DESCRI PTI ON MONCLI THI C ORGANI C POROUS BODY, MONOLI THI C ORGANI C POROUS | ON
EXCHANGER, AND PROCESS FOR PRODUCI NG THE MONOLI THI C 5 ORGANI C POROUS BODY
AND THE MONOLI THI C ORGANI C POROUS | ON EXCHANGER TECHNI CAL HELD The present
invention relates to a nonolithic organic porous body having a 10

~conti nuous macropore structure with a thick skeleton, a nonolithic organic
porous ion exchanger having a continuous nmacropore structure with a thick

skel et on, and net hods of producinBESQBI%gﬁgi The nonolithic organi c porous
body and the nonolithic organic porous ion exchanger nmay suitably used as

an adsorbent or an ion exchanger used for a water deionizing apparatus or

et udes. Q-G PREARIG BORLS AP A AONBLrHl, BReERTR. PORTII™ Thet

| on- exchangggr %@g@é}%ﬁfm%g@%%}l BROMICIRRS LA ONDLIT P

to
obtain a water enul’si on, ol'ymerrzing er-in-orl- 20
emul sion t 4Pl RICPBRIMAOBIINY ANES JAB ORI ILURG AR ENDROBRTDNUOUS
nacroﬁgre g rd@?é?e. nonol 1thi ¢ organi c porous ogy ogpg?neggby t he above
met hod and an organi ¢ porous ion exeliangerobt ai ned by introducing an
i on- exchange group into the nonolithic organic porous body may be useful as
an adsorbent, a chromatography packing material, and an ion exchanger used
for a water deionizing apparatus or the 25li ke. However, when increasing
t he i on- eREHARYEACIBEDLY per unit volune of the organic porous ion
exchanger in water-wet conditions by reducing the total pore volune, the
si ze of the neBlapneest hopaivntgkjes3o gmdnotithid drgatie poras dsdy Hhéngopeni ngs
di sappear when further reducing the total pore volune. Specifically, the
i on- edoc hamgene@paaacrgpore structure with a thick skeleton, a monolithic organic porous ion
exchanger having a continuous macropore structure with a thick skeleton, and methods
of producing the same. The monolithic organic porous body and the monolithic
organic porous ion exchanger may suitably used as an adsorbent or an ion exchanger
used for a water deionizing apparatus or the like.
15
BACKGROUND ART
JP-A-2002-306976 discloses a method that includes mixing an oil-soluble
monomer that does not include an ion-exchange group, a surfactant, water, and an
optional initiator to obtain a water-in-0il emulsion, and polymerizing the water-in-oil
20  emulsion to obtain a monolithic organic porous body having a continuous macropore
structure. A monolithic organic porous body obtained by the above method and an
orgamc porous ion exchanger obtained by introducing an ion-exchange group into the
monolithic organic porous body may be useful as an adsorbent, a chromatography
packing material, and an ion exchanger used for a water deionizing apparatus or the
25 like.

However, when increasing the ion-exchange capacity per unit volume of the

organic porous ion exchanger in water-wet conditions by reducing the total pore volume,



per unit volume decreases when achieving a | ow pressure |oss required for
practical applications, and the pressure | oss increases when increasing the
i on- exchange capacity 5 per unit vol une. Mor eover, the area of the
skel et on observed within the section of the nonolithic organic porous body
or the organic porous ion exchanger obtained by the above nethod is
theoretically limted to Il ess than 25% This is because the npnolithic
organi ¢ pliesize obguymesanerss (opepinge) sgmiicaniii degrpaice  stharuenigs disagpear g

intermedi afe pody of the 10 organic porouys i.Qn_exchanger shown below is
produced Wé?lhgmg‘eﬁ\f&@é‘fmg Hl-eé?tf’j IV%]i“EJr?: Speqlgcﬂgcﬁgé%‘}'?‘%nmém‘fyhe wat er
dropl ets cont inﬁ%l?i(? t he ter-jﬁﬁré-oil enul sion.to cone .in con[ta t with
each ot hePTiHHGPHERe Fe5rerSis e A5 RET g SUS W REEFES 0P "SI HTd ok FAUFRbr ef or e,

t he vol une_fraction . dr.opl Is imted. to 75% or . Since
a nonol i t R lcat%oélghﬁmgq{ﬁ%ﬁ%gssmm%gg{lmg e? %sﬁ% nﬁ?/crédtsa{qgitg%?%yexﬁg?ﬁ %c? Zati on of
t he 15 e?rlﬁﬁt'%ﬁiﬂe emul sion has a configuration in which the structure of
the ermul sion 1's 1 mmbbilized, the porosity of the nonolithic organic porous

body is 75% orpRlQer ﬁﬁecé_?éadéfﬁﬂé Meeldi Ao RRARA F it e sBGRA Rfhd MSncIRELT On Of

the organic porous body is also 75%or nore (i.e., the area of the skeleton
observed brgalﬁbgoﬁﬁgbwbﬂ the bi@fictpaths 25 BxchakiRF 6bfed by e MoanRinddhe

skel et on observed in the section cannot be increased en 20 using the
above metR@khoretically intite@XPIEY than 3P4 - ThixQd B4ush the hPaektha: ReaAEs body
having a particle aggregation-type structure as a nonolithic organic porous
body or apsrenthddyttiacingaganiituds itk pofstextia(igs hn hetwnnglifae bbdyelithe e ot her
than the continuous macropore structure. However, since the continuous hole
of thm posrgasic porbys tint exchegehshotncbehnt sqaodizedusiog e seateriin-oiflRnAem01140 i s
smal|l (about 2 urn or less), the porous body cannot be used for an

i ndust ri alt idkeicessaryad cawse ¢lre watetidropletsrcoappzadan ty: water-ineoil ékualsionde treats the
target water at a high flow rate under |ow pressure. Mreover, a porous
body havi ¢egnein qoatact witlecashpitleay an prsiar toyipam stconénupue nggrepPEASiTSEIRANI cal
strength, and may break when cut to a desired size and placed in a colum
or a cel | Tharefere, thexplusng Hagisnol hmuttehdropletab limited yo 73 %er &1%e-e, Sie&/2| opnent
of a nonolithic organic porous ion exchanger that is 5 chemcally stable,
has hi gh HTeeMRicoazanis RAER Bed% Ritined iy piatiogayebrasizatienghi®et y per unit

I , d | . fluid .g., [
passel  HFOEGH-HEHBIo THaR GoT BB 1G5 A Hoe SRR SruliPads an"or ani c
bod ' - ' St t th iLhcl
Fhr ce- ai nees Biat e seRs TS0 LT RIBH Bratis bari ol P R AR r B ona
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JP- A- 200 di'sctoses an organi C po I Ty - suppor *havi ng a

CO" CONtT NyGGre T HBE UFcl of R bR SSv B WG SecbNENBLARRL 2801t | nUlOUS pore

havi ng an average’ draneter 1n the or m croneter, arrd skel et on

phase t hatyd, of@?itl:[ya%‘e Wtﬁ@&e@toﬁ&bs@{s@@% &e@&tﬁﬂ%mot%@%&éisk@%&_SUplport

being a copolynmer of at |east one of a di- or her functional viny
20  using the above method.

For example, JP-T-7-501140 discloses a porous body having a particle
aggregation-type structure as a monolithic organic porous body or a monolithic organic
porous ion exchanger having a structure other than the contimuous macropore structure.
However, since the continuous hole of the porous body obtained by the method

| 25  disclosed in JP-T-7-501140 is small (about 2 pum or less), the porous body cannot be
used for an industrial deionized water production apparatus or the like that treats the

target water at a high flow rate under low pressure. Moreover, a porous body having a



15 nononer conpound, nethacryl ate conpound, and acryl ate conpound
(crosslinking agent) and a nonofunctional hydrophilic nononer, the vol une
rati o of the crosslinking agent and the nonofinictional hydrophilic nononer
in the affinity support being 100 to 10:0 to 90. The crosslink density of
the skeleton of the affinity support is increased in order to maintain the
monolithic structure. The affinity support has hydrophilicity that 20

suf fi ci erpariele appeeadioadyponaries hisdowaaeshapicystrefgthrandmaskbreds when |

Macr onol ecul es 2005, , 38, . 9901, di scl oses a olithigc organi¢. porous body
that has Gt i8R GEFER HiA6 dLd BIRFRELIR QIR OF &G byt e SBIPTEHO S!@%@ sin.

Si nce theaﬁﬁéﬁ Sf the affinity support disclosed in JP-A-2007-154083 has an
average df B in the order of m cronmeter, the pressure |loss when fluid
passes 25t hrough the affinit [t 4 NCr ... Theref or it J.s difficult
o tse the af 1 es Apisipiels SERRBENIREGERIE Porp T B BiBelibrlif 2 ng

appar 3t s SEBIS pARSE rRludild ofedohOMd ek HRYE DEESAHEE | 05

Mor eover, since’the y Suppor I'l'c,

expensi v @ht ORd Cisifles 2 BW nﬂrgﬁﬁremﬁgsr M@é&o@ﬁlﬁ (% b eakiier Bt %%s') Easrs@sq uired to

use the affinity 'support as a sorbent for a hydrophob ubst ance.

Mor eover ,ipdugh Juétd 4 1abed dontifuduB b RIRSEean Hbieli onal group (e.g.,
i on- exchange group) into an epoxy resin. Therefore, devel opnent of a

monol i thi ¢ or ggRbfzaRiRipekus HREY hiaE a bs-ceRaiioadktryctie HHap Mctudpd 1S
hydr ophobi ¢, has high hole continuity and uniformty, and ensures a | ow

pressur e thesdimb@aoral tbinGeuskelewt ghasoindgshyecpdisrasiond coninotfRolsonol i t hi ¢
organi ¢ porous body due to a | arge continuous hol e, has been desired.

Dev el iopmagihaseodefmed iptiod skieletom phiagmimsbepokonyen.i oiP-2x2003d11G4081 diatlodeaana | ar ge
i on- exchange capacity per unit volume in addition to the above properties
has al so drganic pelginerge! affiity svRpérbhaving h emrgentimois sthature theo mebsles @ particl e
structure that includes a copolyner having a | arge network structure in-
whi ch m chspalimensianahreehtivaeuspone harinpoavesaggridaneiar in thpprder efal gel particle
aggregates. However, the dianeter of the particles that formthe mcropores
of the MRuicEmeis ity ekeleten phase that smeiply fegmed efim crzEvametTiek thr gani ¢

nmonol i thi c_body in whjich particles or protrusions having a di aneter 15 of

nor e t harRfnighiupaed being ¢ Rl ymgF P_%%éefts @recia Hner Heherduastiopaispeded. (Pat ent
2) " IPET- A0S O TR CORPOTR. A bROM A T FO (TR SR pat ont
Coourent 438001, 150005, (6L AU, D R PN, 2 0 ETESRNENT) o
0 Ot 5 AR PN RO ORT 0
MRCT Opor & 3§ {5 U rﬁetcp@srslink density of the skeleton of the affinity support is increased in
order to maintain the ménolithic structure. The affinity support has hydrophilicity that
20 sufficiently suppresses noﬁspeciﬁc adsorption. N. Tsujioka et al., Macromolecules
2005, 38, 9901 discloses a monolithic organic porous body that has a co-continuous
structure and is formed of an epoxy resin.
Since the pore of the affinity support disclosed in JP-A-2007-154083 has an
average diameter in tﬁe order of micrometer, the pressure loss when fluid passes
25  through the affinity support increases. Therefo.re, it 1s difficult to use thel affinity
support as an ion exchanger for a water deionizing apparatus that treats water at a high

flow rate under low pressure loss. Moreover, since the affinity support is hydrophilic,



25 may be used as an adsorbent that is chemcally stable, has high
mechani cal strength, ensures a | ow pressure |oss when fluid passes through,
and has a | arge adsorption capacity, or an ion exchanger that is chemcally
stabl e, has high nechanical strength, ensures a kw pressure |oss when
fluid passes through, and has a | arge ion-exchange capacity per unit

vol ume, and net hods of producing the sane. Anot her object of the
present | ncanplewaAnd expessiye epsrationd(egpiorireeHivdranhgbigitecapoanblis Tesmérpd that i s
chem cally stable. and hydrophagbic, has high hole continuity and hole size 5

uni f or ni t Yse thadTBHE sprpeTtasaggdpraend fora hydeephphissubstencg pAloseayer fridugh, a
nmonol it hi ¢ _organi.c porous ian exchanger .t hat has a | ar.ge i on-exchange
capacity ‘%@f%“gtr{Pﬂn ua%%%ﬂalaegigf%{gmge IQIH%XCQB%F&TBFI%&%O@@Q?X%W&%t hods
of producing t

tg sol ve the agﬁﬁéﬁg%eE}BY%%{mﬁﬁﬁgﬁpggxﬁ ch%%%%ﬁ{’@%ﬁ%&gﬁg@ﬁfc_ ér%\égl Lisolr)]oijz
and high St B8 9 RrotBEhle e LA F I Thich AR S, JRER8Re ﬂ%ﬁfgﬁingt
ctsor pti GpeSlDloRSaHLNERS o AL bt o) pRASS BRI Y BnolB RIS, T O

mechani c oréﬁiﬁdagtrﬁem14?%@&519]99&1@%@5& e Ae¥rel ¢ hbefvlelg et he fluid

passes t hrough, ensur ow pressure |oss when fluld passes through,

and met hodsnQfihiRIoPeHied ol i8n LRERABer that has a TRE: foA%RBARLE cAlacith Bediiris €Nt
i nventi on conducted extensive studies in order to achi eéve the above

obj ect's, flemé ayatitdiab the 18090 brdpittes Bacllss he desised. ar ge openi ngs and a
-skeleton that is thicker than the skeleton of an intermnmediate body is

obt ai med by subj ealiMB ien-¢kéhehgdesinmas a antipesiepagiild stkichge dgeiiclides
stationary polynerization in a 20 specific organic solvent in the presence
of a nond ¢dpoiynarhgeing @ lage astsvaolo styuchira irewhiet inat pbod fyrntdddietweenobt ai ned by
t he net hod di sclosed in JP-A-2002-306976, and that the nonolithic body has
a rel at i viehgropaegeEndoomad] sphbncat geleirtidheagprogatesf  Howevpethengmnatenofitke f urt her
i ncreased due to swelling by introducing an ion-exchange group into the
resul ti ngpaniseles thatfoom iasopicreprges ¢fahe MReionwrehdngh resibisdyim od lesh@ndrdnol i t hi ¢
i on 25 exchanger obtained by introducing an ion-exchange group into the
nonol i t hitonnedije aiganie aqnobiiie bedydnidiishoparticleserpseiresonsrhavey adigneifge, a

| ar ge adsorption capacity or .ion-exchange capacity per unit volune, and a
si gni ¥ caafmare tg lpm@@}a«?rs to tissurfags theyeaf hqsalpbléeeam%e&di ameter of the

EQISIZL???t Qt:faﬁé{)‘%}%cfnaEL%EE@%@?%@%%?Q%@?@”@@@S? :eliﬂta ot ngeous
Gascous BBACT AR e T a0 e ol fent perf or mance that cannol . be

achi eved at ed»art ,5,4mnol Gt A6 .organi ¢ porous body or nonolithic
organic p %%ﬁ%bﬁéﬁn%ggﬂ%%é%%§ﬂggéggﬁpﬁ?ﬁ%ggas transm ssion rate is high
These fi ngi Q. : i-onyof the present invention.
AccordingﬁkgggD §¥§?ﬁ§gg%91ﬁg?iﬁﬁ@?%ﬁ%%gh) invention, there is provided a
nmonol 4gt hi ¢ organi ¢ porous body including a continuous macropore structure,

t he

SUMMARY OF THE PRESENT INVENTION
An object of the present invention is to solve the above problems, and provide a
monolithic organic porous body having a continuous macropore structure and a
monolithic organic porous ion exchanger having a continuous macropore structure that
25 may berused as an adsorbent that is chemically stable, has high mechanical strength,
ensures a low pressure loss when fluid passes through, and has a large adsorption

capacity, or an ion exchanger that is chemically stable, has high mechanical strength,



10 continuous macropore structure including cellular macropores that
overlap to form openi ngs having an average dianeter of 20 to 200 gm the
nonol it hi ¢ organi ¢ porous body having a thickness of 1 nmor nore and a
total pore volune of 0.5 to 5 nl/g, an area of a skeleton observed within
an SEM i mage of a section of the continuous macropore structure (in a dry
state) being 25 to 50% 15According to the first aspect of the present

i nvent i onensures BAOY Preseureilers Avhen Huibpasses throgglyanf hans lasgeioBsdghange| udi ng a
conti nuous nacropore siructure, t he continuoys nmacropore structure

includingF%EPFbP%ﬁmﬁﬁ@‘E%%P@%HFﬁ§F58 EWﬁﬁﬁng 8 openi ngs having an
2 Thickness. of Kaofés Gredif fedmioh bURuion foerouts hotop L CHERIE PREES s he
20 lifhj . i b i . f. i .St |
Chat 1 nol betbabgtif FRRgAEY e HREM PSRt PECHER B R oB TR M P o
| ncl ude allibiEXEAANAGOL AP prelu Bl 2h A Huid Atk BlioH, @ rREBRAIE 3

entl e t - e

wat er -1 n- Oi Sion, and potf ymeri zI ng er-in mul’'sion to obtain
a nmonol i thi ¢ - L€ ' ' '

racr opor o RS Forh kel Mo Phat el o Bfohal A IS R BRI e 1
25 that i Aefifgles 8 XoVE pPophhity! arRRQRBs ofPrédiRiR!thdledg agent that includes
at least two vinyl groups in one nolecule, an organic solvent that

di ssol ves the Xiffher BBROIGY th@Pbsdit envenBSBisitd k6l0g HREBBYe plblenti0gs not

di ssol ve a pol ynmer produced by polynerizing the vinyl nmononer, and an

i nitiatorproidd adn&icdighit bigahitqordudGodd et pay ¥idbly béigseldhe anadidibent @it ai ned
by the step Il in a stationary state in the presence of the nonolithic

or gani® phdsahchhmitdrserenkithted higconfatedfidandyywith Buisitvel@nl the flokit mssesan  or gani ¢
porous body having a skeleton thicker than that of the organic porous

i nt er medi tranghpehsures a low posseurdlosg vhen tfhiel passestthmeghe eind difis ¢ highpr esent
invention, there is provided a nonolithic organic porous ion exchanger

i ncl udi ngadsorptinh caprouy, aTacrAitic ersniamrenseon exchasganihal hasrmephasicsbor e
structure including cellular macropores that overlap to form openings

havi ng ansteepethagd highasnntast eficienoy wath3lvid phen thiedluidhpassestthiaugbragdni ¢ por ous

i on exchanger having a thickness of .1 nmor nore, a total pore vol une of
0.5 to 5 ¢nsPxgs alow prrsswa les mben dmidhpasses draugh.yind sethadis ol prdyspedhe 0. 4 ny
equivalent/m or nore in water-wet conditions, ion-exchange groups being
uni f of yS&hSstributed in the nmonolithic organic porous ion exchanger, and

ol e ot ey SMlaR AR Bl et oV honired BGisRe iR ' 1

15A di .to.the first the g t, i i t her.e j i ded

o Bt st BBl SR SRR ol B e BB Rg! BT o

that incluydeg st ik DGy & 00 MLVEE sﬁéle@ om@%&h}égia@e @qus&aﬁl@aﬁo does not
ange ¢ actant, and wate 0

i ncl ude an i on-exchan foup, a sur prepaYe a
wat er - i n- gj ' }ﬁhgﬁ 2= 1 0= Ol ' to obtain
a nonol i t%biec@ﬂ%é%n??gg?@%g?@lﬁ%@% I at g%%%ﬁ‘ﬁ@%tﬁg?ﬂaﬁﬁgblgmggﬂ%@#? iHr?uous

MACT ORPT € Ei&i‘d%&%?ﬁafc MNP AShE predbitle 0P AmfonbAtHEreBfic potcdis bedy /9, @ step 11
t hat 1 ncludes m¥Xxing a vinyl Rnnoner, a crosslinking agent that includes at

| east t WogiMeAYddidé BOBRS thal iOHKailBd sfﬂieeneta&u QEE38dGn FRIALe002- 8 tEdt76 JargiS Ol ves
the vinyl nononer and'the crosslinldng agent, but does not dissolve a

pol ymer pihagitie ethnBMthROboATEak & irélatitddela¥dd Wre TBIOMFRIN tiadlzedf the bpdnadg®r , and a
step Il that includes polynerizing the m xture 25 obtained by the step |
in a statt@rehirbdrdhdedssd dhietoyvetibncley mitrotidngmniohidxbhage peampi intopthe ous
i nternedi ate body obtained by the step Ito obtain an organi c porous body
havi ng a skdlirg monththidderdyt dvarthathig mofiolithie bodgand thepoomlishic miner nedi at e
body. According to the first aspect of the present invention
t her e24 s aichanger obteibed by imteiducigah ipr-eoxhhengegrauprintothetthérolighighodc por ous
i on exchanger including the steps Ito ) .

ensure prompt and uniform adsorption or ion exchange, a large adsorption capacity or

ion-exchange capacity per unit volume, and a significantly low pressure loss due to a



11, and a step IV that includes introducing an ion-exchange group into the
organi ¢ porous body obtained by the step Ill. 5The inventors also found
that a hydrophobi ¢ nonolithic body having a continuous structure that

i ncl udes a three-dinensional continuous aromatic vinyl polynmer skeleton and
a three-di nensional continuous hole defined by the skeleton is obtained by .
subj ecti ng.F an aromatic vi nﬁl@ nononmer and _a crosslinking agent to stationary
pol ymer i zltgedveiage diagisiaziof the openiags andseihjuhhigh meghamical

nmonolithic 10 orgapj c porous bod i nf ernedi ate bod that is obtained by

t he net ho‘él‘cali(f%l‘é hardngicapahpity d3ip @g%WBU%IHECIPP%? S REROEN CRFCBody has a
relatively |arge.pore vol unme, having a continuous structure i gh hole

Cont i nui t9esscs TOHRRGT SO HoR epeply Oie aRiEh BEoee it ol b einen
fluid pass t hr.ough,..and that _a.nonolithi ¢ _organi or.QuUS_ i on changer
navi ng. a Tove i b iRgb AL pd RgRL e, G Ro R e R B F el R e 1
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pronpt an i i n QR B

adsorptio g%%glg{s%h gdr?e ?gg@gxc §ﬁ§§ﬁ@§%%%%‘?ge‘§éﬁﬂﬁmt 1vo uqr’rf\e\t?}e gﬁg&g

- significagtiyfihow pressure | oss due to a large continuous hole and exhibits
hi gh mechani cal strength and an excellent handling capability, an 20

excel I ent gasefupréifg td/d AR agReQITAkE PrRséhd RBRhTid, YhePSispgoiddden t O renove a
smal | amount of gaseous pollutant (i.e., exhibit excellent performance that
cannot bemasdlite@egdaie ore @ ide dnchiding'd aontidtudle maErgpore Gtrpetu@yithei ON
exchanger) even if the gas transm ssion rate is high. These findi ngs have

| ed t® t h@ntoumisehdcpspodd stifrawrp ireheliig cellvin maoroporks tloat dvertaptto farmsecond
aspect of the present invention, there is provided a 25 nonolithic organic
por ous bospenings herdhgen averagechahétamailiZ) tot200 ¢imy tlee mbpalithin okgadesparous

t hr ee- di nensi onal continuous skel eton having a thickness of 0.8 to 40 jim
and a t hrtedydiamngsitbikhess ofit mmoumorming aefal pers violumeaef Bk td 2mdig, Bavi ng a

di ameter of 8 to 80 m the skeleton being formed of an aromatic vinyl

pol yrer téaes ofpskeletan hserved kedinsan SRMimage ahi section ke coptimIonst o 5. 0 ol %
the nonolithic organic porous bqdy. havi n% a tot al pore volune of 0.5 to 5
m/g. AcdBrAPPRyCshudiwe (NN dtabe)fsine ortovREe-present invention, there is

a co-conti nuous

g '[ ?\lji:gﬁ(rjea;t Eaggg‘%%gihgiggthg% %2@@“8‘%@% 5{%?{&?1(11‘%??}%5!1]%%%8 ER@ﬁg‘fﬁ)n havi ng a
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5. 0 mot o6 P HRSonb bR A ek S BRSSPt S TR 16 i e
per for m repeaties Bavihed iy SRRUc Gty 6P EORN0 20B00E R, MBS\ Behofl RRUEFT, Y
monomer tﬂbﬂg K085 aMkihdiC bf'P'(;ﬁ'lml?Bre hn@fbsﬁf&qﬁ&g ofdVBHRne GF B3 §‘ﬁr£l/%[‘{he and

water to prepare~a water-in- 1on, and polynerizing the water-in-oil

enul sjson ﬁlenaﬁﬁjeiofgaajcgstar@&lsiHoﬁ'y%efﬂgm&edpey ?gii?orhﬁﬁfﬁ %ﬂtaf‘lra@irkﬁﬂwst hat has a

cont i nuous macr opor e ucture and has a to pore 15 volunme of nore than

16 mug angirdth MHxife IfO8 Dil-RIHERohdmb @At dods httdRSude X dg-exBhadgenat i ¢ Vi nyl
nmononmer, a crosslinldng agent that includes at |east two vinyl groups in

0 ng mﬁl eCbep, adirfEgRDi wakiveHrepahed wites$9bil @fulsish, afdpéllinerivingyhe NoONomer
and the water-in-oil emulsion to obtain a monolithic organic porous intermediate body that has a
continuous macropore structure and has a total pore volume of 5 to 16 ml/g, a step II
25  that includes mixing a vinyl monomer, a crosslinking agent that includes at least two

vinyl groups in one molecule, an organic solvent that dissolves the vinyl monomer and

the crosslinking agent, but does not dissolve a polymer produced by polymerizing the



crosslinldng agent, but. does not dissolve a polyner produced by
pol yneri zing the aromatic vinyl nononmer, and an initiator, and a step I

that includes polynerizing the 20 m xture obtained by the step Il in a
stationary state in the presence of the nonolithic organic porous
i nternedi ate body obtained by the step |I. According to the second aspect of

the present invention, there is provided a nonolithic organic porous ion
exchangervinylgherfimgg, andeas-ieigiator.ne asteptiHubetipdudespolymeizingetye mixture

t hr ee- di nensi opal _conti_nuous skel eton having a thjickness of 1 tgo 60 pm and
25 a t hr edtaiperehsthssiar IE b sy Hoe & Hemrererces) theyworplihictBeriiavi ng a

ool yrer o at NG HRFRE A lon iR s o0h SRR e
e andaeiielBRyE Ba ket B rtni HoRosRal st 8% cqui val ent/ ni
i stribured i noriingle Mo K Bncel SINEBASARATALEH BB BEVIIAC 1 Yo (o

b oduct ne gREREE ordinic Ml 168 ERhah Sl » LRG0l SmBE OO RSy, T2 TOC 0
stirring e Rptnibs RhcrdPorishrugRleURiifdiNR RANREr thildbpdieeBatWerlbpt] 4 an

i on-exchange group, a surfactant, and Water to prepare a water-in-oil

enul si on, o RAMPRIVAR AL Aveisbeldiin¥Bi 11301 t8-300 lunf T BbAVlithie oBRindl pbrausToNnol i thic
organi c porous intermedi ate body that has a conti nuous macropore structure

and has Eioﬁ@k@ian%@ﬂﬁvmg!au@kﬁgss BDT ehrh B0l aMdtel i€l vdldBR ofl) DtoF ml/gss, a
step Il that includes mxing an-aromatic vinyl nonomer, 0.3 to 5 nol% of a

cr ossioi nkind@nageskchahgd capacityuste and volueasit 0 mg\equivhlegt/mlipsmore iane nol ecul e,
an organi ¢ solvent that dissolves the aromatic vinyl nononer and the

cr ossl i nkwater-agahditions, iceeschante glbssdiens wnifeolnyndistribneduc g by

pol ymeri zing the aromatic vinyl nmononer, and an initiator, and a step |11

t hat i nclmaredithiobygapic poiroty ioh exakangenraad abtasdada siipletoneobsGyedpithin 4on a

stationary state in the presence of the nonolithic organic porous

i nt er medi $EM imegsolobieatioreaf thy centmusuemagropore structpeec(in ol firvstate) beieg 22cond

aspect of the present invention, there is also provided a nethod of

produci ngo&%%enol i t hi ¢ organi c porous ion exchanger including a step | that

includes stirring a mxture of an ojl-sol ubl e nononer _that Flgé)gs c())té1 i ncl ude
r

an 205 on- excHHfGEBE BB figst agnertedt %Pf,es%éf“iﬁ&?l‘é‘i‘s.tlﬁ%e IriEpy . -in-oil
o gani o RGBT A arasBin ey ncluibie AR BT RO B HEnER Lt ur o
M tha merags R Fo B ammRrE bror oms s O g e Eoflbras o a” * T
ol ocul o, e e B bR ol et f Bl SR nor, B Mber BtRS  Tonomer and
pol yrer | 21 P SPEer 12Ul OB RS BRY BBERRE | e
i ncl uges continuous macropore structure and has a total pore volume of S to 16 ml/g, a step IT

that includes mixing a vinyl fnonomer, a crosslinking agent that includes at least two

vinyl groups in one molecule, an organic solvent that dissolves the vinyl monomer and

the crosslinking agent, but does not dissolve a polymer produced by polymerizing the

vinyl monomer, and an initiator, and a step 11T that includes polymerizing the mixture

25  obtained by the step I in a stationary state in the presence of the monolithic organic

porous intermediate body obtained by the step I to obtain an organic porous body

having a skeleton thicker than that of the organic porous intermediate body.



pol ymeri zing the m xture obtained by the step Il in a stationary state in
the presence of the nonolithic organic porous internedi ate body obtai ned by
the step Ito obtain a body having a co-continuous structure, and a step IV
that includes introducing an ion-exchange group into the body obtained by
the step I1l1. 5The inventors also found that a nonolithic body having a
conposite structure in which a nunber of particles or protrusjons having a
di amet er of 2 fecopdingite thedirstospastobiie prasenfupveation.ghere fipalsyporidshaof . t he
organi ¢ porous bhody i.s obtained by subjecting a viny|l ppnoner and a

crossl i nlBehgd gypiodueine amanogus FERHE PREVS Jt §X6RAngsT Mekigme the stepy fani ¢

solvent ipn the presgnce . of nonoJ it hic.organi c porous body (internedi ate
body) 10 ﬁhaﬁﬁéwsﬁaﬁﬂéﬁdb%w@%%&a1%}?@%%%@9}%95@&6 i%306976, and
that the nonol. thic, bo has a | atively | arge pore volune, and that the
nDnoIithiQ?Wﬁ?J%dgﬁ%mﬂpéﬁhﬂa FPﬁPiﬁion exchanger obtained by introducing an

| on- exchange ofigup. LAl 1% qRNRLI o botly SORMRC BaRLand uni form

adsorpti on or 10On exchange, essure 1o0ss a it high

mechani ¢ %ong.g‘nﬁ(g{g%mcm?eqh%ahh& { %kﬁ@orﬁ?@&ﬁhhbﬁy argﬂﬁgé Qingl coNt I nuous

15hol e (pore) structure, an excellent gaseous pollutant adsorption
capabi | i teli"é’gﬁ "G eRBINSn% tﬁﬁ@%ﬁe&ioﬁi@b&nﬁﬁ@&’ﬂol@&eﬂﬁﬁ%g‘{ﬁe alldetant (i.e.,

exhi bi t ent performance that cannot be achieved by a related-art
monol i t hi ghApSPRY SibRREAY 8n RRAYAHR I} Bdnbinkl £ndf SBNIRKRQI@HE thon exchanger),
even if the gas transm Ssion rate i's high. These findings have led to the
conpl et i Qffatnady iRl Ah&SARbn iy SkcifRbredld et aind iMie peesandeifadnambigge of the
present invention, there is provided a nonolithic organic porous body

i ncl udi NnGorgartOpMOas belyslimteeiddiate bddyf) thandd akdsiedlyy the geothal diedlesed ibody t hat

i ncl udes a conti nuous skel eton phase and a continuous hol e phase, and a
nunber of JPparX00243669 Hearidtyatathe manelithic widy hat aredgively largt padheslimg, t o t he
surface of the skeleton of the organic porous body, or a nunber of

pr ot r usi dryingadontgneousswicure, Rishdiokentnuigf arel unifop@ityrand tlit ftemswds an t he
surface of the skeleton of the organic porous body, the nonolithic organic
por ous bddy riessigdoss Whﬂndkhéﬁéss@ﬁfg@uﬂha and thragnonmitihio orgagic Nvsous 10m anet er  of
8 to 100 p and a total pore volune of 0.5 to 5 nm/g. . According to
t he t hi r Pxghaneet haying slargs lenwrehange esparighperimévelyme jsoblaiepddya monol i thic
organic porgﬁi i on exchanger including a co sitﬁéstructure t hat i ncl udes

an orlgani@ir H}&mﬁaw@h?ageww@éheam%ﬂ%tﬂﬁad& Vot athifk Pl and a
cont i nuous . hol hasq, and a.nunber. of particles havng %1dL nmet.er of 4 to
40 gm t heARd AbA GhEmPROLTHE SEeaBif FIRWS igh BN EPSFBHOGR AR BRI 88 por ous
body, nb f . t i hayi Xi i t f 4 to 40
Chat are FohiE DuriBbeiAee Do £ st et Bh SRl e Rtk Riodbor ous body,
th it hi. i s ) . :

rore o Bha R BT L6igRR B, HERATEREADYFh-RYI0N e I0h RERESRRlod TN O
to 5 m/ i QR= reTplolc) it i !dHH%
eguivale%?#%ﬁﬂggﬂﬁ%§2u§§&?n ma?gﬁgﬁg%j%g%§%§#%%éfmgbn- %%%g%'éag?oups bei ng

apec o P R i D A g O L o i mg o
nonol i t hid QEQPANHSIRAMIIUS, DOt Ll pBFonadt&that cddddt bd NBleie@SBy a
related-art monolithic organic porous ion exchanger) even if the gas transmission rate is
high. These findings have led to the completion of the present invention.
Accordﬁlg to a second aspect of the present invention, there is provided a
25  monolithic organic porous body including a co-continuous structure that includes a

three-dimensional continuous skeleton having a thickness of 0.8 to 40 pm, and a

three-dimensional continuous hole defined by the skeleton having a diameter of 8 to 80



stirring a mxture of an oil-sol uble nononer that does not include an

i on-exchange 15group, a first crosslinicing agent that includes at |east
two vinyl groups in one nolecule, a surfactant, and water to prepare a

wat er-in-oil enulsion, and polynerizing the water-in-oil enulsion to obtain
a nonolithic intermedi ate body that has a conti nuous macropore structure
and has a total pore volume of 5 to 30 mug, a step Il that includes m xing
a vi nyl npmethsskelatos beinsdomnassaf|ansramaty vagd polimeathat hes yaosslpked east t wo
vinyl 20 groups in one nol ecul an_organi c_sal vent  t hat dissglves t he

vi nyl mnaﬁ%ﬁﬂald@ittq%te%@mat%?-@é%ql?/qakhe@mw&é*ﬁﬁ OTggiic RPERS Body hayiag sl ve a

I d LZi th i nyl , d initiator, d
ren 111 RPoRNRESt Oy SEHlE ng ¢ he. i xt ure obt ai ned by the otep I in
e ar s SO0 e B Rat Bht PP 2 B iR o

f d_whit.e. sati sfyvi t,.l. . d i 1) t
55 O ¢ mamiea bR prh R 68 3ip g Soutilious Pridle b SRAMSROTS (1), 1P
I th () =1 ; i gnit4 t | t 5C
(2"t he. s AteARM 0Bl Sl SIELAIN fidnell 00 4RLR ek B Shep 1)
IS equal #QecQfimeARGGRA cglhﬁiaoﬁ%ﬂ]h&@ déﬂﬂ?edadqj‘{ﬂé‘ékeﬁe;f@ﬁ %v@ameﬁerrﬁh to 80

crosslinking agent used in the step I; (3) the vinyl nononer used in

the step | Bkik&&dn bBing rératddWran bf@mtcReny ipblysfk Wk Bada BREMRMeUSAd in the
step I, (4) the organic solvent used in the step Il is a polyether having

a nol ecul @mntetbONB t©F.0300198 ihdMbRslithicdkgdnliepdrOmcydly hatingn tefal phre Vi nyl
nmononer in the m xture obtained by the step Il is 30 w% or |ess.

10Accr di wguhe of D8 tb Binildy, dspactholific ohenjy meentbodyn beigippoducthbye is al so
provi ded a nmet hod of producing a nonolithic organic porous ion exchanger
i ncl udi ngpeafosény d dtept hthnt inploH erdesringhs nidure afgn @il -Jobublemohamepethgrdnep i nto a
nmonol i thic organic porous body produced by the above nmethod. EFFECTS OF THE
PRESENT | dyEnTudennlisSiencianghgronpreodurfabiant, badiyatge toopredparg atverterkin-ofli r st aspect
of the present invention has a continuous nmacropore structure in which the
—_openi ngs ¢mwlsien, and pokianerizéndoibe meteriiared emulsieyte abtzine meonolidhelongaricskel et on
(wal |l section) of the continuous macropore structure is thick, the
monol i t hi Porpestipteapdiptetbedy thas hase soatinueHsSeAcERRosH StEchEe png hasphivtad peice, t he
nmonol i t hi c _body_can be used, in substitution for synt heti ¢ adsorbent, and
15 volume %f more L%an ?g ml/g and 30 ml/g or less, a step IT t%at i¥1clu es mixing an
aromatic vinyl monomer, a crosslinking agent that includes at least two vinyl groups in
one molecule, an organic solvent that dissolves the aromatic vinyl monomer and the
crosslinking agent, but does not dissolve a polymer produced by polymerizing the
aromatic vinyl monomer, and an initiator, and a step III that includes polymerizing the
20  mixture obtained by the step IT in a stationary state in the presence of the monolithic
organic porous intermediate body obtained by the step 1.
According to the second aspect of the present invention, there is provided a
monolithic organic porous ion exchanger including a co-continuous structure that
includes a three-dimensional continuous skeleton having a thickness of 1 to 60 pum, and
25  athree-dimensional continuous hole defined by the skeleton having a diameter of 10 to
100 pm, the skeleton being formed of an aromatic vinyl polymer that has a crosslinking

unit content of 0.3 to 5.0 mol%, the monolithic organic porous body having a total pore




20 can also be applied to new applications (e.g., adsorptive renoval of
trace conponents) due to excellent adsorption characteristics. The

nmonol ithic ion exchanger according to the first aspect of the present

i nvention has high nmechanical strength and a | arge ion-exchange capacity
_per unit volume in water-wet conditions, and allows the processing target
water to be passed through for a long tinme at a high flow rate under 25 | ow
pr essur e. vathmeof 81540 Strhlég, pd eh iamh¢xshprgs ceremmgernih¥gluagiof A5 & be used for
a two-bed three-tower water purifier or an electric water, deL%nizing

appar at usequiyaient 08 mese wihen WetedWih faterpgnwrehapge gronpe Being HRfeBlY he second
aspect of Ih% Eneﬁgnt i nvention, has a.co-continuous structure in which the
t hr ee- di n&REibYRS R Hsipe § OHZME BYEISHPTYRE Fnuity, high uniformty, and

I di t .he  t t t b d.th h the lithi
o gante. por ousiBisagine it B S Rners SEBe ARG B8 ATACIHSR B pr essur e.
Mb , .t l.i t.hi I, . 0] t I
SN R T T RN
thi Ck: Thﬁfrﬁflg E?nixtluﬂzeo rb(?ll-éotlltiﬂag m%glgﬁgf ﬁlap(gfegﬂﬁt 1!3 q@[e %{?fbnbegﬁcﬂ In
substitution or a synt et c adsorbent, an can al so e applie to new

appl i cat i Qggg,(a%ugfacmﬁ@%gmaﬂem ﬂr@é@és’ékva@r-iﬁfoﬁ%ﬁnﬁﬁém‘aﬂ@gB eﬁﬂﬁgttﬁ)e

excel | ent orption characteristics. The nonolithic organic porous ion

exchanger waeL ol & BYulsRnitd SbHALLASESBRUreffic fGoldBitdhesBRibddp IRRA hhon has
hi gh mechani cal strength and a | arge ion-exchange capacity per unit volunme

i n wat er - WRkinGaRGhddréiitse sttthra bh®WEs 4 fogal harfedRlui@bBmoteahe] Paggaddt hr ough
for along tinme at a high flow rate under | ow pressure due to a |large

t hr eetodi NBNGIL/ A less, Qritdp Tl ¢has iehldes mikiag ah arfcenatic vinyleabinel) i@ rgani ¢ por ous
i on exchanger may suitably be used for a two-bed three-tower water purifier
or an el emblhof 4 brosdinkingtgentrthati ingudgsEa teastutsio vBivi geouphén dimr meleclapmsi onal
continuous hole has high continuity and uniformty, uniformion-adsorption
behavi or o¢rgamibsaventdhat diseolvesthe hronfatichvinyl oronorehanttbe broselinkingagent,, and a
sufficient nunber of theoretical plates is achieved. Mreover, since the
monol i t hi kutdpegmit disselve a polyorer prasivaedyer pelsmerdng theagematit yingdseranary ace
ions in ultrapure water, the nonolithic_organic_porous ion exchanger may 20
sui t abl y 40 ansaiiates, and alstepridl befriaglndespadyaneiizingibe mighroebtaned Bnthéxchanger
used for an ultrapure water, system Wen using the nethod accordi.ng to the
second asigRtl ing S@H@n%y slaterip thewzesenre Al the maonglithag orepmie PerOYS Mt ™MSERd s i on

or duced A9V BOPF AL b || Ty, 25Si nce the composite. monoli thic por ous
body accordi ngAct:c%réﬁg i iersgcd%a %gﬁ:etct 8ff tht Breesent invention, there is also provided a '
method of producing a monolithic organic porous ion exchanger including a step I .that
includes stirring a mixture of an oil-soluble monomer that does not include an
20  ion-exchange group, a surfactant, and Watér to prepare a water-in-oil emulsion, and
polymerizing the water-in-oil emulsion to obtain a monolithic organic porous
intermediate body that has a continuous macropore structure and has a total pore
volume of more than 16 ml/g and 30 ml/g or less, a step II that includes mixing an
aromatic vinyl monomer, 0.3 to 5 mol% of a crosslinking agent that includes at least
25  two vinyl groups in one molecule, an organic solvent that dissolves the aromatic vinyl

monomer and the crosslinking agent, but does not dissolve a polymer produced by

polymerizing the aromatic vinyl monomer, and an initiator, a step III that includes

10



present invention has a conposite structure in which the surface of the
skel et on phase of the organic porous body is covered with a nunber of
particles having a specific size, or a nunber of protrusions are forned on
the surface of the skeleton phase, the conposite nonolithic porous body
ensures a high contact efficiency with fluid when the fluid perneates the
monol i thi ¢ body, pronpt and uniform adsorption, and a | ow pressure | oss,
and exhi bpalgmptiging theahixiire abtasied by dhenstemi ima staferdry stgte indrpresegeeaipabi | ity
due to a 5 continuous hole @re) structure. Therefore, the ponolithic
organi ¢ péeFEolTEg owaric perays gHemediainhady; Qhtainsd Piothe stepy e Aliring bad¥or bent |

d I b | jed t | i ' .(e.g., ad ti | of

[ ace. Conpomet 85 st SHEGF SRE natredy grrcrufhr nEiBRrBIPes | S nee the
ite | ithi j h di to the third 10 t
of the priberthings ePIHCHE O Lamd W PERRI as that of the composite.
ronol 1411 C nor e et 41 G0TBESL b, IRRR D e RO 945 L o0 Exsanger

C_1RVEI
ensur €s pronpt an&vunl%sorm I on excnange, exhi ani Strengt h,

and al | OV@hitcH% ntuﬁ{bgﬂ)% M(ﬁéﬁ %ﬁ’é&?‘fs@ég‘?g%% %{(gﬁﬂ%}iﬂtm t%%'mﬂﬁ %%r Oﬁ}c?)év]vp lithic

por ous ion exchanger or a ow rate ‘un

pr essur e. o T EHRIer th\&eRAHAAI 6:oHR0 bidubibbarl B RO ABjeERIANger My

suitably be used for a two- wer water purifiér, "an trapure

wat er sy s§ai m&onik? a_ﬁbﬁ%}cfsisl fg‘en%k@d%ﬂoﬁb%%oé%ﬂﬁﬁ%ﬁ%in é)grpeﬂi%)é sui tably be
used as a chemcal filter adsorbent. BRI EF SCRI PTI ON OF THE DRAW NGS

20FI GS.  lorbghid dolkltah theliRedeh@ dflalBénARIEE 6fgafic foiGusbods etermadiarRttioasn) Fl GS.
18 to 26 relate to the second aspect of the present invention, and FIGS. 27

to 4210 el thtSs bbtalded biyhe He@sd dixtlosdd inlTR- 2062306976y and ihanthe Mdpolithihows an
SEM i mage of the nonolithic body obtained in Exanple 1. FIG 2 shows an EPVA
i mge of Hdug hashrelatiaiphrgs gire vddutnie pandahattthemsuolithredodf ahd e mmmobthid hi ¢
cation exchanger obtained in Exanple 1. 25 FIG 3 shows an EPMA i mage of the
sul fur atiomesiitsngérabtding Wyfintrbdncmerrol iotfexchange gumpeanto engenolghicdioded i n
Exanple 1 in the cross-sectional (thickness) direction. FIG4 is a view
showi ng témsurs@remptandomifoan wdsonptidneordon ¢xohangd, and plaves prgsireloes 4ndci ent and
the ion-exchange capacity per unit. volume (exanples and conparative

exanpl es)exhiichigh sreshanicosh stompth, ga gecedent hradivemenpabilibtdusday coptiriosed in
Conparative Exanple 1. FIG 6 _shows an SEM i mage of the nonolithic body

obt ai Hed hde CoRDStraetiire aEgxaelend sascops pphutapsggorption eapabilifybsingatle tq he

skel eton observed jn the M i mage. sho in...
remove a smail amount 0§Egaseous Bgllutant l.e., exhibit excellent performance that

cannot be achieved by a related-art monolithic organic porous body or monolithiq
organic porous ion exchanger), even if the gas transmission rate is high. These
findings have led to the completion of the present invention.

