;e3ea”T] 6T W560 70/45 SI NTERED BODY, RESI N PARTI CLES AND METHOD FOR
PRODUCI NG THE SAME Technical Field The object of the present invention %560
to provide an adsorptive body usable for adsorption, concentration, 70/45

separation and renmoval of inpurities or 5 the like contaj kel 1 QUi S oOr
gases in the treatnment of liquids such as water, var uﬂﬁﬁ“\@ﬁ @\W "sol utions
or organic solvents or in the treat nent lof gas m xtu arly, the

obj ect of the present invention is rQyl a porous édgbﬁbtive body
usable 10 in a process wherein adsghgpﬁgﬁ%ggﬁlrennval of fine particles,

col | oi dal substances or gﬁh@thﬂ?%ob% a@E%&Nr Iﬁ&éﬂﬁg(ﬁ entration are

necessary in order to préepare ultrapure water. Background Art 15 Recently,
for the purpose of reducin 'fﬁdyeﬂgﬁsPQQDénggnyﬁﬁoggﬁgt, t he conversion
of industrial processes to ose 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 medi um capabl e of adsorbi ng, concentrating,
separating and renoving the materials *@00002* 2 present in a trace

amount in gasescaltchiquidsd

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 aqueous 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 Dbeen growing. As a result, there is an increasing need
for the development of a medium capable of adsorbing,
concentrating, separating and removing the materials

T

*G00002*



For exanpl e, hitherto, ion exchange resins 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 dianeter rangi ng from 300-1200
~ m 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 treated with the surfacé of the 10 resin is small because

of | arge gaps_anong the resin particles.(water flo at h).. ., Therefore,
particurart y PRESERFert PotraRoyanegne Aromraser T P dbiis on
concentration, such as ultr re.water., .i onspi c I 0 urt hernore,
inthe field of using 1§0EI%B§8 }g’wgﬁgpé§§ﬁﬁh4§?:%?ﬁﬁﬁéiﬁgﬁﬁéiﬁuctor

i ndustries, ofggni g LAPHLELhes el egtedias TOBJN e ase of didrapure

wat er) i ncorpora e resin during polynmerization o e ion

exchange resiwﬁ%yt €8 QUeErachang ek g)qo%festsierge and duis i iddgs are 20

brought into the treated water. Attenpts to use a sintered body as a nedi um

for adsor pti oexcﬁsﬂggakeamﬁssgea@%railng & edias J058¢ i HRmi &l 23492,
JP- A-7-204429, etc. JP-A-51-23492 discloses a technique in which 25 an

adsorbent, suehngsngi Firea geb-ar0al Wina, whennk¥ed W thsanr esi papeeder,
such as a polyolefin resin, to prepare a slurry and this slurry is spread
on a support antdoheatedihocohtimanhnaadsiwattered cbady .t idateveris siaxeed 3 the

i norgani c adsorbent, such as silica gel or alumna, could not be adhered to
each ot her atthheugbnthet regiper thengrodadilfidmt et carieddhesiiand or ce
with thernoplastic resin powders was |ow, the adsorptive 5 particles
exfoliated fromthe wphesré&d bedyrefned 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 wultrapure water, such as in the semiconductor
industries, organic impurities (detected as TOC in the
case of ultrapure water) incorporated within the resin
during polymerization of the ion exchange resin elutes
over a long period of time and thus impurities are

20 Dbrought 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 polyolefin resin, to
prepare a slurry and this slurry is spread on a support

and heated to obtain a sintered body. However, since



si ntered 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 m xed
with thernoplastic resin particles and sintered, and the 10 sintered

m xture is used as a nmedium However, since an ion exchange resin is used,
the intrinsic problemof incorporation of inpurities caused by elution of
TOC and the |like out of the resin has nbt yet been solved. JP-A-57-109837
proposes a nmethod of 15 sulfonating a sinﬁered Pgrous bgdxrco &E%Eng a

pol yol efi n réﬁﬁ1%qug%ﬁ%ﬁn%Qﬁﬁﬁ?%gtag%%T, uchtas fufitng®suf raricacid, to

make the sintered poroys bo hydrophilic. wever, . sLn Lnptered
resin per se G¥IGITGndted ?ﬁgngﬁa%%%hc%%g%ft§EiEﬁéna§P£Q§6§E§sides,
with a productiagn nethod including s natJ on. Wit r npl e, fum ng
sul furic aci @Yt csHE ntr%f%%gguré%gi%&%§$h¥étngégiggF e probl em of

reverse Cont%J'E%i ndue t e%€§2§$ﬁﬁé9§ Qhs D6y ! MPHEI E188rptife the

problemof th G%réﬁﬁéﬁlon 0 products produced in | arge anount by

oxi dation,; d ation, . hasq netcheeRe sol Nedras bBayhe ease of using an
ion exchaﬁhe%ﬁégéglég:%.d?%}on, the?e isea problen1tha% fine particulate

materials EXf§%ﬁ@gféérEH@y dnlHecses8 mihat baspbeeerealiggubedby side
reactions, such as oxidation and dehydration, and are brought into the

treated water. Thereforgr-Ansthesibel gnef spaner-poeabaedt scosheaul trapure
wat er production system using an ion adsorptive nenbrane has been studied
and devel oped:-@snhai qiew fiei wini zat sonivechrégargéorement ingmaxaded itdr
producing ultrapure water which is less in elution of TOC and has high
purity (JP-A-thefegilasmic JPeALT poruisy4y. apd sonpared, whhH itB& exchange
resins, the ion , .
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.
JP-A-57-109837 proposes a method of
15 sulfonating a sintered porous body comprising a
polyolefin resin with a sulfonating agent, such as
fuming sulfuric acid, to make the sintered porous body
hydrophilic. However, since the sintered resin per se
is sulfonated, the exchange capacity 1s 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 1s a

problem that fine particulate materials exfoliate from



adsor pti ve nenbranes have advantages of high ion renoving efficiency and
.less elution of TOC, and can be used in the formof a flat film a fiber, a
hol |l ow fi ber, or the like. However, fromthe viewpoints of 15 bal ances in
separation function, water perneability and nmechanical strength, the ranges
of pore dianmeter and nenbrane thickness to be enployed are restricted. In
order to increase the surface area of a4menbrane, for exanple, when the

menbrane is in the formof a flat 20 fil i.t had to be folded into a
pl eat ed forn1FHear8§FPrF86§,hﬁﬁdEVWﬂﬂT%t£H%9¥%$ e AT HAN NG i bers,

it had to be bundled and fornmed_into nmodul.e. Al t hough adsorpt.i ve bodies

are prinarinSnguFFeaxﬁgaﬁéQQ A dﬁggﬁyfﬁﬁ%ﬂ?’p Fﬁﬁh?@?”§ feetHey are

used 25 for t£ﬁatkgga%gter r _gases, they are not practical unless they are
|

hi gh in water p%r 9tyaaﬁ5'gas perneability. In this respect a nenbrane

with | arge thickness a”‘i‘gg%%reor?Lndit%’é?tf‘irelios o%r%jaecrerrEdcre!hattﬂeﬁ"lt, S

however, difficult to produce suéh™a resin by the above techni que 'of

pr oduci ng sontagseiekggsr HRERRESr oHIE tRIES Nts tidhy &I Y . fles an
adsorptive structure that hardly generates inmpurities, such as 5 TOC, does

not contam nakgsbbgrl beakhedokbadl 6aQr pdas, st il GaRARIE OfogLeMmd ng even
inpurities present at extrenmely |low concentrations. Disclosure of Invention

According to hbe pe€sBAtakAvENtie@hniduehdsrlthekeand euntddatoran adsorptive
body which is less in elution of inpurities can be obtained by using resin
particles to phbdhcingctilorabugrouwps erawhrighadsorlleats ldirt y larte dyoruded

t hrough graft polynmer chains, and as a result of intensive research
conduct ed on Th€é abdpbreusighnpbered ybddpRabi—2¢ Xdild cadsoitbdlil-ity, a
material which satisfies all of the properties of high adsorbability, high
wat er per #Bab#lpP?¢) andAgasopepmedbiviithy iond sxeRasiag ixeF 16fs i if\e iitdres has
been di scovered. Thus, the present invention has been 20 acconplished. That
is, the presefflSPRPEAVEORCMETaEeFoRPIRs 2R LRSS Qs it €8 body of

t her mopl icresin . .
plast Cre%gving 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. 1In
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 hollow 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. In this respect a membrane with large

thickness and large pore diameter is preferred. It 1is,



particles conprising functional groups having adsorbability bonded through
a graft polyner chain at 25 the surface. (2) A sintered body according to
(1), wherein the pores are gaps formed by wel ding of the thernoplastic 6
resin particles and have an average pore dianeter of 1 ~ mor nore and | ess
than 100 ~ m (3) A sintered body according to (1), wherein the sintered
body has a porosity of 20% or nore and Tess 5 than 60% (4) A sintered body

according to (1), wherejpn_the concentration of. the_fungtjon I havi
adsorbab?lit)é?$?Y@ﬁé §$h£%¥%ﬂl%oﬁ9 ?Eogg%enﬁ%??gaoFeﬁ%ﬁebgngthggggﬁanaang

G oups. havi nef Siot B 1 15 o S Gat Foca g Pk vELTPERE B e T

groups havin ize e surtace of the

thernopl astic resin parfﬁgl§§?§8€ﬁ2%%?%£?%%ﬁQgrgbgagge nbgggorgﬁﬁvé

sintered body according to thernoplastic resin is a

pol yol ef | n T &3l Pyolifde A RLELREEG) HOGUnBEEOLH! NEoho i Ebs, WRAEA! Bt he

functi onal groups having adsorba ty are 1on exchange groups. (g) A

porous si g erggt- boglye. s COIPr LshPGnan Tt Xt Hhe 20c8tckliher gURLASE gakesin
particles and resin particles, the resin particles conprising functional

groups havi ng, agdsps babbihty bendedotinguebegr ahpupokyser pekaens at t he
surface. (9) A sintered body according to (8), wherein the 25 pores are

gaps formed byxweldéng Dbwtbenpantratesnsonstituting the sintered body and
have an average pore dianeter of 1 ~ mor nore and |less than 100 ~ m (10)
A sintered body according to (8), wherein the sintered body has a
porosity of 200 or nore and | ess than 60% (11) A sintered body according
to (8), wherebhnsthestherabplagentiedsin conprises a polyolefin. 5 (12) A
sintered body according to (8), wherein the concentration of, the functional
groups havi ng adsor babi RAFEGTAANEhECSEREePERSEBEY 1RYSH 3 Rmolitg PGS

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 through graft polymer chains,
and as a result of intensive research conducted 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



nore and | ess than 10 mol/g. (13) A sintered body according to (8),
wherein the 10 proportion of the resin particles conprising functional
groups havi ng adsorbability bonded through graft polymer chains in the
whol e sintered body is 10% by wei ght or nore and | ess than 70% by wei ght.
(14) A sintered body according to (8), wherein the 15 functional groups
havi ng adsorbability are localized at the surface of the resin particles.

15) A sint d bod cor di 8), wh in th N 1
Conpr 1 510§ GRETORA Grols Tab i e BRer 17ty SRb e PRE SRS tar ¢
ol ymer chains at 20 the surface re olefin resin particl i Si
Pungtional br%ﬂb?rhgﬁfﬁbfﬁgg&fﬁﬁ%ﬁif?&ﬁggﬁ g%';hrough gPa¥t|;oF§ng?n2L;?hgg
at the surface, (16) A 2ifLetefoBO0YqacOtdratng0cf8)e) WhehekBikhene
d@or abi |?€ '

functional groups having a are 1on exchange 25 groups. (17) A

resin particle, iS5 C1i 99abs OFPUPS Dewi BY agser hahi hiky bonded
t hr ough graftskﬁ)%%%g %%%?né#g 88(18§ A?resin particle according to (17),
wherein the fynctignal groups having adsorbability are |ocalized at the

surface of the resin particles. (19) A resin particle according to (17),

wherein 5 thegesin pariiglgrepanrbseyaapedbyaleti oo (20) Aheesin parcticle
according to (17), wherein the concentration of the functional groups

havi ng adsor habiddiyrasin3ofmMohégroncobogaandrbeps hhanng0 mol/g. 10 (21)
A resin particle according to (17), wherein the functional groups having
adsor babi | i t yadgerhani exchangetheoapsteted)badyessnOpar minollé Ja®&or ding to
(17), wherein the resin particle has a particle diameter of 300 ,umor 15
| ess. 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.
(9) 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



(23) A nethod for producing a sintered body conprising: sintering a
particle mxture of thernoplastic resin particles having a particle

di aneter of 300 ,umor 20 less and crosslinked resin particles which have a
particle diameter of 300 ,umor |ess and to which functional groups having
adsorbability can be bonded, to prepare a porous resin matrix, and bondi ng
functional groups having 25 adsorbabilf&y to the resin matrix. (24) A

met hod according to (23), wherein the mxin Ji0 0 e o] Lhked resin
particles toﬁMﬁ£ﬂ¥qqu?§q%nﬁﬁsg?d%b@a%bEYn Pa%@%rﬁﬁb%?%gyaggn§%%g 9
bonded is |00 by %ﬁﬁght or nore and | ess than 700 by weight, with respect
to the total WW&YMY%0f the mixture. (25) A nmethod according to (23),

wherein the gﬂhgernnpl St§§§ﬁ5¥%5'%?ﬁﬁigéggf&ﬁﬁﬁrﬁée(g)PO*MQE@ihnthQZG) A

met hod accor to (2 erein crossli d resin particles are resin

particles haﬁh%%%gﬁ{%ﬁéﬁgﬂ aélglﬂp}pgé’@da byogygrafinreaction. (27) A

met hod accor erein the 10 crosslinked resin particles are

pol yol efin re@ijg parti Gl es; ,or Wi Cho@y CA8sSHiDKedtbayey , | shéeeimdche28) A
met hod according to (23), wherein the functional groups having

adsor babi | i t y. a1 & i, exshange: 98 oppsct 16n4 29y rdupst hadihor producing a
sintered body, conprlsling: sintering a particle m xture of thernoplastic
resin particlagd@ydg - paitiche diavetred obdB00s~0nBornmbédg amd resin

particles which have a particle dianeter
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 Weight.
(14) A sintered body according to (8), 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.



