'l 21 Cctober 2005 DESCRI PTI ON SI NTERED BODY, RESI N PARTI CLES AND EI\/ETHCD

FOR PRODUCI NG THE SAME Technical Field The object of the present invention
is to provide an adsorptive body usable for adsorption, concentration,

separation and renoval of inpurities or the like contained in Iiguids or
gases in the treatment of liquids such as water, variouldgaebes288buti ons

or organic solvents or in the trea m xtures. Particularly, the
obj ect of the present invention isbgg@%;g&gggsa por ous adsorptive body

usable 10 in a process WegeEREAd ti d o | of, fine particles,
col | oi dal substances or neta? ?onsﬁgggénﬁgég r§ﬁ§ﬁ§¥ﬁ5§f centration are

necessary in order to prepggqg@ﬂrgyﬂnggd%§¢?NGBﬁ%§g§£M§d Art 15 Recently,

for the purpose of reducing influences on the envirtonnent, the conversion
of industrial processes to those in which various waste products are
reduced as nmuch as possible has been started, and interest in the renoval
of inpurities has 20 been growing. As a result, there is an increasing need
for the devel opnent of a nmedi um capabl e of adsorbing, concentrating,
separ ati ng andecbmoviadg Rikddmterials 2 21 COctober 2005 present in a trace
anount in gases and liquids. For exanple, hitherto, ion exchange resins
The object of the present invention is to
provide an adsorptive body usable for adsorption,
concentration, separation and removal of impurities or
5 the like contained in liquids or gases in the treatment
of liquids such as water, various agueous solutions or
organic solvents or in the treatment of gas mixtures.
Particularly, the object of the present
invention is to provide a porous adsorptive body usable
10 in a process wherein adsorption and removal of fine
particles, colloidal substances or metal ions to an

extremely low concentration are necessary in order to

prepare ultrapure water.

Background Art

15 Recently, for the purpose of reducing
influences on the environment, the conversion of
industrial processes to those in which various waste
products are reduced as much as possible has been
started, and interest in the removal of impurities has

20 been growing. Aas a result, there is an increasing need
for the development of a medium capable of adsorbing,

concentrating, separating and removing the materials



have been mainly used for the renoval of ions in the water in water
treatnent processes. Conventional ion 5 exchange resins generally have a
particle dianmeter ranging from 300-1200 gm Wen such a resin is packed

into a resin colum and water to be treated is passed through the resin,
the probability of contact of ions in the water to be t2daDeldber 260D he

surface of theddd@sii,i e.of | arge gaps .anong the resin
particles (ma?%r flom/paii)fg$%%r§§§§§? 53r9?5&|af&§Pﬁﬁﬁﬁl %-ect to renpve
ions fromwater with | owdon cent i such _as ultrapure water, is
conspi cuously | ow. Furthernore, ngf hégf’iﬂgpaobf 108 K& T89S FEHY wat er
such as in theéasemeendued a1y i nellst FL£s r .G i ri.ti es .(detected as
TOC in the case of uItrapur@iwater) ?nc%?%o?gﬂgga%rgﬁiﬁopﬁel&eghﬁ during

pol yneri zati owatkert ey iWweit exchangandesi H-&Lat _over n ri.od of time
and thus inpurities are 20 brought intJﬂ¥hegt§§3ted%ﬁgggbgl%ngnﬁfglto use

a si nt er ed Shogycasngenedisims f@inadsOr Pt e - d ion are

di sclosed in JP-A-51-23492, jfiﬁv7-26@458?3e%c§9§%¥2?§1§§§§%%g%iscloses a
techni que in ®ANEGANg25ram SALOUPT , 1 suchi@eSidiaR JeheHin &l YN HAke S
mxed wth a resin powder, such as a polyolefin resin, to prepare a
slurry and thtBt8larrgsis spleat amd wippordo wadcheated 19 ghtakR a
sintered body. However, since 3 21 Cctober 2005 the inorganic adsorbent,
such as siIicBhﬁ%?gBrtéﬁuﬁ?ﬁéPr thel prodtaldd iadhes £dcdot £2acho ot hensat t he

contactin .
9 in the water to be treated with the surface of the

10 resin is small because of large gaps among the resin
particles (water flow path). Therefore, particularly
the effect to remove ions from water with low ion
concentration, such as ultrapure water, is
conspicuously low. Furthermore, in the field of using

15 ultrapure water, such as in the semiconductor
industries, organic impurities (detected as TOC in the
case of ultrapure water) incorpqrated within the resin
during polymerization of the ion exchange resin elutes
over a long period of time and thus impurities are

20 brought into the treated water.

Attempts to use a sintered body as a medium
for adsorption, removal and separation are disclosed in
JP-A-51-23492, JP~A-7-204429, etc.

JP-A-51-23492 discloses a technique in which

25 an adsorbent, such as silica-gel or alumina, is mixed
with a resin powder, such as a polyoclefin resin, to
prepare a slurry and this slurry is spread on a support

and heated to obtain a sintered body. However, since




portions, and, further, the adhesive force wth thernoplastic resin
powders was | ow, the adsorptive 5 particles exfoliated fromthe sintered
body. The sintered body thus could never be practically used.

JP- A-51-23492 and JP- A-7-204429 di sclose_a technique in which an ion

exchange resin is mixed with thernoplas®ic resin particRéQectobesPdd%r ed,
since an ion

xchange resi n s RO TTHE AEPEREPE prubheRPof  incodsih 11 hLgtina,

exchange resin 1I's use
of the resjn has not

inmpurities causgth Py & uid o and the like out
yet been sol ved. JP—A—5¥%%d§%§%r%§§%8533cé RE ﬁGda%ftWESQQHQ%ﬁE&W$g a
sintered poroys RO LO § Si ol efibp resin w th a _suylfonating
agent, such as fumng su<%hr?%rg%Fgf ggén%§§e§ﬁgesFﬁF§%é§ g?ous body
hydrophi lic. HewawRihlaHthice 14 SiHLe resknyper IS, sul fanat ed, the
exchange capacity e smal . 20'hesgdeésgaﬁ?%galggbdégfigﬁsﬁéfﬁ&gq ncl udi ng
sul fonati o wiathicles examltcddnAg.suhd utigeactd grghot rggncentrated
sulfuric acid, there is the problemof reverse contam nation due to the
elution of theinitemed bices, thies ééxelcprr@&@fn@é'ébgc{@&egﬁgi Qaepf, by 25
products produced in |arge anount by oxidation, ~ dehydration, etc, has not
been solved as in the cd®eref51-E34Hp athd Qrp-exchapgeapesknschBsaddi tion
there is a problemthat fine particulate materials exfoliate from4 21

Cct ober 2005 £Aehpégha fhawhiah: becanm faagideydyresde [eamtkeASwith
thermoplastic resin particles and sintered, and the

10 sintered mixture is used as a medium. However, since
an ion exchange resin is used, the intrinsic problem of
incorporation of impurities caused by elution of TOC
and the like out of the resin has not yet been solved.

JPfA—57—109837 proposes a method of

15 sulfonating a sintered porous body comprising a
polyoclefin resin with a sulfonating agent, such as
fuming sulfuric acid, to make the sintered porous body
hydrephilic. However, since the sintered resin per se
is sulfonated, the exchange capacity is small.

20 Besides, with a production method including sulfonation
with, for example, fuming sulfuric acid or hot
concentrated sulfuric acid, there is the problem of
reverse contamination due to the elution of the
impurities, i.e. the problem of the production of by-

25 products produced in large amount by oxidation,
dehydration, etc, has not been solved as in the case of
using an ion exchange resin. In addition, there is a

problem that fine particulate materials exfoliate from




such as oxi dation and dehydration, and are brought into the treated water.
Therefore, in the field of water treatnent, 5 the ultrapure water
production systemusing an ion adsorptive nmenbrane has been studi ed and

devel oped as a new deionization technique for nmeeting a need for
producing ultrapure water which is less #n elution of TOC @ctdbeaB0®S gh

purity (JP-A- 10 4157 npared with ion exchange
resins, the |§n%9%§%%?ﬁpﬁVéP&§%% %ﬁ%gmﬁagéaaAiﬁng¥g§§d§fQﬁﬁﬁ¥HQQ?r renovi ng
e formaof a flat

ffi I T b t
P11 oney st elian ol ok B0 B21:Dep, U3EY LR Re LD a1

of 15 baIance&Hg1gya§yég|¢g£%#wmt|on wat er perneablllty and mechani ca
strength, the ranges of pore aneter and nenbrane thickness to be

- enpl oyed are restrlctedTﬂé}efyfgn i {ggrfféfdt$ﬁ6§$£fgc%Feg %ng go o
! I

menbrane, for exanple, when the ne rane 1s 1n orm o

it had to be takdedtirapbara Wdﬁﬁfﬁ?ﬁdﬂﬁﬁﬂfbﬁ- gétdni d nﬁegﬂiﬁgﬁn It isin

the formof hollow fibers, it had to be bun ed and 0 a nodul e.

Al t hough adsoapsovptbmdlm&mm&adg|Hgg|ﬂé@ﬂeggugfghtghdh@ggenbggdagﬁogpt|on
performance, since they are used 25 for treating water or gas ey are

not practical neuntesentheyiane thicihidquarelef meEADI4iL¥eangdogas
perneability. In this respect a nenbrane with large thickness and | arge
pore di anet erPF8dpréner nétirapuiries wak exl wErifabers 2005 howevetiodi Ficult to

produce such a resin by the above
TOC and has high purlty (JP-A~5-209071 and JP-A-7-

10 41574). BAs compared with ion exchange resins, the ion
adsorptive membranes have advantages of high ion
removing efficiency and less elution of TOC, and can be
used in the form of a flat film, a fiber, a hollow
fiber, or the like. However, from the viewpoints of

15 balances in separation function, water permeability and
mechanical strength, the ranges of pore diameter and
membrane thickness to be employed are restricted. In
order to increase the surface area of a membrane, for
example, when the membrane is in the form of a flat

20 film, it had to be folded into a pleated form in a
cartridge, and when it is'in the form of hecllow fibers,
it had to be bundled and formed into a module.

Although adsorptive bodies are primarily required to
have high adsorption performance, since they are used

25 for treating water or gases, they are not practical
unless they are high in water permeability and gas
permeability. 1In this respect a membrane with large

thickness and large pore diameter is preferred. It is,



techni que of producing ion adsorptive nmenbranes. The present invention
provi des an adsorptive structure that hardly generates inpurities, such as
5 TOC, does not contam nate the treated liquid or gas, and is capable of

removing even inpurities present at extrenely |ow concentrations.
Di scl osure of Invention According to the present inventi @ Octobrag0030 been

found that an mosetvet|veibedyui ¢b L3olesSs i l.uti.qn of i i L can
be obtained by using resin particlegéfb whig#ﬁﬁ;%nﬁégkﬂ)%%zﬁﬁ% %%g?%g

adsor babi | i ty aeehbbadedot hp pughcgnal &oaola)a@%&pcth%ien%em&%gl@i. a result of
i ntensi ve research conducted on the 15 porous sintered body having said

adsorbabi lity, a materiathahpedssati shivesntabh efchhadd ARerdd L of i di gh
adsorbability, high water perneability and gas perneability and | ow

el ution of inpuritdesrdashoreenardigcovneedtehumpurie iRSSeicH Nenti on has
been 20 accomplished. That is, the present inventionis as follows. (1) A
porous si nter &Pbodipad ndterowptasingteeshs tpaetieal @3 quARPIHLSIQG:,
functional groups having adsorbability bonded through a graft polynmer
chain at 25 ¢ & feRrablQ)oA sémeeieg dudy ampordtngst preBentwhar ein t he
pores are gaps forned by wel ding of the thernoplastic 6 21 Cctober 2005
resin particl EXLIFNSHA & Qh sRnrenjer poiensi anet er of |

Disclosure of Invention
According to the present invention, it has
10 been found that an adsorptive body which is less in
elution of impurities can be obtained by using resin
particles to which functional groups having
adsorbability are bonded tﬁrough graft polymer chains,
and as a result of intensive research c§nducted on the
15 porous sintered body having said adsorbability, a
material which satisfies all of the properties of high
adsorbability, high water permeability and gas
permeability and low elution of impurities has been
discovered. Thus, the present invention has been
20 accomplished.
That is, the present invention is as follows.
(1) A porous sintered body of thermoplastic resin
particles comprising functional groups having
adsorbability bonded through a graft polymer chain at
25 the surface.
(2) A sintered body according to (1), wherein the

pores are gaps formed by welding of the thermoplastic




umor nore and |less than 100 gm (3) A sintered body according to (1),
wherein the sintered body has a porosity of 20% or nore and less 5 than
60% (4) A sintered body according to (1), wherein the concentration of
the functional groups having adsorbability in the sintered body is 0.3
mmol /g or nore and |ess than 10 mol /g. 10 (5) A si nt er @4 Gelepen2edd di ng

Lo (1), uherelsbddie pdunelionai or ups UAYLOGA000AN Lo a8 | 0Fa) | zed

at the surface of the thernpbplastic resi'n parti s~ To

sintered body.uﬁﬁbrAﬁaﬂgegﬁgi#ggg/Eggﬁufgggygg (1), wherein the 15

thernopl astic resin is a polyolefinresin. (7) ‘A sintered body according to

(1), wherein tfm functionalngkpunssbayl BocadaerBakil ity ansd.on gxchange
groups. (8) A porous sintered body, cohprising a“m xXture 0
t her mopl ast i ¢ stiesierqmriddy) asaangd p&sH81 AT bEChes, ort BS feSidy PAsdd cl es
conprising functional groups having adsorbability bonded through graft

pol ymer ch& nshatn ad%e surface. (9) A sintered body according to (8),
wherein the 25 pores are gaps formed by wel ding of the particles
constituting tide sinter&d siodyexndl hode atcaveiagetpore) ,dii@tesm ofhd g m
or nore and | ess than 100 jum (10) A sintered body according to (8),
wher ei n the 7c2icentaldri20QE it uredt bodyl hgsoappohasiihy of 20% or nore

and | ess o ,
adsorbability in the sintered body is 0.3 mmol/g or

more and less than 10 mmol/g.

10 (5) A sintered body according to (1}, wherein the
functional groups having adsorbability are localized at
the surface of the thermoplastic resin particles
constituting the sintered body.

(6) A sintered body according to (1), wherein the

15 thermoplastic resin is a polyolefin resin.

(7) A sintered body according to (1), wherein the
functional groups having adsorbability are ion exchange
groups.

(8} A porous sintered body, comprising a mixture

20 of thermoplastic resin particles and resin particles,
the resin particles comprising functional groups having
adsorbability bonded through graft polymer chains at
the surface.

(2) A sintered body according to (8), wherein the

25 pores are gaps formed by welding of the particles
constituting the sintered body and have an average pore
diameter of 1 um or more and less‘than 100 um.

(10) A sintered body according to (8), wherein the



than 60% (11) A sintered body according to (8), wherein the thernoplastic
resin conprises a polyolefin. 5 (12) A sintered body according to (8),
wherein the concentration of the functional groups having adsorbability
in the sintered body is 0.3 mmol/g or nore and less than 10 mmol/g. (13) A
sintered body according to (8), wherein the 10 proporti @i @etobre20e8i n
particles conpti sj unct.i opal. _groups .havi sorbabilit onded t hrough
graft pol ymaré%ﬁtoug%%&i %ggﬁeg\%ﬁolaepﬁrprﬂsé'r d O%d?@d%i L1 8Ly X‘?\gl 48FSor nore
and | ess than 0% bysyei ght. (14) A sintered body according to (8), wherein
the 15 functiona% groups having adsorbability are localized at the
surface of theiyesin parfi 5 i_ntered body agcgording to (

wherein the rgsiﬁ particlggﬁggﬁ%ﬁiéfﬁgsﬁgﬁ%?F%ﬁ§1qﬁ%o s Hgygﬂ%ln §%é

adsor babi | ity hendesh 14k oUgN: 5 2h! cBALYTRECHALDS 2l AQ L he surface, are
pol yol efin resin particles conprising unct i onal “groups 'havi ng

adsorbabi lizy gonded throughn graht HBALYHRECRAES +3f (dhe %H{Jj?%fn\(.}]r@ A

sintered body according to (8), wherein the functional 'groups havi ng

adsor babi | i t y canrecdrmn-exchange RS ﬂﬁﬁ@ﬁ§onél7br6ub%5ih%vﬁ§{$i cle,
conprising functional groups having adsorbabil'ity bonded t'hrough graft

m ymer chai neads®2eiitiaheri?00be Aineskr8dPBEHYCES B8CBORMANG d Gk 17),
ereln

more and less than 10 mmol/g.
(13) A sintered body according to (8), wherein the
10 proportion of the resin particles comprising functional
groups having adsorbability bonded through graft
polymer chains in the whole sintered body is 10% by
weight or more and less than 70% by Qeight.
{14) A sintered body according to (B8), wherein the
15 functional groups having adsorbability are localized at
the surface of the resin particles.
(15) A sintered body according to {8), wherein the
resin particles comprising functional groups having
adsorbability bonded through graft polymer chains at
20 the surface, are polyolefin resin particles comprising
functional groups having adsorbability bonded through
graft polymer chains at the surface.
(16} A sintered body according to (8), wherein the
functional groups having adsorbability are ion exchange
25 groups.
(17) A resin particle, comprising functional
groups having adsorbability bonded through graft

polymer chains.




t he functional groups having adsorbability are localized at the surface of
the resin particles. (19) Aresin particle according to (17), wherein 5
the resin particle conprise a polyolefin. (20) A resin particle according
to (17), wherein the concentration of tpe functional groups having
adsorbability is 0.3 nmol/g or nore and Fess than 10 mmail/Qctober 20G% A

resin parti ol eagpor dingst oot 1) oo WheEeln 1 L eteonal o Qs iyt nd

adsorbability are ion exchange groups. ( parti'dl e according to

(17), wherein tHder st fopaf td a . par tis [ 300 umor 15
| ess. (23) A nethod for prodd%fﬁgpg §?ﬁ%g§eghggg§gk§g§% igﬁ%b: sintering a

particle nixturesa0fiderapptstderr588i Brpapki ¢b@inhauRg Aarticle
di aneter of 300 umor 20 less and crosslinked resin particles which have a

particle di amgtler) of 300 ure9in | wsst 28Ut 9cwBaRngl ¥ACti19Nal HBUPS, havi ng
adsorbability can be bonded, to prepare a porous resin matrix, and bondi ng
functi onal Sgr abes desdirngpa2h cldsordmbi 1 s&yat pollhe1e€shn matrix. (24) A
nmet hod according to (23), wherein the mxing ratio of the crosslinked
resin particl dg€0tlo whi ¢h famiot impmnat i gt@upschading adsgnobabi kinieyegan be 9
21 Cctober 2005
the concentration of the functional groups having
adsorbability is 0.3 mmol/g or more and less than 10
mmol/qg.
10 (21) A resin particle according to (17), wherein
the functional groups having adsorbability are ion
exchange groups.
(22) A resin particle according to (17), wherein
the resin particle has a particle diameter of 300 um or
i5 1less.
(23) A method for producing a sintered bedy
comprising:
sintering a particle mixture of thermoplastic
resin particles having a particle diameter of 300 ugm or
20 less and crosslinked resin particles which have a
particle diameter of 300 um orrless and te which
functional groups having adsorbability can be bonded,
to prepare a porous resin matrix, and
bonding functional groups having
25 adsorbability to the resin matrix.
{24) A method according to (23), wherein the

mixing ratio of the crosslinked resin particles to

which functional groups having adsorbability can be



bonded is 10% by weight or nore and | ess than 70% by weight, with respect
to the total weight of the mxture. (25) A nethod according to (23),
wherein the 5 thernoplastic resin particles conprise-a polyolefin. 10 (26)

rosslinked resin particles

A nmet hod according to (23), wherein the
conprise a plyolefin a crosslinked IayeP formed by a gr &t Octeber20A5 (27)

A et hod accorshm@ed 0 £23)s el h r I.nked .resi rticles are
pol yol efin resin part%c?gg gg &%ﬁ?ﬁka%g}égg%i%ﬁggjﬁg?éﬁn§§¥1§%eﬁy (28) A
met hod accor diwgi dior ( 23) thWhesgkR+t netj.qnal . gr |.ng
adsorbability ar egi o'§1 exchangeﬁgrgugg tHléSQ%)%%)ri Ke%éﬁtgg)é]?rﬂ%roduci ng a
sintered bodymi26weprising: sintering a particle m xture of
thernoplastic resin particles having a particle diameter of 300 u mor

l ess and resin2fdrticl esh whechobaxecarpanli ebe (333Net@le rbfn umor less
and to which functional groups having adsorbability are bonded through

graft pol yreer téieaimeplagt30) Zesin hpdracevedi 80mpbei629%, pM&igidF he m xi ng
ratio of the resin particles to which functional groups having
adsorbabi | i ty (@f¢é bonded tethemh gradtd26gpobyes) chahageiis 0% by wei ght
or nore and | ess than 70% by weight, with respect to the total weight of

t he

crosslinked resin particles are resin particles having
a crosslinked layer formed by a graft reaction.
(27) A method according to (23), wherein the
10 crosslinked resin particles are polyolefin resin
particles on which a crosslinked layer is formed.
{28) A method according to (23), wherein the
functional groups having adsorbability are ion exchange
groups.
15 (29 A method for producing a sintered body,
comprising:
sintering a particle mixture of thermoplastic
resin particles having a particle diameter of 300 um or
less and resin particles which have a particle diameter
20 of 300 um or less and to which functional groups having
adsorbability are bonded through graft polymer chains.
{30) A method according to (29), wherein the
mixing ratio of the resin particles to which functional
groups having adsorbability are bonded through graft
25 polymer chains is 10% by weight or more and less than
70% by weight, with respect to the total weight of the
mixture.

