DESCRI PTI ON COWPCSI TE SEPARATI ON MEMBRANE TECHNI CAL

FI ELD The present invention relates to a conposite

separation nenbrane which has excellent chem ca

resi stance, separation performance, and water

perneabi lity. BACKGROUND ART Conventi onally,

separ ati on nmenbranes. whi ch have been used

i ndustrially include an asymretric nenbrane from

cellulose acetate (foprgexepmpi®@y Patent Docunment 1)

However, this nenbrane has problens with hydrolysis

resistance, @grOPi At sEESSEENEME@igang and 1s al so

insufficient in salt renoval rate and water

pernmeability. Therefore, the cellulose acetate

asymmetric nmenbrane has not been put to practical use
reChEt Aﬁ]FfﬁﬁBde range of applications, while the

neﬁ%rane as been used for sonme applications. In

to correct_these deffcts osite

e etsi ko v et e iR £ & R srparation

coated w a separation unction layer which is a |

MEMB Fe PETHE &r Peiﬁrangus ?Iﬁﬁ??gl ¥?/S¥?E%Tb%%rsiscﬂpé‘rfad}lon
~menbrane separation perfornmance has been created as

Per P NGt ivH e amRE AN differs fromthe

asymmetric menbrane in terns of configuration. In

the case of the conposite separation nenbrane, it is

possi ble to select an optinmummaterial | for each of
BACKGROWBHEpaR i on function |layer. and the m croporous

supporting menbrane, and a variety of methods can

al swrbesrgelogetldd/, separationmembranes which have been used

industrially inclgde an asymmetriq membrane from cellulose
acetate (for exaﬁplé; Patent Document 1}.- However, this
membrane hés problems withyhydrolysié resistance, microbial -
resistance, etc., andjjsalso.insufficientjjlsalt removal rate
and water permeability. Therefore, the éeilulose acetate
asymmetric membrane has ﬁot beenIpr to practical use yet in
a wide range of appliéations; while the membrane has=been used
for SOme‘applications;

In order to correct these defects, a composite separation
membrane which has a‘porous membrane coated with a separation
function layer which is a different material and substantially
respénsiblefornmmbraneseparationperformancehasbeencreated
as a separation membrane which differs from the asymmetric
membrane in terms of configuration. Inthe case of the composite

separationmembrane, it ispossiblie toselect anoptimummaterial




for the nmenbrane form ng technique. Mdst of conposite
separati on nenbranes which are currently commercially
avai | abl e have a nononmer subjected to interfacia
pol ycondensation on a porous nenbrane, and a
pol yam de is used for the separation function |ayer.
Speci fic exanpl es thereof include Patent Docunent 2.
These conposite separati on nenbranes provide higher

for @eeal bRat hensfeifof TN GRinANGhilgher ¥a§efhe microporous
pernmeability at the sane tine, than the cellul ose

supSal A En ey PRRL | he dHBNDF Bdey o £ HRMBVERIS, ca3HENs@be selected

conposite separation nenbrane using a pol yam de

for ;et}% l&l‘%ﬁtgasﬁ}l@@f kaas,dnpdd SRR e@akempeggt_&hus

Insufficient chemcal resistance, and it

i . - o i i f e .
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degraded due to treatment. with _chlorine hydr ogen
P8 BRIGRS et 127 °F 674 gk 1t S 2R 1 6hOBRoL e LT on @

menbrane. In that regard, for .exanple,_ .in Patent .
POT L R 25 Bnd Phert DOBEReAS 4G 08 St e A L on
made on a separation functign Iaéer obt ai ned bé '

fungfeiGedvAtg  aPFFAYE Ch&L8APLERpbURAS ORI BRLIHEE RRGRNT
- general versatility for the nenbrane formng
Documggtinique and has a wide range of selectivity for
~raw naterials. However, the conposite separation ,
mefAcate qPradeddd Wiena natd ars g rangisnpirovigee i gher
. conpound as described above has excellent chemcal 2
desaldsiagtiamcperifornancharaity hhgheai wa t datpeginehéri ludtyeat the
perneability or separation performance is
sames Ufifnegi eénfan the cellulose acetate asymmetric membrane.
Howeverpsuchaicompositeseparationnmmbraneusingwapblyamide
~includes an amide linkage in its main chain, and thus still has
insufficient chemical resistance, and it is known that the
desalination performance and selective separation performance
are significantly degraded due to a treatment with chlorine,
hydrogen peroxide, etc., for use in sterilization of the
membrane-.
Inthatregardtforexample,inPatehtDocument3andPatent
Document 4, while studies are made on a separation function layer
obtained by polymerizing a vinyl based compound, which has high
general versatility for the membrane forming technique and has
a wide range of selectivity for raw materials. However, the

composite separation membrane produced with the use of a vinyl

based compound as described above has excellent chemical



On the other hand, in Patent Document 5, Patent
Docunent 6, Patent Docunent 7, and Non-Patent
Docunent 1, techniques are known for forntng space
in a nenbrane containing therein a polyhedra

si | sesqui oxane whi ch has a three-dinensionally
steric structure, and for exanple, Patent Docunent 5
discloses a multi-layer filmwth a polyhedra

resSHa3RSGUL ©a0eL £PAT R éwld FRARrane 04 edr P rdheability
transparent base material; |ikew se, Patent Docunent

or s(éé%y edeﬁie%eaim&%%arl%t Iﬂf%@e whi ch has a

sesqui oxane m xed wth a single-I|ayer
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1d I t nb
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pol ystyrene. However, the gas separatlon nenbranes
poly ot HFARIAIRAR RETS NG 1A ddmas ArsRSiarer 1Y
‘perneability are not able to be used as separation
stemgnBEgResursr aRd &ont pEaTReAL SEa btalse ugepar adigrloses
menbranes for water treatnents are required to
a mugat r$eyeal filt widher pogemmshisill BiysesapaprghorFontaining
performance, and physical durability and chenica
membciarehf b rhyd ohRat eabsDecene s sHmak Srifht énkeNdse, Patent
3,133,132 [Patent Docunent 2] U.S. Patent No.
Docubneit’ 6344 s B dRat entgdBoaarenta t3]on] apanese sPathdanth has a
Application Lai d-Open No. 2000-117077 [ Patent
polmntsﬂseapﬂme%uemd ApadH CaatSlﬁmﬂ.ea-llda-y@ie@aNO
separatlonnembranenmdecﬂfare51n;PatentDocument'7dlscloses
a filtration medium which has a base material coated with a
polyhedral silsesguioxane containing polymer; and Non-Patent
Document 1 discloses a gas separation membrane with a polyhedral
silsesquioxane introduced into polystyrene. However, the gas
separation membranes described above which have significantly
low Watér permeability are not able to be used as separation
membranes for water treatments, because separation membranes
for wéter treatments are required to satisfy all of water

permeability, separation;performancé,Eﬂuiphysical durability

and chemical durability.

[Patent Document 1] U.S. Patent No. 3,133,132

[Patent Document 2] U.S. Patent No. 4,277,344



2004- 17002 [ Patent Docunent 5] Japanese Pat ent
Application Laid-Qpen No. 2000-334881 [ Patent
"Docunent 6] Japanese Patent Application Laid-Qpen No.
2008- 530312 [Patent Docunent 7] Japanese Patent
Application Laid-Open No. 2008-515668 [ Non-Patent
Docunent 1] H Ri os-Dom nguez, another three,

"“Journal of Menbrane Science", 271, (2006), :-p. 94-100

[ Pa tIn3ChO8WREN OF3 THE: J IMNENT QN eRr-oabe M 8t bén ST Mecbdsn No.

the invention Therefore, an object of the present

2p00dAvemion is to.obtain a conposite separation
menbr ane whi ch has excel |l ent chem cal resi stance and

o Lghs s . o ; o _
B i e L T
>g0ResRM i nvention for solving the problem descri bed

above is achieved by the followi ng aspects (1) to

4).. 1) A [ [ havi .
ool A SO OBI PSP AT ETBLAE R Gen vo.

nmenbr ane, characterized 4 in that the separation
200%1#%%%5;1 | ayer contains at |east a polymer of a

pol yhedral silsesqui oxane represented by the _
[Pateqtt] BarREeRgehbraPasSRIFZ *Ea)t 4RBL ARy dPBpta1dCpen No.
mononer. (R Si OL, 5)n(RZSi OL. 5) m General Fornula (a)
2008+4330%He formula, R includes a polynerizable reactive
nmoi ety; , '
[Patent Pocument 7] Japanese¢ Patent Application Laid-Open No.
2008-515668
[Non—Patent_Documeﬁt 11 H. Rios-Dominguez, another three,

“Journal of Membrane Science”, 271, {2006), p. 24-100

DISCLOSURE OF THE INVENTION
Problem to be solved by the invention

Therefore, an object of the present invention is to obtain
a composite separation membrane which has excellent chemical
resistance and satisfies high séparation.performance and_high

water permeability.

