosity Pol ymer powder was
di ssolved in N-methyl-2-pyrrolidone so as to make its concentration 0.5
g/dl, its viscosity was neasured using an Ubbel ohde vi sconeter in a

constant-tenperature vessel of 30C and eval uation was conducted in terns of
|l ogarithm c viscosity (In[ta/tb]/c), wherein tais the tine in second(s)

needed for _falling a s I sol,ut | an: s .t i i for
falling a %8$&élﬁtg%mrﬁayc;%§ﬁ e %%%ggn‘%fgit“?éﬁ@%{lttﬁ% 85 5%9@%%%49] (2)

content of rspbf OMdrrraGicdm@haup is detdMioghteal the sanple after being dried
for one night in a nitrogen atnosphere was neasured, a stirring treatnent
wi th aqueoli804d] ut i onLefgslbdifurmhieyipbkodel Vaes ssRbBuRRRd amdeisFred t hat,

back titration co cted i.ng, agueous | ution.of hydroc jc acid to
det er mi ne %ﬁeb?g%§§§bEgﬁg%mbag§65?§e%?€§3%s ﬁ%658f3f§?1?1%%$gthg£?%%nula [1]
The pol yner (20,470 19eh 5 pheyineushby mdrdeedné@br onemBught . i mowevaeyum dri er
adj usted at 100C was dissolved in 1 nL of deuterated DVSO (DMSO d6) from
Nacal ai Tesqushaandnyhe isesut tdfnghpelbpverrsoiait Ebareds a possibility

usedt omeasur epr.ot onNNEby BROKER AVANCE 500 (resonance frequenci es; 500.13
MHz; tenpeFBFEHéﬁl%@ﬁffiﬁ”}ﬁf8d¥§ﬂﬁégﬁgé%Y%H%%??rTﬁgkh%LS%%ﬂ%??EB spectra
chart, thergﬁggﬁggA:Qﬁﬁk%tcgrgg§p&&ggﬂgﬁhpcgggtons a and b on aromatic ring

of the formulfa [I] as shown bel ow were i ndependent and the ratio of their
i ntegral stipeagths waghas showsebyoshes fol mewbngné oraful ahe present
invention has such a characteristic that no crystallization
peak is measured when observed by differential scanning
calorimetry. This is likely to be due to the fact that, as shown
by the formula [I], the polymer chain contains many ether bonds
whereby the thermal motility of the main chain is high, ands
that the polymer chain has a hydrophobic segment having a low
molecular cohesion. Accordingly no aggregating structure
resulting in crystallization is expressed. In addition, when
the reverse osmosis membrane of the present invention is a
hollow fiber membrane, there is a characteristic that no pore
having diameter of not less than 10 nm is observed in a wall
thickness within 1 um from the outer surface of the hollow fiber
membrane. Generally, in a hollow fiber-like solution being
dipped in a coagulating liquid via air gaps, removal of solvent
takes place from the outermost layer of the hollow fiber
membrane whereby phase separation immediately takes place.
However, since phase separation time is short in the outermost
side, fine structure is formed and the nearer the inside
(thickness direction), the longer the phase separation time

whereby there is a tendency that coarser structure is formed
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integral strength a : integral strength b = n: (100 - n) Protons a
and b on the aromatic ring for the evaluation of n are shown in the
following formula [I]: [ 0051] (4) water content

in the inside than in the surface side. Particularly, the
polymer represented by the formula [I] has a sulfonic acid group
and an interaction takes place within the sulfonic acid groups
or via water molecules. Accordingly, the action proceeds in
such a direction that the structure of the outermost side of
the hollow fiber membrane becomes dense and, as a result, pore
size on the membrane surface side becomes significantly small.
[0045] In the reverse osmosis membrane of the present
invention, the yield strength in the wet state is from 4.5 MPa
to less than 9.5 MPa. Generally, it is necessary to apply the
outer pressure of not lower than osmotic pressure of wastewater
(for example, it is about 0.04 MPa when concentration of NaCl
is 500 ppm) for wastewater treatment. For achieving the
practical filtration rate, it is necessary to apply the outer
pressure of 0.5 to 2.0 MPa. As a result of investigations of
the present inventors, it has been found that there is a
correlation between the resistance of the hollow fiber membrane
to pressure and the yield strength in the tensile direction of
the hollow fiber membrane in a wet state. Generally, the above
yield strength is preferred to be not less than 4.7 MPa, and
more preferred to be not less than 5 MPa for using the hollow
fiber membrane as a reverse osmosis membrane for wastewater
treatment. When a hollow fiber membrane does not satisfy the
above range of yield strength, there is a possibility that it
cannot resist for the operation outer pressure for wastewater
treatment. When the above yield strength is less than 4.5 MPa
in the hollow fiber membrane comprising the polymer of the
formula [I], the fiber-like shape is slightly deformed in the

practical range of the outer pressure used in the wastewater
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About 1 g of the hollow fiber nmenbrane in a wet state was wei ghed using an
electric balance and previously subjected to vacuumdrying for one night
using a vacuumdrier adjusted at 100C. The hol |l ow fiber mermbrane after
dryi ng was wei ghed by an electric bal ance and water content was cal cul at ed

according to the follow ng fornula: water content (% = (weight of
hol I ow fiber nenbrane after drying [Ww%] / weight of hollow fiber nmenbrane
before drying [Ww%) x 100 [0052] (5) chem cal shift A hol | ow fi ber

menbr ane sanpl e which was previously dipped in distilled water for 10

M nutes at  roomd eTPeratune (25Q) was Culodnha e Lengthof ghout 5 cm and

four of sard sanples wereinserted Into a glass capillary tube of 3 mMm

di ameter. Maiesawontenteafs tbecsanpladaind bast tism»twase fradecabober 300 to
400% by weight. Said capillary tube was Inserted into an NVR tube of 5 nm
di amet er anddswbjeEhedemeranprottdnt VR fFEE3TE EREAE T BRTHG T AVENERYSDO

manuf act ur by BRU (resonance_frequencies: ; ture:
30C, FT in?gﬁ?af?g%hggé’tfﬁés%smé}(fﬁ%af?ne?§2f§%g8%%ds;. (gﬁggﬁgﬁg was
conduct ed Bnasv@nes oM th sk ngbheavy, wat €fid B20h. } range, dhege isshows an
exanpl e of proton NWMR spectral chart. In the observed two spectral peaks,

t he spectral ppeakbabpeartiimg i wettdre powerigAetycofi éhg SicdéoWas 1R86pt ed as