20 of 300 ~ mor less and to which functional groups having adsorbability
. are bonded through graft polyner chains. (30) A nethod according to (29),

wherein the mxing ratio of the resin particles to which functional groups
havi ng adsorbability are bonded through graft 25 polyner chains is 10% by
wei ght or nore and | ess than 700 by weight, with respect to the total

wei ght of the mxture. (31) A nethod acCording to (29), wherein the 10

according Lo (28], whor B AoERE PRSEACHSE, FLEPEEITS Wil chf e TIRRET: bal
havi LI . f.t; .pQJ hai 5
ol yolefin resin pancripaeY, BEPEntERag AU aRaP B R g 0

adsor babi I'i ty%%gmgggegtt BLRUEN-B5aE! SROLYERLGhA! RS (33 MRt hOd

according to ereint unctional groups ving adsorbability are

|ocal i zed at 109fhe surfiageseh phettesinaparbichesto(34)A weidid Aaccor ding
to (29), further conprising: converting the functional groups having

adsor babi | 5t ythe acsehapagaitilbetonpribe sipbekobnarihd (35) A method
according to (29), wherein the functional groups having adsorbability are

i on exchange geoups. (38)réshetpadtfelepreduvednggatsi ntgnedwredyirf o the
surface of which functional groups having 20 adsorbability are bonded,
conpri sing: fonei ognaestossionkefl thgefuanttibaajugfracesohatviegsi nt ered body
of thernoplastic resin particles, and reacting the functional groups which
have adsor babikiiseybahillatyg tap8bBemwblygaoti mgrei ahdt hes25 tteosdlt nked

| ayer. (37) A nmethod according to (36), wherein the thernoplastic resin
particles cornd®®t{¥ing the sintered body of the thernoplastic resin

particles_have a 11 particle dianmeter of 300, ~ mor |ess. %38),A met hod
accordinglqo é%%), wher®i hefhe 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
15 less.
(23) A method for producing a sintered body
comprising:
sintering a particle mixture of thermoplastic
resin particles having a particle diameter of 300 um or
20 less and crosslinked resin particles which have a
particle diameter of 300 um or less and to 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



" thernoplastic resin particles conprise a polyolefin. (39) A nethod
.according to (36), wherein the 5 crosslinked layer is fornmed by irradiating
the sintered body of the thernoplastic resin particles with radiation and
contacting the sintered body with a reactive nononer under stirring in a
sol vent which does not swell the thernoplastic resin particles, and the 10
functional groups which have adsorbabilﬁ%y and are capable of reacting with

the crosslinked layer are _reacted in the liquid ase. (.40 Jret hod
according to ggﬁ?émﬁéréﬁﬁ ?Wéwﬁﬁﬁgﬂi6HéW“ﬁ%bﬁH§PHéVthjEHLdﬁB%H?Yity are

i on exchange 15. ups. .(41) A nethod for producin resi article to the
surface of th8h85§ncW%8ﬁaF%§P6%§s Ay S lﬁﬁﬁ%ﬁﬁ)? r{b onded,

conpri si ng: fﬁ.gk o2 crosslinked | ayer on the surface of 20 the resin
particle, and reacting the crosslinked |layer with functional groups which

have adsor babi(bgsy and ar ﬁe?%%@blaecc%frdri q]fttiong(z\@)t h E?régfae rnlo(s:ﬁé nked | ayer.

142) A nethod according to wherein“the resi'd r es have a

particle diametgrm8h1390:c Wehinl 835t 1(AJs %og?)itrﬁ.% %C%H&W%Qﬁigu (41),

wherein the resin particles conprise a polyol (44 accordi ng

to (41), wherepp)the  A2netessl iatkeddiaverd s2f0rmegghdBeiid rad ating the
resin particle wth radiation and contacting the resin particle with a
reactive nonogebssebdekest irkkiing paftd caelsvent Weisth ¢ees iratessweldidde resin
particle, and 5 the functional groups which have adsorbability and are
capabl e of reactrogsiihketihéageasSoinmeed byayegradite megadtiedh.in the |iquid
phase. (45) A nethod according to (41), wherein the functional groups
havi ng adsorbabvlity aré mmethexdchasyedidogroup<.3)Br iweferBescrilhs i on of
Drawings FIG 1 shows flow charts of production of the adsorptive sintered
body accotdi ngressthekpesestin peanticdss pFeFpelypliefia diesgranatic vi ew
of a cartridge type_filter using the adsorptive sintered body according to
"the present iﬂ@éﬁ%F%ﬁ? BBstNNBAe f 6F oG iyikes ddtyethe SI Avemson

(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



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 inpurities is
obtained. 25 In the sintered body of t£@ present invention, the pore

di aneter of the sintered body is 13 ntrolled by the particle dianeters

of a thernoplastic resin and resin _particles, jnt i ive

functi onal gFgﬁﬁ?oﬁﬁésFﬁFr5&&&8dP &5e S ﬁFgFBQf&%E%E%ﬂgﬂ?ﬁgéﬁ%éss of the
sintered body.,is contrqlle t it higy\a ol d nto- whi ch the
particles aré3Bched. %h@Fgﬁgﬁbggiiﬁéﬁiﬁﬁﬁ’b% QKJQﬁE%%ﬁge pore %ianeter

can be easily yolded, and fUeR Wieh @oUber Ofg.adsor plivegroups are

i nt roduced, ne-pores are not clogged and thus the porosity of the

si ntered body6an,1010¢ GRlnARehe TS0l hyihe: qdsoyRis amsnpeci ty and

the wat er and ‘gas perneation anounts can be increased. The present

i nvention g E&ebgoq phairned ddy ifPhR rdetaids el o i chgiemplastiendaesi n
particles> 15 The thernoplastic resin particles in the present invention
(hereinafter grefelr edvti@qas dsdreraminl iast iqrd esimdqarthchegt )giatt ude
particul ate materials of vinyl chloride resins including polyvinyl
chloride, polyvivitglr demernshl oride, etc.; polyolefin 20 resins, such as
pol yet hyl ene and pol ypropyl ene; polyester resins, such as polyethyl ene

t er epht hal at €;3390- cal | &d rerigioreerdauy direstias(2 Suc v sr bt ysi§r ene,

pol yam de, pol yacetal, polycarbonate, polysulfone, polyether_ sulfone,

pol yphenyl endusgitiiiode,l woloprst MAvizs mdsrrhal et 6ty pRr § et ot L 8t ¢draket one,
etc.; and fluorocarbon resins such as polyvinylidene fluoride and

et hyl ene-Itlet rtafe EOWERAYy I &SRS Part 1AL §5 t he present invention, in

the sinter nolding step, the thernoplastic resin particles are ' heated to
about the nelt3%g poi nt* & tiﬁﬁégﬁifqrﬁP.?%%}ti%Tﬁgh%fe wel ded toget her
with resin particles to 5 which functional groups having adsorbability are

bonded thrpudﬁ”@ﬁ%ﬁﬁlqﬁﬁlyner chains (hereinafter referred to as "adsorptive
resin particles") at tggﬁﬁ?gégg [{Héuﬁhﬁgt£$ﬁbpa&gbgﬁgshggiﬁgrn1a
bo y avi d of

structure of a sintere ng pores conposed of gaps andbng the

particles. 1%5&653%&%1%@} ted S if0s 1 add1 ¢ pSebeSttRet Bentmpiagtic resin
havi ng a proper nelting point, depending on the heat resistance of the

functionals gr s of the massPtdvecredbhd part2e) pswh&spesi ahéy, at a high
tenperature of 180C or higher, the 15 functional groups are vigorously heat
deconposed antlihenicmdl droyrefleay ety tadssebabi bstn, arbeipar ekchesgef
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



whi ¢ch are wel ded at a tenperature of 180C or |lower. Furthernore, if the
.melt-flow characteristics of the thernoplastic resin are great, it
undergoes flow 20 deformation at the step of sinter nolding to cause

probl ens such as the clogging of pores and the covering of the surface to
whi ch functional groups are bonded. Therefore, thernoplastic resins which
hardly flow are preferred. As to the i nbiex of the fluidity of the 25 nolten
t her nopl astic rei%n nmel t .index) value neasured in

1S
far | e, M
accordance wi PR ?&FD@%@%é%g? %g %ﬁ@féféb?§ 6859/ 10 nin or less, and nore

preferably O. [10 mn,or lLess. The thernmpplastic resins. be 15 those
whi ch hardly %Pg&/to suéhmgﬁﬁggtgﬁfofﬁéﬁ n%@ Bﬁebaldqf%ﬁﬁﬂgﬁﬁﬁ% measur ed.

O the ther moplashi,f:16854 S rROLY QL0 1LeSI MR SYCN a5 fol yeldy ene and

pol ypr opyl ene, pol'yvi ny fTuoride I isr iVEIY Tow in

mel ting point(ggpng fIugrﬂgghganaF%%Egin%r%opqgkgnrggmgggggﬁﬁkghey are

1 nexpensi ve, excellent 1n chemcal resistance and processa Ity, and | ow

in water vgporrghsekpkbaniand Wakersahser Bt Qi A8 A Palnwl &fi i A
resins, nention nmay be nmade of polyethyl ené, polypropylene,

ethylene—prOpwbapeo§0§abyﬁaérmabnﬁan@bub%a@-%aﬁﬂyauéBﬂWi&Hhylene-hexene-l
copol yner, ethyl ene-pentene-1 copol yner, ethylene-octene-1 copol yner,

et hyl ene- 4- nethyl pehvenend copokymenhg ibeethytesredvibydy acetate copol yner,
et hyl ene (neth)acrylic acid copol yner, ethylene-(neth)acryl ate copol yner,
etc. Anong t heapcpovgenbybere usdsui sablreihgr inhe sedsers twWhdichpaidd<| es to
be sinter nolded can be easily obtained, the sinter nolding is easily 20
carried out, antl Breld shperhermoplel&riccaksiesipstraicd.eshr amad Heweri ewpoi nt
of fluidi ta at the step of sinter nolding, high-nolecular weight

pol yet hyl & esféflcmepegogépuﬁﬁr ghighnbipykt adeerkgdidditec diral ass ght are
preferred because the fluidity is | ow and pores _can be 25 easily fornmed by
f or mi ng gaps ﬁﬁBﬁBth8fp5F?FE¥8§.W&EPetBFeFéPF§&l§$€d layer are

ul tra-hi gh-mol.ecul an- &I 9L 1 quia 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 pm or less.
(43) A method according to (41), wherein the resin
particles comprise a polyolefin.

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



pol yet hyl enes of 1,000,000 or nore in weight-average nol ecul ar wei ght. 16
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 may conprise primary 5 particles,
secondary particles wherein a pIuraIiti of primary particles are

aggl onerated and integrated, or second ?y particles which are further

pul verized. The particle dianeter is preferabl 00, =~ I . nore
preferably 1@rosmldmkast & BifT I%éqq{gﬁgl% Jllf)]'yiglrﬁ"tﬁg] g}g?ti?%%ndi amet er
in the present invention. is an average parti i rre@angd i s shown by
an average v&RFE 6 SrivHg agﬁcglaa nng‘?%#) %%%Cg?ﬂggnﬁgn{)?e resin particles

di i.fied phot : i ti in&fikh ticl
Giomntor 1o pantotle ﬁgn\:‘}éghoﬁéaﬁ]éﬂﬁé rﬁ%mﬁ&?'ﬁ'ncﬁ’é‘f Lelesingfihhg particle

di anet er e size of the pores of the resulting

sintered body will also. he grency ehrpeetingaal the
materials to St?gvaed%torsnelac an%%?%%rs%?%?ifv%ﬂguncti ongl rgroupg \?\A’ Il be

lowered tq resul tein i Shon of 1 @dsespsi asefhibieney. aB Gesversely,
if the pa(r%’ti (;cﬁ%ee a%dar{r]rce lgr?ngf; essﬁps?hanl 10 a m the size of pores of the

sintered body will|be,snBll.t a0g wetertRedc gass penredbilbiyey, wekke decr ease,
which is not practical. <Crosslinked particles and adsorptive resin

particl es> 25 As.the fesims usedidoshibe. adsorptive resin particles of the
present invention, there may be used natural resins, such as cellulosic
resins, and, |4B) 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 body