Means for solving the problem

‘The present invention for solving the-problem.déscribed
above ig achieved by thé following aspects (1) to {4).
(1) A composite separation mémbrane having a separation

function layer on a porous supporting membrane, characterized



R2 represents a hydrogen atom or an al kyl group,
which may be substituted with a substituent; and ri
and m each represent an integer satisfying n > 2 and
m> 0, with n + mbeing 8, 10 or 12.) (2) The
conposi te separation nenbrane according to (1),
wherei n the porous supporting nenbrane has an average
pore size of 1 to 100 nm (3) The conposite '

in tEepahat & Ok renbsafenateend gt 8ot ddins \Wel &h s b lymer
separation function |layer has a thickness of 500 nm

of é”pdf?ﬁ%dﬂé@-éﬂm%ééﬁﬂﬁﬁﬂéd%5¥§5¥é§édﬁédm&@ﬁﬁﬁ?follqwing
according to (1), Wwherein the hydrophilic nononer is

gendh ACHSAIPNONRY). o Viant:p0eous: I d eCinffe t he

I'nvention According to the present invention, a

, AN t nb irded which
CoeSt 2 EBRIElN ToTDERE ganeeyRig i v

has excef' resi stance an

rmeabi lity, .and t-he industrial. i venent.s. of : :
(10 BB EPTBA A FUMm g K6t PedUCEi onTH cost. . andoiety:

> _ener avi are expected through_the use of.this

R rRRESPARES B BT AT0E FOR CARRYPIGYEUF TRE: | VRN P
A conposi te separation nmenbrane according to the

Subgridddft® YilhPeft FORSFHERGARS 3PS parst Mof FantRigreent an

. layer which has a_fluid_separation function such as

int gy |Satdsitad e i 6r AuAte Bre Vit e thpdr fembbeing 8, 10 or
performance and a porous supporting nenbrane for

12.)supporting the separation function |ayer. The
separation function layer is characterized in that

{2) The composite separation membrane according to (1),

wherein the porous supporting membrane has an avér’age pore size
of 1 to 100 nm.

(3) The composite separation membrane according to (1),
wherein the separation function layer has a thic’knes’_s of 500 .
nm or less. | |

(4) The composite separation membrane écCording to (1),

wherein the hydrophilic monomer is an acid monomer.

Advantageous EffectAof the Invention

- Accordingtothepresent invention, acomposite separation
.membraneCanbeprovidedwhichhasexcellentchemicalresistance
and water permeability, and the industrial impro_vement-s. of
reductien in r-ﬁnning cost, reduction in cost, and energy saving

are expected through the use of this membrane.



it contains at |east a polynmer of a polyhedra

si'l sesqui oxane represented by the foll ow ng genera
formula (a) and a hydrophilic nmononer.

(R SiOL.5)n(R2Si O1, 5) m General Formula (a) (In the
formula, Rl includes a polynerizable reactive noiety;
R2 represents a hydrogen atom or an al kyl group,

whi ch nmay be substituted with a substituent; and n

h Nt isfying n ? 2 and
BESTa@Jg)DgJ TRR CHERARE :té')luﬁ“TgE 81%’1\11%?@ ying n
' yhedral i | sesqui.axane S
T fhe ty}ornerf)uraesen %&%%ié?eﬁfgén regent
reactlve |ety ‘whi ¢ ahl e he
VR O AHEr T A PO hEaP AT Lht B%&%a%élmd
bonded to the hydrophilic nmononmer with _two or nore
sepagiy t3.0p) TRBGEL PO HOR Gt g8sPhLBPFOSBPEREY BRI VRET Water
forma cross-linked structure, thereby resulting in
permenpidvéneRer [ormpREer et st RAGEUFOS WPRIBF LAY gieiirane for
variety of solvents, in particular, water. In the °
suppeaseé ngf t@%@;@@raataité@m@mcéﬁ@nodﬁmemd by
pol ymeri zing a hydrophilic nmonomer singly with a
polfykedepbrabishnl §esquioraheyéncl sidinmrantamwarsd ve that
nmoi ety, the structure of the separation nmenbrane is
it cohanged by vl iangodependbiga grotdiedtaidsdilielsiquibgane
of the hydrophilic nmononer, or by-elution, and there

repreSchitesl egnegren fohalowtihe rcyéﬁlf@ﬁ:arle feeparlat (@) and a
performance w || be degraded. Therefore, the

' hydf%%gqqqklggngﬁggrane conposed of the polyner of the’

pol yhedral sil sesqui oxane and hydrophilic nononer

COMRE Pohaye p?%tlb?rgel y hi obeMBEST PEFAREDI LAfY
{(In the formula, rR? includes a polymerizable reactlve moiety;
R? reip're.se\nts a hydrogen atom or an alkyl group, which may be
;Bubsti_t'uted with a substituent; aﬁd n and m each represent an
integer satisfying n 2 2 and m 2 0, with n + m being 8, 10 or
12.) |

In the polvhedral silsesquioxarne for use in the present

inve:ntion, the moiet‘y.repre\ser.lted'by R* represents a reactive
mé-iety whichispolymerizablewith the hydrophilicmonomer. The
polyhedral silsesquioxane bonded tothe hydrophilicmonomer with
two or more (n 2 2) reactive moieties interposed therebetwee_n
form a cross-linked structure, thereby resulting rin improvement
of the resistance to dissolution in a variety of solvents, in

particular, water. Inthecaseofaseparationmembrane obtained

by polymerizing a hydrophilic monomer singly with a polyhedral



performance with a conbination of voids at the

nmol ecul ar | evel, which derives fromthe
three-dinensionally steric structure of the

pol yhedral silsesqui oxane, and the inprovenment in
hydrophilicity wth the hydrophilic nmonomer. In the
pol yhedral sil sesqui oxanefor use in the present
invention, the n and min the general formula (a)

r S n t n 2 ﬁnq _
311§§%%¥%§§%§% gﬂElﬁ?EQ dé@%%&u%ﬁjg§k¥6ggy 1Ehg réeyre of
akes e val ue 0
the 55?%#@% AR, et o Hanel B BBl coe
er..and a sufficient thin filmformati proper -
by epar fisﬁw%fn%&%ﬂlﬁ gg?@PmegndOFﬁ%v QS an
i nventi on thus produces desired effects. '
thengyifi @m%ﬁomﬁé%h% eﬂ}%me@Fﬁggswm%O%%fﬁr@%ce
= 8, which is referred to as T-8 sil sesqui oxane,
w1llpb@diﬁ%rsaqﬁai 1 i Eheaetprii ghh @ Freera trGMPRRr 23y iogposed
structure in the present invention, and is thus the
of thegtolypreaf ef atmeep@higbadﬁéhtmﬁsfqequa@@ ang@ydrophilic
respective values of then and mdeternmine the :
monaEt entner atd drabet wesreRE landh iR iwa tehre ppoimglabdEalt v7
si | sesqui oxane. The introduction of R increases the
per feamposid wbbhratovabohathenreaobide awitdékeymabhechlas level,
pol ynerizable w th the hydrophilic nononer, whereas

whidm8el D{EodUEdn @Meofh Ree-dNtd0ab@sal he seerpesstiofture of
ratio of the nonpol ynerizable noiety. Thus, the

the VW14gE B2 1n BN IBHEAND R P RITRP HH eJnx;rdﬁtearemmaeh
ependi ng on desired performance to be obtained, as

hydn i 16&%&%@:%\'%9%@}5&&&5}%1@@ iR ement s

In the polyhedral silsesquioxane.for use in the present
invention, the n and m in the genheral formula (g) each.represent
‘an infeger Satisfying n22andm2 0, and the n + m needs to
be 8, 10 or 12. The n + m which takes ﬁhe value of 8, 10 or’
12 brings about sufficientrhOmogéneity for the separation
functién layer and a sufficient thin film formation property
for the separation function layer, and the present.inﬁention
thus produces desired,effects. In particular, the polyhedral
silsesqguioxane with n + ﬁ ='8;.which is referred to as T-8
silsesquioxane, produces particularly hiéh effects\from its
cubic structiure in the present invention, and is thus thé most
preferable embbdiﬁent. |