({31) A method according to (29), wherein the




m xture. (31) A nethod according to (29), wherein the 10 21 Cctober 2005
thernopl astic resin particles conprise a polyolefin. (32) A nethod
according to (29), wherein the resin particles to which the functional
groups having adsorbability are bonded #@rough graft polyner chains 5 are
pol yolefin resin particles to which the nctional groupsl Gatabeg 2005

d babi it g I t hod
Zcigid?né Loy(gﬁﬁ&ﬁﬁggfgfﬁegEggngﬁg%ﬁéﬁgg éggh %nhaV|né&§§% ﬁ%ge?1?ty are
localized at {fpfthe surfage:Rbgt Q@cegaaﬂgp%rt'@ﬁs r%un?t widod 55,

according to (29), further conprising nverti I onal™ groups

having adsorhedrtdidles or@ wetah spbt rhakergnpkhe g%f Héﬁr %5 (35) A
met hod according to (29), wherein the functlonal ups havi

adsor babi | i t y afsoritebeXehangee gbon@sd th36):ighA fﬂd gAymy xo@ffaﬂﬂs a
sintered body, to the surface of which functlonal gr oups haV|ng 20

adsor babi | iy aaree dedndels £ oonpes sh ngart 0eDEBgte ehass itMeed drdtalion t he
surface of the sintered body of thernoplastic resin particles, and
reacting the fanetHisoralvigrpupdsadivaini have adsobbalbieki tyrandhareagapabl e of
reacting with the 25 crosslinked layer. (37) A nmethod according to (36),
wherein the Polymer chains.

(33) A method according to (2%9), wherein the
functional groups having adsorbability are localized at

10 the surface of the resin particles.

(34} A method according to (29), further
comprising:

converting the functional groups having
adsorbability to a metal salt before the sintering.

15 (35) A method according to (29), wherein the
functional groups having adsorbability are ion exchange
groups.

(36) A method for producing a sintered body, to
the surface of which functional groups having

20 adsorbability are bonded, comprising:

forming a crosslinked layer on the surface of
the sintered body of thermoplastic resin particles, and

reacting the functional groups which have
adsorbability and are capable of reacting with the

25 crosslinked layer.

(37) A method according to (36), wherein the
thermoplastic resin particles constituting the sintered

body of the thermoplastic resin particles have a



thernoplastic resin particles constituting the sintered body of the
thernopl astic resin particles have a 11 particle dianeter of 300 nmm or
| ess. 21 Cctober 2005 (38) A nethod according to (36), wherein the

thermoplastic resin particles conprise gqpolyolefin. (39) A nethod
according to (36), wherein the 5 crosslinked layer is foPidctaher20Q%i ating

the sintered daady ddfe tdiesrides PoPFasticC e Ragdicles with radiation and
contacting the sintered body with a reactive nononmer under stirring in a

sol vent which (@8gs not sweddhddieadheraDmd assi ¢3685i fneaklinches, and the 10
functional groups which have adsorbability and are capable of reacting
with the crosshemkegllaayerc aresin geetelcids tdempl g¥bdaphaseo164d) A net hod
according to (36), wherein the functional groups having adsorbability are
i on exchange (38)groupsA (bhodl retdmedfng 5 og3€j NgwBekeshNtparticle to
the surface of which functional groups having adsorbability are bonded,
conprisi ng® f6FAFA§IAkedodslvienkdd | fymredroyt hier saif atengf tha0sthe eresi
particle, and reacting the crosslinked layer with functional groups which
have adsorbabPP?Yyoﬁnghéréhe@m&ﬂﬂaﬁﬁﬁcrn&aﬁﬁrgpmﬁihlehewttbsslinked | ayer.
(42) A method_agcording to (41), wherein the resin 25 particles have a
particle di anEf8+2btOB0BNY FPHLacddsg the sintered body with a

reactive monomer under stirring in a solvent which does
not swell the thermoplastic resin particles, and the
10 functional groups which have adsorbability and are
capable of reacting with the crosslinked layer are
reacted in the liquid phase.
(40} A method according to (36), wherein the
functional groups having adsorbability are ion exchange
15 groups. |
{(41) A method for producing a resin particle to
the surface of which functional groups having
adsorbability are bonded, comprising:
forming a crosslinked layer on the surface of
20 the resin particle, and
reacting the crosslinked layer with
functional groups which have adsorbability and are
capable of reacting with the crosslinked layer.
(42) A method according to (41), wherein the resin
25 particles have a particle diameter of 300 um or less.
(43) A method according to (41), wherein the resin
particles comprise a polyolefin.

(44) A method according to (41), wherein the




(43) A nethod according to (41), wherein the resin particles conprise a
pol yolefin. (44) A nethod according to (41), wherein the 12 21 Cctober 2005
crosslinked layer is formed by irradiating the resin particle with

radi ati on and contacting the resin partjgcle with a reactive nononer under
stirring in a solvent which does not sﬁk | the resin paidiQttebeadd% t he

functional graoupssyhigh-hayg sorbahil ity e, . capable of reacting
with the crossliﬁied Ia@er, g?g Q%eggkgghiEg?ﬁé%%FHﬁﬁgjﬁﬁaﬁ%? f%%}nA met hod

according to (dusaherel ent beas Lunchi anal InAURahayig. arsprpabl 1ty are
W

i on exchange 10 groups. Brief Description o Shows fl ow

charts of produntiionofuifie a adsgept ¥enshiheredRrdy sacfi%%ﬂ{g{i‘giﬁoathe

present invention. 15 FIG 2 is a diagrammatic view of a cartridge type
filter using the vadsoryiione ot et BREY1 apeok@isAe to A Y eseng
i nvention. Best Mdde for Carrying Qut the Invention In the present
i nventi on, Sadsdeptiiuret2lbfaincdonss @hO8RShake bEEbeAeAd it Gy Sifd er ed
body per se and, hence, the adsorptive groups are present on the surface
of the sinteré&drigsde ctheresfariong ani tladsbe ptryeshodyeexqealjeant 4
adsorbability and with a small elution of inpurities is obtained.
reacted in the liquid phase.
(45) A method according to (41), wherein the
functional groups having adsorbability are ion exchange

10 groups.

Brief Description of Drawings
FIG. 1 shows flow charts of production of the
adsorptive sintered body according to the present
invention.
15 FIG. 2 is a diagrammatic view of a cartridge
type filter using the adsorptive sintered bedy

according to the present invention.

Best Mode for Carrying Out the Invention
In the present invention, adsorptive

20 functional groups are introduced into a sintered body
per se and, hence, the adsorptive groups are present on
the surface of the sintered body. Therefore, an
adsorptive body excellent in adsorbability and with a
small elution of impurities is obtained.

25 In the sintered body of the present

invention, the pore diameter of the sintered body is



25 In the sintered body of the present invention, the pore dianeter of the
sintered body is 13 21 Cctober 2005 controlled by the particle dianeters
of a thernmoplastic resin and resin particles, into which adsorptive
functional groups are introduced, to be sintered, and the thickness of the
sintered body is controlled by the 5 ga% within a netal 2toDdtobetr @0@bi ch

the particles asepacked pinene! eecia,o ateraddady pig hdargeopace; o

di anet er can be easi even when a of "adsorpirve groups

are introduced { ne r e ‘ nd .t ity of the
rediNea QT £Ss 2R FQQ 1c§%%g?qg%?hQ¥Hgﬂg&§nﬁ> PRLly

sintered body can 10 be mai ntalned. Thu orption capacity and

the water and gascPLSARRL§LPHUBEDHRES 162G 4356k sie PESSeRhd
invention will be explained in nore detail below. <Thernoplastic resin

particles> 15 dixe tHeskmPsassECtheSkAnPakbliCkRsy Nd Rni¥esead hpventi on
(hereinafter referred to as "thernoplastic resin particles”) include
particul ates npdervidisiofa viheayh 1 chbogi datbeshish ReleUda¥e 101 &y i Aiyé

chl oride, polyvinylidene chloride, etc.; polyolefin 20 resins, such as

pol yet hyl ene gratipad ypripytefiere, pal geateretiebody, wiidh lasrgwlyetdyl ene
terephthal ate; so-called engineering plastics, such as pol ystyrene,

pol yam de, poldisgettay gl yioar basal g, mpdHgdul Bade gvepolwetrher rsumfene,

pol yphenyl ene sul fide, polynethyl 25 methacryl ate, polyether ether ketone,
etc.; and fl @ celrpmtiesigsogpehans potyednykddedént goricte arel not

clegged and thus the porosity of the sintered body can

10 be maintained. Thus, both the adsorption capacity and

the water and gas permeation amounts can be increased.
The present invention will be explained in

more detail below.

<Thermoplastic resin particles>

The thermoplastic resin particles in the
present invention (hereinafter referred to as
"thermoplastic resin particles”) include particulate
materials of vinyl chloride resins including polyvinyl
chloride, polyvinylidene chloride, etc.; polyolefin
resins, such as polyethylene and polypropylene;
polyester resins, such as polyethylene terephthalate;
so-called engineering plastics, such as polystyrene,
polyamide, polyacetal, polycarbonate, pelysulfone,
polyether sulfone, polyphenylene sulfide, polymethyl
methacrylate, polyether ether ketone, etc.; and
fluorccarbon resins such as polyvinylidene fluoride and

ethylene-tetraflucroethylene copolymer.




et hyl ene-tetrafl uoroethyl ene copol yner. 14 21 Cctober 2005 In the present
invention, in the sinter nolding step, the thernoplastic resin particles
are heated to about the nelting point and nolten, and the particles are
wel ded together with resin particles to_5 which functional groups having

adsorbability are bonded through graftlﬁolyner chai ns (B¢ uitobért 2005
' ntact points of the

f dt "ad t i ticl "Y.at th
Lgr?{gﬁes ?o ?irn?asg[Pd%vﬁ?ggiép%£§$%;£?§§H%6§9’ ﬁgv%ﬁﬁ 5dr&€composed of
th LiCl 1 i i i t L, t | t
O oy a0 i CRoREHC e L A A1 a el 8 LIROL Bk 2 e P heat

resi stance of htheehuret iz0RA: +H o] i i n_particles.
Especially, at aehigh Fénpé}atJfgﬂ%¥9%§%95%$g§i%ﬁ%r%g%%§ﬁ15a ﬁ%é?F%na

groups are Vi pareushysheat @@%HaaﬁﬁégéﬁﬁhrrWi@ﬁ ELsig EE?E?F&%&Oégbrse a

resin, the particles of which are ded at a tenperature o
| ower. Furbhewhmbeh, fuhcthenam! igrfdups aharaed efdsbinssi Pic i herbhehmprlastic

resin are great, it undergoes flow 20 deformation at the step of sinter

nol di ng to catiseopgbbhesttspel yvag 1t ke IRg0iHrHfndOr&€s aBL=theqCOYer i NY

of the surface to which functional groups are bonded. Therefore,

t her nopl ast i ca% e¥a@dsonpiihehaedliy flaowiarles 'nr eferaies. costdoct peinndex of
the fluidity of the 25 nolten thernoplastic resin, for exanple, by M (nelt
i ndex) val ue Peast® elarhiatesr tanderwi eh SASTIMI23& T ia sisterefiebabdyy 0.5

g/10 mn or less, and nore preferably
having pores composed of gaps among the particles.

10 Therefore, it is important to select a
thermoplastic resin héving a proper melting point,
depending on the heat resistance of the functional
groups of the adsorptive resin particles. Especially,
at a high temperature of 180°C or higher, the

15 functional groups are vigorously heat decomposed and
hence it is preferred to use a resin, the particles of
which are welded at a temperature of 180°C or lower.

Furthermore, if the melt-flow characteristics
of the thermoplastic resin are great, it undergoes flow

20 deformation at the step of sinter molding to cause
problems such as the clogging of pores and the covering
0f the surface to which functional groups are bonded.
Therefore, thermoplastic resins which hardly flow are
preferred. As to the index of the fluidity of the

25 molten thermoplastic resin, for example, by MI (melt
index) value measured in accordance with ASTM D1238, it

is preferably 0.5 g/10 min or less, and more preferably

0.1 g/10 min or less. The thermoplastic resins may be



0.1 g/10 min or less. The thernoplastic resins may be 15 21 COct ober 2005
t hose which hardly flow to such an extent that the M val ue cannot be

measured. O the thernoplastic resins, polyolefin resins such as
pol yet hyl ene and pol ypropyl ene, and 5 Raql yvinylidene fluoride which is
relatively low in nelting point anong fluorocarbon resingl&raohperc?®a ed

because t hey mé&@%ﬁ%iﬁ/&dﬁ%cfi&?%o;%ggﬂe . C%theé%\?vigflt X ngcg‘geg;}&i on. As

processability, and |ow in water vapor orpfion an

the pol yol ef i walQe esintot MR BYgbe made of pol yet hyl ene,
pol ypr opyl ene, ethyl ene-propyl ene copol yner, ethyl ene- butene-1 copol yner,

et hyl ene- hexene- 1 copol yiferthe @HMWIQ@@E@”P'éiﬁgpogéﬁir?%’lefin

et hyl ene-octene-1 copol yner, ethylene-4-nethy?penten -1°copolymer, 15
ethylene-vinyteadesasecmopalpmmyeﬁﬁym@ﬁﬁmgn&r@%h}@@gy&hgn@cign@ppolyner

et hyl ene- (neth)acryl ate copol yner, etc. Anong them polyethylene is
suitabl e Por PPh#viezdsnsnehdtl uparitdes lvasi d10 he séniefvapdedycap be easily
obtained, the sinter nolding is easily 20 carried out, and it is superior
in chenical r@sisiaaceoinkr emonige Mivempmiarbai fdshimh tyrat ptbEegtep Of
sinter nnlding, hi gh- nol ecul ar wei ght pol yet hyl enes of 100,000 or nore in
wei ght - aver age€ At et uFReYwarght ngxpensisfess resctdiebmusein heh&huedity is | ow
and pores can_be, 25 easily fornmed by form ng gaps anong the particles.

More pref err el 3t -3 ER a2 R gRT ABPESEPRALItel giaind dalw eitrhywanes vapaxr000, 000

or nnreir1vwgght-average _
sorption~and water absorption. As the polyclefin

10 resins, mention may be made of polyethylene,
polypropylene, ethylene-propylene copolymer, ethylene-
butene-1 copolymer, ethylene-hexene-1 copolymer,
ethylene~pentene-1 copolymer, ethylene-octene-1
copolymer, ethylene-4-methylpentene-1 copolymer,

15 ethylene-vinyl acetate copolymer, ethylene-
(meth)acrylic acid copolymer, ethylene- (meth)acrylate
copolymer, etc. BAmong them, polyethylene is suitable
for the reasons that particles to be sinter molded can
be easily obtained, the sinter molding is easily

20 carried out, and it is superior in chemical resistance.
From the viewpoint of fluidity at the step of sinter
meliding, high-molecular weight polyethylenes of 100,000
Or more in weight—averége molecular weight are
preferred because the fluidity is low and pores can be

25 easily formed by forming gaps among the particles.
More preferred are ultra-high-molecular-weight
polyethylenes of 1,000,000 or more in welight~average

molecular weight.



nol ecular weight. 16 21 October 2005 The shape of the thernoplastic resin
particles used in the present invention is not particularly limted. The
particles may be in the form of true spheres or anorphous, and nmay

conprise primary 5 particles, secondaryqgarticles wherein a pluralitg of
primary particles are agglonerated and integrated, or s&ddpetapyr 8892 i cl es

whi ch are further pul veritzedhakhe @pfﬁﬁ@lghggﬁgEQQgtﬁg peefigrably 300 gm or
| ess, nore preferably 10 u mor nore but less than 100 10 gm The particle

diameter in tperriedest dsakend adhd Sorédenyei agenpabhi ¢kendicameter, and is
shown by an average value of mnor axis and major axis of 50 or nore resin
particl es meaparéd ciud aa liyagnintiitedi phattogrppht i 0f eshRayebenipakhiec!fesm | f
the particle diameter is 15 nore than 300 gm the size of the pores of the
resul ting sinPéré&gusodphwiries alrs@nwerprerge, and mag coémpgisacpramarsget i ng
of the materials to be adsorbed and the adsorptive functional groups wll
be | ower ed>t oP2¥E3GILESK n SeFeNdedye thaort iof l esisonptéom af plerahiyy 20
Conversely, if the particle diameter is less than 10 25 gm the size of
pores of the BFhPBFEdPBE&YCAiES| ab€ agepldmezatedoad bmdeguateds meability
wi || decrease I.,ch is not practical. <Crosslinked particles and

adsorptive re%?ﬁggﬁ?FVcP@§§ch§stW@iM§HQﬁ?lﬁﬂﬁﬁh@ﬁ RREVer52edti ve resin
particles of the preseny Lnyenti.on, there may be Used ably 300 zm or
less, more preferably 10 um or more but less than 100
10 pum. The particle diameter in the present invention is
an average particle diameter, and is shown by an
averadge value of minor axis and major axis of 50 or
more resin particles measured in a magnified photograph
of the resin particles. If the particle diameter is
15 more than 300 um, the size of the pores of the
resulting sintered body will also be large, and the
frequency of meeting of the materials to be adsorbed
and the adsorptive functional groups will be lowered to
result in the reduction of adsorption efficiency.
20 Conversely, if the particle diameter is less than 10
4m, the size of pores of the sintered body will be
small, and water and gas permeability will decrease,

which is not practical.

<Crosslinked particles and adsorptive resin particles>
25 As the resins used for the adsorptive resin
particles of the present invention, there may be used

natural resins, such as cellulosic resins, and, in




natural resins, such as cellulosic resins, and, in 17 21 Oct ober 2005
addition, thernosetting resins, such as phenolic resins, urea resins,
mel am ne resins, unsaturated polyester resins, allyl resins, and epoxy

resins; and thernoplastic resins, e.g.,;vinyl chloride resins, such 5 as
pol yvinyl chloride and pol yvinylidene chloride; polyol e2f Oatekemi}0such as

pol yet hyl ene atflipnlon, priemthene: t DOdyestehs! eslibs s4cBhascRalyet hyl ene
terephthal ate; so-called engineering plastics including polystyrene,
pol yam de, poRlgscetsal unea yossbonatms1difipel ysuk heneunpakyethey sul fone,
pol yphenyl ene sul fide, polynmethyl nmethacrylate, and pol yether ether

ketone; and PrRdvEstesi mesigunh alsl bl yes ivysj dene &pueyi desand; and
et hyl ene-tetrafl uoroet hyl ene copol yner. O these resins, polyolefin resins,
such as 15 pbh¢emrplesd iand qrdingr epyd enevimntl pblyviayl rdetes, f lsueH de
which is relatively lowin nelting point anong other fluorocarbon resins
are preferred®BePRu¥¥ PNy chdrg lideeqehgiady viexeckl dem¢ chlohédecal
resi stance have. | s%,eluted substances, are low in water vapor 20
absor pti on an@o&MPZ? 4BsERFENSn &YFhhase Hadse it kene edndi palytn addition

i ntroduced into the surface of the resin

functional gr s. can _be easi
gﬂggg?ﬁgﬁnﬁfepPZV§F¥@élﬁqQ%ﬁﬁ FUR tahPPavethvkenehere occurs

particles,
groups durin

Simter i ng. Ae TR oI GoT P no0r BETAEY RIS THdyS BRL ARG B LBl YEER ene,
polystyrene, polyamide, polyacetal, polycarbonate,

10 polysulfone, polyether sulfone, polyphenylene sulfide,
polymethyl methacrylate, and polyether ether ketone;
and fluororesins, such as polyvinylidene fluoride and
ethylene-tetrafluorcethylene copolymer.

Of these resins, polyolefin resins, such as

15 polyethylene and polypropylene, and polyvinylidene
fluoride which is relatively low in melting point among
other fluorocarbon resins are preferred because they
are inexpensive, excellent in chemical resistance have
less eluted substances, are low in water vapor

20 absorption and water absorption and have less water
elution. In addition, functional groups can be easily
introduced into the surface of the resin particles, and
they are relatively low in melting point and there
occurs less heat decomposition of the adsorptive

2> functional groups during sintering. As the polyolefin
resins, mention may be made of polyethylene,
polypropylene, ethylene-propylene copoclymer, ethylene-

butene-1 copolymer, ethylene-hexene-1 copolymer,



pol ypr opyl ene, ethyl ene-propyl ene copol yner, ethyl ene- butene-1 copol yner,
et hyl ene- hexene-1 copol yner, 18 21 Cct ober 2005 et hyl ene-pentene-1

copol ymer, ethyl ene-octene-1 copol yner, ethyl ene-4-nethyl pentene-1

copol yner, ethylene-vinyl acetate copohyner, ethylene- (neth)acrylic acid
copol yner, ethylene-(neth)acrylate 5 copol yner, etc. AnoAtQdiepgr 2005

pol yet hyl ene &shgiliehabbentiore-tiheoeasens: t hagh it ehs-gaskhy-avail able in
the form of particles, and it is superior in chemcal resistance and in

the retentioncopolgtical &tdyliems -gr-afdt Aparierati oBopylivheadi ati on which
is utilized for 10 introduction of the adsorptive functional groups. As
in the case ofthhéerbernopllasicietatesicopedniniet esethfléhe-melt flow of the
resin in use is large, the particles will undergo flow deformation at the
step of sintefM@phbeagyloccasid popblleme rsuctrasl dite+ hree tih daagy batehe
adsorptive_functional groups forned on the surface under the resin itself
and the cloggiPRPLOMCE heepbr esABPnghs heimt erodd dioty bsne Therstbrableesi ns
which hardly flow are preferred. For exanple, in terns of M value which is
an 20 indi caton Rf FeaFaneythakeitedicnepedfler aal kaksley M thel fernf 0.5

g/10 mn or |ess nd re preferably 0.1 g/10 mn or |ess. The resins may
be those whi c‘hfsr%ﬁ chg?owgflg stchSafuBRréRr tifatchefe aal 8 YeSeanadt be

d. Hi - ol I i I t hyl f 25 100, 000 i
Measure I%EAHJ§K% %ﬁr%ﬁ%ﬁﬂ%o ?8¥eraéiggig %ué%ng graft or morein

wei ght - aver age mol‘ect
polymerization by irradiation which is utilized for

10 introduction of the adsorptive functional groups.