t hat derived from hul k matg&ggnd t he geak qpégf tgis chenlgth?pift was
t

adj ust ed t BEBPHAQIAEES LSBT a5 405t AT *Toheft caf “Shi peak top

of the spechtalspaak ndesiysd: f&ambound sralentappealidg,i B tihes Rbgh

magnetic field side and the distance thereof were confirnmed. Incidentally,

as to the akknreadingstoffdrhepochensealf using the polymer of the formula
[I] and applying as a reserve osmosis membrane for wastewater
treatment together with expressing the practical salt rejection
rate and water permeability, the yield strength in a wet state
is preferred to be from 4.5 MPa to less than 9.5 MPa.
[0046] In addition, it is desirable that the membrane still
maintains its yield strength even after being exposed to the
solution of chemicals. When the membrane is actually used, it
is necessary to periodically wash with a solution of chemicals
in order to maintain the membrane properties. At that time,
even after the membrane is exposed to the solution of chemicals,
it is preferred that the lowering of pressure-resisting
property and salt rejection rate is as small as possible. Since
the reverse osmosis membrane of the present invention is
expected to be used for wastewater treatment, it is preferred
that lowering of the salt rejection rate of the membrane is
rarely observed and that the strength retaining rate of the
membrane is not less than 80%, preferably not less than 90% and
more preferably not less than 95%. When the strength retaining
rate is less than the above, there is a possibility that the

hollow fiber membrane is no longer resisting to the operating
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shift values, the peak top val ues of spectral peak were read. [0053] (6)
pore observation A hol | ow fi ber nmenbrane was dipped in liquid
nitrogen to freeze and the cross section of the hollow fiber nmenbrane and
the surf ace of the hollow fiber nmenbrane were fixed onto a sanpl e hol der
for an SEM observation using a doubl e-si ded adhesi ve tape. Those sanpl es
were subjected to a platinumin advance coating and observed under a
scanni ng el ectron m croscope (5-800) manufactured by Hitachi of 10,000
magni fications. At that tinme, in the wall thickness within 1 p.mfromthe

outer surface. of Lhe oLl oy {1 e, Menbrangi.) t 85, fOR] ried whetber the

.out%f ﬁﬁ
pores haV|ng lameter o no | ess nm wer e present or absent.

[0054] (7) gpysiadddzaki omdeakke shape AshabEomndd ber meabrarewsaapl e which
was dried in advance in a vacuumdrier of 60C was used and, under nitrogen
at nospher epeteapelr kittur eangast raai sEG ate i atiienng at gt &e6P™SCPAF nut €R&inder such

a nodul ated tenper.ature condition tha ne cvycle s.60 S hat
anpl i t ude ®AS®® t.ﬁgéngﬁastlhnéftestgﬁga?%nptglrea ﬁ%és?%%\%etga%}?fo%%%%ﬁ&&to 250C

using a di thenentialsiSGHHY RYL LA} OF beBhehbr anakyesr 1  DRC: QI QO) yranuf act ur ed
by TA Instrunents. Fromthe non-reverse heat flow obtained as a result of
t he nmeasur efrertte fiormwas Cdnf i Ased rehet heritt hesexwtthéenine Pedk téaased by

crystallization was present or ahsent. [0055](.8) outer and inner.di aneter
of “the hol FEW*fT¥Er TrefBrade 10 the S@%Fn@e%f‘ngt(gﬁé § Fle‘fﬁ%taefntﬁarvilgg a >

thICkn6$S QgegsmﬂkpQh@h&9@1@Q&§§HQ&h3rggbgﬁﬂﬁ?&%&e“@%?n&@"ﬂggB t@&An
appropriate anount of wet hollow fiber nmenbrane was filled in the pores
foll owed 98% in both of the case where the membrane is dipped in a chlorine

solution adjusted to 100 ppm of free chlorine concentration,

pH 7 and about 20°C and the case where the membrane is dipped

in an alkali solution adjusted to pH 10 and 70°C. Incidentally,

the yield strength retaining rate is as follows:

yield strength retaining rate (%) = (yield strength of
the hollow fiber membrane before dipping [MPa] / yield strength
of the hollow fiber membrane after dipping [MPal]) x 100
Examples
[0047) As hereunder, the present invention will be more
specifically illustrated by way of Examples although the
present invention is not limited to those Examples only.
Measurements of the characteristic values measured in the
Examples were conducted according to the following methods.
[0048] (1) logarithmic viscosity

Polymer powder was dissolved in N-methyl-2-pyrrolidone
so as to make its concentration 0.5 g/dl, its viscosity was
measured using an Ubbelohde viscometer in a
constant-temperature vessel of 30°C and evaluation was
conducted in terms of logarithmic viscosity (ln[ta/tb]/c),

wherein ta is the time in second(s) needed for falling a sample
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by cutting on the plate to nake a sanple holder in which the cross section
of the hollow fiber nenbrane was exposed. This was set on a stage of a

m croscope (ECLI PSE LV100) manufactured by N kon and then a CCD canera
(CS-RU) and an i nage processing device (D G TAL SI GHT DS-U2) manufact ured
by N kon were started up. NIS Elenment D3.00 SP6 was used as an i nage

anal yzi ng software and outer and inner dianmeters of the cross section of
the hol |l ow fi ber nenbrane appearing on the display were neasured using a
measuring function of said anal yzi ng software whereby outer and inner

di ameters of . the hollow fiber menbra l.at e n ield
strength soluty ?Pﬁén5|le€i€l fﬁ%%ﬁm?foﬁﬁ?%QHj'Eﬁﬂg?%ﬁgﬁ?% ggaeg state

was carriegdngug ﬂ§kﬂﬁm§HkMBDthA&§tﬁmJkwlgaeufactured by Shi madzu. Load
cell was made 50N and, for fixing and pulling of the fiber, a flat chuck

was used. $@ﬁﬂ9hg(@asceohﬁwttqﬁiaM%§péiFhéCi%iQﬁQﬂp | engt h of the specinen

bet ween gri ps of th and t he r upon
appl yi ng the flﬂg?‘ ﬁ Kffﬁémgﬁuciéﬁﬁgﬁﬁa %f%ﬁﬁJ%ofh%g%fb § speed of
stretching,the fd a%sﬁ?&ee @eﬁsﬁ@ea@ﬂr@dﬂuﬁestlgtrﬁe@stféﬁﬁﬁemﬁlw@lﬂgat ion (9%
and yield strength (MPa) were cal culated fromthe neasured data using the

anal yzi ng sqﬁéma$exﬂiRABEZMUNinuerhﬂdnbdeSPWaS[qﬁm§ﬁFG$9yﬂyLepét§Frength
retaining rate (resistance to al kali ngﬁéo chl orin

hypochl or i F@a*%olkﬂﬂcfkor?l(’iffaﬁlé@’élvé?s TeSGuE u%ﬁq%tagﬂe\zxﬁhsodl RS OInl e% water to
make the fglgrgggﬁ}llf)éf1@&189@%%@5@):’1\”8@1@% ppmeandahhenraadiusyad ey .pH 7

using IN h loric acid of the same conpany to prepare a chlorine
[0050] (3) n in the formula [I]