In addition, the respective values of the n andmdetermine

the content ratio between R' and R® in the polyhedral



Exanpl es of Rl include, but not limted to, a vinyl

group, a vinyl halide group, a vinyl ester group,

ot her vinyl derivatives, an acrylic group, a

met hacrylic group, and other acrylic derivatives. In

addi ti on, anong these, conpounds containing an

acrylic group, a nethacrylic group, or other acrylic

derivative are preferable as RL in terns of
sil{polginerdazal.l omher @actbduty ioandfcrhpiounts: cont@iai ng

a methacrylic group which is poorly hydrolyzed are

- comPAitdiGH aat Vo prref ekl difre ﬁ@ﬂ@t?fwhltc&elg@@myﬁ@lrlzable
' durability of the nenbrane. The kyl group

witH eNL3ER-egnRY i R2nBRY ke, awﬁggaaghﬁhghﬁh@ro&h&wion of R?
group or a branched-chain al kyl group, and be

SURSI L e Lh 3 8UDSLI & Uenine SBAS) %ﬁ@i:lyab]lje moicty.
. exanp es o i nclu a hy rogen
Thu 5g,r 3#%1 rilu%t h¥3| 9 YRy of WY eo %%g%%)’ r%%%&gt ﬁeltﬁrmlined

y §roup,” &nh 1 Sopropy exy

e RS
o o LR B MR 8 SlelSo propy oroue,

use in the present =S invention may be an article on.

t hEXFEPREE of Rca]rPCb]élcﬁﬁroHHEe‘bOt #ﬁmé&‘@@rib%né‘e"wll’% gg oup,
_ known synt hesi s .net hod. For exanple, a

a viryl Bab{de 0xaHe  cont Ay heh§ea m%&‘sﬁp%vgw& gegavatgves,
and m= 0 in the general forrmula (a)) is sold as

- an agvmtilagcoyloupeSs mertdgicstydried amoabe mankl) bthegmacrylic

Si gma- Al drich Japan. As. the known synthesis nethod,
deriastdescr.i bed additoonexamphe, thlkeganeserateist containing
_ Application Laid-Open No. 2004-143449, 3-nethacryl oxy
an amrqﬂyﬂo group, a methagrylic group, Or other acrylic |
derivative are préfér--a‘ble as R' in terms of pol-ymerizétion
‘ réactivity, and comﬁounds cgntaining a methacrylic group which -
is_po'o.rly hydrolyzed are particularly‘pref_erable in terms. of
the chemical durability of the meﬁbrane.

The alkyl group repre'éented by R? may be a straight—chain |
alkyl group or a branched-chain alkyi_ group, and may be
~subs”é:ituted with a substituent. Specifically, examples of R?
include a hydrogen atorﬁ, a methyl group, an ethyl group, a
cyclepentyl group, a cycldhexyl group, an isopropyl group, a
2-ethylhexyl group, a 2;Chloroeth-3,rl group, a met‘hacryioxy‘pr-opy'l
group;- an allyl group, a 3-aminopropyl group, a 3.'—mer-c_ap-topro_pyl
group, a 3-glycidoxy propyl group, and a phenyl group.

The polyhedral silsesquioxane for use in the present



trimet hoxysilane is hydrolyzed and partially
condensed in the presence of an polar organic
sol vent and a basic catal yst, and the hydrolysis
product is further condensed again in the presence
of a nonpol ar product and a basic catal yst, thereby
allowi ng the polyhedral silsesquioxane to be '
obt ai ned. The hydrophilic nononer for use in the
, resent inyention_.needs 1o ir ophi |.i-c :
vy B Bt T Vet 8y C T artd s Uil S BeBRkced
) bonded to the_ polynerizable reactiv i et f
in aSTHERS “ATFo8s KIPBRARED PRS AT Tane. ¢ fpr Txkite, a
~_hydrophilic nononmer needs Lo_be a_nonhoner cqp%ein%pg{_
5115 IBHPENR GHTA-BrdEr @ PELPREF¥ALE PheURefRcT V&R ™ =
wat er perneability when the conposite separation
0 inmeisr aseara ludedniige s@dar dtS G st 38 solekaeR Yar FPRe
l'i ke. This hydrophilic nmononer may be a conpound of a
( regsitarta nyivt t chaemanbhd FEercordred T HrChéera®- atfont b kaown
conpound which has a hetero ring structure. These
. synihadricphiethod porodessribag e fsedximpgley, Japanese Patent
mul tiple types of the hydrophilic nonomers can be
Applusect ioh cenbi-uakinoNo . Theo hel 68642t ommetrled arynigans propyl:
atons ot her than carbon and 9 hydrogen atons, such
trin@S HRIkyBaYIGeRE akORYdao i teaga ataomiad Iyutbudenaeomn the
and a phosphorous atom Anbng these hetero atons,
presMFORR L GIMNoRGEGeNEBLREAY atd leBakioneatsel wet ednd
fromthe group consisting of an oxygen atom a

the ﬁ{é&fgggg%ﬁgg%u%@q ArsHAYF coabiemsata rief Bf ak@resence

caus effect described above is extensively

or RUEL: LIARELL LA o WIEL oot praups pcant el g
the polyhedral silsesguioxane to be obtained.

The hydrlophilic mon’ome_r for use in the present invention
needs to be a hydréphilic monomer including a reactive moiety
which ‘is able to be bonded to the polymerizable reactive moiety
of the polyhedral silsésquioxane. Inaddition, t.he hydrophilic
moriomer needs to be a monomer contaiﬁing a_hetero"ato'm in order
to increase the selective watér permeability when the cémposite
separation membrane is used for ‘separatiOn of a soluticn or the
like. This hydrophilic monomer may be a clompound of a
straight-chain monomer containing a hetero atom or a compound
 which has a hetero ring structure. These hydrophilicmcﬁnomer_s
may be used singly, ormultiple t-ypes of the hydfophilic monomers
can be used in combination.

The hetero atom herein means atoms other than carbon and



functional groups include an al koxyl group, a

-car boxyl group, a carbonyl group, a keto group, an-
ester group, a carbonate group, an am de group, a
sul fone am de group,. a cyano group, a formyl group,
a hydroxyl group, a nercapto group, an am no group,
an imno group, an al kylthio group, a sulfinyl
group, a sulfonyl group, a sulfo group, a nitro

hyd B QUP a t BB 1hRIP2 §1-0UPxy G BEREAY, a AhO¥Bged dtHmeh hel fur
group, and a phosphoester group. Above all, when the -

aton Othd &f Al dddie o ddle SRERGSEREse58BAEALI Qllons,

_ ed in terns of resistance
nyar QNG b8V OBIELL £: fynGt h R08L SHOURLRLELAY ADLY che
contains™ an aci gr oup contai ni'ng nononer which is
an aci d -group.. These ‘aci rQup. cont ai nLng monpner _
arolfy 635k L5 i e 4 Tt abrd ARG HePl, ARPER L rur
Preferabl e acid groups are a car boxy roup, and a .
2 tor 1% IHRAR SR HELEs o o oy s SRR 32p0Ents
an ester for, or_a salt form These npnoners can
extezpTireR Y RiPduwsiedor é Tadfdi§r6kps T UBRE RBRONEFSUPS
containing one to two acid groups are preferable. =
contRrigtigrabire a¥oNoAer BeBbAPRPAI APOES carBdrydhlgr dupirophilic
i ncludes, 10 for exanple, a maleic acid, an acrylic
fundcdciatja la gmeipsc i pEilvdacia, a1 lkep e layrdiox y et hsh O ack Proe ,
acid, and a 4-vinyl benzoic acid. Preferable nononers

a cacbob @l mirogpa skkfo greogp dmektde grfcup, @xampbeata group,
vinyl sulfonic acid, a styrenesulfonic acid, or

an advi(eethacpy| amude)qropylideugtonpe aciydnoAsraupptdidobrmyl
for the polynerization of the pol yhedra

grou,| sesguirexgnegandp he dyrgpty lgrouppnenesmiibeyroup, an

pol yneri zati on |
imino group, an alkylthio group, a sulfinyl group, a sulfonyl
gfoUp; a sulfé group, a nitro grdup,_a nitroso group, aﬁ ether
group, a thioether group, and a phosphoester group.