As in the case of the thermoplastic resin
particles, if the melt flow of the resin in use is
large, the particles will undergo flow deformation at
the step of sinter molding to cause problems such as

15> the hiding of the adsorptive functional groups formed
on the surface under the resin itself and the clogging
of the pores of the sintered bodies. Therefore, resins
which hardly flow are preferred.

For example, in terms of MI value which is an

20 indication of fluidity, the resin preferably has a MI
value of 0.5 g/10 min or less, and more preferably 0.1
g/10 min or less. The resins may be those which hardly
flow to such an extent that the MI value cannot be
measured. High-molecular weight polyethylenes of

25 100,000 or more in weight-average molecular welight are
preferred because they are low in fluidity and cause
none of the above problems. Ultra-high-molecular-

weight polyethylenes of 1,000,000 or more in weight-



preferred because they are lowin fluidity and cause none of the above
probl enms. U tra-hi gh-nol ecul ar- wei ght pol yethyl enes of 1,000,000 or nore
in weight 19 21 Cctober 2005 average nol ecul ar wei ght are nore preferred.
The adsorptive resin particles of the prgsent invention are particul ate
materials conprising the above resin particles as a sub2t Cateber 2G5 whi ch

5 functional gwggggehgﬁﬁ@&u@ggndgggﬂgtgkégﬁ5§én§%%gérr% ferred to as
e nme

"adsorptive functional groups") are introduced. od for introducing

the adsorptive functiomale gro@&%ﬂiswdorféﬁ@b;&é/r@'@%Qogf""ehgh %%%_FA{E
uniformy introduce the groups onto the surface o% the resin particles.

For exanpl e, ansentabheamet pad iRt okt fO1 51 YoREPILY¢hRIchadicals in a
substrate, i.e. graft polynerizing a nonomer and a crosslinking agent
usi ng the radabavs assshaphirnd qleisntss =0 Sy watld, c1ess! whked | ayer, and
then i ntroduci ng adsorptive functional groups. Alternatively, a nethod of
directly @rafunpoigneli grngpa hawdmer auasdrigiadsiorpt (verefunetienal groups
to bond the adsorptive functional groups together with a cross-1inked

| ayer may be I888rred noneshyddsorpamivieo fiunye tprardiici qupupst fabseon t he
whol e surface, i ncludes a nethod wherein plasma is used, a nethod wherein
light is used-NErP@¢ESd- wherein radiation is used, and a method wherein
any of various radical_jinitiators is used. Especially, when it is 25

i ntended to assure unif OR%i F§thedefRet Aog refusisdudihg adsorptive

functional groups is preferably a method which can

10 uniformly introduce the groups onto the surface of the
resin particles. For example, a suitable method
comprises uniformly producing radicals in a substrate,
i.e. graft polymerizing a monomer and a crosslinking
agent using the radicals as starting points to form a

15 crosslinked layer, and then introducing adsorptive
functional groups. Alternatively, a method of directly
graft polymerizing a monomer having adsorptive
functional groups to bond the adsorptive functional
groups together with a cross-linked layer may be used.

20 A method for uniformly producing radicals on
the whole surface includes a method wherein plasma is
used, a method wherein light is used, a method wherein
radiation is used, and a method wherein any of wvarious
radical initiators is used. Especially, when it is

25 intended to assure uniformity, the method of producing
radicals by irradiation this is redundant is most
suitable.

Ionizing radiation used for radiation graft



radicals by irradiation this is redundant is nost suitable. |onizing

radi ation used for radiation graft 20 21 October 2005 Pol yneri zation
suitable for introducing a nunber of adsorptive functional groups includes
a, 3, ™ rays, electron rays, ultravi bet rays, etc., any of which can

be used. Anpbng these y rays are suitabl & for nore 5 unif2t foolppratits ng

radi cal s. An p@Q@Q@E&&bMﬁodﬂéﬂfHJﬁﬁkE?&Psfﬁﬁrggégi ighnﬁggggi%% a

sufficient anmount of radicals for graft polynerizatron an 0es~ not cause

unnecessary cedsskprkiveg faindiardrial Jeaaposid| LS 410-300 k referably
50- 100 kGy. 10 Radi ation grafting of the rggéilgg?%igVesgéaﬁ’G%gy%érried
out by a sinueianeoos kay&di@ﬂu@&ﬁﬂﬁﬂgﬁjrévgf*b@@ﬂpréﬁﬁsokr%HQSﬁtEBQ a

m xture of the resin particles and the nononer, and a pre-irradi ation

met hod whi chbeonpedsesApoey abslse iy adiyat brg the U8Sid 45 Rattd cl es and

then contacting the resin particles with the nononer. Since the production
of a single pytihernlyfprhdumingnerdisalless, Ahedqytohidadiation method is
preferred. The crosslinked | ayer forned by graft 20 Pol ynerization
i ncl udes, forPESEMpred expopoirgndoskayéd chf aamedyinid ha sdyf enei @nt
di vi nyl benzene as nononers, a_ polymer |layer formed wth glycidyl
net hacryl at e, 2o of yradirayer fot grpéitdyplo Lystehacrat iatre andl does
acrylonitrile, .a copolyner |ayer of glycidyl

riot” cause “unnecessary crosslinking or partial

decomposition is 10-300 kGy, preferably 50-100 kGy.

10 Radiation grafting of the resin particles can
be carried out by a simultaneous irradiation method
which comprises irradiating a mixture of the resin
particles and the monomer, and a pre-irradiation method
which comprises previously irradiating the resin

15 particles and then contacting the resin particles with
the monomer. Since the production of a single polymer
©f the monomer is less, the pre-irradiation method is
preferred.

The crosslinked layer formed by graft

20 polymerization includes, for example, a copolymer layer
formed with styrene and divinylbenzene as monomers, a
polymer layer formed with glycidyl methacrylate, a
copolymer layer of glycidyl methacrylate and
acrylonitrile, a copolymer layer of glycidyl

25 methacrylate and divinyibenzene, etc. Among them, the
copolymer of styrene and divinylbenzene is suitable

because the reaction can be readily controlled.

The proportion of the crosslinked layer



25 met hacryl ate and divi ny-1 benzene, etc. Anong them the copolyner of
styrene and divi nyl benzene is suitable because the reaction can be readily
controlled. The proportion of the crosslinked layer 21 21 COctober 2005

formed by graft polymerization is preferaply 50% by weight or nore but
| ess than 150% by weight with respect t© the wei ght of tdeOctaies 2986t cl es

as the substrasemedfpih f S, 4 t. 0% | it wll
edf by her BELPRELL AR iS A8 1[},@%%3@0%&‘5[?9%

be inpossible to introduce a |largé anount o incti onal

groups. If it ueigH509 yomei Bt 0ksEDRG h%o%ag;é) ﬁJe%gq{@rIH@d of the
0

crosslinked product will be too |arge, which ten I ncrease the pore

di aneter of theespetered bodywtoghe besuht irBshiespa4sURabild tyne The
proportion is nore preferably 60% by wei ght or nore but | ess than 120% by

vei ght. In thisuveyrats ossif nkied pacpbekesni Rk0 1whisCRha05UPLdye
functional groups can be introduced 15 (hereinafter referred to as
"crosslinked peidhdl,estt) wiake lobt apedsibheotdet nt@ odicfeoranaigy r oduce
adsorptive functional groups onto the surface of the resin particles, it
is preferred B EYy widthe redspapti®e pohyhiohaat hepupeact izgh iand 4 he
functional grqup introduction reaction in a solvent, nanely, in the
liqui d phase. 1P ket W&daght Poraeret othadpeetihde déameiter ofl ytHen the
vicinity of the surface of the resin particles, it is preferred to use a
sol vent  whi ch¢rosslinked product will be too large, which tends to

increase the pore diameter of the sintered body to

10 result in less adsorbability. The proportion is more

preferably 60% by weight or more but less than 120% by

weight.

In this way, crosslinked particles into which
adsorptive functional groups can be introduced

15 (hereinafter referred to as "crosslinked particles™)
are obtained.

In order to uniformly intrcduce adsorptive
functional groups onto the surface of the resin
particles, it is preferred to carry out the graft

20 polymerization reaction and the functional group
introduction reaction in a solvent, namely, in the
liquid phase. Furthermore, in order to induce the
reaction only in the vicinity of the surface of the
resin particles, it is preferred to use a solvent which

25 barely swells the resin in use. Specifically, solvents
which have a swelling degree of 10% or less for the

resin in use as a substrate are preferred, and, for

example, alcohols such as methanol, ethanol, and



25 barely swells the resin in use. Specifically, solvents which have a
swel ling degree of 10%or less for the resin in use as a substrate are
preferred, and, for" exanple, alcohols such as nethanol, ethanol, and 22 21
Cct ober 2005 isopropanol are preferred,,and, furthernore, dispersions
prepared by dispersing the nonomer in water may al so be 2iks©dtobri00ael | i ng

degree, as usetlsbpreplnoli Sra P&b&%r@@kﬂi%ﬂé}nfdyﬁﬂég dhe difference
between 5 [particle dianeter of resin particl'es inmersed in a solvent for

1 hour] and [paispeteidhanpiepagbdr 89 @i sRRMdIGHES e fohde | AELEERN]
by [particle dianeter of resin particles before the innersion%. Thus,
adsorptive partayl@ssonbahiusbdl0 2HsoBRklvYEe nfURRY Al L sy arerkogal i zed
on the surface of the particles are obtained, and there can be provided
adsor ptive mateyialvahesiogtaessdebyt ddvigahgetheurliifiee Ganes abeprepase ion
adsorptive resins. The term"surface" as used in the present 15 application
i ncl udes a urfeeialerdboneten of upsino parrumlies tiremedemid ih rection
fromthe surface of the particles. The degree of the |ocalization of the
adsorptive fu@iGit &ftoubsh@nrt henduipacticie20ienptessed mesim i ndi cat or
of distribution of the adsorptive functional groups which can be neasured
by the fol | ol ifetHodeimier thebbrme ngi ond, abisol peirtd olesidianmiret cl es

in aresin, t%% %%g¥ﬁ3£§}é§gl§g,éggggéoégggimmersion].
Thus, adsorptive particles in which
10 adsorptive functional gfoups are localized on the
surface of the particles are cbtained, and there can be
provided adsorptive materials having less eluted
matter, unlike general-purpose ion adsorptive resins.
The term "surface" as used in the present
15 application includes a surface layer portion of up to 5
#m in the depth direction from the surface of fhe
particles.
The degree of the localization of the
adsorptive functional groups on the surface is
20 expressed by an indicator of distribution of thé
adsorptive functional groups which can be measured by
rthe following method.
After embedding the adsorptive resin
particles in a resin, the sample is cut by a microtome
25 or the like to expose the section of the particle. The
sample having an exposed section is set in a scanning
electron microscope and is magnified to a suitable

magnification, and then the sample is subjected to a



25 or the like to expose the section of the particle. The sanple having an
exposed section is set in a scanning electron mcroscope and is nmagnified
to a suitable nmagnification, and then the sanple is subjected to a 23 21
Oct ober 2005 line analysis fromthe surface to the center of the article
for an el enent specific to the adsorpti@ functional grdifepban2eder gy

di spersi on tygqné-@@ély%ggiwégﬁn( suf?%885£5i§§ea5eﬁ?8 sg%f%%% portion
and 5 the center portion are read froma line profrlé o the* IHve

anal ysi's. - Thepaiiaaiet ¥ bl NEbiih @ Lpdes e PLOLL! enlSapLgpprlanal Lo the
I STTI DU

anount of the elenent in the sanple. e 1 ndicator of tion of the

adsorptive fufichicenahadr QR DX esSey PYy fsVét 8,40 Bt akned by
dividing [intensity of EDX Ifhebﬁrofile gg@ theycent%r E%g%igngg particle

(hei ght of peakplyhgr [(EmXensi thhednd=dd nec pridid@rflcd hgostEbacgortion
of particle (height of peak)]. That is, when the functional groups are
present unpbfothkycenoert pbertsosurdacerdad theogent Bine theo £ 0t ensict kgs of the
EDX line profile are equal and the value is nearly 1, and when the
functional grbipe analdessri blhed iintemdiargesbtaimamtaon t hensur f ace, the
intensity at the surface portion is higher and the value is smaller than
1. 20 The valk®Ccbilehesanseppritvenadr ticltwse afndure: f edentelamenti on i s

preferably smaller than 0.9, nore preferably smaller than 0.8. The el enent
specific to tHe atBPPei veThe indicator of distribution of the

adsorptive functional groups is expressed by a value

10 obtained by dividing [intensity of EDX line profile at
the center portion of particle (height of peak)] by
[intensity of EDX line profile at the surface portion
of particle (height of peak)]. That is, when the
functional groups are present uniformly from the

15 surface to the center, the intensities of the EDX line
profile are egual and the value is neafly 1, and when
the functional groups are distributed in a larger
amount on the surface, the intensity at the surface
portion is higher and the value is smaller than 1.

20 The value of the adsorptive particles of the
present invention is pfeferably smaller than 0.9, more
preferably smaller than 0.8.

The element specific to the adsorptive
functional groups means an element which is not

25 contained in the background resin, such as S (sulfur)
in the case where the adsorptive functional group is a
sulfonic acid group. 1In the case where the adsorptive

functional groups have nearly the same element



functional groups nmeans an el enment which is not 25 contained in the
background resin, such as S (sulfur) in the case where the adsorptive
functional group is a sulfonic acid group. In the case where the
adsorptive functional groups have near% the sane el ement 24 21 Cctober
2005 construction as the resin, analysfs can be conduct 28l Qatobem20Qane

manner as aboxgnattgrtaopeLal +han. QL4 hetalr#ehey%:;%d%%zgtggeg%éguéggd in

functional groups. The concentration 0 ) or ptive

functional greHpSshfePmngh8EabLY Q3 AMAlAG, A JDre b n'c?gstn%ﬁyiﬁg.

mol /g, nore preferably 0.5 mol/g or nore but Tess than g wth

respect to the s@satbwei gBt thBCkUdLRYhRe rBlps|f the concentration is
| ess than 0.3 mml /g, the 10 concentration i's too | ow, and adsorbability in

practical use is insuffreeeabncEnt rexaspl e ivhd hgcas@:@fg an ion such as
Na ion which is nonovalent and lowin selectivity with a proton, at a
level of 15ppid{ommelye Busontentlagrenpel i35 pkrkl-48lly Lo |2weldl/ghe ion
is affected by the concentration of proton (about 10-' nol/L) which
conpetes wit Pt eciwrbin loss exichanyl ngmodnd,t e reutddd fzaidndn, ef f3 ci ency of
i on exchange groups is conspicuously deteriorated. Therefore, with an ion
20 exchange CGEpaHIq Whimdreesbuhahe §s 3thapl fgmmele' g onthr evdeng: efdect i s
hardly exerted unless a considerably |arge amount of ion adsorptive resin
is used. On tH¥ TGtifer wrdaht i fnehedtrigokbei vestianct ildnahegr oups are

concentration is less than 0.3 mmol/g, the

10 concentration is too low, and adsorbability in
practical use is insufficient.

For example, in the case of an ion such as Na

ion which is monovalent and low in selectivity with a
proteon, at a level of 1 ppt (namely, a concentration of

15 107 mol/L level), the ion is affected by the
concentration of proton (about 107" mol/L) which
competes with the ion in ion exchanging, and the
utilization efficiency of ion exchange groups is
conspicuously deteriorated. Therefore, with an ion

20 exchange capacity of less than 0.3 mmol/g, the ion
removing effect is hardly exerted unless a considerably
large amount of ion adsorptive resin is used. On the
other hand, if the adsorptive functional groups are
ihtroduced in an amount exceeding 10 mmol/g, the

25 reaction proceeds not only at the resin surface, but
also inside the resin, and by-products produced by the
reaction remain therein, which undesirably elute as

impurities, for example, in water treatment.



i ntroduced in an anount exceeding 10 mmol /g, the 25 reaction proceeds not
only at the resin surface, but also inside the resin, and by-products
produced by the reaction remain therein, which undesirably elute as
inmpurities, for exanple, in water treagﬁfnt. 25 21 Cctober 2005 Exanples
of the adsorptive functional groups irclude the follow 2Octehgrt2de ion

exchange groups incl udegsuhfoBsCoraghd 9&%&;:1:%@%8&&%? gy sand

phosphoric acid 5 group as cation exchange groups; quaternary um

salt group, pimicDhdeupheaFbl gePuUpqgand tertiary - secondary am no group as
ani on exchange groups; and ininogiacetic acid group, nercapto group and

et hyl enedi am ne group aSu:Ch&leéei@ﬁoéﬁéhaﬂa@eA%r@:h%lép iTRAGIdd G af fd i LY
adsorptive groups, Cibacron Blue F3G A, Protein A, concanavalin A

heparin, tanmiaid netabp chedsibex gl bpsciet §ronpy aba phRRidhyed Asid he
affinity adsorptive groups, antigens 15 or antibodies can also be

i ntroduced? WEBE @OUPSt Tom eachabge bondedsal gnatetniaty eewddiniai on or

t hese groups can be bonded and introduced in conbination w th other
functional gridufs,9rsich Rist Bl hybroxy: 1gr oupupr anbetkirkear30 -Fr om t he

vi ewpoi nts of heat stability of the adsorptive functional groups in sinter
nol di ng and SEEINahedfidHe ALRUP stabitiey enchapgactiroabs;eavid onnent ,

t he cation exchange groups are preferably
lminodiacetic acid group, mércapto group and

ethylenediamine group as chelate groups.

10 As group specific affinity adsorptive groups,
Cibacron Blue F3G-A, Protein A, concanavalin A,
heparin, tannin, metal chelate groups, etc. may be
mentioned.

As the affinity adsorptive groups, antigens

15 or antibodies can also be introduced.

These groups can each be bonded alone or in
combination or these groups can be bonded and
introduced in combination with other functional groups,
such as a hydroxyl group or the like.

20 From the viewpoints of heat stability of the
adsorptive functional groups in sinter molding and
their thermochemical stability in a practical
environment, the cation exchange groups are preferably
of the sulfonic acid type which is a strong acid, and

25 the anion exchange groups are preferably of a
quaternary ammonium salt type or pyridinium salt type
which is a strong base.

Furthermore, there may be employed a method




of the sulfonic acid type which is a strong acid, and 25 the ani on exchange
groups are preferably of a quaternary ammonium salt type or pyridinium
salt type which is a strong base. Furthernore, there nay be enpl oyed a

nmet hod 26 21 Cctober 2005 according to wych the functional group is
converted to a netal salt and the netal 1s substituted @t @ckoher 2066

after nol di ng adcdheisg ntereribedyne! pugenerak, rdd ta
salt, the heat resistance of the 5 functio%g?aérg%ﬁnﬁgq%ﬁﬁ%%ggﬁhgﬁftﬁgt t he
range of enployshial conbl tamfisthe sxpanded dpbke ;e wiStiH‘tae[fi'ﬂQton
tenperature than the sintering tenperature in the case of no substitution
bei ng carriedadiiter avblrcEiowerot at et fidgh & fewhbelySUbShi tgehien ity a 10

hal ogen, such as chlorine is carried out,, can simlarly be enployed.

Speci fical | y, c@rsigftomg dgrouwp matre besabed the hbatf eeriek 250d wh S onate
by contacti_ng with an aqueous NaOH sol ution. The nmethod for introducing
adsorptive515fPGﬁ6FM@%% Frolpst § simuptopad t scuthakythienirhede amd, for
exanpl e, an ion ﬁxchange group can be introduced by the follow ng nethod.

In the case ofRIC¥EPIF &edwditgongy dup, expamiediodpotoi higbdmci ng a sul fonic
acid group into .20 aromatic conpound by a substitution reaction with a

n
sul f onati on r%éﬂgﬁf}na MEFREF adr&ddiharorted simuefing temperavonrehen i ke

are incl uded. r _exanmpl.e, styren
tﬁg c&%8"B% ho sﬁgstgtution being carried out.