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 1is



17.addi tion, thernosetting resins, such as phenolic resins, urea resins,
nmel am ne resins, unsaturated polyester resins, allyl resins, and epoxy
resins; and thernoplastic resins, e.g., vinyl chloride resins, such 5 as
pol yvi nyl chl oride and pol yvinylidene chloride; polyolefin resins, such as
pol yet hyl ene and pol ypropyl ene; pol yester resins such as pol yethyl ene

t erepht hal ate; so-cal |l ed engi neering p}istics i ncl udi ng pol ystyrene,

pol yam de, pol yacetal, polycarbonat.e,, 10,.p0l ys ane, v {asul Eone,
pol yphenyl en€cggrpilded dlé ﬁfﬁ%ﬁéFﬁhéwagﬁggh%n S%ngfﬁggge?her ket one;

and fluororesins, such as .polyvinyl.idene f | angk tive
et hyl ene- t et F&FLTRoPEE YISenk pég&oﬁcylr?gsr’. %&é(ﬁtjﬁéﬂs%q} esins © p%Yon efin resins,

such as 15 pal yet hyl ene and pol ANecand folyyi ayvhi dese, fauari de
which is relgF%ﬁ&3?W%;Nqﬁ?u f%%%qgﬁént anong ot her fl uorocarbon resins
are preferred,because t HEXRENSIME b &K g el § eddnt RoThedi bal the
resi stance h%@g ﬁ%@éﬁgfggiéﬁiu stances, are Idﬁ/in wat er vapor 20
absorption a 611 1 3PSO PN nIch hiawes [vassciveties ehtitiohes| araddition,
functionaE gggﬁﬁgkggﬁgge easily introduced into the surface of the resin
particles, and they arg deladively dovwdredebddngvpohniangd pheee occurs
| ess heat deconposition of the adsorptive 25 functional groups during
sintering. Asyitheno yelefdd ¢osing, mokdtd onamdyepen midenof pelpethyl ene,
pol ypropyl ene, ethyl ene-propyl ene copol yner, ethyl enebutene-1 copol yner,
et hyl ene- hexejre-sd£onpst Wwergrouds atdylenecpepcdnef ineopsrgepre n°

et hyl ene-octene-1 copol yner, ethyl ene-4-neth Igentene-l cgpgléner,

et hyl ene- vi nyd1 epstditand opohynere eehgsbhe (et BracfyPFeraei a°C8p6fyner,

et hyl ene- (nmeth)acrylate 5 copol ymer, etc. Annng t hem polﬁe%h¥leg% S
suitabl e Tor hdena Basohzed hat THES| sP@BRi Py a9ar PEBF&E°Pn“PRE om0
particles, and it is superior in chenmcal resistance_a I; et ention
of radicals d@ﬁ@Hﬂa©$%f%n%og?ﬁe??ﬁ%f?BhoByaW?PgéFaf?gng%hﬁgﬁEggs&?iIized

for 10 introduction of the adsorptive f 1.0 gg,Qu 1A3 nlely tike case of
the thernopl astic resinTB%rPF%Fﬁg% %?V?ﬁggéélpggﬁo%go$§Phe resinin use is

| arge, the particles will, u rgo flow deformation at the step of sinter
mol ding to caﬂgﬁepsﬁB?%%Bbggg "as 15 the hiding of the adsorptive
functional groups fornmed on the surface under the resin itself and the

cl ogging of the pores of the sintered bodies. Therefore, resins which
hardly flom/agf QE@EFigggicFQésgﬁaﬁﬁkeicﬂ@sberHB of M value which is an 20
i ndi cation of P idity, the resin preferably has a M value of 0.5 g/10 min
or less, agd nore preferabl yh@rhogh 28 thicn res ineesir thvd asesimshifay be those
which hardly flow to such an extent that the M _ val ue cannot be neasured.

Hi gh- nol ecul apreeight ipokyetbyl dhesedhalser0@ed6F &S st €3 n wei ght - aver age

nmol ecul ar wei ght are preferred because they are lowjn fl idity1%9d cause
none of the aBoherpopblersc wesia Ragh-Lrdicscul '%ﬂﬁ Qﬁﬁ%&ﬁ%f?enes of

1,000, 000 or Egiirﬁglgeb h%inyl chloride resins including polyvinyl

chloride, polyvinylidene chloride, etc.; polyolefin

20 resins, such as polyethylene and polypropylene;
polyester resins, such as polyethylene terephthalate;
so—-called engineering plastics, such as polystyrene,
polyamide, polyacetal, polycarbonate, polysulfone,
polyether sulfone, polyphenylene sulfide, polymethyl

25 methacrylate, polyether ether ketone, etc.; and
fluorocarbon resins such as polyvinylidene fluoride and

ethylene—tetrafluoroethylene copolymer.



19 average nol ecul ar weight are nore preferred. The adsorptive resin
-particles of the present invention are particulate materials conprising the
above resin particles as a substrate, into which 5 functional groups having
adsorbability (hereinafter referred to as "adsorptive functional groups")
are introduced. The nmethod for introducing the adsorptive functional groups
is preferably a nethod which can 10 uni¥brmy introduce the groups onto the
surface of the resin particles. For exanple, a suitable nmethod conprises
uni formy produci ng radit®alt eiﬁﬁ&S§@55HP§@€F%Oﬂew%ﬂwﬁhe[ﬁﬂ%ﬁﬁﬁi2|ng a
nmononer and a_crqsslinkin ent .using.the radicals as starting points to
forma 15 croggﬁgﬁRgdngggr%%ﬁn%hﬁﬁgﬁ%lﬁfﬁ&&hﬁ%ﬁj@uﬁﬁﬁﬁﬁqkﬁff%ﬁ%tiona

groups. Alter Lvel h 0 irectly .graft polynerizing a nononer
havi ng adsorpﬁ?éggguﬁgt?8§§% gggu%gqﬁ&nﬁoﬁél%ﬁeaﬁﬁﬁ&Féﬁ%Vb f E?E%?I
groups togeth ki ss-hiynked | r e _used. 20 .A netho or _
uni formy progégﬁ%gmﬁgdggglge%ﬁ%?hgOﬁ%%ﬁgrgﬁﬁﬁgbgqﬁuﬂlﬁﬁ£§¥f % hod wherein

plasma is ysegy;anMehihed i whgh el Jhbghh alvs niseds aIRiNad pherein, 1 adiation
Ty 6F Vartods radiear At 4

is used, and a nmethod wherein any vari o ors 1's usSed.

Especial ly, wheBohyhi §rabti pbended La.assur@ctniiharaddy Jhe et Q‘b)ijeOf

producing radicals by irradiation this is redundant is nost suitabl
| oni zi ng radi asi badusegtioe radiat bartdeakk”) 2@ ROlyRIHZAd Yhisiid abl e

for introducing a nunber of adsorptive functional groups includes a, ~, y
rays, electroofrals, paktialkel eb rfays, aestrucanyeob i elimt&red body
having pores composed of gaps among the particles.

10 Therefore, it is important to select a
thermoplastic resin having 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
of 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



_ be used. Anobng these y rays are suitable for nore 5 uniformy producing
radi cal s. An economically preferred exposure dose which can give a
sufficient anount of radicals for graft polynerization and does not cause
unnecessary crosslinking or partial deconposition is 10-300 kGy, preferably
50- 100 kGy. 10 Radiation grafting of the resin particles can be carried out
by a sinultaneous irradiation nmethod wh? ch conprises irradiating a m xture

of the resin particles apd the noner, and a _pre-irr.adiat] od whi ch
conpri ses pr EgPéﬁszFPr Girglliyngqﬂ’i’g%roessluﬁ%l?lpaeﬁtie&tegghganﬂdoc{}héerﬁ\ﬁgont acting
the resin part&cles mﬁt@ %he MQROMEr, Since the production of a single

pol ymer of tH&-HEn&RBFCi-s Fed§25hé pre-irradiation nethod is preferred.

The crosslinked | ayer borued by grakh 20 polumiization dneiydes, for

exanpl e, a copol yner |ayer fornmed with styrene and divi'nyl benzene as

ronorier s, @ RALXNEY LAKCL of QTSR bl el IR Mral 0 oty copol yrer

1ayer of gly acrylate“and "acrylonitrile, a copolyner |ayer of

gl yci dyl 25 Eﬁﬁg%ﬁﬁ&h?ﬁ%n@n@l‘ﬁio\ﬂiﬁé henzane,s etd.awArRNg, themithe copol yner

of styrene a i vi nyl benzene is suitabl e because the reaction can be

readily contpahkedy Thenkr epenyg an Wrddersurmssdditkedtayerefe2dedor ned by
graft polynerization is preferably 50% by wei ght or nore but |ess than 1500
by wei ght wi bhacaukespeely beet Heasmicghtiwf, thealdsint par téldrescak t he
substrate. If the proportion is less than 500 by 5 weight, it will be

i npossi bl e t @eisntstacuee aad arge crarimitl idfy t endadsor ptit veafemctapdal groups.
If it is 150% by weight or nore, the particle dianmeter of the crosslinked
product wil | abescrpsiocar ged weitsr tadrarRoldher s NP PbYRL Y Biret er of the
sintered body to 10 result in |l ess adsorbability. The proportion is nore
pref er ablly 606 shy:sweimgHt icn Msve Jutmads O mﬂ%byltﬁﬁe'

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. Among 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
molding, high-molecular weight polyethylenes of 100,000
or more in weight-average 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 weight-average

molecular weight.



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 uniformy introduce adsorptive
functional groups onto the surface of the resin particles, it is preferred
to carry out the graft 20 polynerizatiﬁg reaction and the functional group
i ntroduction reaction in a solvent, na @y, inthe liquid phase.
Furthernore, in order tg@.Ln t reaction only in the vicinity of the
surface of the resin pa?Pchggﬁe'?%ig%%rg gﬁ%&?%ﬂ?%ﬁ&e%?%ﬁﬂvent whi ch 25
barely swell SoLPe; pesknuLaqUSE: -RRCEIECal Rl § ShiGh have a

swel i ng degr%e 6f “T60 or Iess for the resin I'n USe as a stbstrate are
preferred, ands for,exampl ¢indkealol gnsuph A IRINGNQ) pLthandle A, 22

i sopropanol are preferred, and, furtherndre, dispersions prepared by

di spersing thgrnppQEEELHA WAL BF BRY r3hdRshe asethayThempneldd ng- degree, as
‘used herein, is a value obtained by dividing the aifference bet ween 5
[particle di aﬁ@feic@ésreséaoaaa&ycF@&tiimr@rsswlérréial solpreitaifiaty losour] and
[particle dianeter of resin particles before the imersion], by [particle
di aneter of resimaparpbeteslbef are tbhgliomeiagicanlandlHus.e@dSAPL ioke
particles in which 10 adsorptive functional groups are |ocalized on the
surface of theepantacyepaatécobsaiwhedh ame tfhertdecapuierepricmddled adsorptive
materials having |l ess eluted matter, unlike general -purpose ion adsorptive
resins. The term "surfaébe npsrusedei diehetpresentres cappllivc @b mnelrudes a
surface layer portion of up to 5 ~ min the depth direction fromthe
surface of theSpartieresPryhergediedOofu mher|Besati puti bassf thaa adSorptive
functional groups on the surface js 20 expressed by an indicator of

di stributt®n 81 he!HIRAPT VS FHRTFoRal 19r BRpsPHRFeRt cARVBBtABAstFed by

the fol |l ow ng_net hod. Afterte edalngﬁ%he adsorptive resin particles in a
resin, the sadpl 2'F52€ht PRY AT cPoEDRESSs 6P AE ISTI0E ™ &Yedbse t he

section of th&v@?&&écbglughgf minor axis and major axis of 50 or

more resin particles measured in a magnified photograph
of the resin particles. TIf 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 adsorpticon efficiency.

20 Conversely, 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 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



sanpl e having an exposed section is set in a scanning electron m croscope
and is magnified to a suitable nmagnification, and then the sanple is
subjected to a 23 line analysis fromthe surface to the center of the
particle for an el ement specific to the adsorptive functional group by an
energy di spersion type X-ray anal yzer iEDX). Intensities at the surface
portion and 5 the center portion are read froma line profile of the line

anal ysis. The intensity obtained as a line profiJe_Ls tional to the
amount of t hé%ididitr i T THnpt e ﬁ?&&?%ﬁi%% %ra%fpgégggﬁgution of the

adsorptive functional groups is. ex by_.a: yal u btakped by
di vi di ng [iru%ﬂﬁﬁqil(ﬁé%i)gﬁﬁ%ﬂfkwégfﬁiﬁﬁ% %%%l%ghtg?égggtion of particle

(hei ght of peaé%})geh%bcyeo if‘etsejgﬁ,t o Pf FOGLie, Pa.ofi Lgody EBSiaYsf age por tion
. |

of particle (R ped s, whenh the functional groups are

present unifqr he 15 suuface o $heyceshesribiberkniansi shesn of the
EDX li ne pro&ﬁ%%%gjéﬁ%%%gf aﬁ% t he vg?ue is %early 1, and when the

functionalg gr g&d?&&ﬁ@ﬁtéﬂf%%fﬁéiih@- Sl geinalbasheoshibeiserface, the
intensity at t surface portion is higher and the value is snmaller than 1.
20 The val ue 0f1 $dee S OF DS i Ve, Panth chespolyeheyperseandi poéytion is
preferably small'er than 0.9, nore preferably smaller than 0.8. The el enent
specific to the i 1 yel Jeses ik onabigs ospshneansoaneehgdent which is not
25 contained in the background resin, such as S (sulfur) in the case where
t he adsor pti viesfemcthiohate gr sopcablad sehgbneer 4bPdrPgrEGACS| ACHEEESe wher e
t he adsorptive functional groups have nearly the sane el enent 24
constructi on pslysieyressn, pahaiysie, capl pacebAducPedYFATPRES&me manner as
above after a nmetal ion or the like is_adsorbed_to_ the functiqggkkgroups.
The concellr ardbyswtfohe, | RP+BALERA SUAHSBPpt PREYPRAGYISAS SHradds ‘i s
preferably 0.3 mmol /g or nore bu ess_than 10 |/ referably 0.5
mol / g or noreobyRetREs Wﬁﬁﬁagrﬁ%ﬁkfg apahpPigsgggrt%tpggr?§$é$KVeight
including the resipn. If the concenirati LS n AR/ t he 10
concentrationa?g FQBOF8ﬁESAHa'aa%85b§%i??#§§%ﬁ9%§§%?%c§ﬁ“§§e isag}d
insufficient. For.exanpl i I ch as Na ion which is
nonoval ent anﬁg?g%FP%ngg 53%?3F?§e§ﬁ?%eggp?gpg%?m§$'a | evel of 1 ppt
(namely, a concentratiopeofn15:10zk;iAml,/ boh§wekkint hesion i swdf ected by
the concentration of proton (about 10-" nol/L) which conpetes with the ion
in ion exghangingerapdehheauti bbzabirepyekhiesi ancy pofl vivimyexicterge groups is
conspi cuously deteriorated. Therefore, with an ion' 20 exchange capacity of
| ess than 0. 3rmuBkhige whechonsr emdwitnigedhyf dow iie meldlinexaridd aeds a
considerably | arge amount of ion adsorptive resin is used. On the other
hand, if the adserptiluerbgacbioonalsgnsupseaPs SIRTEFUIRSFI Y At Hrbunt
exceeding 10 mol /g, the 25 reaction proceeds not anly at the resin
surface, but afsoihsgpeastiie .rexcellend By FAGIH& ﬁ?leo%kﬁ:te%i“%% e
reaction remain therein, which undesirabI%_eIute a%jlnggggges, for
example, in WAEEE @ﬁééﬁﬁeﬁpbstances, are low 1n water