Above all, when the long-term stability of the composite
sepqration membrane is considered in termé of resistance to
fouling, the hydrophilic functional groﬁp preferably contains
an:acid.group containing monomer which is an acid group. These
acid group containing'monomers are also referged to as acid
monomers hereinafter. Preferable écid groups are a carboxyl
group and a sulfq group, and these groups may have an acid form,
an ester fbr, or a salt form. These monomérs can contain two
or more acid groups, and monomers.cOntaining one to two acid
groups are preferable.

Preferablemonomers containing a carboxyl group includes,

10



can be carried out by a heat treatnent, )

el ectromagnetic wave irradiation, electron beam

irradi ati on, exposure to radiation, and plasm

irradi ati on. The el ectronagneti c wave herein

includes infrared rays, ultraviolet rays, X ray,

andyray. While an optinmum sel ection of the

pol ynmeri zati on nmethod nay be nade appropriately

dependi ng on.the structure of, the mpnangr . .
fox GERRRCE v oL e et SR iErTTad BRtbpoayhigacid.

tr.eat ment nd el ect.romagnetic ves, i.s. ferahle in

2 21 B ST WP CObLe e NG ol B R G Dy eLd-
infrared rays or ultraviolet rays is nore preferable
andiiE Qe oRapHee s & GRAVES DI 1 e LERSEEO Bt 1AELHART yor
carrying out polymerjization with the use of infrared

exanmles or UHavdwHaniayacidhes & 1 RS SPHREes d&ifot °r
have to selectively generate these |light rays, and

3- (nethamnougidds)gramiel sughnisordies t o generate |ight
easy including these electromgnetic ways. However,

t hé\sstar engthodffdthede et lootaromegnietn o findVnes dod yhedral
preferably higher as conpared with electromagnetic
silswesasi dxarad hed tey aemgbhildngeyndmet ethes mflymdre zation
ability to reduce the polynerization tinme and contro

can tHhe cakk ipel yiRr bzaki BRacondisteast, Rrdderomddieetic wave
el ectromagneti c waves used for the polynerization :

i rré@h e generat ednfom arhabegen ohap @ enes rddimsion,
a W lanp, an exciner |anp, a netal halide |anp, a

and \r@.r ndas fdHoesaent tham) <2 chRhednhk thidMavet Gerein
ile the strength of the el ectromagnetic waves is

iR R LB D 0= 8 R e s o010
an optimum selection of the polymerization method may be made
appropriately depending on the structure of -t'he mo'nomer,
productivity, cost, etc.., polymerization by a heat treatment
andelectromagneticwaves is 'prefer.able intermsof rﬁnning cost,
etc., and polymerization by infrared raye or ultraviolet rays
is more preferable among electrdﬁagn-etic waves. In the case
of actually carr.ying out polymerization wit}ﬁ the use of iefrared
rays or ultravielet rays, these light sourees do not have to
selec_tiveiy generate these l1ight rays, and it is enough for the
light sources to generate iight easy including these
electromagnetic ways. However, the strength of these
electromagnetic waves is preferably higher as compared with
electromagnetic waves in other wavelength range, in terms of

the ability to reduce the polymerization time and control the



pol ynerized - with each other, |ow pressure nercury

| anps and excinerlanps which are capabl e of
short-wavel ength ultraviolet irradiation with a high
degree. of efficiency are preferabl e above al

because of their high thin filmform ng properties.
The thickness and formof the polyner according to
the present invention may also vary significantly

dependi.ng on there spect ive polynerization

pOl%ﬂﬁﬁﬁ?ﬁ%ﬁéﬁ %%ﬂﬁ%ﬁﬁ? significantly depending on the
wavel ength and intensity of the |ight tgg diS%gncé_
t o FUgthERjr et e & 15E GOMEE Sl d, So5EEs $°fg T F e,
in the case of polynerization with e]ectromagnetic

pol ymerdsativer 6P 82 PRESECEENHHER| B Hedtl tlphe & xenon
appropriately optimzed. In addition, it is

lamppr ¢f BVabh@pt carackk @l Wil z gt ehali Retiagoramy a rare
pol yneri zation pronoter, etc., in the formation of

gas fheoseparati bampurcmeonukaykamp oretiche pPhipesée gitrength
i'ncreasing the polynerization rate. The

of thelejretirpatigor tin vaet ©i sanot phetipolpmeyildatited as long
pronoter herein are not particularly Iimted, and

as BRPrOEsatiankise) ecfed dependingarttihe stomootur esnobe
the polyhedral silsesqui oxane and hydrophilic

pol yHRMRYG Wit B2 R0IoHRY, Zaldw pranachereiay lamps and
Exanpl es of polynerization initiator suitable for the

exciMESEMhp s MVERH SFc -Aghude Heprsird-wheBIkhgkRtAlbraviolet
a- hydr oxyacet ophenone, a-am noacet ophenone and

irré&%&ﬂﬁgﬂWf??8?ﬂ§£§§%?g§@gf@f@ﬂﬁféﬁ&?é?@&re@é@ableabove

conmpounds X a

L G SRV T a thabt 4] Foor Be AR 9% T
.thiéﬁﬁggg %hd.form of the polymer according to the present
inventionmayalsoVarysignificahtlydependingontherespective
polymerization conditions, andmay vary significantly depending
on the wavelenéth and intensity of the light, the distance to
an object to be irrédiated, the procéssing time, in the case
of polymerizationwithelectromagneticwaves. Therefdre,these
conductions neea td be appropriately optimized.

In addition, it is preferable to add a polymerization
initiator, a polymerization promoter, étc., in the formation
" of the separation function layer for the purposed of incréasing
theépolymerization.rate. The polymerization initiator and the
polymerization promoter herein are not particularly limited,
and appropriately selected depending on the structures of the

polyhedral silsesqguioxzane and hydrophilic monomer, the.
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di benzoyl peroxide, | auroyl

per oxi de, tent - but yl peroct anoate, tert-butyl

per benzoate, or di-(tert-butyl) peroxide), further
aromati c diazoniumsalts, bis-sulfoniumsalts,
aromatic iodoniunsalt.s, potassiumpersulf ate,

anmmoni unpersul fate, etc. are preferable as
initiators for thermnal curlng As the polynerization
1 r. for acce% ratlng the initiation of the
po y%ﬁFﬁﬁ@ oA PER94 rédu0|ng agent a hydrogen donor

such as_amn .eth her a_sensj |Z|n

Gy ERaTRiEs CapodenEdaedtanhr e 58Py S%E bieZtB the

separation function | ayer accor %lho present
PresieifedtiveR HLerc Haradtsr PEEF oA 1t .kﬁa Udes at

| east a pol ymer of the polyhedral silsesqui oxane and
a-hylyrdeypltetiophspraneer o-Fid nosE@sdophieseuRetd cieriapéd ves
- according to the present invention nay contain
thergodposingd odxtoteertheaw ft-hePpol GHBEPORBAS UCRORNSEXTRKR /

that the advant ageous effect of the present invention
2, 2'i-azobti s (sphutedondrd iflen dddipllecra surfactant and a

filler maybe added. The surfactant is not
azobiat (deidtyanloy alliemitaed,c anddsel, ect eukr @ppiepr (tekyganple,

dependi ng on the structures of the polyhedral 13

dibeSidosassut Oxane, aadrbydrpphistid: hoastebut el percbarnbhee,
purpose of providing desired wettability. The filler

tertd-HutQl parbiadbakky bindi-egtseand iyl ) Pppsonid)at ey ther
contain netal nanoparticles, organic nanoparticles,

arom=2H éI&ia&%&ﬂ%%eé@ﬁﬂéﬂ”ﬁ%@Jgﬁﬂﬂﬁﬁl%ﬁp@%ﬂ&%a|ar%hb@ﬂ@th
“of 'the conposi te separation nenbrane. In order to

iodéﬁﬁ$ﬁ§glgyﬁpbgéggQﬁﬁ%éyédﬂﬁéﬁgﬂgﬁﬁﬁﬁfmnpersulfate,etc.,

are preferable as initiators for thermal curing.