20 According to a third aspect of the present invention, there is provided a
monolithic organic porous body including a composite structure that includes an organic
porous body that includes a continuous skeleton phase and a continuous hole phase, and
a number of particles having a diameter of 2 to 20 pm and adhering to the surface of the
skeleton of the organic porous body, or a number of protrusions having a maximum

25  diameter of 2 to 20 pm and formed on the surface of the skeleton of the organic porous
body, the monolithic organic porous body having a thickness of 1 mm or more, an

average hole diameter of 8 to 100 pm, and a total pore volume of 0.5 to 5 ml/g.

11



FIG1. In FIG7, reference nuneral 11 indicates the photographed area,
reference nuneral 12 indicates the skeleton, and reference nuneral 13
indicates the macropore. FIG 8 shows an SEMimage of the nonolithic body

obtained in Exanple 2. FIG 9 shows an SEM i mage of the nonolithic body
obtained in Exanple 3. FIG 10 shows an SEM i mage of the nonolithic body
obtained in Exanmple 4. FIG_ 11 shows an SEM 10 i mage of the nonolithic body
obt ai ned i n ExAsgsirding to the third pstiefitheapresEMnyvartips. Bkre i8erowdadd t hi ¢ body
obtained in Exanple 6. FIG 13 shows an _SEM i mage qof the nonol.ithic body

obt ai ned PAnEtAiGOEgaNic Parps i9n ex¢hengerdpcluiing p ca@godte stiveturihal intlHfes pody

O ned BT ot Gk B 4 0B e 5 R
bt a ned THSERAREPEmbe ofpegiclss PYg  Alret e hi R b EARRE Rubene ~°%
aopect of EHEe 3 BEShitEBa Stk R o by S BRGSO bfhudiBnl REAREECT, o
o er encdnalRRE Hmelef LER SEC AR ofrk 8 bh AR GFRICH BOURIANSEECET | ey
Shows an SERT RARLS BT HTREITRIL, Bl gt s LR AindeR AR tigies &1 © 20

CO- cont i NURUS oShb#C kt Efer QR R @mbf3r X BRI 18040n, dibfal AdreSioANEe &0 FRVA | mage
of the sulfur atomdistribution on the surface of the nonolithic cation -

exchangers hdyi i & i6R-=REAMEOEHS B dr @it WoRiabd£0.D ath dgivalenipll ©r 2fdre FI G 22
shows an 25 EPMA i mage of the sulfur atomdistribution of the nonolithic
cati on exghangayethtandifigny idLexebiigepious beingutiformlyahifteiboed in theExanpl e 20 in
the cross-sectional (thickness) direction. FIG 23 shows an SEM i nage of

t he nonoldotpositegtticane.exchanger having a co-continuous structure obtained
in Exanple 21. FIG 24 shows an SEM i nmage of the nonolithic cation exchanger
havi ng a co- coitdondingi® tht thict aspect ob thei presdni invéntmmpthere2? pravided25 shows an
SEM i mage of the nonolithic cation exchanger having a co-continuous

st r uct ur enghedphedigingEs mopbhithkre@icpewus hodisinaidBEN stepalibatoncludes 5

monol i thi c body obtained in Conparative Exanple 11. FIG 27 shows an SEM

i mage (nedgiitg zmixtgre of roejl-wiublyaongmen thatidogs peldycleda an WwaExcharERampl e 31.
FI G 28 shows an_ SEM i mage (nagnifjcation: 300) of the nonolithic body

obt ai ed FrAumERAHH @ossinKipg agend thah mgdidghatdeast Fig@Yl SFRYRS 15 mleruls3000) of

the nonolithic body. obtained in Example.31. FEIG 38 shows. an EPMA i mage of
the sul f U SUREEHTRAL PRISHI) BRPHR 2 PVt 10 o i tien PO PRUTHBIOIE BRI ¢ cat | on

exchanger_qgbtai ned in Exanple 31. ElLG 31 sho n i mage..of the sul fur
ot om b sTBHE O aHSedS AR 3 Erpdits e R in B C bR AR Banpl & 31
in the cross-sectional e i ti 3 i mge
(magni 11 CHERSRTE i en R A DRI b a1 et s EP BBnRans ' P
shows an ' 1 f] Lon: f it -Qht ai ned in
15 Beampis I AR R o SEbheftpsiing Yookt ROBCR G RRAAY T 0

nonol jst hi [ j 3 LR

(rragnilofi c%?‘%ggoggg@égﬁgf hﬂe]o ngvleél)lt%ﬁﬁgh%o%gsgoﬁg% g’!ane I?Ebnéxﬁz:i&rrpl e gB. FI G 36
shows an kMgl EnkifR9RH: | R Eb& ot 340V 2ol akdd B solpaeyzgpt ai ned in
Exanpl e 33. Fldg;@%7 showgé a’n&%EM i r%ge (n%g%? iczra??jgn: 3%’0%39% ?Ehg

monol i t hitge bRGYmoRbBENSH ainklediPdrRl 23dep BOiHAl cRRes AfinSENM | mage

(magni fi-cat i og:mloo) of the monol ithic body obtai ?le%&YﬁleExg?;pl e 35 FIG 39
shows an rpibdre Bagmeﬁmsggﬂi& §teis Htih @ BtatioR9 kta6f intthepiegdiet bf theendilishiobt ai ned in
Exanple 35. FIG 40 shows an SEM i mage (magnification: 100) of the

monol i t hiczgdndayorobs mitereddiate Hodgmptatnedby the Sep 1, thdstes [Taox IBERirigmrage

(magni fication: 600) of the nonolithic body obtained in Exanple 36. FIG 42
shows2525 mnfoSidd whileg satisfragmatfleastioicoot. th8 G0wing card@ions ibl tot(h), c body obt ai ned
in Exanple 36. DESCRI PTI ON OF EXEMPLARY EMBODI MENTS First aspect of the
present i(hyenttheomixture is polymsdaed in the gepHliet 3 tsmperatire dhat anlgwar dhvai cal

filter according to the first aspect of the present invention are described
bel ow. 10-hour half-life temperature of the initiator by at least 5°C;

12



Note that the term "nonolithic organic porous body" may be referred to as 5
"nmonol ithic body", the term"nonolithic organic porous ion exchanger" may
be referred to as "nonolithic ion exchanger", and the term "nonolithic
organi ¢ porous intermnedi ate body" nmay be referred to as "nonolithic

i nternedi ate body”. Mnolithic body A nonolithic body according to one
enbodi ment of the present invention 10 basically has_ a _continuous nmacropore

struct ure@n vilie eporrl (mel%y ohthe seread srosshikingiecnbuses inthestan Thigequal
(mesopores). . The average dianeter of th enings .i.s 20 to 200 _gm

pr ef er abl ¥ P dareq thatwies thaﬁalot}ﬁtr(ffi"g‘@ af ﬁv?gﬁér%g]élﬂmg agent psedop s | s
formed by the macropores and the openings serve as flow passages. It is
preferabI]e that the continuous macropore structure be a uniformstructure

in which h .1 i f.orm Si. q | >

uni for m dPamerBF oRpPERoa: Sl i T b S R e o e

t han t;ue ﬂgﬁ%%rrnsgﬁiﬁ{tﬂg%ﬁ% may be inctuded in the uniformstructure. If
aneter 0

t he average di € openings is |less than 20 pm the pressure |oss
may i ncregse i ‘ : [ thi:gnibody. | f
The aver a0b o agteertsP R R R e CRBTER ol B B P it

suf fici enddippeeoré;,n contact 20 with the nmonolithic body, so that the
adsorption characteristics nay deteriorate. The average dianeter of the
nmesopor es(sh ef ahs céitehitfioMeofithBIhYIRh&€oridr iR tHRAhiknHe Sbtaindl by AR $&ff MSs

determ ned by nercury porosinetry. JP-A-2002-306976 states that the

openi ngs Ffwither ool i t hi ¢ body have an average dianeter of 1 to 1000 gm
When pr.oducing a nonolithic body having a snall total pore volune of 5 nug
or |ess, howeva&tcordihg tosthd thintaspss af vhetpeesearineantiohgtharetis also pfovidkider dr opl et s
in the water-in-oil ermulsion (i.e., the average di aneter of the openings is
' r educed) .mdthed ef producing a nonelithst @gsniapbrpus mpexshdniger inoludmgdistep & tehol i t hi c
body in which the openings have an average dianeter of 20 p.m or nore.

The nonolintlhiles ibpeljucingcaridheychango group iiso dimanelitioé orgaricpoeasody nvent i on
has a novel structure having a | arge opening dianeter and a thick skel eton.
The preseaneducsd baithreahose ofethddeh a thi ck skel eton may be confirmed using an
SEM i mage secondaH§@§ el ectron_i mage obtained using a scanning el ectron

ni cr oscop@FES TR QE PREREDIT PRER BN nuous nmacropore structure (in a dry
state) The area of ,the skeleton observed within an M i nage of fhe section
of th’Z§ monol i tHNEe %wnpggwobq&apgor ) ta&H‘EFtB? gmr%gvn’z@ﬂ% 45% | f

t he area ,of the.skel eton observed w thin.the SEM jma is |ess than 25%
(e C L HES SiEBRURIOHS FaCoRPT STuf BEe B biFh e SRR aRSIrRc] b e RTORB e may

exceeds. 20 pideeb BEpREE dedind B RETL B PRI U oMb AR, O
ciol ot on SebFSdRc T roTRBRlRS SR i bRBheh AR TMIRANEE 01 L
at o of {Raage Bt BB om R AT G g B RSN P et on
i's 15)g md8d)soitd SBHEET tolRwiphBEioRAP BN NERorptive removal of trace components)

due to excellent adsorption characteristics. The monolithic ion exchanger according to

the first aspect of the present invention has high mechanical strength and a large

ion-exchange capacity per unit volume in water-wet conditions, and allows the

processing target water to be passed through for a long time at a high flow rate under

25 low préssure. Therefofe, the monolithic ion exchanger may suitably be used for a

two-bed three-tower water purifier or an electric water deionizing apparatus.

Since the monolithic organic porous body according to the second aspect of the
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The SEM i nmage i s obtained under conditions whereby the skeleton is clearly
observed within the section. For exanple, the magnification is 100 to 600,
and the image area i s about 150x100 mm It is preferable to use three or
nore SEM i mages (nore preferably five or nore SEM i mges) that are obtained
by photographing an 20 arbitrary area of an arbitrary section of the

monol i thic body in different sections and photographing areas. The

nonol i t hi pregandynventien sy @t@@@nﬂ@séwcﬁmﬂmmgpﬁp%dlwwgﬂan el ectron

m croscope. A skeleton observed within an SEMinmage of the section of the
monol i t hi eonsigagus holefeasdigheontipuity ek yifornityaaf addrgs dipmetr the fgiget7. R G 7
schematical ]y shows the skel eton observed within the SEMinage showm in FIG
1. In 25 wp@spmllbean?ase'%,ﬂrézﬁg%ﬁ@an? fQEzagig noml@&eaaﬁorsawa%t & s observed

i ti | S th kel et f I in FIG 7 b d wthi
R RERNDE EET NI L Cr i R
and ar ar eﬁgﬁiﬁgi&e%éle%t %(?sloattilo\ﬁ%lg%achgrsgl%e pl%‘ii@%é?-tﬁl‘i’rﬁgﬁ?&ngfgé ) g&ﬁs"e' y large

curve 1s opore (referen nera area of the

skel et on f0r 0 $al : b r QPQ% -phot ogr aphed
area 11) %%%’W%S?lm G ﬁ%(elfﬁfee’ g{%g?%ﬁg#lggﬁ%ﬁﬁjgr ngbgﬁggr y |%gn i fi eg. 'Fl)'he-
area of t : 1 L i o of the 5
mongl 1 t hi LEETEoEEAR SARERY aoich bl LI LIRS ey ARIRER00EST | he

skel et on mwmﬁ%ekaﬁdmsf@&e%n@ewé)%e% BERASItREsRPptidThatdckRistig)d the area
of the skeleton nmay be cal cul ated automatically (e.g., using a conputer) or

‘manual 1'y. \WenTremyadlitiiceadmi pirbidioh bRclahga seortiing 16 KRl 8E@id aspétt af €a t hat
has an irregul ar shape may be substituted with a quadrangle, a triangle, a
circlg athtphapemahebntion histdph meehaniedd strdittht aidad ladd@dosaxcfanghepacity gur es may
be cal cul ated. The wall section that fornms the skeleton of the continuous
Macr opor epestunitcoblunee iofwdtdrewsteonditibie, and alttywsathe oirghit vatdrdo bapasedodi ment  of
the present invention has a thickness of about 20 to 200 pm Note that the
t hi cknes sthofughifer avahp tigwctt iadunghr fidve rase tioder hew phisskedesto(aliargsr d2 in FI G 7)

of a wall that defines two adjacent macropores along a 15line (i e, a line
X- X in FltGreefimehsionat ooniineioys hdle cEBhrrefore, dfe momolithic orgsvicawrowsden exanpl e, a
pillar section that is enclosed by three or nore adjacent macropores is
“excl uded exchangenmay evifablibg nsedder a Brp-bed thraeHewehvakhpgficsor ppelegic] secti on
is less than 20 pm the adsorption capacity per_ unit vol upme may decrease.

If thE t hWeRHEQNIZNG ARRATRHE  2iBeq the thresduadisionalrogtuqusibolhas kel pt i on

e keord R ol OB S Sreh hBr S SE g, b IGBEEHAS L1°
A It e T e S
20 pm windviopEe % s sy ERE sutid rhran 0n S PaaR? b A AT 0200 he

10 pm when u tions to the

Wo lsi ‘ e . : h
presgw ;Séndégrr‘t]attfag%- ﬁagﬁ)a {ag%%:&%%?gl\évo u%ﬁ@ﬂ%ﬁ é(} gptgo g?(?ﬁ)é g, %%EH%&J e(raabl y
0.8 tg 4 0 f ; . S .

O 2 A0 L0 G S, e o L ol 0

through) YiRgy e Ratd: sigmbody. Mreover, the ampunt of fluid that pernmeates
the nonolithic body per unit cross-sectional area nay decrease (i.e., the

fluid treat menvherpaag the rH@eMo&l%Bﬁﬁ?ﬁo thé bedoh@ adpebidf tROpeset® iniRBti®, t he
nonolithic body is too |arge, the adsorption capacity per unit volunme may
decr ease. thShimeelithitcor@®iie bbios €on exchanger or the monolithic organic porous ion
exchanger can be easily produced with high reproducibility.
25 Since the composite monolithic porous body according to the third aspect of the

present invention has a composite structure in which the surface of the skeleton phase of

the organic porous body is covered with a number of particles having a specific size, or
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5 body according to one enbodi nent of the present invention has an average
openi ng dianeter and a total pore volune within the above range, and has a
t hi ck skel eton, the nonolithic body ensures a |large contact area with fluid
and snooth distribution of fluid when used as an adsorbent. The pressure

| oss that occurs when passing water through a colum filled with 10 the
porous body (height: 1 m at a linear velocit LV) of 1 mh (hereinafter
referred 2 pumberdfiptdtessms aegl foppebsenihe S@Rf@‘ifequég tefon phape; thegomppsie of

0.005 to 0.1 MPa/ m LV, and preferably 0.005 to 0.05 MPa/mLV. The

skel et on @pnelbicawrmushedy snsvirsradpsh eonfaqt gitcignsy sfith fhid whse thethié body
accordi ng to one enbodi nmen f the prg;&@t invention is fornmed of an

GeaT Ly DT ool VIt by 3 13 2ot part) Chia v L e Tt o
prefer )altbl %‘dﬁé{ﬂ%ﬁ %%P%W%&@&Pg?ﬂ%‘i?ﬁf@%&fﬂéﬂl%%%ﬂﬂ)%ﬁ&@&‘?ﬁ? Gctural unit
b A A
t he mno%%%eléglﬁ%%%)%?r;@ absgﬁﬁjﬁéggc#gqeghtgﬂa @n ?E@%@&ﬁ%& str ugt ur al
lexi bi 11 2T E R TER, Ao ke Bt o BN B R dkorfib

exchanger . e8xees8canmunt of crosslinked structural unit should preferably
be avoideélas It may decrease the anmount of ion-exchange group to be

i ntroduced. Theinty/de cBinpbdiie MENOIIIRE pARLE IdnAxchngBOiccBind ©Uthdhing | i mi t ed.
Exanpl es of 25 the polymer material include crosslinked polyners such as

ar omefo C asbedtlof BR! preRhSinseiidndss prlsisik wiretitre 48 @hat O tHeRbhpositey/ r ene) ,

pol yvi nyl t ol uene, pol yvi nyl benzyl chloride, polyvinyl biphenyl, and

pol yvi nyl mapdlithialpersis bpay, yid @hiposits toholithicomiryetiby bamhengndnsyped prpmppy | ene;
pol y( hal ogenat ed pol yol efns) such as pol yvinyl chloride and

pol yt et r afddumifoeh iyl exvhangei éxtibits high meehanicelistrength, pod sloovsthe tirgeti | e; and
(meth)acrylic polyners such as pol ynmet hyl nethacrylate, polyglycidyl

met hacr y| sater todrecpapssid ylrohgh thecopipasits. mdimdilaic potopseamsexehanderton apong mer
obt ai ned by pol ynerizing one type of 5 vinyl nononmer in the presence of a
crossl i nltimeg ata\agéeh flow etsi ynder lovinredsaeed Blreisirgibe FomnpRpita npﬂnsrﬁm ty of types
of vinyl nononmers in the presence of a crosslinking agent, or a blend of
two o ndtsowdry seehange Ay suitAy be usedtion a svphre Hhreg-taveer wateF PHYfCH Al y ey
(particularly a styrene-divinyl benzene copol yner or a vinyl henz

chl ori de-HIRHHS Pﬁéﬁﬁf@iﬁ%ﬁ&l%ﬁw?@f frietign BPW?W%&FH‘?Q%%%P nt of ease
of 10 fornaaion f aﬁgﬂntinu us, macropore structure, ease of introduction
of an i or*% Eﬁﬁﬁﬁﬁnﬁ [T 3¢50 rechani cal strength, and excellent stability
to acid and al kal i . The nmonolithic body according to one enbodi nent - of
the present invention has a thickness of 1 nmor nore (i.e., is

di stingui i ne- shaped) porous body). If the

t hi ckness 0 t@gggg%%ﬁ?#ﬂ?%“@%@g“?QEﬂggg than 151 nun, the adsorption
capacjty of t ) gl £ : i thic body
capacily, of {NACROARlY) BALY T rRkAhAE AR e SR Ay, Hibs, TR (11 ¢ Do
to one erbpgi BRAL sRbnd Ae FIRrededY BRELRM, BRAPFIGYD 714D 2063 1Rt r engt h due

to a thick skeleton. Wen using the nonolithic body according to one
embodi nenhir@hsidiEoRhepRBéNt ZB/ehBENTHTON] ASovA arPSIIAIRARS of the GidnbNdhid cal
colum or a rectangular colum is charged with the nonolithic body
(adsor bergodylobiinddds Hre@pleClut HFIGL DslbvaEPMAriraspende sdfiratdhe shape of
the columm, and target water that contains a hydrophobi c substance (e.g.,
benzene, distibetien orpthe Raiface®f tiamaddlithis chttorpasbathet bbtaingd it Bearsgledom. The
hydr ophobi ¢ substance is-thus efficiently adsorbed on the adsorbent. 25
Monoldst hikIG & shexciraBRerA ifnage obihetshifor atom déstabuaiogerf tlecmondalithig chidorone
enbodi nent of the present

exchanger obtained in Example 1 in the cross-sectional (thickness) direction. FIG. 4 is

a view showing the correlation between the differential pressure coefficient and the

15



invention is described below The differences between the nonolithic ion
exchanger and the nonolithic body are mainly described bel ow. The

nonol ithic ion exchanger according to one enbodi nent of the present

i nvention has a continuous nmacropore structure in which cellular macropores
overlap to form openi ngs (nesopores) having an average dianeter of 30 to
300 gm preferably 30 to 200 um and particularly preferably 5 35 to 150
pm The aiperexgeangt sapacdy pof unihelype (Axagelesfand rempyrabyd edgmplispn Biehanger is
| arger than that of the nonolithic body since.the entire_nonoJithic body

swel | s whelewsanSEdd énage efrfhe exmelidbicsiod obtesed in hemrarEvebranpieti c body. | f
iy | mcr oBLChOAREN: £ SEM 1EiER SR TS RS DO SR PYGORBREIA R

h | di aneter gof th i is too large, fluid
oy not st 111G QSRR BB e g oo PRER B T b efeiinger . oo
that t 10N+ teristi ' te.. T di t
pat e LR eXEIRRIR, ARALAS! Bhest TR SRR A dtepgoe O et
MUt LR YL And e ARGIARE il REBIAT o rofeéhcORERLNOT3 HaildiR RORAURHRAY DETCre
i ntroduci’ng an i on-exchange group by the swelling rate o € Borous body

due to inhgggglﬁ&iv@& Mithabe of AR nidt g6, MﬂnedinExaE}f{f%Q.r efrph the

skel et on observed wthin an SEM i mage of the section o e cont i nuous

MBCT OPOT eshlyk Wh ISTNE iRhoel FaERBRMIthR I d) OBtafed hARYShHpleS. NFIGRI] hodr 10 50%
and preferably 25 to % If the area of the skeleton observed within the
SEM i magear SENMEafigt bethe %ﬁ)"ﬁb(iﬂ}i@bod}id]ﬁajﬁéfﬁhﬂiﬂﬁlﬁﬂ§4.t hFI@ 11 Eisvd SIBEMChange
capacity per unit volunme 20 may decrease. |If the area of the skel eton
obserued Mia%h oftHeheorDEWMi¢ badieotaxiaebasE:oalksld 5. eFIG. 1 DeheokekeSPM gt 0D

thick), uniformion-exchange characteristics may not be obtai ned. The

skel et on ths mcgelithid bely, obdinkd ind&xample ©f RlGelSkeivatanSEN imegsaoffithel i n t he
sanme manner as descri bed above. The wall section that fornms the skel eton of
t he cont i momlghichody poemed in Grample 725FHE: 1dshown am BEVhingageed thexchanger has a
t hi ckness of about 30 to 300 gm |If the thickness of the wall section is

| ess t harm@wlithic boeobteined ke Baanyele 8apHLG.tly sbews amSEM/shagewithey decrease. |f
the thickness of the wall section exceeds 300 pm uniform ion-exchange
char act ertgnqlikicbagy abiaingd inExampled. THa lshpws ar PENhineggetohdrenonol i t hic i on

exchanger is defined, and _the thickness of the wall _section_is neasured in

the skne harmihic hedyebiamed ayExaarle 10ThELG &7 shopnaeSEM image 8f thehe nonol it hi ¢
Spoct 11 cAPPRIEG SRST pURed i Eitele 151 KIGE 18 oy RS ShaeeH Ry SAE s 1o
ody, { R TOPUP IS At R R SIS AP I GHR el o RS, e ©
ronol | ¢ hi BB AgE R ot 16 BBl R s bR B FB MeD e oy
exchanger e oy af - EIREEN Rl BERC nd REPUTE ekt TPATELAE B¢ 7R 1 on

exchapger,Beliiie ide%g&figIe P& Gl SIQ&I ?ﬁgﬁ%%ft tgf fHoRB8 i i%lte%nedi?ﬂat%ﬁgi’ ui d

treat'ment capacity crease). pore vol une o

monol i t hi gkl BSHAMIEE0. EXAGEHF shywil AnBEN RiiabO8F th GIORDEGICAPBR ty per unit
vol ume may decrease.

exchanger having a co-continuous structure obtained in Example 20. FIG. 21 shows an

EPMA image of the sulfur atom distribution on the surface of the monolithic cation
exchanger having a co-continuous structure obtained in Example 20. FIG. 22 shows an

25  EPMA image of the sulfur atom distribution of the monolithic cation exchanger having
a co-continuous structure obtained in Example 20 in the cross-sectional (thickness)

direction. FIG. 23 shows an SEM image of the monolithic cation exchanger having a
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The pressure | oss that occurs when passing water through the nonolithic ion
15 exchanger may be the sane as that of the nonolithic body. The nonolithic
i on exchanger according to one enbodi ment of the present invention has an

i on- exchange capacity per unit volunme of 0.4 ng equivalent/m or nore, and
preferably 0.4 to 1.8 ng equivalent/nil, in water-wet conditions. The
monol i thi c organic porous ion exchanger disclosed in JP-A-2002-306976 that
has a 20 ewemntinuowsstmevropsaised ivExample2 i f¥ler 2hshovrsan Sitimege ofibe .
nmonol i thi c ion exchanger according to one enbodi ment of the present

i nvent i onmprelithig cptiel Swbareer BAWng pepeonHgREStilcEHe oheingr anExaprisi2t he
openings is decreased_ in .order_to achjeve a Iomgfres ure |l oss required for

pract i cal Fl4bab skows BraEMdmage, gt the mono g cSating sYeHR8FAVI%¢ er unit vol une
d . If the total | i S i i t.o | th
251 on: exsersatusRb R SRt Boare D 5 el 19deteRtrtiies aue
t .4in.di t f ~th i . Sl i thiC i

excharger SARTHPR RS Pefhe B harARRT RS 21 o EIG A7 TRUEM PV eR e

. . A . . | . hi ok
e e TR 5 0 RO, o Sy S5 s
| on- exChapOgniaNAGS tfadiPlicaBh!3009bHHR nidLiftfe B UAIRET i DhablBfd SRS C whi | @
suppressing an Ingrease in pressure | 0ss. [T ft | on- exchange capacity per

uni t vol ue; b silRRsant SFN 'LQlaéez B Riitia¥igh-200071b5 the RRnalmbod9 obtARkdGaANt ai ni ng

water 5 that can be treated (1.e., deionized water production capacity)

until a brealdids pudNPSE Wiy BYERIANIARASE of the Sulfi k& AkbifionamaRe t y per
unit weight of the nonolithic ion exchanger according to one enbodi nent of

t he proesenkfabswlhé reRolithid@tiop akdhaapdrabtanddiifiEkespleddll FGBIrdoksyn3 to 5
ng equi val ent/ g since ion-exchange groups are uni?orn1y i ntroduced into the
surface d@ERMAlmagkef tht eulfnfatdrh €ligudbnion of detymondditieic titidn ¢éxdvkari@ri on- exchange
capacity of a porous body in which ion-exchange groups are introduced into
only the dtaifatia BExasmdo3 | inshel etoss-sactienkl dhpdmelshdiramionheFiGy 38 sbéws e por ous
body and the type of the ion-exchange group, but is normally 500 lig

equi val erSEN image @sagnifivetiop] 169 of the meonobithiekedyanbgnest iodgxanmle 3Hudde: i nt o

t he nonolithic body according to one enbodi ment of the present invention

i ncl ude cEshows er Shdhiyeagsr(magaifivaison: ROQofdhemprelithic bedy @btminedpn o
carbogylic acid%group, an i mnodi acetic acid_group, a phosphorjc. acid

gr ouplS arékanmih 3% pHaCe34 s 2navi M rivase aegeicatonipkd08) ehthe @ogolithig er nar v

Ao or oy Ry Ermelid e b oays 2a SEF Bk reg AgufDeto, and a

B nophosBRBRalBis ey aPHREE Framattcin  Sha s o SEV R °C, change

i ot bur e et S0 bRRIb et ABaBEa A B heR oo Pl SRR ous

nerei n el et e B8 AR ShEHRRORAR il BBl HEREPRILS on the

surfage aie §9hdwishdEN A imhf(magnification: 100) of the monolithic body obtainedin
Example 35. FIG. 39 shows an SEM image (magnification: 3000) of the monolithic

body obtained in Example 35. FIG. 40 shows an SEM image (magnification: 100) of
the monolithic body obtained in Example 36. FIG. 41 shows an SEM image
(magnification: 600) of the monolithic body obtained in Example 36. FIG. 42 shows

25  an SEM image (magnification: 3000) of the monolithic body obtained in Example 36.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
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25 skel eton of the porous body in the order of pm The distribution of the
i on-exchange groups may be relatively easily determ ned by EPVA or the |ike
When t he ion-exchange groups are uniformy distributed on the surface and
the inside of the skeleton of the porous body (nonolithic body), the
surface and the skel eton of the porous body have uniform physical and

chem cal Eyoperties, so that durability against swelling and shrinkage is
i.npr oved. Firsi@spashef the preseiidaNpntiec or di ng t o one enbodi ment of the present

invention may 5 be obtained by performng steps_.Ito Ill. In the step |, a

m xture of an Oibredist apredusipmethodnand aeemicrd filterracoyangds thoRstxchange

group, a surfactant, and water ig stjrred to prepare a water-in-oil
enul si on, 2RRd Ot% e %eEY’J%V‘?Pt&niaI%ﬁ?fF’éi’%bq?%W

‘pol ynmeri zed to obtain a
nonolithic inter i,at e body t . has a contipupys cropore structure and
has a total po 8{53‘%#31?%&8’? %‘0 1 %9”@913‘;1;885@? prqa% eﬁe egé??%r med in
accordancg_10 ..t £ o} i . in - A - 9 of

pr odugi‘?ng 1}17%1}]0&1?@‘%11{: E’P& f%’tgg%r%leﬁ?gl{mgﬁ%gé%%ﬂc po‘%@s’gﬁ%?}g@%&t ﬁjgyg%/&%%% cllJb| e
nonomner t « ROt ] e, an 100 ) . js de- j ilic
nononer t{%& g‘%glghﬁ%twfll E%%h%’%erafn%?g%%éﬁ h?&%@lgc%gﬁgﬁgﬁg&ggﬁ#g%ﬁrc acid
group, s I i : LSRG dBEYY, UM group) , and has 15 | ow
sol ubi |i %Jﬁ%rrﬁeﬁ&gﬁ?segﬁ%@ﬁgﬁ%ef ergtp)dl e o:yI -sol ubl e mononer that does
not inclug%ngmmkgﬂmgxchange group include styrene, a-nethylstyrene,

vi nyl t ol uene, vinyl benzyl chloride, divinylbenzene, ethylene, propylene,

i sobut ene, but AghRRBEBthiEbdty RBGdBIpIE he BinBBAiRRET ¥l tAE Preséi@ndehBon | ke. These
nononers nmay be used either individually or in conbination. Note that it is
pr ef ergabl asicallyigs fcdhtiatsdsimicadpoze Audtis dirahicheeclular sastopyted onstRpeo or

et hyl ene glycol dinmethacrylate) in an amunt of 0.3 to 50 nol % and

pr ef er abl forfl.cpetiagH(nmzbpred)as €te aversgdralismetat ofsthe updninys is heto200 gm] ubl e
nononer in order to obtain nmechanical strength necessary when introducing a
| ar ge anopmferdthp b er )500im, and-pertcnbaniyerefemblys20 Bh®O0gum.f aelisrformesd brot
particularly limted insofar as a water-in-oil (WO 25 emulsion is

obt ai ned thy mrcsdpatestahé thsi dpesiogsibiree arofhowpassegeat  Hoeprefraeble ot thee an

i on- exchange group and water. Exanples of the _ surfactant include nonionic

- sur f act anRosItigueUs TAcTeROFGSTULHIPHR 8 gnifamme struchirp in whichdhomacionetes hawrai t an

nonopal mtage, ,sorbitan npnostearate, sgrbitan_triql eate, pol yoxyethyl ene
nony| 13phefor@sizerand thy gRspings ﬁ@ﬂ%@n&r@aﬂﬂwﬁs&- hé\&q‘fe §ﬁasoam 9@&9@?%51 ene

bi t I X i oni fact ant h t. I | eat. g, di
oL SRl e B0 00 A S S B RO SRl B0 O
fact.ant h di st yl di hyl am i hl.qride; d hot eri
I R S e R PN

may increase when fluid permeates (passes through) the monolithic body. If the

average diameter of the openings is too large, fluid may not sufficiently come in contact

20  with the monolithic body, so that the adsorption characteristics may deteriorate. The
average diameter of the mesopores refers to tile maximum value of a pore distribution
curve determined by mercurj-r porosimetry. JP-A-2002-306976 states that the openings
of the monolithic body have an average diameter of 1 to 1000 pm. When producing a
monolithic body having a small total pore volume of 5 ml/g or less, however, it is

25  necessary to reduce the amount of water droplets in the water-in-oil emulsion (i.e., the
average diameter of the openings is reduced). Therefore, it is substantially impossible

to produce a monolithic body in which the openings have an average diameter of 20 pm
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may be used either individually or in conbination. The term"water-in-oil
emul si on" used herein refers to an enulsion in which water droplets are

di spersed in a continuous oil phase. The amobunt of the surfactant used
differs depending on the type of the oil-soluble nonomer and the size of
the desired emul sion particles (macropores), but is 10 normally sel ected
within the range of about 2 to 70% based on the total anmount of the

oi | - sol ubttam@gnoner and the surfactant. In the step I, an initiator
may optionally be used when producing the water-in-oil enu]sion. A conpound
that gener at es ra@PBRIIRICHEEY AePOEHRE f oS P WHmeEAf thsPreseghinverilpndi@s t abl y be

used as the ir11itiator. The .initiator ..m ubl e _.or oil -sol ubl e.

15Exanpl e3eYel SEHEHIRhaying 3,laren epsiine %@%ﬁ%&%@t&?@% %ﬁi@mw ‘e presence

b aser AR pe G AR R R SR SRR B St i ePaaREL O 4
G st 14 e SR HABE pRnR g A SLMANHAGR R HihireF of B8 HhATR e " L2 o1
to° pr opar DukRBoEAGARNAG. SRR dDSERY! | S6E AL of WL HpOR Rl | 1 1 AL OF

toget her, xg{l}féjPaanrﬁEﬁI %E%@Jf th§'§eclbh oF Rk WRIB1AREBRRER hdrmkdlly25 to 304, %H% ubl e

nononer, actant, and oil-soluble initiator) "and a m'xture of the

wat er - SOl yofSHIPIPRNSINS [fith€area YRS skABEn WBtRTedwithiBhE: SILtihAbOt) nay be
m xed, for exanple. The enul sion may be produced using an arbitrary

appar at Uslessthi 35%.(i.&, the skaema &th#h] the adddisionapsstyRr HRN0GRMeZRYy Or the
| i ke may be appropriately used so that an emul si on having the desired
partim e ddcreasd.s I6Heairaest thd Slelatorxdigrved vditin ¢rRSSHEM .igage &tceedsi 30§ Gpeed and
stirring tine) may be arbitrarily selected so that an enul sion having the
desired phe skaléton & toe thiek)otifirmedsorption cHanactenimtiob mtafnot bendteaimedli at e body
obtained by the step | has a continuous nmacropore structure. \Wen the
nmonol i t hiNoterthas thremizdtrainbardsy of the pkadston objenvednwitioithnBEMzntage of hgst em a
porous structure that has a thick skeleton is forned based on 5 the

st r uct ur eseefion plctherpoplithin kodyisslasediinatPe AR -396976 ersingt exphed 28500l i t hi c
intermedi ate body is fornmed of an organic polyner material that has a

cr ossl i nkeepedhe maxipg eatiomidheeibphase fkwalehisi inyitesk (e thegigeyidhe skl il i s not
particularly limted, It is preferable that the polynmer material include a
cr ossiSi nkaaited) iy eTdsr & OHR OPPHNEN amount of 0.3 to 50 nol % and nore

e ymer ot o B YR R BRERhal Gnlhp SRRTH A Sl o et 2L he
be. i nouf {CPERT P BAHSEN ofe aeRs A Baenncbps (B Galt; e 0o 6™
ol 56 or e rfredt BRE 0800 g, P BROIRE b il ol SEVERIRET O, 7
my becor G hE PRATAOY TR ok b BB XEE By ncTBEnhgy I DUS PodY
mat erjal #ﬁi%‘ér}t &e@BP&lﬁ%ﬁiﬁaﬁes&H&%fﬁl@EﬁbﬂoﬁﬁﬁéH&‘.g{iﬁtd?fféi‘eﬁbée&%ﬁs hRqt he sane

as the polyner mteri used to produce the nondlithic body. In this case,

the skel efiRoRiptinLartBNO ke Rdnolithi€hiBdhalRy BRYs tBYanaPhbRLpHePisihdre sane
pol ymer as that” of the nonolithic body, so that a nonolithic body having a
- uni f or m skedigdtain midfdsEaiel UneskeRbnsebdiniBith an SEM image of the section of

the monolithic body is described below with reference to FIGS. 1 and 7. FIG 7

schematically shows the skeleton observed within the SEM image shown in FIG. 1. In
25  FIGS. 1 and 7, an area that has an irregular shape and is observed in section is the

skeleton (reference numeral 12 in FIG. 7) observed within the section, a circular area

observed in FIG. 1 is the opening (mesopore), and an area that has a relatively large
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The nonolithic internediate body has a total pore volune of 5 to 16 nug,
and preferably 6 to 16 nug. If the total pore volune of the nonolithic
internediate body is too small, a nonolithic body obtained by polynerizing
the vinyl nononmer may have a small total pore volune, so that the pressure
| oss may increase when fluid perneates 25 (passes through) the nonolithic
body. If the total pore volune of the nonolithic internediate_body is too
| arge, a eRsYRsWetOERgClabRlY BisESGUTEDis BYe patropee efarenacimeray P imbHomer nay
deviate fromthe_ criteria of a cont ionuous macropore structure. The total
pore vol uhke a¢a efiBe gesieipn aprounts fereddre af the seqlivay ¢rag raskngdatist ed within t he

above range by adj usti the ratjo of _the nononer, t ter .to about 1:5 to
about 1: Zlgl.omgrap%eqrﬁﬁﬁadggﬁh%mm%po%s“’f‘e]&font% ﬂi‘?’ﬁ&’&?&iﬂﬁ?’éé@ﬁg@ nedi at e
body forned by.the overl in Ccrqpar.es..h an_ave e dianprer of 20 to
200 pm 1 P ke BRER o PER RS S R e & PESPRERRE, Dy
openi ngs of_ g..4x It hi I . 0 Izl t he vi nomer
oy have ToRHufR Sl e HrPE b R B B Bl s SO
fluid perHEp 4.4 hi ge

di aneter o {)ﬁge@)pem g%@(@égg%%ce%%g %%HQH%I ﬁﬁ%gé}%%?%éa%@%@%ﬁ{a?y cone in
cont act W fydufig- TRAShIAAIG (DROYIALa LiRIBNGL AN onvRxGhaRaRy. SO that

t he aqsorﬁtc‘?%n % char act _e?i(_sgi’ csslﬁ)éo?_th%ﬁigfgn-exchar?ge char acterlsrsjti CS nmay
det eri or alaRulaliAg thPNe4 bi b Gkd&th L ARE Ahs MY iRl R RHmMEBe @ uni form
structure in which the nmacropores and the openi ngs have a 'uniform di aneter
(size). Neob&ithlabtviGo RuadpleNh &%g]em@i&ae,q@@ema,t orth€liké8ethei BN t he

uni form macr opores may be iI'ncluded in the uniformstructure. Method of
produ@ NGirgdithédefigird3anly Hebdalculdiel. step H, a vinyl nonomer, a crosslinking
agent that includes at |east two vinyl groups in one nolecule, an organic
sol vent that dilesedllestivithavionyk theshkelron odtite ¢dneénuorwessddroporagiragant , but
does not di ssolve a polynmer produced by polynerizing the vinyl nononer, and
“an initi atfdehe moeolithicdwdy Rletoeding &t orterpanbidepertiof teeyprésenipiay érdromdds bef or e or
after the step I. 20The vinyl nononer used in the step Il is not

parti cul ghickndss of ekttt 020} nms Note thatile thiskmesseaf theswall segpiep éteisdo vi ny|
nonomner that includes a polynerizable vinyl group_ in the nolecul e, and has
- hi gh sol ub¢ thiekpess{dapr drigdifiic’) 96p weahtthatdelines thioadiacami eacreposey derg 2 he sane

vin nononer as_.that_used to produce the nonolifhic internmedi ate body, or

a siylnlisl arlnsdl-snee Fngrie % a0 BIG 75Hist panngcts fhefsnisss Qﬁt‘tn%ﬁ@cwwﬁ: omer i ncl ude
U1 ot ben bl BPHHE PR B ARERST DL A AT AR HRPERBPOLEsSt of i s such
but adi andrehdB BBREE o SlsPRR ol h BYSERGE At SRE-ROS e B8V Ty,
e e ot SRS cai e EY G e RIS, | REIRAHRISELMEPEL o
s et hyl VEesEFLRRERCRD ith Wteo Bl ARG o PR IR A S e RO P
A S S P R SR T A

met hacr yIRtdhiaiting afled @ittt SERE ¥ |28l Shead BASEMEDRQRESOIRY whE sétsiedl ei t her
i ndividually or rn conbination. Anong these, "aromatic vinyl nononers such

as styreng @ dr MoRyAre& \dthe flhlEhE Rag € NUtEihar @b hexinthe tMickidss bPener is

used in an amount 3 to 40 tinmes (by weight), and
wall section of the monolithic body disclosed in JP-A-2002-306976 is 10 pm when the

total pore volume is 5 ml/g or less due to limitations to the W/O emulsion.
25 The monolithic body according to one embodiment of the present invention has
a total pore volume of 0.5 to 5 ml/g, and preferably 0.8 to 4 ml/g. If the total pore

volume of the monolithic body is too small, the pressure loss may increase when fluid
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10 preferably 4 to 30 tinmes the anount of the nonolithic internedi ate body
used as a nold in the polynerization process. If the anount of the vinyl
nmononer is less than 3 tinmes the anount of the nonolithic intermnmedi ate body
(porous body), the thickness of the skeleton (wall section) of the

resul ting nonolithic body may be insufficient. As a result, the adsorption
capacity per unit volume or the ion-exchange capacity per unit 15 vol unme
after i ntpesaledPhpasass tt@@u@}cﬂmng@ﬁghig@pdﬁaawmma@é.ammmitcrféluadrﬂuht of the
vi nyl nononer exceeds 40 _tines the anount of the nonolithic internediate
body ( porrsuEeBeHiy manglithic bady nes upih sEosragetid B wrsreass (licd thefwdat es

(passes through) the nonolithic body due to a decrease in_the djanmeter of
t he openi HRFEDCDESRPACHY J27Y] 4@&1%6 a ﬁfﬁﬁe@ @orevolyae @ @5 HPQHOBFL‘%‘T '%‘?dé’b‘ﬁy

i ncludes at |l east two 20 polynerizabl e.vinyl groups ig.the nmolecul.e, and
s, hi oh QoS Hhe 5P moRR ralinpe Bt U ey BeRFRE. o Sinef RuRproiitg

cr ossl_i nki agent i nclude di.vinylbenzene, . divinyl napht hal ene, .

i v nyl b IR AT g P Eep s RCERET) pR oM AR B e ringane
triacryl ai. nedi ol _di ; K T - e jnking agents
may be u%g‘hg?ﬁ@ra tﬁ?\%%%d‘%ﬁ%/%@% tﬁgg%&n‘%?%ﬂaétei %Ii’ld hapt% Stﬁlsc ES?% 8}9’2%{% to use
an 25 ar (16 i T o AV g :