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

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

putene-1 copolymer, ethylene-hexene-1 copolymer,



25 Exanpl es of the adsorptive functional groups include the follow ngs.

Sui tabl e ion exchange groups include sulfonic . acid group, carboxylic acid
group and phosphoric acid 5 group as ration exchange groups; quaternary
anmoni um sal t group, pyridiniumsalt group and tertiary secondary am no
group as ani on exchange groups; and inj nodi acetic acid group, mercapto
group and et hyl enedi am ne group as ch21§te groups. 10 As group specific

arTini Ly adsorpt ve rous, Opscron Blie BXR AR aa A concanaval (n A

heparin, tan et'c. e mentioned. As the

i rodubed. - PBSEVGPONpS AN OB BE HRROS AT Bne. Or Y T L nat |

n each be one or I n conbination or

t hese groupsﬁgﬁg%ggegggg§§_%Q%ﬁﬁgg %ﬂé}(ﬂg@ﬂiggﬂ@n Wi th ot her

functional ¢ such & xyl “gr up_dr the like. 20 Fromthe
vi ewpoi nt's Of(ﬁlg%ﬁt) a%gf?qlilé 1 AR 188RaY Ptd e, faHet e ) fEoppstén sinter

nol di ng and t'heir 'thernochem cal stability in a practical environnent, the

ggﬁgﬁn ex%haggﬁgg%%ggg e prefyaplonad, tdel yadipnise acs dstypebbich is a
g acid, and 25 the anion exchange groups are preferably of a
g;g;er nary aFgeniys salds driene: rert pr i nasm Isal dvd b i o tlse afsrmong
. re, there may be enpl oyed a net hod

of particles, and it is superior in chemical resistance

and in the retention of radicals during graft

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 weight 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-



26 according to which the functional group is converted to a netal salt and
the netal is substituted with a proton after nolding of the sintered body.
In general, by converting to a netal salt, the heat resistance of the 5
functional group is inproved so that the range of enployable conditions is
expanded up to higher sintering tenperature than the sintering tenperature
in the case of no substitution being cat?ied out. Moreover, a method in

whi ch substitution with.a 10 hal oge such as chlorine is carried out, can
sinilarly be %‘rfr%r%gsdmés%??rcgﬁ?g?’taa§&| FORE & ‘be used in the

f f di | f t A i_t.h an ueous sol ution. The
nggﬂgg f§? :ﬁ?lzgucﬁﬂg gagg?% ?%@gigggﬁﬁ%ﬁﬁoﬁéﬁ%gFﬁﬁﬁkCﬂ?%ﬁﬁ HaEristul arly
dimted, and  hoL,exgiphee BO-LOBLPXERANARQHAYR AN NG J N qduced by the

n
foll owi ng net I'n the ca cati on exchange ¢ 5&§fn *hod of

I ntroduci ng aa§8b5995§iﬁchgreieyggiQEPaaBu%Qtég%%ﬁtE%t%PQEB_ d by a

-substitution reaction with a sulfonation reagent, "a nethod of addition of a

sulfite sa$t,f@ﬁc£b6néik§;@ﬁ§si Hgbyﬁl@dadge&b%%mlt‘r%f (HHERE Qe 9! yei dyl
nmet hacryl ate and a crosslinking agentf are graft polynmerized on resin

particles irradfateddwtbhay 28dsaystiaBdrhhereahber gslyiame iad eacted with
chlorosul fonic acid or glycidyl nethacrylate is reacted with an aqueous

sodi um sul fi tensobdticed.to i ntroduce a sul fone group. There is another
met hod wherein a 27
The method for introducing the 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 various
radical initiators is used. Especially, when it is

25 1intended to assure uniformity, the method of producing
radicals by irradiation this is redundant is most

suitable.

Ionizing radiation used for radiation graft



mornomer having a sulfonic acid group, such as a styrenesul fonate salt, is

i ntroduced by direct graft polynerization. In the case of an ani on exchange
group, for 5 exanple, chloronethylstyrene or glycidyl nmethacryiate is graft
pol ymeri zed on resin particles irradiated with y rays, and thereafter a
guat ernary ammoni um group is introduced. In the case of

chl oromet hyl styrene, treatment wth trZéret hyl anmine is enployed. In the case
10 of glycidyl nethacrylate, a quaternary ammoni umgroup is introduced by
reaction w t hodymeirdgetiyosnise tapdico i Tordindes O Rt r?nﬁuﬂb?ﬂe?é is a

met hod of directly graft polynerizing a nono avi ng quat er nary

( / r.h
annnn|$n1grﬁaF§O§@@HV§SfﬁﬂﬁﬁﬁﬂQSénﬁﬂOQE?t%q ‘ﬁ?ﬁaﬁﬂnﬁ?ﬂnﬂ%af?ysin t he
case of a chel ate exchange group, far exanple, .a nethod c | si.ng. _graft
gio!s}s/g:s\r/:aél ingeéteﬁglrf@lﬁ 6ﬁtY<§ont%§itrﬁpalng§12@gci‘iﬂr}PS et Hacr yial eojg%%?ll\}i %‘S’}Pgenzene

ol w ol.yneric resi_n _particl [ ' d wth
rays, followB§ Hﬁepbacﬁﬂﬂfam %?1?1ra'§e I?o%&%ﬁ%?ﬁ% %ﬁ%ﬁﬂi&% sulfoxyde

and wat er _cont ai_ni ng sodi um i.m i ac e tQ.i hel at e exchange
group, is”i nbllnﬂrég&.nlqun & oﬁ&leégﬁgc}alnc\e/%lﬁéﬁ on#,‘)n s%%rg&?ﬁia%%§adsor ptive :
functi onal gro%%%fy%§

%Q%pr?cg%reectd&’sé)m%t&ﬁ he yesinsparikckes but are

i ntroduced i Rto a1 ayer ich graft polyner chains are forned, the

present inventi [ Upe{; j redh i ) 51 wdenat @oes?28
readily be c%ﬁ%&@Fl? ,\Mtﬁé%%is(%rggﬁ??glﬁﬁﬁﬁﬁéﬂmzaﬁl@@ ehal goes and can

not 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
of 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 divinylbenzene, etc. Among them, the
copolymer of styrene and divinylbenzene is suitable
because the reaction can be readily controlled.

The proportion of the crosslinked layer



formed by side-reaction as conpared with, for exanple, a direct nethod of
.introducing a sulfone group into a . polyolefin using hot concentrated
sulfuric acid, or the 5 like. The shape of the thus obtained adsorptive
resin particles is not particularly limted. The particles may be in the
formof true spheres or they may be anDrfhous, and may consi st of primary
particles, 10 or may be secondary parti% es conprising a plurality of

[ ticl jch l.oner at ed ,and i nt egr at ed,. or_ secondar
Par 1 cf co whi GREGFE Pir EREE TqP SN SHra At 1] & o ey |0 prtk er abl y 300

~mor less, nore preferably, 10 < m mor yt .l ess .than 100 15 ~ m |If
r bug. le an E_‘LS%O bézl FeT r}‘ﬂt -

or,
the particle H?éﬁ% eP T LOhSr 8% haf °S06 e m~ "t 'he res of the

resulting Sin%ggﬁchOQX %%llg%g%?ﬁb%fl%%%eze%q %%Stgkggﬁgggytgﬁaneeting of

the materi al € adsor be e ‘adsorptive cti‘onal™ groups is | owered

to result in Lowspdserptier 2Q.ehfiglengy, Qu hhe other, hapd,p jf the
1S fs

i : .
-particle dianeter ess than 10 a m the size of pores of the sintered

body will be gavbhi,and waher ,and gas spenEealy 'iin_ttxfo(a%eeaasqsargvz@i ch is not
practical. <Method of production of adsorptive sintered body> 25 The

sintered bodyahiavhBdoadsaebabisbirytiher eunitiehanelgdigs t o @s {'@dsorptive
sintered body") of the present invention can be obtained by the 29
foll ow ng netbb0s. by weight or more, the particle diameter of the
crosslinked 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
welight.

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 introduce 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
ligquid 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



The first nethod conprises sintering a mxture of thernoplastic resin
particles and resin . particles on which is formed a crosslinked |ayer into
5 which adsorptive functional groups can be introduced, thereby producing a
porous resin matrix, and then reacting the adsorptive functional groups
with the matrix. The second nethod conprises sintering a 10 particle

m xture obtained by nixing thernoplast{€ resin particles with resin

L S R L T
crceclTnkea Faybt it Suffuch BRI Bl SR fiEND)
\t/vﬂiegg (r:rgtnhggﬁ‘étyA\ﬁiFﬁdE?e RS 5§sl i r]{keed%%&%lan%r .e(jﬂi{%’ ia sﬁ)(;%/\i@f}?%\%vggﬁgrltsl 012/
f unct i onal grsL(?uBg%%ﬁg%n%tk%t%&&%?dfq%ﬁ)i‘{Eﬁg}gj;ﬁ% %%%@e?ﬁé%ﬁﬁéﬁe

cross i nked ayer, has, baen 2% ormee &t e, the- siateriogsteps the

adsorptiv i'onal” groups are not exposed to high tenperatures in the

sintering step. r it i d _ f ;
when adsor pt %@gv}&ﬁ‘ccfﬁlfog& Hod:S| ah@dvatage @faidgefér st meesod that even

particles before the immersion], by [particle diameter
of resin particles before the immersion].
Thus, adsorptive particles in which
10 adsorptive functional groups are localized on the
surface of the particles are obtained, 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
um in the depth direction from the surface of the
particles.
The degree of the localization of the
adsorptive functional groups on the surface is
20 expressed by an indicator of distribution of the
adsorptive functional groups which can be measured by
the 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



30 groups relatively inferior in heat stability are used, any concern about
- the heat deconposition of the adsorptive functional groups and the
inmpurities caused by the heat deconposition will not be 5
necessary. The second nethod is advantageous in that the functional
are previously introduced into resin particles by graft polynerization in

producti on of

the liquid phase, and hence it is easy 49 uniformy introduce the 10
adsorptive functional

onto. the surface. The third net hod has

roup
advant age t ha l?ﬁeag?ég§l§r%rPWet?@nﬁPéé@??A§Cb&ﬁeb€%&§9¥19@Nﬁh9(3

production of

t he, ti i, nt d body i ComoXxi of 15
particl es, paﬁﬂfﬁbgggoggFiggléggP%% ﬁﬁ%ﬁ%fﬁgi ?Jz%%tég%%£g§§§ﬁﬁ ng

-crosslinked |

gr oups

an
1, the

.and. i duci d i f . I . A
crossl ke | RS, a0y LEOIUEL PG adsoral) ve Linetiondl, o ups,  Arong
d ti f i i d i t f 1 Xi
adsorptive fuiehignel. gEoups ans g JTenoned toe, 20 MLhadsf ofdt x

w il be explaiped:betow oixig alcl ELEDRLAS! LC 128 BRGHLICIAS id

adsorptive resin partic , (
with resin parthgl g8ai pswBi chrhe fiaredia

g’ parficles’ina I'ntering

and m xi ng of thernopl ast

h

5 resin particles
Leeslinkiked sl ayarn ddht o which the

adsorptive functional groups can be introduced, can be carried out with a
tunbling m xeprokehdi g8 pr¥pbrtachbghtspee@d amount of the element in

10

15

20

25

the sample. The indicator of distribution of the
adsorptive functional groups 1is expressed by a value
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
surface to the center, the intensities of the EDX line
profile are equal and the value is nearly 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.

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

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

functicnal groups have nearly the same element



31 flowtype mxer, a twin-cylinder mxer, etc., and the apparatus and the
m xi ng conditions are preferably selected so as not to cause electrostatic
charge on the particulate materials during mxing. If the 5 particul ate
materials are electrostatically charged, the particles will be apt to

aggl onerate with each other to make it difficult to uniformy mx the
particles. It is preferred to properlyY%round the nmixer and to elininate
static electricity by a blowing 10 type static elimnator, etc. during the
suppl y into, candtwitchdpawar £PBnrERem ieﬁ%éfﬁlﬁhgaﬁbﬁﬁ &&S .u‘%]eéldr%irid ng
proportion of the adsorptive resjn particles or the.resin rt{i-cl on
which is forABE 82BfoRaNNRKedS| a8V ALHShhPcASH g é‘gbfﬁiﬁggeﬁﬁﬁ§$ional 15
groups can be introduced, and the thernoplastic resin particles is such
that the probér?ﬂéﬁrB?Sth8 FanEPanlﬁpgﬁe9§8P 5T0% by wei ght or nore but

| ess than 70% by wei ght, nore pref Y 30Q vy el g, g nore but | ess

t han 60% by wei ght, mj&ﬂerSSBSEP% gkﬁﬁé Pgtgp aﬁbunt 6# 20 both particles.
In order to ohtain, _practi I, ficient jadserdzalbiddity.o i3 rnonagessary

that the _roB sorpti’v esin particles’is | oo by weight or
more. T 10 excgeds 708 By ouelghh, NGrRNOROr ki frdie-duier o asti o

resin particpés 'S 25 small, and the welding of the particles is so
i nconpl ete tQ@%lt/ﬁe sufbirel ent: Sbisenghihnofs Wie lads aripti veespiadterted body
wi |l not be obtai eg. For packing the particle mxture into a netal 32

mol d, vibrati-gr bypa1Packighg apparating sieh résia.vi bifatdry packer, etc. can
be enpl oyed.