The polymer (20 mg) being previously dried for one night
in a vacuum drier adjusted at 100°C was dissolved in 1 mL of
deuterated DMSO (DMSO d6) from Nacalai Tesque and the resulting
polymer solution was used to measure proton NMR by BRUKER AVANCE
500 (resonance frequencies: 500.13 MHz; temperature: 30°C; FT
integration: 32 times). 1In the resulting spectral chart, the
spectral peaks corresponding to protons a and b on aromatic ring
of the formula [I] as shown below were independent and the ratio
of their integral strengths was as shown by the following
formula:

integral strength a : integral strength b = n : (100 -

Protons a and b on the aromatic ring for the evaluation

of n are shown in the following formula [I]:

(Xoss SO3X
) 0 I/
bl — —
a

[0051] (4) water content
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solution. Further, 1N aqueous solution of sodi um hydroxi de of the sane
conpany was diluted with distilled water to prepare an al kali sol ution of
pH 10. A bundle of 20 hollow fiber nmenbranes of 20 cm | ength was di pped
thereinto. Tenperature of the aqueous chlorine solution was nmade room
tenperature (about 20C) while tenperature of the alkali solution was nade
40C. Dipping was conducted for 12 weeks keeping the free chlorine
concentration and pH constant and, after that, yield strength of the di pped
fi ber was neasured by the sane nethod as that for the neasurenent of the
yleld strength mentlonedo2anen Ftmidelofenalal ahingotha Ml ds st rengt h
retention rate i'sas tol Pows: yield strength retaining rate (% =
(yield stregpgthe®@fusting holdiewtti besa merder ane drefvanesdippistedddato/ yiel d
strength of the hollow fiber menbrane after dipping [MPa]) x 100 [0058]

(11) filtraepomrateng for ¢ evighteuhdhy ow VRCHER FehdF aitels swefe2bundl ed
and inserted into_a sleeve nmade ggwggastic th%#ﬁnsettinqqre i S
i nj ected i APB G heT8f R ¥nd har g SBLFT NS End bf "HIE KoY ow fi ber

menbrane eghedded by the therppsatting desiiviasatetl hoegiacecaniapeni ng of
the hol |l ow fi ber nenbrane whereupon there was prepared a nodule for the

eval uati onthavhagf¢ hewiegbfansudaea based on the outer dianeter of about

0.025 n2. This nodule for the eval uation slfon ected to a device for
testing the nenﬁﬁgﬁﬁf%?%%%Viféé‘c@ﬁﬁﬁ?§ﬁﬁ§§% AhkPSF "SORPFYT A WAt er and a

punp mhereg¥_ggs Hh%ﬁevt&§§gM@Hﬁf@M@hH@Ifﬁber membraﬁeSU@@hﬁiQggﬁqgeous
sol ution havyng sodi um chl ofi de concentration of 500 ng/L was filtered from

out si de to [wasidexofod he hol | ow fi ber nenbrane at 25C and 1.0 MPa pressure
and the device was operated for about 1 hour. After that, water perneated
t hr ough t hé OReRbr alte wa&§™é6RT et ed from t he opening of the hollow fiber

menbrane and wei gh e I asyr.ed hy, an, eleciyqn bal ance
(LI BROR EB—32000QH%%g¥%€t%g§ tﬁ%@§ﬁ%%ﬁzu§}ﬂ%iﬁgﬁ$gbfE}hg)pernegb?e wat er

was conver degpta veldine iofietiheaper meable matereatat25Coust ergpdrreurel | owi ng
formia: (25°C) was cut into the length of about 5 cm and four of said
samples were inserted into a glass capillary tube of 3 mm
diameter. Water content of the sample at that time was made
about 300 to 400% by weight. Said capillary tube was inserted
into an NMR tube of 5 mm diameter and subjected to a proton NMR
measurement using AVANCE 500 manufactured by BRUKER (resonance
frequencies: 500.13 MHz; temperature: 30°C; FT integration: 16
times; waiting time: 21 seconds). (Shimming was conducted in
advance with using heavy water (Dy0).)

Fig. 1 shows an example of proton NMR spectral chart. 1In
the observed two spectral peaks, the spectral peak appearing
in the low magnetic field side was adopted as that derived from
bulk water and the peak top of this chemical shift was adjusted
to 5.24 ppm to be used as a standard. Chemical shift of peak
top of the spectral peak derived from bound water appearing in
the high magnetic field side and the distance thereof were

confirmed. Incidentally, as totheall readings of the chemical
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vol une of the perneable water (L) =weight of the perneable water (kg) /
0.99704 (kg/L) Filtration rate (FR) is calculated by the foll ow ng

f or mul a: FR [ L/ n2/ day] = volune of the perneable water (L) /
menbrane area based on the outer dianmeter [n2] / collecting tinme [m nutes]
X (60 [mnutes] x 24 [hours]) [0059] (12) salt rejection rate Sodi um
chl oride concentration was neasured using an electric conductivity neter
(CM 25R by Toa DKK) fromthe perneated water collected in the above
measurenent for filtration rate and the supplying aqueous sol ution having

o U o 9L ANSRTCAL o SO0 L PSR Lo L Dy e e o
formula: [0053]salst pepecétbosrvaatien[d = (1 - salt concentration of
perneated water [ng/L] / salt concentration of supplying aqueous sol ution
[my/L]) x 100 A hollow fiber membrane was dipped in liquid nitrogen to
freeze and the cross section of the hollow fiber membrane and
the surface of the hollow fiber membrane were fixed onto a sample
holder for an SEM observation using a double-sided adhesive tape.
Those samples were subjected to a platinum in advance coating
and observed under a scanning electron microscope (S-800)
manufactured by Hitachi of 10,000 magnifications. At that time,
in the wall thickness within 1 um from the outer surface of the
hollow fiber membrane, it was confirmed whether the pores having
diameter of not less than 10 nm were present or absent.
[0054] (7) crystallization peak
A hollow fiber membrane sample which was dried in advance
in a vacuumdrier of 60°C was used and, under nitrogen atmosphere,
temperature was raised at a rising rate of 5°C/minute under such
amodulated temperature condition that one cycle was 60 seconds,
that amplitude was £ 0.796°C and that the temperature range was
from 20°C to 250°C using a differential scanning calorimetric
analyzer (DSC Q100) manufactured by TA Instruments. From the
non-reverse heat flow obtained as a result of the measurement,

it was confirmed whether the exothermic peak caused by

crystallization was present or absent.