G vi ryt iRy bt SRR S e i I SEI0B R Egrution of i, o 1

hi gh nmechaniGakd §i &e08bkbeand excellent stability to hydrolysis. The
crosslinking agent 1s used in an anount of 0.3 to 50 nol% and preferably
0.3 to 5 mol %TiREReduRNodsBatloRE@S meﬁ?aésﬁ@fwétaethwugu la ORI BNeERELt he
crosslinking agent. If the amount of the crosslinldng agent is |less than
0.3 nml %thé PeronBbiBNheight: It paatitheaf velduty(DUPbS t Bi/k (Hegelyaffaryetbeed to
insufficient. If the amount of the crosslinking agent exceeds 50 nol % the
nmonol i t his “Biftkyernial prlessueneelfidi¢:tt?)ds (d the rangd of DEXE Ibo DiltMPaeyL Wentdost ), or

t he amount (nunber) of ion-exchange groups introduced nay decrease. The
anount ofprefemabbt 0.665 td). @Y Mita/md Vpr ef erabl y sel ected so that a crosslink
density al nost the same as the crosslink density of the nonolithic

i ntermedi at e Bduhskelswd o sheacomtihebtisrmachepopostyuetire phtheanoriodittobbedhed. |f t he
amount of the crosslinking agent used in the step Il significantly differs
f r om t hataceeraingitp onhembedipient qftthepregent iventiemntis fomngsh S duergasd polyser uni f or m
crosslink density distribution could goccur that may |l ead to cracking of the

monol 5t hir@Tt%@%hamg iaﬁ§0$?@<eﬁﬁfﬂ%{?cl~ t iT_é*'ﬁ cmsswteﬁﬁﬁ%@e pglrymfpsnateﬂaé t ‘rll'he
organi ¢ sol vent . use 1 N, e _Sle | SSOJ] ve e vinyl. oner an e
cr gssl i Nk Ret ps&&vf%rgfdufmﬁﬂeét ﬁ@?ﬂfjaﬁaégdﬁé}éfleap st iEate ﬁf&ﬁ@@%ﬁ By
| i zi .t.h i | _15. 1 i — t f |
D et sori stmPirat i FEAORR Ot o5 f:31e 30 206106, At Mol preBrariv P W vent i s
dd i t f.th i , | f i
ol vont " TS0 S8R e 1R SoRlushdt it ¥ e BAGREF el R 1S e o il 001 ©
th |, . | o ; . 3 |,
et v hsy bR Bhi B RI0REs ol b3 Rbige, 164 Bl hani BY S APRANE molSHANS -
t et 1 .and : i i et hyl
L ho 200 BT Ry e lnci R 8P BloBink B0 SRR RO MK Brd PR Y]
cel | osol yg, ?ﬁgﬁyﬁﬁd}%ﬁnﬁe&h&%ﬂﬁ’b QQ!,X]BHBH&& ﬁy&gr%gggggmeamymme

pol yt etranet hyl ene"gl ycol ; chain saturated ns such as hexane,

hept ane, Q& @RodicEROM BRCxcHAAERNSice R hdIRHSLADQIINROstRR Rl nfUebulds et hyl
acetate, isopropyl acetate, cellosolve acetate, and ethyl propionate. 25 A

good sol veéferabBr beniloidet 6 @ifay @sciease the@xgt ofibfrexcanpOkt@pe) beray al so be
used as the organic solvent insofar as the good solvent is used in a snal
anount t dgeddueed. Wk hypdef thopslyset metetial i$het pargataty Boltednt Exanpiessdfer abl y
used so that the concentration of the vinyl nonomer is 30 to 80 w% If the
concexit r ghe polymer tnhterial inyluderomoeshimied polyaess sublmas aromatic vinyl polymers

such as polystyrene, poly(a-methylstyrene), polyvinyltoluene, polyvinylbenzyl chloride,
polyvinyl biphenyl, and polyvinylnaphthalene; polyolefins such as polyethylene and
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30 wt% the polynerization rate may decrease, or a nonolithic body obtained
by pol ynerization nay not have a structure that falls within the scope of
the present invention. lithe concentration of the vinyl nonomer exceeds 80
wt % runaway 5 pol ynerization may occur. A compound that generates
radi cal s due to application of heat or light may suitably be used as the
initiator. It is preferable that the initiator be oil-soluble. Specific
exanpl es pélypiepylens;oki(baloganated pelyrlefinssch s polywinnt shlentdetand| e) |

2,2' -azobis(2,4-dinethylvaleronitrile), 2,2 -azobis(2-methylbutyronitrile),

102, 2' - azpHyistratlvereetbyigne: nitrilg palyrAgs achasavlyacrylenitrileyand (mpth)acrylic

2,2' -azobi si sobutyrate, 4,4'-azobis(4- aleri id),

LT a2 oL TRy R A BTy Hies O BR G eeraiaand palariyl

G Sul T ceadtBlt:  rBCT B e G e FRa et LR WP hesiig BBt of arount

dependj ng_.on, the type .of t he pol ymer.i zati on t ture, and th

1511 Ko. TAE RIS e RIGREE OlhororiobiRe 2Rt PO aSEOURRE: B t o' 596 based
the t i .t | j-nl dng: t.

P the seBgmBTRHE kol Br Wt be ARUGHBIORACi I8 pREARS O EHOAIEN

N S . o P _ t
Dorarn’s nhff MRAELEIS fr bokaRAth ) sl B0 3 A BByl ©
monol i t hiﬁl%ﬂkﬁ(pgﬁﬁwlgna%qb,fne-aik}ﬁlgg%n%@%b&%@; b Ghim® hgfe body used in

t he step Is inportant Tor pro ing a noholithic dy "havi ng t he novel

St ruct ur ecAGERL v ez opsISEH S poF@aBlE BBm theKicWpamRbeeasd Bf T- 7- 501140

di scl oses that a particle aggregation-type nonolithic organic porous body
i s obtg@i nRembyorde! dydmikihZduRGnarofiony $tnidaReRse dfMinRo&RE6H b &n RhgABhMgs 0l vent
using a crosslinlcing agent in the absence of a nonolithic internediate
"body. On grbep,2hgioinbeltanivahsirengthe ind dxeeli@mnefability © dcid #rdadkiilat e body having a
conti nuous macropore structure is present in the polynerization system a
monol i t hi ¢ bodjheoiabaslitkic bogy paloydieg tor@tei corbodaserd of theyr¢senieingéntion has t hi ck
skel eton) that significantly differs fromthe particle aggregation-type
st ruct ur ea fhickwbssalf lithe qramare ileads distihprighed froama fibnsbaped 1t is conj ect ured
that a crosslinked pol yner produced by polynerization precipitates in the

shapes of (mpahrard-ghapedhiaerausdodpiolf thaticknesweiithe imonelithésolodyds less@ar so t hat

a particle aggregation-type structure i s _obtained, while the vinyl nononer
and t¥e cl ousitheidsamptiongaracity of HgiPgrois ey may sl Bededrassr Hh&tri but ed

in the skel eton of .the _parous bqdy when. th rous hod i.nt ernedi ate bod

i s presenmovﬂlt@ﬁiosbpgﬁﬂ%ﬁ‘?lig@f 6%@;@%%%3 taﬁ&%m-neﬁf‘zépﬁ@ﬁﬁlﬁrbe ¥eds i nsi é)e

t he porous baody so tha nmonol it hi ¢ hod aving.a thick.skeletgn,is

bt al ned. SREEE e CRUORFIELObhe Besehaiatng hocoepetid! Sretis®

pol ymeri zat i on P% ver, since the nonolithic internediate body has a | arge

total 101859§w53 .~ the openings have a noderate diameter even if the

thi ckness of tg2kal eb0n BasidiE &A% rine to one SnfiBAGIALDr HEIRELNAVI NG 2n
VO y bé use IThiC

arbitrary internfa ume na I'nsof ar "as t he nono

i nt erqredi; (G Ra i t] : | sel in
whi orE e A e O e o Mt om
above, Ory HEAChIRNadRRA th AOBER dubitd R SR de BiEspoRdiRE i feat € body
can be ti gﬁt y.oﬁ aced%e_n Vi e)yved from above, .nm#ebe uS ec..1 ?t Is efficient
to use a gh@ACH 0B c¥REHChnd Argshivakir tHAEcIMARY 4 hidbphdHicsumedhad @ ghody can be
tightly placed, but is not pressed by the inner wall thereof after _
pol yner i Zidni€xe, todidhe SpHeh6l, BPp@bIfinis ab@d)thﬂo&%]mﬂie odRin@f. MeRhe tytebphbkicr eact i on
raw material can be efficiently used. Even if a space is forned between the
20 r eact i pbhstuesse threididtlyradssbed i theldshrbadit er pol yneri zation, since the
vi nyl nononer -and the crosslinlcing agent are adsorbed on or distributed in
t he nnol Mbholithicribeexahdhgdre body, particles do not aggregate inside the
reaction vessel .

A monolithic ion exchanger according to one embodiment of the present

invention is described below. The differences between the monolithic ion exchanger
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In the step Ill, the nmonolithic internediate body is inpregnated with
(imrersed in) the mxture (solution) inside the reaction vessel. The m xi ng
ratio of the m xture 25 obtained by the step Il and the nonolithic
internedi ate body is preferably determ ned so that the vinyl nononer is
used in an amount 3 to 40 tinmes (by weight), and preferably 4 to 30 tines
the anobunt of the nonolithic internmediate body. This nakes it possible to
obt ai n a ansrtbé imomphithiokpdytanamainds describiddielask el Bheomormidhia iemekshangst openi ng
di ameter. The vinyl nononer and the crosslinldng agent in the mxture are
adsor bed #sowsingiogmeicgbediangnt of the psseentdaveation hatyecrbinBPRs MAWORYE er medi at e
body, and polynerization proceeds inside the skeleton of the nonolithic

i nt er medi $tustiBe gy which cellulanrpaciaparrsoVeslap oI TR ORENNED HRESRRYCHAXP8®Bpr i at el y

sel ect ed dependi.ng on e es of oner initjataor. For ex | e, when
: oA _e%zgaglil qtgtoq;[ép Péﬁﬁ £, e,:nrg‘tg]y% to 3861 pm, arid particularly pre?_eré?}) ’
5?599 202%_%%éﬁfﬁ?nefﬂylgaleronit??l%@ benzo§t?¥erox§ﬂﬁ .Iaurﬁ%%‘peroxide,
pot ias_ u 5?) rsulat e, O?.vefargg.dﬂqn%%er ;I ei%)e%nlg?, FAFHOHHUE 105G ?t t hi8

emul si on i@g&%h@lo{gyn%f th gl%nbﬁ'ql%e‘t?o@? rsilgllge ﬁ’%se%ﬁ}e ﬁ&n(ﬁﬂhi%ootoégg&;eﬁs% én 0

hours in an rner sphere. nononer an crossfiinlcing

s in & P sphere’ e rofie? oSS!
ot or mod Arac bR EE R D  BoRSERE RO IR,

skel et on &ﬁh@%@%rgg%qs 1688 th8h 3000 iRl QRN RN BE AR & Réh ﬂﬁiﬁ?eﬁﬁa%%@ ting

product is re and extracted wth a solvent such as acetone to renove

unr eact ed&pﬂs@é’ﬂuc’iﬂ%ﬂ?ﬁ@m@rﬁﬂﬁﬁi@ CorPéxaRAHEr. S A MR MW eraBe BiahRtdR 0B HERPLAILI C body
having a thick skel eton. 15 Met hod of "produci ng nonolithic ion exchanger

A et fyod @loddlh@URhidgndyhieot Reffldntliic6me @Nc@xah aitiahe AGAOliMlidient 0 one

enbodi ment of the present invention is described bel ow. The nonolithic ion
exchangerexghahge£ sp (o theddneyclangacizirictaisyicombi deteridratel. S Theabangdbl e to
produce a nonolithic body by the above nmethod, and introduce an

i on- exchatigeetgr ofithe bpérongshe tROmonelthictitn exchanber istabrulieed bymsttinlyhgy contr ol
the porous structure of the resulting nonolithic ion exchanger. An

i on- exchathgevagagaufiamretgr bEthi npergugsoddhs prirous brelyrbefot inttiducipgdy by an
arbitrary nmethod. For exanple, a macronol ecular (polyner) reaction, graft

" pol yrer i Zianiesehange grave byitheswellingewte sfdbe perops badingiled? inrrsitciioneoirasinol i t hi ¢
body is a 25 styrene-divinyl benzene copol ymer or the like, a sulfonic acid
gr ouptmayloBEX¢hADER MPEBd by sul fonating the nonolithic body using

e L
ST yr enes RTGRAS THEroRsy HETRFE O crompitic B S CiADeGHS GoURTE 24P S0Pk | arly
o oup by Farerea et AR br s R R0 b SN i o ey
methyl | otnies gPughys (i S et R B BRI X Be bt B BTNBIERE, oY vy

am ney, Prxﬁ{iﬁg&é&&s@. ”Tf% &Eﬁ'&f&??ﬁé{ﬁ@{ oﬁs%%h%ﬁ?:gﬁ gﬂé&%ﬁ%ﬂﬁ&g@%@% styrene

and divinyl'benzene, a reacting the nonolit atertiary am ne;
uni for m ysgon;rC i i I Rif-at or QM RtGRakdmby aedeer group
into the %kgPéﬁgﬁgggﬂ?ﬁéﬁﬁg%gﬁg?ﬁggﬁ%%gggegﬁh %ﬁéﬁ?-polynerigingelo

N, N, N-trigmeiihed, arfheniceRhhy deatfisd, ahdtheardd ik dideicitH i Yheabired irdRpr opy!
acrylam de with the nonolithic body; or simlarly graft-polynerizing

gl yci dyl same manner as described above.

The wall section that forms the skeleton of the continuous macropore structure
25  of the monolithic ion exchanger has a thickness of about 30 to 300 pm. Ifthe
thickness of the wall section is less than 30 pm, the ion-exchange capacity per unit

volume may decrease. If the thickness of the wall section exceeds 300 pm, uniform
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met hacryl ate, and introducing a quaternary anunoni um group by functi onal
group transformation, for exanple. Betaine may be introduced by introducing
atertiary amine into the nonolithic body by the above method, and reacting
t he nmonolithic body 15 with nonoi odoacetic acid, for exanple. A sulfonic
acid group is preferably introduced into a styrene-divinyl benzene copol yner
using chlorosul furic acid. A quaternary anmmoni um group i s preferably

i nt r oducetbnkgrchangesharettanisties oryaodbhe obiginedr oGl wall seciion of the monolithic
styrene-di vi nyl benzene copol yner_ using chl oronet hyl nethyl ether or the

li ke, andionexehdnggr is Hafingdy prdhde dhickness olthe sigd sedivn iymspsugd in the sag1et i ar y

am ne, or producing .a 20 nonolithic body by copol yneri zi ng

chl or onet P8 deerilediabfivei nyl benzene, and reacting the nonolithic body

ith i ine. The ion: h . b [ m d
quant at vel v PRI QRecPTYE oF e BESEien BRAEFAE bR PREATEA Bikhange
j ncl t].Qn- h . : | . i d ,
i modl acet P e i 5. - SPeieIir e <Re e Bhafit L Wbl b adi d 67 oup,
and a 25 pROSPNALS 19 b PHilne 8P @Bﬁ%é&&%ﬂ%?aﬂﬁ&g%giﬁ%fgﬁp Peiat ernary
D d tertrary am no g ar

anmoni um group;, e roup, a secon mno group, a prinary

ani no_gr oo @ RAUOHE Y IRl Sold UL RRes & il § LALY AU ARAYR, 0T oup, and a

phosphoni um gr oup; nphoteric ~Ion-exchange groups such as an

am nophosghqhi ﬁ%é’sk@feﬂiﬁ%c@%e@.i N thedchl ?H}efx%i%ﬁﬁ@&ﬂﬁc mbASlifRBhiI thic ion

exchanger according to one embodi ment of the present invention swells to

have a VOLlBnobr & 164 thard0.5 kIBS tHel{Redt@leU® iy BRSO filll pelaRditsas a

result of the introduction of the ion-exchange group. Specifically, the

degr eg of (passeivHrbighy t1ef mbmgitie i xichirget, orMBNSHEGE ArRAAOs fFli@HaD One

enbodi nent of the present invention is significantly greater than that of

t he nonol pdriheated e ymeholidlio fad:xchangPr per 200 2r IOELBnalHren iy décrense (i.e.,

i on-exchange group is introduced. Therefore, the dianmeter of the openings

of the nothelfluidireatinent cepaditamyeyr dacreaseya s Ethbiotillpereatmdwee bhthearomelithic i f t he

di ameter of the openings of the monolithic body is small. Mreover, the 10

t ot al porienesthamgenxeseds Gtmidh dnyenexelmnige capasityl permmiterolasfie mag degreasengs has

i ncreased due to swelling. Therefore, the nonolithic ion exchanger

accordi ng to ohke patsuth lesnthatofccuigevhisndgesing walgetroush tesaaopelitbichogh

mechani cal strength due to the thick skel eton although the openings have a

| ar gel Wi agwshanger My ds e samerps that of teanendigie hodiei ty per unit vol ume can be
i ncreased due to the thick skel eton mh$n the nonol.ithic_15 i on exchanger is

in water-wet cORfdRPRYHEIC o erchAREer PRI G Me ahrdgaey QL EPEiRough t he

nmonol ithic ion exchanger for a long tinme at a hi flow.rate under |ow

oy Bosur o, Ergmies B rchSiosteping rebias dendeet P g ST S Lsed for

a ‘'t wo- bed_t hree; t ower ter rifier or,an.electri ter deipnizing

appar at usTO%e BEHRCLERILD 43 118pe shivalibyh A nERER SeATIsu T & product i on

met hod, ap . ] filt. i K€ C t he present
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skel et on i&ﬁ%dpé&tﬁ JnBlefBERTnPbf fe érésagqgveaﬁbn ﬁgsdaﬁn&ﬂaas%m&hr@d;@ onal

conti nuous aving a diameter of 8 to 80 pmand defined t he
skel et on. ydigms MR thetifthézed 6 the 6P&ImMsIi§ d¥dr@id irford&-t6 QBibOIsy Structure 10

i ncludes a three-di nensi onal conti nuous
pressure loss required for practical applications, so that the ion-exchange capacity per
unit volume decreases. If the total pore volume is increased in order to increase the
25  ion-exchange capacity per unit volume, the pressure loss increases due to a decrease in

diameter of the openings. Since the monolithic ion exchanger according to one

embodiment of the present invention can be increased in the diameter of the openings

24



skel eton phase 1, and a three-di nensional continuous hol e phase 2. Since
the hole 2 has high continuity and uniformty as conpared wth an open-cel
nonol ithic body and a particle aggregation-type nonolithic body, a uniform
i on- adsor pti on behavi or can be achi eved. Mreover, the nonolithic body has
hi gh nechani cal strength due to a thick 5skel eton. | f the dianeter of
the three-di nensional continuous hole is less than 8 pm the pressure |oss
may i ncr easleaswrdlasfin thetthiséness af the skelakwadwall sewsioghyt thi eontimuos t hi ¢ body | f

t he di aneter of the three-dinensional continuous hole exceeds 80 pm fluid
nmay not SHAYTORTESHISIUEo e Ipnrexcivngaceapagitspear Bt Yolwand qanibe sigpificantdy t hat t he
adsorption 10 characteristics may deteriorate. The djanmeter of the

t hr ee- di PEFEASHINNIECHPPIRSBREAHGFEAFR PFSSYIE [9%5e  Heke IonrAxgbange cepacy por e

he kel cRBARB O 18 e AP Ui B STEt AL AR OR LSRR B BB | & 0.5
| oss 15 1% TsRleR g dolrsl BT rigehiOF sl IR o Pt re ™" ' °
30 pm untFAPTALArAR ort rigr ahtpre PR g SRRk sk IR ASRURR R coocs
o ai 1t ngar Lt TG el SO B o R RN 51 e
ot e pr R L B o P e

total porigr¥@idedentdthd RefpDRRI the M lethP Y the Dot S Dol aNGe attid. the pressure
| oss may i ncrease when fluid perneates (paSses through) the nonolithic

body . 10MorigagEhant €apabivyof a férohd Bidy ih Maficlniohraliage ghrpsaRahirddiced body per
unit cross-sectional area nmay decrease (i.e., the fluid treatnment capacity
may 25 ddatee@tgihe shffatdterdeof Bldepanited depetingfont the typendthet pareustiody exceeds 5
m /g, the adsorption capacity per unit volume nay decrease. Since the

monol i t hiamdbbeltypaof thedomegxdhangmgroepribotismentaldy 56heg pnesdeatt/ganlest i on has a
skel eton thickness, a hole dianmeter, and a total pore volunme within the
above range, tErammesoifithdrion-cxoange geupdastraducead gio temarslithie badywi t h f 1 ui d
and snooth distribution of fluid when used as an adsorbent. The
pressur e dcoerdingatone embedimentel thaprsierns invgrden inghgaghticn-exshemas grovnsed with

t he porous body (height; 1 m at a linear velocity (LV). of 1 nmh

( her eidnafsugh ay &Fdfoniciaciéd ZO4B, & eATpRaHe aeid groys: ag gpine forackd AR is in the
rage of 0.005 to 0,5 MPa/m LV, and preferably 0.01 to 0.1 a/ m LV.

The skel GtBRPRoFCRd EEUR GRE 7 RHOTLAE QR aRienGRCANge SNBE SUaliee apody

according to one enbodi ment of the present invention is. forned of a
hy dr ophoBTUEEEaSYARMODM, SToug ot (AT BFARO S9UP. 4 PRI, B8 &E%Put ural uni t
content of.0.3 to 5 nmol % and oI eef.er.ab!g% 100t'e .t oS]ng. nol %u Tit hae
cross! i nIRETFTY AT BPP: ARATYCURORTCIRING FOPRATeTR ORI BEAUPY 7K
| phosphonium group; and amphoteric ion-exchange groups such as an aminophosphoric
20  acid group and a sulfobetaine.
The ion-exchange groups introduced into the monolithic ion exchanger are
uniformly distributed on the surface and the inside of the skeleton of the porous body.
The expression “ion-exchange groups are uniformly distributed” used herein means that
the ion-exchange groups are uniformly distributed on the surface and the inside of the
25  skeleton of the porous body in the order of um. The distribution of the ion-exchange
groups may be relatively easily determined by EPMA or the like. When the

ion-exchange groups are uniformly distributed on the surface and the inside of the
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mechani cal strength nmay be insufficient. If the crosslinked structural unit
content exceeds 5 nol % the co-continuous structure nay not be obtained. The
aromatic vinyl polyner is not particularly limted. Exanples of the
art:In-lade vinyl polyner include polystyrene, poly(a-nethylstyrene),

pol yvi nyl t ol uene, pol yvinyl benzyl chloride, 15 polyvinyl biphenyl,

pol yvi nyl napht hal ene, and the |ike. These polyners nay be a pol yner obtained
by pol ynerskgletng anilee parpes efdymepplithishndis), thasurfage prdsthe skdeton ofther ossl i nki ng
agent, a polyner obtained by polynerizing a plurality of types of vinyl
nononer s iRPTeUsDOFY daenhenifasm piiysicelad icheralval RrgeeTties. 8¢ %’t&t prahiytnagaingd or nore
pol ynmers. Ampng these, a styrene-divinyl benzene copol yner and a vinyl benzyl
20 chl ori d&HmE PEEH@%ﬁéSE%ﬁBYﬁher are preferable fromthe vi ewpoi nt of

ease of formatign of CO=conti nupus, structure a of int.roduction of an
i on- exchange g_r’ltcjlﬁﬁd{mI?ﬂ{iL c Hﬁ@%%‘ff’?ﬁ?g Q& ABY dm’éﬁ?ﬁ Og_@f@ﬁs@ﬁm Einglﬂf‘ ¥y to
acl gng'}gs lglécl%ltalcij?edttr_y epeﬁéglgg%g{ﬁté’p%%é 1.°f1nttﬂgsﬁﬂfa{1ﬁ&x%‘é o?gngitl-ﬁsC G8f.di ng to the
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I'rst aspect of the present invention. °Mon ic ion

exchanger (4108 dnbhitfc nfmEIBRARNAG thABGOL itBubs B8&0 QehétRRlangf the
present invention is described below. The differences between the nonolithic

i on exchang@eh (@Rhdr& oRRRAFI5HHI16 nody The StefliniWbeARSfoimbe th 28bMaceA

nmonol ithic ion exchanger 5 according to one enbodi nment of the present

i nventijpgon Wiasthe nidh&iDdibdlddea s TBA-2EIEsorhat 1 ncl udes a t hree-di nensi onal .
conti nuous skel eton having a thickness of 1 to 60 pm and preferably 3 to 58
pm and a Maheeofiprrdnshgneholithitt inteoaediate bbéy havi ng a di aneter of 10 to 100
um preferably 15 to 90 pm and particularly preferably 20 to 80 gm defi ned
by the skel et orExaffipéestdfitlekeibssublé ntdnemsk thatdaes nahihclhude adiaretchangsf t he hol e
of the 10 nonolithic ion exchanger are |arger than those of the nonolithic
body si ncereupeineludé adipaphibi¢ monpmebtbatdassedt igcluiean lontexshbange mouar(e. 2.,

i on-exchange group into the nonolithic body. Since the continuous hole has
hi gh cont icadioryliaeaid graupofuionis agid grevih H auatpinery Apmepam grerp). ashiasi t hi ¢
organi ¢ porous. i gn exchanger and a partjcle aggregati on-type nonolithic

or ganilé pdewselupdity Bxwalshgdramplesof a preferable-oalgoby ?F’@ﬁ%‘@h@l@‘i daes 8gh pe 15
achieved. .If the dianeter of the t$ree-dinens'o coniiﬂﬁgus hole is |ess

I
than 10 grifCliRATPREXEhADEF DRI Y638 & HALNSF e R iaE s ( passes
th h) th li.thic i h . 1f the. di t t
o) G RAR  S R HEPBRIEh ekl S b B R RBat st 1 i ont 1y
on- exchandt ool S RRERR B PEE BRarHeHOnES o R AR capt i ng
20 capabi L} &v; TR grelﬁrcﬁﬁl%ﬁ:[ation. N!)I{e chft§e & g]:eg‘%&gﬁé% Qe 488 %&E&b% on is less
than 1 um The Ton-'exchange capacity per unit volune or the frechani ca
t h I t hi f j :
i or | G B kel MR R oL BRI RIEL P o O 9t of
the i on- exgBaRgRybaNHRRYaHI 61388 38n019) BastiddiRhE ot antodft Hahe oftfsoluBR

conti nuum 25 structure 1s determned by nultiplying the dianeter of the hole

of the noR@dHdtddr ¢n HrREYRBAAH BreRiri @l Wedrith AR edsaFy REGTIARBEuGEOMRrdY t he

swelling rate of the nonolithic body due to introduction of an ion-exchange
group, or zaftahy@EuRbehe idEMFR@rbypsa known nethod, for exanple. The

t hi ckness of the skeleton is determ ned by obtaining at | east three SEM
i mges of the MeeLifhdtam ibastpatiefubirly [mitsdadsodhmg saanatewin-dakEHarge gr oup,
25  emulsion is obtained by mixing the oil-soluble monomer that does not include an

ion-exchange group and water. Examples of the surfactant include nonionic

surfactants such as sorbitan monooleate, sorbitan monolaurate, sorbitan monopalmitate,
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measuring the thickness of the skeleton in the resulting i mage, and

mul tiplying the thickness of the skeleton by the swelling rate of the
nonol it hi ¢ body due to introduction 5 of an ion-exchange group, or

anal yzing the SEMinmage by a known nethod, for exanple. The skeleton has a -
rod-1i ke shape and a circul ar cross-sectional shape. Note that the skel eton
may have an irregular cross-sectional shape (e.g., elliptical

cr 0ss- sec8qrbim menasisayate, serbitap Ficdese polyrayethylenanons] prenyhetheikel et on refers
to the average value of the mnor axis and the major axis. 10lf the

t hi cknessPOFOTIENINE SEaE FEORS FEHRYIY BHIRHIISIETHGA FNIRAICERSFERBR | o | ess

e, 10,9t e G0, 215 a0g, SERECL PR YRLR I fecisae. 11 e
h teri.sti be. obt aj ... Th kel et . | £ f th
char e S5 SE CRUS e 1 LB TRAL g RERASE) L, S
(vell Sechighl: 3 IRGSALAL ALAS SO IRADTea S| P ISaRRMEr, .

that of 1y BoDQ ik And0tial PBER dobfifdin, Yfiflekh WA ShBIRLANiGL the hol e

has increased due to swelling upon introduction of an Ion-exchange group

into the fRAGL YeferPR erihSioh & #hicR AW fer\RoHEE aNBGRESd b ¥oRinkidRs | ext ent
since the thickness of the skeleton 20 increases. |If the total pore vol une

of the nDREhhAsE CThOMMANE BN QhrThctarlt 8&1 diFRR dpénditl &h thehppdufagsur e | oss
may increase when fluid perneates (passes through) the nonolithic ion
exchanger oil-blukle v&Snonteh @nciiie Wizt 0O thefdesired drhabion phmeRE GSatdfor@®)Nbatiis hi ¢ i on
exchanger per unit cross-sectional area may decrease (i.e., the fluid ‘
t r eat ment nexARHE sélyctedbyrithiache gy of Afout Deo T dasgdanethy titalmencuint bihe
nmonolithic ion 25 exchanger exceeds 5 m /g, the ion-exchange capacity per
uni t vol uriksciable denosasand Be wodadtdnd. nonol i t hi ¢ i on exchanger has a hol e
di aneter and a total pore volunme within the above range, the nonolithic ion
exchanger ensumndke step f,annmitiatot mey opfiotallylbeivded when podecing Heawateraimed! wi t h
fluid, and | ow pressure loss (i.e., exhibits excellent perfornmance).
The pr essamdsipps sAchmpowetiirgenprates padiedlhduaiatapplication of Eezttﬁ)é lighfrda¥ t hi c ion
exchanger na% be the sane as that of the nonolithic body. 5The nonolithic

y

i on exchawéfably bs asedastbe istizdoe dip deitigienmay pe atersplubleir dilnspdihle-on has an

o1 01 o O e SRt e SR PLTGIA BrOLRS BbRRERBS. The
l'i thi ' A h . di scl d i P- A- 2002- 306976 t hat
nas . corfio L RGBT BdE s TCH SUar e h R BHURAY: BOHE=onol |t b ¢

R T A R e R T

i ncreasegmhﬂﬂH%gﬁﬁﬂ%fhéﬁégﬁqﬁgﬂﬁdé%Mh@&ﬁﬁ&yre | oss required for practi cal
En MiD>

appl i cations, I on-exchange capacity per unit volume decreases.

IT the total Eﬂdg&ei @hé&&ﬁl@ﬁﬁ;ﬁgmieﬂhgf 85 nbOinkREE gﬁﬁﬁ-éﬁﬁadfg”' exchange

capacity per unit vo € pressure | 0Ss | ncreases e to a crease in

15 di gyret 86y 0fnd RRreRAN WAES, and tRCRitdiG 10 PRPald dWvatel-AoiBXRIRRGEMeaC COr di g

to one

components may be mixed all together, or a mixture of the oil-soluble components (i.e.,
oil-soluble monomer, surfactant, and oil-soluble initiator) and a mixture of the
water-soluble components (i.e., water and water-soluble initiator) may be mixed, for
example. The emulsion may be ]_;roduced using an arbitrary apparatus. A mixer, a
25  homogenizer, a high-pressure homogenizer, or the like may be appropriately used so .
that an emulsion having the desired particle size is obtained. The mixing conditions

(e.g., stirring speed and stirring time) may be arbitrarily selected so that an emulsion
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enbodi nent of the present invention has high hole continuity and
uniformty, the pressure |loss increase to only a small extent even if the
total pore volune decreases. Therefore, the ion-exchange capacity per unit
vol ume can be significantly increased while maintaining | ow pressure | oss.
_If the ion-exchange capacity per unit volume is 20 less than 0.3 ng

equi valent/m , the anount of ion-containing water that can be treated
(i.e., dehaingidd desiredmapichuiiee isohtaizgdaci ty) until a breakthrough occurs may
decrease. The ion-exchange capacity per unit weight of the_ nonolithic ion
exchanger accof gt mgnelghigratcangsar hadi olfping by giesirthas agerinueNsi n a dry
state is not particularly li 'ted,aﬁ t is notmally 3 to 5 ng equivalent/g
si nce i onMEXERARGEVHGup BAoR ﬁh%ﬂﬂ#ﬁ$@%@é@éY§dH§§ﬂt Surface and

[ he inside of th kel f th . .. No h

o e el o o L L R B RS

i nt | h f f th kel et | t ined d di

the type BF SEREUGOr USRI Tndimadde BB D", 3R BeBRREL "Gr oup, but i <
vpe BF SFHEAHY i

It  ooue TP HERH KRB P B ok 58 potsmer marcl AP RO FIERIREL Or e

present !ﬁf{ﬁﬂ.&éOnIﬁEBéf?éﬁtﬁﬁlgﬁg}sgg'g?ﬂi%ﬁnowﬁémﬂiteﬁﬂ?sﬁ&;ﬁﬁtdchﬂd? gEy. Sgecor di ng

to the first aspect o ent i'nvention. I on“exchange groups

i ntroduced g'&émbfen&at MR BadAR iRXEACROREsIAKED Sitich@aintt idiaattidgt ed on

the surface and the inside of the skeleton of the porous body. The
defini ti ogf @f td 5EmEMR! BATHEB preférabRT07 1o 5nS1%] hHdéEsh tHeSotahns@fentaS
descri bed above. The WDnO|ItﬁIC body according to one enbodi ment of the
present i mMBRITiQ poRRMerkRatogalobifahe embsiiinkpe statifaNghisdodft Istlesslthdn 0.8n t he
step I, a mxture of an oil-soluble nonomer that does not include an

i on- exchamgEs,ghetechaicalisttemgtheottthe mpdolhicanterediste boéyiniag bp ispificdern.
water-in-oil emrmulsion, and the water-in-oil emulsion is polynerized to
obt ai n a Imgraciduldnj whenrthe tate gioad elimndys 1ttt 16hakg,at is prefemabledbatitiee r opor e
structure and has a total pore volune of nmore than 16 nmug and 30 nug or

| ess. Thecresstipkdd simgtunad ub cpeiehidre@uhol ' onowee teorder toimaintaingheret hod

di scl osed in JP-A-2002-306976. Method of producing nonolithic internediate
body comiiangiisaraceiporhgrusiure.s olf il @ospbinkebvruchzal v sonteot excardside an

i on-exchange group include a.lipophilic¢c nonoper that does not include an
i on- ebéc hanglEe.ghopgroprebesly menbsesng rktleded fgrbilgy mayibedests aci d group, or

a5 o1 "t RENTRERETORAEA e Bt S mageL s e DAL Es By cno.

i | noprith s (e Bl HENERL o 8RO e = GRuB: nib ™ U B, ana

nal ogena A PR HLCe ORGPl BRate gt fRRER G anf i Pofhnc ™
acryi oni PR GO 1O SR sl L POARERIPRIRrMRAS, it and

Vi nyl,pr opi : . h)acrylic nmonomers such as nethyl acrylate, ethyl
o LRGN & Wi

acrylate, 2- et hyl hexyl acrylate, nmethyl nethacryl ate,

ethyl et hacr vl Gondfie e FRIBAC LU 0 1B Ydro FBRIRCNS 8116 mifg @hlly! hexy!

nmet hacryl ate, cycl ohexyl nethacryl at'e, benzyl nethacryl ate, gl yci dyl

met hacr yl @tRrderpsR BSmE. aIrRh&idtdlFteydRne dBtheiméHoltfc Aft@iRHiate BdTY |
nmononer s 'such as styrene, a-nethylstyrene, vinyltoluene, vinylbenzyl

chl ori de,is addsnsH1N b MydrbENEEH&Ty cbhaa&l YR ziAB Yhebenyl S@sho@idr ARy have
individually or in conbination. Note that it is preferable that a
crossl i nkadth#ll wed poRrvoliing so tltht et dardenemay inetehyd wien fHlij peimeates
di ret hacryl ate) is used as a conponent of the oil-soluble nononers in an
anmourds of (pss8s thoodghinthe ¥pormbhichipbedyer dbthy t@taBpdre valumelFihebasmdithin t he t ot al
anount of the oil-soluble nononer in order to obtain necessary mechani cal
st rengt h inteemediaterbodyitsi tng laagd, amgenddithic hody ohiaibed by polyteriziog thexdhgnge gr oups
in alater step.

monomer may deviate from the criteria of a continuous macropore structure. The total
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The surfactant is the sane as the surfactant used in the step | according
to the first aspect of the present invention. In the step I, an
initiator may optionally be used when producing the water-in-oil enul sion.
A conpound that generates radicals due to application of heat or |ight may
15suitably be used as the initiator. The initiator may be water-sol uble or
oi |l -sol uble. Exanples of the initiator_ include o

2, 2' - azobpose velgmetof thamerqlitly intermediate bedysnsy he adingedyithia the ahaveri| e)

2,2 -azobis(2

- met.hy] but itrile),
2,2' - azot}?%%%b*n%{lh%’i?ﬁg@?%ﬁg })ﬁr@{eﬁﬁ%&}%m’@w 19 ent i ebgpt 1:20
1 - 270ni o( oy LiRIHER RS CRORPBSLH Feso B o et Baft frmed oY i oy
i de, t ' fate, ni | f t hyl t hi
G sul 1 e R Bh BRRER A b Fua PR R0 o B s P BERIE S om
hyd ] e .| i L Gl i il
ydrogen dﬁ%ﬂjﬁéfe% ?ﬁtpggﬁeur%]ﬁ% 1!; le‘é?than ZP #gt,%\gglﬂng cﬁ%ql{lh%kﬁﬁlglg%ow&ﬁ&n%@b '

enul si“on, nononer oes- not e alt | on- exchange

group, t Zg%bzfﬂér%zgﬁ%ﬁl@tvmﬂ%oﬁﬁm ARy b 4 Qh?%ll Blaeted's8 Rk Buklold1e same

manner as’ | fep I" according to the fist aspect of the present

| nvent i 0N,y increaseNyRed THAA peinMates!(PissssBBH Eb athhotitiabRpd i he step | is
formed of dan organic polyner material that ‘has a crosslinked structure
(pref er aldviraadp dph@AEtof EheVdpeiing Ot AtB®Y 200 unl Mg BRS Sot BiEFigieNSY Eomdin t he
polymer material is not particularly limted. It is preferable that the

pol ynmer nasheki @ith thechostgdititic 6561 the k@doBthidioh gkeanpge $o that the adsweptivn of 0. 3
to 5 nol% and nore preferably 0.3 to 3 nol % based on the total

constiiot uethbradteribiscsair tlicnienfeathamge cimiceristcs mhp defedomtens SThemkaublighic uct ur al
unit content is less than 0.3 5 nol % the nechanical strength of the

monol i t hiioteim¢diatabdinpefiraly hany uérimsokfure inewhich Hfe mavroparesaldi thked
structural unit content exceeds 5 nol % the nonolithic body nmay not have a
co- cont i mpewmgshavgot unitorm|diameien (fige). af\otevihehsanenarouriforponecropdreihal s 16 to
20 mM/g, it is preferable that the crosslinked structural unit content be

| ess t hararglapgsr dhandhe peidgrm ma@ppapHmay be incbiled iy thgdnifprm strugtere. 10The

pol ymer material used to produce the nonolithic internediate body is the
same as tMethpdplprodusiag eyonglithichadyt o produce the nonolithic intermediate

body according to the first aspect of the present_invention The
‘monol ¥t hi ¢ | e irE e w&avnﬂﬁfgﬂ%wpaﬁ 867, thapan Pfti%ﬁ?? Latt¥R 16 mug

d 30 I d f bly.6 m.Jg., S i ficall h
SRR AR N TRE G e KT SRS R )
t t b h t .- wWhich t kel et f the. | thi
S uCt U S Bl deBh LSS Ve LB O, Sl BT L
ORET! 19° { NSAUREEE) b Tl o W ECTOROUER 0 Lot ML MGk o1 80, Ve

porous bagly,b3 gﬁgﬁﬂb sgontinuous structure is formed based on the
structure 6? t%e O nonolithic internediate body as a nold. If the total

por e 3ol ure ofmm%ﬂmoh{eilhgediiﬁwmm &te,aﬁ»eui@yq%gtemﬁédfm A thpnol i thic

body obtai ned by polymerizing the vinyl nononer nmay have a continuous
MB.Cr 0pOr &% miorie® id TSR cOfind nERroeRR tHah HRURS h hKiléreablé Finyheroupt al pore

vol ume of the nonolithic internmediate body is too | arge, a nonolithic body
obt ai ned ihyhedbOEE] aidngs hiph swlubility FDAOHBimoBYlvaraY eltliopteferable to select
the same vinyl monomer as that used to produce the monolithic intermediate body, or a
similar polymer material. Specific examples of the vinyl monomer include aromatic
25  vinyl monomers such as styrene, a-methylstyrene, vinyltoluene, vinylbenzyl chloride,

vinylbiphenyl, and vinylnaphthalene; a-olefins such as ethylene, propylene, 1-butene,

and isobutene; diene monomers such as butadiene, isoprene, and chloroprene;
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25 nechani cal strength, or the ion-exchange capacity per unit volume may
decrease. The total pore volune of the nonolithic internediate body may be
adjusted within the above range by adjusting the ratio of the nonomer to
water to about 1:20 to about 1:40. The openings (nmesopores) of the
nmonolithic internedi ate body fornmed by the overl appi ng nacropores have an
average dianeter of 5to 100 pm If the average di aneter of the openings is
| ess t han lalquenatedelefingsuchfas ainybpldbiid ivinybbrynidb tvaplisigndbshlpade/ aed | zi ng t he
vinyl nmononer_ may have a_snal | dianeter, so that the pressure |oss 5 may

i ncrease \ipafluoresitleylene: rrleasonomessahap pyylpwitritepmdipetbacrylaniéilsodpyl 1 t he
aver age di aneter, of the openings exceeds 100 p. fl%id may not sufficiently
come in coieETchas Knyhacetathet YIHYI@I%BW%@D%@%MH IQIHP%OW?SﬁS‘Ei‘&%anger, )

e R el SR S T
LT OENIO O AR T T
ot g RGO LR e e ot S SR o o
o551 . GRSl 98, 0 VBt OUBB ok T

monomer angd,Lhe ﬂ%ﬁéﬂdﬁ@r@%cﬁ%@fymen@%dqgﬁ%aeg%l cﬂiq?rﬁ_alay@,g@fe%wer pr oduced

by pol ynerizing the aromatic vinyl nononer, an initiator are m xed. Note

that the step ITheREyy]bBsorRelct aru¥ed el fhcu®s t&4d Bmek NB $E@RNand ~ The
aromatic vinyl nononmer used in the step Il is not particularly limted

i nsof an apréfBRbLE PHFI0 Emyd thY kmdBtTEle mdndélithicRBRhddiste BodyhsedrBammldt hat

i ncludes a 20 pol ynerizable vinyl group in the nol ecule, and has high

sol ubi |'i t yin thiz polyraEdatibs preksse nlf the tmbantpif éiecviafll reoricinez éd leed thhind tisd&e vi nyl
nononer as that used to produce the nonolithic internedi ate body, or a
sim |l ar pdhyaroumef drimbénolifje titénmedetabplygpomis bidy)yiheyhickmesonfthe i ncl ude
styrene, a-nethylstyrene, vinyltoluene, vinylbenzyl chloride, vinylbiphenyl,
vi nyl naphtskeltondwall settivhpof thik eesulfing seonobithosreedy may bbmsusibndi ther 25

i ndividual ly or in conbination. Anong these, styrene and vinyl benzyl

chl ori de aesiltpthefadsarplien eapacitiepes upiraplugnodrily lomsxehange capasits Portt ¢ vi nyl
nmononer is used in_an anpunt 5 to 50 tinmes (by meightﬁ, and preferably 5 to
40 tinds tVeBImEt ETAUERE aRoefbEXcARES STAVRIAE dPaewschoHythe gaguiot therp| d” of

PO 20 et B AL 1 LR ot MBEIRL 2 oo L han
b S PP e SRS RS b
o T o S LS B ARG BB TRBRELSS"5) |1 e
0 et O AR N b e e R, 7 ¢
0 oot Sh e anas sl e AT, ShomalipHioR e 1 e ot

ol ecul e, sgRanNag Qéiﬂé‘e)?éﬁ’ﬁll&igé +iithé’01i Rl Rire GeRY ifclf@) ¥R Hyinenp&fel f i c exanpl es
of the crossllnklﬁg agent 1 nclude 8|V|nylb nzene, d|V|%§InaphfhaIene,
di vi nyl bi F&E‘ﬁﬂ%haplﬁﬁd}éﬂee&i%jzﬂr‘lbiﬂ%nggieﬂ%éﬁé(‘g[%bﬁ&iﬁletﬁa&fﬂ@&,hy| ol propane

e,

triacryl ate, _utanediof di acryl a and the |ike. These crosslinking agents
may be usefmethliropane triacrylate, butanediol diacrylate, and the like. These crosslinking

agents may be used either individually or in combination. It is preferable to use an
25  aromatic polyvinyl compound (e.g., divinylbenzene, divinylnaphthalene, or
divinylbiphenyl) as the crosslinking agent due to high mechanical strength and excellent

stability to hydrolysis. The crosslinking agent is used in an amount of 0.3 to 50 mol%,
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15 individually or in conmbination. It is preferable to use an aromatic

pol yvi nyl conmpound (e.g., divinylbenzene, divinylnaphthal ene, or

di vi nyl bi phenyl) as the crosslinking agent due to high nmechanical strength
and excellent stability to hydrolysis. The crosslinking agent is used in an
anount of 0.3 to 5 nol% and preferably 0.3 to 3 nol % based on the total
anount of the vinyl nononmer and the crosslinkin% agent (total oil-soluble
20 nononedny) preferablih .3 derd ural Yo based endhotosl amkinigpidbevinyl monwse and#e 0. 3
nol % the nonolithic body may have insufficient nmechanjcal strength. If the
anount  of Clpﬁfélﬂ@ﬁ%ﬁtnkiﬂv’fbe wat of $he Fesslinkie agemk is lstsdban Y-Bineolfodie nay

becone brittle (j.e., flexibility. be lost),.qQr th mount (nynber) of
ion-exchawg@@calﬁgengmfaﬁweaolﬁév%ﬁxP@aéé.m&zﬂﬁ%m@}tos it %Wﬂgﬂ&@ﬁ}ﬁ is
referably used. so that a,crosslink densi. | npst _the s as 25 the