Moreover, a method in which substitution with a
10 halogen, such as chlqrine is carried out, can similarly
be employed. Specifically, a sulfone group can be used
in the form of sodium sulfonate by contacting with an
agueous NaOH solution.
The method for introducing adsorptive
15 functional groups is not particularly limited, and, for
example, an ion exchange group can be introduced by the
following method.
In the case of a cation exchange group, a
method of introducing a sulforic acid group into an
20 aromatic compound by a substitution reaction with a
sulfonation reagent, a method of addition of a sulfite
salt, or the like are included. For example, styrene
or glycidyl methacrylate and a crosslinking agent are
graft polymerized on resin particles irradiated with v
25 rays, and thereafter styrene is reacted with
chlorosulfonic acid or glycidyl methacrylate is reacted
with an agueous sodium sulfite solution to introduce a

sulfone group. There is another method wherein a




or glycidyl nethacrylate and a crosslinking agent are graft polynerized on
resin particles irradiated with y 25 rays, and thereafter styrene is
reacted with chlorosulfonic acid or glycidyl nmethacrylate is reacted wth
an aqueous sodiumsulfite solution to introduce a sulfone group. There is
anot her method wherein a 27 21 October 2005 nonomer havZh§ctohana0dsi ¢ acid
group, such as a styrenesulfonate salt, is introduced by direct graft

pol yneri zat i oRCTPREChBAFABE 6f SHt IoM1en 3Sch SR Ryr SR T3P 25 exanpl e,

chl oronet hyl st yrene or .glycidyl thacrylate  is graft_ polyneriz on resin
particles irr%%yﬁ?gasﬁﬂ?ﬁxa§erﬁﬁg%’aﬁé ﬁ%&%ﬁﬂ%?ﬁétpﬁdﬁfﬁ?% r'§* @htroni um
group is int . .1 he case of chloronethylstyrene, treatnment with
trinethylaninégfgﬁgg%Fégéap'ln the case 10 of glycidyl methacrylate, a

quaternary anmoni um group .js EQEE?S&CEQ g§£§ﬁ¥g4éﬂ%%ﬁér%f%ééégggpylanine

hydrochl oride. Furthernore, there’is a mnet

pol ynmeri zi fig &y ARHOIE ¢ %EBHe@hy%@?%f\%%ﬂ éi%ﬁm?gﬁfae%h:nge

vi nyl benzyl 15 tri met hyl anmoni unt sal n the “cas

group, for exanptere apaBiNedi e8HPHKSkBY: ndallt RAlSETEIN Zd s Beq SPL AT ON
contai ning glycidyl nethacrylate and divinylbenzene dissolved in ethanol

with polynerig 2Qysidhdaitd fdLocéF radndd €drvbtd ¥mmaysunf rmed Py
reacting with a 1:1 m xed solution of dinethyl sulfoxide and water
cont ai ni ng saditupdutaddi atet ehe t8se of chloromethylstyrene,
treatment with trimethylamine is employed. In the case
10 of glycidyl methacrylate, a guaternary ammonium group
is introduced by reaction with a trimethylamine
hydrochloride. Furthermore, there is a method of
directly graft polymerizing a monomer having a
quaternary ammonium group, such as a vinylbenzyl-
15 trimethylammonium salt.
In the case of a chelate exchange group, for
example, a method comprising: graft polymerizing a
solution containing glycidyl methacrylate and
divinylbenzene dissolved in ethanol with polymeric
20 resin particles irradiated with ¥ rays, followed by
reacting with a 1:1 mixed solution of dimethyl
sulfoxide and water containing sodium iminodiacetate to
introduce a chelate exchange group, is included.
In the present invention, since the
25 adsorptive functional groups are not directly bonded to
the resin particles but are introduced into a layer in
which graft polymer chains are formed, the present

invention is superior in that the reaction is moderate



I ntroduce a chel ate exchange group, is included. In the present invention,
since the 25 adsorptive functional groups are not directly bonded to the
resin particles but are introduced into a layer in which graft polyner

chains are fornmed, the present inventiog IS superior in that the reaction
is noderate 28 21 QOctober 2005 and can réddily be control2e®ctatiari2008ss

products fornggdbxaﬁlggadﬁ?@%%%PC§§mgpqﬁg£Fd“EHF§0}%§$h§%§$ﬁégﬁota di rect

met hod of introducing a su € groupin

concentrat ed SPJJf:MéHCb?C'SQdeQ e k%iom;qherﬁsci]atvpetk?f ﬁ.azé éh%IInP %f,g;nrergy

adsorptlve resin particles is not partlc

be in the formoditede HRRELES 0¥ iHREBAY g%f% apr [RY,CcQnsi st

of primary particles, 10 or may be secon particle npr sing a

plurality of psip@I¥EPAr tikehes HeRi %n%(e%t%%&'éa*%ﬁﬁtﬁ&fé‘dacié“ egratgd,

secondary particles which are further ground. The particle diameter Is
preferably 300LDkean or |ess, nore preferably 10 um or nore but |ess than
100 15 gm |If the particle dianeter is more than 300 gm the size of the
pores of the resulting sTheeskdpbody whkl thalss@dhe e dsvubt e f requency
of neeting of the material to be adsorbed and the adsorptive functional
gr oups |sI(mmﬁﬂﬁin(pazﬁutlesnlBomoadparpﬁtuﬂa&ﬂyeﬂhmﬁm@ncy Tte t he ot her
hand, if the particle dianeter is |ess than 10 gm the size of pores of
t he particles may be in the form of true spheres or they
may be amorphous, and may consist of primary particles,
10 or may be secondary particles comprising a plurality of
primary particles which are agglomerated and
integrated, or secondary particles which are further
ground. The particle diameter is preferably 300 um or
less, more preferably 10 gm or more but less than 100
15 wum. If the particle diameter is more than 300 um, the
size of the pores of the resulting sintered body will
also be large, and the frequency of meeting of the
material to be adsorbed and the adsorptive functional
groups is lowered to result in low adsorption
20 efficiency. On the other hand, if the particle
diameter is less than 10 um, the size of pores of the

sintered body will be small, and water and gas

permeability decreases, which is not practical.

<Method of production of adsorptive sintered body>
25 The sintered body having adsorbabilty
(hereinafter referred to as "adsorptive sintered body")

of the present invention can be obtained by the



sintered body will be small, and water and gas perneability decreases,
which is not practical. <Method of production of adsorptive sintered body>
25 The sintered body having adsorbabilty (hereinafter referred to as
"adsorptive sintered body") of the pr eggnt i nvention can be obtained by
the 2 9 21 Cctober 2005 foll owi ng nethods. The first netdo@ctangsiZ008s

sintering a RhX f r | astic resin particles and resin particles
on which is forn%g&gngrg%%ﬁ¥%%£d | ayer into 5 which adsorptive functional
groups can be introducegy oducing a porous resin matrix, and
then reacting the adsorpti gg?fsﬁﬁéeln%hno%u égor’Igjul[ols&?‘/\f tFrPher 18t fi x. The
second 1met hodmeRREESES $hBLSIHIIG & ; it ' e,ohtalned by m xing
thernoplastic resin particl esp&vm th lgcgslréﬁs'rlﬁ{aﬁ%a?%t{qe&s(i%% %\Iﬁ?cﬁe?ﬁﬂcti onal

groups havi ngpagsoebabi bht ¥hake V%t@gyﬂéﬁié ; t hai ns.
The third nethod conprises sint erli ng 15 ther rrrHDp ast%%ﬁ%s%%?%%ﬁﬁgﬁes to

produce a Sintleteld adodyptiben rloichitthad ¢ressld nkad dayet surface
of the sintered body, and subsequently regiting t he crossﬁ?ﬂi%%gﬁéyer W th

functional groupsetavbngduadagr bapilricty Weisah G Fi8aCta tihdhe
crosslinked 20 layer. FIG 1 shows flow charts of these methods. According
to the first rsadiodg simeeattherptive functional groups with the
matrix.
The second method comprises sintering a
10 particle mixture obtained by mixing thermoplastic resin
particles with resin particles on which functional
groups having adsorbability are introduced through
graft polymer chains.
The third method comprises sintering
15 thermoplastic resin particles to produce a sintered
bedy, then forming a crosslinked layer on the surface
of the sintered body, and subseqguently reacting the
crosslinked layver with functional groups having
adsorbability which can react with the crosslinked
20 layer.
FIG. 1 shows flow charts of these methods.
According to the first methcd, since the
adsorptive functional groups are introduced into the
sintered body in which the crosslinked layer has been
25 formed after the sintering step, the adsorptive
functional groups are not exposed to high temperatures

in the sintering step. Therefore it is an advantage of

the first method that even when adsorptive functional



adsorptive functional groups are introduced into the sintered body in
whi ch the crosslinked | ayer has been 25 formed after the sintering step,
t he adsorptive functional groups are not exposed to high tenperatures in

the sintering step. Therefore it is an agﬁantage of the first method that
even when adsorptive functional 30 21 Cctober 2005 groups2t €lcknbaréd0ps

inferior in he bi,. L . . concern about.the heat
deconposi tion g?oﬁﬁg k%%é%%g%? e%?%FEngﬁaf‘gFﬁﬂb§%aﬁ l%ﬁgypﬁﬁauBFF8h of

i mpurities cauged @Mn&@%nhggbuﬂecﬁ?ih%p%%ita%%%é@#éo&Qé;}&gr%gpgﬁcessarY- The

second net hod i s advantageous in that | 'ona dre previously

i ntroduced intadsespPivearhhekesnhy of '&6'34' L OB, Lps phe Liquid
phase, and hence i% is easy to Snif%F%F?SP%tro J%iﬁ%k%ﬂfggéégo?gtive

functi onal grohwpuﬁﬂtpeéh@a§§éﬁaﬁ9-tﬁ@eh%ﬁkr%é@%ﬁgﬁ%ﬂE?bﬁ“waYaQEQQBethat

the steps are the sinplest. As can be seen from 1, the production of
t he adsor ptd verestet®seg. body conprises: mxing of 15 particles, packing of

particles in a metal nold, sintering, formng crosslinked |ayer, and
i ntroducing adsorptive Thmcséonat geeHps. iAMBAYaheMed® hadsth9F +her ming
the crosslinked layer and for introducing the adsorptive functional groups
are as nenti ofeth@bioveEl 2rdmphodsef prewixingyt he tpaducd®sintRcke ignt he
particles in a netal nold and sintering themw || be expl ai ned

particles by graft polymerization in the liquid phase,

and hence it is easy to uniformly introduce the

10 adsorptive functional groups onto the surface.

The third method has an advantage that the
steps are the simplest.

As can be seen from FIG. 1, the production of
the adsorptive sintered body comprises: mixing of

15 particles, packing of particles in a metal mold,
sintering, forming crosslinked layer, and introducing
adsorptive functional groups. Among them, methods for
forming the crosslinked layer and for introducing the
adsorptive functional groups are as mentioned above.

20 Methods for mixing the particles, packing the particles
in a metal mold and sintering them will be explained
below.

Mixing of thermoplastic resin particles with
adsorptive resin particles, and mixing of thermoplastic

25 resin particles with resin particles in which is formed
@ crosslinked layer into which the adsorptive

+ : ]
ftunctional groups can be introduced, can be carried out

with a tumbling mixer, Lehdige mixer, a high-speed



bel ow. M xing of thernoplastic resin particles wwth adsorptive resin
particles, and m xing of thernoplastic 25 resin particles with resin
particles in which is fornmed a crosslinked |ayer into which the adsorptive
functional groups can be introduced, can be carried out wth a tunbling

m xer, Lehdige nixer, a high-speed 31 231 Oct ober 2005 f2o@ctohss 280ker, a
tw n-cylinder.yixer, etc., and_the, apparatus and the m xing conditions are
preferably s%#%%t%%p%om £Shot 2t w&ﬁﬁggﬁéP@@Fr3§F§FPce@ﬁéwgé“Hﬁ e
particul ate i dur i n ixing. If the 5 particulate materials are
electrostatiggﬁ§%ic g?g%%# 9?%1mﬁ5?F90F8§ tPP%Eeaéﬁtpﬁ@ﬁﬁﬁﬁﬁ&@érate with
each other tQ.q ptodiffi togo_unifor mx the particles. It is

2 551gédﬁﬁtet&nfggFeaﬁgE¥5r8FFﬁ$ﬁ§t5 TS CLI¥Ericity

preferred to properly groun

by a bl owi ng dyhe statd { M Ra etc. i ng,t-h upply into, and
wi t hdr awnal fﬁ%ﬁithe m xer %ﬁé% §1§a§§¥% gsﬁl§gggﬁixﬁﬁg%8%bportion of the

adsor pti Ve r @sirt 1 QA L@ OF 1 418 L LS| @1964&%5&&5;%189}%%%@,5%50“ med a

crosslinked | ayer into which the adsorptive functiona groups ‘can be

introduced, ameé tpfmttihﬂe@_)mmiﬁef&%{ ntopaﬁ%keﬂn&?a'té FYER Lhat, the
proportion of the fornmer is preferably 10% by wei ght or nore but |ess than

70% by wei ghttherorte mraﬂa‘eeria:b@/iﬁﬁf/@wbytvﬁbgﬁﬁiﬁérrﬂpﬁembﬂt thess than 60% by
weight, with respect to the total anobunt of 20 both particles. In order to
obtai n pract peatliylesf.f i ditents gosofdabidity, prépéslnegesaany thizat the
mixer and to eliminate static electricity by a blowing
10 type static eliminator, etc. during the supply into,
and withdrawal from the mixer of the particles.
The mixing proportion of the adsorptive resin
particles or the resin particles on which is formed a
crosslinked layer into which the adsorptive functional -
15 groups can be introduced, and the thermoplastic resin
particles is such that the proportion of the former is
preferably 10% by weight or more but less than 70% by
weight, more preferably 30% by weight or more but less
than 60% by weight, with respect to the total amount of
20 both particles. In order to obtain practically
sufficient adsorbakility, it is necessary that the
proportion of the adsorptive resin particles is 10% by
weight or more. If it exceeds 70% by weight, the
proportion of the thermoplastic resin particles is
25 small, and the welding of the particles is so
incomplete that the sufficient strength of the
adscrptive sintered body will not-be obtained.

For packing the particle mixture into a metal



proportion of the adsorptive resin particles is 10% by weight or nore. If
it exceeds 70% by weight, the proportion of the thernoplastic resin
particles is 25 small, and the welding of the particles is so inconplete
that the sufficient strength of the adsgrptive sintered body will not be
obt ai ned. For packing the particle mxtife into a netal ZpOzlol@rt8ér 2005

mol d, vibratinsltlypeipackiing @@@@%ﬁgg%f%#ﬂééﬁﬁfétygbg@égrgspacker, etc.
[

can be enpl oyed. Although the influence ude on 't he %articles upon

vi bratory packihgatSryebabkéQLye%%%”oan5%éte%§ﬁ$§éﬁerred that the
vi bratory packing is carried out for a necessary and mninmumtine only,

depending on the packi Ajthppghaths. iHF1SidrtdeCAUSE B ¢ QN0 5LT M e
application of vibration brings about re-distribution of particles,
nanely, the Pakihgles uvhenpatbirakesywphlekiogsnmd |an Miametersidip, the

| ower part, which may spoil the effect of the uniform m xi'ng previously
carried out.1tHes ereféntedithhe mhtakibwbddrs RelckiRay tisWard yedim ted,
and includes iron, stainless 15 steel, brass, alum num or the |ike.
Aluninumis Ptleflas et tressserytand highmun dur@bicnilty, cepRIddiny deat
capacity, qu§%1in wej ght and easily handl ed. The shape of the netal nold
is not parti AAGINFiarrREERt RSy aBhpar iscbesatae be lpackesrm20 t her ein,

and may be, Epr exanple, a nold for formng a plate product which conprises
two fl at pIat@?Hﬁg il§dy ©f vibration brings about re~-distribution

of particles, namely, the sinking of the particles with
10 smaller diameter into the lower part, which may spoil
the effect of the uniform mixing previously carried
out.
The material of the metal mold is not
particularly limited, and includes iron, stainless
15 steel, brass, aluminum, or the like. Aluminum is
preferred because it is high in durability, small in
heat capacity, light in welght and easily handled.
The shape of the metal mold is not |
particularly limited as far as particles cén be packed
20 therein, and may be, for example, a mold for forming a
plate product which comprises two flat plates provided
in parallel to each other and a mold for forming a
cylindrical product which comprises two cylinders with
different diameters disposed concentrically.
25 Heating of the particle mixture packed in the
metal mold is carried out by any of controllable
heating means. There are methods using a hot-air

dryer, electric resistance heating, dielectric heating,




in parallel to each other and a nold for formng a cylindrical product
whi ch conprises two cylinders with different dianeters di sposed
concentrically. 25 Heating of the particle m xture packed in the netal
nold is carried out by any of controllable heating nmeans. There are
met hods using a hot-air dryer, electri@3esistance heat 2hd)ctdbet 2085 i c

heating, 33 2L,,Cr

t ober 2005 etc. The heating tenperature is selected from

the tenperatures around the nelting point of the resin, at which the

particles are suf
resin does not fl
the case of p@l

fici h hetr _but .the th |, gsti
ow and T aE A LS HERESt Aol pareRErEeY BOPRAIDI 6, i n

RG0S it 10: ¢ ' ut_ | th
180' G, more. prel Eranly A50e 8 R her hur™] eFTnah Tagocstime SE 1M
adsorptive fugelicenahed ggggcyggwgygIéhéﬁﬁgqgﬁﬁfﬁﬁgﬁgégnggnﬁgg t ures,

particularly, at

a high tenperature of ating

tenperat uré forheel Biukd rhie toiertRiAt HOFY iSsint é§f£’6§1 fﬁggﬁi %ﬁ%‘ y | ower

than 180' C. The shape of the adsorptive sintered body o

e present

invention is ndbgpahei gapar byohigmtthed pad: i dBYs be tér a8Yambape, 1sUEhAS
sheet, bl ock, pipe, colum and sphere. The average pore dianeter of the
sintered bodgast theppigsehylieneentitons pryfieisbyy1ilofenerhidferore but

| ess than 100 Mnm

If the pore dianeter is less than 1 um sufficient water

permeati on andugasower than 180°C, more preferably 120°C or higher

but

lower than 150°C. The adsorptive functional groups

10 readily decompose at high temperatures, particularly,

at a high temperature of 180°C or higher. The heating

temperature for molding the sintered body is,

therefcre, desirably lower than 180°C.

The shape of the adsorptive sintered body of

15 +the present invention is not particularly limited and

may be in any shape, such as sheet, block, pipe, column

and sphere.

body
20 more

less

The average pore diameter of the sintered
of the present invention is preferably 1 um or
but less than 100 um. If the pore diameter is

than 1 pum, sufficient water permeation and gas

permeation will not be obtained. If it exceeds 100 pgm,

the frequency of meeting of the substance to be

adsorbed and the adscrptive functional groups will be

25 reduced and the adsorbability will be insufficient from

the beginning of use to cause the effluence of the

impurities to be adsorbed. The average pore diameter

is obtained in the following manner. That is, the



pernmeation will not be obtained. If it exceeds 100 g m the frequency of
neeting of the substance to be adsorbed and the adsorptive functional
groups will be 25 reduced and the adsorbability will be insufficient from

t he begi nning of use to cause the efflue_gn%e of the inpurities to be
adsorbed. The average pore dianeter is Obtained in the 21 Qsipbar 2605ner .

That is, the 3fe2dufBheber .2005,reasyLenen n%j;d? %@Iiflégifpﬁ%?%%%ﬁ axi s

is conducted on 50 or nore adjacent pores In nmagni of

the surface anﬁnSB@tbﬁnm@fet5§j§bghgr5grggdx“'%Pgmdﬁy¥féﬁig¥Fﬁéég%%h

di aneter is shown by an average value 5 of the m nor axes | or

axes. The porosf tyhof shheasénhpiedebod¥nobrt Ree RIEIRUNed SN Odhd S
preferably 20% or nore but |ess than 60% nore preferably 30% or nore but

| ess than 50%tHd dherpoeosbty dsahessrt hansABUn WAt emn o ae{qeatd e anount
and gas perneation amount will be small, which is not practical. If it is
nmore than 60%of tifes stimmgtdxes she shatmaedrbasheswi |l be insufficient.

The porosity is obtained by the nethod nentioned hereafter on the basis of
the difference in nmass T heeyeentyhef stheesedtkadyl bodvhefsttatee of bei ng
i npregnated with water and the same in the dried state. The present

i nvention proWrdESesinveparen cl 2o hele ngbigr ROks cadgoret bwe flgsst | onal
groups on the surfgce at a high concentration, and an 20 adsorptive

sintered body*© SHFQQ%HK?Qﬁﬁ(PEﬁﬁ%W%P%% 0% aor| mpge kaduAessndhaaving a
controlled PO%%%qlaq%t%%émg%rosity is less than 20%, water

10 permeation amount and gas permeation amount will be
small, which is not practical. If it is more than 60%,
the strength of the sintered body will be insufficient.
The porosity is obtained by the method mentioned
hereafter on the basis of the difference in mass

15 between the sintered body in the state of being
impregnated with water and the same in the dried state.

The present invention provides resin
particles having various adsorptive functional groups
on the surface at a high concentration, and an

2p adsorptive sintered body containing said particles in a
large amount and having a controlled pore diameter and
a thickness which cannot be obtained in the
conventional membrane materials. Therefore, a medium
which can adsorb, concentrate and remove by separation,

25 the components present in a liquid or gas in trace
amounts can be obtained.