[0055] (8) outer and inner diameters of the hollow fiber
membrane

Using an SUS small plate having a thickness of 2 mm on
which pores of 3 mm diameter were formed, an appropriate amount

of wet hollow fiber membrane was filled in the pores followed
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[ 0060] Example 1 Sul fonat ed poly(aryl ether sulfone) type pol yner
(brevity code: SPN-23) obtained by polynerization of 11.5 nol % of

3,3 -disul fo-4, 4" -dichl orodi phenyl sul fone di sodlumsalt (brevity code:
S-DCDPS), 38.5 nol % of 2, 6-di chl orobenzonitrile (brevity code: DCBN) and 50
nmol % of 4, 4' - bi phenol was dried in advance at 110C for 12 hours. After

that, 71.5 parts by wei ght thereof was wei ghed and then 123.2 parts by

wei ght of N-methyl -2-pyrrolidone (brevity code: NWP) and 25.3 parts by

wei ght of ethylene glycol (brevity code: EG were poured into a separable

flask fol |l gwe Y. Stirri 7Q00 r Lyve i-f,0 pol ymer
sol ution h§¥i%6t 15}58I§ﬁ%fg%%%%g%tpgg%d% 0 %%_%g%%%yﬁg?éﬁgék Ef Thi s

pol ymer sokubkenamas oehar gedh haslaw doper n8hbrans piaBnéRgoseyi cehhavi ng a
pl unger-type extruding function. Tenperature of the dope was kept at 150C,
and the dopesws sent stavaof ubBirRodreHe CECLYPEE AY22P e g fdicsERafged at

the rate oggshégﬁgégéQ%%% f%% (gﬂgqgﬁéﬁg%éyg%%gdgﬂpghg&e%&%%gg ;hgving a

slit width m crons (outer dia m crons; inner dianeter: 200

m crons). EG/Wes (BsedTAS sagurmien2)igiitacsentdait hexat eepé s@at2eg/ m nute
using a gear punp and extruded fromthe inner quuid.dischar%ing por e of
110 micronsp-Ai FIgaplémemt D rfiibe 23 massnd s e riegsdlet iadg ichbee was

di pped in a coagul ating bath conprising salt ter of 3.5 %.by weight
Concent r at PEALTTHE BEaGH St E4ONbIT W FBeF Ty ahe S SaP A c b

a spinning

rate of 15, LR AYlLe AL WaUnd Usi Hiheh Skeidh MREAIBE1 8Y warwinkdehredhe
resulting hollow fiber nmenbrane sanple was further dipped into salt water

of 9. 0% by usehghdt mneercenty atunen iando § Hsjieca el ¥ Diran sahheal ¢ ndetredat nent
under the condition where the tenperature was 9 and thqotine was 20

8C.
m nut es. DOUAPFsabd %4ﬂ?ﬁn§ﬁﬁ@§ﬁﬁr§nﬂfﬁﬁgféV&ﬂﬁgtgab?EsTﬁT e JRown in
Tabl e 1. qug&la @nple 2

[0056] (9) yield strength

A tensile test of the hollow fiber membrane in a wet state
was carried out using SHIMADZU AGS-J 1kN manufactured by
Shimadzu. Load cell was made 50N and, for fixing and pulling
of the fiber, a flat chuck was used. Settingwas conducted where
the initial length of the specimen between grips of the chuck
was made 50 mm and the load to the fiber upon applying the fiber
to the flat chuck was made 0.03N. The crosshead speed of
stretching the fiber was made at 50 mm/minute. Stress (MPa),
elongation (%) and yield strength (MPa) were calculated from
the measured data using the analyzing software (TRAPEZIUM X
ver.1.0.2.5P).
[0057] (10) yield strength retaining rate (resistance to
alkali and to chlorine)

Sodium hypochlorite solution of Nacalai Tesque was
diluted with distilled water to make the free chlorine
concentration 100 ppm and then adjusted to pH 7 using 1N

hydrochloric acid of the same company to prepare a chlorine
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The hol | ow fi ber nenbrane obtained in Exanple | was di pped into 10% by
wei ght aqueous solution of lithiumchloride for one night so that the
counter cation (X) on the sulfonic acid group of the fornula [I] was
changed to lithiumion. Details of the nenbrane and the eval uated result
are shown in Table 1. [0062] Exanple 3 The hol | ow fi ber nenbrane
obtained in Exanple 1 was dipped into 10% by wei ght aqueous sol ution of
pot assi um chl ori de for one night so that the counter cation (X) on the
sul fonic acid group of the formula [I] was changed to potassiumi on.

Details of the nmenbrane .and e eval uat r.esu r.e i e 1.
[0063] Exafpte 4" 9urﬁ¥ﬁf”s%ﬁé“ﬁ§?ﬁﬁdsééiﬁﬁé%E§g§%Feui&%&%?%ﬁ%ﬁ 3%%ed except

that theremas H4aedomphh?3idX a3 1iteliyPon Whete1aceomder teabkepana the
sul fonic acid group was converted to proton by di pping the polynmer of a

E;Iforatedpoly(%@&d st heriosuldformd) t0ype A( bruadieyogod8: hSPAP®3f1hpepared in
anple 1 into 2N concentrated | furic. aci or 24 hours fallowed by
washi ng th@eTﬁﬁiﬂﬁﬁ(j'g _ﬁ&ﬂé?m%ﬁtwﬁst ﬂﬁﬁb_éﬁeaFf%Fotheeﬁggﬁ?ﬁ%r%ecane
neutral , that g coagulalidng RALB UBOH: SHi N NGRS hangedpteadusal t wat er
of 3.5% by wei ght concentration, that a step of washing with water

i mredi at el yasdteropassiniget temgugiathire cbaguel atkayg: batthtwas woendadeéed and
that hot water was used in the annealing treatnent after the spinning
wher eupon 40Hol | GWPPiBer "ABNBPARES ks fitepar e BetgePi 8f “PRethEfibr ane and

the eval Uakﬁgoffﬁy%n@éﬁt??@m AT, '&nt%takQO%I, Bxanpl@ & Theesame met hod

as in Exanp 1 was conducted except tha
strength of the dipped fiber was measured by the same method

as that for the measurement of the yield strength mentioned
above. Formula for calculating the yield strength retention
rate is as follows:

yield strength retaining rate (%) = (yield strength of
the hollow fiber membrane before dipping [MPa] / yvield strength
of the hollow fiber membrane after dipping [MPal) x 100
[0058] (11) filtration rate

After the hollow fiber membranes were bundled and
inserted into a sleeve made of plastic, thermosetting resin was
injected into the sleeve and hardened to seal. The end of the
hollow fiber membrane embedded by the thermosetting resin was
cut to give an opening of the hollow fiber membrane whereupon
there was prepared a module for the evaluation having the
membrane area based on the outer diameter of about 0.025 m’.
This module for the evaluation was connected to a device for
testing the membrane properties comprising a tank for supplying
water and a pump whereby the properties were evaluated.