P ooel tok ek St EketaS AR thetio i FohRise St ot 6 or

pol yneri zat . is.obtaiped. . lf the anp f _the crosslinkin e used in

Phe Sty Rrkiie fad B RsDCSk it b3S RERBE o lonteith iz R il ARy

i nt er nedi o] t] LU 0 i i i i ion could

occur tha_(%%ﬁglea dﬂ%ﬁgﬁﬁﬁﬁﬁﬂg?égﬁghg%ﬁgﬁ%¥ﬂf%gﬁﬁﬁigﬁﬁg#ﬁgg#ﬁgk _

| nt r oduct AP hind RUHEXENB AT S AR density of FESABAMN SucthbiERlbgged 1N the

step Il disso ves the aromatic vinyl nononer and the cross I nki n agent,

but does paf agh_%ﬁ% ﬁﬁh@p@@ﬁéﬁ%&ti&ri%%ﬁféd.bwfﬁﬁ’é YHBEt BF i Rodshikiag omat i ¢

vinyl nononer (i.e., a poor solvent for a polynmer produced by polynerizing

the ar omajdest ideAY¥n tHERRPMEEibnifidasdiyf diffe@MEon® HaRe 18 Hewedpt] (tie Used dependi ng
on the type of the aromatic vinyl nononmer. Exanples of the organic sol vent
used whenintdifedinR)HrodiRHome hon-aGni$dii @osslink dentite didtdBlipnscoaldcdtcastharet hanol ,
et hanol , propanol, butanol, hexanol, cyol ohexanol, octanol, 2-ethyl hexanol,
decanol , mheydécacmatkingobihy neonelithiybaly, duaing theintradedtion lof e «ichage; chain
(pol y)ethers such as diethyl ether, butyl cellosolve, polyethylene glycol,
pol ypr opygrengs. gl ycol , and pol ytetrarnet hyl ene glycol; chain saturated
hydrocarbons such as hexane, heptane, octane, isooctane, decane, and
dodecane; and Bt aeganie sdienasisest imthe sterilalissolvies hervopy manosmenard theel | osol ve
acetate, and_ethyl propionate. A good solvent for_ polystyrene (e.g., 15

di oxane, aplinkingestnidie doeranpot disselvea palyaer pepduerd byr ppdvmeriziag thertinylns of ar
as the good solvent is used in a spall anmpunt. together, wi th the poor

sol vekt . MAROBedhe & pedy|sebishat fog a pplymer Mdpceiypdpmenzng theei®dncent rat i on
of the aromatic, vi nononer .is. 30 10 w%. I f the con tration of the

yl 8 n
ar ot 1 ¢ PPt O HSTETHE FFEEE PHER: S0 SEPerdias BB IFRPT S0F SOt at e may
decrease,_or a nDEoIithic od obta'neg bgﬁgpl neni%ation 20 ﬁ%y not have a
st ruct ur ePPRATeT o FFANDles A et°¥ﬁ@ms°cs8 SO KB HESEY PERAHT O PF t he |
concentrati.o f the_ araqmati.c vinyl e 80 9 y
pol ymer i z%fliug%%ﬁ%%oqso%ué%raﬁ melt&mi’ ?@%ﬁ%@o&%ﬁ%ﬂ% ’Elgxasnao\frfgc%léoh? e}%l?ni tiator
used in t %gﬁ | [ ent invention.
25l n the és}t?aé%i’%l@?d&lp e ﬁ’llr’ g %’l él}%gf’ gﬁ%&%&%@mﬁ@?g@#ﬁ ]?Ige g%?@lfrer ized in the
Presenre. @by RRRRIEODMG LEEIEH:RLR Hefk-hLA VerhbieemlieRe | (i.e.,
the continuous %acr%’oré st%gctufe 0 h%ﬁ@ nnﬁol%tﬁgﬁg?%t%rneelgtézbody is
changed i g{:]&imethyl ether, cellosolve, methyl cellosolve, butyl cellosolve, polyethylene
glycol, polypropylene glycol, and polytetramethylene glycol; chain saturated
hydrocarbons such as hexane, heptane, octane, isooctane, decane, and dodecane; and
esters such as ethyl acetate, isopropyl acetate, cellosolve acetate, and ethyl propionate.
25  Agood Solvent for polystyrene (e.g., dioxane, THF, or toluene) may also be used as the

organic solvent insofar as the good solvent is used in a small amount together with the

poor solvent. The organic solvent is preferably used so that the concentration of the
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co-continuous structure) to obtain a nonolithic body having a thick

skel eton. The nonolithic internediate body used in the step Ill is

i nportant for producing a nonolithic body having the novel structure

according to the present invention. For exanple, JP-T-7-501140 di scl oses

that a particle aggregation-type nonolithic organic 5 porous body is

obt ai ned by polynerizing a vinyl nononer in a specific organic sol vent

usi.ng a crogsmonkneris 30&ns0 wivet hif thh senvertrasfonpf fagnylirperomerielesrtitmt e

body. On the other hand, when the nonolithic internediate body having a

speci fic 2ontYonthepslmerizapen wiesmpydecease: o agnensdithic pedyt oltaiped Hirer i zat i on
S a structure that

t l.ithic bod bt ained b I i,zati h
o1 gni {1 ARSI Re7AOB R A WY S PHES el (a1 VARHR g 6P YroSe Lt ur e
i.e., a nonolithigc.body havin co- cpnti nuo trycture is obtained). It
‘L o actnpdien nife Ses it dns Bg B g S edds BT phBrRdns i o

preciggtatés L0 tﬁp shqﬁgﬁrof particles when the nonolithic internedi ate
body is aBYERETERI ORI X particle aggregation-type structure is obtained,

body s aBSeht gre ruct
adsor bed on of ASORPPIE phsrkifesThaRT; LB £ BpRARGh pERLTWL BRIBHD FED e
por ous DodiabhyYeSLBPA b yibad) 168 Yhiiehtid @aaSe hAlA: RUEURUNe 1o present

in the polynerization system an nmerization proceeds I nside the porous

body S0 t bk asipRlsir @R ifriatdiendiRID b LioBisheshirabaRges from the

t wo- di mensi onal wal'l into a one-di nensional rod-Ii ke sKeleton, and a
m)no! i thi E,zﬂéﬂﬁiiﬁ(ﬁ,4nﬁxh@ﬁi§lvﬁléﬁﬁﬁﬂ9ﬂétj! NO-gzdbis( T-atdtyThidhenifileyict ure 1's
obt ai ned. 20The internal volune of the reaction vessel is the sanme as
descr iped2 abaxbis(@-nttvxecl, 4-dimsthilkalbfaitfile) sdimespez,L’ -afobidieobntyeaent

i nvention. In the step I'll, the nonolithic internediate body is

i npr egnat €d’-wrdblis({icpaewaledc aci)l), 1 lé-andbit(eydoliexahet icarbpnittike),bentdyé reacti on
vessel. The mxing ratio of the m xture obtained by the step Il and the
monol i t hi peroxitierlamdylgtesotidal potassipm eemnthteyardmbeium peeshlfite, 25 t hat t he

" aromatic vinyl nonomer is used in an anmount 5 to 50 tinmes (by weight), and

pr ef er abl tetramethyliurandisulfide, andvbelikeof Thednitiaioois used i amappronsidieat e body.
This makes it possible to obtain a nonolithic body having a co-continuous
st ruct ur eameunt depraringes the tk 08 eroapTreh Shedpraymerizipn trsrperaareeaiitie ng a
noderate size, and a three-dinensional continuous thick skel eton.. The

ar omatd ¢ Wkany | Thednsater may de used iapgamougkeiabouiydft tq Fobreedandhe tadalar o

adsor bed on orﬁgistti?uted ing%ﬂ@hskele on of the nonolithic internediate
body, andPOFySEHe A SHPNSFSE ©CHSP 22Tk el et on of the nonolithic

i nt di at . Th I i zat | dit] . h
deser | bed_ abovl hgBhdbt FEHIE HREHERY PPeibILpatb TR Ahe B acshee

[ tion, t hod..of .produci |Lithic . h f
%Eéﬁﬂf:eggofﬁw% P B TR BB e b ei‘t%*ﬁ%ﬁagfég?aﬁﬁﬁﬁioangﬁg} of

) . . i i thi

i on gxchzﬁégi a%%%# |ndﬁ?%ﬂg%gﬂ¢?$§$n%£%ggﬁz%@ggﬁéagﬁggghtﬁﬁ%vention.

h RIS - . _ ! foin
R i A L S i SR i gt

monol i t hi g ,RAdYichaM) AviRE ReGRRE] stiieMSe AlchMtidoqh@sredent hehiio? Hope
i ntroduction of the i1on-exchange 15 group. reover, the total pore vol une

does not &haipie TPVETL5) {1 40hRsctiseshed pﬁiclrefag%ﬂagmntt%e neasERRaHzae to

swel ling. Thérefore, the nonolithic 1on exchanger according to one
enbodi mengoreilis Bdlg iPoEeR6E bi pyBhicHamgexhhirhénoiied i MBRBHEN Gadnistdlesagt h due
to the thick skel eton al though the three-dinensional continuous hole has a
| ar ge di aumgriged crobdimibigaenttih ehel abserex ofi aagmotithianitdrycfiate bodiyt Qalthere can be
i ncreased due to the thick

25  other hand, when the monolithic intermediate body having a continuous macropore

structure is present in the polymerization system, a monolithic body obtained by

polymerization bas a structure (i.e., a thick skeleton) that significantly differs from the
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20 skel eton when the nonolithic ion exchanger is in water-wet conditions,
and the target water can be passed through the nonolithic ion exchanger for
along time at a high flow rate under |ow pressure. Therefore, the

nonol ithic ion exchanger may suitably be used for a two-bed three-tower
water purifier or an electric water deionizing apparatus. Third aspect of
the present invention 25A product, a production nethod, and a chem cal
filter acputidenaggregatidretyphtruttus pewhichbthe pratigeenelongénoan besemt. alids descri bed
bel ow. Note that the term "nonolithic organic_porous body" may be referred
to as " cempsdyredthebaerosslinked pelaprer Pltoﬁlécq%é?)’rﬁdmwaﬂ@hPtecmi@'@ﬁiﬂbthﬁor ous ion
exchanger"” may be referred to as_ 'c osite no ol%@hic i gn exchanpger", and

the term SiBHOPIRAFH eso‘fflﬁﬁh%mﬁafﬂghgcom FRFHUAILATL SATERPL SHEFt BBAIEfer red to
that il et TigiRTRERe o, &lskiteh 8h g oAbt T S SR e RSB R ace and
o oant e prrabdepbiyS boh) BhiRAISLE bR Brelilh LEGE o8l hieaBEORIR R [ 00e of

the skel eé)cﬂ Qlflzagllalﬁ rﬁ)%cgé]&j iﬁﬁi&@fh@#{cﬁgﬁégy %\f{hﬁt i hhofifif l%o%%'ﬂa;iﬂgrat icle” and

"protrusion® use connecti on Ird aspect o he present

i nventi Onthlyfa@k@@to&ﬁg Ebtafidd ! ONBR thR¥Md difhStePbf thBBpbriK& decreases dfiB & coNt i nuous
skel et on phase and the continuous hol e phase of Phe or gani ¢ porous body may

be obser vgfyhe@smian. SEMvet@IEnceRk@mRhSISthR infehBedae bedp hidflatdeto@f 15 the
organi ¢ porous body include a continuous nacropore structure and a

CO- Cofit i NptRe SokibdeltHeWpeninddlgave keh&icade plaaker eled ¢heothpiése ofHeoUs body is a

continuous pillar-shaped body, a continuous concave wall body, or a

conposi t eskehedrglels inasaded.| early differs in shape fromparticles and

- protrusions. Exanples of a preferable structure of the organic porous body

include a 20 cAmtdchamusssetdarnganartstranydttermal volumiinedy eaistd irsofamacthopor es

overlap to formopenings having an average dianeter of 20 to 200 gm

( her ei nafmenolithig ittermesfiase bedy ¢am begput in the reagtigmwisselpoAgesctivodyssel inand a

co-continuous structure that includes a three-dinensional continuous

skel et on Whigh the monditkik ietersnegiatebalyt ip langely mlacad avhan visved fefimabryieovra

continuous hole having a dianmeter of 8 to 80 pm defined by the skel eton

( her el*nafreaqtiopsyepse) inyahich theppenelithic ermediaghbodyrqgahe sighdy Blaged W ) . The

average di.ameter of the openings of the first organi c porous body is

pr ef er abl vew} Fommbgve maheisgls bﬁﬁfg?w 19787 BFRENYR WOSHER YT el | s

formed bymonolithic intermediate body can be tightly placed, but is not pressed by the inner wall
thereof after polymerization, since the monolithic body is not deformed, and the
reaction raw material can be efficiently used. Even if a space is formed between the

20 reaction vessel and the monolithic body after polymerization, since the vinyl monomer
and the crosslinking agent are adsorbed on or distributed in the monolithic intermediate
body, particles do not aggregate inside the reaction vessel.

In the step III, the monolithic intermediate body is impregnated with (immersed

in) the mixture (solution) inside the reaction vessel. The mixing ratio of the mixture

25  obtained by the step II and the monolithic intermediate body is preferably determined so
that the vinyl monomer is used in an amount 3 to 40 times (by weight), and preferably 4

to 30 times the amount of the monolithic intermediate body. This makes it possible to
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t he macropores having a dianmeter of 40 to 400 p. mand the openi ngs serve as
fl ow passages. It is preferable that the continuous macropore structure be
a uniformstructure in which the macropores have a uniformsize and the
openi ngs have a uniformdianeter. Note that sonme non-uniform nmacropores
that are larger than the uniform5 macropores may be included in the

uni formstructure. If the average dianeter of the openings is |less than 20
pm the pohdsisamonalitic hagy thathasagbickiskeletbh andia pedarste epeningaliaeeiet hr ough)
the conposite nonolithic body. |f the average dianeter of the openings is

t oo | ar geThs vipylgnerpmesgnd shefqrossipling pees tethe mizbyg aenadyirbed eTher conposite
nonol i thi¢c body, .sqo that the adsorpti.on characterjstics may . deteriorate.
The aver adjaribptedimherskeleton of the meralithi énterarediate boslyaandplemerd?a¥eRi ned by SEM

b ti th i f di stribyti det i ned by
ohser Vet oh ot bia BLIYS e oL fupSL AL ppiogon curve deter i ned by
e R A LU e G o IR B PT Be BRELT T 5S
t he di he th -.di i I tilr s .

Hp T A L e R )

Uhat uni {050 A4R0T B0 HCLRYILALIPENION HBEARARL AAISH oo BLidk RAUSREPL | ON

ef ficiency nay rease sor on targe erital” has a | ow
concentr atJd T GF . s gl hnab L hol e refers
to a val ?eér%gi?gef Pnleﬁlgé&ggﬁg{g gyggségr&e{é%%%l%éﬂ?ﬁ% rramnrrﬁl(r%?bgpggﬂl%{&% por e

di stri butjhQRegHd ¥&ssdtit 484& 1 00°0SEr Pio MERGHE 3h ROLSE biRIspdere TNEL BihgKkness of
t he skel eton of the co-continuous structure is 0.8 to 40 pin, and _

pr ef efpabl Modorh@ 238 thenBrodsfinkifg apdtit aBel B ortdigribilked i b skdetb#Ssthehan 0. 8

pm the adsorption capacity per unit volunme or the nechanical strength may
decr ease.mbmdliilic inttehddens bady lindergdkplh@izatixe daot® Kedting b thatd thivkm -
adsorption characteristics nay not be obtained. 25The thickness of the

skel et on skaldtdnlie obiaimedt eAftef canlydetipmesti potjsnaizatibie oy gaudtiag poxdoctss body may be
determ ned by obtaining at |east three SEM i nmages of the organi c porous
body, andemessd)andgxtraveedt itk k nelvent shcht dsacstont tt wmosndntehetediviaybt er of t he
openings in the resulting inage. . A nunber of particles that adhere to
t he surf auenasfiertang thekaspatiosplyént thebtaingamproliveic bady atidckhgeteten. di anet er
of 2 to 20 pm or a nunber of protrusions forned on the surface of the

skel etSon Mﬁt%pﬁefbﬁoglaﬁngrr@pbtbgcl@éayclwﬁaerhave a maxi num di aneter of 5 2 to
20 pm are observed in_an SEMimage. The .particles or the |like are
integral l'y fordl of e digedhemgrol lgw@@%%ﬁraﬁ%@.ngﬁeﬁ%ucle that is
partially huried. in.the surface, of, the.skel eton phase is.referred to as a
protrusi ¢ W?%Og#&%?%ﬁﬁﬁvfwlﬂé%% CORFIQ ahRF MEPITBICdPRr abl y 50% or
‘nore of the surface,of the%dst?el et

h ed with icl
The 1| ke aoTHe: AR hpr G i pTROranot, FROTLI IPAREer of the
t [ LS Rk ef | t .and | rabky 3 to 10
R N e e e SR L S
ik i : | ' te. In thi
case, N nan G MBPEL Rt Bty coblol G BBYS SficlRe PP RANER™, T\ ©

par ti ¢l esyoiigniP i dchéngaRy adhere to the protrusion to forma

An jon-exchange group may be introduced into the monolithic body by an

arbitrary method. For example, a macromolecular (polymer) reaction, graft

polymerization, or the like may be used. For example, when the monolithic body is a
25  styrene-divinylbenzene copolymer or the like, a sulfonic acid group may be introduced

by sulfonating the monolithic body using chlorosulfuric acid, concentrated sulfuric acid,

or fuming sulfuric acid; uniformly introducing a radical initiator group or a chain
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15 conposite protrusion. In this case, the dianeter of the particles and

t he maxi num di aneter of the protrusions refer to the dianeter of individual
particles and individual protrusions. If the diameter of the particles
or the like that cover the surface of the skel eton phase is outside the
above range, the contact efficiency of fluid with the surface and the 20

i nside of the skeleton of the conposite nonolithic body may not be

suf fi ci entrinsférgooupvisth. the fkedlaems of thamotodishas badyearsigrafpelyoiertzing soliimet on i s
covered with the particles, the contact efficiency of fluid with the
surface asturen¢falfons dragsylamide-Siuetistpepaieselimicamidagisireilatbhol i t hi ¢ body may
not be sufficiently_ inproved, so that unjform adsorption_ behavior nay not
be obt ai n@éﬁ-wb@@wlg?ldﬁlﬁae@a@y@m@%@8061110%%8@511&&%1@1 gIoBBbBr the |ike

Conposi § cRERRIAY EIHE UBBHGMERE: orhABEGBn ATERBUR FENP TG b TpREE N, |

i/ lsl_”‘q' ?h sﬂ@frp%uecéfé %%amﬁf’c{%q ; '%?b %@O%ﬁﬁgﬁyg‘n{eﬂl@%ﬂ%’#&ﬁ%@@% ?ﬁ? “’h“
The. monol CPHE i Hyno RER Y il C EARRy ARER, bropthlinB® RTRAR: hERRRE® 1o V"
CPTR0S! | Rt e S ool T G SR B RRUTRORRREE RS | o
of the cogRRsiitifa ARG ki uﬁﬂmgﬁ&mcihgﬁqmafﬁ%ﬁagﬁg@ragio%cﬁéﬂaci ty per

c
. €5 .
unit vol ume”may decrease. Since the conpoSite nonoll ody according to

one enbod fRAk gﬂfutpﬁie?ﬁlt?iﬁéfé%n bi%e RidnBRthitAsuds, &ﬁ@@ﬁipasqﬁi&wgt ure in which

the particles or e adhere to the wall "and the surface of the

skel etpon Nhasariafettyienomahictl scrbsd 6100 NINBrimehs 1 £8APASpeopyPNol i t hi ¢ body
ensures a high contact efficiency with fluid and snooth distribution of

fl uid wheqtrylsailicagittahe atsoliienbody; or simllafly awdi-paemperiae glyzRlydf the
conposite nonolithic body is 8 to 100 pm and preferab%y 10 to 80 pm Wen
t he or ganmethpaylates atibidyrodicihd e quatemasi dnemominnl dgrolp oy hodiionad gtdup fir st
organi ¢ porous body, the pore size of the conposite nonolithic body is 15
pr ef er abl tyankfdrinati@0) fpraxingte. t Metangmay be pirodusedindytroducitga dmppsi t e

nonol ithic body is the second organic porous body, the pore size of the
conposi t eamipe it thei roorwdidhic bedypbx therahbyemeihod.cand Fegsting ke mpmolitic dody ze of

the conposite nonolithic body and _the dianeter of the particles or the |ike
are wist hi with mengiedoacetiangid, for peanzint ot sulédri¢ adié groppds prefarally Witraduesde
surface and the inside of the skeleton of the conposite nonolithic body is
20 i mpr oVl a strengrdrvandbengensy coprlymes #piag chlorossHuic adidc ASYHtCF8i%rs to the

e o Sr L B R e e B B o
G 5t | noul SHER TG SHarrH RSt TR AP EH et oBor SLESHBATY 11 the

adsor pt | GRECEBA 5PBr S BaP R Ro R e ey B Pladydla . "
compodi 1 e PR SR BB TR B e R Sl i ent
Inventi O'}emg the monolithic body with a tertiary amine. The ion-exchange group can be

uniformly and quantitatively introduced by these methods. Examples of the

ion-exchange group include cation-exchange groups such as a carboxylic acid group, an

iminodiacetic acid group, a sulfonic acid group, a phosphoric acid group, and a

25  phosphate group; anion-exchange groups sﬁch as a quaternary ammonium group, a
tertiary amino group, a secondary amino group, a primary amino group, a polyethylene

imine group, a tertiary sulfonium group, and a phosphonium group; and amphoteric
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hi gh nechani cal strength since the basic structure of the skeleton is the
conti nuous pore structure. When using the conposite nonolithic body
according to one enbodi nent of the present invention as an adsorbent, a
cylindrical colum or a rectangular colum is 5 charged with the conposite
nonol i thi c body (adsorbent) that has been cut into a shape corresponding to
the shape of the columm, and target water that contains a hydrophobic
subst anceiofieexghangh grovgs sychtaslap @manophepioric agid gyewrabétaimp, dnd syliebaaine.hr ough

t he colum. The hydrophobi c substance is thus efficiently adsorbed on the
adsor bent . TheThe menelithic|i¢nexchprger aecoudisg ihete gakodientwhtherpressibugh a
colum fi]Jled with_10 the conposite monolithic body (height: 1. m at a

li near velngeqtion spells tohave agofime, bt dp Artimass thevelpps@f the manolighie paded i al

R g T R S B R0 0
"nventd on e ohBRRGpo iG] SR eRE A5 ai SpFaTRaUR the HeadBosl | nked
par 1 cul Py SR ECR EeS gt SRR PRE RIS ATy 1 et uce a
o of o sl 6 POPEIUOR el ich B B BYERUGe opP s bt DB Al

pol yrer rm%.ﬁaeﬁbf %EBpérﬁﬁgsg{f?%esnﬂgPﬁﬁggwﬁ A Bedhh g iﬂ&%a%e%@%o&e%atté?s t han

0.3 nol % e nmechant cal e nonofithic 20 "body may

i nsuf fi ci gahif the didRtGo@arl dpekags s thel eddiblithidPddy 1§ SMARNt MRXeREdthel 0 DI %
t he porous body may becone brittle (i.e., flexibility may be lost). In

parti ul abtal bbe valRsNdoednot ¢Hangxeean e Widikier dTihOsHentEs HRYindRasase when
the monolithic body is used as an ion exchanger. The polyner material is

the sanme &g tbReeliigky nThersfis theahonshiction @robatee agdoadingtodret hi ¢ body
according to the first aspect of the present 25invention. In the
conposi t eenemiidnerthof thehmelenameenthinregrhtbits high medhanicateshength dub e the dselnt

i nvention, the skel eton phase of the organic porous body and the particles
or the | idkeletdnalimodghothe thenisgaaae e loke tlametdre| Blovrovph sedomeyclivogt or ned of
the same material or different materials. Wen the skel eton phase of the
organi c ppatity ies gyt plymerven pamoreased dusr totthethickekeletpnfeipndhe meaokilicf ace of
t he skel eton phase are forned of different materials, the skel eton phase
and t¥e panerdiaggerds i weter-WRieCondifiops ape thedtarast water sanrhenassedihyppgh tsnoner s,

or may be forned,.of terials that contaj he sane, vj nyl nononmer and
crossl i nkPARPLEGEAND eXSHRNSSF F9r @rlongtime af %glggéiq%{atwﬂ%i@m@}r%nposi te

nccor di ngl s e EROR i o0 R a, SIS L G 3 SRAREERe Bel o
The differences.between the co osite 10 nonolithic ion exchanger and the
conposi t e” BTt eﬁlolémb@ﬁf)l'l%rwéq ‘%@F PP bel ow. The conposite

”Dn°|ithiﬁwk&?m%é&ﬂﬁ%&ﬁ%e&%fﬁ&1&&%_to one enbodi nent of the present
OnpPoSI S

inventionis a . ructure that includes an organic porous body
e el Ui 8oeti B alh ek ANSSRc e Mg e sl 1
or gani ¢ REpEHDE Qﬁqﬂesjéﬁ‘ﬁflh%ﬁ%n are described below.
' Monolithic body
A monolithic body according to one embodiment of the present invegtion
basically has a co-continuous structure that includes a three-dimensional continuous
25  skeleton having a thickness of 0.8 to 40 um, and a three-dimensional continuous hole
having a diameter of 8 to 80 pm and defined by the skeleton. As shown in FIG. 18

(schematic view), a co-continuous structure 10 includes a three-dimensional continuous
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15 diameter of 4 to 40 pm or a nunber of protrusions fornmed on the surface
of the skeleton of the organic porous body having a nmaxi num di aneter of 4
to 40 pm and the conposite nonolithic ion exchanger has a thickness of 1
nm or nore, an average hole (pore) dianeter of 10 to 150 pm a total pore
volune of 0.5 to 5 nl/g, and an ion-exchange capacity per unit volunme of
0.2 ng equivalent/m or nore when in 20 water-wet conditions, ion-exchange
groups besketptompiase id andgi thteetdimensibriahcortimucenipds phase 8t r Sorcathe hole 2 When

t he organi c porous body is the first organic porous body, the organic

por ous bokg ighscantippity fnd wubrimgs poporpared mitbagopen-aelvmiopplithic hogy and

macr opores overlap to_form openings (nmesopgres) having an_average di aneter

of 30 to Bputighregeartiandypsmegolihichodysumniarmiae-adsrpticn FeRAYIQr gAtdteer abl y 35

to 150 gm _The. aver age di.aneter. of . the openin of the c osite .monolithic
i on exch veds VQF@arT thedRonatipc B?‘%f W%@Tﬂgg?%amé} edo BEYGK si nce
the entir E%gfosite nmonol i thi c body swells when introduci ng an

i on- exch oup into the conposite nonolithic body. If the average

di t ft ' i t han. . th I [

when t1ui d perit GpREEet e HEESHRTSeR AtphalS HBlIE RS} Renddin gy ' T oo
h " e . . i d

ot sut' i R BT RASCALERGH pRimiat® GRSE ARk B Bro g,y © T

exchangere ROkl bfie 1Rl BHAISROR SHARARS S6lcthbass g%gpg%ug%h%g abe. The

average di ameter o e openings refers to a value c

nul ti pl yi Rgndinglasaad @ oflasi®itiethe HlodolBriOBEWY, Bafi@banstrpgsh by SEM
observation by the swelling rate when the conposite nonolithic body is in

wat er gwet cha iR hrisii @maPdetariotalel € TEelGHledr o tiR)thiddl dihBlyd b cdhiRuaysiag e

di aneter of the openings of the conposite nonolithic body 10 before

i ntr oduci lafkrafd the hakeiaRge of 9 porelstiib@ticveirvd digerinided Bf médeerypor ous body
due to introduction of an ion-exchange group. When t he organi ¢ porous
body is tpweosmeond organi ¢ porous body, the organic porous body has a
co-continuous structure that includes a three-dinensional continuous
skel et on havi nbheahickiesk o€ e sbéletbntod tHeCcouenntiancisastmbmeecidhermosolothid

conti nuous hole 15 defined by the skel eton having a dianmeter of 10 to 100
um | f tHeddiad8tted0 g, ahdprefiraldy ditod simondf thedhicknase abthaskeleion is lsss t han
10 um the pressure | oss may increase when fluid perneates (passes through)
t he clénpdbin @3rrsmdhe adspeptiop GapacHy Reiget valpme pethgimephanical sirength may

t hr ee- di nensi onal. _conti huous _hol e _exceeds (100 um fl ui d may not

suf fi ci erfteripagsnet he thighkress of e skeleinr cxerfiodd Leb Hiiem adsP®tipBn exchanger,
so that 20 uni formion-exchange may, nqt. .be obt ai ne i.e., the l.ength of
t he ion- e‘%@-ﬁﬁﬁ@’émﬁa‘ﬂﬁ’ ?ﬁ;’eioﬁ@%@&s e)yr,he cknees ‘i’ttrtg‘?: gke?%ﬁgf‘ Bg%‘f’ homoliftyg gi ency

may decr ase. The dianeter. of_the thyee-di ional continuous hole refers
1o val QOO o5 e e mar i A 7 AoL<ENF S Bootsr: S0H S PRPLE F oo onal
cont i nuous. hol t erm ned .SEM observation by the swelling rate when the
conpositgﬁﬁgﬁ%gpfﬁFékg%ﬁﬁ[?gééi%ﬁﬁEH-MBt conditions, or a 25 val ue

cal ouyat &0 bY FR Bl 88 B S O PGS OB 01 | U

hol e '0f the conposite nono efore In an 1 on-exchange

Ig:]?‘:g dgé’t%tg%ﬂ Pﬁyﬁﬁ% 612(?(% ng% gg}é.e FORR ASAL forE PR Ae Wi ROt BoliPis
less than 0.5 ml/g, the pressure loss may increase when fluid permeates (passes through)
the monolithic body. Moreover, the amount of fluid that permeates the monolithic
body per unit cross-sectional area may decrease (i.e., the fluid treatment capacity may

25  decrease). If the total pore volume of the monolithic body'exceeds 5 ml/g, the

adsorption capacity per unit volume may decrease. Since the monolithic body

according to one embodiment of the present invention has a skeleton thickness, a hole
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group. I f the thickness of the three-di nmensional continuous skel eton
is less than 1 gm the ion-exchange capacity per unit volune or the
mechani cal strength nay decrease. |If the thickness of the three-di nensional
conti nuous skel eton exceeds 50 gm uniformb5 ion-exchange characteristics
may not be obtai ned. The thickness of the skeleton of the conposite
nmonolithic ion exchanger refers to a value calculated by nultiplying the

t hi cknessdigfetehand kédtet pme delumenvitor thsyabsEnanbe dhe/mphelithisybodiensgsid | ng
rate when the conposite nonolithic body is in water-wet conditions, or a
val ue cal l@me@pea%emmth iffid anspmaeth @m%r/@!éh@rs of Byid prhen yired astaprpdagrbenie

conposite nonaolithic body before 1Q introduci ng _an ion-exchange 8£oup by
the swel ling rHepigssurslescoaiRssie vhes passing v atenbempehdeotwny BledwitBt i on of

ﬁEnL??E o EoFp v el 102 st R 35 B gt T HesH g wher
i st or ghnou gt BB nu oRaeons re i o H 0 R S L 8 01 1 Thi o i on

exchanger_| b x 420 gm When the organi c porous body of the
conposité”ﬁgﬁ%gf@ﬁﬁgbp%%&g§%0%%ger is the second organic porous body, the

pore size of Ui GOIRASIR. POl O LU NAREIIS. RIS £LARLY 0 to 90

gm I n the conposite non I'C lTon exchanger accordi'ng n

enmbodi me n&necéfrnﬂoﬁﬁnc%ﬁt t%ﬁ gﬁtzonj:éaﬂﬁﬂ%rﬁ%n id Remed @f@hﬁd&o@obﬁ@ﬁoﬂ%ﬁ& Lles or the

maxi mum di aneter o O protrusions 1s 4to 4 tm preferably 4 to 30

ttm and ﬁlﬁ%rhéﬂﬁéﬁfa& ¥ cRSsSliied Rir¥ctfiral Qnifébritdnlof 8340 4QH6195, af® pR:ferailg
preferably 80% or nore of the particles or the |like have a dianeter of 4 to

10 gmol t 0.5 td3.6fmes1ed! &f thBatosédMeea strid@hRl udbeori®tt ¢s RELhen aBlnol®)%her nore of
t he surface of the skeleton phase be covered with the particles or the

l'i ke. |f hbshaglicalneieffthafiayt eeinndfitient. e $f thbaiosclked strivtualiudiaceitaft t he
skel et on phase is outside the 25above range, the contact efficiency of
fluid w tdxcedis Sanoliadiee ancbritinecusssiudiramay het telabtatah dfhetanematengogi t e
monol ithic ion exchanger may not be sufficiently inproved. The di anmeter or
t he maxi molydérdseoterarodularhyelipaed. i dxampas of e drometic hayl padpwerintlode he
surface of the skeleton of the conposite nonolithic ion exchanger refers to
a val ue qiltirens gobye-methyilsygnegpelirenitcneneepolyyinyhengsd ghletide.di anet er of
the particles or the |ike determ ned by SEM observati on by the swelling
rate Wherpalfendbighsark polypmglnephihelern ajd the liks. wAbese ppbnesmaydedns, or a
val ue cal cuyl ated hy ltiplying the 5 dianeter or the maxi nrum di amet er of
the part iRHEEergbts el RAVHEIAAG ORGIEB S Yl@yln%ﬁ%?mqrmhedgavnﬁ%?fgq e

i ntroducin 1 on-exchange gr,ou the swelling rate_.of the .conposite

oo 1 nicaosBRng Bt R pest po men e &Rty 6t Dinst AEVES T OTE T ess

t han 40% of the surface offqtfhe skel.et on Ease i s .cavered vvithlthe particles

or the | i RO TR PHSEIGSf A CrONIRKIRG 2ot Of & RSP OF %0 SPPERPMREST he

| nsi de OfA}nﬁﬁ kel %tsgl?enlgdigﬂly{qgg%e%g%Bﬁoﬁi?ﬁg.ﬁ%rho'ﬁl fLE,h ON exchanger may not
§ a orm

be sufficrentty THpProved, SO ani § On-eXc ange behavi or may not be

00t a1 o0t TR GOURLALE L chiNyREr bl SO, Pk WiSBit dpgasier m ned by

anal yzi ng an ge o €’ nono
formation of a co-continuous structure, ease of introduction of an ion-exchange group,

high mechanical strength, and excellent stability to acid and alkali.
The thickness of the monolithic body according to the second aspect of the
present invention may be the same as that of the monolithic body according to the first
25 aspect of the present invention. The monolithic body according to the second aspect of
the present invention may be used as an adsorbent in the same manner as the monolithic

body according to the first aspect of the present invention.
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The total pore volune of the conposite nonolithic ion exchanger may be the
sane as that of the conposite nonolithic body. Specifically, even if the

di aneter of 15 the hole (opening) has increased due to swelling upon

i ntroduction of an ion-exchange group into the conposite nonolithic body,
the total pore volune changes to only a small extent since the thickness of
the skeleton increases. |If the total pore volune of the conposite

nmonol i t hi Bonohthexiohaxghengérs | ess than 0.5 nm /g, the pressure | oss may

i ncrease when fluid perneates (passes through) the conposite nonolithic ion
exchanger. 20 oranolithic ionteachangemaccordinfg taioge ehedipsn epres¢md conposite
nmonolithic ion exchanger per unit cross-sectional area may decrease (i.e.
the fl ui dmcmﬁqsc@g%mlw nble deereagesdetween théymopelithic ippexchgagdine of t he

conposite nmonolithjc ion exchanger exceeds 5 n /g, ILhe jon-exchange
capaci ty #Herthepiopoly Cd??élyrﬁ’ﬁ%/mﬁ‘é'gf %eég@bedh?i%r g%&ﬂnglthh&]@nteﬁ Mgcurs when

PSS! BT SOTROEL 2 RIBL ) o Srhenep T e e
T
ond pr T gl But BRI, S Bl 15 gt g - 1
et v o il SRR 9 RN EREBLA Bl AP ospRobmungat oS

decr ease. I Lg1é@h KBRS AL dlcRRlanlhd qUBLAGS B HblkOFAEOMOSi te

nonol ithic 1 on exchanger according to one e i ment of the present
i nveniy onmbiolAhididh StcBhfyet freN@HgePRbd tHodd 8f thy nidnBlithedbodikindeth@itii@l |y 3 to
5 ng equival ent/g since 1on-exchange groups are uniformy introduced into
the surf agendiitklic bo@y swellsGehd infrbduchiteeinbbRRx ank Brotp M6 $hd @ondlikici t hi ¢
body. Note that the ion-exchange capacity of an organic porous body in
whi ch i orbelyc hsinge tigrootithsucak dolertias hitheedtihuitytand ninjfoimhiey dcanpdaleitbf t he
skel eton thereof is determ ned depending on the type of the organic porous
body and dnhepehycpk noholithic organie potvan i grebatper indt a paticle mpgrepatidnbPpe g
equi valent/g or less. The ion-exchange group introduced into the conposite
nmonol i t hi motwdiflic organEgeoews ing exchangee, 4 imifodmaspadsorption bebapoesantte | nvent i on
may be the same as that of the 15nonolithic body according to the first
aspects ofachiegedr df thetdidmetenef thethree-dimenpional santinusia hele iglesuien lAtbduced
into the conposite nonolithic ion _exchanger are uniformy distrjbuted on
the surf dbePesgire lnss ma¥ ifacase whee fyjdpeamesieoipassse thsenahy theypanolithig don
‘definition of the expression "uniformy distributed" is the s as

3 t T

descri bed*sbger  Joths diapsipiorfithethrsndniensipral seriinugus Belgiexeredy

1 e e BRESD O  hcE B. G B P et Mot Do

| oast twa et Y e SR Btas Bt he AR bR & SRR ok o1y ed
oty B ol P hi o F nt orrodi ate body t hat. has a

conti nuous ”H%gfé%%lr@égg ggga‘éfsﬁel%ﬂié‘%% Bat 9! ﬂPeﬁ%ﬁ-e% &g@gggacﬁ%g& 30 mi/g.

The step | nay be pe i'n-accordance Wth the nethod di'sc ed in
JP- A- 2002513088 Be or the mechanical strength may decrease. If the thickness of the skeleton

is too large, unjforrﬁ ion-exchange characteristics may not be obtained, or the length of
the ion-exchange band may increase. The diameter of the hole of the continuum

25  structure is determined by multiplying the diameter of the hole of the monolifhic body
before introducing an ion-exchange group by the swelling rate of the monolithic body

due to introduction of an ion-exchange group, or analyzing the SEM image by a known
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Met hod of producing nonolithic internmedi ate body Exanpl es of the

oi | -sol ubl e nononer that does not include an ion-exchange group include a
| i pophilic nononer that does not include an ion-exchange group (e.g.,
carboxylic acid group, sulfonic acid group, or quatemary anmoni um group),
and has 5 low solubility in water. Exanples of a preferable oil-soluble
nononmer that does not include an ion-exchange group include styrene,

a- met hyl smethedefor ekamyple.ol Tenthicknessylf erskyletanhib deterainediby dbiginiregat desst,

et hyl ene, propyl ene, isobutene, butadiene, ethylene glycol dinethacrylate,
and the | thkee gerordhemenelithicthedy belgreintmdiciigyal wnderghdnge groupn

conbi nation. 10Specific exanples of the first crosslinldng agent that

i ncl udes ®easugasithe hiskoess pf therskelston;in theqesibneimage, andapydBlyinathey| benzene,
O B L s B Ul NS 2,
GV ny beREHEN-<T RS Bt DFE (ot SHR PHEE by BRBRT o A i rse o
crossi i nkHi ety seliats f i RRHORE <67 eI 0N oo el Bl er abl y 0.2
the vi ny! RnsThe St S5 Pk & ik B PR oSBT BB O L RUPECA OO e
first cr Oa%%ﬁ-é(yeg%@%g@}. ilﬁ_dﬁgsgsfetdﬂé@mgkniﬁgqﬁg@ sﬁé?&oﬂ@éfé}?%géltaﬁéﬁag@ngt h of

the nonol 1t be i nsufficlent. e anpunt o I rst

crossli nkifig 3080 ik CRRAS 1M fRjotaxithe monolithic body may becone brittle
(i.e., flexibility may be lost),” or the amount (nunber) of ion-exchange

groupg i nt r odugeEk {RRkneB©F eRSBree-dimensidiA€ caitinlided RAllikeBKelB@n idRsSAME as the
surfactant used in the step | according to the first aspect of the present

i nventi on10 gl thetibie esdhangd capadityl per uhidvolunieaayofdctaanal 11y teahitkasts when
produci ng the water-in-oil erulsion. The conpound used as the initiator may
be the saite skdetohexeedp ddhgmyssitorasiohtegchanpt tiatracteristiedman nbhse shtejped.
according to the second aspect of the present invention. When

m Xi ng t hEhoskelesal (valleseonbon) wé thetrhartolittue sommexichanget s defimed, andhthexchange group,
- the first crosslinking agent, the surfactant, water, and the initiator to
prepar e athidness-of theoskeletom (wall sectionh & measpredénthe samy nipaner ssaigseribedt oget her,
or a mxture of the oil-soluble conponents (i.e., oil-soluble nononer,
firstlrod®venl ci ng agent, surfactant, 5and oil-soluble initiator) and a

m xture of the_water-soluble conponents.(i.e , water and_ water-sgluble
initiator) maylRtoRl Rer, vofupe ehthppoaolithifion suthangst maybebe paBeiaciddt usi ng an

o the || SEBR BBt Sereif fEaan Sot Farie oL FeRORS ARG e
desired nartiole slze s obtatned, Ta 1108, SO0 gl bk vy, o281 71 1O
total pore volume changes only a small extent since the thickness of the skeleton
20  increases. Ifthe total pore volume of the monolithic ion exchanger is less than 0.5
ml/g, the pressure loss may increase when fluid permeates (passes through) the
monolithic ion excha:nger. Moreover, the amount of fluid that permeates the
monolithic ion exchanger per unit cross-sectional area may decrease (i.e., the fluid
treatment capacity may decrease). If the total pore volume of the monolithic ion
25  exchanger éxceeds 5 ml/g, the ion-exchange capacity per unit volume may decrease.