Especially, an adsorptive sintered body into

which ion adsorptive functional groups are introduced




a thickness which cannot be obtained in the conventional nenbrane
materials. Therefore, a nedium which can adsorb, concentrate and renove by

separation, 25 the conponents present in a liquid or gas in trace anounts

can be obtai ned. Especially, an adsorpthi sintered body into which ion
adsorptive functional groups are introdutéd 35 21 Cct ober2R0o®becZ00benove

fine particl escaﬁa%éﬁBvéoﬁPHBeEE&tiéﬁie%n g;{ﬂl%%e”é%%n%oﬁle%%yﬂé%b {Aff?%f‘éa%’

al kaline earth nmetals and tranhsition néta 0 extr

concentrali onscofebnethss £eas0n ASLuSll 39S JU Qb Al G PLrORARLI LY, it
u

5 can be suitably used in the fields of the preparation o rapure

water, etc. Thergmesendninyealofoekt rbRed9SahPeddbntdel@didn thy,
reference to exanples in which ion exchange™ groups are used as the

adsor ptive funotionatagsoups. wdD1<bbt hed B gREASHSRUrMeHIS NBodS, of
measurenent in the exanples are as follows. (1) Melt flow of thernoplastic
resin: M Y malan ibmles)ivab e wesdneasuhedfiinl dkb oFCeod e ardt ASTM
D1238. (2) Particle dianmeter: The m nor axes and major axes of 50 or nore

particles wer @ fmedduramlia wapegnié¢ted phot ograph of the particles, and an
aver age val ue thereof was 20 cal cul ated. (3) Amount of crosslinked | ayer
i ntroduced: The present invention will be described in

detail with reference to examples in which ion exchange

groups are used as the adsorptive functional groups.

10 <Method of measurement>

The methods of measurement in the examples
are as follows.

(1) Melt flow of thermoplastic‘resin:

MI (melt index) value was measured in

15 accordance with ASTM D1238.

(2) Particle diameter:

The minor axes and major axes of 50 or more
particles were measured in a magnified photograph of
the particles, and an average value thereof was

20 calculated.

(3) Amount of crosslinked layer introduced:

The weight of the resin particles on which a
crosslinked layer was to be introduced was previously
measured. The weight of the resin particles was

25 subtracted from the weight of the resulting crosslinked
particles, and the value after the subtraction was

divided by the weight of the resin particles to obtain



The weight of the resin particles on which a crosslinked |ayer was to be
i ntroduced was previously neasured. The weight of the resin particles was
25 subtracted fromthe weight of the resulting crosslinked particles, and

the value after the subtraction was di éded by the weight of the resin
particles to obtain 3 6 21 Cctober 2005 "t he anount of t2eOctahes@008d

crossiinked |eweranédit! BEexHQl 18 SbHUAMY 0B oYs AISAIPH ¥, functi onal
parti t he

groups: After enbedding the adsorptive resin cles’into a resin,

sanpl e is cut by a nicyejompaek beghkkeiho 9Ress thissestion of the

particle. The cut sanple with exposed section i's set 1n scanni ng

el ectron m criogoopesead @goﬂFgaified to a suitable magnification. Then the
sanple is subjected 10 to a line analysis fromthe surface to the center of

the particle for an el %ﬁﬂérsméaagn@%h@eaa@%&@tﬂ# rddinetional groups
by an energy dispersion type X-ray analyzer (EDX). Intensities at the
surface pdrtipartamled hintenderepont i Dheasempead ifsr @mtadyi ne profile 15
obtained by the line analysis. The intensity obtained as a line profile is
proportional Migndtermnounttind thke ebeoamndsprenentseict ildhe cramee. For
conparison of distribution in the surface portion and in the center
portion, thePRAdeElst- diBhe i dut i sampie thithdseppsiede s2@tfivmctisorsdt gr oups
is expressed by a value obtained by dividing [intensity of EDX |ine
profile in tRAE GefCEMNIigT t$irofopanic¢edecomei ght ok pegk)ilfiley [totaensity

of suitable magnification. Then the sample is subjected

10 to a line analysis from the surface to the center of
the particle for an element specific to the adsorptive
functional groups by an energy dispersion type X-ray
analyzer {EDX). Intensities at the surface portion and
the center portion are read from a line profile

15 obtained by the line analysis. The intensity obtained
as a line profile is proportional to the amount of the
element present in the sample. For compariscon of
distribution in the surface portion and in the center
portion, the index of distribution of the adsorptive

20 functional groups is expressed by a value obtained by
dividing [intensity of EDX line profile in the center
portion of particle (height of peak)] by [intensity of
EDX line profile in the surface portion of particle
{height of peak)].

25 (5) Amount of introduced cation exchange
group:

Ten grams of the adscorptive resin into which

cation exchange groups were introduced was weighed and



EDX line profile in the surface portion of particle (height of peak)]. 25
(5) Amount of introduced cation exchange group: Ten grans of the adsorptive
resin into which cation exchange groups were introduced was wei ghed and 37

21 October 2005 inmrersed in pure water. __Then, the resin was packed into a
chromat ogr aphi ¢ col um nmde of gl ass, and'washed success2¥€icjobart2005 N

NaOH sol ution, ;pHeesWat ef, ol itric agid sqlution and pure water in this
order. 5 Thereafter,S 1 N Ngar@ss{éu%elrfo'n \Xal/g"lse dasshe% If%?Jor&g‘ﬁ ?h@a\ggSFﬂumﬁ and

the resulting petgeat edrwALebgMaBHid (aheth, Wdde LN L0208t ALaray 1 on

exchange capacity. Thereafter, the adsorptive resin s slbjecte

substitution whbcesbanel yandtuaguumliored AL 9t 4G, 2 bpurs fo obtain
its dry weight. The amount of introduced cation €xchange group per weight

was thus cal culated. a¢6d AoDUBE o@f ainblt LRGUCEHA tRIY O exchangegEoup: 15
Ten grans of the adsorptive resin into which ani on exchange groups are

i ntroduced wwasThverghede andl aN Nutfi eoant iamoual faskdd sadismhydrexi de
solution was passed through the resin to convert the anion exchange
groups to OH tg@leimThereather redultaguepesmbaCled2az@luti0n was-Passed
through the resin so that C ions were adsorbed and then a sufficient
anmount of | NWwWith 1 N NaOH to obtain an ion exchange capacity.
Thereafter, the adscrptive resin was subjected to
substitution with ethanol and vacuum dried at 50°C for
10 2 hours to obtain its dry weight. The amount of
introduced cation exchange group per weight was thus
calculated.
(6) Amount of introduced anion exchange
group: |
15 Ten grams of the adsorptive resin into which
anion exchange groups are introduced was weighed and a
sufficient amount of 1 N sodium hydroxide solution was
passed through the resin to convert the anion exchange
groups to OH type. Thereafter, 1 N aqueous NaCl
20 solution was passed through the resin so that Cl ions
were adsorbed and then a sufficient amount of 1 N
potassium nitrate solution was passed therethrough, and
the resulting permeated liquid was subjected to
precipitation titration to obtain an amount of adsorbed
25 Cl ions. Thereafter, the adsorptive resin was
subjected to substitution with ethanol and vacuum dried

at 50°C for 2 hours to obtain its dry weight. The

amount of introduced anion exchange group per weight




potassiumnitrate solution was passed therethrough, and the resulting
pernmeated |iquid was subjected to precipitation titration to obtain an
anount of adsorbed 25 C ions. Thereafter, the adsorptive resin was

subj ected to substitution with ethanol vacuumdried at 50'C for 2
hours to obtain its dry weight. The anount of introduce®taBicwber2fidnge

group per wei ghds 3Bhwwascd hens sakgul ated. 21 Cct ober 2005 (7) Ampunt of
i ntroduced chel ate exchange group: A sintered body into which chel ate

exchange 5 groups are ifly odused:i 5rCoRYebLeAO 1A i r/muiddL 1 N
hydrochl oric acid, and then a 100 ppm copper sulfate solution S passed

t hrough the signcerred body so that Cu ions were adsorbed. The adsorbed Cu
ions were desorbed with 1 N hydrochloric acid to obtain the 10 copper ion

concentration of the degorsiritorrsdlbbdpnibyo RhQBhC ARIARR! QR hange
spectrometry. Then, the adsorptive resin was subjected to substitution
with ethandl &A@uPFaewemidryionpatd 50E donvarbedr sot enabhaird rirt 185y 1

wei ght. The apount of the introduced chel ate exchange 15 groups per weight
was thus cal clll B¥gochierdromiaid,abmut pthem speeorpprt tbppappauatrys cused
was Model SAS- 727 manufactured by Sei ko Denshi Kogyo Co., Ltd. (8) Average
pore di anet er S°THELqPelage PesEEditdraugh vielse obt mt @edd blyod20soeaBEE Ng

m nor axes ang maj or axes of 50 or nore
U lons were adsorbed. The adsorbed Cu ions were

desorbed with 1 N hydrochloric acid to obtain the
10 copper ion concentration of the desorption solution by
atomic absorption Spectrometry. Then, the adsorptive
resin was subjected to substitution with ethanol and
vacuum drying at 50°C for 2 hours to obtain its dry
weight. The amount of the introduced chelate exchange
15 groups per weight was thus calculated. The atomic
absorption spectrometric apparatus used was Model SAS-
727 manufactured by Seiko Dernshi Kogyo Co., Ltd.
(8) Average pore diameter:
The average pore diameter was obtained by
20 measuring minor axes and major axes of 50 or more
adjacent pores in magnified photographs of surface and
section, and calculating an average value thereof.
{8) Porosity:
The sintered body is immersed in ethanol for
25 1 hour, and then immersed in pure water for 20 minutes
X 5 times. After water on the surface is removed, the
mass of the sintered body is measured. Thereafter, the

sintered body is again immersed in ethanol and dried at




adj acent pores in magnified photographs of surface and section, and

cal cul ating an average value thereof. (9) Porosity: The sintered body is
imrersed in ethanol for 25 1 hour, and then imersed in pure water for 20
mnutes X 5 tinmes. After water on the surface is renoved, the mass of the
sintered body is neasured. Thereafter, the sintered bod®! Pstabgai?d0Pmer sed

in ethanol a i Oct r 2005 50C far 10 haurs. T he
mass of the gﬂ%?%fggrg%%§§b§%?ér ggangQBS W@ﬁ?u?gdF%gnéﬁﬂ%§5ﬁ4¢¥§%%ce 'a
bet ween t he Q§§§§§ ' j ' unj cm. at,e]y, the size of
t he sintered body i%E%ggi3#%§geégg%ggéngggpg%8n?Hgg S%@ékb'%%s obtained in
the unit of . | LS:ca . ) .3A sanpl e
water is int %uwceggﬁiﬂgﬁ)qiéé%aé n%%eéﬁyi?%%gxgxngﬁgf gé’t}gréj bf/rl Anat el Co.,

Ltd. and the sEpdesdty ngHeastyedoyal He LSnHeeddaBodPCisThR A& i s
obtai ned as: where ultrapure water is passed through “the adsorptive

sintered Bodurdram sgdehPackesha th' theopdaohpli Y8 K@% Mhilthtgr whi ch
i on exchange groups are introduced, TOC in the sanple water at the inlet

15 and the outd’et @nhe peasstied, iandadlke:ldiddensncee/d] TOC at the outlet] -
[TOC at the inlet]) is taken as A TOC. (11) The nunber of fine particles:
A sanple water is introdiwgedddto a fine particle counter ULTRA DI -50
manuf actured by PM5S Co., 20 Ltd. to neasure the nunber, and the total
nunber of A sample water is introduced into a TOC meter
AlCCOXP manufactured by Anatel Co., Ltd. and the
10 resulting measured value is used as TOC. The ATOC is
obtained as: where ultrapure water is passed through
the adsorptive sintered body (or a column packed with
the adsorptive resin) into which ion exchange groups
are introduced, TOC in the sample water at the inlet
15 and the outlet are measured, and the difference (([TOC
at the outlet] - [TOC at the inlet]) is taken as ATOC.
(11) The number of fine particles:
A sample water is introduced intc a fine
particle counter ULTRA DI-50 manufactured by PMS Co.,
20 Ltd. to measure the number, and the total number of
particles smaller than 0.1 um is used as an index. The
Afine particles is obtained as: the total numbers of
fine particles in the sample water at the inlet and the
outlet of the adsorptive sintered body are measured,
25 and the difference ([amount of fine particles at the
outlet] - [amount of fine particles at the inlet]) is

taken as Afine particles.

(12) Amount of water permeation:




particles smaller than 0.1 umis used as an index. The Afine particles is
obtai ned as: the total nunbers of fine particles in the sanple water at
the inlet and the outlet of the adsorptive sintered body are nmeasured, 25

and the difference ([amount of fine partjgcles at the outlet] - [anount of
fine particles at the inlet]) is taken as Afine particl & O¢toPer 288ant of

wat er perneation: 40 21 cteekr2005t4kt § apyEenwatern ks gerneated at a
differential pressure of 9.8 NcnR2 through the adsorptive sintered body

i nto which i onlieifehange g quissswf€ &Nt 9 08Ul edm® andk-duen apmuint of wat er

perneation is 5 obtained by neasuring the weight of the perneated water.
(13) Metal iomdsontdrnitve rsiweteered Aosappl et vealRE chsieanegaheabedghyupd- 100
times in a clean room and the nmetal ion content is 10 neasured by [ CP-Ms

manuf act ur ed ByeYdkdkawacathl wricalhe Systems &6, watéd. pétdpaReshstisvity of
treated water: Resistivity of treated water is directly mneasured with
Mdel AQ 1P nektrieedr by BearowriDKK Qe ,weidhttdf hxappresabédadsor ptive
resin particles> Exanple 1 Polyethylene powder "SUNFI NE UH901"
(tradenark) h¥éfR§-a wei ght-average nol ecul ar wei ght of

(13) Metal ion content in water:

A sample water is concentrated by 10-100
times in a clean room, and the metal ion content is

10 measured by ICP-MS manufactured by Yokokawa Analytical

Systems Co., Ltd.

(14) Resistivity of treated water:

Resistivity of treated water is directly
measured with Model AQ-11 manufactured by Toa DKK Co.,

15 Ltd.

<Examples of adsorptive resin particles>
Example 1
Polyethylene powder "SUNFINE UH901"
(trademark) having a weight-~average molecular weight of
20 3,500,000 manufactured by Asahi Kasei Kabushiki Kaisha
was sieved with a metal gauze of 200 mesh to obtain
polyethylene powder having a particle diameter of 83
um. The MI value of the resin was nearly 0. Two
hundred and fifty grams of the powder was introduced
25 into a polyethylene bag having aluminum vapour
deposition and sealed with nitrogen gas, which was then

irradiated with y rays of 100 kGy. In 1 L of isopropyl



20 3,500, 000 manufactured by Asahi Kasei Kabushi ki Kaisha was sieved with
a netal gauze of 200 nmesh to obtain polyethyl ene powder having a particle
dianeter of 83 um The M value of the resin was nearly 0. Two hundred
and fifty grans of the powder was introduced 25 into a polyethyl ene bag
havi ng al umi num vapour deposition and seat ed with nitrogéd QawbendDBh was

then irradiated-ymdh Yef&YSiQ5o1005KkSHo Ibno% lstgfrféfég%rél%g%@l&%l 1, gxt ober

2005 al cohol were dissolved 300 g of "styrene an nyl benzene

(purity 55% . civhdiosolad OpuastyNE3hed LAaSPfAad15uieCtad to bubbling
e the €

with nitrogen for 30 mnutes to rehov I ssol'v oxygen. Into 5 the

resul ting monorerted!ds i ouravasnd S uosucedqt Ps HuBHNELNE WHR0L) ifdAadi at ed
with y rays under bubbling wth nitrogen. The mxturé was stirred for 3

hours, and tHer etionutdiryy vatoté | tgsedi wsbhvagBughoen . fumigl, washed
with 3 L of dichloronmethane and vacuum 10 dried. Yield of the resulting

grafted prédutthenassAlding nantbridie soDeionfwibeigstesauicakednleayer fornmed
was 64% Two hundred grans of the grafted product was introduced into a
reaction sol ut'iSOW EFNEp AHED 18Y 1 rdhiasdiod éagw 7h g yofraofd anesert flonbisl aagd in 1
L of 15 dichloronethane, followed by stirring for 3 hours. Into this
reaction sol uFitéh Wd$ riogenodudde B0ktirefwas sopt opytl AbeoRohpufral,| owed by
stirring for a while, filtering with a Buchner funnel, washing with 1 L of
i sopropyl al c8REI tBRd re@ction ﬁ&ﬁéﬁMﬂWﬁ% findt seeduni t20adByichgeryi el d of

th? resultingfgg%gg? %%g%ehoaith 3 L of dichloromethane and vacuum

10 dried. Yield of the resulting grafted product was 410
g, and the amount of the crosslinked layer formed was
64%. Two hundred grams of the grafted product was
introduced into a reaction solution prepared by
dissolving 71 g of chlorosulfonic acid in 1 L of

15 dichloromethane, followed by stirring for 3 hours.
Into this-reaction solution was introduced 500 mL of
isopropyl alcohol, followed by stirring for a while,
filtering with a Buchner funnel, washing with 1 L of
isopropyl alcohol and 10 L of pure water, and vacuum

20 drying. Yield of the resulting cation type ion
adsorptive resin was about 240 g. The resin had a
particle diameter of 84 gm and an ion adsorptiocon
capacity of 2.4 mmol/g. The index of distribution of
adsorptive functional groups was 0.7 measured for S

25 (sulfur) by EDX.

Example 2

One hundred mL of the ion adsorptive resin



adsorptive resin was about 240 g. The resin had a particle dianeter of 84
gm and an ion adsorption capacity of 2.4 mml/g. The index of distribution
of adsorptive functional groups was 0.7 neasured for S 25 (sulfur) by

EDX. Exanple 2 One hundred nL of the ion-adsorptive resin 42 21 Cctober
2005 obtained in Exanple 1 was packed in a glass col um & Octabenz00bn

i nner di anet erolngdi hegenerakfdoneth da8 pRkkELC i}f&f%dgl-g%esn’ccﬁ%nrylrﬁj apur e

wat er at 80C was passed through the resin at a flowrate of 100 mn5

for 48 hours, Hnduie TYR iam bl 10 e Aladdier Degh 0Pk Pg40f; 1 ¥RShI RY, the ATOC
was about 500 ppb, but after 24 hours of washing, It was stabilized at

about 20 ppb. niterieafdeird. Wistten) tHapuE Bt ripliee akteeOoBK! gurer alay e was
passed t hrough the resin, 10 the A TOC decreased to 1 ppb or |ess.
Furthernore, Alssecdartialeds vies feO0A ndt Lofpawatbve Branploemt /AERC of ion
exchange resin was evaluated in the sanme manner as in Exanple 2, except
that an i oR 15cexdfadgeirssiand DMVIOONWRIQ Kt {inedlemar k) manuf act ured by
M t subi shi Chemi cal Co., Ltd. was used in place of the ion adsorptive
resin of Exanple 2. Wiedthdthe Heagiapuireg waf evashsnpassbd tMTOQghashe resin,

the A TOC was 120-150 ppb even after passing of the water for 48 20 hours,
and the subsegBent pAdsiBRP ofPUl A fHmE L hdt@rratof reashingpeist wes gave a

ATCC of 10-15 . .Noreover,
sggglllzed at about 20 ppb. Thereafter, when ultrapure

water of room temperature was passed through the resin,
10 the ATOC decreased to 1 ppb or less.

Furthermore, Afine particles was 0.05/mL.

Comparative Example 1
ATOC of ion exchange resin was evaluated in
the same manner as in Example 2, except that an ion
15 exchange resin "DIAIQN PK212" (trademark) manufactured
by Mitsubishi Chemical Co., Ltd. was used in rlace of
the ion adsorptive resin of Example 2. When hot
ultrapure water was passed through the resin, the ATOC
was 120-150 ppb even after passing of the water for 48
20 hours, and the subsequent passing of ultrapure water at
room temperature gave a ATOC of 10-15 ppb. Moreover,
the amount of Afine particles was 0.3/ml, which was

greater by a single digit than in Example 1.

Example 3
25 In the same manner as in Example 1, 250 g of

polyethylene powder "SUNFINE SH801" (trademark) having



t he amount of Afine particles was 0.3/m, which was greater by a single
digit than in Exanple 1. Exanple 3 25 In the sane manner as in Exanple 1,

250 g of polyethyl ene powder "SUNFINE SH801" (trademark) having 4 3 21
Cct ober 2005 a weight-average nol ecul ar,yei ght of 200,000 manufactured by
irradiated with y rays 2f Octaper @P05The

Asahi Kasei Kabushi ki Kai sha was
resin had an M wy¥abHe-gfe0208/ ﬁl@l@h@l@&dw%i%q{ﬁi&ﬂ ecl amier of 86 um 5
0 g of chl oronet hyl styrene

A reaction solution prepared by dissolving 3
and 43.6 g of mawufiytbenzanpyi Asihk KakeliseRMRAH &l ¢ehiadhvags $ubj ected to
bubbling with nitrogen at 50C for 30 mnutes, and into the solution was

i ntroduced 250iyradidhedpwlykt hyl enes ponde00 106 LT adhat edsWwnt hay =3y M1
After a | apse of 3 hours, the mxture was filtered through the Buchner
funnel, washedvalie hofl Q. 08/ hethyhearsdchl pairdd card Maeaerdrdeds Yial.d was
480 g, and the anount of the crosslinked |ayer formed was 92% The
resul ting ctods|ieaeslgrars¢tieson 16repaeetnbgr ded siol viisgpridgy lg aohol in
whi ch 30% of trinethylani ne was di ssolved, and the reaction was all owed
to proceed at FHOFWETY hobysene zodvédt 6t geofcddvdhiyibed zeard iicl €s %o t he
ammonj um The_resulting anion type ion adsorptive 20

form of quat erérlgr.y _ )
resin was waslféd VAR Bharfl Cerll wkd &rsubheftedbfecbubbliaoswidthi t uti on
The iaon_exchange capacity of

the ani on Ly pE UGS SaeHT 10 Vo S281 10 VBLTHEaSur 001 SnbBL AA_ 3628 AHT / 0.

was introduced 250 g of the polyethylene powder

10 irradiated with y rays. After a lapse of 3 hours, the
mixture was filtered through the Buchner funnel, washed
with 1 L of methylene chloride and vacuum dried. Yield
was 480 g, and the amount of the crosslinked layer
formed was 92%. The resulting crosslinked particles

15 were immersed in isopropyl alcohol in which 30% of
trimethylamine was dissolved, and the reaction was
allowed to proceed at 35°C for 50 hours to convert the
crosslinked particles to the form of guaternary
ammonium. The resulting anion type ion adsorptive

20 resin was washed with ethanol and water, then subjected
to substitution with ethanol, and dried by a wvacuum
dryer. The ion exchange capacity of the anion type ion
adsorptive resin was measured to obtain 3.26 mmol/g.
The resulting particles had a particle diameter of 88

25 um. The index of distribution of adsorptive functiocnal
groups was 0.6 measured after substituting the exchange
groups with Cl1 (chlorine).