As the polymerization promoter for aCcelefating the
initiafion of therpolymerization, a reducing'égent,;ahydrogen
donor such as amines, alcohols, and ethérs, a serisitizing dye,
etc., mayrbe added appropriatély.

The separation function layer'according to the present
'inventionischaracterizedinthatitincludesatleastapolymer
of the polyhedral siléesquioxanezﬂujhydrophiliqnwnomer. The
sepafation fqnction layer according to the present invention
may contain compositions other than the polymer to such an extent
that the advantageous effect of-the present invenfion is not
impaired,andforexample,aéurfactantamdafillermaybeaddéd.

The surfactant is not particularly limited, and selected

appropriately depending on the structures of the polyhedrai
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function |layer according to the present invention, it
is preferable to add a solvent in the polynerization
of the polyhedral silsesquioxane and hydrophilic
nononer. The solvent herein is not particularly
limted as long as the solvent can dilute the

m xture of the pol yhedral silsesqui oxane and

hydr ophi |l i ¢ mononer. Exanpl e of the sol vent include,

.. but not particularly |jmted to, water, alcahols,.
=11 SperonesrBeres oy SIS T CHATESzAE b oS, FRAIOge RAFEG°S
: hydr ocar bons, and other  _conmon organi c solvents. In
of pagdiitiey, dRésetheebadierltYs a salt of an acid

nmonomer, solvents may be m xed _and used, such as the
addinti 6alderwasenotopahid Gidepdde LoRiFREr e88E MRY
solubility. However, since the porous supporting
approprirdrd vi scattedokowtt®l NENEOPSFNERE S n OFERE 1€ases
.depending on the type of the porous supporting
nandf@ifiriane,s,i tfoirs tiec essgopd ® s émpaio vd ngo ithen mewhiagni cal
does not attack the porous supporting nenbrane. In '
st rdrg Py reke ebrighe ipel ywhedralt isid sestuizoeane and
hydrophi | i c nononer constituting the separation
f ungt igRichayer contth® 1Ccameenthiefkricke kydroghiskiparation
mononer in the mxture before 14 the polynerization
fundtS Y afgfabla 13 dig P eirghtdedpitc aldvwent idepend ng
on the Rydrophilicity of the hydrophilic nononer. The
pre%%!gb%@ e hydronhid i1 oo eetineldiesd Wit Rin

I's range can achieve desirabl'e water perneability,

poly‘eéﬁﬁt%%%kég%ﬁf%%@@%§gd% hedln@ndhehemmealsoivent

O r “hand, when the content of

ner e B APBLbt SrTRRETT L 85,14 tonel 18 PEBLER e can
dilute the mixture of the polyhedrai silsesquioxane and
hydrophilic monomer. Example of the solvent includé, but not
particularly limited to, water, alcohols,  ketones, esters,
aliphatic hydrocarbons, halogenated hydrocarbons, and other
COMmMOoT ofganic solvents. In addition, when the monomer is a
salt of an acid monomer, solvehts may Ee mixed_and lised, éuch
%stheadditionofwaterforthepurposeofincreaseinsolubility.
Howevér, since the porous supporting membrane is attacked by
the solvent in éome cases depending on the type of the porous
supporting membrane, it is necessary to sélect a solvent which
does not attack the porous supporting membrane.

In the polymer of the polyhedral silsesquioxane and

hydrophilicmonomerconstitutingtheseparationfunctionlayer{

the content of the hydrophilic monomer in the mixture before

14



is increased to densify the separation function
| ayer, thereby weasily resulting in a decrease in the
anmount of a pernmeated substance. \Wen the content is
t oohi gh, t heseparati onfunction |layer is at risk of
swelling or dissolving nore with the solute to
result in the inability to function as a separation
function Ilayer. The separation function layer is

the afeiabl dh frpyiided referab 1heast +ongs siglegiofs thegpically,
porous supporting nenbrane. Wile a plurality of

depSfPHA AbhemefHREtd A 1 Ay Po PRV D8 A PH id8ih m@R8mer. The
' separation functlon | ayer~ on one S|de is normally

contSHi L& G hyd ggﬁme&g@ﬁ@; cbh@ré@@éa%mrr HHQE'%ge

ayer is pr or nore an 500 nm or | ess
can WHLELL Vel ""'Snesipe”ﬂd%]ﬂ%eife%ea%%.o ey
perﬁ%%‘ré%r?%%?%%%%‘&isﬁg%ﬁsagb%?ﬁéﬁa%5‘%s%%%%%ﬁcSfesgéﬁ%% other
e S S A o o Y e BB £ P v,

, nm the mechani cal strength mnll be decreased to
the glgareq & ©§OFke L pBLSIBI Plft yhﬁfS%%ﬁf%%Js%n.Wmi@on layer
durability and occurrence of defects. On the
is ipomengey tottans e thepaeR Fohl PRIAEICHH ONay_Y © Bx (deebY
- 500 nm the perneability rate of the perneated
easSibstenct Mid lirhe sloweskdown e andindkiids R gfeanrated
separation function |ayer can be neasured by
‘subsirmlgei nfhansdennemgeet éstranhigler dbheapipagatdon function -
transm ssion electron mcroscope. As the nethod for
1aymmasUﬁtnguﬂheff$WQlingchndﬁssoﬂvuhgIﬁmpamatﬂmnhe solute
function layer, there is the
to result in the inability to function aseaseparatlon function
layer.
The separation function layer is preferably provided on
at least one side of the porous supporting membrane. While a
plurality of separation function layers may be provided, one
separation function layer on one side is normally sufficient.
The thickness of the separatibn function layer is preferably
10 nm or more and 500 nm or less typically, alsc depending on
the pressure applied in use. The thickness of the separation
functionlayercontrolledwithinthisrangecanachievedesirable
water permeability, separation performance, and physical and
chemical durability. On the other hand, when the separation

function layer is less than 10lnm, the mechanical strength will

be decreased to give rise to the possibility of decrease in
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foll ow ng nethod, for exanple. The conposite
separation nenbrane with the base naterial peeled
therefromis cut in accordance with a
freeze-fracture nmethod to obtain a sanple for cross
section observation. This sanple can be coated with
thin platinumor platinumpalladiumor ruthenium
tetroxide for observation at an accel erating voltage.

f. 3 .to 6 kV under a scanni | ectr '
xR P BT e RAe S5 L S et ar b el i r e Kie ¥Den
obt ai ned el ectron m.crograph on t basis, of. the, ...
the §EREFFAL PBIT ight $7 G SR8nRe AR he Be4pectiity
thi ckness of the separation function _|ayer jn the
ratefsdifte invaRAteH medtandte Hver &ge N éownf The
measurenments at 10 or nore points. The porous _
thiduprer cifnghaendpanat bee ofH Hyl b lEyepFregehe measured by
invention is used as a supporting nenbrane for the
anaeparatd aranfrimg icredtayey nicma@Ph @ préovidgesmission
. strength to the conposite separation nenbrane
ele@qonr diing dscddewe. pReséhe naebotl dor mEhensfiogeth@hifkém
- the porous supporting nenbrane is not particularly
thidlimdded A Hong msrdthermefhranierhdsayad t itflerepdreghe’
“the nmenbrane preferably has substantially uniform

fol RAFBS; HetHYES £J:6 drdpitdei Thporenpozés egsaguabkyon
i ncreased fromone side toward the other, and

memP¥ & Eray has vhst rustdrignd padiiah dhersrdrace @t in

elther side has a pore size of 100 nmor |ess.