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
proton, 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 10”7 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
introduced 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.



Al t hough the influence of anplitude on the particles upon vibratory packing
is relatively small, 5 it is preferred that the vibratory packing is
carried out for a necessary and mninumtinme only, depending on the packing
apparatus. This is because a |long-term application of vibration brings
about re-distribution of particles, nanely, t he sinking of the particles
with 10 snaller dianeter into the Iome? part, which may sp0|l the effect of

t he uni form m xi ng preV|ousI car ied ou The, materi al he nmetal nold

i s not partlcularly I|rﬁ¥%ﬁp Pt nehed S?FBﬁlVEtgPHFEégni gfeEPs brass,
al um num or fhe I yn& un1|s preferred because it is high in
durability, s%ﬁﬁ#u §1Qﬁ¥ét ¢ g QTS 1i ght |n WEIght and eaS|Iy handl ed. The
.shape of the nmetal nold,is f partlcular mt S Egl%les can
be packed 20 therein, éﬁﬁl%%% DetCF oF A ?eg 3 %Dlﬁ F FOFH] pl ate

product which, ch #&gﬁa Cy wéaégfdpw gm Hag hgﬁhctgcﬁach ot her

-and a nold for |caI pr oduc |ses two cylinders

with diffes =4 parr;%(e%as%géﬁp&gaqa @C@P&%gal watgény@?t bffloRt uhe

particle nlxt n the metal nold is carried out by any of

control I abl e fieat | Mo BaNSyr Thek BuRr €2 TBt §edsp UshAgtarbohrai L dryer,

el ectric resistance heatlng dielectric heating, 33 etc. The heating
tenmperature igeseh@et gdahi®im §heup enpesat o esxanangd yheupslthng poi nt of
the resin, at . which the particles are sufficiently welded to each 5 other
but the therramﬂm@di£CéB£¢nadﬂﬁngmmpIImwraaﬁtclggotpeagaps anong t he
particles. For exanple, in the case of polyethylene, it is preferably 110C
or hi gher butetilopwesnddmamilBOCyrowe eapretierabéygk@0Csor hi gher but | ower

t han 150C. The adsorptive functional groups 10 readily deconpose at high

t enper at ut@s, particul &$yJrawp aspeght ienpefinuke oflspBDCIBE BrgHes, The
heating tenperature for_nolding the sintered body is, therefore, desirably
| ower than 180QagrRN shape @Gﬂhe %H%‘b‘?bnl%e %Pﬁ?%?%ﬁa%b]ay of 15 the

present invention js no articul mted and e in anpy shape, such
as sheet, bl %3t e, “¥¥Htim %%H§L§%%$ t%h%r%VEFagétBOr%aﬁlE%eter of the

sintered body of the gresent invention is preferably I ~ mor 20 nore but

| ess than | 00" WCT$% he pore dianmeter is less than 1 ~ m sufficient

wat er perneation and g fg@ 499k be,abt ailn +hLgxceeds 100
~ m the frequency of ﬁgetlng 0 1@% %stan%e Yo % sor% g g t he

adsorpt'V?Sfu§§téﬁ%¥%o@{@§p§aM‘éis@ebe 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
guaternary ammonium salt type or pyridinium salt type
which is a strong base.

Furthermore, there may be employed a method



25-reduced and the adsorbability will be insufficient fromthe begi nning of
use to cause the effluence of the inpurities to be adsorbed. The average
pore dianmeter is obtained in the follow ng manner. That is, the 34

measur enent of minor axis and major axis is conducted on 50 or nore

adj acent pores in a magnified photograph of the surface and section of the
sintered body, and the average pore di4freter is shown by an average val ue 5

of the m nor axes and the nmgjor axes. The porosity of, the si ody of
the present BAGEAELHA L& PHardr ABISy Do T or & 1P Ijessscqrh\’égng%%&dt%ore

preferably 30% or nore_but |le than 50% I1f. the porosity. i han
20% water 16 PEfpdatidny é‘ﬁ’ﬁiu%?‘eaﬁ@t i‘s lpsersr}lg)asttllgcnlﬂ:aen@:t;u%rﬁ%w%Igrg%é%rﬁnal |,
which is not practical,. If it is nmoret 60Q, t &hgth of,, the
sintered bodfiwEr] “‘Bgdilﬁl@upffi &hEnt? eerl%ggrbooy y |hl§”l géoét ai ned by’ the method
mentioned hereafter .on the _basis ,of.._t;he di e d & MBSSd S petyeen the
sintered bod{OoPNSEhd § & e ao%‘ t(%lngsall%ﬁr gégr%éa?{a with water and the sanme in
t he dried_st

tli% Ar %3:%%23' Isnventd, Qi Y Al dasy ¢ esid Raidé cbes having

te.
vari ous aéso bltnicv unction groups on the surface at a high

concent rat i 00, And AN LQAMEA R SidterRbdagdy comagming sai d particles
n

in a large anmount "and having a control |l ed pore dianmeter and a thickness
whi ch cannot sq%t%t}ti@!g‘%rﬂﬁéﬂa&&;@mkﬁﬂ iwanal s iverdr ane tetpeiat sre Ther ef or e,
S

a nmedi um whi ch can adsorb, concentrate and renove by separation, 25 the
conponent s preseadd & Inuubsaritgasi om beiaoe carried out.

Moreover, a method in which substitution with a

10 halogen, such as chlorine is carried out, can similarly
be employed. Specifically, a sulfone group can be used
in the form of sodium sulfonate by contacting with an
aqueous 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 sulfonic 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 aqueous sodium sulfite solution to introduce a

sulfone group. There is another method wherein a



anounts can be obtained. Especially, an adsorptive sintered body into which
i on adsorptive functional groups are introduced 35 can renove fine
particles, cation conponents, anion conponents, alkali netals, alkaline
earth netals and transition netals to extrenely | ow concentrations. For
this reason as well as its high materzgerneability, it 5 can be suitably
used in the fields of the preparation ®f ultrapure water, etc. The present
invention will be described in detail with reference to exanples in which

i on exchangemgnoups SP¥insed 8¥1lERE1SISSS IFEHUNTITBhA® ¢t oups. 10

<Met hod of neasurenent> The net hods of .neasu eg%r in.the1§xaq9é@s are as
foll ows. (1)SWEFENESEWIENatRelRepladti ¢ TESIC thnﬂﬁr?%dé%s val ue was
measured in 15_accordance with ASTM D1238. (2) Particle dianmeter: The m nor
axes and naj BPLYRESIGAE60r nore particles were measured in a magnified

phot ograph of the particles, and an _aver al
cal cul ated. (3) AnnuntIBf%%Fo§§Fenﬁggaﬁ'%ggl%lEg&ﬁ%%ﬁ%sq#ﬁﬁﬁﬁbfgﬁ% of the

| ayer 1ntro

resin particles on whi r i UG ok be,d was
previ ous| @5?5’1‘3@&.’ f%go\%eoﬁlgﬁ?lﬁ)&f%ﬁ%r}regﬁl par tlidéflegne\l/\ggsé 2 Eﬁ%? ract ed

from the wei gt of theiealling groseldinkghoardicd ey anthide vatwe af ter
e

the subtraction S divi by the weight of the resin particles to obtain
36 the amount, OiagB,e LALr educedreess! huked rhayer anfdhirdeyrcafp is

di stribution of adsorptive functional groups: After enbedding the
adsorptive resjttRiald. cles dHd @asd esi iph Idwonsauipy st grent, by a
treatment with trimethylamine is employed. In the case
10 of glycidyl methacrylate, a quaternary 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 vy 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



m crotone or the like to expose the section of the particle. The cut sanple
W th exposed section is set in a scanning electron m croscope and is
magnified to a suitable nagnification. Then the sanple is subjected 10 to a
line analysis fromthe surface to the center of the particle for an el ement
specific to the adsorptive functional groups by an energy dispersion type
X-ray analyzer (EDX). Intensities at tB8 surface portion and the center
portion are read froma |ine profile 15 obtai ned by the line_analysis. The
i ntensity obtaichedrageadihie B 1N ILL§H opbtth ohefs (B PARhRount of the
el ement present in the sanple. For conparison of distripution in.the

. h
surface port iformash B HHETARR S 1 HbraF FrP R HEET bk of “9F sTFFBELFon of the
adsorptive 20 functional grou Is expressed. b val ue_obi ai y
dividing [i ntaersﬂém@ffofm%@@fi‘ﬁé ld?to??cf%c%rhgt%eg‘égﬁ%? Port o%ﬁg §arti cle
(height of peak)] by [intensity of EDX |line profi .h . the.surfac ortion
of particle @@%Qﬂﬁgkﬁn[ﬂﬁﬁﬁq.gé% ?%5c§§ﬁﬁﬁE£%fé?%f?% ﬁcggléét?gn%g%change
group: Te gragg of the adsorptive resin into which cation exchange groups
were introdu Svas wei ghed and 37 imersed in pure water. Then, the

resin was packed into achroUnloasane ookyrBLIRGRCA! 20kasptigad washed
SO

successively with 1 N tion, pure water, 1 Nnitric acid solution

and pure “ﬁtQ&?hﬁﬂﬂﬂfkfﬁfgﬁ-i§ dbergaft esu1dr Ny NaGhi seliut i tRewas passed

t hrough the colum "and the resulting perneated water was titrated with 1 N
NaCH to obt aidy an & ks exshangei saprsi tyrm Ther eahitesphthesadsotpbiyve resin
was subjected to substitution with ethanol and vacuumdried at 50C for 10 2
hours to obtaidy ins shyrpedbgh) . adhemapouohsbéti of r pdimedycpeirdacershange
group per weight was thus calculated. (6) Amount of introduced anion
exchange 1 owyr Sy Ten geaosdafytparhisbept comprésingi at Blukpeh taniodn
exchange groups are introduced was wei ghed and a sufficient anount of 1 N
sodi um hydr oxpdensoy ubd vhiekss pasied 2heoagaleRereESfnatd convert the anion
exchange groups to OH type. Thereafter, 1 N aqueous gaCl 2% sghution was
passed t hrouginté@raeedn 35 FREPNEATY ORI WAFECadYBI6Ed34fd THAERE
sufficient anount of 1 N potassiumnitrate solution wa a d

t her et hr ough, 9@ he ?E%uP?Fﬁbcgﬁraéﬁ?g ©fi qai §° ’ rg%%?eéﬁgdl{% or

precipitation titration to ghtajn an,a n e o}
Thereafter, t%%sids%?ﬁ?i9§e?8§?%ﬂ gosﬁﬁﬁé%{§%°?%5§% s??%gtg%%hmﬁ?ﬁ et hanol

and vacuum dr i gd aty 546, of, 2 NOW Suf SnODL AT g [ 4Sr ATl 9bb. uHe ampunt of
i ntroduce _anVon exchange group per wel ght 38 was thus calculated. (7)
Amount of intgoducgd chel ghecgxehange @equUPting 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



A sintered body into which chel ate exchange 5 groups are introduced is
converted to the Hformwith 1 N hydrochloric acid, and then a 100 ppm
copper sulfate solution was passed through the sintered body so that Cu
ions were adsorbed. The adsorbed Cu ions were desorbed with 1 N

hydrochl oric acid to obtain the 10 copper ion concentration of the
desorption solution by atonic absorpti@® spectronetry. Then, the adsorptive
resin was subjected to substitution with ethanol and vacuum drying at 50C
for 2 hours tfeldmwing inetMygswei ght. The ampunt of the introduced chel ate
exchange 15 groups per weight was thus cal cul ated. The atom c absorption
spectrometric appar at usThesebil hgls WoERPD SEIMYLRRAUFALEEFE0%bY Sei ko Densh
-Kogyo Co., Ltd. (8) Average pore dianeter; The gve age gre di.anet er was
obt ai ned by ZO-HeHSrS g e HBPP a5 QntS il P2 8kes 5 %8 of “idre adj acent
pores in magnified photographs, of surface and_secti a | G ting an
‘aver age val u®aHeredts ?%)w ?%sf?yfoﬁﬂ gs?n 5§%%Eﬁ§g§diggyggeggé in

et hanol for 25 1 hou and. t hep i j e t - Lautes X 5
s Aftor WRREr SRRt r ae T e TR Ba e Bl SRt rRd S ered body
is measured. .The t i nt o] [ [P S hn ethanol and
dried at 3§j§ﬁ%§$%ﬁ%%ad%€§?§.QTﬁéﬁgughggﬁ%ésﬂg?k?ﬁéng?ﬁtgggg body after
drying is el in@Nchd headbFhereaceunat 18ghvegRotiBs Wreaeshis obt ai ned
in the unit of cnB. 7 Separately, the size of the sintered body is neasured
5 and an appayent;yolunme 'b' is obtained in the unit of cnB. The porosity
is calculated by a/b. (10) TOC. A sanple water is introduced into a TCC

met er A1000XP manuf act uried bycédnatebtlod, chindriand thet&@ingsal ting
measured value is used as TOC. The D TCC i s obtained as: where ultrapure
wat er i s passedrthebeighitteradsbtpined biynnérédgbbdyrioplastalcumesgdcked
with the adsorptive resin) into which ion exchange groups are introduced,
TOC in the sampteiokterwatht hesinl pertscing Pﬁewga?geﬁuaﬁélﬁﬁééured, and
the difference ([TOC at the outlet%,-_ TOC at .t he inlet]é is taken as D
TOC. (11) ThegrewiberhavirgnadparbpbieédtyA2E8nprErRadrerdi ShrRP¥dduced into a
fine graft polymer chains.