Dissolution of TOC from the anion type ion




The resulting particles had a particle dianeter of 88 25 u m The index of
distribution of adsorptive functional groups was 0.6 neasured after
substituting the exchange groups with C (chlorine). Dissolution of TCC

fromthe anion type ion 44 21 Cctober 2?95 adsorptive resin was eval uated
in the sane manner as in Exanple 2 to find that the ATCE &fcieven@2(s ng

with hot ult BapRWre teakerafi B0 G fﬂélg%%&r%}m@ﬁ 1s§8?ﬂ8§1ﬂh8§s'ﬁgm&%ﬁﬁ\éfr’

t he amount of Afine particles was 5 0 anpl e € Sa

in Exanpl eExamp38 @ ef " | t ured
as in Exanpl eExamp36 g @fo mely ety ang powder %%d!&rﬁa'#ﬁ%%{@%gg ES

by Asahi Kasei Kabushi ki Kaisha was irradiate

The resin haduanhrbpuval watefr QOFIQ Mgy and,@pargisl € ghangte 86 gm
A sol ution prepared by dissolving 300 g of giycidyl nethg%rgﬁat%eg%d 43. 6

g of divinylbenzene i nMbrecekr,saepeopylouaitc 10l AWases i astad 4 q,bubbl i ng
with nitrogen at 300C to renove 15 dissolved oxygen, and into the solution
was introdace®d-0260Lg of the polyethyl ene powder irradiated with y rays.
Reaction was carried out for 0.5 hour, and the grafted resin powder was
taken out and washed with isopropyl alcohol. The resulting graft copol yner
was 20 introduced into a m xed solution of dinmethyl sulfoxide and water
with a ratio ofe®PYep§ vol ume containing 10% by wei ght of sodium

i m nodi acetate di ssol ved there-in,
In the same manner as in Example 1, 250 g of

polyethylene powder "SUNFINE SH801" manufactured by
Asahi Kasei Kabushiki Kaisha was irradiated with Y rays
10 of 100 kGy. The resin had an MT value of 0.08/10 min
and a particle diameter of 86 pm. A scolution prepared
by dissolving 300 g of glycidyl methacrylate and 43.6 g
of divinylbenzene in 1 L of isopropyl alcohol was
subjected to bubbling with nitrogen at 30°C to remove
15 dissolved oxygen, and into the solution was introduced
250 g of the polyethylene powder irradiated with «¥
rays. Reaction was carried out for 0.5 hour, and the
grafted resin powder was taken out and washed with
isopropyl alcohol. The resulting graft copolymer was
20 introduced into a mixed solution of dimethyl sulfoxide
and water with a ratio of 1:1 by volume containing 10%
by weight of sodium iminodiacetate dissolved therein,
followed by carrying out the reaction at 80°C for 72
hours. The chelate type ion adsorptive resin thus-
25 obtained had an ion exchange capacity of 0.86 mmol/g.
Dissoluticn of TOC from this chelate type ion

adsorptive resin was evaluated in the same manner as in



foll owed by carrying out the reaction at 80'C for 72 hours. The chel ate
type ion adsorptive resin thus 25 obtai ned had an i on exchange capacity of
0.86 mml/g, Dissolution of TOC fromthis chelate type ion adsorptive
resin was evaluated in the sane manner in 45 21 Cctober 2005 Exanple 2
to find that the 0 TOC after washing with hot ultrapur @ vi@eebesR08dC f or

48 hours was Hxapbler2| essfindhenamoyne A TAEI el heh8sighas §r ORI -
<Exanpl es of sintered body (obtained by sintering a 5 m xture of particles

into which functiznate groups wereo°tntbedugedoand ey NORIAStdL T&€84 N
particles)> Exanple 5 The cation type ion adsorptive resin synthesized in
Exanpl e 1 and'lpolamtinyt enf pdiides dOr( i SLNEINEs S804 /msi.eved with a netal
gauze of 200 nmesh, that had a particle dianeter of 84 gn) were mxed at a
mass ratio of 50/50. An alum num extruded tube of with an outer

di aneter/inner_ dianmeter of 60 mmo /50 nmO was concentrically placed inside
an al um num &HFamEE : ybe 9w redanodut ¢obdaanetebyi shert ediianeter of 80
mm/ 70 mm_ 0. Using this double tube as a netal nold, the above powder

m xture was PHCKSES Pk R2speleveineenvihesefunabéonby greupsatmne packer
and sintered,b% keepiqg it in a hot-air dryer at 150C for 20 m nutes. The
20 resul ti ng STFCAUSEDARE Hete Hic bt be PoFendPartieles? > 22 gm and a
porosity of %2@6 A pl.ate nade of polyethylene and a filtration water port
was provi ded “ZEFHE Bottom and top of the

The cation type ion adsorptive resin

synthesized in Example 1 and polyethylene powder

10 ("SUNFINE SHB01"™ sieved with a metal gauze of 200 mesh,
that had a particle diameter of 84 um) were mixed at a
mass ratio of 50/50. An aluminum extruded tube of with
an outer diameter/inner diameter of 60 mm¢ /50 mm¢ was
concentrically placed inside an aluminum extruded tube

15 with an outer diameter/inner diameter of 80 mme¢ /70 mm
¢ . Using this double tube as a metal mold, the above
powder mixture was packed in the space between these
tubes by a vibratory packer and sintered by keeping it
in a hot-air dryer at 150°C for 20 minutes. The

20 resulting sintered body had an average pore diameter of
22 um and a porosity of 42%.

A plate made of polyethylene and a filtration
water port was provided at the bottom and top of the
resulting cylindrical sintered body, respectively, to

25 make a cartridge type filter as shown in FIG. 2. This
filter was set in a commercially available cartridge

filter housing made of PFA and 1 N nitric acid was



resulting cylindrical sintered body, respectively, to 25 nake a cartridge
type filter as shown in FIG 2. This filter was set in a comercially
avai l abl e cartridge filter housing nade of PFA and 1 N nitric acid was 4 6
21 Cctober 2005 passed therethrough to gerformregeneration. Thereafter,
di ssol ution of TOC was evaluated in the same manner as 4l BeiRare€®S The
direction of Vpﬁiﬂedpﬁ@éﬁ@ﬁhﬁﬁﬁghheodbégﬁbkmnr@?g@@y@&&k@ﬂ external 5
pressure filtration and this was the direction from outside to inside of
the cartri dge BfefaEt<x, Thes#FO: dbheofwashi wgsweta 1het: ad tirapiHe wat er

of 80C for 48 hours was 1 ppb or less. The ion exchange capacity was 0.72
mmol / g. The arfams nginnkef iae 10 Peamptéed. waSheOd3kelktimmanimhgrateat t he
nunber of fine particles was less in the treated water. The anount of

vat er per neat iRHFSE: MBD0GO0DL t¢eRhonPal Sxanpléed Axtamnad type sintered
body was obtained in 15 the sane manner as in Exanple 5, except that the
ani on type 3 O TEFSIS ifvel Tk ko yandebh kedvan Ehangn@egtwag fused in place
of the cation type jon adsorptive resin nt hesi zed in Exanple 1. The
resul ting si ntoé’?’/‘éddﬁo Ifsd-h o e eﬁ%%llél@@‘arr@fef?mf 21 um and a

porosity of 20 40% The g’ﬁss | ution of TOC of this anion type ion
adsor ptive body was evall Ok ehdedame shame 84 i #et exhpiRUBEt 0 obtai n

a ATOC of 1 pph.ar a H_tn W|th t trap re wat er of, 80C for
48 hours. ThaRsREuRE B R Fare TEAG S evsne oEbaphL LRFon Tl don
exchange capacity was 0.72 mmol/g. The amount of Afine
10 particles was -0.3/mL, meaning that the number of fine
particles was less in the treated water. The amount of

water permeation was 21,000,000 L/m* hr MPa.

Example &
An anion type sintered body was obtained in
15 the same manner as in Exampie 5, except that the anion
type ion adsorptive resin synthesized in Example 3 was
used in place of the cation type ion adsorptive resin
synthesized in Example 1. The resulting sintered body
had an average pore diameter of 21 um and a porosity of
20 40%. The dissoluticn of TOC of this anion type ion
adsorptive body was evaluated in the same manner as in
Example 5 to obtain a ATOC of 1 ppb or less after
washing with hot ultrapure water of 80°C for 48 hours.
The amount of Afine particles was -0.04/mlL which was
25 nearly 0. Furthermore, the resulting anion type porous
ion adsorptive body had an ion exchange capacity of

0.96 mmol/g. The amount of water permeation was



25 nearly 0. Furthernore, the resulting anion type porous ion adsorptive
body had an ion exchange capacity of 0.96 mmol/g. The anount of water
perneation was 47 20, 800, 000 L/n2 hr MPa. 21 Cctober 2005 Exanple 7 A
chel ate type porous ion adsorptive body4 S obtained in the sane manner as
in Exanple 5, except 5 that the chelate type ion adsor pt2V&ateksm2005

synthesi zed puo, Evanpbe 4 mashnHses-in place of the cation type ion
adsorptive resin synthesized in Exanple 1. The resulting ion adsorptive

body had an average pore dianeter of 23 umand a porosity of 42% 10 The
di ssolution of TOC fromthis chelate type porous ion adsorptive body was
eval uated i n ERempase7 manner as in Exanple 5 to obtain a A TOCC of 1 ppb or
| ess after washing with hot ultrapure water of 80C for 48 hours. The

anount of Afine particl2schedat@. 2ife, pbyot@mlon ddwmpubes whadi Wgs
particles at the outlet was snaller. Furthernore, the resulting porous ion

adsor pti ve boeytaddedninonhhexcshargeatapaciasy iof Madfplamm! /gredxanpl e 8 20
In order to nmeasure the quality of water before and after filtering

t hrough the fikdershefchekanpl 6yp8 dnd adsougeli veunesiat eryrodmdsd nédg net al
ions in extrenely small anounts was passed through the filters, and netal
ions in the stppt¥aP Rt érvandushd in place of the cation type ion

adsorptive resin synthesized in Example 1. The
resulting ion adsorptive body had an average pore
diameter of 23 um and a porosity of 42%.

10 The dissolution of TOC from this chelate type
porous lon adsorptive body was evaluated in the same
manner as in Example 5 to obtain a ATOC of 1 ppb or
less after washing with hot ultrapure water of 80°C for
48 hours. The amount of Afine particles was -0.2/mL,

15 namely, the number of fine particles at the outlet was
smaller. Furthermore, the resulting porous ion
adsorptive body had an ion exchange capacity of 0.36

mmol/qg.

Example 8
20 In order to measure the quality of water
before and after filtering through the filters of
Examples 5 and 7, model pure water containing metal
ions in extremely small amounts was passed through the
filters, and metal ions in the supplied water and the
25 treated water which has passed through the filter were

analyzed. The passage of water was carried out through



25 treated water which has passed through the filter were analyzed. The
passage of water was carried out through 21 October 2005 48 the filters of
Exanple 5 and 7 at 20 L/mn for 50 days. The results are shown in Table 1.
Table 1 Water filteredWater filtered Water beforethrough cationthrough
chelate filtrati ontype sinteredtype sintered body of bodgloDctebangbesd7
Exanpl e 5 Concentration of Zn ion0.2NDND (ppb) Concentration of Na
ion0.970.45 ( t) In the case of using t4fe cation type porous 5 ion

~adsorptive body.,and, chel ate. type porous ion adsorptive body, the reduction
of Zn concentr%ﬁfo%lg er?ﬁgf&¥$ Gr @ fRtel Ao tid@iny fpacofniaes: In the,

case of the Ca%h@nrégéfﬁénéf§3§ﬂ$$%1ikhgagﬁQthion of Na concentration was
al so recogni zed. That 1s, nmetal 1onsS 10 were adsorbed to the ion adsorptive

sintered bodies. <Exanples of sintered body (sintered after converting
the functional groups to nmetal salt)> Exanple 9

Table 1
Water filtered .
X Water filtered
Water before ﬁ?;iﬁgh i?tli? through chelate
filtration ype sintere type sintered
body of bod fE
Example 5 Yy O xample 7
Concentration
of Zn ion 0.2 ND ND
{ppb)
Concentration
.of Na ion 0.97 0.45
{ppt)

In the case of using the cation type porous
5 ion adsorptive body and chelate type porous ion
adsorptive body, the reduction of Zr concentration in
the ultrapure water was clearly recognized. In thefg
case of the cation adsorptive body, the reduction of Na
concentration was also recognized. That is, metal ions

10 were adsorbed to the ion adsorptive sintered bodies.

e

<Examples of sintered body (sintered after converting
the functional groups to metal salt)>
Example 9

The cation type ion adsorptive resin
15 synthesized ;n Example 1 was immersed in 1 N agqueous
NaCH solution, followed by filter-washing with water to
convert it to the Na type. This Na type cation
adsorptive resin dried by a vacuum dryer and

polyethylene powders {obtained by sieving "SUNFINE




The cation type ion adsorptive resin 15 synthesized in Exanple 1 was
I mrersed in 1 N agueous NaOH solution, followed by filter-washing with
water to convert it to the Na type. This Na type cation adsorptive resin

dried by a vacuum dryer and polyethyleg powder s (obtalned by si eving
"SUNFI NE 49 21 October 2005 UH901" thro 3% a metal gauze 24fOcooer88hd and

having a par tijed @ digqEes qi1§§t9f0%¥§£§i ?goaheghnggﬁaggéégn%?f630/50.

An al um num extruded tube an out er/inner

e/ 50 MO Vag CNEMIdRAdyY b 3ed,mSifle Ay AU gg%fggggdggt&%be

with an outer dianeter/inner dianeter i'S doubl e

tube as a net@fIBﬁABOtheuﬁhﬂxﬁuﬁ%ﬁME&tf%&égr?uﬁ@swﬁéﬁk%ﬁ b%t%ﬁe space

formed between these tubes with application of sone vibration. The 10

powder mi xt ur eliwas telio nsieit eriethdte Kespi 6@ hhe MBS ahm ¢RI in a hot-air
dryer at 180C for 20 mnutes. The resulting sintered %ody had an aver age

pore di aneter coficedd rdgmadnd @ lpareasiitns e 43% 2 Phat femnade raticgoly@ichyl ene
and filtration 15 water ports were equi pped at the top and bottom of the
resul ting cyl Wadhi eal ositetredédmeady Aimmeakel pametéri dgesot ype fTbtem as
shown in FIG 2. This filter was set in a commercially available cartridge
filter housing madésing PEAs agdubli hisbei esae tetasl pasishd therabdvreugh to
20 perforn1regenerat|on Thereafter, dissolution of TOC was evaluated to
obtain a ATOCPBIAgT beéﬁr?eyésapﬁ@$8d in the space formed between

these tubes with application of some vibration. The

10 powder mixture was then sintered by keeping the metal
moid in a hot-air dryer at 180°C for 20 minutes. The
resulting sintered body had an average pore diameter of
23 um and a porosity of 43%.

Plates made of polyethylene and filtration

15 water ports were equipped at the top and bottom of the
resulting cylindrical sintered body to make a cartridge
type filter as shown in FIG. 2. This filter was set in
a commercially available cartridge filter housing made
of PFA and 1 N nitric acid was passed therethrough to

20 perform regeneration. Thereafter, dissolution of TOC
was evaluated to obtain a ATOC of 1 ppb or less after
washing with hot ultrapure water of 80°C for 48 hours.
The ion exchange capacity of the porous ion adsorptive
body was 0.93 mmol/g. That is, although tﬁe sintering

25 was carried out at a relatively high tempefature, the
decomposition of adsorptive groups was not observed and
the increase of TOC component due tc heat decomposition

was also not recognized. The amount of Afine particles



washing with hot ultrapure water of 80C for 48 hours. The ion exchange
capacity of the porous ion adsorptive body was 0.93 nmol/g. That is,
al though the sintering 25 was carried out at a relatively high tenperature,

the deconposition of adsorptive groups awas not observed and the increase
of TOC component due to heat deconposition was al so not 21 dgetgbez2005 The

amount of zfireapardikims, SHn21tKEt 0hebe 2008 Was e Qalhll ang the nunber of
fine particles was sonmewhat snaller in the treated water. The anmount of

per meat ed wat SO PR, HEO, DO 1d nths MPeea cE¥awRker0f Shat QE%QnQOQ:FV]f
(sintered after hal ogenation 5 of functional group)> Exanple 10 The anion
type i on adsoFHtMEa heghiwatesy ntadresd Zet0 0 N0 EXanphe h-wes i mersed in a 1 N
aqueous hydrochloric acid solution, followed by filter washing 10 with
water to convert it to the O type. This C type anion adsorptive resin
was dried by g vacu m dryer and an anion type porous ion adsorptive body
was obtai ned “FH3MRéSs&fe SHateaechdddy Beaimpterad Theer esal biBgatonn

adsorptive5bod¥ ?ad n aéérage pore dianmeter of 21 u m 15 and a porosity
of 39% Di3sofutOASHFORAE BFEMFYRI s anion type porous ion adsorptive body

was evaluatedE§9m§$gag@ a A TOC of 1 ppb or less after washing with hot
ultrapure water 8 for 48 hours. The ion exchange capacity 20 of the

i on adsorptive body was 65_mmol [g. The anount
P y TRe gnlon tgpe lon adscrptive resin

synthesized in Example 3 was immersed in a 1 N agueous
hydrochloric acid solution, followed by filter washing
10 with water to convert it to the Cl type. This Cl type
anion adsorptive resin was dried by a vacuum dryer and
an anion type porous ion adsorptive body was obtained
in the same manner as in Example 9. The resulting ion
adsorptive body had an average pore diameter of 21 um
15 and a porosity of 39%.
Dissolution of TOC from this anion type
. porous ion adsorptive body was evaluated to obtain a
ATOC of 1 ppb or less after washing with hot ultrapure
water of B0°C for 48 hours. The ion exchange capacity
20 of the ion adsorptive body was 0.65 mmol/g. The amount
of Afine particles was -0.04/mL, and no fine particles
were generated from the sintered body. The amount of

water permeation was 19,500,000 L/m> hr MPa.

<Examples of sintered body (after sintering a mixture
25 of crosslinked resin particles and thermoplastic resin,

functional groups were introduced) >




of Afine particles was -0.04/nL, and no fine particles were generated from
the sintered body. The anmpbunt of water perneation was 19, 500, 000

L/ n2hr MPa. <Exanpl es of sintered body (after sintering a m xture 25 of
crosslinked resin particles and ther rmp%ilsti c resin, functional groups
were introduced)> 51 Exanple 11 21 CctoBer 2005 Pol yet hyRdrfectpbat2@0SUNFI NE

UHO01 nanufa@&gﬁggebﬂlAsahi Kasei Kabushi ki Kai sha was sieved through a
met al gauze of 200 nmesh to obtain 5 polyethylene particles having a

particle dianeter of 86Poqy@khy‘ﬁ%fn@u?%@@’%)ﬁﬁ&%’h@é@@f of the resulting
yl'ene al'u

particles were introduced in a“polye ag w m num vapour

deposi tion, spahedawkbieni HyOARANIAKA ANt ] ' a 100
kGy. In 1 L of 10 Fsoprgpylyalcohol ﬁgfg"3%2@%?€%%£gg%y%ﬁ%fwg%y¥gﬁgggnd

54.5 g of divthybbgnzangetRUYr ghyze5%f, sand pidieh Sb WO, Was heated to 50C
and subjected to bubbling with nitrogen for 30 mnutes to renove the

di ssol ved bxygehyethplenthpsranBoser haelivlg on gederc bl imgr st Bengkr ogen
15 was introduced the above SUNFINE UHO01 irradiated with y rays. The

m xture was stins ed'orhithdmed ssndantli fhe geemet bentakureyuias rfg | t er ed

t hrough a Buchner funnel, washed with 3 L of dichloronethane and vacuum

dried. The yPafeieleshheeresihtiradugedf ted acgudlpamdry wase 430y gyi?20 and t he
amount of the crosslinked layer formed was 64% The copol yner had a
particle di an®t@prigymgyapour deposition, sealed with nitrogen gas,

and irradiated with vy rays of 100 kGy. In 1 L of

10 isopropyl alcohol were dissolved 375 g of styrene and
54.5 g of divinylbenzene (purity 55%}), and the solution
was heated to 50°C and subjected to bubbling with
nitrogen for 30 minutes to remove the dissolved oxygen.
Into this monomer solution under bubbling with nitrocgen

15 was introduced the above SUNFINE UH901 irradiated with
Y rays. The mixture was stirred for 3 hours, and the
reaction slurry was filtered through a Buchner funnel,
washed with 3 L of dichloromethane and vacuum dried.
The yield of the resulting grafted copolymer was 410 g,

20 and the amount of the crosslinked layer formed was 64%.