: b ! AL 808, RO e £L 88 (PEBL BY &fLEaRbYe £
acc*%ﬂ%i?%ﬁ?%ﬁﬁaf e%fghge OE'l t% 100 nm The averagee i

cfo OLe gl ﬁgﬁﬁ%%?%@fﬁfus ﬁﬂ@pg&‘hﬂa 9 BRI @N8 ed with thin

contro is range can achieve desirable

p1af B8 o SIRANLLL Y PRRALR'S O RALAN IR no UL o
obsepvationatanacceleratingvoltageof3to6kVunderascanning
'electroﬁndcroscope(FE—SEM){ The film thickness is determined
from the obtained'electron micrograph on the Easis of the
observation magnification. The ﬁalue of the film thickness of
the separation function layer in_the present invention means
the average value of measurements at 10 or more points.
‘rThe porous supporting membrane according to the present
invention is used as a supporting membrane for the separation
function layer in order to pﬁovide strength to the‘compoéite_
sebaration membrane according to the present infention.
Therefore, while the porous supporting membrane is not
particularlylimitédasiuxm;asfheﬁembranehasnmltiplepores,

themembranepreferablyhassubstantiallyuniformporesorpdres
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durability. On the other hand, when the average pore
size falls below 1 nm the perneation flux tends to
decrease. Wen the average pore size exceeds 100 nm
the strength of the porous supporting nmenbrane is
likely to be decreased. The average pore size can be
obt ai ned by, for exanple, observing a surface |ayer
of the porous supporting nenbrane at 60, 000-fold
. yni. fi o] d EE- i.fical
b M S

an. i mage_ _.anal ysi nd obtain the area of .a re
the QL BrToneng i S A A B RA b1t e g6i Er BT g face
~ 1,S_ subjected to sphere approxjpation . to recal cul ate
on e4EhaFes L1is daTRAPET & T8 AL FbRENt S 7S cdr i Trore

out for 1, 000 ornore pores, and the_average pore -
the a9 POrEr FilREdVOFPoRT BRBTPREPeER I VR pbYlelisiFKs range
In addition, the porous supporting nenbrane ,
of lptefldiapiy 'Has avatdTkpess W Ehidt Che Parges SUPPARting
to 5 mm andnore preferably wthin the range of 10
memkire rE0Comt r Theed Wi thhesbhisfranus por aokicvappsitrirhge water
menbrane controlled within this range can provide
perndesiirlallye physieal omperchenzoak, durdbhystyahndd chemical
handling ability. 17 On the other hand, the :
durdpiilckness cheltoswvothpmtznd, kiky the deeregseoneheize falls
strength of the porous supporting nenbrane, whereas
beldWa )i ekReps raxeeednngloxmierakesol Heobegsdi f it tthe
to handl e the porous supporting nmenbrane. The :
aved RPN hizekResseok 106 RAI OUfe SHPPOKE NG MBIHY e ous
herein can be obtai ned by averagi ng. val ues neasur ed
supped 9 M 1ddES: LN BB AR 1 Shgss; measuri ng

apparatus (for exanple,
The average pore size can be obtained by, for exampie,

observing a surface layer of the porous supporting membrane at

60,000-fold magnificatiocn under a FE-SEM. More specifically,

an image shot under a FE-SEM is binarized to carry out an image

analysis-.and obtain the area of a pore section, é’nd the obtained
area of the pore section is subjected to sphere approximation
torecalculateéporesize; Theporésizenﬁasurementiscarried
outforl,OOOormorepofes,ahdtheaverageporesizeisdetermined
from the respective pore sizes.

Iin addition, the porous supporting membrane preferably
hasathicknesswithintherangeof]4nnt05mm,andmorepreferably
within the range éf 10 to 100 pm. The thickness of the porous
supporting membrane controlled within this range.can provide

desirablephysical and chemical durabilityandhandlingability.
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M TUTOYO No. 7050). The porous supporting nenbrane
has, as a base nmaterial, a nonwoven fabric conposed
of a polyester fiber or a polyamde fiber or a cloth
such as a plain weave fabric, and has a porous |ayer
fornmed on the base material., Wile the resin
material used for the porous |ayer is not
particularly limted, honopol ymers or copol yners such

on B BT ST 58
eoe S0, PELSPLER S0 U5l B hareas
i Bl O AR, o Slagl Yo S1u 0 SOMLI O IO e

use cellul ose ‘acetate, cellulose nitrate, etc., as a

POr Qi | S Hase PFBINATET-, and pol yet hyl ene,
ol ypropyl ene, polyvinyl chloride, polyacrylonitrile,

gt cT.yrfe @‘g’%baave rﬁ%i%ﬁsee%s gél Efl‘h%rp.f)%’%v%g%??gtlng membrane
_ honmopol yners or copolyners such as polysul fone, -
hergial yani be,olpol yessd by, averpuiagevabetareasiged P gz more

nitrate, polyvinyl chloride, polyacrylonitrile,
timepobypheaybeare il fdldes poegpheapy e tfisdésulgeme le,

are 18 preferable. Furthernore, anong these
MITUEIEY iNgd .S,7030)i.s particularly preferable to use

pol ysul f one which has high chem cal, mechanical, and

t hernyambosbabi bibyoaddngsmegisyati® ad,dasTaebpos ousterial,

supporting nenbrane as descri bed above can be

aAno%QF%E&egaB¥icfé&mﬁ%@ﬁﬂﬂdﬁ aappl yé ge a it byl 2 polyamide

sul foxi de solution of polysulfone onto a base
£ipdBLEr Lal SUCh 23, asPolpestelehivBerapt Oc prid 88s8a porous

substantlalfy uni form't hi ckness, and i mmersing the
layer formed on the base material. While the resin material
used for the porous layer is not particularly limited,
homopolymers Qr'copolymers such as polysulfone, polyamide,
polyester, cellulose based polymeré, vinyl based ﬁolymers,
polyphenylene sulfide, polfphenylene sulfide sulfone,
pblyphenylenesulfdﬁe,aﬁdpolyphenylenéoxidecanbeforexample
used singly or in combination. Among the polymers mentidned‘
above, it is preferable to use cellulose acetate, céllulose
nitrate, etc., as é celluleose based polymer, and pblyethyléne,
polypropylene,polyvinylchloride,polyacrylonitrile,etc.,as
a vinyl based polymer. Above all, homopolyme;s'or copolymers
such as pbiysulfone, polyamide, polyester, cellulose acetate,
cellulose nitrate, polyvinyl chloride, polyacrylonitrile,.

polyphenylene sulfide, polyphenylene sulfide sulfone are
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base material with polysul fone applied in a water
bath to renove the solvent. The conposite separation
menbrane according to the present invention can be
formed by applying a hydrophilic mononer solution
cont ai ni ng the pol yhedral silsesqui oxane,

pol yneri zation initiator, and hydrophilic nononer
respectively at desirable ratios by weight onto the

preﬁ&ﬁﬁﬁﬁﬁ of-, L hge PREPUS aﬁ@ﬁﬁothbﬁg ﬁEﬂ@f@@Espbiﬂimgd
in accordance with the method as descri bed above,

par 'HEﬂ%?l HeZANG i Re toy QPR J1iGuTFeRE L 1Sl WhisOmiby:

ectro netic wave irradi ati on. As the neans for

chem} gcea.lélt H@clﬁgﬁl{%ﬂr ARG L SARDO g@aﬁ@'lﬂ&k 1 Ehers, Jc§ nd1d.

ds used conventi onal or exanpl e,

t
550 S S0 iy A o

obt%g] Lhe S g?lreg%:{nggl € ofRR ?gﬁg%&%ﬁg%é%lt gglgéggge so%utlon '

rati
a nethod may be caonbi ned for, _carr ng out l £ib
Of DRYIPSRAPPFCPEFO! ApRAT A ORISR ha £° yester tiber

hydrophilic agent as a post-treatpment. Wiile the
to phodipli Fiestant dgdhy Wf%thﬁCkﬁ%Sﬁy@%W%?wg the

inparting treatnent is not particularly Iimted as
basd vageasal hd thydebphil feragaml s inieve Br Haty e remove

bot h water and the separation nmenbrane, a m xed
the swilwentt .of water and al cohol is preferable in terns

of safety, cost, etc. The-tine period of the

hy drrepbéhp€s L tye saparti hgnireedtmmatacdsrdiyp calkthy present

about 10 minutes-in the case of carrying out the
invention can be formed by applying a hydrophilic moncmer
solution containing the polyhedral silsesquioxane,
polymerizationinitiator,andhydrophilicmonomerrespectively
at desirable ratics by weight onto the surface of the porous
supporting membrane obtained in accordance with the method as
described‘above; and polymerizing the hydrophilic monomer
solution by electromagnetic wave irradiation.