A supplying aqueous solution having sodium chloride
concentration of 500 mg/L was filtered from outside to inside

of the hollow fiber membrane at 25°C and 1.0 MPa pressure and
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n of the fornula [I] was nmade 12 whereupon a hollow f ber nenbrane was
prepared. Details of the nenbrane and the evaluated result are shown in
Table 1. [0065] Exanple 6 The sane nethod as In Exanple 1 was
conducted except that n of the fornula [I] was nade 45 whereupon a hol | ow
fi ber menbrane was prepared. Details of the nenbrane and the eval uated
result are shown in Table 1. [0066] Exanple 7 The sanme nethod as in
Exanpl e 1 was conducted except that, in a conposition of the dope, SPN 23
pol ymer was made 69 parts by weight, NVWP was made 114 parts by wei ght and

EG was made 17 parts by wei ght re ow fd r S

pr epar ed. ?zﬁ s of 't eo%%%%f%ﬁg%gngggﬁ%%éggkgétéinggﬁﬁgggrgggﬁ%ﬁh in
Tabl e 1. [QQ@RQ&@%ﬁﬂHk@u@h11&3memﬂhﬁu§&ﬁe &t had «ais £+ om Btanpben ingvas
conducted except that the air gap | ength was nade 10 mm whereupon a hol | ow
fi ber nenbeandenasl pregabed. nditainesapt weHehretbParBcaRte ¢ Sgvattiat ed

result are shown |
measureA %yt%?%%e%tron balance (LIBROR EB-3200D manufactured

by Shimadzu). Weight of the permeable water was converted to
volume of the permeable water at 25°C using the following
formula:

volumeofthepermeablewater(L)=weightofthepermeable
water (kg) / 0.99704 (kg/L)

Filtration rate (FR) is calculated by the following
formula:

FR [L/m?’/day] = volume of the permeable water (L) /
membrane area based on the outer diameter hﬁﬁ / collecting time
[minutes] x (60 [minutes] x 24 [hours])

[0059] (12) salt rejection rate

Sodium chloride concentration was measured using an
electric conductivity meter (CM-25R by Toa DKK) from the
permeated water collected in the above measurement for
filtration rate and the supplying aqueous solution having
sodium chloride concentration of 500 mg/L used for the same
measurement of filtration rate.

Salt rejection rate is calculated by the following
formula:

salt rejection rate [%] = (1 - salt concentration of
permeated water [mg/L] / salt concentration of supplying
aqueous solution [mg/L]) x 100
[0060] Example 1

Sulfonated poly(aryl ether sulfone) type polymer

(brevity code: SPN-23) obtained by polymerization of 11.5 mol%
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[ 0068] Example 9 The sane nethod as in Exanple | was conducted
except that the air gap | ength was nade 400 nm wher eupon a hol | ow fi ber
menbrane was prepared. Details of the nenbrane and the evaluated result are
shown in Table 1. [0069] Conparative Exanple 1 Sol vent was char ged
to the polynmer prepared in Exanple 1 so as to nmake pol ynmer concentration
35% by wei ght (containing a mxed solvent of NVP and EGin a ratio by

wei ght of 87:13) followed by stirring whereupon honogeneous pol yner
solution suitable for spinning was prepared. The sane nethod as in Exanple

Lo o S DS RO TR SO A8, SR il e
Tabl e 1. [QQF@JL&@H@@&QELE@DﬁgﬁﬂBBGS%mlscﬁf2,6—dlchlorobenzonitrile
(brevity code: DCBN) and 50 mol% of 4,4’-biphenol was dried in
advance at 110°C for 12 hours. After that, 71.5 parts by weight
thereof was weighed and then 123.2 parts by weight of
N-methyl-2-pyrrolidone (brevity code: NMP) and 25.3 parts by
weight of ethylene glycol (brevity code: EG) were poured into
a separable flask followed by stirring at 170°C for 3 hours to
give a uniform polymer solution having the polymer
concentration of 32.5% by weight.

This polymer solution was charged, as a dope, into a
spinning device having a plunger-type extruding function.
Temperature of the dope was kept at 150°C, and the dope was sent
to a tube-in-orifice type nozzle and discharged at the rate of
0.24 g/minute from a dope extruding annular orifice having a
slit width of 100 microns (outer diameter: 400 microns; inner
diameter: 200 microns). EG was used as an inner liquid, sent
at the rate of 0.12 g/minute using a gear pump and extruded from
the inner liquid discharging pore of 110 microns. Air gap
length was made 20 mm and the resulting fiber was dipped in a
coagulating bath comprising salt water of 3.5 % by weight
concentration. The coagulated hollow fiber membrane was drawn
at a spinning rate of 15 m/minute and wound using a skein machine
or a winder. The resulting hollow fiber membrane sample was
further dipped into salt water of 9.0% by weight concentration
and subjected to an annealing treatment under the condition
where the temperature was 98°C and the time was 20 minutes.
Details of the membrane and the evaluated result are shown in

Table 1.
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The sane nethod as in Exanple 1 was conducted except that the polyner
concentration of the dope was made 30% by wei ght (containing a m xed
solvent of NWP and EGin a ratio by weight of 80:20) whereupon a hol | ow

fi ber nmenbrane was prepared. Details of the nmenbrane and the eval uated
result are shown in Table 1. [0071] Conparative Exanple 3 The sane
nmet hod as in Exanple 1 was conducted except that the air gap | ength was
made 3 nmm wher eupon a hol |l ow fi ber nenbrane was prepared. Details of the
menbrane and the evaluated result are shown in Table 1. [0072] Conparative

Exanpl e 4 50P6lb he s§ge2nethod as in Exanple 1 was conducted except that
engt

the air ga Exﬁg nmade 700 nm and that a tubul ar heater capabl e of

heating the air di: hHEI & £iBaP MRS hASLALheflesantthaimptibel aksasppede
tenperature of the air gap was nade 100C wher eupon a holl ow fiber nenbrane
was prepar édtoDéttaby sred Bht eaursmmisr sl v ¢ hd idParnaderidsuf ¢ 8P8 shown in

Teble L LOOTE) SOIRRLApYE DAIDLE. B 1y oo T SRR oM a3, Bxarpl

obt ai ned by rpohymekinzati N Qhsldndgml ¥ ofi thidinr dbshl oeedipbeswyksul f one

di sodium salt (brevity code: DCDPS), 38.5 nol % of
membrane and the evaluated result are shown in Table 1.
[0062] Example 3

The hollow fiber membrane obtained in Example 1 was dipped
into 10% by weight aqueous solution of potassium chloride for
one night so that the counter cation (X) on the sulfonic acid
group of the formula [I] was changed to potassium ion. Details
of the membrane and the evaluated result are shown in Table 1.
[0063] Example 4
The same method as in Example 1 was conducted except that

there was used SPN-23 (X = H type) where a counter cation on
the sulfonic acid group was converted to proton by dipping the
polymer of a sulfonated poly(aryl ether sulfone) type (brevity
code: SPN-23) prepared in Example 1 into 2N concentrated
sulfuric acid for 24 hours followed by washing the polymer with
water until the water after the washing became neutral, that
a coagulating bath upon spinning was changed to a salt water
of 3.5% by weight concentration, that a step of washing with
water immediately after passing through the coagulating bath
was conducted and that hot water was used in the annealing
treatment after the spinning whereupon a hollow fiber membrane
was prepared. Details of the membrane and the evaluated result
are shown in Table 1.