The copolymer had a particle diameter of 87

M.

Example 12
The crosslinked particles synthesized in
25 Example 11 and polyethylene particles having a particle
diameter of 85 um and obtained by sieving SUNFINE UH901

- through a metal gauze of 200 mesh were mixed at a




um Exanple 12 The crosslinked particles synthesized in 25 Exanple 11 and

pol yet hyl ene particles having a particle dianmeter of 85 um and obtai ned by
si eving SUNFI NE UH901 through a nmetal gauze of 200 nmesh were m xed at a 52
21 Cctober 2005 weight ratio of 50/50..The resulting particle mxture was
packed into an alum num metal nold having a channel in 2hégtebei 200& disc

of 25 MM 0 X FeRBht 2a¢iY Hrerwdsdy et ind N fnbiobaptE cHLYRE x@l r&B0C for
30 mnutes. 5 The resulting sintered body had an average pore dianeter of

22 pmand a peegsphykeld 41%o bm,%Eﬁ%&dﬂmfﬁﬁﬁﬁfﬂ&éﬂé|ﬁ§¥%ﬁgf§ ehanged 200
mL of methylene chloride and the sintered body with 25 X 3 mm

prepared as abnvehef gbkawed by dice idTy 20 mkDp 5C 0B hawer aaad stiher raddi ng
0.26 g of chlorosulfonic acid with stirring. After the conpletion of the
addi ti on, thebgohtehtngasnheahed-ad r3QCyad kepis@ic that30 enpeaatsre for 3
hours. Then, 20 nL of ethanol was added and after 30 mi nutes, the sintered
body was 15 tBkenrest]twashednwietredeboalyolhaandmaterrag@ndpayaeuum dri ed.
This sintered body into which cation exchange groups were introduced had a
pore di amet erdbgmoteryafand ranpandsatyonbsats oThdliton exchange capacity
was 0.87 20 mmoi/g. The ATOC neasured by setting the sintered bod in a
hol der for exclusive usél anéCPa®&i rgrpaedlratidrask erghcharoed gOSpb or

| ess, and thezﬁnpgnt of Afine ) )
mL of methylene chloride and the sintered body with 25

mm¢ X 3 mmt prepared as above, followed by cooling to
10 5°C or lower and then adding 0.26 g of chlorosulfonic
acid with stirring. After the completion of the
addition, the content was heated to 30°C and kept at
that temperature for 3 hours. Then, 20 mL of ethanol
was added and after 30 minutes, the sintered body was
15 taken out, washed with ethanol and water, and vacuum
dried.
This sintered body into which cation exchange
groups were introduced had a pore diameter of 21 um and
a porosity of 41%. The ion exchange capacity was 0.87
20 mmol/g. The ATOC measured by setting the sintered body
in a holder for exclusive use, and passing pure water
through it was 1 ppb or less, and the amount of Afine

particles was nearly 0/mL.

Comparative Example 2
25 In a separable flask were charged 50 g of the
crosslinked particles obtained in Example 11 and 200 mL

of methylene chloride, followed by cooling to 5°C, and




particles was nearly O/nlL. Conparative Exanple 2 25 In a separable flask
were charged 50 g of the «crosslinked particles obtained in Exanple 11 and
200 nmL of nmethylene chloride, followed by cooling to 5C, and 53 21 Cctober
2005 adding dropw se 17.5 g of chl orosy{;fonic acid wth stirring. After
the conpletion of the addition, the content was heat ed 2b08teazdOkept at

that tenperataf@ingodrdphees7ienr, o30 dri oo Kivanpl - vas; @dgdegdr, and the 5
content was kept for 30 mnutes, followed by filtration through the

Buchner funnettinashgng REtbBrethaneompneétipw @ MatRy ,aditk VaeUUFR&ryi ng.
The resulting sulfonated resin particles and particles with a particle
di amet er of 8domrenvobvasnkdabydsitevizng cSENG Nepk0 ddHHHatt ht cmigdr &t weé al
gauze of 200 nmesh were mixed at a weight ratio of 50/50. The resulting

m xture had aferidrhexchangBheapadilt wLobf0e8Rammll s Hudedy xdnd echas
packed into the alum numnetal nold used in Exanple 9 and heated at 180C
for 30 mi nut exPmient ks akeptr fer 39 ménhivem, a foilicareet Hyodii 1 thhet t@sul ti ng
sintered body had an ion exchange capacity of 0.55 mol/g. That is, the
i on exchange Wepatdh ythrecPeclBedrt fuabedt Pe%hongt We thcatdwngl afdre
sintering. Exanple 13 20 In the same manner as in Exanple 11, 250 g of

pol yet hyl ene B3 i%d e hRRRAgvacpart fevéngi andher r6FU861inwUm obt ai ned by

si evi ng SUNFI N H901 (nmanufactured b Asahi Kasei. Kabushi ki Kai sha
throug% a neﬁﬁﬁ%éﬂﬁ&;éﬁresin partgchs and particles with a )

particle diameter of 84 um, obtained by sieving SUNFINE
10 UH901 through a metal gauze of 200 mesh were mixed at a
weight ratio of 50/50. The resulting mixture had an
ion exchange capacity of 0.82 mmol/g. This mixture was
packed into the aluminum metal mold used in Example 9
and heated at 180°C for 30 minutes by a hot-air dryer
15 to form a sintered body. The resulting sintered body
had an ion exchange capacity of 0.55 mmol/g. That is,
the ion exchange capacity decreased to about 70% cof the

capacity before sintering.

Example 13

20 In the same manner as in Example 11, 250 g of
polyethylene particles having a particle diameter of 86
um, cobtained by sieving SUNFINE UHS01l (manufactured by
Asahi Kasel Kabushiki Kaisha) through a metal gauze of
200 mesh, was irradiated with =« rays of 100 kGy. A

25 reaction solution prepared by dissolving 375 g of
chloromethylstyrene and 54.5 g of divinylbenzene

(purity 55%) in 1 L of isopropyl alcohol was subjected



200 mesh, was irradiated with y rays of 100 kGy. A 25 reaction solution
prepared by dissolving 375 g of chloronethylstyrene and 54.5 g of

di vi nyl benzene (purity 55% in 1 L of isopropyl alcohol was subjected 54
21 Cctober 2005 to bubbling with nitroggn at 50C for 30 mnutes, and into
the solution was introduced 250 g of thé& “pol yet hyl ene pardli Otteber 2088i at ed
wWith y rays. Aiter 1 'égEﬁ ec J xt s ki r.ed ough
the 5 Buchner funﬁgﬁ}nagiﬁggidfk 1 fﬁo%pa%grgngggn vg%hgkggfigﬁﬁfThe
yield of the rnesel thegsenessldhked DA Lo&hESqVBE0440,8- e amount of the
crosslinked layer formed was 88% The partlc?e dianeter was 87 u M

Exanpl e 14 10pdhgeehsshieniedtiatd£! sr Sy1idesi seeni 9 FBxgapl eadgeangd

pol yet hyl ene particles having a particle dianeter of 85 pm obtalned by

si eving SUNFI NepEk96E 3t hoough aHewalxgauzenf 200 8Bsh, thebaghi xaed at a
wei ght ratio of 50/50. The resulting particle m xture 15 was packed into an
al um num net aBupbhdrhéuinngla olaameel with the. fof aoétandi sedofadbuam o X 3
nmit, and sintered by heating in a hot-air dryer at 180C for 30 mnutes. In
a 500 nlL sepafabtd-f| Tk weeddchdr gée: 26Gultirnf ¢sopsdbpykeal cohol

contai ning 30% of 20 trinmethyl am ne dissolved therein and the sintered body
of 25 Mt X PaFtiptepared égOaboveﬁh@n@mﬂumh%uﬁnﬁMElcmw&sbbmkééd out at
35C for 50 hqfrs to convert it to a quaternary anmoniumform After the
conpl etion oft3¥er feEBefonast BE8%si nffheedarddye Masltaketreputas wlZheduwi t h

Example 14
10 The crosslinked particles synthesized in
Example 13 and polyethylene particles having a particle
diameter of 85 um, obtained by sieving SUNFINE UH901
through a metal gauze of 200 mesh, were mixed at a
weight ratio of 50/50. The resulting particle mixture
15 was packed into an aluminum metal mold having a channel
in the form of a disc of 25 mm¢ X 3 mmt, and sintered
by heating in a hot-air dryer at 180°C for 30 minutes.
In a 500 mL separable flask were charged 200
mL of isopropyl alcohol containing 30% of
20 trimethylamine dissolved therein and the sintered body
of 25 mm¢ X 3 mmt prepared as above, and the reaction
was carried out at 35°C for 50 hours to convert it to a
quaternary ammonium form. After the completion of the
reaction, the sintered body was taken out, washed with
25 ethanol and water, and vacuum dried.
The resulting anion type porous ion

adsorptive body had an ion exchange capacity of 0.95




25 ethanol and water, and vacuumdried. The resulting anion type porous ion
adsorptive body had an ion exchange capacity of 0.95 55 nmol/g. 21 Cctober
2005 Conparative Exanple 3 The crosslinked particles obtained in Exanple

13 were inmersed in isopropyl alcohol capfaining 30%of 5 trimethylam ne
di ssol ved therein and reaction was carried out at 35C fo21s¥taber200%

convert the pardiftjes to a quaternary amoniumform The resulting anion
adsorptive resin was washed with ethanol and water, then subjected to
substitution with ethanol, and 10 dried by a vacuumdryer. The resulting
resin particles in the quaternary amonium form and particles having a

particl e di amétapasfat85egiixeoitlad ned by sieving SUNFI NE UH901 t hrough a
netal gauze of 200, nesh were mxed at 15 a weight ratio of 50/50. The

m xture had an ion excRémgemapEkinkedipdrO9Bcesl bgtaThied AhxEwagpias
packed into the sane al um numnetal nold as used in Exanple 9 and heated
at 180C for 363nRiEedmmprsenbtin aisoprgmy] tal donol acshhhenedgbady. oEhe

resul ting $0 si ntered_body had an ion exchange capacity of 0.28 mmol/g.
That is, by tHhELIBLRPEARRGNS KE SS9 ot Hdrepe i apati tgadetoeased to about

30% of the capacity .before sintering. Exanple 15
0 garrlgd out at 35QC foéJSO héH}s toc convert the

particles to a gquaternary ammonium form. The resulting
anion adsorptive resin was washed with ethanol and
water, then subjected to substitution with ethanel, and

10 dried by a vacuum dryer.

The resulting resin particles in the

quaternary ammonium form and particles having a
particle diameter of 85 um, obtained by sieving SUNFINE
UH301 through a metal gauze of 200, mesh were mixed at

15 a weight ratio of 50/50. The mixture had an ion
exchange capacity of 0.93 mmol/g. This mixture was
packed into the same aluminum metal mold as used in
Example 9 and heated at 180°C for 30 minutes by a hot-
air dryer to form a sintered body. The resulting

20 sintered body had an ion exchange capacity of 0.28
mmol/g. That is, by the sintering, the ion exchange
capacity decreased to about 30% of the capacity before

sintering.

- Example 15
25 In the same manner as in Example 11, 250 g of

polyethylene particles (having a particle diameter of




25 In the sane manner as in Exanple 11, 250 g of polyethylene particles
(having a particle dianeter of 56 21 Cctober 2005 84 mm obtai ned by

si eving SUNFI NE SH301 manufactured by Asahi Kasei Kabushi ki Kai sha through
a nmetal gauze of 200 nesh) were irradiated with y rays of 100 kGy. A

sol ution prepared by dissolving 300 g gl ycidyl 5 nethatQdtether 2005 43.6 ¢

f divinylb ' Qf L 4 i I ' bubbl i
W th nitrogen af MoCns P o Clind BNE " SuRHY) RRRSLARE IS | on

vere 1ntroduded 25t Rlsd 1o AR0R;  POLYELRK BN RAN! LCLRS A1 Il Al ed W Lh

y rays. The reaction was carried out at our, e graft

crosslinked proOdUed wash i akere Oulty 9a}9@ah§§tw'51€ =470PEePYboakponol 5 The

yield of the resulting graft copolynmer was 39 e anount o

crossl i nked smmuhﬁﬂn\ﬁxéﬁﬁﬁédfﬁyiaisgéﬂv§n§agbbcbeogi@qgkqhyqf 84 15 um

The resulting graft copolyner and polyethylene particleS having a particle

dianeter & &etigrrydbital ned b3 s¢ eyi g SUNChNELBHIBAt hhough, aset al

gauze of 200 nmesh, were mixed at a weight ratio of 20 50/50. The resulting
particle m xtiwoenway Jpadkethdntwa s aulsd ¢iot 8dnm eebabbIDhg havhng a channel
in the formof a disc of 25 mm X 3 mmt, and sintered by heating in a
hot - ai r dryenidtropROCafto303¢ micnuwtasovdhdi sesivédngxysent enad hedy had an
average pore dianeter of 20 umand 25 a porosity of 39%
the solution were introduced 250 g of the above
polyethylene particles irradiated with ¥ rays. The
10 reaction was carried out at 30°C for 0.5 hour, and the
graft crosslinked product was taken out and washed with
isopropyl alcohol. The yield of the resulting graft
copolymer was 395 g. The amount of the crosslinked
product was 58%, and it had a particle diameter of 84
15 pm.
The resulting graft copolymer and
polyethylene particles having a particle diameter of 85
um, obtained by sieving SUNFINE UH901 through a metal
gauze of 200 mesh, were mixed at a weight ratio of
20 50/50. The resulting particle mixture was packed into
an aluminum metal mold having a channel in the form of
a disc of 25 mm¢ X 3 mmt, and sintered by heating in a
hot-air dryer at 180°C for 30 minutes. The resulting
sintered body had an average pore diameter of 20 um and
25 a porosity of 39%.
In a 500 mL separable flask were charged a

mixed solution of dimethyl sulfoxide containing 10% by

weight of sodium iminodiacetate and water (1/1 in




In a 500 nL separable flask were charged a m xed solution of dinethyl
sul foxi de containing 10% by weight of sodiumimnodi acetate and water (1/1
in 57 21 COctober 2005 volune ratio) and the sintered body of 25 mm X 3

mt  prepared as above, and reaction ma$7carried out at 80C for 72 hours.
After the conpletion of the reaction, the sintered body2h&ctobge?DBut

washed wi th Webehineapdcdoyagtumedid elhnddiddia,sesubsifg Gy ake i ypg por ous

ion adsorptive body, the anount of t at e 'exchange group introduced

was 1.75 mol pgepskExanpkespelesi Bl et RAde i o i chefupeti gpaboegroups
were introduced by radiation grafting)> 10 Exanple 16 A sheet-Iike

pol yethyl ene pakrt i7gl BogiBt er gdteR0odhe NP INE 1A 800 twaufasttied, by Asahi
Kasei Kabushi ki Kaisha (particle dianmeter: 20 um nenbrane thickness: 2
mm porosity:tBe% invasetrbadiyavad walkderny olfy I ayssiofd 0k Gyat &r sobnlli on
prepared by dissolving 80 g of styrene and 6 g of divinyl benzene (purity
559 in 15L vécusopdopyd.al Tnhohewasshdatiedy tane/E andypsubpecthedido
bubbling with nitrogen for 30 mnutes to renove dissolved oxygen. Into
this nononer adsorpbhveCooadye ther edoued 6F ghen dtldtofexiisasgef 047 nm
cut out fromthe above SUNFINE AQ-800 irradiated with y rays. Reaction
was carried o¥oRprinthoducedi vAs dti76r mmgl/and the sintered body was taken
out, washed wth isopropyl alcohol, and then dried by a vacuum 25 dryer of

50C for 2 hours. The total weight after

<Examples of sintered body (into which functional
groups were introduced by radiation grafting)>

10 Example 16

A sheet-like polyethylene particle sintered

body, SUNFINE AQ-800 manufactured by Asahi Kasei
Kabushiki Kaisha (particle diameter: 20 um, membrane
thickness: 2 mm, porosity: 35%}, was irradiated with v

15 rays of 100 kGy. A solution prepared by dissolving 80
g of styrene and 6 g of divinylbenzene (purity 55%) in
1 L of isopropyl alcohol was heated to 70°C and
subjected to bubbling with nitrogen for 30 minutes to
remove dissolved oxygen. Into this monomer solution

20 were introduced 60 g in total of discs of ¢ 47 mm cut
ocut from the above SUNFINE AQ-800 irradiated with «
rays. Reaction was carried out for 5 hours with
stirring, and the sintered body was taken out, washed
with isopropyl alcchol, and then dried by a vacuum

25 dryer of 50°C for 2 hours. The total weight after
drying was 109 g, and the amount of the crosslinked

layer produced was 82%. The resulting sintered body in




drying was 109 g, and the amount of the crosslinked |ayer produced was
82% The resulting sintered body in 58 21 October 2005 which a crosslinked
| ayer was forned had a pore dianmeter of 20 j umand a porosity of 34% The
resulting sintered body was i nmersed in__dichloroethane, and then a

di chl or oet hane solution 5 contai ni ng 1098 of di ssol ved ch2oQabérd00s aci d

vas added orgnutse, Loblaved bv GaLLY Ug. Ul geaction Saiod. hour under

i ce cooling and an a 1 onal room temperature to

i ntroduce chlgggﬁgkggnbg [ Theqion gaRacity of the resulting
10 cation adsorptive bodyggag“n.gﬁd 2 ??989 g ?Ee gnnunt of water

per et on was 24, 100, 090 LLE@i < MBAs skl i 1 AVRLAGEROE S i afpet er of

19 um and a porosity of 33% A parf of the catlon adsorptive body was cut

15 out, and tdecKistoébuihoh ghdt BRefULS @RGHALIURT Hahd NG 19aCt 4 onal
direction of the particles constituting the sintered body was anal yzed to

obtain an $ndexnodinRdgorPtive fupsbilonal canewp sdilHonikutian gfad. 8.
Exanpl e 17 20 SUNFINE AQ 800 was irradiated with y rays of 100 kGy. A
sol ution prepsfded yrobeset yi hgllaveq bf; cabkoromethy sewniemntbs g of
di vi nyl benzene (purity 55% in 1 L of isopropyl alcohol was heated to 50C
and subj ect ébun Wbt | hee wiodl g r @génfbor aB0 aniddutiesatlo 326 nrienmves
di ssol ved oxygen. Into this nmononer solution were introduced 60 g in total
of discs of LRATE temperature to introduce chlorosulfonic acid.
The ion adsorption capacity of the resulting
10 cation adsorptive body was 1.87 mmol/g, and the amount
of water permeation was 24,100,000 L/m®* hr MPa. It had
an average pore diameter of 19 um and a porosity of
33%.
A part of the cation adsorptive body was cut
15 out, and the distribution of the sulfone groups in the
sectional direction of the particles constituting the

sintered body was analyzed to obtain an index of

adsorptive functional group distribution of 0.8.

Example 17

20 SUNFINE AQ-800 was irradiated with y rays of
100 kGy. A solution prepared by dissolving 120 g of
chloromethylstyrene and 6 g of divinylbenzene (purity
55%) in 1 L of isopropyl alcohol was heated to 50°C and
subjected to bubbling with nitrogen for 30 minutes to

25 remove dissolved oxygen. Into this monomer solution
were introduced 60 g in total of discs of ¢47 mm cut

out from the SUNFINE AQ-800 irradiated with ¥y rays.



out fromthe SUNFINE AQ 800 irradiated with y rays. 59 21 COctober 2005

Reaction was carried out for 2 hours with stirring, and the sintered body

was taken out, washed with isopropyl alcohol, and then dried by a vacuum

dryer. The total weight after drying mgg 105 g, and the amount of the 5
resu

crosslinked layer formed was 75% The Iting sintered! Gdgben2Gdd ch a
crosst i nked | gyeuas tatmed . had: an Avarace paces diATEters of 143 upand

porosity of resulting sintere i MYEr se I'sopr opyl

al cohol cont aknng; 30% e LAELY e, diwsol vedh Lherelf, 1 800 Legat i on

was carried out at 35C hours to convert the Intro uced _
chi or oMet hyl - aSEXRENG LAgALALA! SRR Py aliifud GR1YdE 1T AAL OBocagdsorpti ve
ubj

body was washed with ethanol and water,” then 15 s ected to substitution

Wi th ethanol , wanghdr hedebydayivacwd® doserg, Hhe audm@int her cahkon
exchange groups introduced into the anion adsorptive body (ion exchange

capacity) ®asc3o26limRbdglagbd themaaDurls ofsgvat e 2000l rEaid on was
19,000,000 L/m"'-hr-MPa. It had an average pore dianmeter of 19 u mand a
porosity of 38¥mtefhe bbdyetladwhady was rioEEriSSkd Il B B oD USo Na&t
solution to adsorb Cl ions to the anion exchange groups, and then the
section of thea@gagnielesa@s ponst diatiengrt e dintemednbody peas ssithj exff ed t o
EDX analysis for ClL. As a result, the index of distribution of the anion

exchange groupd%was 0. 75.

The resulting sintered body was immersed in
10 isopropyl alcohol containing 30% of trimethylamine
dissolved therein, and reaction was carried out at 35°C
for 50 hours to convert the introduced chloromethyl-
styrene to a quaternary form. The resulting anion
adsorptive body was washed with ethanol and water, then
15 subjected to substitution with ethanocl, and dried by a
vacuum dryer.