Asthemeansforapplyingthehydrophilicmonomersolution,
there is a variety of methods used conventionally, for example,
dip coating, spin coating, spray coating, brush coating,‘etc.
In,the‘present inventiocn, in the case of the separation

membrane dried in the process of polymerization by
electromagnetic wave irradiation, a method may be combined for

carrying out a hydrophilicity imparting treatment with a

hydrophilic agent as a post-treatment. While the hydrephilic
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hydrophilicity inparting treatnent at ordinary
. tenperatures, because all that is required is that
't he separation nmenbrane is perneated with the
hydrophilic agent. In this case, depending on the
type of the nmenbrane, the tenperature of hydrophilic
agent nmay be increased to 40C or nore in order to
enhance reduction in time and the hydrophilic

agef freet usf BxanplesldrFPri pLesenti iguelitd PR rakkhebe is not’
nore specifically described belowwth reference to

parteXaim s, HoWeMal  ad el eseithe IHRIHHION iS5 a’gantt Ras

be considered limted to these exanples. Speci al

wett%@pﬁﬂf%geﬁ&tﬂrm@f Skl Pdu ced s Make m@%h'b?ca%ené ¢dlced

I ndustries, were used for the regents, unleéss

solPhiERH §§t §t%§c§%hléo@1c}lh§sf Ll AW 00 £X3PLeRs §P&afety,

ennval conposi te separati-on nmenbrane,
cost _@erneablllty rate of the conposite separation
ﬁ%rane and the perfornance retention rate after

rspon in chl e, calcul ated respecti
t heteot { By LAt tﬁﬁ?’-ﬁﬁsopkz%l%%w@? ESplRakadeat
Rate {(Salt Concentration of plied qutlo -
is tygRicadgycaRrHat Fgrf“b?u‘?%? et §&|S&t P n‘fa?r%h?%‘ out the
Concentration of Supplied Solution} x 100 Equati on
hydyophiPelGigab PRy thdde tERBERENdad | LT THer PrdimtPegtatures,
Perneat ed Sol ution per Day)/(Area of Perneation -
becaustredre ) hBGuasi /02y ePei £ of hahcerRet T Ynl Rafenbrane

after Immersion in Chlorine (%
ispermeatedwiththe hydrophilicagent. Inthiscase, depending

_onthetypeofthenmﬂm;ane,thetemperatureofﬁydrobhilicagent
may be iﬁcreased to.40°C or more in érdér tomenhance reduction
in time and the hydrophilic effect.
[Examples] “
Thepresentinventionwillbenbrespecificallydescribed

below with reference to examples. However, the present
invention is not té“be considered limited to these examples.
Special grade reagent,products produced by Wako Pure Chemical
Industries, Ltd._were used for the regenté,.unless otherwise
stated. |

| In the following examples, the removal rate of the
composite separation membrane, the permeability rate of the
coméosite separation,membrane, and the pgrformance retention
rate after immersion in chierine are calculated respectivel?

by the following egquations (1), (2), and (3).
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(Salt Renoval Rate after Immersion in Chlorine)/(Salt
Renmoval "~ Rate before Imrersion in Chlorine) x 100
Equation (3) (Reference Exanple 1) The porous
supporting nmenbrane reinforced with a fiber; wused in
the present invention, was produced in accordance
with the follow ng approach. Taffeta (150-denier

mul tifilanment yarn for both warp yarn and weft yarn,
weavi ng. density: 90 yarns/inch in the |ength
direction and 67 yarns/inch, thickness: 160m

Rem&AMPA&AE Qfy)a= 3Q0s6m| 0hEcEn2Paemm de wp/ﬁﬁé&rsuutlon
fi ber was flxed to a glass plate, and 15 wei ght %

- Sa?tr@'adyéﬁtﬁﬂmm gde P%%léta't%'a @51@91&(&}& %a%%rﬁé&ﬁdrauon
Regi stered Trademark) produced by Anoco;

of fRe STy rp%rﬂrﬁég.pii Zfﬁr?offi%%é“é protige <
Pergéﬁgﬂfﬁ§§§%gqu§%% %@Iﬁg%gebﬁﬁ Iﬂgoﬁ%er%e?%%dg%léilon

ere por ous

o BN A0 T L RS, 2oL 21 O,

0.005 to 0.01 kg/cnﬂ/sec/atn1 about .001 to 0.002
g/cnﬂ/sec/NPa) whi ch was. “A#8$6P8d (4f a pressure of
1 MPa and a tenperature of 25C. I n addition, the

faa/rérraag”ée Fertensiing Zatenafsarr ABBeEFiPRel Brthl dtre (3) =
por ous supporting nenbrane was 20 to 50 nm and the
(SalthRekwesad Ratethiet polunficma fi ehyor hee bof Savias Rsgoval
m (Exanple 1) The porous supporting nmenbrane
Raterimdiesd Immeactiondant €hiahi ndReferdHt eE@anbde 13 was
brought into contact with an isopropyl
(Reference Example 1)

The porous supporting membrane reinforced with a fiber,
used in the present invention, was produced in accordance with
the folleowing approach;

Taffeta(150—deniern@ltifilamentyarnforbothwarpyarn
and weft yarn, weaving density: 90 yarns/inch in the length
direction and 67 yarns/inch, thickness: 160pm) composed of a
30 cm long x 20 cm wide polyester fiber was fixed to a glass
plate, andalSweight%dimethylformamide solutionofpolysulifone
(Udel (Registered Trademark) produced by Amcco,; P-3500) was
caStedther@m1atroomtemperature(25%3 to provide a thickness
of 200 jm, immediately followed by immersion in pure water and

leaving as it was for 5 minutes, thereby obtaining a porous

supporting membrane. The pure water permeation coefficient of
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al cohol solution containing 3.6 weight% of sodi um
styrenesul fonate, 0.4 wei ght% of Met hacryl - POSS
(pol yhedral oligoneric silsesqui oxane), 0.24 melght@6
of 2, 2-di nmet hoxy- 2- phenyl acet ophenone. as an
a-hydroxyacetophenone type phot opol yneri zati on
initiator, and 33.5 weights of pure water for 1
m nute, and nitrogen was sprayed froman air nozzle
the tthuseobveihbe wxtces Selppbirtd rigr aenbhens wafacec00fté e 01
por ous supporting nmenbrane, thereby forming a |ayer
kg/ @i’/ stehe asel ghbent an. ddie tpoD 006 2 SYRRSF/kieRgMPRYDI @Nech was
Then, with the wuse of an excinmer |anp (UER 20-172)

meadiRdlcad Ppldside I0FC 0. 1 ¢apabhe af tbﬁﬁ@%@uté%wmc
ultraviolet rays-of 172 nm the distance between the