Since the monolithic ion exchanger has a hole diameter and a total pore volume within

the above range, the monolithic ion exchanger ensures uniform contact with fluid, a
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l0arbitrarily selected so that an enul sion having the desired particle size
i s obtained. The nonolithic internedi ate body obtained by the step

has a conti nuous macropore structure. Wien the nonolithic intermnmedi ate body
is present in the polynerization system particles or the |ike are forned
on the surface of the skel eton phase of the continuous macropore structure
(co-continuous structure) based on the 15 structure of the nonolithic

i nt er medi large dootipt zrsa svithdludd, amth owrpresdure loise (liep teahibissl exaellemsody is forned of
an organicrgolyner material that has a crosslinked structure. The crosslink
density ob€ Qﬂ@&ﬂ%1yner naterial is not particularly limted. It is
preferable that the poly mat eri al include a crossljnked structural unit
in an anount of N@PISsSUE Ipgs %ﬂ%maﬁﬂwﬁmaéﬂrpﬂwﬁ%whdh%mpaolsth}w% based on

the total c nstltuent units of th terial. If the crosslinked
st r uct ur afXCHAREET BB D ﬁlﬂe?a?elaégléﬂtto I%F&)&g{fhe mechani cal strength of

Struct E%itﬂkflié'%lﬁﬁ@ﬁﬁi 3&%@%@@%@%@%?5&@%@%” iy iﬁ%' Bri 11 e
Lot ai " por B valcaheY s Bt upast e RIE bl i Wﬁbﬁﬁﬂ%"? 5.1 the
Lotal por g ool kot DG 41879, b ng&vmﬁm%%%?w@%dﬁo&soomm” a

nmonol it hic ai n by "po rizing the vinyl nonomer may have a snal

total porg ¥aldire a%ﬁcr%égé%lbﬂ%x&{aﬁ l&ﬁs%lds@&%nolgﬁ)& -200813085%6 Waekhskl Ui d

per neat es passes t the noholithic f the tota pore vol une

of "t he MoARkihhdlsGnadbRId AL dFRdeIffon 8t b%gﬁmn@hﬂﬁw&h'ekﬁﬁaﬁ fody
obt ai ned by pol ynerizing the vinyl nononmer nmay have a non- unlforn1structure

(e.9.10 t hecsidintlowne embydiicaak)the pltgert G vntipR hes AOhedBsedftotahgoreonol i t hic

i nternedi ate body nmay be adjusted within the above 5 range by adjusting the
rati o by wigbtwheh thehHametsontthe bfenividsés inkcfeasddo torder %o hchigkalbwl: 35. | f
the ratio of the nononer to water is about 1:5 to about 1:20, a nonolithic
i nt er medi @tsutdys fehaitedfas pacticl applipatiensy i thaetheforbexchadde daphdily ;gnd has a

- continuous macropore structure is obtained. In this case, the organic -
por ous bahit wflumh decr@ased b giettetalpore Vo lumeds pdsaserbinairdedo ycredsethet ep 111 s
the first organic porous body. If the ratio of the nonomer to water is
about 1: 20nteachkange capRep peramitorodime. fhapressuee loetlinateased duy ta hdecrérae ira t ot al
pore volune of nore than 16 nug and 30 nug or | ess and has a continuous
macr olfor ediameige e{ithe openipgs aiSiKE thq rﬁomcmthwé%@mh%r 8P@EHNE theious body of

the conposite nonolithic body ob d hy the step s the second

or gani c_ FERSETIBIGhi: e heRiges gwéﬁw alf%lém b
internedi ate b forned by, t he verla ores have an average

di amet er Rff"ssﬂf%é 1B¢62%. t?nogllyfast“i‘?il lg OrBfVO “ﬁ%e %ﬁé‘?‘i‘?‘ﬁgs is |less

o rori e dtBEe thﬁez%?%ﬂéﬁw@%tﬁeﬁm UEI?F;%H%OO' AEPHRe | e 20
pr essur e 'ﬁ%e LRSS §r%s§“uﬁg§fog£' Yog, eE IRl G @%éﬁfﬁﬁt%ﬂﬂﬁefshe

COI’TpOSI te nono e aver age e openi ngs exceeds

200 p,om 1E§s‘{h%1 %‘%@ﬁaﬁérﬁ/‘nﬁ' uﬁf ﬁ-@oﬁgiﬂir%x% 1 thik LO%e GRARAS te

nmonol 1t hic osi Rircoion an er since openings of

a CO”DOS'ql €, HHBHJZE& fer g&%ﬁctwﬂéhm HMulpaDtLr)ééI&Efoﬁ l?gcctu!Péam}ﬁr B¥drediNONET  MRY

have too Tafge a di anet he adsorptio
The ion-exchange capacity per unit weight of the monolithic ion exchanger according to

one embodiment of the present invention in a dry state is not particularly limited, but is

normally 3 to 5 mg equivalent/g since ion-exchange groups are uniformly introduced on
25  the surface and into the inside of the skeleton of the porous body. Note that the

ion-exchange capacity of a porous body in which ion-exchange groups are introduced

only on the surface of the skeleton is determined depending on the type of the porous
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25characteristics or the ion-exchange characteristics may deteriorate The
nmonolithic internmedi ate body preferably has a uniformstructure in which

t he macropores and t he openi ngs have a uniformdi aneter (size). Note that
sonme non-uni form macropores that are larger than the uniform nmacropores may
be included in the uniformstructure. Method of producing conposite
nonol i t hi ¢ body In the step H, a vinyl nononer, a second

crossl i nkbatly sadéhe typhaf thenen-exibenge: erbema dut tswormilhy $0gepepivalentgme ol ecul e,
an organi ¢ sol vent that dissolves the vinyl nononer 5 and the second
crosslinkiesig agent, but does not dissolve a pol ymer produced by

pol yneri zing the vinyl nononer, and ap,initiator are(g}xed Not e that the

step || may bellsiopsrakabenrapduEndused o thrananogug body accordingdo gy |
TPyl monsegd e?sg%%e i ﬁqepm%#ﬁia Rt “'p?qﬁ%é%ﬂmf‘tﬁ%@bﬂi? By | 2abi o
i nyl d lubilit i

sol vert. 450G tetéaﬁmns %%QWE ﬂb Morer i ncl ude ;Poﬁgtfégi?'n&
monormer s such hye&s e g Gdﬁ@ mﬁ{oaﬁcyeﬁﬁﬁtg) the in%ﬂrﬁ]l %mh\éh apenzyl

chl oride, viny pheny nyl napht hal ene; I'ns su as et hyl ene,

|
[ sopr ene, "k g‘ﬂ%\’h@%@ga%@%g'tﬁﬁa e ﬂsﬁﬁ%@%ﬁ%ﬁ?ﬁoﬁ% BTG,
vinyl br Omed(ﬁef Vdf?.?{éé &gmﬁhhﬁmrqﬁ dﬁﬂf’outte%t”r@{h'e‘é%g% ha/stcﬁﬂé-a atoktrile

nononers such as acrylonitrile and nethacrylonitrile; vinyl esters such as

vinyl acetate "ﬂ%&h&lﬁhc% h&dadifs tAdH RN @f LY teGrERAORPL R o Wedy as
met hyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate,

met hylp mesdaigdinédEbepertirhihg sBisac (Y] alfthe Bep Pyd miRtR € by batselublut vl
nmet hacryl ate, 2-ethyl hexyl methacrylate, cyclohexyl nethacrylate, benzyl 20

net hacr ylmbsomanbatgloychstyihclibs sidon-gkeliange doapea sofaonmt, sndraytedés stised ei t her
individually or in conbination. Anong these, aromatic vinyl nononers such
as styr ens paeydre/a wytebanaf bmulsior amibtharvmtqmrm-fodrmhﬂﬁon Elymerydedmononer i s
used in an anount 3 to 40 tinmes (by weight), and preferably 4 to 30 tines

t he amouribtaif atmiwgiotitno intertriediateaivaelyrtbatihas & comihpouswdcrapons stro¢ture2@dof

pol ymeri zation. If the amount of the vinyl nononer is less than 3 tines the
anmount ofhas adotebpest ivohime afnere thagi létrel/bml%ﬂo @lé{gtor dses ‘Hegsteot mpebe or med on

t he skeleton of the resulting nonolithic a result, the adsorption

capachdt y Rsatormed m%v@ﬁ@%wﬁﬂ@mqtmd@%d%ﬁg%%%@r@%&éé unit vol ume

ft t d If th t of th

G PR n@hg&fnrxa i PHEPSHBERO0Bt the monol i thic intormediate

Che ronol £ ht eI B 1?}@8?@%581@%%%&%5 $i B kSR8 ns . oT!

t he nonol it hi © i ngs. 5The
d | d f b | ud |

two pol Srnﬁﬁﬁpz@gf 3 950l ST niehreblfoct P ob g SR AR e B UR R 1y

| |
L PR A 2
gl ycol, d'ﬂ%ts'a?aghﬁk?ﬁ ‘fm&e}“ Eﬂ%'e%&ﬂé@?@?@e&ﬁdﬂ)ﬁf e DohARSHA

di acryl ate, ese sec Cross ng agents Hgy be used

ei ther i ndiyiuaki atgr ak&eCB%tgﬁttgﬁgg ndéﬁﬂgﬁ% e eflﬁm 1tRoH&E an aromatic

pol yvi nyl conpoun divin napht hal ene, "or

di vi nyl blﬁﬂﬁmphénﬁsaﬂd%ﬁﬁmﬂm&l@q%ldﬁagbm a%gﬂl}‘lerﬁuﬁrobﬂeﬁé abpygehani cal

strength and excéllent stability to hydrolysis. The second crosslinking
agent i s RHeEDuRREYdisEEohdnas sadlitidbutadiene; iSofrenel ndvel1ffopasid; particul arly

preferably - 0.3 to 10 nol % based on the
halogenated olefins such as vinyl chloride, vinyl bromide, vinylidene chloride, and
25  tetrafluoroethylene; nitrile monomers such as acrylonitrile and methacrylonitrile; vinyl

esters such as vinyl acetate and vinyl propionate; and (meth)acrylic monomers such as

methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, methyl
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15 total amount of the vinyl nmononer and the second crosslinlcing agent. If
t he anobunt of the second crosslinking agent is |less than 0.3 nol % the
mechani cal strength of the nonolithic body may be insufficient. If the
anount of the second crosslinlcing agent exceeds 20 nol % the nonolithic
body may becone brittle (i.e., flexibility may be lost), or the anount
(nunber) of ion-exchange groups introduced nmay decrease. 20The organic

sol vent umetha¢rylatch ethyt mpthatryiegs: phepyl tethmanydata dutsh enathagaylate, Zethydwkylused i n
the step |1 accOrdinq to the first aspect of the present invention. The
organi ¢ swethaerylates cypleliexybcthacgtate, Senzvhaethapelaio mad slycidl siethsersiae vi nyl
nmononmer is 10 to 30 w% |If the concentration, of the vinyl nononer is |ess
than 10 wEsgmRlesofsgrrgierblemenerperipeladserpmatie vagkmonemess sucheas it at i on of

Foat ur o of TR TESB AT AR O DSy O e b a sfRche ThFFace of t he
]t B TSR0, OB AP G [
or asence r 4 e g et Bl alripe Enih Shtisrs BabA PR HO By o °
n the otprpy 2 PafpdRALH Ly ol PRBE mlndIE R Ll LR SITRA I The

novel st Bﬂ;f%%légb&r gg ﬁgg gl.g(ﬁ?éh bschi R 1R 15% BhnolifVdHhd QilsolfiPle MR $a order

JP-T-7-5 at  a particle aggregation-type nonolithic organic

porous bag¥btadn H&%ﬁaﬂ%ﬁe%ﬂﬁi éfféﬁéﬂhzxirl_{& iftrddudils eﬁ@f@%%ﬁouﬁf‘%{%ﬁ@%@f‘c ic
organi ¢ sol vent using a second crosslinking agent in the absencé of a

nmonol jgt hiignjeﬂ@ﬁh%@%joﬁﬁgint}pﬁ%r step. the other hand, when the nonolithic
Internedi ate 10 body having a continuous nmacropore structure is present in

the pol yneri zalhesurfayshidgthedaniens thet stfactbodiged i the @@?Ib&co@ﬁhglf@ﬂjezati on has
a specific skeletal structure that significantly differs fromthe particle
aggr egat i first dspene of theypeéseneinvention. The i nternal volunme of the reaction
vessel may be the sane as described above in connection with the first
aspect of the Ipiesse |, ianvEnistoomay dptionailyde sisebwhén prodhengrieobadterhineil
internediate body is inpregnated with (inmersed in) the m xture (sol ution)

i nsi de t reendgiant | gompswnl thatldenenaies radicalsduego @pplidagioniof heat er bghtanayed by t he
step H and_the nonolithic internediate body is preferably determ ned so

t hat he switpBly baweshasithe Bitipterd iThe dmtiztpbmay bg wasr-golublerps 9iltsslublei ght ), and
preferably 4 to 30 times the anpunt of the nmonolithic internediate body.

Thi s rrake%xamplﬁd&h%laﬁ%-@@u%%&-#@l%?mwl?webody that has a-specific

skel ton a2 TpLal o, GOSN 00 R T L Tonger and the
skel sLon ol hGIRISLLLILS, 0L SLRILSL £ R0 AU BOLUEILESL LD broceeds
cond 1 oy T RE LSRR, B5ak D3 ROVABGRLRL SBSRATAL Bhpr 0 1 U1
20  peroxide, lauroyl peroxide, potassium persulfate, ammonium persulfate,
tetramethylthiuram disulfide, hydrogen peroxide-ferrous chloride, sodium
persulfate-sodium hydrogen sulfite, and the like.
When pieparing the water-in-oil emulsion, the oil-soluble monomer that does
not include an ion-exchange group, the surfactant, water, and the initiator are mixed in
25  the same manner as in the step I according to the first aspect of the present invention.
The monolithic intermediate body obtained by the step I is formed of an organic

polymer material that has a crosslinked structure (preferably an aromatic vinyl polymer).
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except that the polynerization tenperature is set to 20 to 100C, and at

| east one of the following conditions (1) to (5) is enployed. When
the step Il or Il is perforned while satisfying at | east one of the
following conditions (1) to (5), a conposite nonolithic body having a
structure in which particles or the like are fornmed on the surface of the
skel eton can be produced. (1) The m xture is polynerized in the step Il
at a tenpéhatrosdink daesifyof thpwalyméranatehia 1500t feouauldlyl limitéd: e Itienper at ur e of
the initiator by at least 5C. (2) The anount (nol (V%fOf the second

cr ossl i nkpmsrabjetet the @glymer masersd gpslude g ssossliniead stryctyral pait fean ApeWRtt wi ce t he
amount (nol 9% of the first crosslinking agent used in the step I. (3)
The vi nyl Oifbhbhemaliéetnd Moteasieragly Q.8 1¢)3 rattesbasgd en thedtptat %oqulgm he

the step PRIt tF FOPPEHUET Hay FHEE St mbEhr e el i SO tbgdesaaige. (5)
Th trati f th i | Lhn Lt 1. Xt bt ai ned . th t
e, SRR St o oROSTRE B AL 55 R B SRRe PLr

t t ' : { | f 1 it ] TN Kk
ST 2 o AP A Sl A8 100 ARl 2 rove
the desi rl%t eja%brb%#{in Lihdih®, t H@fﬁ"fi@lﬁl% %’he#l ﬁlgttgl%] gérg‘?’of eisih% 20 .

poI yneri zatl on rate qaecreases as result o ecr easl ng e poI yneri zati on

tenper at #ﬁgﬁgﬁiﬁ%ﬁﬁie ﬁ&%h@@fo%él%k@@ stBlctiriiudid é&gltet?lﬁﬂe f%?;r]fh% Fech190int he

sur f ace eton phase. It I's conjecture at the nonomer

concent r 3li&NoPhasiakd-YogRbEaS A8 t he skel eton phase of the nonolithic.
i nternedi ate body as a result of decreasing the polynerization tenperature,

and tfee di striphtpoiméahatend] sbEtomBaNRIthd momdlithk ihfefibéddatd Bageistiee t he
nmonolithic internmed ate body decreases, so that excess nononer is

concent r adaed a3nlk Zdyped nineriklaged regodideahs miohalihicdhtethedist ®béy on | ayer of
the nonolithic internediate body. The pol ynerization tenperature is
pr ef er abl accoradiveytottiafirst spedt@f toepredeat invbntian. t enperature of the initiator by
at least 10C. The lower limt of the polynerization tenperature is not
particul arly |Thd menblitidowdemnedisde bedy hdse tpial yore volate admerattendéonkases as
t he pol ynerization tenperature decreases so that the polynerization tine
may i ncr eadSOtml/anr lessp prdpictearbly éve RS mlfg. | Sppeifitdlvatheanarplitée t he

pol yneri zation tenperature to be |ower than the 10-hour half-life

t enpelbat unterpediptgdofy pesieallyhap ¢ contingous macropore structure, but has a structure in

which the skeleton of the monolithic structure is similar to a one-dimensional rod-like
skeleton since the openings (mesopores) formed by the macropores are significantly
large. 'When the monolithic intermediate body is present in the polyzﬁerization system,
a porous body having a co-continuous structure is formed based on the structure of the

20  monolithic intermediate body as a mold. If the total pore volume of the monolithic
intermediate body is too small, a monolithic body obtained by polymerizing the vinyl
monomer may have a continnous macropore structure instead of a co-continuous
structure. If the total pore volume of the monolithic intermediate body is too large, a
monolithic body obtained by polymerizing the vinyl monomer may have low

25  mechanical strength, or the ion-exchange capacity per unit volume may decrease. The
total pore volume of the monolithic intermediate body may be adjusted within the above

range by adjusting the ratio of the monomer to water to about 1:20 to about 1:40.
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520C. Regarding the condition (2) The conposite nonolithic body
according to one enbodi nent of the present invention is obtained by setting

the amount (nol % of the second crosslinking agent used in the step Il to be
equal to or larger than twice the amount (nmol % of the first 10crosslinlcing
agent used in the step |I. Specifically, since the nutual solubility between

the nmonolithic internediate body and the polyner produced by inpregnation
pol yneri zat i on Hecopsaings (mesoporgs) Phibsmogelphicaniconediate body formed pyitheer is
noved to an area near the surface of the skel eton ghase of the nmonolithic

i nt er nedi AVSTIBRRIYE MANGPPSH hevepraverage diamptetaf §dp dAY LBy  dhiieaveagon t he
surface of .the skel eton phase. The 15 anmount (pol % (crosslipk, density nol %
of the crd5&psiRLe ea@@%gsrlékéﬁé[m{lé %@P&%&%?Pg()wem}etm&f 0@1&@%@3@% nki ng

g?gg tsI ?ﬁi?ﬂ%ﬁ%}gﬁg %t‘%{yl %r'{’gg{rﬁlltﬁ n}’)}‘;@ﬁ "‘?LB}PP &jﬁ%‘ie%ﬂ E*Paq nerl_%asggﬁlto?ie second
oz g gl unethLt A0 SR AL Lol R LU ACly s oo Hever
body oy (SR bbb o Aghin b PAHOGA SR oY TBL WALy g PER0! ! 1 €
o 't he beonieLi AN ERARGRISHOURD, b:1hé ARHERAIITE SOEREASS i BRI 121 1 |
or larger A;%Qﬁetel?isﬁ& o}%etibﬁl?eﬁcﬁra%ge BRAM rikiePIng dferibBe. f IMisim&lo®®sti nl ci ng

agent used 1n the 25 step I. conposite noholithic body according to one
enbodi mentin@fmédific Bo&P Breterhtly 8B 4 GRIfoMESstRRtur® B Whidk the(tha@oporBPdrid thé €s or the
| i ke were not fornmed on the surface of the skel eton phase) when setting the
amountio( rrmip%jngé hivee: ddifosh ddn@a&d (bink) NINAg At sotsebn-iiifdrtemsdreportd Babe equal
to or larger than tw ce the anmount (nol % of the second crosslinlcing agent
used in t e Bigp than. thdyegforoh maerdfeecmny bé imiuded in theemiformpssudtercnonol i t hi ¢
body according to one enbodi nent of the present 5 invention is obtained when
t he vi nyl Methodref prodecng mohbléghrttedyl | differs in structure fromthe

oi | -sol ubl e nmonormer used in the step I.. For exanple, a conposite nonolithic
body in which pathd g¢re, araromatid vikpl mprorhery aedsdmkingageutrthatdeclodestane

skel eton phase is produced even when the vinyl nononers differ in structure
to only aleashiwo wxylgrougsengne molsenler(@.3dad m@%(y)la weorgghic splvertithe) . Two

honopol yners produced using two nononers 10 that differ in structure

nor mallpy deéssplbyes fgweomaticpanylgegnemer prd thepresshnldng agaphdwt dors nebAissrRiye used in

the step Il differs in structure fromthe nonoper used ip the step | for
pr oduci ng atmgvrﬂ%frmlwl?wﬂkyaﬂﬁ%@gé'ﬂ%mew? VH{mopm: &@ﬁ%m&mt%ﬁ %@d by the

q ITREEPIH LY PAYBIFREEADLA GBS VHHUTIORER AT e
mor egnat SR MCH Ao L Heg g RHORBEL e o g BEREP onorer used fn t he
t Ll i f.orm istri-buted 15 in t | ithic.int i ate body.
Fovver , wnen 06 RSNt Dag RIS b GG oo™

_ Ofbife ‘ ' “phase
separ at| o QAU OGRL U, PRIIRE 199F3000%c URYPRIEHA maghubhli y i th the

nonol i t hi ¢ 1 nt er e noved to anh area near the

IR e S A R T R SR S A e e

It is preferable to select the same vinyl monomer as that used to produce the monolithic

intermediate body, or a similar polymer material. Specific examples of the vinyl
monomer include styrene, a-methylstyrene, vinyltoluene, vinylbenzyl chloride,
vinylbiphenyl, vinylnaphthalene, and the like. These monomers may be used either

25  individually or in combination. Among these, styrene and vinylbenzyl chloride are
preferable as the aromatic vinyl monomer.

The aromatic vinyl monomer is used in an amount 5 to 50 times (by weight),
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20 Regarding the condition (4) The conposite nonolithic body according
to one enbodi nent of the present invention is obtained when the organic
solvent used in the step Il is a polyether having a nol ecul ar wei ght of 200
or nore. A polyether has relatively high affinity for the nonolithic
internedi ate body. In particular, a | ow nol ecul ar-wei ght cyclic polyether
25 is a good solvent for polystyrene. A | ow nol ecul ar-wei ght chain

pol yet her andsprefstably §)tw40 twky thetanfount gpichy sopekthis, intstmediate bodyhsedfasiani ty f or
pol ystyrene. However, a polyether exhibits significantly reduced or al npost
no af fi ni mplddpolymeerivation. tﬁéﬂ@ amaynk et pepmeatis yaRy azpnomer isdessdidna? wei ght

of the polyether increases. Wen using a solvent having such low affinity

as the orti@Ens heagopsiaf thejmopelithisrintsrmedige hpdnhorousdodnk thefhicheesspf t he
e B
TPre ch " ok BB e R TR YRRt MRS o
The ol octibmh Al aBielslt BlbY B0k i bl binfnBhinter LS S0 ARIEVELL 1
o egnat ¢ 5Pt iR thleph AL B3RS moRfs tiRl), o RS ddy T T 1O
par £ cut ant e 1T GeBakR AR o froRE) BE RANIEhIA A% A ereBi e

may be angyamadidicethd Begdtifxdls gleoup, or may be etherified with an al kyl
group such as a nethyl group or an ethyl group, or nmay be esterified with

acetim acid, ofg GoaGhEing lagétt uSedigithe stoh HahéferaBRi ecludés dthest twee. 15
Regardi ng the condition %5 The conposite nonolithic body according to one
enbodi nentol@herizdlepriegambug B fickitules ambliai higtsolitslityt ihan cep@érdolwint.on  of
the vinyl nonomer in the mxture obtained by the step His 30 wt % or | ess.
Speci f i ca$peyifictdxamples piithel czaesliniing agent debrde asdsylbynzend divimgnigiehai@romer
concentration in the step Il, so that the particles, 20 protrusions or the
| i ke are divingibiphenyl; tbykene Ehcel difnethaerviite temethylolzrepaneTiecthloter | imit of

t he nononer concentration is not particularly limted. However, since the
pol yrer i zZtattansdiol direrylrte,rand skesslikes  tThesenspsstinking egendsimaz be vsedditherases so

that the polynerization tinge maé.i ncrease to an inpractical level, it is
pr ef e¥sabliadivisuglly of ineccombimntion. cHreprefarahle snusegn Boom@icplytingl comppbidod of
produci ng. conpasite nonojithic ion exchanger A et hod  of, producing a

conposi t dertorbyinylherzene diaynartealense eoiingpiphsny R as thei ressHeigBE fEHH ¢ he

ot GHRTATRN ECR T N o L

I nventi Onzigent is used in an amount of 0.3 to 5 mol%, and preferably 0.3 to 3 mol%, based on the
total amount of the vinyl monomer and the crosslinking agent (total oil-soluble

20 monomers). If the amount of the crosslinking agent is less than 0.3 mol%, the
monolithic body may have insufficient mechanical strength. 1f the amount of the
crosslinking agent is too large, the monolithic body may become brittle (i.e., flexibility
may be lost), or the amount (number) of ion-exchange groups introduced may decrease.
The crosslinking agent fs preferably used so that a crosslink density almost the same as

25  the crosslink density of the monolithic intermediate body uséd ag amold of

polymerization is obtained. Ifthe amount of the crossiinking agent used in the step II

significantly differs from that used in the step I (the intermediate production),
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EXAMPLES The present invention is further described bel ow by way
of exanples. Note 5 that the present invention is not limted to the

foll owi ng exanpl es. Exanpl es according to the first aspect of the present
invention Exanple 1 Step |: Production of nonolithic internediate body 19.2
g of styrene, 1.0 g of divinylbenzene, 1.0 g of sorbitan nonool eate (SMO),
10 and 0.26 g of 2,2'-azobis(isobutyronitrile) were mxed to obtain a
honogeneonen-suifart anssliith densitly distdnitinasovld e durtthat igqy Igadio quankirfd efdhevat er
containing 1.8 m_ of THE, and stirred at 5 to 20C under reduced pressure
usi ng a veenelihie body duengitheduizekichien o ive ex¢hgnansodaPy stirrer) (manufactured
by EME) to obtain a water-in-oj] enulsion. The emul sion was i nmedi ately put
in a reaction Vesegnnic splvent usehinithestepd disabies e aometicsgayl men@egny| si on

I i zed at.60C f 4 A | eti I j zati on,
e Pon R S Ao S BB BBeCh POLHERARESS o7
I sopr opanol , anag. dri ed under .reduced ﬁ%%@?ure t,0_obt ai.n bm)nol ithic
i nt er medi SF & BTV |Woﬁleﬁgrﬁ’larﬂ?8ﬁ§ _ YR UYRERRIREREE DY The openi ngs
imer opor RO ARE Sar apkICH Pl IR o BsREeR LT e ore Vol uns
f th Lit-hi ¢ it j . / j l'ithi
body " Sepste Sy FhEBEE P REN il pcfonef?, koAU G Al COO0 1T

and 0. 5 Seclenfp BRAGS By il IR Y YA QNI B UBER AT YRt 0 obTaln o

honbgeneous sol ution 25( st ic 1nterned a ody was cut

into a di étﬁaﬂ;v%\édrg%n%gbﬁ%él[ hei=8BBERllol¥kar(d, &c@éﬂoﬁi@ﬁﬁy&@ks&%ﬂ%@&n@i about 20

nm (wei ght : he nmonolithic intermedi ate body  was put in a reaction

vesselp hagddeeard prévi@énetil BB 0l tfanftehyidhe Ab]; dhaREPSISTLthdds ltd 280! uti on of

styrenei di vi nyl benzenei 1I-decanol/ 2, 2' -azobi s( 2, 4-di met hyl val eronitrile).

Af t er degd@is@iyhg@hédiButi oellossivd, PoBrethalent BlyebRmbBbropyltae bacl kad vessel was
seal ed. The m xture was then polynerized at 60C for 24 hours. After

conpl et i opolpktrampthilene plyzelt tloain satiratediiydtoctdbons Hohws hewanacheptanty ckness of
about 30 mm was renoved, subjected to soxhlet extraction with acetone, and
dried at @5M@ecopisevstanghtlcaanelend dedhsert apd estensrseck st atlyllabéthte, isopropyl
~ acetate, cellosolve acetate, and ethyl propionate. A good solvent for polystyrene (e.g.,
15  dioxane, THF, or toluene) may also be used as the organic solvent insofar as the good
solvent is used in a small amount together with the poor solvent. The organic solvent
is preferably used so that the concentration of the ardmatic vinyl monomer is 30 to SQ
wt%. Ifthe concentfation of the aromatic vinyl monomer is less than 30 wt%, the
polymerization rate may decrease, or a monolithic body obtained by polymerization
20 may not have a structure that falls within the scope of the present invention. If the
concentration of the aromatic vinyl monomer exceeds 80 wt%, runaway polymerization
may Occur.
The initiator is the same as the initiator used in the step II according to the first
aspect of the present invention.
25 In the step III, the mixture obtained by the step II is polymerized in the presence

of the monolithic intermediate body obtained by the step I (i.e., the continuous

macropore structure of the monolithic intermediate body is changed into a
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The internal structure of the nonolithic body (in a dry state) containing
1.3 nmol % of the crosslinked conponent (styrene-divinylbenzene copol yner)
was observed 10 using an SEM (see FIG 1). FIG 1 shows an SEM i mge of an
arbitrary area of the section of the nonolithic body cut at an arbitrary
position. As shown in FIG 1, the nonolithic body had a conti nuous nacropore
structure. The skeleton of the continuous nmacropore structure was thicker

t han t hat coshovinupys feugiure) to ob@in cowpelithicibpdy drvinphéhick Tedetomi ckisess of t he
wal | section formng the skeleton was thick, 15The thickness of the wall
section amgnelifbicipteemertiate hedskieddn tie sty dBPURankfos PEoAICERA i on were t hen
measured using three SEM i mages, of differepnt sections of the mgnolithic
body. ThemPRplERisdody bavipgthepovel dRetirgprcrrdingiodhe Presed invertion J&nts wit hin

one SEM i mage ed. The . area af, the skel eton was..determ.ned by
"mge. anaryeite, ok Al PRGhscidh Al BrBtie st PRt BB ar o3 of
the 20. skel et on was asuyred using.the.three SEM.i nage and .averaged. The
aver agh cRExn e e PR b e B A il gy PR GREC YR

skel eton w.thin [ % ' o] e openi ngs
of the rmonorst %Oésq%?i‘ghgégﬁgg%eﬁ%ge‘% O?r%rﬂéﬁlf) 9@%&%&%@@&3&0%5 @Etﬂ%m and the
total por : -”J“J;}PE : - i ; 1 and 2. In
Tabl e 1, %ﬁ%ﬂ#@%ﬂ@?ﬂﬁé F%rrrlgirll%j%elr rgélgtr%sbbl Ogghf%{)lﬁ% %Eﬁé\llgﬁg nn@ﬁé(’)ﬁr used in
the step 88 strh@fhe 1€ PRI DI AIEDA o SRES alrforlolfuiC bogPHAkLNO agent
used int e?rg%epsH,_&ﬁ% Ptem '}rmr?g)lgllt I C t|1(?1t§{5rn=3diaate body" ﬁéers to the
monol i t hi gy baiyeenBEioathas Horyc1AR kiR SR RYnth8ifttSorh thedRatiélBe i tem "organic
solvent" “refers to the organic solvent used in the step H Production of
nmonol {d hi ggetationyeGRANERI (i.e., a mohBEthidHwly Haking dedioneiht@isnadctase idescri bed
above was cut into a disk having an outer dianeter of 70 nmm and a thickness
of about dJhained)Th& ivesrgédtwed thdie chossiked pblyner padyicedisy golgmeAtdtien t he
addi tion of 1500 m of dichloroethane, the m xture was heated at 35C for 1
hour. Af t@mecipiates inghd Stepes off particlésoriddCGhe mohelithjc ihtbmediate bolly ovabsendtf uri c
acid was slowy added. The mi xture was then reacted at 35C for 24 hours.
Aft er t hesoatiatia pasticlofiggregatiandlpe srugmenistobtaieed; whilé thergndmhawosnbfdiri ¢ aci d,
di chl oronet hane was renoved by washing with methanol, followed by washing
with 10 pihe cfaselinking agent ¢iquidinhiase) aransiserbed bn or digtribyteddn dhraskglstondfithng a
conti nuous macropore structure. The swelling rate of the obtained cation
exchalfgerparpus body whendhe proesdeqdyr{ipdcrasgiata hadypbavipga targolotalPolfas 0. 67 ny
equivalent/m {n water-wet conditjons. The average di aneter  qf %% openi ngs

of the orYaNNe TIPSO BHPUNERERIR SYHCRatich PahanciZatiop RERCEds LS was
cal | ated f th i t f.1h i f th i
oty hog Tosensingy f6 go B e s o Sl PR AARes FOMAE T - ot cond! L] ons
54 T / t.hji ck f.th N i kel et.on) det i ned
M the SamediRRERr ARG RS g ik SEG g nd F fospligR  “The ™ "
skel et on dp:'}”g#ngc'r: gortoﬂg Posdzl\ﬁa'vm gco\é-vgcﬁlti%gﬁs s%ﬂgtu%@lgloﬁ)%&r%ld pore volunme was 2.2

m . The ntra ress coefticien , the pressure |oss that

occurg, when p?ﬁ?ﬂiﬂ%ﬁéﬁ%@gﬁeﬁ 2 aét{%ﬁ)vf%Q{Fﬁieésc}rlée)su Q adiScrtbed b M3/ m LV

(i.e., |ower eve ts are shown in Table 2.

The sul f oRiGe@oh it @HBird| &{MQB&Séﬂ@iﬁ‘gﬁﬁggpnol ithic cation exchanger was
sulfu

det erm ne y analyzing th r-atomdistribution by EPMA. The results

are shown 25 i thd &5 112 tBOEhoRolithlcGhidradame bb@;easiglkfégha@a ohdisinelsb@t i on on

the surface of the cation exchanger, and FIG ows the sul fur atom
di st ri butihpihe infixfude(s6liv8) H6idk @ ¥@hction vessel.  The mixing ratio of the mixture

obtained by the step II and the monolithic intermediate body is preferably determined so
25  that the aromatic vinyl monomer is used in an amount 5 to 50 times (by weight), and
preferably 5 to 40 times the amount of the monolithic intermediate body. This makes

1t possible to obtain a monolithic body having a co-continuous structure that includes a
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(thickness) direction of the cation exchanger. As shown in FIGS. 3 and 4,
sulfonic acid groups were uniformy introduced into the surface and the

i nside (cross-sectional direction) of the skeleton of the cation exchanger.
Exanples 2 to 11 Production of nonolithic body 5A nonolithic body was
produced in the sane manner as in Exanple 1, except that the anount of
styrene, the type and the anount of the crosslinking agent, the type and

t he anounthrefditfeasiona aontinueot hanthaviagd mddergposioe) snd & thre¢-dinggnsionel cr ossl i nk
density, and the anobunt of the nonolithic intermnmedi ate body used when

pol ymer i zéongingoysthick skeletodi viThydromatie mmylaosontreangdhe erosdimsing agentTabl e 1.
The results are shown in 10 Tables 1 and 2. FIGS. 8 to 17 show SEM i mages
of the nothemixiireansedsoskedotn e iggbptad Bxhmpkdeton of the monokithie beameriateTabl e 2,
t he average di aneter of the openings of the nonolithic¢ hodies gbtained in
Exanpl es goqy@@m%em@ﬂg@p{oxze%n%e thgyskelatan Og&ér‘%‘?j@ ith¢ uierEedialy t he wal |
section (skeleton) was also large (25 to 50 pm, and the area of the

skel etdn éwghin the SEMimage was 26 to 44% (i.e., a thick nonolithic body
was 15obt ai ned), Producti.on of ﬁgnoli hi c_cati.on

. . . Th
monol Tohi o bodyreRERRERAE cGuuiRR hisht % S BLEARNEH eomeriol osul furi o
idinth ' d 1t bt ai l'i thi ti
exchanger B URTTCB0n el IGSUS-MARTaIEPe st ruct ure. The results are shown in
Tabl e 2.:ﬁgﬂﬁﬁ%ﬁﬁégﬁﬁﬁgE%gﬁgﬁ%gﬁﬁg%8&€§eppenlngs of the nmonolithic cation

exchanger's "obtal was 46 to 138 pm The average

thi ckness of tﬂ?%elﬁgddt%fgﬁ@éfﬁﬁ{ga(atsﬁémm%nmmg%a&o}cﬁgg feea&%nahe area of

t he skeleton w't I'mage was 26 to 4 The rential pressure

coeffigie eé’tv\gz 13- (288 nt Bvehtfodds MBaARE bYthedRdhd D6 frofuctrCihangRofaRAci ty per

unit volu | arge. The nechani cal properties of the 25 nonolithic

cation exphaRaehg&ticadriRg tb heksimbect 31 RRewMEihvatied. as descri bed bel ow.
Eval uati on of mechani cal properties of nonolithic cation exchanger The

monol i t hi ¢ cat Tigmexsliikie §&tf exthhgien ectordingiondhiel eentditient ofitheipésena strip (4
x5x10 mm in water-wet conditions) to obtain a tensile test specinmen. The
speci nen inasntionsivelll echave aavotumms] B ¢o 1 Stimesgheredhinaef tlendomilithiebbdd to a
tensile test in water at a tenperature of 25C, at a head speed of 0.5

m n/ m n. Hdving ecasicémineousengtturassch tehdt vthe gitednotibn efthevenexdbargPa and 50

| cPa, respectively. These values were 5significantly larger than those of a
r el at 5d- agroupro nidbieonérn thedotabpore xelaregioes naitvbangsreyen & the diameter of the '

hole has increased due to swelling. Therefore, the monoliﬂﬁc ion exchanger according
to one embodiment of the present invention exhibits hlgh mechanical .strength due to the
thick skeleton although the three-diméﬁsional contiﬁuous hole has a large diameter.
Moreover, the ion-exchange capacity per unit volume can be increased due to the thick
20  skeleton when the monolithic ion exchanger is in water-wet conditions, and the target
water can be passed through the monelithic ion exchanger for a long time at a high fiow
rate under low pressure.  Therefore, the monolithic ion exchanger may suitably be used
for a two-bed three-tower water purifier or an electric water deionizing apparatus.
Third aspect of the present invention
25 Aprbduct, a production method, and a chemical filter according to the third
aspect of the present invention are described below.

Note that the term “monolithic organic porous body” may be referred to as
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el ongati on at break was 25% This value was also significantly |arger than
that of a related-art nonolithic cation exchanger. Exanple 12 Production of
nonol it hi ¢ body 10A nonolithic body having the same conposition and the
sanme structure as those of Exanple 4 was produced in the same manner as in
Exampl e 1, except that the anpbunt of styrene, the anmpbunt of the
crosslinlcing agent, and the anmount of the organic solvent were changed as
shown i n Tabipesite mPhelithigdolly’s tha terrs fimanolithicRapires pdroahign 2xchFingeri veayage
di ameter of the openings forned by the nmacropores of the nonolithic body 15
obt ai ned baweEsteadpp s iopmpesitamopphithiran gxdaags” tnil dedess “epnelithional | secti on
(skeleton) was 25 ttm (i.e., an_organic_porous body having a.thick wall
secti on VRISAHHPATONE MeTIsiftR padyo magrbersisart that maeHolHIe MEHEIERHE The
nmonol i t hic pgdy obtained as descri bed above was cut into a disk having an
20 outer M%meter of 70 nmin and a thickness of about 15 mm After the
addition of 1400 m ?f.d' t hoxynet hane and 20 ml of tin tetrachloride, 560
m of Schl(g?lBg?ﬁltlgde(? lg'ﬂfbcr’%as added dropwi se to the m xture under cooling
with ice. The gixtur he L 5 f hours to
i ntroduce a ch 8?%%%$ﬁ¥$&5$@%€bgiﬁ%%gn%%%%fﬁ F%ﬁ%g@%%ﬁéﬁgg gSP%n, t he
not her 1| . L.har M ] : ter=2/1),
and washed ool e EbRHRRE AR b BbRSt Gt p et A T OF 2
30%trii ' | ddt- s ' t4,80C for 6
NG A ROleRA AR A Ol ddhlibus hOR ffHhid, UiPa WARLLEATLARIA A

hours. After conpletio e reaction, the product wa S Wwth a

m xed sol y@Bfe 16 MRt KRS HIBE SKletoNBEIME ¥t dpdRbild ddeboraigiber 8nd 1 sol at ed.
The swelling rate of the obtained ani on” exchanger was 1.6. The ian-exchange

capacijot y m@ﬁuﬁmstfoﬁﬁéwmhwﬁrf&eﬁﬁtﬁ@ske&ww@@@b{gaﬂﬁc?ﬁﬂjm&)@y.am&e exchanger
was in water-wet conditions. The average di aneter of the openings of the
organi ¢ psatHS térmri‘partielet had Gprotrusiowan st inednneotivh with i thiidhspsetsofthe cul at ed
fromthe average di aneter of the openings of the organic porous body and

t he swel | pragnt miventiafn hinebe@farmd texstpangde of thewkt®r - wet condi ti ons was 61
pin. The average thickness of the wall section (skeleton) determned in the
sane manner asTheh@ntivmaisiskéleton ipbabe and shed@npmiodFHelephase off the hegaslcel et on

w thin the SEMimge was 26% and the total pore volune was 2.9 m/g. The
10di f f er epordes bady erayhecobsewed fremeant SEM image.t Héxaprpdesqd itiee basipsstiupare elccur s
when passing water through the porous body) was 0.020 IVIPa/mLV (i.e.,

| ower15t hathe preanismeEqusafy nelude 2 corhauqus SIACTRPOET BIUSABHAR] HCOPSPAEIUOUS The

uat ernary anmoni ym grou istripution in the porous ani on exchanger
a s>1/:ructure. TLile S eletoFrjl phase of the organr_llc porous %ogy {s a con?muous p?llar—sﬁapge

bodﬁ', a continuous concave wall body, or a composite thereof, and clearly differs in
shape from particles and protrusions.
Examples of a preferable structure of the organic porous body include a
20  continuous macropore structure in which cellular macropores overlap to form openings
having an average diameter of 20 to 200 um (hereinafter may be referred to as “first
organic porous body”), and a co-continuous structure that includes a three-dimensional
continuous skeleton having a thickness of 0.8 to 40 pm, and a three-dimensional
continuous hole having a diameter of § to 80 um defined by the skeleton (hereinafter
25  may be referred to as “second organic porous body™).
The average diameter of the openings of the first orgéllic porous body is

preferably 20 to 150 wm, and particularly preferably 20 to 100 pum. Cells formed by
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was determ ned by treating the anion exchanger with a hydrochloric acid
aqueous 15 solution, and analyzing the chlorine atomdistribution by EPVA
It was found that chlorine atons were uniformy distributed on the surface
and the inside of the skeleton of the anion exchanger. It was thus
confirmed that quaternary anunoni um groups were uniformy introduced into

t he ani on exchanger. Conparative Exanple 1 20 Production of nonolithic

or gani ¢ pibe cuesrdpodss Hazingrglizoeter ofiddus 408 oropulrtee spaningsserye as flowA monol it hic
or gani ¢ porous body havhﬁgea conti nuous macropore structure was produced in
accor danceassages tlhes preferabie Gakibe eemtnupys mmrAp@@@Qumgm@ws&m fically,
19.2 g of styrene, of divinyl benzene, of SND and O, 26 g of

2,2 - azobﬁt@(cI*l%mJW bﬁi@tmaqr@yor%baéfem%@amélzsa{l%ﬂw OPCHBED IS AIIToEBI ut i on.
The 25 solutlon dded to 180 _g of ur|f| ;H nd stlrred at 5to
20C under ﬁ'@&'ﬁ%e&@% §orae per-Hat ARPTRY ah@re aer .uﬁbfomxer

I o] -
e b TSRS OB oWl RS lliRL

I h h I d Cf 24
e SR BN o g P S R BB A R B, L 201

f h d d
r;33;;:pqué:sg%*rhgéug‘é?%%téomﬁ%glwn@%@wb@%rgan.c gk g under
continuo E%OtBB Ta:gégl' %IFIanr i infﬁchenT@ﬁ‘coh{étxﬁr E%ct%ﬁ&’&l%%&p%net he organic

por ous bo y C ntalnln sslin conponent
(styrene- Iﬂbﬂdmm'c%a %8%&%03& fidn YRSARORELY Ry UsleRBrafd) FEMaS@8e F1 G 5) .

As shown 1n FIG 5 he organi c porous body had a cont i nuous macr opor e

St T UCHOUT EdiarteRY b obfndd ek @SSvalfe deh@mbvadl bySSENTiobBer( stie@l @tten) of the 10

conti nuous macropore structure was smaller than that of the exanples. The

average thkgikuesealed of igorealstritigioh coive WerRingdby adcirh ofssigetst t he
skel eton within the SEM i nage was 10% The average di aneter of the openings

of the organi cfgerdisgetoolythe éires-dineadiobsl cortimusuy hplerodshesetsond ovgani29 um and
the total pore volune was 8.6 nl/g. The results are shown in Table 3. In
Tabl es 1 ponod, badyes leesthpo B ¢y itleenmtesnrerlofsansy tnoreabewhién Awid pageeatiésanet er of

t he openi ngs. Production of nonolithic organic porous cation exchanger

havi ng cdpaiseuihoeughptheoparddittse bodst udethTdeneateraniitiee thoreadimensionel obt ai ned as
descri bed above was cut into a disk having_an outer dianmeter of 70 nmand a
t hi ckifes scopfingisdiolelgxcerds SPan. biigmeay oot ibéciomlysaganincopeeiowsh Bsdy was 6 g.
After the addition _of 1000 mi of_ dichl oroethane, the m xture was heated at

35C for mmprslithic AP so &t Mpiierm Misoration bekavies maimay be htainedger fae of
et S R R A >
fo Féﬁéﬁ'c&?}r?ﬁé@ﬁﬁﬁg i {ebEfrIfo-‘%gae Iﬁree@pr J SBer BolRsHBr in e or ous.
of the caanT AR RS P Pl RteeTd P Ay St g
Capaci y &%?er%dtb IgIerldIIR/ pvﬁgs&e@; I@le%%kﬂt%g SPI]:(e IEI{elIetBn of the

co-continuous structure is 0.8 to 40 pm, and preferably 1 to 30 um. If the thickness of

the skeleton is less than 0.8 pum, the adsorption capacity per unit volume or the
mechanical strength may decrease. If the thickness of the skeleton exceeds 40 pum,
uniform adsorption characteristics may not be obtained.