[0064] Example 5

The same method as in Example 1 was conducted except that
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2, 6-di chl orobenzonitrile (brevity code: DCBN) and 50 nol % of 4, 4

- bi phenol was previously dried in vacuo at 80c for 24 hours, 71.5 parts by
wei ght thereof was wei ghed, then 123.2 parts by wei ght of

N- net hyl - 2- pyrrol i done (brevity code: NMP) and 25.3 parts by wei ght of

et hyl ene glycol (brevity code: EG were poured into a separable flask
followed by stirring at 100C for 3 hours to prepare a honbgeneous pol yner
solution of 32.5% by wei ght concentration and that the dope tenperature and
t he spinning tenperature of this polynmer solution were changed to 60C

mhereuponaa%y%ﬁé¥$f$g¥g[gﬁagg§@%e wﬁgégﬁﬂé%%rl i@&k%b@ﬁn@ﬁgrgﬁgbrane and

the eval uat'éd Fesu are own In Table 1. [0074] Conparative Exanple 6
The sanme nphbodeasrid . Examlie slomase cenduahedrexcepbvhhastéheecontent of
the sulfonic acid group in the polynmer was decreased (n - 8.9 in the

formul a [ prewheewupion T@bhe6l Low fi ber nmenbrane was prepared. Details of the
menbr ane a%logg? %\é{al u%eg result are shown in Table 1. [0075] Conparative
Exanple 7 8™8affe’ nethod as in Exanpl e I was conducted except that

the content of the suhioeRitGoacid idroupdir t ke spodydertamnsxiaet eased (n -
52.3 in the formula [I1]) and that 7.0% by wei ght of salt water was used as
a coagul at nngf bagt fioupohe $pi maisnrAsheT eiposrrerhalhbdhof ifbee T merbrane was

prepared. Details of the nmenfran nd the evalu d resul re _shown in
Fable 1. [ 0076 Comsar aciue sxanpr bogerie nt R i su8 T adef et Cra

Dai cel , LT35) (4d.parisrhymeight), 49.9 parts by wei ght of NMP, 8.8 parts
by weight of EG and 0.3 part by wei ght of benzoic acid were uniformy

di ssol ved d00%80C #xmngilee 7a dope. The resulting dope was

The same method as in Example 1 was conducted except that,
in a composition of the dope, SPN-23 polymer was made 69 parts
by weight, NMP was made 114 parts by weight and EG was made 17
parts by weight whereupon a hollow fiber membrane was prepared.
Details of the membrane and the evaluated result are shown in
Table 1.
[0067] Example 8

The same method as in Example 1 was conducted except that
the air gap length was made 10 mm whereupon a hollow fiber
membrane was prepared. Details of the membrane and the
evaluated result are shown in Table 1.
[0068] Example 9

The same method as in Example 1 was conducted except that
the air gap length was made 400 mm whereupon a hollow fiber
menbrane was prepared. Details of the membrane and the
evaluated result are shown in Table 1.
[0069] Comparative Example 1

Solvent was charged to the polymer prepared in Example
1 so as to make polymer concentration 35% by weight (containing

a mixed solvent of NMP and EG in a ratio by weight of 87:13)
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def oaned i n vacuo, extruded froman arc-type nozzle at 163C into the space
which is isolated fromthe outer air (air gap, AG and, after AG passing
time of 0.03 second, dipped into a coagul ating bath of 12C conpri sing

NVP: EG water in 4.25:0.75:95. After that, the hollow fiber nenbrane was
washed by a multistage inclination gutter nethod and shaken off when the
menbrane was still in a wet state. The resulting hollow fiber nenbrane was
di pped in water of 60C and subjected to an annealing treatnent for 40

m nutes. Details of the menbrane and the evaluated result are shown in
Table 1. [QO arat.ive Exanple 9 jper.azi 8. 062
parts by V\gf)gzg%%‘)’%n@é’ 5. .lf§183r‘f’}gg%6§/upv%ll %}Fogéﬂgg% %@%eﬁoé?)g[ﬁggﬁsul f one
were pour edyitfpfe NidF 0gemrShgeals bAtPaded00-Ther eaeoheeyuippedimi t h

ni trogen-introduci ng pipe, thernoneter and stirrer. After that, 50 parts by
wei ght of Pyrindi®d assaperabiatecr appi g dgene L el £P3 YpaPtst by 1WE ght of

N- net hyl - 2- pyrroli_done (N as a reaction solyvent re add t he

react or foF‘Per}\%‘ﬂ 6§g%l I(“eﬁ%ﬂ“?hg th%ail\hlg éj%hotnoegerﬂ%rﬁ(;ﬁ%an}ol%Ig(ljogFgAfter t he
sol ution wWas$,¢Q9t&d down «t @ aboHtwdGn 63u3421parts by wei ght of
terephthalic acid dichloride was poured into the solution and a

pol ycondengatiioh reapbireniwasEsdrariteed. It was stirred for about 30 m nutes

under cooling and for another about_ 30 'n%:ltes at oomdée erta%lfllrg. Af ter
fini shing the rextd PBRS HHEFHT o EBING 1 51 WaS " PoUred i nto 1,600 parts

by wei ght th]?\’\ggﬁl}m%xo dhak nthe: POl VoK nwas & %spimta@EegO@-% depasit ed.

After that, fine pulverization of the resulting polynmer and washing with
pure water (contgiwimg sampred prioguct oMe® sepédt éd 4 ortfioupy tiemedtso t hat
un-reacted substances in the polynmer and solvents were renoved. Finally,
the pol ymerfnd® :dP) ed G ERPPBdL 2 alPLbPY abbbfr SRR 0 H ForPEBEUEY48 hour s.

A dope conmpri si. b -pre d I 1 rt y i ,

N N0 ot Dyl eet A 08 LB T Har £8 by aet ant) oM (B 78" pas 12 by Wl ght)
anhydr ous pehlyegl ycerol (nunber-average nol ecul ar weight = 480; 3.7 parts by
wei ght) and cal cium chl ori de hexahydrate (2.75 parts by wei ght) was

di schar ged [forodmlarp%r@f(afthrféeﬁb@i‘m{e bti dge) -type nozzle (tenperature: 1300

and introduced i JLJ%%) vater foaa%gﬁ{n %}g%ngpe Qrvgaosarcgag%%gé%% -Liber, yenbrane

havi ng the outer aneter of a m crons an ' ow rate of about

30% Furtheme {0F g@ PURROS @a8inadcemMMaknet e tipén salarant: @ine rediiglareer ol
remai ning in the nenbrane, the hollow fiber nmenbrane was di pped i nto water
for one dayasnprepaytd. Detlillss of thisemererimmenendndethier levdedatet esul t are

shown in Ta}ag”lee sili'own in Table 1.