The third method comprises sintering
15 thermoplastic resin particles to produce a sintered
body, then forming a crosslinked layer on the surface
of the sintered body, and subsequently reacting the
crosslinked layer 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 method, 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



particle counter ULTRA DI -50 manufactured by PMS Co., 20 Ltd. to neasure

. the nunber, and the total nunber of particles smaller than 0.1 ,umis used
as an index. The Oine particles is obtained as: the total nunbers of fine
particles in the sanple water at the inlet and the outlet of the adsorptive
sintered body are neasured, 25 and the difference ([anount of fine
particles at the outlet] - [anpunt of f3the particles at the inlet]) is
taken as Ofine particles. (12) Anpunt of water perneation: 40 U trapure
wat er is pern@aPers Feéaaf-fffeéweﬁflﬁsrlﬁlreégluh@aaf s¢ adp iNyicnp A SLRAF 1 he
adsorptive sintered bod to which ion exchange groups are introduced, and
t he amount ofaﬂét%?nEEFﬁeangﬁ FbeS SBFaﬁﬁéﬁmﬁg ﬁg&§@r| wei ght of the
-per neat ed wat e on _content in t Ie wat e

concent r at ed %?Sﬁ% E%ﬁet%Hﬁg FﬂnégcﬁéSHpFoéw% gh& Fﬁgaﬁé%ﬁoq(ﬂfcontent i's
10 measured b manuf act.uy ed Yokokawa Anal tlcal te , Ltd.
*(14) Resistiv%?@uﬁfkﬁ%aafgﬁse t&r: tgés g??v% §08POS eat W&gi sq%?rectly
measur ed mg hng@ggg ??}11 manuf act ured by Toa DKK Co. 15 Lt d. <Exanp|es of
adsorptive resin partfcles> Exanple 1 Pol yet hyl ene pomder " SUNFI NE UH901"

(trademark) having a wepght sé&%hégﬁe'ﬂﬁbécHEaBd‘O’%hQEtge%ﬁJSZQn?’ AL Q90

manuf act ured by Asahi Kasei Kabushi ki Kai sha was sieved wth a netal gauze

of 200 mesh tp,QbtabARapobyeLpyl are pewderubBayi Ratacprdddc!ietd anmtqy of 83
~m The M value of the resin was nearly 0. Two hundred and fifty granms of

t he powder wasatrtieddsced gbairnt poayhekryetiybanenbagehaviqud calghagsym vapour
deposition and sealed with nitrogen gas, which was then irradiated with y
rays of 100 k&yd handeliof issepsgpyb undfoahighahtwedecdi $$@ ved 300 g of
styrene and 43.6 g of divinylbenzene (purity 550), and the sol ution was
heat ed t 0160CGdsdrstubyecfedctoobabbbirngpwi thtpi thegemrfface30 nm nutes to
renove the dissolved oxygen. Into 5 the resulting nononer sol ution was

i ntroduced the "SUNFI NETUpobhirfr ngghatebaw e padvapsagedéhaguitiid ng with
nitrogen. The m xture was stirred for 3 hours, and the reaction slurry was
filtered withSseBtchRer thanAéMPlGdShed with 3 L of dichl oronet hane and

vacuum 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
a crosslinked layer into which the adsorptive
functional groups can be introduced, can be carried out

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



10 dried. Yield of the resulting grafted product was 410 g, and the anount

. of the crosslinked [ayer fornmed was 64% Two hundred grans of the grafted
product was introduced into a reaction solution prepared by dissolving 71 g
of chlorosulfonic acid in 1 L of 15 dichl oromet hane, followed by stirring
for 3 hours. Into this reaction solution was introduced 500 nL of isopropyl
al cohol, followed by stirring for a whildle, filtering with a Buchner funnel
washing with 1 L of isopropyl alcohol and 10 L of pure water, and vacuum 20
dryi ng. Y|eIdfb@wfﬁép?e@ﬁFFanaCEWFBnCVQﬁédﬁénméé§6rpFF@erré%Fhtﬁé% about
240 g. The resin had a gartlcle di aneter of 84 a mand an ion _adsorption

capacity of 22RPHFDFAG. ?ﬂetpﬁdgixbﬁgdngpﬁﬁﬁppénaGF REESEFARNY functi onal
. 0. d fo 5 f . . Exa 2 One _hundred niL
of *the Ton adSsreered Fachh of>thhPanten otk cEraRsrs Y e sa,oa HAF o

gl ass COlun“hg%r%$%Hf£Ee'ﬂa£ 9?51? @ggﬁgr ﬁgqlﬁggen%%aE%% wth 1l Nnitric

‘aci d. Then rapure ma asséd through the resin at a
fl t f : t th
begi nni ng_ o1 éﬁpﬁfkﬁfégﬁem%?%aﬁ?&gigé oﬁ?egsgoggﬁtwﬁé%qﬁf?@%%%f ours of

washi ng, it V\@§e8§>§ptibz§g at1abgut 220 pBbg -cljl%fn%%fatt%r wiMAeR W rapure
wat er of roomtenperature was passed through the resin, 10 the D TOC

decreased to drppp 06 hegs. ituntherpune, tM uﬁl@@&huglaaxwa%eo 05/ m..
Conpar ative Exanple 1 D TOC of ion exchange resin was evaluated in the sane

manner as in gxagptee2, except phafezRedoRolbrexeRranyegrvbesidn thidl Al ON PK212"
(trademar k) manufactured by Mtsubishi Chemcal Co., Ltd. was used in place
of the ion adsbxetizedresi alohikxarpbealicWaérchot cultlyr &yuee blatwemanas
passed through the resin, the 0 TOC was 120- 150 ppb even after passing of
the wat erlfortyge 20tabueselamndnahersubsequdntripassihrg sobrdivt iaere wat er at
roomtenperature gave a 0 TOC of 10-15 ppb. Moreover, the anmount of Oine
particles wasa®d3fhithdnaveh hasmgEbat BBy QfsﬁﬁﬁléaéF@Fﬂeﬁhan in Exanpl e

1. Exanple 3 25 In the sanme manner as in Exanple |, 25G ol yet hyl ene
powder " SUNFI NE SH801" TP?aBéﬁﬁPﬂ)PHQQPH§l°n4§f tﬁ@u@HFOgP apeﬁ%ﬂ¥%ular

ht of 200, 000 factured by.Asahi Kabushi ki .Kai_sh
{71 adi at ed i PRCp PRGSO 100 KOYLFTRACFAGTRoNAD HRLH 941 GG DFTD 08/ 10 i n

and a partic'@rQéQﬂ?ﬁEédoia§gr ifto 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 Dboth particles. In order to obtain practically
sufficient adsorbability, it is necessary that the
proportion of the adsorptive resin particles is 10% by
weight or more. TIf 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
adsorptive sintered body will not be obtained.

For packing the particle mixture into a metal



5 A reaction solution prepared by dissolving 300 g of chl oronet hyl styrene
and 43.6 g of divinylbenzene in 1 L of isopropyl alcohol was subjected to
bubbling with nitrogen at 50C for 30 minutes, and into the solution was

i ntroduced 250 g of the polyethylene powder 10 irradiated with y rays.
After a | apse of 3 hours, the mxture was filtered through the Buchner
funnel, washed with 1 L of nethylene choride and vacuumdried. Yield was
480 g, and the anount of the crosslinked |ayer fornmned s 920. The

resul ting crosdti nkélrpaiencte®el Pagiag ﬁﬁﬁ%ﬁﬁfq%l$§%%ﬁﬁbj? al cohol in
whi ch 30% of trinmethylam ne was di ssol ved, and the reaction was allowed to
proceed at 38EPEeEO5Y REGHS o SESvEA” tAfe <t G%ked particles to the

.formof quaternary anmonium The resulting anion t J 0 ive 20
resin was washed with SS9 ﬁ?QMﬂﬁﬁ%u%hﬁﬁl%ﬁhﬁ%ﬁf%ﬂgﬁ%qgﬁbgﬁétution
with ethanol, and dried by a .yacyumdryer.. The ia f@ggg Sapacity of the
-ani on type i BATAIS Fﬁtpyé%r§§iﬁ%ﬁ%?%ngéﬁﬁ%ﬁ?tﬁécéhggﬁ 3.26 Tl 7G. The
resul ting _particles had a parti | anmt 2oirg Ms Ther+ ndegx of

di stri but Pon 1&f 1&d&EF €%§§E¢Jﬁ§§%§ﬁ5 gr&%%ggaégﬁﬁ.GI#%agiredrafter

substituting Otur%e f%xrcganr;l%ec%f%ggz Md pniqgin(&pl@ﬂé\egnl}}q S&S &b di DG 0bn TOC

fromthe anion type io orptive resin was evaluated in the sane

manner as in anpl g i t the P T9OSadd ese Washomg-weth hot

ul trapure waFEé %%f%ﬁ%&#%%ﬁ%ggﬁﬁﬁfs was 1 ppb or |ess. Nd?%over, t he amount
of Mne partiglas ¥as on GO iMna AL dgd nabder saered mnnepuasonn Exanpl e
1, 250 g of pol'yethyl ene powder "SUNFI NE SH801" nanufactured by Asahi Kasei
Kabushi ki Kaigshawas diIrddiradmedl wi tthey shaylsid® of 100 kGytiThesresth had an
M value of 0.08/10 min and a particle dianmeter of 86 a m A solution
prepar ed ty dingsidles ni B0 er ofntgd yhalylower haeryi avelahdiag. srglof

di vinyl benzene in 1 L of isopropyl alcohol was subjected to bubhling wth
nitrogen at 30@ tef fearovaf l5heli wsbf Ed ®iyEes, PEAYLPRESY t RRTELFHti on was

i ntroduced 250 g of the polyethylene powder irradiated with y rays.
Reacti on was @#rried out for 0.5 hour, and the grafted resin powder was

was 201 nt roduced | nt o B RAE SR bi§ b Bt HPREE Y buFosrhe

particularly limited, and includes 1iron, stainless

15 steel, brass, aluminum, or the like. Aluminum is
preferred because it 1is high in durability, small in
heat capacity, light in weight and easily handled.

The shape of the metal mold is not

particularly limited as far as particles can 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,



and water with a ratio of 1:1 by volunme containing | 00 by weight of sodium
<1 m nodi acetate dissolved therein, followed by carrying out the reaction at
80C for 72 hours. The chel ate type ion adsorptive resin thus 25 obtai ned
had an i on exchange capacity of 0.86 nmol/g. Dissolution of TOC fromthis
chel ate type ion adsorptive resin was evaluated in the same nmanner as in
45 Exanple 2 to find that the D TOC aft® washing with hot ultrapure water
of 80C for 48 hours was 1 ppb or |less. The anmount of M ne particles was

0. 05/ mL. <Exaﬁb?es of sintered body (obtained by sintering a 5 m xture of

particles into which fu?gti nag.groggs merg i_nt r.oduced %Gg ther mgpl astic

resin particles)> Exanpt&c5 " TREELt FoRPEYBEUEEN L8dSEFGNE e the

. t hesi zed i h .powder. 10 (' SUNFI.NE .SH801" si d

wih a metal SAEarErTnts AeshTty Bae” KEREARgaPE e i I ar B
1 xed at, @A j / s U t f with

outer i ametel T Aner 8 RReLEr 2 BOCnEurey E e S L PRl 1} bl aced

inside an &l ugipum gxt reged:Lubgod Pt t [ t ery/4 rqy di anet er
of 80 mMmi /70 nmm Using thistdoub?% ?ubeéageggﬁeggﬁgnggﬁ}q?ﬁ%paggbe powder

m xture was p@%gdtw &hes sprsBgbenwegarthesest ubeg by @mpilr atigr y Hpacker
and sintered by keeping it in ~~ hot-air dryer at |50C for 20 m nutes. The

20 resul ting saséesedpbodythalens, aver ageppererdbagetian °ef o22 hiyReand a
porosity of 42% A plate nade of polyethylene and a filtration water port
was provi ded lattt hewdbot tivanah80f0p nbrehpreéeunbbilyg 1@YI°icndir edlghsimnt er ed
body, respectively, to 25 nmake a cartridge type filter as shown in FIG 2.
This filter wastskeweén shaonhepifCal | Fhavaikabbs ivar ttuindge ohiallt g cugssi ng
made of PFA and 1 N nitric acid was 46 passed therethrough to perform
regener at19n. TIh@} baf ¢@FOMBPE8 o bit PdBN oF eMPEr R s reval varéd Cud atie sane
manner as in Exanple 2. The direction of mgter Rassage was the direction of
a

so-cal | ed ext@Fndl N5, beERREAFRFEr GFi 6A0aRdOENNSIRES -t hdDEi PESEIHY from

outside to inside of the cartridge of FIG ,2, Th TOC.,after washing with
hot ul trapure W&X® a%?r%0§9¥o?oﬂglﬂgquemﬁénEeﬁﬁg gPdVe§§! The ion exchange

capacity was g@efﬁ%%/gd?g?ﬁag ;pévg% §£5991%B°E§rti0|es was -0.3/nm,

meani ng that the nunber © I ne Cfes wWas I'ess’in the treated water.