25 The thickness of the Skeleton and the diameter of the openings of the orgamic
porous body may be determined by obtaining at least three SEM images of the organic

porous body, and measuring the thickness of the skeleton and the diameter of the
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wat er-wet conditions (i.e., the ion-exchange capacity per unit volunme was
smal | er - than that of the exanples). The average di aneter of the openings of
the organi c porous ion exchanger in water-wet conditions was cal culated from
t he average di aneter of the openings of the organic porous body and the
swelling rate of the cation exchanger in 5 water-wet conditions was 46 inn.
The average thickness of the wall section (skeleton) was 8 Inn. The area of
t he skel etenenixigs bi the résult®ENmagage was 10% and the total pore volune was 8.6
m/g. The differential pressure coefficient (i.e., the pressure |oss that
occurs when pas’rngbeaiaarticesdhatadhere toythe suadsod e skeletan ofthe MeanieLV. The
results are shown in_Table 3. The dlfferentlal pressure coefficient was
conpar abl ePoarersipdy Rad hye 2 tiametea AT 62520 wat of %’ém?'?ﬁ‘ﬁ Of RravsigEs EupRdoRy per

mechani cal BpPager e 8 I fﬁ%n”%'s%xg%pterﬁﬁgpécﬁv% éﬁ%&iﬁﬁﬁﬁ m&“&rf
mechan cal L iR sRes ot oL Refo S TR i e e HEREaHy The
S AL i e

15SUb]| ectearjfil é)rh tSens(feI% N TS nB rrgmnea[< 284 a%x'gr]‘rﬁil %éﬁ The
Fggpsjlec?i \S/te Qéliiulretfs}é;gi‘\:/et%l‘%l g&\l/\é/g?sel%génﬁa%ﬁwérgss%ﬁﬁ’ﬁ%ﬂégéef)&gfgﬁer&ﬁehﬁ?' ?ﬂic cation

exchanger rHQEeaéﬂa]‘%ﬂ ¢ 98 R 4RSS @'oP 5k E 17%
This val ue was a s%e?n%fag&thagrtgﬁat of t C ?ﬁjta%)n e>‘<]c anger
obt ai ned iwinEARPAMRIS or 48 [HRMPar ati ve Exarrpl es 2 to 4 Pr oducti on of
nonol i thi ¢ organi ¢ porous body having continuous macropore structure A

nonol ifohi ¢ Or garicCifRREOUSE the PartiBiaY bithe Pn:i@ it Hiahite BFRhOPRE@sidhe 4Ct Ur e was
produced in the sane manner as in Conparative Exanple 1, except that the

anmount of wifrabhes td Iepapmdypartidulaiyvprofetdbinz ene) pangnd W/oa)ﬁ‘mdiﬁé a@fi SMO wer e
changed as shown 25 in Table 3. The results are shown in Table 3. FIG 6
shows t he prefemblya80% br totelofthe parttibles opthellikt have bdidmnerbbaB ned i Qdwpar ati ve
Exanpl e 4 observed using an SEM Conparative Exanple 4 enployed conditions
wher eby t fparticktsahaypageecgatd. urbe thigsase the disinett of Qegnitinges refmnotthbe for med when
the ratio of water to the oil phase is |less than the ratio enployed in

Conpar at i éarmstemgf] indigidughparticlesre tlde pafticldrman pdrrnigshoprotusiomsp it hi ¢ bodi es
obtained in Conparative Exanples 2 to 4 was small (9 to 18 um. The average

t hi cknldss compopite malmsierct Segs@eﬂvétdmet%aﬁtbﬁwl@lﬁ%md@wq@mm and the 5

area of the skelettgn W th |ntfi]e M j.mage s 22% or | ess.
diameter of the protrusmns refer to the diame ero ndividual particles and individual

protrusmns
If the diameter of the particles or the like that cover the surface of the skeleton
phase is outside the above range, the contact efficiency of fluid with the surface and the
20  inside of the skeleton of the composite monolithic body may not be sufficiently
improved. 1Ifless than 40% of the surface of the skeleton is covered with the particles,
the contact efficiency of fluid with the surface and the inside of the skeleton of the
composite monolithic body may not be sufficiently improved, so that uniform
adsorption behavior may not be obtained. The diameter and the coverage of the
25  particles or the like may be determined by analyzing an SEM image of the monolithic
body.

The composite monolithic body according to one embodiment of the present
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Producti on of nonolithic organic porous cation exchanger having conti nuous
macr opore structure The organi c porous body obtained as descri bed
above was reacted with chlorosulfuric acid in the same nmanner as in
Conparative Exanple 1 to obtain a 10 nonolithic porous cation exchanger
havi ng a conti nuous nmacropore structure. The results are shown in Table 3.
The thickness of the wall section or the skeleton decreased as a result of
i ncr easi nigvettendiasatitarpoos velhmeop 6:15i tngsnl/g laed grederebls 0. ofo 4 md'gopHithegs
decreased as a result of increasing the thickness of the wall section or

t he skel eptshporehvelusficorfehe eeraposiin monehEigbodyap tasi smallpthe pressureotsunay
decreased as a result 15of decreasing the differential pressure

coef f i ci eercagrithanfaidpermenten (pagpesshogghribe Boaplithic bogy. | Moreasedheas a
Shows. € NI ol BHORES PBERSAES 4 FORENSs BRORI VIR I SEOUHLSRBRIFFEMInt and
br oduded 11 567 GHECEx Hfpl BE A BT SHRI STV Geeratl ol DS'dRgn 11 Fi G
produce . In

4, th lithic i h duced in th i v. |

hovs TBBpt B BB ER BRI R BhR VI, PO SOALABRR R S 1 e
Shoves o ! m ey
produced CRIE AR yae Bs. SHHE tronBict EorolRE Yotk Aer B hiced” v tne

xaml o dtbdink@od%d HIHGOARNR AR bIRS UM ik it psZpor! |

differential pressure‘coefficrent. f arative Exanmple 5 A°frono ithic body
was prodttﬁfﬂke Bt R o SRTRaTBAD Ble sBiFadd bif@aR|Bonlpha8 68ME mdmdlittgHrangi ng the

organi c solvent used In the step Il to dioxane (i.e., a good solvent for

pol ysioy I eg@turd e posiid R ohsiehRt ey RhaFeEH hipR sortAid RERAERA withlfhig suggest s
that the porous structure broke or was lost. Only a dense structure was

obser ved dadisp@otdiSiEMitidn &F fluill hded asdd RuAWdsorBaropore structure had
di sappeared). Conponent CS a
The average pore size of the composite monolithic body is 8 to 100 pm, and
preferably 10 to 80 um. When the organic porous body of the composite monolithic
body is the first organic porous body, the pore size of the composite monolithic body is
15  preferably 10 to 80 um. When the organic porous body of the composite monolithic
body is the second organic porous body, the pore size of the composite monolithic body
is preferably 10 to 60 pm. If the pore size of the composite monolithic body and the
diameter of the particles or the like are within the above range, the confact efficiency of
fluid with the surfacé and the inside of the skeleton of the composite monolithic body 1s
20 improved. The pore size of the composite monolithic body refers to the maximum
value of a pore distribution curve determined by mercury porosimetry. The
composite monolithic body according to one embodiment of the present invention has a
thickness of 1 mm or more (i.e., is distinguished from a film-shaped
(membrane-shaped) porous body). If the thickness of the composite monolithic body
25  is less than 1 mm, the adsorption capacity of fhe porous body may significantly decrease.

The composite monolithic body preferably has a thickness of 3 to 1000 mm. The

composite monolithic body according to one embodiment of the present invention has
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high mechanical strength since the basic structure of the skeleton is the continuous pore
structure.

When using the composite monolithic body according to one embodiment of the
present invention as an adsorbent, a cylindrical column or a rectangular column is
charged with the composite monolithic body (adsorbent) that has been cut into a shape
corresponding to the shape of the column, and target water that contains a hydrophobic
substance {e.g., benzene, toluene, phenol, or paraffin) is passed through the column.
The hydrophobic substance is thus efficiently adsorbed on the adsorbent.

The pressure loss that occurs when passing water through a column filled with
the composite monolithic body (height: 1 m) at a linear velocity (LV) of 1 m/h
(hereinafter referred to as “differential pressure coefficient”™) is 0.005 to 0.1 MPa/m'LV,
and preferably 0.005 to 0.05 MPa/m'LV.

The skeleton of the continuous macropore structure of the composite monolithic
body according to one embodiment of the present invention is formed of an organic
polymer material having a crosslinked structure. The crosslink density of the polymer
material is not particularly limited. It is preferable that the polymer material include a
crosslinked structural unit in an amoﬁnt of 0.3 to 10 mol%, and more ‘preferably 0.3t05
mol%, based on the total constituent units of the polymer material. If'the crosslinked
structural unit content is less than 0.3 mol%, the mechanical strength of the monolithic
body may be insufficient. If the crosslinked structural unit content exceeds 10 mol%,
the porous body may become brittle (i.e., flexibility may be lost). In particular, the
amount of ion-exchange group introduced may decrease when the monolithic body is
used as an ion exchanger. The polymer material is the samie as the polymer material
used to produce the monolithic body according to the first aspect of the present
invention.

In the composite monolithic body according to one embodiment of the present

invention, the skeleton phase of the organic porous body and the particles or the like
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formed on the surface of the skeleton phase may be formed of the same material or
different materials. 'When the skeleton phase of the organic porous body and the
particles or the like formed on the surface of the skeleton phase are formed of different
materials, the skeleton phase and the particles or the like may be formed of different
vinyl monomers, or may be formed of materials that contain the same vinyl monomer
and crosslinking agent, but differ in mixing ratio, for example.

Composite monolithic ion exchanger

A composite monolithic ion exchanger according to one embodiment of the
present invention is described below. The differences between the composite
monolithic ion exchanger and the composite monolithic body are mainly described
below. The composite monolithic ion exchanger according to one embodiment of the
present invention is a composite structure that includes an organic porous body that
includes a continuous skeleton phase and a continuous hole phase with a number of
particles that adhere to the surface of the skeleton of the organic porous body having a
diameter of 4 to 40 pm; or a number of protrusions formed on the surface of the
skeletoh of the organic porous body having a maximum diameter of 4 to 40 um, and the
composite monolithic ion exchanger has a thickness of 1 mm or more, an average hole
(pore) diameter of 10 to 150 um, a total pore volumne of 0.5 to 5 ml/g, and an
ion-exchange capacity per unit volume of 0.2 mg equivalent/ml or more when in
water-wet conditions, ion-exchange groups being uniformly distributed in the composite
structure.

When the organic porous body is the first orgamc porous body, the organic
porous body-has a continuous macropore structure im which cellular macropores overlap
to form openings (mesopores) having an average diameter of 30 to 300 um, preferably
30 to 200 pwm, and particularly preferably 35 to 150 um. Thé average diameter of the
openings of the composite monolithic ion exchanger is larger than that of the composite

monolithic body since the entire composite monolithic body swells when introducing an
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ion-exchange group into the composite monolithic body. If the average diameter of the
openings is less than 30 um, the pressure loss may increase when fluid permeate (passes
through) the composite monolithic ion exchanger. If the average diameter of the
openings is too large, fluid may not sufficiently come in contact with the composite
5  monolithic ion exchanger, so that the ion-exchange characteristics may deteriorate.
The average diameter of the openings refers to a value calculated by multiplying the
average diameter of the openings determined by SEM observation by the swelling rate
when the composite monolithic body is in water-wet condition, or a value calculated by
multiplying the average diameter of the openings of the composite monolithic body
10 before introducing an ion-exchange group by the swelling rate of the porous body due
to introduction of an ion-exchange group.
When the organic porous body is the second organic porous body, the organic
porous body has a co-continuous structure that includes a three-dimensional continuous
“skeleton having a thickness of 1 to 50 pm, and a three-dimensional continuous hole
15  defined by the skeleton having a diameter of 10 to 100 um. If the diameter of the
three-dimensional continuous hole is less than 10 um, the pressure loss may increase
when fluid permeates (passes through)- the composite.monolithic ion exchanger. If the
diameter of the three-dimensional éonti.nuous hole exceeds 100 um, fluid may not
sufficiently come in contact with the composite monolithic ion exchanger, so that
20  uniform ion-exchange may not be obtained (i.e., the length of the ion-exchange band
may increase), or the trace ion capture efficiency may decrease. The diameter of the
three-dimensional continuous hole refers to a value calculated by multiplying the
diameter of the three-dimensional continuous hole determined by SEM observation by
the swelling rate when the composite monolithic body is in water-wet conditions, or a
25 value calculated by multiplying the diameter of the three-dimensional continuous hole
of the composite monolithic body before introducing an ion-exchange group by the

swelling rate of the composite monolithic body due to introduction of an ion-exchange
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group.

If the thickness of the three-dimensional continuous skeleton is Ie_ss than 1 pm,
the ion-exchange capacity per unit volume or the mechanical strength may decrease. If
the thickness of the three-dimensional continuous skeleton exceeds 50 um, uniform
ion-exchange characteristics may not be obtained. The thickness of the skeleton of the
composite monolithic ion exchanger refers to a value calculated by multiplying the
thickness of the skeleton determined by SEM observation by the swelling rate when the
composite monolithic body is in water-wet conditions, or a value calculated by .
multiplying the thickness of the skeletoﬁ of the composite monolithic body before
introducing an ion-exchange group by the swelling rate of the compbsite monolithic
body due to introduction of an ion-exchange group.

The average pore size of the composite monolithic ion exchanger is 10 to 150
um, and preferably 10 to 120 pm, When the organic porous body of the composite
monolithic ion exchanger is the first organic porous body, the pore size of the composite
monolithic ion exchanger is preferably 10 to 120 um. When the organic porous body
of the composite monolithic ion exchanger is the second organic porous body, the pore
size of the composite moﬁolithic ion exchanger is preferably 10 to 90 um.

In the composite monolithic ion exchanger according to one embodiment of the
present invention, the diameter of the particles or the maximum diameter of the
protrusions is 4 to 40 pm, preferably 4 to 30 wm, and particularly preferably 4 to 20 um,
and 70% or more, and preferably 80% or more of the particles or the like have a
diameter of 4 to 10 pm. It is preferable that 40% or more, and more preferably 50% or
more of the surface of the skeleton phase be covered with the particles or the like. If
the diameter of the particles that cover the surface of the skeleton phase is outside the
above range, the contact efficiency of fluid with the surface and the inside of tﬁe
skeleton of the composite monolithic ion exchanger may not be sufficiently improved.

The diameter or the maximum diameter of the particles or the like that adhere to the
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surface of the skeleton of the composite monolithic ion exchanger refers to a value
calculated by multiplying the diameter or the maximum diameter of the particles or the
like determined by SEM observation by the swelling rate when the composite
monolithic body is in water-wet conditions, or a value calculated by multiplying the

5  diameter or the maximum diameter of the particles or the like of the composite
monolithic body before introducing an ion-exchange group by the swelling rate of the
composite monolithic body due to introduction of an ion-exchange group.

If less than 40% of the surface of the skeleton phase is covered with the particles

or the like, the contact efficiency of fluid with the surface and the inside of the skeleton

10 of the composite monolithic ion exchanger may not be sufficiently improved, so that
uniform ion-exchange behavior may not be obtained. The coverage of the particles or
the like may be determined by analyzing an SEM image of the monolithic body.

The total pore volume of the composite monolithic ion exchanger may be the
same as that of the composite monolithic body. Specifically, even if the diameter of

15 the hole (opening) has increased due to swelliﬁg upon introduction of an ion-exchange
group into the composite monolithic body, the total pore volume changes to only a small
extent since the thickness of the skeleton increases. If the total pore {rolume of the
composite monolithic ion exchanger ié less than 0.5 ml/g, the pressure loss may increase
when fluid permeates (passes through) the composite monolithic ion exchanger.

20  Moreover, the amount of fluid that permeates the composite monolithic ion exchanger
per unit cross-sectional area may decrease (i.e., the fluid treatment capacity may
decrease). If the total pore volume of the composite monolithic ion exchanger exceeds
5 ml/g, the ion-exchange capacity per unit volume may decrease.

The pressure loss that occurs when passing water through the composite
25  monolithic ibn exchanger may be the same as that of the composite monolithic body.
The composite monolithic ion exchanger according to one embodiment of the

present invention has an ion-exchange capacity per unit volume of 0.2 mg equivalent/ml
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or more, and preferably 0.3 to 1.8 mg equivalent/ml, in water-wet conditions. If the
ion-exchange capacity per unit volume is less than 0.2 mg equivalent/ml, the amount of
ion-containing water that can be treated (i.e., deionized water production capacity) until
a breakthrough occurs may decrease. The ion-exchange capacity per unit weight of the
composite monolithic ion exchanger 'according to one embodiment of the present
invention in a dry state is not particularly limited, but is normally 3 to 5 mg equivalent/g
since ion-exchange groups are uniformly introduced into the surface and the inside of
the skeleton of the composite monolithic body. Note that the ion-exchange capacity of
an organic porous body in which ion-exchange groups are introduced into only the
surface of the skeleton thereof is determined depending on the type of the organic
porous body and the type of the ion-exchange group, but is normally 500 pg
equivalent/g or less.

The ion-exchange group introduced into the composite monolithic body
according to the third aspect of the presént invention may be the same as that of the
monolithic body according to the first aspect of the presaﬁt invention.

The ion-exchange groups introduced into the composite monolithic ion
exchanger are uniformly distributed'on the surface and the inside of the skeleton of the
porous body. The definition of the expression “uniformly distributed” 1s the same as
described above.

The composite monolithic body according to one embodiment of the present
invention may bé obtained by performing steps I to III. In the step I, a mixture of an
oil-soluble monomer that does not include an ion-exchange group, a first crosslinking
agent that includes at least two vinyl groups in one molecule, a surfactant; and water 18
stirred to prepare a water-in-oil emulsion, and the water-in-oil emulsion is polymerized
to obtain a monolithic intermediate body that has a continuous macropore structure and
has a total pore volume of 5 to 30 ml/g. The step I may be performed in accordance

with the method disclosed in JP-A-2002-306976.
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Method of producing monolithic intermediate body

Examples of the oil-soluble monomer that does not include an ion-exchange
group include a lipophilic monomer that does not include an ion-exchange group (e.g.,
carboxylic acid group, sulfonic acid group, or quaternary ammonium group), and has
low solubility in water. Examples of a preferable oil-soluble monomer that does not
include an ion-exchange group include styrene, a-methylstyrene, vinyltoluene,
vinylbenzyl chloride, divinylbenzene, ethylene, propylene, isobutene, butadiene,
ethylene glycol dimethacrylate, and the like. These monomers may be used either
individually or in combination.

Specific exam_ples of the first crosslinking agent that includes at least two vinyl
groups in one molecule include divinylbenzene, divinylnaphthalene, divinylbiphenyl,
ethylene glycol dimethacrylate, and the like. These crosslinking agents may be used
either individually or in combination. It is preferable to use an aromatic polyvinyl
cbmpound (e.g., divinylbenzene, divinylnaphthalene, or divinylbiphenyl) as the first
crosslinking agent due to high mechanical strength. The first crosslinking agent is
used in an amount of 0.3 to 10 mol%, preferably 0.3 to 5 mol%, and more preferably
0.3 to 3 mol%, based on the total amount of the vinyl monomer and the first
crosslinking agent. - If the amount of the first crosslinking agent is iess than 0.3 mol%,
the mechanical strength of the monolithic body may be insufficient. If the amount of
the first crosslinking agent exceeds 10 mol%, the monolithic body may become brittle
(i.e., flexibility may be lost), or the amount (number) of ion-exchange groups
introduced may decrease.

The surfactant may be the same as the surfactant used in the step I according to
the first aspect of the present invention.

In the step I, an initiétor may optionally be used when producing the water-in-oil
emulsion. The compound used as the initiator may be the same as the compound used

as the initiator used in the step I according to the second aspect of the present invention.
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When mixing the oil-soluble monomer that does not include an ion-exchange
group, the first crosslinking agent, the surfactant, water, and the_ initiator to prepare a
water-in-oil emulsion, the components may be mixed all together, or a mixture of the
oil-soluble components (i.e., oil-soluble monomer, first crosslinking agent, surfactant,

5  and oil-soluble initiator) and a mixture of the water-soluble components (i.e., water and
water-soluble initiator) may be mixed, for example. The emulsion may be produced
using an arbitrary apparatus. A mixer, a homogenizer, a high-pressure homogenizer, or
the like may be appropriately used so that an emulsion having the desired particle size is
obtained. The mixing conditions (e.g., stirring speed and stirring time) may be

10 arbitrarily selected so that an emulsion having the desired particle size is obtained.

The monolithic intermediate body obtained by the step I has a continuous
macropore structure. ' When the monolithic intermediate body is present in the
polymerization system, particles or the like are formed on the surface of the skeleton
phase of the continuous macropore structure (co-continuous structure) based on the

15 structure of the monolithic intermediate body as a mold. The monolithic intefmediate
body is formed of an organic polymer material that has a crosslinked structure. The
crosslink density of the polymer material is not particularly limited. It is preferable
that the polymer material include a crosslinked structural unit in an amount of 0.3 to 10
mol%, and more preferably 0.3 to 5 mol%, based on the total constituent units of the

20  polymer material. If the crosslinked structural unit content is less than 0.3 mol%, the
mechanical strength of the monolithic intermediate body may be insufficient. If the
crosslinked structural unit content exceeds 10 mol%, the porous body may become
brittle (i.e., ﬂexibiliﬁ may be lost).

The monolithic intermediate body has a total pore volume of 5 to 30 ml/g, and

25  preferably 6 to 28 ml/g.  If the total pore volume of the monolithic intermediate body
is too small, a monolithic body obtained by polymerizing the vinyl monomer may have

a small total pore volume, so that the pressure loss may increase when fluid permeates
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(passes through) the monolithic body. If the total pore volume of the monolithic
intermediate body is too large, a monolithic body obtained by polymerizing the vinyl
monomer may have a non-uniform structure (e.g., the structure may break). The total
pore volume of the monolithic intermediate body may be adjusted within the above

5  range by adjusting the ratio by weight of the monomer to water to about 1:5 to about
1:35.

If the ratio of the monomer to water is about 1:5 to about 1:20, a monolithic
intermediate body that has a total pore volume of 5 to 16 ml/g and has a continuous
macropore structure is obtained. In this case, the organic porous body of the

10  composite monolithic body obtained by the step I is the first organic porous body. If
the ratio of the monomer to water is about 1:20 to about 1:35, a monolithic intermediate
body that has a total pore volume of more than 16 ml/g and 30 ml/g or less and has a
continuous macropore structure is obtained. In this case, the organic porous body of
the composite monolithic body obtained by the step III is the second organic porous

15 body.

The openings (mesopores) of the monolithic intermediate body formed by the
overlapping macropores have an average diameter of 20 to 200 um. If the average
diameter of the openings is less than 20 pm, openings of a composite rﬁonoliﬂ:ﬁc bociy
obtained by polymerizing the vinyl monomer may have a small diameter, so that the

20  pressure loss may increase when fluid permeates (passes through) the composite
monolithic body. If the average diameter of the openings exceeds 200 pm, fluid may
not sufficiently come in contact with the composite monolithic body or the composite
monolithic ion exchanger since openings of a composite monolithic body obtained by

- polymerizing the vinyl monomer may have too large a diameter, so, that the adsorption

25  characteristics or the ion-exchange characteristics may deteriorate. The monolithic

intermediate body preferably has a uniform structure in which the macropores and the

openings have a uniform diameter (size). Note that some non-uniform macropores that
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are larger than the uniform macropores may be included in the uniform structure.
Method of producing composite monolithic body
In the step IT, a vinyl monomer, a second crosslinking agent that includes at least
two vinyl groups in one molecule, an organic solvent that dissolves the vinyl monomer
5  and the second crosslinking agent, but does not dissolve a polymer produced by
polymerizing the vinyl monomer, and an initiator are mixed. Note that the step II may
be performed before or after the step 1.
The vinyl monomer used in the step Il is not particularly limited insofar as the
vinyl monomer is a lipophilic Yinyl monomer that includes a polymerizable vinyl group
10 inthe molecule, and has high solubility in an organic solvent. Specific examples of
the vinyl monomer include aromatic vinyl monomers such as styrene, a-methylstyrene,
vinyltoluene, vinylbenzyl chloride, vinylbiphenyl, and vinylnaphthalene; a-olefins such
as ethylene, propylene, 1-butene, and isobutene; diene monomers such as butadiene,
isoprene, and chloroprene; halogenated olefins such as vinyl chloride, vinyl bromide,
15 vinylidene chloride, and tetrafluoroethylene; nitrile monomers such as acrylonitrile and
methacrylonitrile; vinyl esters such as vinyl acetate and vinyl propionate; and
{meth)acrylic monomers such as methyl acrylate, ethyl acrylate, butyl acrylate,
2—ethylhexyl acrylﬁte, methyl methacrylate, ethyl methacrylate, propyl methacrylate,
butyl methacrylate, 2-ethylhexyl methacrylate, cyclohexyl methacrylate, benzyl
20  methacrylate, and glycidyl methacrylate. These monomers may be used either
individually or in combination. Among these, aromatic vinyl monomers such as
styrene and vinylbenzyl chloride are preferable.
The vinyl monomer is used in an amount 3 to _40 times (by weight), and
preferably 4 to 30 times the amount of the monolithic intermediate body used as a mold
25  of polymerization. If the amount of the vinyl monomer is less than 3 times the amount
of the monolithic intermediate body, particles may not be formed on the skeleton of the

resulting monolithic body. As aresult, the adsorption capacity per unit volume or the
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Exanpl es according to the second aspect of the present invention Exanple 13
Step I: Production of nmonolithic internediate body 5.4 g of styrene, 0.17 g
of divinyl benzene, 1.4 g of sorbitan nonooleate (SMJ), 5 and 0.26 g of

2,2' -azobi s(isobutyronitrile) were m xed to obtain a honogeneous sol ution.
The solution was added to 180 g of purified water, and stirred at 5 to 20C
under r edisaectchEngs sapaeity pemngnitvolane afferthxodgirgh idegadsnpggrongeray( pl anet ary
stirrer) (manufactured by EVME) to obtain a water-in-oil emnulsion. The

enul si on dwseasendditeet amhounp of the viny'] meacmenexcoedssidl timesfthe amgwent|of thy t he
reaction vessel, the enulsion 10 was polynerized at_  60C for 24 hours. After
conpl et i omonslithis|iptemnediaie body, thermsessardpssonashingreaseewhensllyid perpesttssr om t he
reaction vessel, extracted with nethanol, and drjed under reduced pressure

to obt ai n(Passedispyain the menddithie bpdy dusigdderisase iy the dismeien abths oRgRBHOr e
oy (1n & dry TR AR BhoBAPEH doe Re o O e 963 & AL | 15
Sect] O LS Sel e 10, o ST IEGL SR RS Ly B gl e, bt the
G et bl QRSPSRLICSP E5h OLB  LIE IR SRRt ) 10 B
o g gl BRERELL RAAR 95,50 GR0Y BRI Ve 20750 0 O
trimethylolpropane triacrylate, butanediol diacrylate, and the like. These second
10 crosslinking agents may be used either individuall‘y.or in combination. It is preferable
to use an aromatic polyvinyl compound (e.g., divinylbenzene, divinylnaphthalene, or
divinylbiphenyl) as the second crosslinking agent due to high mechanical strength and
excellent stability to hydrolysis. The second crosslinking agent is preferably used in
an amount of 0.3 to 20 mol%, and particularly preferably 0.3 to 10 mol%, based on the
15  total amount of the vinyl monomer and the second crosslinking agent. If the amount
of the second crosslinking agent is less than 0.3 mol%, the mechanical strength of the
monolithic body may be insufficient. If the amount of the second crosslinking agent
exceeds 20 mol%, the monolithic body may become brittle (i.e., flexibility may be lost),. |
or the amom;.tt (number) of ion-exchange groups introduced may decrease.
20 The organic solvent used in the step II may be the same as the organic solvent
used in the step II according to the first aspect of the present invention. The organic
solvent is preferably used so that the concentration of the vinyl inonomer is 10 to 30
wt%. If the concentration of the vinyl monomer is less than 10 wt%, the
polymerization rate may decrease. If the concentration of the vinyl monomer exceeds
25 30 wt%, protrusions, which are a specific feature of the present invention, may not be
formed on the surface of the skeleton phase.

The initiator may be the same as the initiator used in the step Il according to the
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2,2' -azobis(2,4-dinethylvaleronitrile) were m xed to obtain a honpbgeneous
solution (step Il1). The nonolithic internediate body was cut into a disk
havi ng an outer diameter of 70 nmand a thickness of about 40 nun (weight:
4.1 g). The nmonolithic internedi ate body was put in a reaction vessel

havi ng an inner dianeter of 75 mm and 25 imersed in the solution of
styrene/ di vi nyl benzene/ 1- decanol/ 2, 2' - azobi s( 2, 4-di net hyl val eronitrile).
Af t er degfiss aspgcttdfehapretant evientian. vacuum chanber, the reaction vessel was
seal ed. The mxture was then polynerized at 60C for 24 hours. After

conpl etion of Johystepillahe onxturhebtapedbby theistpdbidypohundrizgd ian thaiprdsmess  of
about 60 mm was renoved, subjected to soxhlet extraction with acetone, and
dried at obte ovaphihghintegmadiaterbody eb@ingd &y dhg dey Etoabtain prompaite i nt er nal
structure of the nmonolithic body (in a ,dry state) containi.ng 3.2 nol % of
the cr osseaREHICRoEHonEM MPEBethis Hﬁlfiﬁlﬂﬂv’%h‘iséﬁén thesyIHds IMpRr&nbpser ved

t. the nol i.t hi ¢ bod co-conti nuous

i EM ) f dth d
gts 'r Bgt%pe FREY tsnswglsramfoméiaaﬁ?m&) apc’&%ﬁ{rllﬁawgggraﬁwgég e BrREh
AN T R R S e
ti .of th | ithi body, det ] . h i t
vas. 17 onolifictbreantCadtBibady It Suaed pY POREITHRAE Ul B B4 7S ahovs i n
Tabl 4 .D. -T . j . i i ndi ted b
ol e e b bic Bl Bt RSBl EHNGAR Radk S SHELREAR drg 0 o2t od bY
havi ng Coﬁlﬁﬁ&ithﬁ‘iﬂt‘éﬁn%fiéstg‘ﬁﬁw. e dred B RAd Wheh ﬂﬁqﬂg?&%em&%eg%at@escr i bed

above was cut Into a daving an outer dianeter o nm and a thi ckness

of abgit JoiyMivinkHeconRhetis ngc{créodg?e SRRAIE IirbseROE he\PS yrhBrithtiofsy/Emt e

addition of 1500 m of dichl ordethane, the m xture was heated at 35C for 1

hour . Af t bnéIaRIcibddy bbRinet bl PoBmicRizaida 0 d Pesific e1&aldtruehikoihgsul furic acid
was sl ow y added. e m xture was then reacted at 35C for 24 20 hours.

Af ter t hesigaleibdrtigniifiérs fiohhe @hrtict Agedpation-igekat@inRi ng chl orosul furic acid,
di chl oronet hane was renoved by washing with nmethanol, followed by washing

with purified T @terfiad volixai of the reactidn tebset nagtbe die @xehmiganritedubsg a
co-conti nuous structure. The resulting nonolithic cation exchanger was
cut, dri em,coangttivhevithrthefirsabhsretraf¢hapresanherventionnas observed usi ng an SEM
It was confirnmed that the nonolithic 25 cation exchanger had a

co- colt i nuous ktthestep b, themenolithisHotesmediate 8By isnmpesendied vathdfhingtped at e of
the cation exchanger before and after the reaction was 1.4. The

i on- exchaigthednizhes {splugien) inside theoteagtionofessche Etrmiringartip ghthemixfiroat er - wet
condition_ was_ 0. equi val ent/ni |, The dianeter of the contjinuous pore

of the m%ﬁp@%b&%géf%&h A appelitiinfprmediaiteody dvereterahhs detaanized 8l at ed
(ramthe'gogeia of e con) v e, o, he Fonel LAt bty the-
cal bl at et ) St Er 385,24 P TG EKISES, R TRl S0l iyl ot on
20  obtain a monolithic body that has a specific skeleton and a moderate opening diameter.
The vinyl monomer and the crosslinking agent in the mixture are adsorbed on or
‘distributed in the skeleton of the monolithic intermediate body, and polymerization
proceeds inside the skeleton of the monolithic intermediate body. |
The polymerization conditions may be the same as the polymerization
25 conditions used in the step III according to the first aspect of the present invention,
except that the polymerization temperature is set to 20 to 100°C, and at least one of the

following conditions (1) to (5) is employed.
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The differential pressure coefficient (i.e., the pressure |oss that occurs
when passing water through the porous body) was 0.052 MPa/m LV (practi cal

| evel ). The length of the ion-exchange band (sodiumion) of the nonolithic
cation exchanger was neasured. The length of the ion-exchange band at LV=20
rn/h was 16 mm This 10 value was significantly smaller than that (320 nm

of Amberlite | RL20B ( manuf actured by Rohm and Haas) (commercially avail able
strong acid cawhenthextdpdhgellt sgerprmediahilmsatistang adeashene affibe fobpwing

nmonol i t hi c porous cation exchanger having an open-cell structure. The

resul ts agoadidigampl)itp Dedrenspsitypronglithiobady having agtaayremsyhirhpatielss i n t he
0TSt 11 butdree ke EPUMECHIS oS T8 S51E B i DRGNS aud 5. I Fi e 51
Shove. 1 hel Sl { e iBite dr RO gh L o papaabre RO IOt e bt nanger
(i cinesCrngf BT frirats SLRAEEEER RSN [he Iert phot ograph shown

in FIG 2 %) e i -S1-api t.e.

phot ogr af)(é) sh?m%hﬁlﬁfé?&fg ,o?ifﬁm%éég@}dc cé%h;ﬁjﬁgggg%é%%%eﬁs%% F‘Bﬂgs %@Ia% he

skel et on. 0 0 ' ﬁﬁﬂ.iﬁjg iformy
i nt roducetg'g?%a?%g??%éf%ﬁ%@ngﬁ%{%‘%ﬁ%%ﬁﬁggﬁﬁg%&-sect eo{nl'gﬁ%d |Fh§cst on) of
the skel gton of the cation exchanger. Exanples 14 and 15 25 Production of

- nmonolithic body having co-continuous structure A monol i thic body

havi ng a (gp- COrtel itk YSordirted GiddIif thBstePl] QUGS th thuchhefr6a e BRRBRIbIAS 1N
Exanpl e 13, except that the anobunt of styrene, the anmount of the

cr osslpi nkhétpngeBéd intthestapmunt of the organic solvent, and the porous
structure, the crosslink density, and the anount of the nonolithic

i nternedi(@) e bddyorpsecsdlvent heediineegsall éda pallyytiver haxatg comoletulat weighe and

di vi nyl benzene were changed as shown in Table 4. The results are shown in
Tabl es 4 o200 5r nford>r oducti on of nonolithic cation exchanger having
co-continuous structure The nonolithic body obtained as descri bed
above wad5) eackhecontaniration of the winylmiooomer it thevmixturesdptednedehintbe stgp 118 Exanpl e
13 to obtain a nonolithic cation exchanger having a co-continuous ,
structur 80 Wifeorkegl t s are shown in Table 5. The internal structure of the
nonol i thic cation exchanger was observed using an SEM (see 10 FIGS. 23 and
24) . 1As deewdingithegprdition (IDhe nonolithic cati on exchangers obtained in

on- bxchange CISAOMHGHT BRF T IemSER IR * B SHAH Pl PEREHOL Ahe
e Changor R BRI R AR A 5 G S o 28 S GEBEY PhEUee ow 15

monol 1 ¢ PR O char B M ten s oS Heb M BTN O% (T (4
The- spociooEgth bl MRk Eks &% BRI heR AR I SoRHRANS) KiRerdBEY, 0o

t he tz%nsisl-l@%a&;ﬁgé %ﬁ%x@ﬁﬁe ﬁf(%@aﬁmeﬁﬁ@&wﬁe%fgé%f%e &cheathmpeedi gf 0.5

nun/ mn. rengt
conjectured that the monomer concentration gradually decreases in the skeleton phase

of the monolithic intermediate body as a result of decreasing the polymerization
temperature, and the distribution rate of the monomer from the liguid phase to the
monolithic intermediate body decreases, so that excess monomer is concentrated and
25  polymerized near the surface of the skeleton layer of the monolithic intermediéte body.
The polymerization temperature is preferably lower than the 10-hour half-life

temperature of the initiator by at least 10°C.  The lower limit of the polymerization
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20 and the Young's nodul us were 23 kPa and 15 kPa, respectively. These

val ues were significantly |arger than those of a related-art nonolithic
cation exchanger. The tensile elongation at break was 50% This val ue was
also significantly larger than that of a related-art nonolithic cation
exchanger. Exanple 16 25 Production of nonolithic body having co-continuous
structure A nonol i thic body. having a co-continuyous structure was
produced itpmp¢ratusgisaohpartierlargliniedy JAowveversineg thepalypprzationdatgnount  of
styrene, the amount of the_  crosslinking agent, the_anount of .the organic
sol vent, Aleereasss aBEIIﬁdE’%)’T%%fH&E%Ie&}Pe{WG%PHg%ﬁeF ﬁ%h&tawgwﬁ@%aﬁ%@nsmum of

Styr ene. arEeRGHEAA BERSERECHEN CVEh I GBI IED SO BHHPORIBT M The 1 esul 1 ¢

styrene a e .~ The results are
h in Tabl 4 and .5. 5. Product.i . |i.t hi [ . havi

co- cont | nugaactERr R Gvertit BRITRE P AHTER B R AR B BEEHST bea above

was cu% ir%baca di sk having a dianeter of 70 mmand a thickness of about 15
nm Affer thé addition of 1400 ml of di met hoxynethane and 20 m of tin

tetrachl orR&ggrdg%gﬁe%mﬁ{imﬁ%or osul furic acid was added dropwi se to the

m xture un ng wth rce. The mxture was then heated to 10 35C, and
reacted for 5 hernd8sitdthbiuEe badF MBfdnRid e BlHRRneNo e 7RI et 1 on of

the reaction, the nother |iquor was siphoned, washed with a m xed sol vent

( THF/ vat enfgdhiibn iPoain@shesktmid the Tidbudf 1%4) bethadeichl @FoselinkdflDibent of THF

and 600 mM of a 30%trinethylam ne aqueous solution, the m xture was reacted

at 60C f onséd faHé Step Y to@k QARG 6f lafer tHanttWietRaghb@i (mblve) ¢iitheliest was washed
with a m xed 15 solvent (methanol/water), washed with purified water, and

i sol atied. crosslinkitigaganelideidrig theatep Iof Sphefieallypsinexihbangen shlebiditebetndemf t er t he
reaction was 1.6. The ion-exchange capacity per ‘unit volunme was 0.44 ng

equi val enttherinbnolithivatiermediste bodydand the polyiive pohidacast ey imyfregriaionont i nuous por e
of the nonolithic anion exchanger in water-wet conditions was cal cul ated
fromthe gobmerizatiof dechemsesomotthatpbass sepiratierf oedues, 1 pedymedriis mogedtsn and t he
swelling rate of the anion exchanger wetted with water, and the cal cul ated
di amet er \aeen Tzer the PudageHif dhndkeletarrphapreolsthe momelithigistermediaie badih atde t ot al

pore volune was 2.0 nml/g.. The differential pressure coeffjcient (i.e.,
the pressdpans pstcles arotisions er s dike ga dhs swagmeiehe skrlg0gRhasRe BBF ous body)

0.0201\4113al ical I - ghe 25 length of. the ion- h
band (P1 uGRICHE: ()61 OEHEk HERUMITEH ) OF 1RO S HEH AR GEM RIe e HEPRART Tho
I th of the ion- h band .at V=20 m 2 This. val
1 g 11 carPRPALAERE oo e A RSy OF FNOR CroLD AR IRl

(manuf act ur ed be¥ R%Blrgcansg .lﬁéasg Jgomrer cially avail abl e strong basic anion
exchange P?-JCEIOH}, BHAVES ISI 1% &*"han that of a nonolithic por ous ani on

exchanger havi - I ; I h Ly fabl e 5.
The internal s?%ﬁ?@ggrgﬁ%ft%f gaﬁrrIooIIIIﬁ&lIrIII?’g °§%§5§g®§c gsﬁg%@n%agé%%e_r ved using
an SEM ( S SLEAr40 hot mARIANALARQA" YGHEVRR LAY GhBHR (Hotf bPELQdntin the
monol i t hi ¢ ani‘on exchianger
20  crosslinking agent is too large, cracks may occur in the monolithic body after
polymerization, the monolithic body may become brittle (i.e., flexibility may be lost), or
the amount (number) of ion-exchange groups introduced may decrease. The amount
(mol%) of the second crosslinking agent used in the step II is preferably equal.to or
larger than 2 to 10 times the amount (mol%}) of the first crosslinking agent used in the
25 stepl. The composite monolithic body according to one embodiment of the present

invention was not obtained (i.e., particles or the like were not formed on the surface of

the skeleton phase)} when setting the amount (mol%) of the first crosslinking agent used
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was determ ned by treating the anion exchanger with a hydrochloric acid
aqueous solution, and analyzing the chlorine atomdistribution by EPMA. It
was found that chlorine atoms were uniformy distributed on the surface and
the inside of the anion exchanger. It was thus confirnmed that quaternary
ammoni um groups were uniformy 10i ntroduced into the ani on exchanger.