[0072] Comparative Example 4

The same method as in Example 1 was conducted except that
the air gap length was made 700 mm and that a tubular heater
capable of heating the air in the air gap was installed so that
the atmosphere temperature of the air gap was made 100°C
whereupon a hollow fiber membrane was prepared. Details of the
membrane and the evaluated result are shown in Table 1.
[0073] Comparative Example 5

The same method as in Example 1 was conducted except that
polymer of a poly(aryl ether sulfone) type obtained by
polymerization of 11.5 mol% of 4,4'-dichlorodiphenylsulfone

disodium salt (brevity code: DCDPS), 38.5 mol% of
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[0078] Details of the nmenbrane in Exanples 1 to 9 & Conparative Exanples 1
to 9 and the evaluated result are shown in Table 1.

2,6-dichlorobenzonitrile (brevity code: DCBN) and 50 mol% of
4,4'-piphenol was previously dried in vacuo at 80°C for 24 hours,
71.5 parts by weight thereof was weighed, then 123.2 parts by
weight of N-methyl-2-pyrrolidone (brevity code: NMP) and 25.3
parts by weight of ethylene glycol (brevity code: EG) were
poured into a separable flask followed by stirring at 100°C for
3 hours to prepare a homogeneous polymer solution of 32.5% by
weight concentration and that the dope temperature and the
spinning temperature of this polymer solution were changed to
60°C whereupon a hollow fiber membrane was prepared. Details
of the membrane and the evaluated result are shown in Table 1.
[0074] Comparative Example 6

The same method as in Example 1 was conducted except that
the content of the sulfonic acid group in the polymer was
decreased (n = 8.9 in the formula [I]) whereupon a hollow fiber
membrane was prepared. Details of the membrane and the
evaluated result are shown in Table 1.
[0075] Comparative Example 7

The same method as in Example 1 was conducted except that
the content of the sulfonic acid group in the polymer was
increased (n = 52.3 in the formula [I]) and that 7.0% by weight
of salt water was used as a coagulating bath upon spinning
whereupon a hollow fiber membrane was prepared. Details of the
membrane and the evaluated result are shown in Table 1.
[0076] Comparative Example 8

Cellulose triacetate (CTA, Daicel, LT35) (41 parts by
weight), 49.9 parts by weight of NMP, 8.8 parts by weight of
EG and 0.3 part by weight of benzoic acid were uniformly

dissolved at 180°C to give a dope. The resulting dope was
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[0079] As will be apparent fromthe result of Table 1, Exanples 1 to 9 well
fulfill the practical level in terns of the salt rejection rate and the
wat er perneability at the pressure of 1.0 MPa which is suitable for
wastewater treatnment. In Conparative Exanple 1, since the polyner
concentration of the dope was high, the polymer density in the hollow fiber
menbrane was increased as a whole and, as a result, the water perneability
| ower ed al though the salt rejection rate increased. In Conparative Exanple
2, since the polymer concentration of the dope was | owered, the salt
rejection rate becane | ess than 93% and that is _not suitable for,wastewater
tr eat ment . SFHC i dral PTEC EXEHPINESS, %f?f& asrbiaﬁrﬁ_ﬁ&p\?varslo%:zo];edl?%t étggbcg/vanaki ng
the air gap,as (3hocha8S B iR apdi 4. deesabbnWas bhatrtdie akit g&pection
rate | owered and no expected properties were achieved. In Conparative
Exanpl e 4, A@l rarghp akasr nd@es#60 nant inhecatndSphespedt ehipdcsdt drecid the air
gap was made 100C and the result was that there was noted significant
lowering i RCRHELEEINT r fa8dt i Y r at e Cand IRt Hé "Hat é’F“PpEi?rﬁ%af\%?ﬁ ity In
Conpar ative Exagipie o5, anhold ouef i bek HRNBLaNe,LOMR. SR NORasHEd Onat ed
poly(aryl ether sulfone) was used and the result was that the pore size in
t he nmenbr ane becanestaggerandnaoisalJutrteirenetoed rrade shhakemcttifeveedn | n
Conpar ative Exanples 6 and 7, n of the fornula %I for them made

out si de t h&DF JIRIPIFYH t2andt bt sitdé PRE Pt | FATtE S TESpech }Qgiﬂ?ﬂf of the

range of the _present inventi d, the.result | ses,

al t hough t Eébgﬁtmeermbﬁgp meabi Id?LE5 ff%\%}valsrE ew%ﬁggcg%j ,6 Orﬁzai%?%bgé?%%ﬂt%ng?at e was
si gni fi canthyeinfef iOfeathanConparat mieuExanpltetdila dbldrewrkmbernaenbr ane
conprising cellulose triacetate was used but the Yi eld strength retaining
rate concePRfngh¢ yalesitsfanggutb 2&8 I dRef8B8land the result was t hat

the resist Bg%to c%l kal L. vas égn‘%’ i0f;. I'n Conparative Exanple 9, ahollow

fi ber nmenbrane orrprm glrﬁal\f)ol yam'de was used but the yield strength

retaining rate coNGeIMURYpPersLsist@ncet vactd ari reighgnidricant.Ly | owner ed
and the result was that the resistance to chlorine was inferior. Industrial
Appl i cabi | PeYtE(080%1 9P taof dver’se 168#HDIF sPbrand O8f He Breseht 1fnventi on,
since both salt rejection rate.and water perneabi ieved in a

hi gh | evel % n"sPi 1% of SETHY t A& “Raterival's ha%elancgtlolé:;gg lg%?ecr esi stance to

cheni cal s, i heogEADI AN 184l e puselubrhofetdhie yast evaterr .t reatrent .
that, 50 parts by weight of pyridine as an acid trapping agent
and 470 parts by weight of N-methyl-2-pyrrolidone (NMP) as a
reaction solvent were added to the reactor followed by well
stirring to give a homogeneous solution. After the solution
was cooled down to about 5°C, 63.342 parts by weight of
terephthalic acid dichloride was poured into the solution and
a polycondensation reaction was started. It was stirred for
about 30 minutes under cooling and for another about 30 minutes
at room temperature. After finishing the reaction, the
reaction solution was poured into 1,000 parts by weight of water
so that the polymer was precipitated and deposited. After that,
fine pulverization of the resulting polymer and washing with

pure water for giving a pure product were repeated for four times

so that un-reacted substances in the polymer and solvents were
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CLAI M5 1. A reverse osnosis nenbrane for wastewater treatnent
conprising a sul fonated poly(arylene ether sulfone) polymer containing a
constituting conmponent represented by the following forrmula [I],
characterized in that, in a proton nuclear magnetic resonance spectrum
where water nol ecules in the nenbrane are neasured using the reverse
osnosi s nenbrane in a water-containing state, the relation between the
chem cal shift A (ppm of spectral peak top derived from bound water and
the chem cal shift B (ppm) of spectral peak top derived from bul k water

satisfies geBméveod .362“ir'$al<l}§,8t_heop§lo§)nier wa%odor_i%d with hot air of about
80 to 100°C for about 48 hours.