In 283¢LABh, 18P /08 58@ NY QUSe SUPPOL kLD, Eﬁ@%b“@ﬁned_ ,

set to 1 cmunder”a ni trogen atnnsphere Wi t

porm%%@gg%%@t fn@}nbeangfwgs 1% ar, I 5% fin 20 g{adeh Mss

ltravio rays was carrie
uc 0 |te ;Sepa tion nbrane with a
of tﬁ’oq ﬁ'?glr e”gonp?ol YaIt eZ%Osﬁal"%aegs é®ane and a
s rognlllc‘nononer formed on the surface of the
supporting nmenbrane. Then, imrersion in a 10
ht % i sopr opyl al cohol solutlon for 10 m nutes was
%‘&{ SEBPOHRVRY BFHRRRIGIP TR GSshi } pEFPYdaTRg with
thlckness of the thus obtained polynmer was 250 nm on
RefefpaiCegbxauBérdt gt Brovehti + iae i 6 tsF tUMIRE FRISEMOPEePY 1
addi tion, the thus obtained conposite separation
al cohsribaielvieds Bsirdetied Nt Ja & evedree Sosfosiodiumest
under the conditions of 0.5 MPa and 25C, with the use
styrefhesuds onawenatlers, w&ﬂgMiqnmﬁ:M£Uha§ﬂydrw@ﬂSadpaiyeedral
to pH 6,5 with
oligomeric silsesquioxane), 0.24 weight% of
2,2-dimethoxy-2-phenylacetophenone as an-
- hydroxyacetophenonetypephotopolymerlzatlon1n1t1ator and
33.5we1ght ofpurewaterforjimlnute andnltrogenwassprayed
from an air nozzle to remove the extra solution from the surface
of the pordus supporting membrane, thereby forming a layer of
: the:solution.6ntjﬁaporous supporting membrane. Then, with the
use of an excimer lamp (UER 20~172)'produced by Ushio, inc.,
capable of irradiation with ultraviolet rays of 172 nm, the
distance between the excimer lamp and the porous supporting
membrane was set to 1 ¢m under a nittogen atmosphere with an
oxygen concentration of 0.1% or less, and irradiation with

ultraviolet rays was carried out for 5 minutes to produce a

composite separation membrane with a polymer of a polvyhedral



hydrochl oric acid or sodi um hydroxi de, thereby

obtai ning the performance shown in Table 1 as the
result of the test. In addition, the thickness of
the thus obtained polyner was 250 nm on average
according to confirmation by UHR-FE-SEM (Exanpl e 2)
A conposite separation nenbrane was produced in the
same way as in Exanple 1, except that an isopropyl

511 ¢ QM x50 Whid0A h @D 1l Y mbn8mwei ghife®fordBhe surface
acrylic acid, 0.2 weight%f Methacryl-PCSS; and 0.12

of Wk g de0f %@p&ff@f@%&n@rmnyIThealcetlﬁlﬁda%@,%ﬁ WaSa 10
used instead of the solution applied onto the porous

ei éﬁ%%“ygdﬁﬁ%gwgngﬁéeﬁoUns5%@9?&5 ﬁor-m@emEHH§e9b&§%rEg¥rled

~ conposite separation nmenbrane was evaluated in the
: t%ﬁd&e drdt BERIRIE L};h“i ol g n &1{?8 I%}%%%'C& th
ol own |n]$§gfe 1. ?%L 5. rétﬁVe %;anp ©
onaus. su por menbr roduced N accor
e R BREL TS 20 Bhud ot ol pe%oa—‘z.lneq to
. . ht96 éﬁ%:ﬁ d i (4-piperi.d L ap ? :
Con%eﬁﬁ% % kBTN GrpReRoT Ehner gt CaipoRaE s ned
and 1.0 m5|g @6ofH&!|sod|un1 Bhos hate were appli ed,
Comﬁ%ﬁlltcﬁ/\éﬁpw HE 9T A CLA R D FHEOULE eﬁ&°a§PFe£Feft?é‘OSlS
for 1 mnute. Then, an n- decane solution containing -
testyundgai e %I sbpht el Pe dIAP rande 2areh G’lff\/véhghlf% of,
of trimesic chloride was applied, followed by a _
as nepeaneny eab?p eeborali 149l UdrmpAiastedotofpl & 5 with
m nutes. Then, inmmersion in a 100 ppm. chlori ne
hydmgihitdore adjissted spdipH Zyvasxfdet hehecaby i@t autiforthe
2m nut es, foll owedbywashi ngwi t hpur ewat er
perfihetshusolthaiwiedn Table 1 as the result of the test. 1In
addition, the thickness of the thus obtained polymer was 250
nm on average according to confirmation by UHR-FE-SEM.
(Example 2)

A composite separation mémbrane was produced in the same
way as in Example 1, except that an isopropyl alcohol solution
containing 1.8 weight% of an acrylic acid, 0.2 weight% of
Methacryl-P0OSS, and 0.12 weight% of 2,2-dimethoxy-2-phenyl
acetophenone was used instead of the solution applied onto the
porous supporting membrane in Example 1. The thus obtained
composite separation membrane was evaluated in the same way as
in Example 1 to obtain the performance shown in Table 1.
(Comparative Example 1),

To the porous supporting membrane produced in accordance

withReferenceExample]q 1.0 weight% of piperazine, 0.2 weight%
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conposite separation nenbrane was evaluated in the
sane way as in Exanple 1 to obtain the perfornmance
shown in Table 1. (Conparative Exanple 2) A
conposi te separation nmenbrane was produced in the
same way as in Exanple 1, except that the

Met hacryl -POSS in the solution applied onto the
porous supporting menbrane in Exanple 1 was changed

of 1p3-6iv({mphenzenel ) ghepdiws ©bf aideshicOmppsid®ium alkyl
separation nmenbrane was evaluated in the sane way as

dipﬂaéhﬁEkaémh@r di 4191 Pl @t &, thed PEI G OFBieEs SEOWYidbdium

Tabl e 1. The conposite separati on nenbranes according

phodShfxaprh-esapdi 1842 mqmggﬂﬂﬁ%ﬁaﬂphsa chatl Qi2h hot

were immersed in a 500 ppmchlorine solution

Cair %CEJ Wgoiq Iﬂﬂm?lt or fh ,eléntf?—& de ggﬁ.ut@oﬁre@{]ﬁﬁfiltning

resistant test. The results are shown in Tab

0.4 iw%igﬁtc‘%!r&'% Q%grag%:%@l-ﬁacblcﬁl%r%?%;a td;ﬁ - £QIm0 {Lof trimesic

separati on f'anes accor e present
resistance i

i nvention_h 1] ent . chem cal .
eh G GR TEObRERr | Bt LOLHAPA Pont ZA et GAaneE QR #ith
hot By Gnanbes FRT nToiF - RemoVdr et RESBF PEy  Raf 600 DPm

Rate after = Rate (o) (nB/nR/day) Imersion in,k
chlqhiigy iSRe UEdPn Esééﬁﬁ?ﬂ@dlt%zf% T2hay fynhengapréed @4t £or
2migﬁggs?%Ollowedbywashingwithpurewater; Thethusobtainedi
composite separation membrane was evaluated in the same way as
in Example 1 tq obtain the performance shown in Table 1.
(Compardtive Example 2)

A composite se.parétion membrane was produced in the same
wayasinExamplel,eXCeptthattheMéthacryl~POSSinthesolution_
applied onto the porous suppofting membrane in Examplé 1 was
changed to divinylbenzene. The thus obtained éompo;ité
'separaticﬂlmembrane was evaluated in the samexﬂay'asjj1Example
1 to obtaih the performance shown in Table 1.

The composite separaticwlﬁembranes according to Examples
1 to 2 and Comparative Examples 1 to 2 were immersed in a 500
ppm chlorine solution adjusted to pH 7 for 1 week to carry out
a chemical ;esistant test: The results are shown in Table 1.

It is détermined_from Table 1 that the composite separation

membranes according to the present invention have excellent

chemical resistance in addition to excellent separation
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Conparative 65.5 1.10 55 Exanple 1 Conparative 27.6
5.76 101 Exanple 2 25 CLAIMS 1. A conposite
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in-that the separation function |ayer contains
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formula (a) and
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26.

CLATIMS

1. A composite separation membrane comprising a
separation function layer on a porous supporting membrane,
Characterized in that the separation function layer contains
at least a polymer of a polyhedral‘siisesquioxane represented
by the following general formula (a) andeahydrOphiliclnonomer.

(R'510;.5) 4 (R®S101.5)n General Formula (a)

(In the formula, R! includes a polymerizable reactive moiety;
R? represents a hydrogen atom or an alkyl group, ﬁhich may be
substituted with a substituent; énd n and m each{represent an
integer satisfying n 2 2 and m 2 0, with n + m being 8, 10 or

12.)

2. The composite separation membrane according to claim
1, wherein the porous supporting membrane has an average pore

size of 1 to 100 nm.
3. 'The:composite separation membrane according to claim
1, wherein the separation function layer has a thickness of 500

nm or less.

4. The composite separation membrane according to claim

1, wherein the hydrophilic monomer is an acid monomer.
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