The amount of water perfgatipnowass 24,0004080:L4 ¥8-017MB3ea body of
15 the present invention is not particularly limited and
may be in any shape, such as sheet, block, pipe, column
and sphere.
The average pore diameter of the sintered
body of the present invention is preferably 1 um or
20 more but less than 100 um. If the pore diameter is
less than 1 um, sufficient water permeation and gas
permeation will not be obtained. If it exceeds 100 um,
the frequency of meeting of the substance to be
adsorbed and the adsorptive 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



Exanple 6 An anion type sintered body was obtained in 15 the sane manner as

. in Exanple 5, except that the anion type ion adsorptive resin synthesized

in Exanple 3 was used in place of the cation type ion adsorptive resin

synt hesi zed in Exanple 1. The resulting sintered body had an average pore

dianeter of 21 ~ mand a porosity of 20 40% The dissolution of TOC of this

anion type ion adsorptive body was evaldfated in the sanme manner as in

Exanple 5 to obtain a 0 TOC of 1 ppb or less after washing with hot

ul trapure wateeasRreoent opL4BLABEr 3X1FhandnBanerofxdFi Ae panudted was

-0.04/ L which was 25 nearly Q. Furthernore, the resulting anion ty

porous ion ad¥®rp?i e BOHY AAI2GANFOROEREhARGE @éﬁ&éﬁﬂ?dOPW§Q¥§ﬁﬁﬁﬂ/g The

-amount of water perneation was 47 20, 8Q0, 000.L/ne~ h@ﬁ@@P anple 7 A
q Yga il

chel ate type %%r%@% FohtagsorpLi 8C5689 s tB6t SEREG TR nner as

Exanpl e 5, t 5 that the.chelate.t dsor pt
Synthos) zed | FPEARBTETA HAESBONTRCHI ABLOBPEnE oot BLgE Norue

adsorptlve regfntggn$p§8£zggegn géagH%BmgaoIhg rgsulting ion adsorptive

body had an aver age pore di anet & a porosity of 420. 10 The

di ssol ution of TOC frOH%BQI oEBQ&@&eoEYEﬁeDQEBH%rbﬁnb%@%o%gtE%% body was

evaluated in the sanme nmanner as I n to obtain a 0 TOC of 1 ppb or

less after washipgnwi mv@fqﬁlght&e—pgk@f@%@n 0b 0806 ! b r48 heunessrhe anount
of Oine particles was -0.2/nlL, 15 nanely, ¥ he nunber of fine particles at

the outlet washshakbel . mEﬂétb@éBEEgblyheoaegwlmb@g PROUS sisOR hagsor pti ve
body had an ion exchange capacity of 0.36 mmol/g. Exanple 8 20 In order to

measure the geetityIrof tmat porbefoyeiandeakt enahi R0eri mgtichr ough the filters
of Exanples 5 and 7, nodel pure water containing netal ions in extremnely
smal | anoldt spewase passedanbnoughnthgabi peemsatand ewainti erid L et he
supplied water and the 25 treated water which has passed through the filter
wer e anal yzedsmahe, peBsafelof naht Braghscaarri éd 88t ishiedgh thaag &hte

filters of Exanple 5 and 7 at 20 L/mn for 50 days. The results are shown
in Table 1. Tabfestreugeh pf| tBPedbareref P?éweaMtlePebéFléﬁleff :

cationt hrough_chel atefiltratio i ter S|nter dbod of body of
Exanpl e 7Exant e B@ﬁﬂﬁéﬁYréF|8H£¥9 ﬁa E E%%% chﬁﬁ@' 5%%onof Na

I on0. 970. 45( t% reds %ﬁeﬁgfgh%bgéhgg tfh%hcat 1 0B LURE PILOYS 2 T ON

adsorptive bod pe~por ous
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
20 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 1in trace
amounts can be obtained.
Especially, an adsorptive sintered body into

which ion adsorptive functional groups are introduced



adsorptive body, the reduction of Zn concentration in the ultrapure water
was clearly recogni zed. In the case of the cation adsorptive body, the
reducti on of Na concentration was al so recogni zed. That is, nmetal ions 10
wer e adsorbed to the ion adsorptive sintered bodies. <Exanples of sintered
body (sintered after converting the functional groups to netal salt)>
Exanpl e 9 The cation type ion adsorpti¥e resin 15 synthesized in Exanple 1
was imMmersed in 1 N aquequs NaOH sqlution, followed by filter-washing with

wat er to con¢ént LEfors tRESNRMFIEL S SaE I FP R TR 2dsHP bt ve resin
TSUNEI R 460DRO0ER ehr Gga. TEAL Gad A O e Beer b ThE o

DU mum ext FE8BE 68 WL TSR ot T ol O SRt LR 808 1/ s0
out er i anet SRR TER SRS SR lar 0 M i A e e e e
metal ol d - Lhe afove pavder JUod UiP MRS PAcked dn (e spasecierard bet ween

these tub&s Wth apﬁllca sone vi bration. The 10 powder m xture was

then sintere e theJetalesold in a hot-air dryer at 180C for 20
m nut es. The%ﬁgﬁukﬁﬁﬁg sintered body had an average pore dianmeter of 23 ~ m

and a porosity of 430. fRlatasqme afvaal ket hyl Enebandescribati on 15 wat er
ports were equi pped at the top and bottom of the resulting cylindrical

si ntered bodydia imake & carfaidlge typefamdess asn shioivwh i hof| &xcRanghi s
filter was set in a coomercially available cartridge filter housi ng nade of
PFA and 1 N njrduips anied weesd pes etk tdbsetir bughf tocRiopet f sFAVPEgener ati on.
Thereafter, dissolution of TOC

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) Bmount 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



was evaluated to obtain a D TOC of 1 ppb or less after washing with hot

ul trapure water of 80C for 48 hours. The ion exchange capacity of the
porous ion adsorptive body was 0.93 nmol/g. That is, although the sintering
25 was carried out at a relatively high tenperature, the deconposition of
adsorptive groups was not observed and the increase of TOC conponent due to
heat deconposition was al so not recogni®ed. The ampunt of COfine particles
50 was -0.1/nL, and the nunber of fine rticles,was sonewhat smaller in

t he treated\Mﬁ%ﬂamQWﬁ¢a%%u%?eo%nbé?ﬂ%%ggdcﬁﬁ?éilaggdZ 2866, 000

L/ m2~hr ~MPa. <Exanpl e of sintered ho sintered after, hal ation 5 of
functional group)> Exanpfe f ?ﬁeogng%ﬁ£f§88t?8ﬂ 8558?59%€gg§%sin

-synt hesi zed in Exanple . 3 was imersed in a 1 N aqueous hydrochloric acid
sol uti on, foIﬁ%ﬁﬁﬁ#%%@*i9f8Vpﬁashing 10 with water to convert it to the O
type. This Cl type anio dsorpiive.resi I y cuum dryer and
*an ani on type porous io&fgago?ﬁ%?églé§d§ﬂﬁggaég?§?§§§ f%sgﬁé sane nmanner as
in Exanple. 9. The.r | 1] Lo orpiLv 1ad average pore

di anet er g? 2a§£t%$§§ga%ﬁgg %o?8§?§9 g%é383?9%¥sgglﬁﬁﬁonwgf TOC fromthis
ani on type popous.i9h. adsOLpLi Yerhody wagoguakHat edckaopblodi rhaz 0 TOC of 1
ppb or less a Ter masﬁlng wth hot ultrapure water of 80C for 48 hours. The
i on exchange capaciiy 20TRE the kampadsqiphi vepbedyl wastA.oBb imuldtg. The
anount of Mne particles was -0.04/nL, and no fine particles were generated
fromthe sintgred Hegdynidhecamourbnohivaberoper aealt iien maas 9 e500,0C0

L/ n2~hr ~MPa. <Exanples of sintered body (after sintering a m xture 25 of
crosslinked resipapaetinabesfandttber mophast tber esmplef drfctsudigctfdups were
i ntroduced) > 51 Exanpl e 11 Pol yet hyl ene powder SUNFI NE UH901 manuf act ured
by Asahi KasetoKabushekanKaysha Wasmsitbeeduripegglica thst Sengafz€of 200
mesh to obtain 5 polyethylene particles having a particle djaneter of 86
,um Two hundted padgticieyfgrars Sﬂeﬂﬁétré§ﬁFﬂﬁﬁé’5&?5&51@§§ﬂﬁ&§%%ﬁroduced
in a polyethylene bag wth al um num vapour dep05|t|onri%§%k§@g@g ni trogen

gas, and irraBPBEBHCRRENIYOMRYs P¥f 2ToGPREPY [t SPE S3P™d Y

i'sopr opy! al cohol

wer e di ssol ved 375 of ren nd 54..5 g_of .divi QUL 550),
and the sol ut PBALYA rhégﬁgﬁ'to%§%§n§ﬁ§l§3bf§cfgﬁ fgﬁﬁﬁﬁgfﬁﬁgﬂ%ﬁ#Lé%%%rogen
for 30 mnutes, to renmove the.di ssqlyv - o ntiq 4 his fononmer  sol ution
under bubbl i néhaj ERDAPEY 865%1%51 \%/gjs‘? i%(r%ta;&)c() TR % R abgjve SUNFI NE UH901

i rradiat engi Egtgiﬁg%ﬁisfo TQ%(?ml)&tnlér eassStd .M rathd omtedHil s, ol ide

reaction sSlhurry was ered through a Buchner funnel, washed with 3 L of
di chl or omet hape and jvacywddniced.s Proporalidrefl the tres Wridurg: graftied

copol yner was 410 g,
element present in the sample. For comparison 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 adsorptive resin into which

cation exchange groups were introduced was weighed and



20 .and the amount of the crosslinked | ayer fornmed was 64% The

had a particle diameter of 87 a m Exan%le 12 The crosslinked p;?P?Lrggr
synthesized in 25 Exanple 11 and pol yethyl ene particles having a particle
di aneter of 85 a m and obtai ned by sieving SUNFI NE UH901 t hrough a net al
gauze of 200 mesh were nmixed at a 52 weight ratio of 50/50. The resulting
particle mxture was packed into an al ¥mMi num netal nold having a channel in
the formof a disc of 25 nm~ X 3 mmt, and sintered,by heating in a hot-air
dryer at 180Cnmerr3od nimupiese %aﬁﬁé-regﬁﬁﬁinﬁhgiﬁ?é?@dw88d§aﬁ%§d

: _ an aver age

pore dianeter of 22 ~ mand a porosity of 410. In_a 500 nlL_s | e, Tl

me;gscgﬁ{ged E@@331 @hrﬁ%%hVQEﬁEhéﬁlSP%H@naﬁath8f592?5Fédaggg?%%ﬁéé25ai§1

~ X prepared as above, followed hy cooling ta r. | d

?ﬂglngd9£26 gﬂfﬁS%ﬁﬁﬁY%%&lWhﬁhclaﬁrﬁaQFtﬁoiPlPP%thu%%tggt%ﬁé ggﬁ%lg?io;hgp
addi tion, the, content s, heated to 30C kept . ot t

for 3 hours. "Fhehic22°Ht 6$?8Fhaﬁoﬁn&agugadggggﬁd§§fFgﬁs3g§gfﬁﬁpggfatE;e

sintered body was 15 take u it h h I
i ed. Thi’s STHEEr At Boty i Bt 56 Bkt Sc AASGS gt eos er ot nt roduced

had a pore diaggggéog£d2§;g PLand 2 R0pashiucel flAorThad en cexthange

capacity was o o nmeasured by setting the sintered

body in a hol der, foryexchysiyeousainand passiens i '
; hpige \watoerc itthr.ough it was 1
ppb or |ess, and tﬁe anount of M ne particles was ﬁﬁ%rlge%/;?T anparative
Exanpl e 2 25 tpepcgeparablgef haskrperneechansded wad gubfiedredioss! inked

arti i
By Cool i ng t0aGGetandiofSuioh sthanol and vacuam dried at S3°C for o
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 agueous NaCl
20 solution was passed through the resin so that Cl ions
were adsorbed and then a sufficient amount of 1N
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



adding dropw se | 7.5 g of chlorosulfonic acid with stirring. After the
. conpletion of the addition, the content was heated to 30C and kept at that
tenperature for 3 hours. Then, 50 nL of ethanol was added, and the 5
content was kept for 30 mnutes, followed by filtration through the Buchner
funnel, washing with ethanol and pure water, and vacuum dryi ng. The
resulting sulfonated resin particles as® particles with a particle dianeter
of 84 ~ m obtained by sieving SUNFINE 10 UH901 through a netal gauze of
200 nesh wer evas xguusatcaloelghedrati o of 50/ 50. The resulting mxture had
an ion exchange capacity of 0.82 muol/g. This m xture was packed into the
al um num net al nol d uset) nAERaRBI ef9iRRECAEEEEd CAE L 286CSFER 28T i nut es by
-a hot-air dryer 15 to forma sintered body. The resulting sintered body had
an ion exchardgfeeapacity of 0.55 mmol/g. That is, the ion exchange capacity
decreased to about 700 of the cagacit¥ before, si teFli;Jl[g.t Exan%:e 13 20 In
‘the same manner as in BxafpPkeitd 58EYqiBFOp8lyELhyrERE “Fartitrréd having a
particle dianmeter of 86 =~ bt ai,.ned by sieving, SUNELN 1 .
(nanufactu?ed9¥®”9%a%¥eKﬁ%gioaﬁﬁﬁgh?ﬁiCé&??ﬁgfgtﬁsoﬁgﬁ 5 #??a w&éﬁ%é’of 200
mesh, was irradiated with.y r of 10 5 actl | ytd
prepared by d?g%%§§?%%1%§§gga§¥abhFggogggﬁzFs@?ﬁeﬁg%aggb%%éggaﬂgk%%
di vi nyl benzen ity 0), .1 50 pyk 0 sSsuljregt ed 54
to bubbling w??%gﬁ{%éoﬁgg %?EES% #gggg ﬁn?%%tﬁé?%gﬁggikf%@fhe sol ution was
i ntroduced 259, 0; 9fistferpokystbykane paet hakesbitr adi aled welde y rays.
After a | apse of 3 hours, the mxture was filtered through the 5 Buchner
funnel, washege¥btbed *ieh acetaparardlvaceumcdd ed. obteiyi el of the
resulting crosslinked particles was 470 g. The anmount of the crosslinked
| ayer formed wesp88% odheopaehtehbeidhantt éhewdss8Zption Bedmsliendyl0 The
crosslinked particles synthesized in Exanple 13 and pol yet hyl ene particles
havi ng a partatbeidi amsbeptdbng5pectyrombtaiyned Thensi éfien§ dSONFITNE <UHO01
t hrough a netal gauze of 200 nmesh, were m xed at a weight ratio of 50/50.
The resul tingrpaiti¢ee ﬁvhﬂaﬁéeQSt@a§ub§@R§@tP@PoWéﬁhaﬁEﬁaﬁﬁﬂ1ﬁ%Fhl nmol d
having a channel in the formof g disc of 25 mm_ X 3 mt, .and sintered by

" B g

heating in a Weeuarr daryee at $80E £6F 30NAUKSt &€ M Fepar abl e

flask vere Chgégggt?OOThe 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 Denshi Kogyoc 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.
(9) 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



mL of isopropyl alcohol containing 300 of 20 trinethylam ne dissol ved
therein and the sintered body of 25 mm X 3 mm prepared as above, and the
reaction was carried out at 35C for 50 hours to convert it to a quaternary
ammonium form After the conpletion of the reaction, the sintered body was
t aken out, washed with 25 ethanol and water, and vacuumdried. The

resul ting anion type porous ion adsorpti®ve body had an i on exchange
capacity of 0.95 55 mol / g. Conparative Exanple 3 The crosslinked
particles obt% Hedan Exanpies 13 Weee: i Waerseaasi afi Ebpr sppresrtokady
containing 30%of 5 trinethylam ne dissolved therein and reaction was
carried out a&fBHCdwrinmy hdureaserednverd the PaFtPEFBSSto2a quaternary

-ammoni um form The resulting ani on adsorptive resin wa shed with ethanol
and water, tREEER} dtRd'RoSShbsti PRERLRSH R EgﬁaHBF? §%dcT0'dried by a

vacuum dryer. The resulti resin rticles jn_the aternary a ni um form
“and particIe??ﬁﬁﬁ?ﬁf%ypagg?c?bzﬁigﬁe?%? Bfn%%r?an?gggté?n@8¥8§¥%%EVing
SUNFI NE UH901 t hrough a netal uze of, 200, . re.mxed at.1 wei ght
rati o of /586?Op L SRS LrAE A RS} of e&%h%ﬁgéb%ﬁgagfl%%gf u%?&ﬁr%“}m /g.