Conpar ati ve Exanple 6 Production of nonolithic organic porous body having
cont i nuousn iwCstgpbtobestjnalad or lrgr thanalvidehhe amogafinol ppsftths sdvody was pr oduced
in the sane manner as in Conparative Exanple 1. The internal structure of

t he or ganicrogsbrlang agend ysedlantlz stémd. 15 3. 3 nol % of t he crosslinked conponent
(styrene-divi nyl benzene copol yner) was observed using an SEM (see FI G 26).
As shown iRegrtd@m@ie conditior (FAni ¢ por ous body had a continuous macropore
structure. The average thickness of the wall section determ ned fromthe SEM
i mge was 5 gmTbritempeaiiuganclithisdedy agsording toognefimhediners ofEe mgsephe

s, 26 SgmIrRion ReoEREH Whet e T FOMEST Ehed iR GiePThBITES S50 chown | 1

was gm . . shown in

Tabl 4 d 5. | | 4 d 5. th di t f to,1h

a\eller SZe d?%%a@r°1]g?°T‘t%ﬁ8%¥s9ﬁ8Wgﬂﬁsfa %ﬁﬁgﬁgﬁfg 8’2)?6" I gﬁ‘icgﬁ’rpr@g%%’%’?’ﬁﬂ?@?cﬁanger

havi ti . t t A | ithi ti

ngéﬂgeézgwﬁ? i %ﬁ%ﬁ%&?ﬂ%ﬁ%ﬁﬁ%‘%&sﬂﬁ”ﬁ?@ﬁ 5%9@%?%%%9%3 The or gani c
us : in

Feble 6. Feflsff HERbMA HR TR BbhdRes AR 1F sfhon o DT ABRES R Chn. ' of ¢ e
ey tha i . . . onificant|

X5, iR T 05 PP i 0L o LR B L

about 1hhr ey iR Etli’@tux‘éfnofgﬂﬁlyﬁdr?ﬁmlhﬁ% mGHﬂP?clﬂ\fi‘Sili%&.e Exaiarl:e, whddrguction of

nonol i thi c organi c porous body having open-ce structure 5A nonolithic

organi ¢ PRkdHégncPashy iald feh B de@nt Mﬁﬁi&ﬁu@ﬁ@ﬁ%_@h@n%&ﬂﬁk’dﬁﬁﬂ(ﬁﬁﬂfﬁ?' |
structure) was produced in the same nanner as in Conparative Exanple 6,

except t hgkodudmgan®thoholthicihitiasdate by, aR® tht mikurd bbiatiedbenEesep 1dRd t he
anount of SMO were changed as shown in Table 4. The results are shown in

Tabl es 4 aotnferizBd,abi¢igioholithizf intepnediate bbdy aninbforakchpagaateiavitingeopen- cel |
structure 10A chloromethyl group was introduced into the organic porous body
obt'ai ned asonomer used in the step I, or the monomer used in the step II is uniformly distributed
15 in the monolithic intermediate body. However, when the monomer is polymerized to
produce a polymer, phase separation occurs since the polymer does not have mutual
,solﬁbility with the monolithic irltermedjate body, and the polymer is moved to an area
near the surface of the skeleton phase of the monolithic intermediate body, and forms
particles, protrusions or the like on the surface of the skeleton phase.
20  Regarding the condition (4)
The composite monolithic body according to one embodiment of the present
invention is obtained when the organic solvent used in the step Il is a polyether having a
molecular weight of 200 or more. A polyether has relatively high affinity for the
monolithic intermediate body. In particular, a low-molecular-weight cyclic polyether
25  is a good solvent for polystyrene. A low-molecular-weight chain polyether is not a

good solvent for polystyrene, but has high affinity for polystyrenc. However, a
polyether exhibits significantly reduced or almost no affinity for the monolithic
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descri bed above in the sane manner as in Exanple 16. The organi c porous
body was reacted with trinethylam ne to obtain a nonolithic anion exchanger
havi ng an open-cell structure. The results are shown in Table 5. The
differential pressure coefficient was conparable to that of the exanples,
but the ion-exchange capacity per unit volunme was 15 smaller than that of

t he exanpl es. The length of the ion-exchange band was abqut four tinmes that

of the exaipsmediatedodyds theimlealarpightef the P%lﬁﬂ??ériﬂﬂf?afg@ﬁ-c WoeuHgA ng a

- ti truct d dint i EXx I 13,
cxcopt  GPONERARYN P IEh S AR oS0 e e HEHER Sf B SFnoRst SOTRI oxane
i.e., a goqd sol t f I Yir. . Ho .. the.jsol ated t
{r anspar cREe ghie “EolggRSt SRmIRORHE BRIty (PR o drodile Mos: "
Only a dense_str.ucture . [ i i peacel |
st rﬁct ur emﬁré(aﬁ%ﬁlgg%lu 5?%%?918? g%ﬁ%ﬁ#éég%é%g? §| nsgk%lgﬁoﬁgkp%inrq%%%}%gct of
h Cvent| " g g D
it er riodh DiBTBRD tg85 gt MRl Gradelcs B phiight SEHE Hk O B IRIT Ao g o
sorbitan %Eﬂﬂﬂﬂ € 5 (SM), and 0.26 g of 2,2'-azobis(isobutyronitrile)
were mxed to taln a honogeneous solution. The solution was added to 180

g of purified vl §hper R oP ki hEc@hr weibRt 3 Qe pUlfRheriEANGRBHINBBSUr € using a

vacuum m xi ng and "degassing m xer (planetary stirrer) (rmanufactured by EME)

to obtai niRitMBt HowdveR it the Mbl&utn weldhe o£ i IpbiyetheVaStod Fiphdihe tvidcysiguif i n a
reaction vessel. After sealing the reaction vessel, the emulsion 10 was

pol yner i z@e naktufQsbtiined Bdth etepdl inbfdasys, sothpl ietnag be dfffipdl sonietpregabieon, t he
reaction m xture was renoved fromthe reaction vessel, extracted with

i sopriwpanht moankithitr inermedidierbode siithete mixdesur &he mobdzubar vesghtrofithiei t hi ¢

i nternedi ate body having a continuous nmacropore structure. The openi ngs

( mesopor gmlyatliertisyprefepabdy 20hiccl 40:108¢ ansbipantienldsbyonreferably20bip 1R00ovdheappi ng
macropores had an average di ameter of 40 15 pm and the total pore vol une
of the nowmdistuttior dfthepatpethermabbaisn yamodifehydroxyl grupdocmephe of conposite
monol i thic body . 36.0 g of styrene, 4.0 g of divinylbenzene, 60 g of
1- decanol ethesiftedovith ap alkylzroup sieb s a prethy] Groveros o ¢HIVEBOMPL 95imas) brer e i xed
to obtain a honogeneous solution (step I.l). The 10-hour, half-life

t enper at Uisterigied Wity acgicanid, odein agiifavpg pid siHag A AE i‘Pretge (initiator) is
51C. The crosslink density of the nonolithic internedi ate body was 1.3
nol %15Thel%%ﬂ4ff§'iﬁ${]bﬁfco 19P’F1§§>benzene used in the step Il was 6.6 nol % based

I T T R e
1241 e 5 P SR, e B g (11
havi ng and NR&! a3 RS 30 Wide BMes? N pbdHEARSthe pBIyriEi AR A HatePN O
decreases by reducing the monomer concentration in the step I, so that the particles,
20  protrusions or the like are formed on the surface of the skeleton phase. The lower limit
of the monomer concentration is not particularly limited. However, since the
polymerization rate decreases as the monomer concentration decreases so that the
polymerization time may increase to an impractical level, it is preferable to set the
monomer concentration to 10 to 30 wt%.
25  Method of producing compdsite monolithic ion exchanger

A method of producing a composite monolithic ion exchanger according to the

third aspect of the present invention may be the same as the method of producing the
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styrene/ di vi nyl benzene/ 1- decanoU2, 2' - azobi s(2, 4-di net hyl val eronitrile).
After degassing the mxture in a vacuum chanber, the reaction vessel was
seal ed. The m xture was then polynerized at 60C for 24 hours. After

conpl eti on of polymnerization, the nonolithic body having a thickness of
about 30 nmm was renoved, subjected to scuddet extraction with acetone, and
dried at 85C overni ght under reduced 5pressure (step I11). The

i nt ernal siboholithi¢rien efchhger acoupdiag tethediratlaspduit of the gyeséntrinwendoy. st at e)
cont ai ning a styrene-divinyl benzene copol ynmer was observed using an SEM
(see FIGS. 27 to 29). FIGS. 27 to 29 show SEM imges of an arbitrary area
of the section of the nonolithic body cut at an arbitrary position (at a
di f f er ent EXAdPEETat i on). As shown 10 in FIGS. 27 to 29, the conposite
nonol it hi ¢ body had a continuous nmacropore structure. The surface of the
skel et on phasells presrat BRI figrthen desspbedbaey by twaveof kaamplsser Meftewi t h

particles_hayi ng an aver.age diagneter of 4 pm (80% of the surface of the
skel eton Pk PWégnté%‘(FélFl%lsvﬁoﬁﬂ"t“ﬁgtcbg‘retff’]&‘?% eXYPOHf the particles had a
dianeter gf 2 to 5 15The average di ter of.the.openings of the conposite
nonol ithi]gx%‘aﬂfrs s tﬁé@ﬂﬁ&f?ﬁs@%&?ﬁpﬁﬁ?&wgﬁ?@%vas 16 um and the total
pore volqge Wgs 2.3 mM/g. The results are shown in Tables 6 and 7. In Table
7, the i tEM™ Fﬁyl nmononer” refers to the vinyl nononer used in the step

1, the i$t?5k::ﬁ581§c?iloh%&( %O%%n&ér@g{ni%{csm& t he crosslinking agent used in

t he step he item "organi ¢ soO refers to the organic 20 sol vent

di th t I t i j i j : i " f t
oo ool 1 s S22 ot 8R! 16 gk SR TBAREAL e LUATRISIGARIEHOR! o1 [
the |jke ﬁ{gﬁ).ﬂz@g'oPQ,bQonths(f'sBl?J&ﬂoﬁitﬁIl%')' weld AALaL) Ohaifa KRARRALSE NMONolithic

cation exchanger The conpaosite nonolithic body obtained as described above

was cut idM@ich. dirﬁlé,saﬁﬁ&awh@ﬁdd%at@ww% of @ ifRidewatef cofthiiy a¥dnPoft THIEKNess of
about 15 mm The wei ght of the nonolithic body was 19.6 g. After the

addi ti on £d kA an t0F0°dielkedeicd paesurt iSingaviabinen WASinhaAd 8ekagéin@5C for 1
hour. After cooling the mxture to 10C or less, 98.9 g of chlorosulfuric

aci d was mbxewplamtde stirrdi émaivficired va EMBet0 dbedic b edteatin-38 €nfutsior?4 hours.
After the addition of methanol to quench the remaining chlorosul furic acid,
di chl or onEtichanmd siva svas énmedtdtely pwtds b irergtion véssetet Bdiwokgaling theresdiony washi ng
with purified water to obtain a conposite nonolithic cation exchanger. 5The
swel | 15ng veasad, thé emhlsicpavisqolenaivad ged0°bdboieheurs ahfterconipdetianandt i on was
1.3. The ion-exchange capacity per unit volune of the cation exchanger was
1.11 ny epplymenization.the reaciien mixtyetwas sempdddrem thereacdiparvaspel, gktamdeder of t he
openi ngs of the organic porous ion exchanger in water-wet conditions was
cal cul at ewith rsemwwlam@rcﬁﬁé uadlerradused prespiie topltninmgaonslithip intermsditte por ous

body and the swelling rate of the cation exchanger in t er - wet
condi t i 0Ny BRYIERSOREREAYS §%E§E9P8¥eaﬁ%‘%ﬁre'malﬁwﬁeﬁwgg§'ﬂ‘ifogﬁ% o‘f%rtt‘%e surf ace

of the, skelotop tms coust R WL L ho RarLicles, g, e an dhapeter of Che
P15 €5l ol QRS O 0 B RSB R L
body) was79rr8}'5g7 MPa/mLV (i.e., |ower
Production of monolithic body
49.0 g of styrene, 1.0 g of divinylbenzene, 50 g of 1-decanol, and 0.5 g of
2,2’-azobis(2,4-dimethylvaleronitrile) were nﬁxed to obtain a homogeneous solution
25 (stepII). The monolithic intermediate body was cut into a disk having an outer
diameter of 70 mm and a thickness of about 20 mm (weight: 7.6 g). The monolithic

intermediate body was put in a reaction vessel having an inner diameter of 90 mm, and
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15 than the practical level). The length of the ion-exchange band was as
small as 9 mMmm The results are shown in Table 7. The sulfonic acid
group distribution in the conposite nonolithic cation exchanger was
determ ned by analyzing the sulfur atomdistribution by EPMA. The results
are shown in FIGS. 30 and 31. In FIGS. 30 and 31, the right and left 20
phot ogr aphs correspond to each other. FI G 30 shows the sul fur atom

di st ri but iigmmessedtindhesipbut@edfof the cation exchanger, and FIG 31 shows the
sul fur atomdistribution in the ¢ross-sectjqnal (thicknegss) direction of the
cation excﬂﬁﬁ‘&éﬁllf’%egﬁékﬁﬂ'ﬁl‘?‘?amlész -23gbigifer-aimetylyaleontrisei 3 Efoups were
uniformy jntroduced.inta the surface and the.insid Cross; secti onal

't ect | o deBrssMRdESRErBiEgR dpoRiTh e D AHIA IS 355 Elith: dBe1 o 21

P 0t B CAIRAEL S, TRAOL IR0, ROk gyl o produced T
TonoMer g AL O EREGREOSSLL BhihDE RASALs of Boul APBRPR: LG BFDUNt of

t he or gani‘c 'S0 € poro S € Cros ensrty, and

t he amuntsu%%c&??o IRk LL ok %ﬁj{]ﬁ@t@h@taﬁd Hﬂg&' at & g&_}rgzgn{l%ﬁ gﬁ&@ﬁ‘e&u!ckd and the

pol yneri zation tenpérature were changed as shown he results are

shown 5 i 2 m@nd 7. The internal structure of the conposite
nmonol it hi ?r%o%lf?%tfﬁ g)ndry state) was observed using an SEM (see FIGS. 32 to

39). FIGS. 32 tihe3ftesfaPWridhfe bNMIRMolifiE BEdUia afy dthte) @&ﬁ@ﬁaﬁigt1@ nonol i thic
body obtained in Exanple 18, FIGS. 35 and 36 show the internal structure of

the conposhdies @ﬂiﬁ@bﬂobilirﬁce@@@iﬁp&ﬁhﬁ(sﬂ@@hd—dlyﬁﬁﬁﬁﬂ@e E8polkiner)3vasohgmsed he
internal structure of the conposite nonolithic body 10 obtai ned in Exanple

20, and Fhisihg a3SBEM@se3FIGhDW FI@ 1i shives aalSEM imiagewfen atbitrhy ccanyfakd t e

nonol i thi c body obtained in Exanple 21. Note that Exanple 18 satisfied the
condi t i on seagardititgmbhaithicdedy cutkat de adiitrary pasition.( 2AS55hemciarkdGny the t he
present invention, Exanple 19 satisfied the condition regarding the type of
or gani ¢ schamhithi¢ Bey sl secmtianowsenagnopore ge)cture.c okl skyleten ofitbe pr esent
invention, Exanple 20 satisfied 15 the condition regarding the vinyl nononer
concent r atcoBiRnyoRs nResoparecHrdivgwabthidker thee dwhshawnardtiGon or & fenmasatiyee 21
satisfied the condition_ regarding the polymerization tenperature (40C (| ower
than the E@amplg) hherthicknessof thsatall spconformme the pkelefppvapthiak ) ) accor di ng

to the present .invention. As shown . in FIGS. 32 to ,. protrusjons. adhered to
the sUfface of hrdhicknssepfihe sallsgetiqnanddas aga ﬁ%ﬁﬁﬁ'ﬁlsﬁ‘ﬁﬁtf)g OBE?HY Exanpl es

aver age AR O TR S PRER A Bre S hesss oSBT SR 8B ( n Fics
urf ace o \PRETLRBIEt or HFLt R RarF PER Eisaa e el AR BRGS0 31 e s
had a. o aneis O SEVREEE AviRend , T r TR ot oy RIS YE, B0 ha s
2 (o5 pminpie HRRRE QA B R el A A AR PR P 5 U0 o
20  skeleton was measured using the three SEM images, and averaged. The average
thickness of the wall section was 30 pm, and the area of the skeleton within the SEM
image was 28%. The average diameter of the openings of the monolithic body
determined by mercury porosimetry was 31 um, and the total pore volume was 2.2 ml/g.
The results are shown in Tables 1 and 2. In Table I, the item “vinyl monomer” refers
25  to the vinyl monomer used in the step II, the item “crosslinking agent” refers to the
crosslinking agent used in the step II, the item “monolithic intermediate body” refers to

the monolithic intermediate body obtained by the step I, and the item “organic solvent”
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Production of conposite nonolithic cation exchanger The monolithic
body obt ai ned as descri bed above was reacted with chlorosulfuric acid in
the sane manner as in Exanple 17 to obtain a conposite nonolithic cation
exchanger. The results are shown in Table 7. The average 5 di aneter of the
conti nuous hole (pore) of the conposite nonolithic cation exchangers of
Exanples 18 to 21 was 21 to 52 pm The average di aneter of the particles or
t he |i ke sddretd thg okganicheelveut dsad én thke stdpdl.skel eton was 5 to 17 pm the
coverage was 50 to 95% the differential pressure coefficient was 0.010 to
0. 057 MPaPmdudtjonesnfdnarieéitie cagioln eafhaniger i on- exchange band was 8 to 12 nm 90%
of the particles had a dianmeter of 5 to 10 10 pm Exanple 22 Production of
conposi t e nonol'he moeolgbigypody obtamed@ﬁdtﬁcrlh%ah@dgwawa@t iptooridiske baving &the sane
manner as in Exanple 17, except. that the tﬁge and_t he appunt of the vinyl

O Che br g 2t 3 e gt G sty LM st Gy
%?et ﬁaﬁwgaﬂgs sogﬁ&aﬁgﬁ'? I ﬁ:%‘eé e'lr?ﬁ esu%?%ogga@ et THEI Zt )y Lllnld 7.
e e ;‘TEE?’F% e T Lo AR BRI (AT e
'Sl'lﬁref gsgrog ﬂﬂorfgg ‘F’ %ﬁ%wgr(?%g%ogf x%ﬁ&af P(?efbcg tgsk@%éngl gnthe
surface g?flil %L rmno‘lI' t@%?%@%%@%ﬁﬁ&fghw r@ﬁ%ﬁ%ﬂ'&‘o g%cga\?er age

s 200 AU kig RREGL ol e AR Band AORRIER g gt on o

obt ai ped dﬁtﬁlﬁéﬁ%térk{@@bﬁﬁ%’ﬁmﬁ@lﬁh&%ﬁbﬂE}Ebh%n&'rﬁﬁvﬂé\é'cﬂﬂm%u%:{a@hpgfea”m er of
70 mm and a thickness of about 15 mm The wei ght of the conposi

nmonol i t hi gnagdy was 17.9 g. After the addition of 1500 m of
tetrahydrofuran, the m xture was heated at 40C for 1 hour. After cooling
the m xture toTHellind Rfesof tHeldbthingd odtiod exBl4anied Wi Nyl alhdRnagueaids
solution was slowy added. The m xture was then reacted at 40C for 24
hours. Af ¢apacigope el ivolmef wis(e6 T eacyiivalent/sil iredeytedeobtocaditivas. r'Eimoved by
washing with nethanol, followed by washing with 5 purified water to obtain
a nonol i tdvecagamiiaometend izngenings of the Dganswgirbusign eachangdr it vateawedn exchanger
before and after the reaction was 2.0. The ion-exchange capacity per unit
vol unt of candiionn thahwex cietlafed fmasthe agaagadiendiey of thatpedingsriae enganiet
conditions. The average dianeter of the continugus hole (pore) of the
organi ¢ pRATEWsbAdymne sherravedane rats afdhesatine exehsagertin Sibervesd cordiionsavasd from 10
the average di aneter of the continuous hol e f(@ore of the organi c porous

body and {hemswdhe amaa%b@kmswﬁﬁlemloﬁeﬁw@ floB hdedseatngriarths samgat er - wet
conditions, and the ca ted aver anete pm rage

i amet er BFTERES B RIGLIS @ \: rpfﬁ] t %ar@ae;‘é@s@ielmgw%%fﬁ Mt he 1ot al
pore vol une was e Ien th of t I ONn=ex n band was very

smal | ( 16MR% W@ﬁé‘%’dﬁﬂﬁ@?éﬂ% 2%E];Lfi ee‘ﬁ{%eg"eal pressure

20  coefficient (i.e., the pressure loss that occurs when passing water through the porous

body) was 0.016 MPa/m-LV (i.e., lower than the practical level). The results are
shown in Table 2.
The sulfonic acid group distribution in the monolithic cation exchanger was
determined by analyzing the sulfur atom distribution by EPMA. The results are shown
25 mFIGS.2and 3. FIG 3 shows the sulfur atom distribution on the surface of the cation
exchanger, and FIG. 4 shows the sulfur atom distribution in the cross-sectional

(thickness) direction of the cation exchanger. As shown in FIGS. 3 and 4, sulfonic
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15 (i.e., the pressure loss that occurs when passing water through the
porous body) was 0.041 MPa/ntV (i.e., lower than the practical level). 80%
of the particles had a dianmeter of 12 to 24 p.m The results are shown in
Tabl e 7. The quaternary ammoni um group distribution in the porous anion
exchanger was determ ned by treating the anion exchanger with a hydrochloric
aci d aqueous 20 solution, and analyzing the chlorine atomdistribution by
EPMA. |t \esisl groupsdverh anifemily dntreluaedinto the serfapsiand theningidel (asegsidgctiangl on t he
surface and the inside of the skeleton of the anion exchanger. It was thus
conf i r med ditgatiory w4 therskglelpnahiemiation grdupectwer e unifornly i ntroduced into the
ani on exchanger. Conparative Exanple 9 25 Production of nonolithic body

A nonol itiﬁ’@n@@ﬁﬁﬁtﬂéé produced in the sane manner as in Exanple 17, except

that the gmount. of .t he vinyl .mononer, the anobunt of the crosslinking agent,
the type 59@10‘61%05}198}}?,111&1&%%0@% organi ¢ sol vent, and the anount of the

Tabl e 6, The r bBPPQaEEO0H St BrororbiGe BhEh e R vaPRr S i
t i : f h h
P ot et S SuRBR 5Bt Bg 28 bR b SR B IAdSHE R YhE G "on e
f f L i} mon
S8 Pl 08 FEHE e el A A b ohaotlER, BIOAUEIRaLRy ool L ¢
cation ex%ﬂﬁﬂgﬁ}mw‘[ o{@%daﬁﬂﬂé inkdHnediRRDed9 Rk Qﬁ&mﬁoﬁyﬂ@ﬁﬁhg%&n@bove was

reacted wt orosulfuric acid 1n the sane manner as” in Exanple 17 to

obtain a nRAQlitNhén-em W chohRYGH NS in THRR T.eSHelSaidis Arsdiown thn Tabl e 7.
The length (26 nmm of the ion-exchange band. of the nonolithic cation

exchanger TaBiss h ah@el FIGS Fdal sabwidBM exaselof the ebifaliabbiies Eyampli@s 10 to
12 Production of nonolithic body 15A nonolithic body was produced in the
sane mann@xampldsi2 tEXANPAe sHofvn BXTabRE 2, the average diameter of the openings of the
monolithic bodies obtained in Examples 2 to 11 was large (22 to 70 um). The average
thickness of the wall section (skeleton) was also large (25 to 50 um), and the area of the
skeleton within the SEM image was 26 to 44% (i.c., a thick monolithic body was
15  obtained). |
Production of monolithic cation exchanger
The monolithic body obtained as described above was reacted with
chlorosulfuric acid in the same manner as in Example 1 to obtain a monolithic cation
exchanger hlaving a continuous macropore structure.  The results are shown in Table 2.
20  The average diameter of the openings of the monolithic cation exchangers obtained in
Examples 2 to 11 was 46 to 138 um. The average thickness of the wall section
(skeleton) was 45 to 110 um, and the area of the skeleton within the SEM image was 26
to 44%. The differential pressure coefficient was 0.006 to 0.031 MPa/m-LV, and the
ion-exchange capacity per unit volume was large. The mechanical properties of the
25  monolithic cation exchanger obtained in Example 8 were evaiuated as described below.
Evaluation of mechanical properties of monolithic cation exchanger

The monolithic cation exchanger obtained in Example 8 was cut into a strip
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t hat the anount of the vinyl nononer, the anobunt of the crosslinking agent,
the type and the anount of the organic solvent, and the porous structure,
the crosslink density, and the anpunt of the nonolithic internedi ate body
used in the step Il were changed as shown in Table 6. The results are
shown in Tables 6 and 7. Note that Conparative 20 Exanple 10 did not
satisfy the condition regarding the crosslink density ratio according to

t he prese(x<5khly emh,iinmwaled-vit cofditipa) ot ohtain Bxernsge s dpedinttnn ofThs apécimyn t he
condition regarding the type of organic solvent according to the present

i nvent i onwg2inétalledinopsiclestingendrhime) andrsubisciet 4o 2 Wwabidghtest i 2Giter adnd
Conparative Exanple 12 did not satisfy the condition regarding the

pol yner i zietiperature opaF 4t at ehesdspeadi of-  mmymin. 2 sThertersilgstrengiband the (50C
(lower than the 10-hour half-life tenmperatyre of the initiator by 1C). The
resul ts areumgromadilps weis|4 kPa apd pP kPpassnpetieelnot Thess HddesoWerthe sur face of

t he skel et.on_of the nonpolithic_.bodies of Copparat.ive anples 10 and 12. In
Conpar-at i ¥8nifgafy) arege thes s 854 %@wmﬁ%@ﬂwaﬁ&%ﬁs nt Sfbf: tepsile { e
porous structure s (deco se di sappeared)) .. Producti op o olithic
cation ex®f Fatv%ﬁrgalb}vﬁ%lﬂﬁ (v pgplgl]’gf“ﬁ a&*ﬁt%ﬁ)%%n& ?%%?éﬂ%%‘at%ove was
react ed Wihds%rfhl org&ulf ric acid in the sane manner as in Conparative
Exanpl e of At BHE HORO A KSHBPR ERTE %t i on exchanger (excepting Conparative

Exanpl e 1& 'liQ@zresults are shown in Table 7. The length (23 to 26 nm of
t he ion- exc%na%ge band of the nonolithic cation exchanger was | arger than

that of t ﬁﬁrﬁm Hﬁﬂp@ Jative Exanple 13 10 Production of nonolithic
~ body _ﬂidﬁmno |f?i§”|0|n8 ody %s produced in the sane manner as in
Compaj@ti ve ExanplBlifhic YidoRE sdnhiecimidion@hd tesadieuc AR Bbse t he

amount of the crosslinking agent, the anount of the organic solvent, and

the por oust Baiditd #5Rs pRdubdiBinah®sbite Minrieh 85 ﬂmsahipwl,cexh?t%m ate body

used in the stép Il were changed as shown 15 in Table 6. The results are

shown in Fadide st g tie ambuitas thdusssstikihi bg@e, dnbalic paslit O @& dgainot
formed on the surtface of the skeleton of the nonolithic body when the

nmonol i t hi olvemdweteschangedus alowdn iTible bat Tisf ity atdshosypeiaiTables pranddct i on
conditions according to the present invention. Production of nonolithic

ani on exchangeragt didneteroriohd dpenmgb datyned by dhavmdcrapords st thie mesholitivy bodyas cut
into a disk having a dianmeter of 70 nmm and a thickness of about 15 nm After
t he atidi towained in2@onpkd 1Dwasld frpmhoxXhrevéragethickdess©f the whll séctionet r achl ori de,
560 m of chlorosulfuric acid was added dropwise to the m xture under

cool i ng wisk¢letorpwasiHenm(ike ureorgaric phrYS hedit kayingn ik, walhsectiensasd for 5
hours to introduce a chloronethyl group. After conpletion of 25 the

react i on, oktgiBedipt her | i quor was si phoned, washed with a m xed sol vent

( THF/ Watﬁf':ﬁ/ 1), %nd shed with THE After the addition of 1000 m of THE
and 600 nkodegtion ofgepnohthicaHoR SFRMARSEEqueous sol ution, the ni xture was

wae washod wi CRSPARolBSEnRY SNFITETat RERETEYT e hBE BRIt P ea
el bRk STl S5 LRy AR Bl Beden ARREOR ST 0,
that of thae ExaMRl&Fmethane and 20 ml of tin tetrachloride, 560 ml of chlorosulfuric acid

was added dropwise to the mixture under cooling with ice. The mixture was then

heated to 35°C, and reacted for 5 hours to introduce a chloromethyl group. After

completion of the reaction, the mother liquor was siphoned, washed with a mixed

25 solvent (THF/water=2/1), and washed with THF.  After the addition of 1000 ml of
THF and 600 ml of a 30% trimethylamine aqueous solution, the mixture was reacted at

60°C for 6 hours. After completion of the reaction, the product was washed with a

74



Pol ymeri zation tenperature 09 09 09 09 " 09 09 09 09 OS i nponent Tot al
pore volume SIP

10

15

20

25

mixed solvent (methanol/water), washed with purified water, and isolated.

The swelling rate of the obtained anion exchanger was 1.6. The ion-exchange
capacity per unit volume was 0.56 mg equivalent/ml when the anion exchanger was in
water-wet conditions. The average diameter of the openings of the organic porous ion
exchanger in water-wet conditions that was calculated from the average diameter of the
openings of the organic porous body and the swelling rate of the cation exchanger in
water-wet conditions was 61 um. The average thickness of the wall section (skeleton)
determined in the same manner as the monolithic body was 40 um. The area of the
skeleton within the SEM image was 26%, and the total pore volume was 2.9 ml/g. The
differential pressure coefficient (i.e., the pressure loss that occurs when passing water
through the porous body) was 0.020 MPa/m-LV (i.e., lower than the practical level).
The results are shown in Table 2.

The quaternary ammonium group distribution in the porous anion exchanger
was determined by treating the anion exchanger with a hydrochloric acid aqueous
solution, and analyzing the chlorine atom distribution by EPMA. It was found that
chlorine atoms were uniformly distributed on the surface and the inside of the skeleton
of the anion exchanger. It was thus confirmed that quaternary ammonium groups were
uniformly introduced into the anion exchanger.

Comparative Example 1
Production of monolithic organic porous body having continuous macropore structure

A monolithic organic porous body having a continuous macropore structure was
produced in accordance with the method disclosed in JP-A-2002-306976. Specifically,
19.2 g of styrene, 1.0 g of divinylbenzene, 1.0 g of SMO, and 0.26 g of
2,2’~azobis(isobutyronitrile) were mixed to obtain a homogeneocus solution. The
solution was added to 180 g of purified water, and stirred at 5 to 20°C under reduced
pressure using a vacuum mixing and degassing mixer (planetary stirrer) (manufactured

by EME) to obtain a water-in-oil emulsion. The emulsion was immediately put in a
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reaction vessel. After sealing the reaction vessel, the emulsion was polymerized at
60°C for 24 hours. After completion of polymerization, the reaction mixture was
removed from the reaction vessel, extracted with isopropanol, and dried under reduced
pressure to obtain a monolithic organic porous body having a continuous macropore
structure.

The internal structure of the organic porous body containing 3.3 mol% of the
crosslinked component (styrene-divinylbenzene copolymer) was observed ﬁsing an
SEM (see FIG. 5). As shown in FIG. 5, the organic porous body had a continuous
macropore structure. However, the thickness of the wall section (skeleton) of the
cbntinuous macropore structure was smaller than that of the exainples. The average
thickness of the wall section was 5 um, and the area of the skeleton within the SEM
image was 10%. The average diameter of the openings of the organic porous body
determined by mercury porosimetry was 29 pm, and the total pore volume was 8.6 ml/g.
The results are shown in Table 3. In Tables 1 to 3, the mesopore diameter refers to the
average diameter of the openings.

Production of monolithic organic porous cation exchanger having continuous
macropore structure |

The organic porous body obtained as described above was cut into a disk having
an outer diameter of 70 mm and a thickness of about 15 mm. The weight of the
organic porous body was 6 g.  After the addition of 1000 ml of dichloroethane, the
mixture was heated at 35°C for 1 hour.  After cooling the mixture to 10°C or iess, 30g
of chlorosulfuric acid was slowly added. The mixture was then reacted at 35°C for 24
hours. After the addition of methanol to quench the remaining chlorosulfuric acid,
dichloromethane was removed by washing with methanol, followed by washing with
purified wafer to obtain a monolithic porous cation exchanger having a continuous
macropore structure. The swelling rate of the cation exchanger due to the reaction was

1.6. The ion-exchange capacity per unit volume was 0.22 mg equivalent/ml in
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water-wet conditions (i.e., the ion-exchange capacity per unit volume was smaller than
that of the examples). The average diameter of the openings of the organic porous ion
exchanger in water-wet conditions was calculated from the average diameter of the
openings of the organic porous body and the swelling rate of the cation exchanger in
water-wet conditions was 46 pm. The average thickness of the wall section (skeleton)
was 8 pm. The area of the skeleton within the SEM image was 10%, and the total pore
volume was 8.6 ml/g. The differential pressure coefficient (i.e., the pressure loss that
occurs when passing water through the porous body) was 0.013 MPa/m'-LV. The
results are shown in Table 3. The differential pressure coefficient was comparable to
that of the examples, but the ion-exchange capacity per ﬁnit volume was significantly
smaller than that of the examples. The mechanical properties of the monolithic cation
exchanger obtained in Comparative Example 1 were evaluated as described below.
Evaluation of mechanical froperties of related-art monolithic cation exchanger

The monolithic cation exchanger obtained in Comparative Example 1 was
subj ected' to the tensile test in the same manner as in Example 8. The tensile strength
and the Young’s modulus were 28 kPa and 12 kPa, respectively. These values were
smeﬂler than those of the mono]ithicrcation exchanger obtained in Example 8. The
tensile elongation at break was 17%. This value was also smaller than that of the
monolithic cation exchanger obtained in Example 8.
Comparative Examples 2 to 4
Production of monolithic organic porous body having continuous macropore structure

A monolithic organic porous body having a continuous macropore structure was
produced in the same manner as in Comparative Example 1, except that the amount of
styrene, the amount of divinylbenzene, and the amount of SMO were changed as shown
in Table 3. The results are shown in Table 3. FIG. 6 shows the internal structure of
the monolithic body obtained in Comparative Example 4 observed using an SEM.

Comparative Example 4 employed conditions whereby the total pore volume was
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minimized. Openings cannot be formed when the ratio of water to the oil phase is less
than the ratio employed in Comparative Example 4. The diameter of the openings of
the monolithic bodies obtained in Comparative Examples 2 to 4 was small (9 to 18 pm).
The average thickness of the wall section (skeleton) was also small (15 pm), and the
area of the skeleton within the SEM irnag¢ was 22% or less. .

Production of menolithic organic porous cation exchanger having continuous
macropore structure

The orgamc porous body obtained as described above was reacted with
chlorosulfuric acid in the same manner as in Comparative Example 1 to obtain a
monolithic poroué cation exchanger having a continuous macropore structure. The
results are shown in Table 3. The thickness of the wall section or the skeleton
decreased as a result of increasing the diameter of the openings. The diameter of the
openings decreased as a result of increasing the thickness of the wall section or the
skeleton. Therefore, the ion-exchange capacity per unit volume decreased as a result
of decreasing the differential pressure coefficient, and the differential pressure
coefficient increased as a result of increasing the ion-exchange capacity per unit
volume.

FIG. 4 shows the relationship between the djfférential pressure coefficient and
the ion-exchange capacity per unit volume of the monolithic ion exchangers produced in
the examples and the comparative examples. As shown in FIG. 4, the monolithic ion
exchangers produced in the comparative examples showed a poor balance between the
differential pressure coefficient and the ion-exchange capacity as compared with the
monolithic ion exchangers produced in the examples. The monolithic ion exchangers
produced in the examples had a large ion-exchange capacity per unit volume and a
small differential pressure céefﬁcient.

Cofnparative Example 5

A monolithic body was produced in the same manner as in Example 1, except
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samAl odoo Styrene-divinyl benzene copol yner Styrene-divinyl benzene
copol yner Styrene-divinyl benzene copol yner Styrene-divinyl benzene
copol ymer Styrene-divinyl benzene copol ynmer Styrene-divinyl benzene
copol ymer Styrene-divinyl benzene copol ynmer Styrene-divinyl benzene
copol ynmer Styrene-divinyl benzene copol ynmer Styrene-divinyl benzene copol yner
Styrene-divinyl benzene copolynmer Oganic solvent | LIl Arount |a
for changing the organic solvent used in the step II to dioxane (i.e., a good solvent for

polystyrene). However, the isolated product was transparent. This suggests that the
porous structure broke or was lost. Only a dense structure was observed using an SEM

(i.e., the continuous macropore structure had disappeared).
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Examples according to the second aspect of the present invention
Example 13
Step I: Production of monolithic intermediate body

54 g of styrene, (.17 g of divinylbenzene, 1.4 g of sorbitan monooleate (SMO),
and 0.26 g of 2,2’-azobis(isobutyronitrile) were mixed to obtain a homogeneous
solution. The solution was added to 180 g of purified water, and stirred at 5 to 20°C
under reduced pressure using a vacuum mixing and degassing mixer (planetary stirrer)
(manufactured by EME) to obtain a water-in-oil emulsion. The emulsion was
immediately put in a reaction vessel. After sealing the reaction vessel, the emulsion
was polymerized at 60°C for 24 hours. After completion of polymerization, the
reaction mixture was removed from the reaction vessel, extracted with methanol, and
dried under reduced pressure to obtain a monolithic intermediate body having a
continuous macropore structure. The internal structure of the resulting monolithic
intermediate body (in a dry state) was observed using an SEM (see FIG. 19). The wall
section that defined two adjacent macropores was thin and rod-like, but the monolithic
intermediate body had an open-cell structure. The average diameter of the openings
(mgsopores) formed by the macropores determined by mercury porosimetry was 70 pm,
and the total pore volume was 21.0 ml/g.
Production of monolithic body having co-continuous structure

76.0 g of styrene, 4.0 g of divinylbenzene, 120 g of ‘1-decanol, and 0.8 g of
2,2’-azobis(2,4-dimethylvaleronitrile) were mixed to obtain a homogeneous solution
(step II). The monolithic intermediate body was cut into a disk having an outer
diameter of 70 mm and a thickness of about 40 mm (weight: 4.1 g). The monolithic
intermediate body was put in a reaction vessel having an inner diameter of 75 mm, and
immersed in the solution of |

styrene/divinylbenzene/1-decanol/2,2’-azobis(2,4-dimethylvaleronitrile). After

~degassing the mixture in a vacuum chamber, the reaction vessel was sealed. The
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mixture was then polymerized at 60°C for 24 hours. After completion of
polymerization, the monolithic body having a thickness of about 60 mm was removed,
subjected to soxhlet extraction with acetone, and dried at 85°C overnight under reduced
pressure (step IIL).

The internal structure of the monolithic body (in a dry state) containing 3.2
mol% of the crosslinked component (styrene-divinylbenzene copolymer) was observed
using an SEM. It was found that the monolithic body had a co-continuous structure
including a three-dimensional continuous skeleton and a three-dimensional continuous
hole. The thickness of the skeleton measured using the SEM image was 10 um. The
diameter of the three-dimensional continuous pore of the monolithic body determined
by mercury porosimetry was 17 um, and the total pore volume was 2.9 ml/g. The
results are shown in Tables 4 and 5. In Table 5, the thickness of the skeleton is
indicated by the diameter of the skeleton.

Production of monolithic cation exchanger having co-continuous structure

The monolithic body obtained as described above was cut into a disk having an
outer diameter of 75 mm and a thickness of about 15 mm. The weight of the
monolithic body was 18 g.  After the addition of 1500 ml of dichloroethane, the
mixture was heated at 35°C for 1 hour.  After cooling the mixture to 10°C or less, 99 g
of chlorosulfuric acid was slowly added. The mixture was then reacted at 35°C for 24
hours. After the addition of methanol to quench the remaining chlorosulfuric acid,
dichloromethane was removed by washing with methanol, followed by washing with
purified water to obtain a monolithic cation exchanger having a co-continuous structure.

The resulting monolithic cation exchanger was cut, dried, and the internal
structure thereof was observed using an SEM. It was confirmed that the monolithic
cation exchanger had a co-continuous structure. FIG. 20 shows the SEM image. The
swelling rate of the cation exchanger before and after the reaction was 1.4. The

ion-exchange capacity per unit volume of the cation exchanger in water-wet condition
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was 0.74 mg equivalent/ml. The diameter of the continuous pore of the monolithic
cation exchanger in water—we“c conditions was calculated from the diameter of the
continuous pore of the monolithic body and the swelling rate of the cation exchanger in
water-wet conditions, and the calculated diameter was 24 um. The thickness

5  (diameter) of the skeleton was 14 um, and the total pore volume was 2.9 ml/g.

The differential pressure coefficient (i.e., the pressure loss that occurs when
passing water through the porous body) was 0.052 MPa/m-LV (practical level). The
length of the ion-exchange band (sodium ion} of the monolithic cation exchanger was
measured. The length of the ion—exchailge band at LV=20 m/h was 16 mm. This

10 value was significantly smaller than that (320 mm) of Amberlite IR120B (manufactured
by Rohm and Haas) (commercially available strong acid cation exchange resin), and
was smaller than that of a monolithic porous cation exchanger having an open-cell
structure. The results are shown in Table 5.

The sulfonic acid group distribution in the monolithic cation exchanger was

15  determined by analyzing the sulfur atom distribution by EPMA. The results are shown
in FIGS. 21 and 22. In FIGS. 21 and 22, the right and left photographs correspond to
each other. FIG 21 shéws the sulfur atom distribution on the surface of the cation
exchanger, and FIG. 22 shows the sulfur atom distribution in the cross-sectional
(thickness) direction of the cation exchanger. In the left photograph shown in FIG. 21,

20 ;[he skeleton extends in a sloping state. In the left photograph shown in FIG. 22, two
circles indicate the sections of the skeleton. As shown in FIGS. 21 and 22, sulfonic
acid groups were uniformly introduced into the surface and the inside (cross-sectional
direction) of the skeleton of the cation exchanger.

Examples 14 and 15

25 Production of monolithic body having co-continuous structure

A monolithic body having a co-continuous structure was produced in the same

manner as in Example 13, except that the amount of styrene, the amount of the

84



17 ee 0.6b CoE 0.6b OOP ZOE Amount | a 111 Bad | &Gh | ZCE d

crosslinking agent, the amount of the organic solvent, and the porous structure, the
crosslink density, and the amount of the monolithic intermediate body used in the
impregnated polymerization of styrene and divinylbenzene were changed as shown in
Table 4. The results are shown in Tables 4 and 5.
5  Production of monolithic cation exchanger having co-continuous structure
The monolithic body obtained as described above was reacted with
chlorosulfirric acid in 1_'.he same manner as in Example 13 to obtain a monolithic cation
exchanger having a co-continuous structure. The results are shown in Table 5. The
internal structure of the monolithic cation exchanger was observed using an SEM (see
10 FIGS. 23 and 24). As shown in Table 5, the monolithic cation exchangers obtained in
Examples 14 and 15 had a small differential pressure coefficient, a large ion-exchange
capacity per unit volume, and a small length of the ion-exchange band. The
mechanical properties of the monolithic cation exchanger obtained in Example 14 were
evaluated as described below.
15 Evaluation of mechanical properties of monolithic cation exchanger
The monolithic cation exchanger obtained in Example 14 was cut into a strip
(4x5x10 mm, wetted with water) to obtain a tensile strength test specimen. The
specimen was installed in a tensile teslting machine, and subjected to the tensile test in
water at a temperature of 25°C at a head speed of 0.5 mm/min. The tensile strength
20 andthe Young’s modulus were 23 kPa and 15 kPa, respectively. These values were
significantly larger than those of a related-art monolithic cation exchanger. The tensile
elongation at break was 50%. This value was also significantly larger than that of a
related-art monolithic cation exchanger.
Example 16
25  Production df monolithic body ha\_/i_ng co-continuous structure
A monolithic body having a co-continuous structure was produced in the same

manner as in Example 13, except that the amount of styrene, the amount of the
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crosslinking agent, the amount of the organic solvent, and the porous structure, the
crosslink density, and the amount of the monolithic intermediate body used in the
impregnated polymerization of styrene and divinylbenzene were changed as shown in
Table 4. The results are shown in Tables 4 and 5.
5 Production of monolithic anion exchanger having co-continuous structure
The monolithic bedy obtained as described above was cut into a disk having a
diameter of 70 mm and a thickness of about 15 mm. After the additioﬁ of 1400 ml of
dimethoxymethane and 20 ml of tin tetrachloride, 560 ml of chlorosulfuric acid was
added dropwise to the mixture under cooling with ice. 'The mixture was then heated to
10 35°C, and reacted for 5 hours to introduce a chloromethyl group. After completion of
the reaction, the mother liquor was siphoned, washed with a mixed solvent
(THEF/water=2/1), and washed with THF. After the addition of 1000 ml of THF and
600 ml of 2 30% trimethyia.trﬁ.ﬁe aqueous solution, the mixture was reacted at 60°C for
6 hours. After completion of the reaction, the product was washed with a mixed
15  solvent (methanol/water), washed with purified water, and isolated.
The swelling rate of the anion exchanger before and after the reaction was 1.6.
Thé ion-excﬁmge capacity per unit Volume was 0.44 mg equivalent/ml in water-wet
conditions. The diameter of the continuous pore of the monolithic anion exchanger in
water-wet conditions was calculated from thé diameter of the continuous hole of the
20  monolithic body and the swelling rate of the anion exchanger wetted with water, and the
calculated diameter was 29 um. The thickness of thé skeleton was 13 um, and the total
pore volume was 2.0 ml/g.
The differential pressure coefficient (i.e., the pressure loss that occurs when
passing water through the porous body) was 0.020 MPa/m-LV (practical level). The
25  length of the ion-exchange band (fluoride ion) of the monolithic amon exchanger was
measured. The length of the ion-exchange band at LV=20 m/h was 22 mm. This
value was si gﬁiﬁcantly smaller than that (165 mm} of Amberlite IRA402BL
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(manufactured by Rohm and Haas) (commercially available strong basic anion

exchange resin), and was smaller than that of a monolithic porous anion exchanger

having an open-cell structure. The results are shown in Table 5. The internal

structure of the monolithic anion exchanger was observed using an SEM (see FIG. 25).

5 The quaternary ammeonium group distribution in the monolithic anion exchanger
was determined by treating the anion exchanger with a hydrochloric acid aqueous
solution, and analyzing the chlorine atom distribution by EPMA. It was found that
chlorine atoms were uniformly distributed on the surface and the inside of the anion
exchanger. It was thus confirmed that quaternary ammonium groups were uniformly

10  introduced into the anion exchanger.
Comparative Example 6
Production of monolithic organic porous body having continuous macropore structure
A monolithic organic porous body was produced in the same manner as in
Comparative Example 1. The internal structure of the organic porous body containing
15 3.3 mol% of the crosslinked component (styrene-divinylbenzene copolymer) was
observed using an SEM (see FIG 26).  As shown in FIG 26, the organic porous body
had a continuous macropore structure. The average thickness of the Wall section |
determined from the SEM image was 5 ym. The avefage diameter of the openings
(formed by the macropores) of the organic porous body determined by mercury
20  porosimetry was 29 pum, and the total pore volume was 8.6 ml/g. The results are
shown in Tables 4 and 5. In Tables 4 and 5, the mesopore diameter refers to the
average diameter of the openings.
Production of monolithic cation exchanger having continuous macropore structure
A monolithic cation exchanger was produced in the same manner as in
25  Comparative Example | usiﬁg the organic porous body produced in Comparative
Example 6. The results are shown in Table 6. The differential pressure coefficient

was comparable to that of the examples, but the ion-exchange capacity per unit volume
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was significantly smaller than that of the examples. The length of the ion-exchange |
band was about three times that of the examples.
Comparative Example 7
Production of monolithic organic porous body having open-cell structure

A monolithic organic porous body having a continuous macropore structure
(open-cell structure) was produced in the same manner as in Comparative Example 6,
except that the amount of styrene, the amount of divinylbenzene, and the amount of
SMO were changed as shown in Table 4. The results are shown in Tables 4 and 5.
Production of monolithic anion exchanger having open-cell structure

A chloromethyl group was introduced into the organic porous body obtained as
described above in the same manner as in Example 16. The organic porous body was
reacted with trimethylamine to obtain a monolithic anion exchanger having an open-cell
structure. The results are shown in Table 5. The differential pressure coefficient was
comparable to that of the examples, but the ion-exchange capacity per unit volume was
smaller than that of the examples. The length of the ion-exchange band was about four
times that of the examples.
Comparative Exampie 8

A monolithic body having a co-continuous structure was produced in the same
manner as in Example 13, except for changing the organic solvent used in the step II to
dioxane (i.e., a good solvent for polystyrene). However, the isolated product was
transparent. This suggests that the porous structure broke or was lost. Only a dense

structure was observed using an SEM (i.e., the open-cell structure had disappeared).
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Examples according to the third aspect of the present invention
Example 17
Step I: Production of monolithic intermediate body
9.28 g of styrene, 0.19 g of divinylbenzene, 0.50 g of sorbitan monooleate
5  (SMO), and 0.26 g of 2,2’-azobis(isobutyronitrile) were mixed to obtain a homogeneous
solution. The solution was added to 180 g of purified water, and stirred at 5 to 20°C
under reduced j)ressure using a vacuum mixing and degassing mixer (planetary stirrer)
(manufactured by EME) to obtain a water-in-oil emulsion. The emulsion was
immediately put in a reaction vessel.  After sealing the reaction vessel, the emulsion
10 was polymerized at 6d°C for 24 hours. Afier completion of polymerization, the
reaction mixture was removed from the reaction vessel, extracted with isopropanol, and
dried under reduced pressure to obtain a monolithic intermediate body having a
continuous macropore structure. The openings (mesopores) of the monolithic
intermediate body formed by the overlapping macropores had an average diameter of 40
15  um, and the total pore volume of the monolithic intermediate body was 15.8 ml/g.
Production of composite monolithic body
36.0 g of styrene, 4.0 g of divinylbenzene, 60 g of 1-decanol, and 0.4 g of
2,2’—ézobis(2,4-djmethylvaler0nitrile) were mixed to obtain a homogeneous solution
(step II). The 10-hour half-life teinperature of 2,2’-azobis(2,4-dimethylvaleronitrile)
20 (initiator) is 51°C. The crosslink density of the monolithic intermediate body was 1.3
mol%. The amount of divinylbenzene used in the step Il was 6.6 mol% based on the
total amount of styrene and divinylbenzene. Therefore, the crosslink density ratio was
5.1. The monolithic intermediate body was cut into a disk having an outer diameter of
70 mm and a thickness of about 20 mm (weight: 3.2 g). The monolithic intermediate
25  body was put in a reaction vessel having an inner diameter of 73 mm, and immersed in
the solution of

sty:rene/divinylbenzene/1'-decan01/2,2"-azobis(2,4-dimethy1valeronitrilc). After
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degassing the mixture in a vacuum chamber, the reaction vessel was sealed. The
mixture was then polymerized at 60°C for 24 hours. After completion of
polymerization, the monolithic body having a thickness of about 30 mm was removed,
subjected to soxhlet extraction with acetone, and dried at 85 °C overnight under reduced
pressure (step [II).