A dope comprising the above-prepared polyamide (37 parts
by weight), N,N-dimethylacetamide (57.11 parts by weight), NMP
(5.79 parts by weight), anhydrous polyglycerol (number-average
molecular weight = 480; 3.7 parts by weight) and calcium
chloride hexahydrate (2.75 parts by weight) was discharged from
an arc (three-point bridge)-type nozzle (temperature: 130°C)
and introduced into water of about 10°C to prepare a hollow fiber
membrane having the outer diameter of about 165 microns and the
hollow rate of about 30%. Further, for a purpose of removal
of the solvent and polyglycerol remaining in the membrane, the
hollow fiber membrane was dipped into water for one day and night.
Details of the membrane and the evaluated result are shown in
Table 1.

[0078] Details of the membrane in Examples 1 to 9 &
Comparative Examples 1 to 9 and the evaluated result are shown

in Table 1.
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wherein X is Hor a univalent cationic species and n is an integer of 10 to

50. 2. The reverse osnosis nenbrane according claim1l, wherein

| ogarithm c viscosity of the sul fonated pol y(aryl ene ether sulfone) polyner
is 1.0 to 2.3 dL/g. 3. The reverse osnosi s nmenbrane according to
claim1 or 2, wherein content of sulfonic acid group in the sulfonated
poly(aryl ene ether sulfone) polyner is 0.5 to 2.3 neq/g. 4. The

reverse osnosi s nmenbrane according to any of clains 1 to 3, wherein no

crystallization peak is observed in the observation by differenti al
scanni ng calorime‘try.c\I | @ S. If%,rqugsg asimsji nepbriane, acgording to
any of claing §|tD &, wherlefn 3 he |reyerse| esmsiss| fefoy anes | € |ag hol | ow
: g . : :
fi ber menbraneihaving i nhner dianeter|ofl 70 to 100 km and {ouf er] dianmeter of
feo)
140 to 175 gm s o
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wherein no pore

6. The reverse osnosis nenbrane according to claimb,
in a wall
surface of the hollow fiber

havi ng di aneter of not

t hi ckness

menbr ane.

| ess than 10 nmis observed

7

within 1 kmfromthe outer

wherein the yield

The reverse osnosi s nenbrane according to claim5 or 6,
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strength in a wet state is from4.5 MPa to less than 9.5 M
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[0079] As will be apparent from the result of Table 1,
Examples 1 to 9 well fulfill the practical level in terms of
the salt rejection rate and the water permeability at the
pressure of 1.0 MPa which is suitable for wastewater treatment.
In Comparative Example 1, since the polymer concentration of
the dope was high, the polymer density in the hollow fiber
membrane was increased as a whole and, as a result, the water
permeability lowered although the salt rejectionrate increased.
In Comparative Example 2, since the polymer concentration of
the dope was lowered, the salt rejection rate became less than
93% and that is not suitable for wastewater treatment. In
Comparative Example 3, the spinning was conducted by making the
air gap as short as 3 mm and the result was that the salt rejection
rate lowered and no expected properties were achieved. 1In
Comparative Example 4, air gap was made 700 mm, the atmospheric
temperature in the air gap was made 100°C and the result was
that there was noted a significant lowering in the salt
rejection rate and in the water permeability. In Comparative
Example 5, a hollow fiber membrane comprising non-sulfonated
poly(aryl ether sulfone) was used and the result was that the
pore size in the membrane became large and no salt rejection
rate was achieved. In Comparative Examples 6 and 7, n of the
formula [I] for them was made outside the lower limit and outside
the upper limit, respectively, of the range of the present
invention and the result was that, in both cases, although the
water permeability was enhanced, the salt rejection rate was
significantly inferior. In Comparative Example 8, a hollow
fiber membrane comprising cellulose triacetate was used but the

yield strength retaining rate concerning the resistance to
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alkali lowered and the result was that the resistance to alkali
was inferior. In Comparative Example 9, ahollow fiber membrane
comprising polyamide was used but the yield strength retaining
rate concerning the resistance to chlorine significantly
lowered and the result was that the resistance to chlorine was
inferior.

Industrial Applicability

[0080] In a reverse osmosis membrane of the present
invention, since both salt rejection rate and water
permeability are achieved in a high level in spite of using the
materials having excellent resistance to chemicals, the

membrane is quite useful for the wastewater treatment.
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CLAIMS

1. A reverse osmosis membrane for wastewater treatment
comprising a sulfonated poly(arylene ether sulfone) polymer
containing a constituting component represented Dby the
following formula [I], characterized in that, in a proton
nuclear magnetic resonance spectrum where water molecules in
the membrane are measured using the reverse osmosis membrane
in a water-containing state, the relation between the chemical
shift A (ppm) of spectral peak top derived from bound water and
the chemical shift B (ppm) of spectral peak top derived from

bulk water satisfies (B - 0.36) < A < (B - 0.30):
X0,8 S0,X

O OOt OO~
L

n 100-n

wherein X is H or a univalent cationic species and n is
an integer of 10 to 50.

2. The reverse osmosis membrane according claim 1,
wherein logarithmic viscosity of the sulfonated poly(arylene
ether sulfone) polymer is 1.0 to 2.3 dL/g.

3. The reverse osmosis membrane according to claim 1 or
2, wherein content of sulfonic acid group in the sulfonated
poly(arylene ether sulfone) polymer is 0.5 to 2.3 meq/qg.

4. The reverse osmosis membrane according to any of
claims 1 to 3, wherein no crystallization peak is observed in
the observation by differential scanning calorimetry.

5. The reverse osmosis membrane according to any of

claims 1 to 4, wherein the reverse csmosis membrane is a hollow
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fiber membrane having inner diameter of 70 to 100 pum and outer
diameter of 140 to 175 um.

6. The reverse osmosis membrane according to claim 5,
wherehnnoporehavingdiameterofnotlessthanlOrmlisobserved
in a wall thickness within 1 um from the outer surface of the
hollow fiber membrane.

7. The reverse osmosis membrane according to claim 5 or
6, wherein the yield strength in a wet state is from 4.5 MPa

to less than 9.5 MPa.
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