The amount of the cation exchange groups
introduced into the anion adsorptive body {ion exchange
capacity) was 3.26 mmol/g, and the amount of water

20 permeation was 19,000,000 L/m* hr-MPa. It had an
average pore diameter of 19 um and a porosity of 30%.
The sintered body was immersed in an aqueous NaCl
solution to adsorb C1 ions to the anion exchange
groups, and then the section of the particles

25 constituting the sintered body was subjected to EDX
analysis for Cl. As a result, the index of

distribution of the anion exchange groups was 0.75.



60 Exanple 18 21 October 2005 The sintered bodi es having cation and anion
exchange groups synthesized in Exanples 16 and 17 were set in a holder for
excl usive use, and ultrapure water 5 was passed therethrough and the
resistivity and TOC concentration of t treated water were neasured. The
resistivity neasured when 24 hours elapsed fromthe stalt Qdtobére2issage
of water was ¥:znfd fde cation adsorptive body and 18.1 for the anion 10
adsorptive body, while the resistivity of the supplied water as it was,

was 18.1. TOC was 2.0 ppihd Midferesupphiisd WaLeh a%%t%o@& L e At i on
adsorptive body and 1.9 for the anion adsorptive bo y. Thus, neither

ioni c inpuriticeshierigel @zRlpgs edynthie £x26@| en 1@xéﬂ§?é§al§'6l ahy f1or wdrand Na

of the cation adsorptive sintered body of Exanple 16 was neasured in the
same manner aseitn iExanpld dbr Ther ressl d$i o eus8pWandi n1Takberd. whakie 2

Water beforeWater filtered through filtrationcation type sintered body of
Exanpl e 16 SComeentpaatseoh tofe rétHiaudh s 1190 Ode C0BE Rt Lt k@A @DcNa ion (
t)0'980'44 concentration of the treated water were measured.
The resistivity measured when 24 hours

elapsed from the start of the passage of water was 18.2
for the cation adsorptive body and 18.1 for the anion
10 adsorptive body, while the resistivity of the supplied

water as it was, was 18.1. TOC was 2.0 ppb for the

supplied water and 2.0 for the cation adsorptive body

and 1.9 for the anion adsorptive body. Thus, neither

ionic impurities nor TOC eluted.

15 Example 19
Adsorbability for Zn and Na of the cation

adsorptive sintered body of Example 16 was measured in

the same manner as in Example 8. The results are shown
in Table 2.
Table 2
Water before Wate; filtered_through
filtration cation type sintered
body of Example 16

Concentration of

Zn _ion (ppb) 0.19 0.01
Concentration of

Na ion (ppt) 0.98 0.44

20 Concentrations of Zn and Na in the model pure




20 Concentrations of Zn and Na in the nodel pure 61 21 October 2005 water
were clearly reduced by using the cation adsorptive body, and it was found
that the ion adsorbability is excellent. Conparative Exanple 4 5 As a
conparative exanple in which the cation_10 exchange groups were introduced
wi thout a crosslinked |ayer, SUNFINE A&iBOO used i n Exarpl@ctekengdgd0s

|mmersed  in dacencagteatadaaulf Wik A b, 80 T, 8-heppg to obtain a

sul fonat ed sintered body. The resulting sintered body brown col or

a whole, and gggb@heip@rbb@@§_@@kpj§pq&&pgﬁéghfg¢?a%xfg%tggnsintered body

was touched wth the hand, “visible parti herefrom Discs of

047 mm were Cafisoubabhilthe Sisntaicad 1k body and set in a hol der for
excl usive use, and water was passed to neasure ATOC and Afine particles.

As a result, the ATOCC was 25 ppb, which was 25 tines nore than that of
the sintered bodies of the present invention. 20 The anmount of Afine

particl es wasCdmBznitivehEgbmpde Bi gher by double digits. Wen the treated
water was filtered with a nonwoven fabric, black materials with a visible
size were Jiltered off Ba &heompematier Babmiple 2% WHikH ritd Applosability

The present invention provides an excell ent
exchange groups were introduced without a crosslinked
layer, SUNFINE AQ-800 used in Example 17 was immersed
in a concentrated sulfuric acid at B80°C for 8 hours to
obtain a sulfonated sintered body.

10 The resulting sintered body had a brown color
as a whole, and certain portions were scorched black.
When the sintered body was touched with the hand,
visible particles fell off therefrom.

Discs of ¢47 mm were cut out of the sintered

15 body and set in a holder for exclusive use, and water
was passed to measure ATOC and Afine particles. As a
result, the ATOC was 25 ppb, which was 25 times more
than that of the sintered bodies of the present
invention.

20 The amount of Afine particles was 1.8/mL,
which was higher by double digits. When the treated
water was filtered with a nonwoven fabric, black

materials with a visible size were filtered off on the

nonwoven fabric.

25 Industrial Applicability

The present invention provides an excellent



21 Cctober 2005 62 adsorptive structure which hardly causes the generation
of inpurities, such as TOC, and does not contam nate the treated liquid or
gas. It is excellent in water perneabilty and gas perneability, and can
remove even 5 the inpurities of extrenmely | ow concentrations.

Particularly, the present invention provides an adsorpt2¢&ctoberc2@ib body
whi ch can reduce netal ions in ultrapure water to extrenely | ow
concentrations. 21 Cctober 2005 63 CLALMS 1. (Amended) A porous sintered
body of polyolefin resin particles conprising functional groups having

adsor babi | i t yabengieei +&r sughcaungealh ipel WRGGhalLals dhe %&Eéf‘%@iog' A

sintered body according to claim1, wherein the pores are gaps forned by

wel ding of thef iherroples)i sutBSkB pacti ahes R hane Ah YRS AP POT e
dianeter of 1 gmor nore and | ess than 100 j um 3. A sintered body

according to iaitrdstedel fhyuidt be gkt ered hedywhas 1@forgsidyrof 20% or
nore and |ess than 60% 4. A sintered body according to claim1l, wherein

t he concent r gtemreaditthe dndcyaonpbrgeabps ihayi reid adsordabidd tavdm the
-sintered body is 0.3 mol/g or nore and |ess than 10 nml/g. 5. A sintered
body accordi ridia dmpwiihiles whEreknremely low concentrations.

Particularly, the present invention provides an

adsorptive sintered body which can reduce metal ions in

ultrapure water to extremely low concentrations.



t he functional groups having adsorbability are |ocalized at the surface of
the thernoplastic resin particles constituting the sintered body. 6.
(Cancelled) 7. A sintered body according to claim1, wherein the
functi onal groups having adsorbability are ion exchange groups.
8. (Anrended) A porous sintered body, conprising a m xtur@1idDctober B6@dastic
resin particles and polyolefin resin paggicles, the polyolefin resin
particles conprising functional groups having adsorbability 64 21 Cctober
2005 bonded through graft polynmer chai @sAaMSt he surface. 9. A sintered body
according to ciai?18, wherej- the pores are gaz)s forned by wel ding of the
particles constit{iPFRgethe & Pogicad Isdateasdl hendy anf qvel pgbe Por e
dianmeter of | umor nore and | ess than 100 um 10. A sintered body
according to cTafMaPahherdrs COR®Idising: dunsddyrels grquposidying 20% or
2. A sintered body according to claim8, wherein

d | 0% .
nmore an ess?cﬁggﬁé%#ﬁ_%%ﬁpppgggdatMngeﬁi Fraft pmlgimeerathirodyt

t he t hernopl as
t he concentration of the functional groups

according to ' erein
havi ng adsorgéﬁﬁ{%é%;? “the sintered body is 0.3 mml/g or nore and | ess
t he

t han 1O_nnD|/g3_23. A_s{&tgrgg bogy a cprdin%dgo cl ai m_8, wherein |
_proportion of the resin ‘particfas CBH§V|§Fﬁ8 ng to claim 1, wherein
' the pores are gaps formed by welding of the
thermoplastic resin particles and have an average pore
diameter of 1 um or more and less than 100 um.
3. ~ A sintered body according to claim 1, wherein
the sintered body has a porosity of 20% or more and
less than 60%.
4, A sintered body according to claim 1, wherein
the concentration of the functional groups having
adsorbability in the sintered body is 0.3 mmol/g or
more and less than 10 mmol/g. ’
5. A sintered body according to claim 1, wherein
the functional groups having adsorbability are
localized at the surface of the thermoplastic resin
: particles constituting the sintered body.
; 6. (Cancelled)
7. A sintered body according to claim 1, wherein
the functional groups having adsorbability are ion
exchange groups.
8. (Amended) A porous sintered body, comprising a
mixture of thermoplastic resin particles and polyolefin

resin particles, the polyolefin resin particles

comprising functional groups having adsorbability



functional groups haviﬁg adsorbability bonded through .graft polyner
chains in the whole sintered body is 10% by weight or nore and |l ess than 7
0% by weight. -14. A sintered body according to claim8, wherein the

functi onal groups having adsorbability are |ocalized at the surface of the
resin particles. 15. 36. A sintered bodygdccording to cldill@@pben20@h n the

functi onal groups having adsorbability are ion e:~change groups. 27.
(T-znended)g@PE@??OF@ﬁD@Qﬁ%ﬂR&@arpbbymetoaheﬁﬂﬂnhtftw@tggggbcg[oups
havi ng adsor pability bonded through 65 21 Cctober 2005 graft pol yner
chai ns, the %olvolefinAbéﬂm}Qﬁﬂdxb@mw acoortbeggrraupr Xoisi ) i fHe@kin
pol yet hyl ene,. pol ypropyl ene, ethyl ene-propyl ene copol yner, ethyl ene-

but ene-1 copdt§rePlest AyPemEritexarmmad copobyhding etthylrenepa penk1ese- 1
copol ynmer, ethyl ene -4-nethyl pentene-1

copol yrer, et@ylene-octene-l ,
copol ymer, A ERet VR By Fhac sdaite reopdiydrer andt hghenen (@mifygerpbire acid
copol yner and et hyl ene- (neth)acrylate copolyner. 18. A resin particle

accordi ng t &*@™rRa 7oL érTdi frtmertuacti desls grivampsl Daviug. adsorbability

-are Iocaliégp‘at the surface of the resin particles. 19. 20 Aresin
particle according to 2lainRtered Wedveiaradmiconceat cation 89f wHeerein

~functional gﬁgugﬁntered body has a porosity of 20% or more and
less than 60%.
11. A sintered body according to claim B, wherein
the thermoplastic resin comprises a polyolefin.
12, A sintered body according to claim 8, wherein
the concentration of the functional groups heaving
adsorbability in the sintered body is 0.3 mmol/g or
more and less than 10 mmol/g.
13. 4 sintered body according to claim g8, wherein
the proportion of the resin particles comprising s
functional groups having adsorbability bonded through
‘graft polymer chains in the whole sintered body is 10%
by weight or more and less than 70% by weight.
REE 5 sintered body according to claim 8, wherein
the functional groups having adsorbability are
localized at the surface of the resin particles.
15,
Jé. A sintered body according to claim 8, wherein
the functiqngl groups having adsorbability are ion
exchange groups.
17. {(ERmended) & polyolefin resin particile comprising

functional groups having adsorbability bonded through



havi ng adsorbability is 0.3 mmol/g or nore and less than 10 mmol/g. 21. A
wherein the functional groups having

resin particle according to claim17,
adsorbability are ion exchange groups. 22. A resin particle according to
a particle dianeter of 300 um or

claim17, wherein the resin particle has
l ess. 23. A method for producing a si nt ef &d body conpri 81 f2ctoBem2@dd ng a

particle m xi4g£e-o0 gophastic resin particles, havin particle
di aneter of 300 gn$%%pﬁFés§ha§é%ﬂwﬁﬂﬁi?ﬁ.é@i?eé?nbﬁépﬁi%él?w%ﬁ@h have a
65/1 21 Cct obedm 2009 partibcledianet of 300 umor |ess and to which 21

Oct ober 2005 66 funcflgﬁglkgp6uﬁg%ﬁ§£ﬁﬁ% Bs¥T vabr FiEy can be bonded, to

sorbabi || T e Tearh rebr R P s i lrahg oo 23,
L Ol R e SR SRR D LS
e B R e B T g v o e

copolymer, ethylene-4-methylpentene-1 copolymer,

ethylene-vinyl acetate copolymer, ethylene-

{meth)acrylic acid copolymer and ethylene-

(meth)acrylate copolymer.

18. A resin particle according to claim 17,

wherein the functional groups having adsorbability are

locelized at the surface of the resin particles.

19,

20. A resin particle according to claim 17,

wherein the concentration of the functional groups

having adsorbability is 0.3 mmol/g or more and less

than 10 mmol/g.

21. A resin particle according to claim 17,

wherein the functional groups having adsorbability are

ion exchange groups.

22. A resin particle according to claim 17,

wherein the resin particle has a particle diameter of

300 um or less.

23. A method for producing a sintered body

comprising:

sintering a particle mixture of thermoplastic

resin particles having a particle diameter of 300 Hm or

o i1} egi = y ]
less and crosslinked resin particles which have a




thernoplastic resin particles conprise a polyolefin. 26. A method
according to claim23, wherein the crosslinked resin particles are resin
particles having a crosslinked |layer formed by a graft reaction. 27. A
met hod according to claim23, wherein the crosslinked resin particles are
polyolefin resin particles on which a crosslinked | ayer 2iO¢tobaed0028. A
met hod according to claim23, wherein téfe/1 functional groups having
adsorbability are jon exchange groups. 29. A nethod for producing a
sintered bo&értk%}r%r@%imgt%i eifeSi0ly ampent ilelss nmnd ute whither nopl astic
resin particles having a particle diameter of 300 mor Iless and resin
particles which have a particle dianmeter of 300 Mnor |ess and to which
functional groups having adsorbability are bonded through graft polymer
chains. 21 Cctober 2005 67 30. A nethod according to claim?29, wherein the
m xing ratio of the resin particles to which functional groups having
adsorbability are bonded through graft polyner chains is 10% by wei ght or
more and | ess than 70% by weight, with respect to the total weight of the
m xture. 31. A nethod according to claim?29, wherein the thernoplastic
resin particles conprise a polyolefin. 32. A method according to claim 29,
wherein the resin particles to which the functional groups having



adsorbability are bonded through graft polyner chains are polyolefin resin
particles to which the functional groups having adsorbability are bonded

t hrough graft polyner chains. 33. A nethod according to claim?29, wherein
the functional groups having adsorbability are |ocalized at the surface
of the resin particles. 34. A nethod according to clai m290dtabehed05

conpri sing: converting the functional %%oups havi ng adsorbability to a
nmetal salt before the sintering. 35. nmet hod according to claim 29,

wherein the fhueeticonal raups haying a@s9orhabihit %r%iHE‘HBﬁéﬁﬁge
groups. 36. - A nethod for produciﬁgga sintered bogy ato t he surface of

whi ch functi enabregreups hadng:s adsorbabitiiy, agggbonded, conpri sing:
form ng a crosslinked |layer on the surface of 68 21 Cctober 2005 the
sintered body of ther mbplnasitricc Mmesiti pailigtespsandvikgacting the
functional groups which have adsorbability and are capable of reacting with
the crosslialedrbavedit37 oA uiet hedsiacameing. to claim 36, wherein the
thernoplastic resin particles constituting the sintered body of the-
“thernopl astié4resin pakt meltéschaveardipar ticel el dianeser wbkr309 wWneor | ess.
38. A nethod according to claim36, wherein the thernoplastic resin

- particles cdiprige sapébveifeftiy. crosslinked resin particles to

which functional groups having adsorbability can be
bonded is 10% by weight or more and less than 70% by
weight, with respect to the total weight of the
mixture.
25. A method according to claim 23, wherein the
thermoplastic resin particles comprise a peclyolefin.
26. A method according to claim 23, wherein the
crosslinked resin particles are resin particles having
a crosslinked layer formed by a graft reaction.
27. A method according to claim 23, whereih;the
crosslinked resin particles are polyolefin resin
particles on which a crosslinked layer is formed.
28. A method according to c¢laim 23, wherein the
functional groups having adsorbability are'ion exchange
groups.
29. A method for producing a sintered body,
comprising:

sintering a particle mixture of thermoplastic
resin‘particles having a particle dizmeter of 300 um or
less and resin particles which have a particle diameter
of 300 pum or less and to which functional groups having

adsorbability are bonded through graft polymer chains.



39. A nethod according to claim36, wherein the crosslinked |layer is
formed by irradiating the sintered body of the thernoplastic resin
particles with radiation and contacting the sintered body with a reactive

nmononer under stirring in a solvent which does not swell the thernoplastic
resin particles, and the functional groups which have a@ééﬁﬁ@b@ﬂ?@@gand

are capable of reacting with the cros%% nked | aver are reacted in the
| i quid phase. 40. -A nmethod according to claim 36, wherein the functional

groups havi ngcadsor babid i i chan pPsS. 41. (Amended) A
met hod for producing a;$é§¥ﬁa%gr%?g?gégﬁg ?ﬁecgégﬂa?Q’OWQﬁﬁ%ﬁpfE?%tiona
groups havi ngiadser bahi;ld tys b FLskng: . f 1.ng cr.osslinked
| ayer on the ;urfgie oﬁ' theaggi49€§$?nﬁgggﬁg§%§rchﬁégkghg%ggvyh?%??n

bei ng sel ecyedupkgmatie,gr-ou SoNsi 51479 h qHo Cct ober
2005 polypropylgne,aeth;?ene-propylenepc%gél§§%¥?Be¥h3?§ﬁg-%%%%ghe-l

copol yner, epbyheae- kexarer i oppd Werwe 85y ! §Penpebt gng- 1 capalyner,
et hyl ene-octene-1 copol yner, ethyl ene-4-nethyl per_tene-|1 copol ymer, -
et hyl ene- vi nyDzabet ate gbapolyire! ,reigwderes {metPdagtylhksqae ¢ coppl yner
and ethylene- (neth)acrylate copolyner, and reacting the crosslinked |ayer
- wWth ‘ mixture.
31. A method according to claim 29, wherein the
thermoplastic resin particles comprise a polyolefin.
32. A method according to claim 29, wherein the
resin particles to which the functicnal groups having
adsorbability are bonded through graft polymer chains
are polyolefin resin particles to which the functional
groups having adsorbability are bonded through graft
polymer chains.
33. A method according to claim 289, wherein the
functional groups having adsorbability are locallzed at
the surface of the resin particles.
34. A method according to claim 2%, further
comprising:
converting the functional groups having
adsorbability to a metal salt before the sintering.
35. A method according to claim 29, wherein the
functional groups having adsorbability are ion exchange
groups.
36. ~ A method for producing a sintered body, to
- the surface of which functional groups having
adsorbability are bonded, comprising:

forming a crosslinked layer on the surface of



groups whi ch have adsorbability and are capable of reacting
with the crosslinked |aver. 42. A nethod according to claim4l, wherein the

resin particles have a particle dianeter of 300 umor |ess. 43.(Cancell ed)
44. A nmethod according to claim4l, wherein the crosslinked |ayer is
particlegw th radiati on2arfactebat 2029 ng t he

formed by irradiating the resin
resin particle with a reactive nononer under stirring in a solvent which

does not swethetbenkegel Baili . tdEmopNest ynackEanal grouns) sbi chshave
adsorbability and are capable of reacting with the crosslinked [aver are
reacted in the liquid pbaseindp.tr neifotk @E£DT g DGO weliaiHM ke Wher ei n
the functional groups having adsorbability are ion exchange groups.
adsorbability and are capable of reacting with the

functi onal

[0 5

Crosslinked layer.

37. E method according to claim 36, wherein the
thermeplastic resin particles constituting the sintered
body of the thermoplastic resin particles have a
particle diameter of 300 um or less.

38. A method according tec claim 36, wherein the
thermoplastic resin particles comprise a polyoclefin.

39. A method according to claim 36, wherein the

inked layer is formed by irradiating the sintered

n
}-2
=]

Cros
body of the thermoplastic resin particles with
radiation and contacting the sintered bodv with a
reactive moromer under stirring in a solvent which does
not swell the thermoplastic resin particles, and the
functicnzl groups which have adscrbebility and are
capable ©f reacting with the crosslinked laver are
reacted in the liguid phase.

40. ‘A method according to claim 26, wherein the

funcrs - . 17 1 ]
functional groups having adsorbability are ion exchange

41. (Zmended) & method for producing a resin particle
to the surface of which funcrional groups having

adsorbability are bonded comprising:

-t

forming a crosslinked layer on the surface ¢

the polyclefin resin particle, the polyvolefin being
selected from the group consisting of polysethylene,
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polypropylene, ethylene-propylens copolymer, ethvlene-
butene-1 copolymer, ethylene-hexene-1 copolymer,
ethylene-pentene-1 copolymer, ethylene-octene-1
copolymer, ethylene-4-methylpentene-1 copelymer,
ethylene-vinyl acetate copolymer, ethylene-
{meth)acrylic acid copolymer and ethylene-
{meth)acrylate copolymer, and

reacting the crosslinked layer with
functional groups which nave adsorbability 2and are
capable of reacting with the crosslinked laver.
42. A method according to claim 41, wherein the
resin particles have a particle diameter of 200 um or
less,

43. (Cancelled)

44, % method according to claim 41, wherein the
cresslinked laver is formed by irradiating the resin
particle with radiation and contacting the resin
particle with a reactive monomer under stirring in a
solvent which does not swell the resin varticle, and
the functional groups which have adscrbability and are
capeble of reacting with the crosslinked layer are
reacted in the liguid phase.

45, A methed according fto claim 41, wherein the

functioral groups having adsorbability axze ion exchangs