The internal structure of the composite monolithic body (in a dry state)
containing a styrene-divinylbenzene copolymer was observed using an SEM (see FIGS.
2710 29). FIGS. 27 to 29 show SEM images of an arbitrary area of the section of the
monolithic body cut at an arbitrary position (at a different magnification). As shown
in FIGS. 27 to 29, the composite monolithic body had a contintous macropore structure.
The surface of the skeleton phase of the continuous macropore structure was covered
with particles having an average diameter of 4 um (80% of the surface of the skeleton
phase was covered with the I;QIticles). 90% of the particles had a diameter of 2to 5
pm.

The average diameter of the openings of the composite monolithic body
determined by mercury porosimetry was 16 um, and the total pore volume was 2.3 ml/g.
The results are shown in Tables 6 and 7. In Table 7, the item “vinyl monomer” refers

to the vinyl monomer used in the step II, the item “crosslinking agent™ refers to the

- crosslinking agent used in the step II, the item “organic solvent™ refers to the organic

solvent used in the step II, and the item “monolithic intermediate body™ refers to the
monolithic intermediate body obtained by the Step [. The particles or the like are
indicated by “particles™.
Production of composite monolithic cation exchanger

The composite monolithic body obtained as described above was cut into a disk
having an outer diameter of 70 mm and a thickness of about 15 mm. The weight of the
monolithic body was 19.6 g.  After the addition of 1500 ml of dichloroethane, the

mixture was heated at 35°C for 1 hour. After cooling the mixture to 10°C or less, 98.9
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g of chlorosulfuric acid was slowly added. =The mixture was then reacted at 35°C for
24 hours. After the addition of methanol to quench the remaining chlorosulfuric acid,
dichloromethane was removed by washing with methanol, followed by washing with
purified water to obtain a composite monolithic cation exchanger.

5 The swelling rate of the cation exchanger before and after the reaction was 1.3.
The ion-exchange capacity per unit volume of the cation exchanger was 1.11 mg
equivalent/ml in water-wet conditions. The average diameter of the openings of the
organic porous ion exchanger in water-wet conditions was calculated from the average
diameter of the openings of the organic porous body and the swelling rate of the cation

10 exchanger in water-wet conditions, and the calculated diameter was 21 pm, and 8b% of
the surface of the skeleton was covered with the particles. The average diameter of the
particles was 5 pm, and the total pore volume was 2.3 ml/g. 90% of the particles had a
diameter of 3 to 7 um. The differential pressure coefficient (i.e., the pressure loss that
occurs when passing water through the porous body) was 0.057 MPa/m'LV (i.e., lower

15  than the practical level). The length of the ion-exchange band was as small as 9 mm.
The results are shown in Table 7.

The sulfonic acid group distribution in the coniposite monolithic cation
exchanger was detennined by analyzing the sulfur atom distribution by EPMA. The
results are shown in FIGS. 30 and 31. In FIGS. 30 and 31, the right and left

20 photographs correspond to each other.  FIG. 30 shows the sulfur atom distribution on
the surface of the cation exchanger, and FIG. 31 shows the sulfur aﬁ)m distribution in
the cross-sectional (thickness) direction of the cation exchanger. As shown in FIGS.
30 and 31, sulfonic acid groups were uniformly introduced into the surface and the
inside (cross-sectional direction) of the skeleton of the cation exchanger.

25 | Examples 18 to 21
Production of composite monolithic body

A monolithic body was produced in the same manner as in Example 17, except
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that the amount of the vinyl monomer, the amount of the crosslinking agent, the type
and the amount of the organic solvent, and the porous structure, the crosslink density,
and the amount of the monolithic intermediate body used in the step III, and the
polymerization temperature were changed as shown in Table 6.  The results are shown
5 inTables 6and 7. The internal structure of the composite monolithic body (in a dry
state) was observed using an SEM (see FIGS. 32 to 39). FIGS. 32 to 34 show the
internal structure of the composite monolithic body obtained in Example 18, FIGS. 35
and 36 show the internal structure of the composite monolithic Body obtained in
Example 19, FIG. 37 shows the internal structure of the composite monolithic body
10  obtained in Example 20, and FIGS. 38 and 39 show the internal structure of the
composite monolithic body obtained in Example 21. Note that Example 18 satisfied
the condition regarding the crosslink density ratio (2.5} according to the present -
invention, Example 19 satisfied the condition regarding the type of organic solvent
(PEG, molecular weight: 400} according to the present invention, Example 20 satisfied
15  the condition regarding the vinyl monomer concentration (28.0%) according to the
present invention, and Example 21 satisfied the condition regarding the polymerization
temperature (40°C (lqwer than the 10-hour half-life temperature of the initiator by
11°C) ) according to the present invention. As shown in FIGS. 32 to 39, protrusions
adhered to the surface of the s;keleton of the composite monolithic bodies of Examples
20 19to21. The average particle diameter of the protrusions refers to the average value
of the maximum diameters of the protrusions. As shown in FIGS. 32 to 39 and Table 7,
the average diameter of the particles adhering to the surface of the skeleton of the
meonolithic bodies of Examples 18 o 21 was 3 to 8 pm, and the coverage was 50 to 95%.
In Example 18, 80% of the particles had a diameter of 3 to 6 um. In Example 19, 80%
25  of the protrusions had a diameter of 3 to 10 um. In Example 20, 90% of the particles
had a diameter of 2to 5 um. In Example 21, 90% of the particles had a diameter of 3

to 7 um.
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Production of composite monolithic cation exchanger
The monolithic body obtained as described above was reacted with
chiorosulfuric acid in the same manner as in Example 17 to obtain a composite
monolithic cation exchanger. . The results are shown in Table 7. The average
5 diameter of the continuous hole (pore) of the composite monolithic cation exchangers of
Examples 18 to 21 was 21 to 52 um. The average diameter of the particles or the like
adhering to the surface of the skeleton was 5 to 17 um, the coverage was 50 to 95%, the
differential pressure coefficient was 0.010 to 0.057 MPa/m-LV, and the length of the
ion-exchange band was 8 to 12 mm. 90% of the particles had a diameter of 5 to 10
10 pm.
Example 22
Production of composite monolithic body
A monolithic body was produced in the same manner as in Example 17, except
that the type and the amount of the vinyl monomer, the amount of the crosslinking agent,
15  the type and the amount of the organic solvent, and the porous structure, the crosslink
density, and the amount of the monolithic intermediate body used in the step III were
changed as shown in Table 6. The results are shown in Tables 6 and 7.. The internal
structure of the composite monolithic bady (in a dry state) was observed using an SEM
(see FIGS. 40 to 42). Protrusions adhered to the surface of the skeleton of the
20  composite monolithic bociy of Example 22. The average value of the maximum
diameters of the protrusions formed on the surface of the monolithic body of Example
22 was 10 pum, and the coverage was 100%. 80% of the particles had a diameter of 6
to 12 pm.
Production of composite monolithic anion exchanger
25 The composite monolithic body obtained as described above was cut into a disk
having an outer diameter of 70 mm and a thickness of about 15 mm. The weight of the

composite monolithic body was 17.9 g.  After the addition of 1500 m] of
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| tetrahydrofuran, the mixture was heated at 40°C for 1 hour. After cooling the mixture
to 10°C or less, 114.5- g of a 30% trimethylamine aqueous solution was slowly added.
The mixture was then reacted at 40°C for 24 hours. After completion of the reaction,
tetrahydrofuran was removed by washing with methanol, followed by washing with
5  purified water to obtain a monolithic anion exchanger.
The swelling rate of the anion exchanger before and after the reaction was 2.0.
The ion-exchange capacity per unit volume of the anion exchanger was 0.32 mg
equivalent/ml in water-wet conditions. The average diameter of the continuous hole
(pore) of the organic porous ion exchanger in water-wet conditions waé calculated from
10 the average diameter of the continuous hole (pore) of the organic porous body and thé
swelling rate of the monolithic anion exchanger in water-wet conditions, and the
calculated average diameter was 58 um. The average diameter of the protrusions was
20 um, the coverage was 100%, and the total pore volume was 2.1 ml/g. The length of
the ion-exchange band was very small (16 mm). The diffgrential pressure coefficient
15  (i.e., the pressure loss that occurs when passing water through the porous body) was
0.041 MPa/m-'LV (i.e., lower than the practical level). 80% of the particles had a
diamleter of 12 to 24 pm. The results are shown in Table 7.
The quaternary ammonium group distribution in the porous anion exchanger
was determined by treating the anion exchanger with a hydrochloric acid aqueous
20  solution, and analyzing the chlorine atom distribution by EPMA. It was found that
chlorine atoms were uniformly distributed on the surface and the inside of the skeleton
of the anion exchanger. It was thus confirmed that quaternary ammonium groups were
uniformly introduced into the anion exchanger.
Comparative Example 9
25  Production of monolithic body
A monolithic body was produced in the same manner as in Example 17, except

that the amount of the vinyl monomer, the amount of the crosslinking agent, the type
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and the amount of the organic solvent, and the amount of the monolithic intermediate
body used in the step 111 were changed as shown in Table 6. The results are shown in
Tables 6 and 7. No particles and protrusions were observed on the surface of the
skeleton (the SEM photograph is omitted). As shown in Tables 6 and 7, particles were
5  not formed on the surface of the skeleton of the monolithic body when producing the
monolithic body without satisfying the conditions (1) to (5).
Production of monolithic cation exchanger
The monolithic body obtained as described above was reacted with
chlorosulfuric acid in the same manner as in Example 17 to obtain a monolithic cation
10  exchanger. The results are shown in Table 7. The length (26 mm) of the
ion-exchange band of the monolithic cation exchanger was larger than that of the
examples.
Comparative Examples 10 to 12
Production of monolithic body
15 A monolithic body was produced in the same manner as in Example 17, except
that the amount of the vinyl monomer, the amount of the crosslinking agent, the type
and the amount of the organic solvent, and the porous structure, the crosslink density,
and the amount of the monolithic intermediate body usad in the step IIT were changed as
shown in Table 6. The results are shown in Tables 6 and 7. Note that Comparative
20  Example 10 did not satisfy the condition regarding the crosslink density ratio according
to the present invention (0.2), Comparative Example 11 did not satisfy the condition
regarding the type of organic solvent according to the present invention
(2-(2-methoxyethoxy)ethanol, molecular weight: 120), and Comparative Example 12
did not satisfy the condition regarding the polymerization temperature according to the
25  present invention (50°C (lower than the 10-hour half-life temperature of the initiator by
1°C). The results are shown in Table 7. Particles were not formed on the surface of

the skeleton of the monolithic bodies of Comparative Examples 10 and 12. In
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Comparative Example 11, the isolated product was transparent (i.e., the porous structure
was decomposed (disappeared)).
Production of monolithic cation exchanger

The organic porous body obtained as described above was reacted with
chlorosulfuric acid in the same manner as in Comparative Example 9 to obtain a
monolithic cation exchanger (excepting Comparative Example 11).  The results are
shown in Table 7. The length (23 to 26 mm) of the ion-exchange band of the
monolithic cation exchanger was larger than that of the examples.
Comparative Example 13
Production of monolithic body

A monolithic body was produced in the same manner as in Comparative
Example 9, except that the amount of the vinyl monomer, the amount of the
crosslinking agent, the amount of the organic solvent, and the porous stfucture and the
amount of the monolithic intermediate body used in the step III were changed as shown
in Table 6. The results are shown in Tables 6 and 7. It was thus confirmed that
particles are not formed on the surface of the skeleton of the monolithic body when the
monolithic body is préduced without satisfying the speciﬁc production conditions
according to the present invention.
Production of monolithic anion exchanger

The monolithic body obtained as described above was cut into a disk having a
diameter of 70 mm and a thickness-of about 15 mm. After the addition of 1400 ml of
dimethoxymethane and 20 ml of tin tetrachloride, 560 ml of chlorosulfuric acid was
added dropwise to the mixture under cooling with ice. The mixture was then heated to
35°C, and reacted for 5 hours to introduce a chloromethyl group. After completion of
the réaction, the mother liquor was siphoned, washed with a mixed solvent
(THF/water=2/1), and washed with THF. After the addition of 1000 ml of THF and

600 ml of a 30% trimethylamine aqueous solution, the mixture was reacted at 60°C for
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6 hours. After completion of the reaction, the product was washed with a mixed
solvent (methanol/water), washed with purified water, and isolated. The results are
shown in Table 7. The length (47 mm) of the ion-exchange band of the monolithic

anion exchanger was larger than that of the examples.
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Exanpl e 12 Conparative Exanple 13 | NDUSTRI AL APPLI CABI LI TY The
nonol i thic body and the nonolithic ion exchanger according to the first
aspect of the present invention are chem cally stable, have high nechani cal
strength and a | arge ion-exchange capacity per unit volune, and ensure a

| ow pressure | oss when 5fluid (e g., mater or gas) passes through due to a

| arge contin Wc. tre—yorot it dyandrthetnmongtithi ¢ i on exchanger
accordi ng to| tthe gecond jaspgct. of the present Jnvention are hydrophobic and
chemical 'y st aflies shave a™ Hi ¢k |t h¥ ep=di fienst opaf co#Atilndoys skel eton, high
nechani cal sfrenmgtlh! and a llarge iontexchange [capacity per [unit vol une,
ensure a lo p@&$5@£e | oss when [fluid (le.d., water|or gas) |passes through
10 due to a | aEdeflgonti nueug porle of | theggo-gont énpioys i sterycture, and
achi eve a si r%f;céptly smal|l 7 engt h| of| the 1 on-exghange bgnd. The
monol i t hi ¢ body—ardrtherrergH-thi-e—+prexghanger—ateor¢ingito the third
aspect of the |priegenti Lnvent|i dn [age, cherd gakly| st abl%e, | have hi gh mechani cal
strength, and|erisEre RihiDHk coritlagts gf tlixciebcy| GithFEvigdsand a | ow
pressure | oss|wgeh flaid pagses t Aroligh.” Fheéref re| & he <15 (nonolithic
bodi es and the_nnpg rthijc 1dn exchangerls dccording|{to fhe fiirst to third
aspects of thetgrggeng invention afe wsekyl as| agcheni calg flilter, an
adsor bent, argEcongéxchanger |used for| & it ag- bed| t ir et ower (wat er dei oni zi ng
apparatus or|g@mn ellectric watler deionj zilng lapparatus alchrgmat ography
packing natefrd als _ofsa s@ld g zaci|d/ base.|Cat|al ysts sapd iy bg applied to
various fiel cg, %2@ %:Ii“ﬁg B §1}L_ “Eﬂinplgggugcgér@grﬁggarﬁu § tbaydy conprising a
conti nuous near @or £3 st it UPe " tshe *rofts fidousd| Sracopot @ Estruct ure
i ncl udi ng Cel'é utar pecroporgs that—oyertagto form 5 openings havi ng an
average di amggerd qf | 20 o _200 pm the _nopalithic ofganic pqrous body having
a thickness [off £ m¥ of nor'e |arfd |a Tofdl| pare viol ung &f |05 |to 5 nl/g, an
area of a skleleton pbsefved|within an SEM|i mage of i a seéctign of the
continuous na¢rbpare structdre (jin ahdry state) being 25 tg 50% 10 2. A
monol i thi c or gahEq spor.ous .bady- gonpri sijng |a conti nuous|macriopore structure,
i
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t he conti nuous macropore structure including cellular macropores that
overlap to form openi ngs having an average dianeter of 20 to 200 Jim the
nonol it hi ¢ organi ¢ porous body having a thickness of 1 nmor nore and a
total pore volune of 0.5 to 5 nl/g, the nonolithic organic porous body
bei ng produced by performng a step | that includes 15 stirring a m xture
of an oil-sol uble nononer that does not include an ion-exchange group, a
sur f act anENDHRHRIWSE APPLICHBEIAEe a wat er-in-oil enul sion, and pol yneri zi ng
the water-hi-oil enmulsion to obtain a nonolithic organi c porous

i nt er nedi at e bbymphelithisdody apdheimenslighipitarespetngesiceonding te thibirshas a t ot al
pore volunme of 5 to 16 mM/g, a step Il_that includes mxing a vinyl
mononer, #Pefted dhg RIRSeABInY arp ehemigally ibde. deve wgh fne@hﬁu@g syeniht 4k oups i n
one nol ecul e, .an organi ¢ solvent that dissolves the vinyl nonoper and the

crossl i nki FgesigawEchange CAFELy RY i OiBYS, @nd SR BF & By
| I Z) th I | initiator. d t [l that
Poc s PO mARYT efl Phe r ol o dBas™ T R &' staconary
tate in th th Lithi I.C i_nt i bod
obt ai ned ByRPRREIPHs I e st RGeS B SRR S EETR AR kel vt on
thi cker L@r?;@enrt RREnIn érgg?%% € aPG AR H Al LR ree Fithe

ﬂgpg]ithic
organic ous |1 on" exc conprising a cong?nuous nmacropore structure,

t he conti&H@H r 'Qgﬁy [ L ﬁg%rggﬁ hat
overlap to o?ﬂggggggﬁbﬁgﬁ%%¥ﬁgﬁgﬁégv régg@g#%jé%%hé%? Ct %g%%ftn1!n
“ﬂFer'“BtmﬁPﬂﬂhhhﬂﬁ§ne%ﬁ@wﬁ?&@&kqaﬁQﬂﬁh@%m(&g%%&&%bﬂ Sesangagn having a
t hi ckness of 1 nmor nore, "a total pore volunme of 0.5 to 5 nml/g, and an

i on- exchaf@ao GARBE codtindBhs putk bf RlcdRnBhudds 4trictie, aaicualeat / nl or nore
when in water-wet conditions, ion-exchange groups being uniformy

di stri but @gnifidartiyematineddtt bf te dsgesvhentaals Thamexclithirgridy aadehean area of
a skel eton observed within an SEMi mage of a section of the continuous

macr opor emshdlithicuseexchanger deoprdih@tethe lietdwp@d of theiRetentlidventidnrapnol i t hi ¢
organi ¢ porous ion exchanger conprising the nonolithic organic porous body
accor di ngehemicallyistabR:, hawechigly meehaniah sfeengtho apd ensnter obigh ednthctteffidiomey
nmonol it hi ¢ organi ¢ porous body, the nonolithic organic porous ion exchanger
havi ng anwith Ausbandarge nressarsiloss voen fhwd pasges throughf Tﬁheregge,él@i valent/n or
more in water-wet conditions, the ion-exchange groups being uniformy

di st ri%utmenalithic fhedies ard the maenolithieioganrkengers daerdivg tethesdethirds, A net hod
of producing a monolithic organi c porous body conprising a step | that

i ncl udes PEGLF pifge Rregentinyeation agpsefu espeheneal fibigh A8 AdiRBINL.AH not i ncl ude

an ion-exchange gr , a surfactant, and ter. to prepare a wat.er-in-oi

emul si on, ex&ﬁ@gﬁﬁgﬁgﬁ&ﬂewozﬁ ‘%quétomrf Witer #SBW“FH‘S %r?tg‘ﬁ Of f)lﬁ‘ftgf" n a

St uct ur v EaE BpRaERen G ETBA DB Sk FReT o 2 RGCER that ¢
i ncludes m xin vi nyl n r..a. erqsslinking agent that includes at

| east two"d ﬁ?%mgﬁﬁﬂgéEﬁﬁﬁ8ﬁgﬁﬁ%w8%§ﬁﬁg an organi c solvent that dissolves

t he vinyl nonomer and the crosslinldng agent, but does not dissolve a 25
pol yner produced by polymnerizing the vinyl nmononer, and an initiator, and a
step I'l'l that includes polynerizing the mxture obtained by the step Hin a
stationary state in the presence of the nonolithic organic porous

i nternedi ate body obtained by the step Ito obtain an organi c porous body
havi ng a skel eton thicker than that of the organic porous internediate
body.
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6. The nethod according to claim5, wherein the nonolithic organic porous 5
i nternedi ate body obtained by the step | includes a continuous mnacropore
structure that includes cellular macropores that overlap to form openings
havi ng an average dianeter of 20 to 200 jnn, and has a total pore vol une of
5to 16 mM/g. 7. A nethod of producing a nonolithic organic porous ion
exchanger conprising a 10step | that includes stirring a m xture of an

oi | -sol ubl e nononer that does not i @EAIMES an i on- exchange group, a
surfactant, and water to prepare a water-in-oil emulsion, and pol yneri zi ng
the water-in-oil enmulsion to obtain a nonolithic organic porous
internmedi ate body that has a continuous macropore structure and has a total
pore vol ule of Amanglithic pagamjc paroys bpdy ¢omPpRIng HeniRBSUSHISG PRPIE SWRGNE,
nmonomner, a crosslinking 15 agent that, inc]ludes at |east two vinyl groups in
one nol ectlif §ONHHIOB} BAFOEOIE SITUEHte ipHAding cedypn BactppRIes, Aal FveriaR and the

crosslinlcing agent, but does not dissol a pol ynmer.. produced b

pol e | Z9RFGER oV G BYRSHEBRRTCERoF ZHo1 Doy MOoILbiE STEANC RIEGES | ncl udes
pol ymeri zji ng .t he m xture optained b th [l in a i on state in
Phe” br es e gy memdiickiiSt Brhrth gt gty Pl BoterobrEefid s BRE 881 i ned by
the step | to.2 t aj . I C : i on thicker

t han t hat®6t OE%g(ege?ognaﬁ%g%%%%%gp#n@@ﬂﬁe 5? gg Yot §M Ogﬁl %gﬁs eopgl V t hat

i ncl udes | L -DehAd P oj Nto the organic porous body
obt ai ned ﬂgg&g)ﬁée}ggt ep | Rﬁgﬁ%ﬁqﬁoﬂ%%\@?@égani C porous body conprising a
co-continuous structure that 25 includes a three-dinensional continuous
skel eton having a thickness of 0.8 to 40 pm and a three-di mensi onal

conti fuous pOr&_nﬁ%Bliﬂﬁ@orgMﬁ& B6rosk 8b@&F At WechtifhasahaTrotre Sri®ur80 pm

t he skel eton being fornmed of an aromatic vinyl polyner that has a

cr ossl i nkihBgostiubusMatBpdre @frutu® ih€luSing coIiIdH midepdredbhi deilap ey fpadi C por ous
body having a total pore volune of 0.5 to 5 m/g. 9. A nonolithic organic

por ous boshent@ehavifg Yaverae-dianétenNofR05to 200 wed, thicembhidithid orgamidistesusa

t hr ee- di nensi onal continuous skel eton having a thickness of 0.8 to 40 pm
and a t hriegydianigsitbickhess ofit i onmopoarel adtefal ped volurdel Gk &l &nifg, thevi ng a
dianeter of 8 to 80 pm the skeleton being formed of an aromatic vinyl

pol yner - ttneoliiis oaganreqmsdusriody hgingpredusedbe perfarming 8step [ thadinebides t he
monol i thi c organi c porous body having a total pore volume of 0.5 to 5 m/g,
t he nidnol dtirtinga ovixfure of ap oilowsiboaenemerityatsioss netdbclude dyiopextngeng a step |
that includes stirring a m xture of an oil-sgluble nononmer that does not

i ncl ude oBTOVRA-EXavaHgEIdWaaHto PieRA ¢ Raterin-oil spylsien: and polypicapag dhey

water-in-oil emulsion, and polynerizing the water-in-oil | siop to obtain
a ronol i tWie-Brehemelsion e aktaing @Pﬂ@&lﬂ&r%ga&mr%%m%@lammﬁﬁa 2

et opr . S e 0%, Lo, S, FRLe e s, f T L g i ane 20
ol ccul o, EIPR TG VEHmPrRerdl Soy P e e PRI EOT ot Fonomer and
ol yrisr 210 s 37 She o Bebier o Bk s B2 oy PSP hREHERERY
Stati onarbe SRsPRHIRRAL B oaEndh sy £tk b aodited BF ol Bltichng e B

i nt er medi gf, ﬁ&%&,%ﬁiaﬂqﬁﬁ%r,taﬁg a%feg;mllthat 1&&u&s%l}9ﬁéﬂzmgcthe L@t porous

i on exchanger conprising a co-continaous ‘
obtained by the step Il in a stationary state in the presence of the monolithic organic

porous intermediate body obtained by the step I to obtain an organic porous body

25  having a skeleton thicker than that of the organic porous intermediate body.

3. A monolithic organic porous ion exchanger comprising a continuous macropore
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structure that includes a three-dinensional continuous skeleton having a
thickness of 1 to 60 pm and a three-di nensional continuous pore defined by
t he skel eton having a 25 dianeter of 10 to 100 um the skel eton being forned
of an aromatic vinyl polynmer that has a crosslinking unit content of 0.3 to
5.0 nol % the nonolithic organic porous body having a total pore volunme of
0.5to 5 nmM/g, and an ion-exchange capacity per unit volune of 0.3

equi val entstmagtugs, theoostinwpuaamasropnet stowohde inchidng debinlae Rebrepgrss grad apsslapei ng
uniformy distributed in the nonolithic organic porous ion exchanger. 11. A
nonol i t hi do dergaepenings havisg ko AvasEslingeter @%@i 0o imsatap et songitendr gani c 5
porous body according to claim9, and iaqn-exchange grqups introduced into

t he nonol ithtmenelityiefiTeanioperads B @changer hawing)3 hiskeess O§AMTE opBIBSE i on

h havi i on- h it it vol .of 0.3
equi val ent9al PUF VABIS G108 DR geAndcBron-riaee aciPopeT SRIERANGE Ybtips bei ng
uniformy distr.i utd_lglé n the.monolithic organic .go_roihs ion ex%an er. 10
12. A fret W&%e%ﬁ“”gi _ Iﬁ’borﬁv‘fr}ilﬁ?ugf'f"?tﬁf 3"%?‘5’_@ BB SUE A BEUFOEBRPTISi ng a step
S SO T Oy B B R e oo

i ncl ude an™ SUt Wa 6 prepare a

Cer-in. oi . el e . . bt ai
& onol 1 AKEERSLR- 2 NBTRRLA (% PRt B ehlioihte SIMORHET S
macr Oporesﬁ—hEtH%t@%Edﬂf@att agr?%%%to?lgwore vol une of nore than 16 nug and 30

m /g or |less ep Il es mxing an aromatic vinyl nmononer, 0.3
to 5 nol % of a crosslinldng agent that includes at |east two vinyl groups in
one nol ecul e, an organi c solvent that dissolves the aromatic vinyl nononer

and thg cuosslidAdiBReREanidpirot RS eREHangérSHalpyRing tROMYABIEthiMRgieed by 20
pol ymeri zing the aromatic vinyl nononer, and an initiator, and a step |11

that i ncl wagsuspolly aebrdhdth dlkien 2iaxl idreexibhade @ dupdyintrbducsd o khei N a
stationary state in the presence of the nonolithic organic porous

i nt er nedi ateholicdy oghhigipoeghs bydy, e mbrglithic @rginicparods ion exdnhggrbavimgsnr uct ur e.
25 13. The nethod according to claim12, wherein the nonolithic organic
porous i nter-mediaagecapacty o uait vebimwyofthrmgtegpivhlentiml odmsreanceitdriwaious
macropore structure that includes cellular macropores that overlap to form
openi ngs kanditigns thedvecagengs grospebeingfnifrmdy detihytedin thesmonolitkichod of
produci ng a nonolithic organic porous ion exchanger conprising a step | that
i ncl udés ®rgankd ppyoes i gxeheBgBf an oi |l - sol ubl e nonomer that does not include
an

5. A method of producing a monolithic organic porous body comprising a .ste‘p I
that includes stirring a mixture of an oil-soluble monomer that does not include an
ion-exchange group, a surfactant, and water to prepare a water-in-oil emulsion, and

20  polymerizing the water-in-oil emulsion to obtain a monolithic organic porous
intermediate body that has a continuous macropore structure and has a total pore
volume of 5 to 16 ml/g, a step I that includes mixing a vinyl monomer, a crosslinking
agent that includes at least two vinyl groups in one molecule, an organic solvent that
dissolves the vinyl monomer and the crosslinking agent, but does not dissolve a

25  polymer produced by polymerizing fhe vinyl monomer, and an initiator, and a step III
that includes polymerizing the mixture obtained by the step Il in a stationary state in the

presence of the monolithic organic porous intermediate body obtained by the step [ to
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5 ion-exchange group, a surfactant, and water to prepare a water-in-oil
emul si on, and polynerizing the water-in-oil enulsion to obtain a nonolithic
organi ¢ porous intermnedi ate body that has a continuous macropore structure
and has a total pore volune of nore than 16 mug and 30 nmug or |less, a step
Il that includes m xing an aromatic vinyl nmonomer, 0.3 to 5 mol % of a
crosslinlcing agent that includes at |east 10 two vinyl groups in one

mol ecul e, obtainangagrnic pobvebrdythasing di skelotonghick¢rdhan hawafithe oigagic parwdner and
the crosslinking agent, but does not dissolve a polynmer produced by

pol yner i zintggmedigtedrogitat i ¢ vi nyl nonomer, and an initiator, a step Il that
i ncl udes polynerizing the m xture obtained by the step Il in a stationary
state in the presence of the nonolithic organic porous internedi ate body

g? £ Si:tn 5?eg’y atn gﬁées’t?g@’ﬁ‘li F‘%P%E‘ﬁgtg %a@l%h g&g&ﬁg;ﬂ%@ﬁ%ﬁgcﬁgaﬁ]ﬁ%&gﬁsﬁﬂZe gr oup
body compPEEPRYas PaNSBEE NiPuarel Bl s« FotrlRRe AR P SRR saPBus body
and a nuniierosfoo i HRS R i el 70, Aty S B0 0h sOHRLEGRRIER: PCE
t he surfa&ezcﬁgvzpﬂgngléﬁaﬁ&ogto(g%ip%gem ! §$f§t0?%g%§ body, or a nunber of

protrusions maxi num di anet e p. mand formed on the
surface of the skeleton of the organic porous body, the nonolithic organic
porous body having a thickness of 1 nmor nore, an average pore di aneter of

8 to 100 p. m Angigd Gftﬁ&dlﬁﬁ%ia #enyfRhid@eaic forSud i0n exMsdiger chbprithe a

nonol it hi ¢ organi c porous bo according to claim15, wherein the organic
por oug) bogdyy 1 het MeRGeSstEONE b HiAufe JTREOARRIBISoHSHb that dvat nbigtludesn

cel lul ar macropores that overlap to form openi ngs havi ng an aver age

di anet er h-e26hdnge gRppasurfatiant, bhé wikei od piepire aovgemineipanvsionpmdy accor di ng
to claim15, wherein the organic 5 porous body includes a co-continuous

st r uct ur epdliratrizing thedesgemintdilr @euldiontnshtainal mewiithin wegasicspoebest on havi ng a

t hi ckness of 0.8 to 40 p.m and a three-dinensional continuous pore defined
by the skiateemodiatechoiy ghah heli aemttienowfm&roperd Strysivre and haga tatal@ofet hi ¢ or gani ¢
porous body produced by performing a step | that includes 10 stirring a

m xt ure ofolame of § 1& b uidizea siop dithat intladesdvigingriotinylmapnmeeranciosttinkinghange
group, a first crosslinldng agent that includes at |east two vinyl groups
in onE modgsetiihat ingludes at deeshino, viny EroupsdR orgmelesplay & QISHRE 9 Lven that|
enul si on, _and pal yneri zing the ter-jn-oil emylsion to obtain a nonolithic
i nt er medi HERIFEBE YIREmAREINe apd Hhe; rorslinkipng a8 %dgﬁisr’%%f]{??@v%ﬁd has a total

oot ,  EPBEGNAU e S PP ARG K RAROPHC RSP o8 SEP EUA 1
and-the sodhie wrgaering BRmARER BB P Bt o w RO R R 0Bp Y,
7 that PR Rt o Dl B S R A R R % 1 2
nt or A 20 B et AR R iR ok B HOL i R IR RS

than a 10;RoMEdBRIHodl, dhd al SFRES BhUhEudds ihfieaucHol dnBbAlex Hande gfofiBHhtoSC.
the organic porous body obtained by the step IIL |

8. A monolithic organic porous body comprising a co-continuous structure that
25  includes a three-dimensional continuous skeleton having a thickness of 0.8 to 40 pm,
and a three-dimensional continuous pore defined by the skeleton having a diameter of 8

to 80 pm, the skeleton being formed of an aromatic vinyl polymer that has a
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19. A nmonolithic organic porous ion exchanger conprising a conposite
structure that includes an organic porous body that includes a continuous
skel et on phase and a 25 continuous pore phase, and a number of particles
having a dianeter of 4 to 40 pmthat adhere to the surface of the skeleton
of the organic porous body, or a nunber of protrusions having a nmaxi num
dianeter of 4 to 40 p.mthat are fornmed on the surface of the skel eton of
t he or ganiaosstinking ubiddgntentod Orfoted.0 miel’s, e gromobthioereanic porpus kediakayéte havi ng
a thickness of 1 mmor nore, an average pore dianeter of 10 to 150 pm a
total por e ot pes vetume of @-3t65 ml/gg, and an ion-exchange capacity per unit
volunme of 0.2 ng equivalent/m or nore in water-wet conditions, ion-exchange
groups being uniformy 5distributed in the conposite structure. 20. The
nmonol it hic orga}gi C Qf ous ian _exchanger according to claim19, erein the
BT

organi ¢ porous UEEE® BROCBH PP RUSHSP T DS or & _?%FC?WP@“E t i ncl udes
of 30 fo J00LIMAG AR TR ELEO TR e B e R e R AP o
porous i on, aXGhARger ARGl ?Anrt‘i% b, Co'r%!i%ﬁx{‘eﬁqy CL& R rLﬁh%ir?%gaﬂln%teQBf?us body
i ncl udes & C6-CORTTAUOUS STTUCLUTe that TncPudes a threa i NBRSTona

ti . . 15
eont | MUoUS B SHEURIARTL KRLEKIERPathatc VPRI Bt ALS
of 1010 0Qithe A cohetfRioROd (Bfs. PERMMGHE BroRoMRAUEANL GoRhgBRI RGOS Dody
conprising a step’ I that includes stirring a mxturé of an oil-sol uble

nonomer t %m@?&% VORImd Y. 516e5 A1l o2 Mo RENAPG8riE pBks badY béik pfddassd i nl cing
agent that includes at |east two Vvinyl groups 1n one nolecule, a surfactant,

and wafper HypePlofitie stepecth@ intl0dei sti d fiiire oFBA oflGbMIbRY mdhdtger thet
water-in-oil enulsion to obtain a nonolithic intermedi ate body that has a

cont i nuousiosBadtdpdnde |i iodakilimge artbupas saficeinglanp omer wpreparead 5 to 30 nug, a
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20  the monolithic organic porous intermediate body obtained by the step I.

. 10. A monolithic organic porous ion exchanger comprising a co-continuous
structure that includes a three-dimensional continuous skeleton havi.n;g a thickness of 1
to 60 um, and a three-dimensional continuous pore defined by the skeleton having a
25  diameter of 10 to 100 pm, the skeleton being formeci of an aromatic vinyl polymer that
has a crosslinking unit content of 0.3 to 5.0 mol%, the monolithic organic porous body

having a total pore volume of 0.5 to 5 ml/g, and an ion-exchange capacity per unit

105



(4) the organic solvent used in the step Il is a polyether having a
nol ecul ar wei ght of 200 or nore; (5) the concentration of the vinyl
nmononer in the m xture obtained by the step Il is 30 ww%or less. 15 23. A
met hod of producing a nonolithic organic porous ion exchanger conprising a
step IV that includes introducing an ion-exchange group into a nonolithic
organi ¢ porous body produced by the nethod according to claim22.

volume of 0.3 mg equivalent/m! or more in water-wet conditions, ion-exchange groups

being uniformly distributed in the monolithic organic porous ion exchanger.

11. A monolithic organic porous ion exchanger comprising the monolithic organic
5  porous body according to claim 9, and ion-exchange groups introduced into the

menolithic organic porous bedy, the monolithic organic porous ion exchanger having an
ion-exchange capacity per unit volume of 0.3 mg equivalent/ml or more in water-wet
conditions, the ion-exchange groups being uniformly distributed in the monolithic
organic porous ion exchanger.

10
12. A method of producing a monolithic organic porous body comprising a step I
that includes stirring a mixture of an oil~soluble monomer that does not include an
ion-exchange group, a surfactant, and water to prepare a water-in-oil emulsion, and
polymerizing the water-in-oil emulsion :to obtain a monolithic organic porous

15  intermediate body that has a continuous macropore structure and has a total pore
volume of more than 16 ml/g and 30 ml/g or less, a step II that includes mixing an
aromatic vinyl monomer, 0.3 to 5 mol% of a crosslinking agent that includes at least
two vinyl gfoups in one molecule, an organic solvent that dissolves the aromatic vinyl
monomer and the crosslinking agent, but does not dissolve a polymer produced by

20  polymerizing the aromatic vinyl monomer, and an initiator, and a step III that includes
polymerizing the mixture obtained by t-he step 11 in a stationary state in the presence of
the monelithic organic porous intermediate body obtaﬁled by the step I to obtain a

co-continuous structure.
25 13.  The method according to claim 12, wherein the monolithic organic porous

intermediate body obtained by the step I includes a continuous macropore structure that

includes cellular macrdpores that overlap to form openings having an average diameter
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of 5 to 100 pm.

14. A method of producing a monolithic organic porous ion exchanger comprising a
step I that includes stirring a mixture of an oil-soluble monomer that does not include an
ion-exchange group, a surfactant, and water to prepare a water-in-oil emulsion, and
polymerizing the water-in-oil emulsion to obtain a monolithic organic porous
intermediate body that has a continuous macropore structure and has a total pore
volume of more than 16 ml/g and 30 ml/g or less, a step 11 that includes mixing an
aromatic vinyl monomer, 0.3 to 5 mol% of a crosslinking agent that includes at least
two vinyl groupé in one molecule, an organic solvent thatl dissolves the aromatic vinyl
monomer and the crosslinking agent, but does not dissolve a polymer produced by
polymerizing the aromatic vinyl monormer, and an initiator, a step III that includes
polymerizing the mixture obtained by the step II in a stationary state in the presence of
the monolithic organic porous intermediate body obtained by the step I to obtain a body
having a co-continuous structure, and a step IV that includes introducing an

ion-exchange group into the body obtained by the step II1.

15. A monolithic organic porous body comprising a composite structure that
includes an organié porous body that includes a continuous skeleton phase and a
continuous pore phase, and a number of particles having a diameter of 2 to 20 pm and
adhering to the surface of the skeleton of the organic porous body, or a number of
protrusions having a maximum diameter of 2 to 20 pm and formed on the surface of the
skeleton of the organic porous body; the monolithic organic porous body having a
thickness of 1 mm or more, an average pore diameter of 8 to 100 um, and a total pore

volume of 0.5 to 5 ml/g.

16.  The monolithic organic porous body according to claim 15, wherein the organic
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porous body includes a continuous macropore structure that includes cellular

macropores that overlap to form openings having an average diameter of 20 to 200 pum.

17.  The monolithic organic porous body according to claim 15, wherein the organic
porous body includes a co-continuous structure that includes a three-dimensional
continuous skeleton having a thickness of 0.8 to 40 um, and a three-dimensional

continuous pore defined by the skeleton having a diameter of 8 to 80 um.

18. A monolithic organic porous body produced by performing a step I that includes
stirring a mixture of an oil-soluble monomer that does not include an ion-exchange
group, a first crosslinking agent that includes at least two vinyl groups in one molecule,
a surfactant, and water to prepare a water-in-oil emulsion, and polymerizing the
water-in-oil emulsion to obtain a monolithic intermediate body that has a continuous
macropore structure .and has a total pore volume of 5 to 30 ml/g, a step II that includes
mixing a vinyl monomer, a second croéslinking agent that includes at least two vinyl
groups in one molecule, an organic solvent that dissolves the vinyl monomer and the
second crosslinking agent, but does not dissolve a polymer i)roduced by polymerizing
the vinyl monomer, and an initiator, and ﬁ step 11 that includes polymerizing the
mixture obtained by the step Il in a stationary state in the presence of the monolithic
organic porous intermediate body obtained by the step I at a temperature that is lower

than a 10-hour half-life temperature of the initiator by at least 5°C.

19. A monolithic organic porous ion exchanger comprising a composite structure
that includes an organic porous body that includes a continuous skeleton phase and a
coﬁtinuous pore phase, and a number of particles having a diameter of 4 to 40 pm that
adhere to the surface of the skeleton of the organic porous body, or a number of

protrusions having a maximum diameter of 4 to 40 pm that are formed on the surface of
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the skeleton of the organic porous body, the monolithic organic porous ion exchanger
having a thickness of 1 mm or more, an average pore diameter of 10 to 150 pm, a total
pore volume of 0.5 to 5 ml/g, and an ion-exchange capacity per unit volume of 0.2 mg
equivalent/ml or more in water-wet conditions, ion-exchange groups being uniformly

distributed in the composite structure.

20.  The monolithic organic porous ion exchanger according to claim 19, wherein the
organic porous body includes a continuous macropore structure that includes cellular
macropores that overlap to form openings having an average diameter of 30 to 300 pm

when wetted with water.

21.  The monolithic organic porous ion exchanger according to claim. 19, wherein the
organic porous body includes a co-continuous structure that includes a |
three-dimensional continuous skeleton having a thickness of 1 to 60 pm, and a

three-dimensional continuous pore defined by the skeleton having a diameter of 10 to

100 pm,

22. A method of producing a monolithic organic porous body comprising a step I
that includes stirring a mixture of an oil-soluble monomer that does not include an
ion-exchange group, a first crosslinking agent that includes at least two vinyl groups in
one molecule, a surfactant, and water to prepare a water-in-oil emulsion, and
polymerizing the water-in-oil emulsion to obtain a monolithic intermediate body that
has a continuous macropore structure and has a total pore volume of 5 to 30 ml/g, a step
11 that includes mixing a vinyl monomer, a second crosslinking agent that includes at
least two vinyl groups in one molecule, an organic solvent that dissolves the vinyl |
monomer and the second crosslinking agent, but does not dissolve a polymer produced

by polymerizing the vinyl monomer, and an initiator, and a step III that includes
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polymerizing the mixture obtained by the step II in a stationary state in the presence of
the monolithic organic porous intermediate body obtained by the step I, the step II or III
being performed while satisfying at least one of the following conditions (1) to (5),

(1)  the mixture is polymerized in the step III at a temperature that is lower than a
10-hour half-life temnperature of the initiator by at least 5°C;

(2)  the amount (mol%) of the second crosslinking agent used in the step II is equal
to or larger than twice the amount {mol%) of the first crosslinking agent used in the step
L

(3) the vinyl monomer used in the step II differs in structure from the oil-soluble
monomér used in the step [;

(4)  the organic solvent used in the step II is a polyether having a molecular weight
of 200 or more;

(5)  the concentration of the vinyl monomer in the mixfure obtained by the step Il is

30 wt% or less.
23. A method of producing a monolithic organic porous ion exchanger comprising a

step IV that includes introducing an ion-exchange group into a monolithic organic

porous body produced by the method according to claim 22.
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