This m xture S pg&%:?)oir%%g%ﬁssa&ﬁ@l%%ya Al nmold as used in

Exanple 9 and héat 30 m nut es otair dryer to forma
sintered body. The resu[i%pgT@@:sintered body had an ion exchange capacity
of 0.28 mml/g. That is, by the sintering, the ion exchange capacity
decreased to about 300 pfsihelcapacktyibeinteocqauptaringo Exaopl eetzr25 In

the same manner as in Exanple 11, 250 g of polyethylene particles (having a
particle di anet®iox¥ 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 inletl) is taken as ATOC.

(11) The number of fine particles:
A sample water is introduced into 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]) 1is
taken as Afine particles.

(12) Amount of water permeation:



56 84 ,um obtained by sieving SUNFI NE SH801 nmanufactured by Asahi Kasei
Kabushi ki Kai sha through a netal gauze of 200 nesh) were irradiated with y
rays of 100 kGy. A solution prepared by dissolving 300 g of glycidyl 5

met hacryl ate and 43.6 g of divinylbenzene in 1 L of isopropyl alcohol was
subj ected to bubbling wwth nitrogen at 30C to renove di ssol ved oxygen, and
into the solution were introduced 250 ¢Uof the above pol yethyl ene particles
irradiated with y rays. The 10 reacti on, was carriea out at 30C for 0.5
hour, and the graft crdsktFaReEe p¥abEEt 1 faBSFEREACBut “aid washed with

i sopropyl alcohol. The yield of the result] graft copol.ynmer was 395 g.
The anount ofdiheeke®sis? nRESS PrBYuRT aaé ggg? arf P49 had & particle

.di ameter of 84 15 ,u m. Th | ting, graft . | |

par il s haviiP AT | B 8o Serery of ThS “IReRobba REa 6y S e "SUNFI NE
UH901 t hr ough t al f 20 ' ' .atio of 20
0750, TLg“?é%ﬁ??fﬁék?éﬁﬁggigan§ ?hgegﬁou%@rSEShéEQrabeémE@kQBh hatio o

m xture was pac into an al um num net al
mol d havi ng a_channel .n fermof,a ghsenef 025+ M pXrdeAWkq and sintered
by heatinggirP%F%%??%jéydégg?ugEH?B%% for éo n?nutes.pThe resul ting
sintered body, an average pore dianmeter of 20 ,umand 25 a porosity of
390. In a 500 Separable flask were charged a m xed sol ution of dinethyl

sul f oxi de containing | op;hy metght igh sedienxi Aihnadicagetate and water (1/'-
in 57 volume ratio) and the sintered body of 25 nm~ X 3 mmt prepared as
above, and reaction wasacaamnped @uteat i80€cheent2ahedr by ADtE00t he
conpl etion of the reaction, the sintered body was taken out, washed wth
water, and 5 vasesnidriaedlehn them;esuobt ichg whéekat éonygensensus si on
adsorptive body, the anmount of the chel ate exchange group introduced was
1.75 Mol 1g. mExsuptesbpf IEPNMEr manbdaytpirato bwhiYokokawat PR tdiGdps wer e
i ntroduced by radiation grafting)> 10 Exanple 16
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 UHS01"
(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



A sheet-1like polyethylene particle sintered body, SUNFINE AQ 800
manuf act ured by Asahi Kasei Kabushi ki Kaisha (particle dianmeter: 20 ~ m
menbrane thickness: 2 nm porosity: 35%, was irradiated with y 15 rays of
100 kGy. A solution prepared by dissolving 80 g of styrene and 6 g of

di vi nyl benzene (purity 550) in 1 L of isopropyl alcohol was heated to 70C
and subjected to bubbling with nitrogedlfor 30 mnutes to renove dissol ved
oxygen. Into this nonomer solution 20 were introduced 68 in total of

di scs of Q47 awAahnl KRrY rdks e ebovel SUNEF NEF AEFBBOA T Fr g&i- gt 8do%i thy
rays. Reaction was carried out for 5 hours with stir ig , _and _the sintered
body was t akeh By IRRIFRIE wWRW 5% pr opii %?@oﬁ%?,saiﬂ ?ﬁgnwaﬁied by a

-vacuum 25 dryer of 50C for 2 hours., The total i ght aft . Yin s 109
g, and the amRAtedite mP ¢ L i FRRIEF LS rt%r%ﬁﬁéganﬁaglgéoga¥kggsﬁguIting
sintered body_in 58. which a crosslinked | ha ore

-di amet er of %B”;:%?ﬁHP%§?ﬁHE%iE?m%Ye3a@§ #ﬁ%gééggﬁtﬁggagﬂhtegg oBody was

i mrersed | i,chl or oet hane, e i chl et ti 5 containin
| 00 of di sol V&l %%?@r%%%? f%%?%“%%i%"%ﬂagig d‘gégd?@g%sgé,%? o:tﬁgwed by :
carrying out r&aghn 0801 oUE, yndeLyi Gec 609l i ngyanchdoF BRoddigi onal 30

m nutes at roomtenperature to 1 ntroduce chlorosulfonic acid. The 1on

adsor pti on Ca»ﬁﬂcﬂtﬂi&i.ocﬁ@ﬁ. r esud th DG 1Pe CAkL 0Bt adseEpEbye 3badyreas | . 87
mol / g, and the ampunt ©Of water perneation was 24,100,000 L/ nR2~hr~MPa. It

had an aver agg,of e di 8@t £6n 0§ 1d8ry waandiatpeeasiviyhok B38@hnArpart of the
cation adsorptive body was cut 15 out, and the distribution of the sulfone

groups in thergeetéi pnedsidedegcition3of. bhedpanibebmstbenst bhdt vagutive
sintered body was anal yzed to obtain an index of adsorptive functional
group dist@i btitlea. of YDeBd &RabpeerdFulting 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 um and an ion adsorption
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



20 -SUNFI NE AQ- 800 was irradiated with y rays of 100 kGy. A solution
prepared by dissolving 120 g of chl oronethyl styrene and 6 g of

di vi nyl benzene (purity 550) in 1 L of isopropyl alcohol was heated to 50C
and subjected to bubbling with nitrogen for 30 mnutes to 25 renove

di ssol ved oxygen. Into this nononer solution were introduced 60 g in total
of discs of Q47 mmcut out fromthe SUNFINE AQ 800 irradiated with y rays.
59 Reaction was carried out faor 2 hours with stirri and fhe siptered
body was t akeRtedneddsh&FapRls ilsdFroRAcatoribld I HeEH ' dPT e by a
vacuum dryer. The total weight after drying was 10 , .and the, anount of
the 5 crosslﬂﬁkéﬁ“ﬁa&%r1F6?3981ﬁ5§%?§0éx?hgegggﬁFF?ﬁg g?ﬁgbﬁeglbody in

-whi ch a crossl.inked | gyer s forned d an av p 4 r of 19 ~m

and a por osi Py %6366 %The §UIgﬂﬁbLgﬁﬁfg?g%aE%%%gﬁég{ﬁﬁgé?gg%gin 10

i sopropyl al cohol containing,30s of. trjmethyl am i in, and
propy de%h&?tugaht %?Csﬁcegl%éﬂgau@lﬂnf?téj S0 Y&t NRIE

‘reacti on wasPEE°F or rs to convert the introduced

chl oronet hyl st yrene .t quat er f.acmypFhe pegsul ting anion adsorptive
body was she %@t&o%ﬁﬁanoqmgﬁg%agterf tﬁen TS subj ected to substitution

with ethanol, and driedbya WA HY e W BPUNEhof At gatd on
exchange groups introduced into the anion adsorptive body (ion exchange

capacity) wagp3, 26 gwldh, At tde anmunth@fr sved £rw2éh peg reat i waswas 19,
000, 000 L/nme~ hr~ MPa. It had an average pore dianeter of 19 ~, mand a
porosity of 3QQbilhe e teratb o0 waso | Mtsssh frern wgemowst Nawhrsol uti on
to adsorb Cl1 ions to the anion exchange groups, and then the section of the
particles 25weanrst idfutridwgn tthenst retered Wwospawsed ubjeeteld tle EDXSanal ysi s
for Cl. As a result, the index of distribution of the anion exchange groups
was 0.75.10 GheExARpLedegrehasesi mcerle@pPodires S¥8vi ng ration and ani on
exchange groups synthesized in Exanples 16 and 17 were set | hol der for
exclusi ve use, and ul t rEpUTRe¥RR%S, 5SS ReLEd T hss efas /My t he
resistivity and TOC concentration of the treated water were neasured. The
resistivity measured when 24 hours el apsed fromthe start of the passage of
wat er was 18.2 for the ra%ion dsorptive body and 18.1 for the anion 10
adsor ptive bdRPPRHRTE’ S ?%%f%t vity of the supplied water as it was, was

18. 1. TQC was 2.0 ppb fghJhe Suppl igdy A 2.0 d AgdNeadad i on

adsorptive body and 1.9 for the anion adsorptive body. Thus, neither
the same manner as in Example 2, except that an ion

15 exchange resin "DIAION PK212" (trademark) manufactured
by Mitsubishi Chemical Co., Ltd. was used in place 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



iontc inpurities nor TOC eluted. 15 Exanple 19 Adsorbability for Zn and Na
. of the ration adsorptive sintered body of Exanple 16 was neasured in the
same nmanner as in Exanple 8. The results are shown in Table 2. Table 2
Water filtered throughWater beforeration type sinteredfiltrati onbod of Exam
=a 16Concentration of p.190.01Zn ion ( b)Concentration of0.980.44Na ion ( t

) 20 Concentrations of Zn and Na in theél3rodel pure 61 water were clearly
reduced by using the ration adsorptive body, and it was found that the ion
adsor babi | i t y2i $eégler pEArageoRpararias Erafmplte o4 $08s 090conparative
exanple in which the ration exchange grou%s were introduced without a
crosslinked I'ByerlaGURFPRECAQPE0D uE8d N E?&ﬁﬁﬁéllﬁa%éQalﬁﬁﬁ%sed ina

.concentr at ed sulf ric acid at 80C for rs to ohtain a.su nat e
sintered body**i® #ﬁEegeng Rg %?%ﬁe?gdP@@d§G%ad gh%rﬁﬁﬁleo 8 3§ Twhol e,

and certain po ched_bl.ack. Wen.th tered

Fouched with THECRand, Do PaT EPeRadr ehel 6sPRERT COFT CHRERSR oM’ Boachior Q17
mm wer € CU% ORtIQLCEEgn 58§SE§gnl IQ8%¥$&:QX”§E_©ISB]_%1% %rO fgo £X0| USI ve

use, and water was 0 neas ticle a result,

the D TCC \A/ascﬁopgﬁetgegngh yage2anhl 7836y Bt H%lh@oe%fzetn%e i nt a1 ed

bodi es of the present ven Ion. 20 The anbunt of e particles was

1.8/, “h'Cho¥ﬁ§58b98§§lleQ@HQherbgbbﬁ eWhen thepkeatied vaker was
filtered with a nonwoven fabric, gerla s with a visible size were

filtered off gpttbgenonwogenct @em go a5nhﬂdg$téhal ipgpl ice@bisd1tye iBe
present invention provides an excell ent

was introduced 250 g of the polyethylene powder

10 irradiated with v 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 quaternary
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 vacuum
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 wum. The index of distribution of adsorptive functional
groups was 0.6 measured after substituting the exchange
groups with Cl (chlorine).

Dissolution of TOC from the anion type ion



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 renove even 5
the inmpurities of extrenmely | ow concentrations. Particularly, the present

i nvention provides an adsorptive sintered body which can reduce netal ions
in ultrapure water to extrenely | ow corfdentrations. 63 CLAIMS 1. A porous

sintered body of thernoplastic resin particles conprising functional groups
havi ng adsor baBPPTPy1BBNEEEPhIEEgRVAGPAFE poI Fher SCHE M YTheSurt ace.

2. A sint d_bod di t I |, wh in th f d
by wel ding of EEREOLRefnbBl aSPFc thESi nhpard TOF caE sRH HAVBLRA Hy&ragtpore
-dianeter of 1 ~ mor nore apd l.e %th?n Igg ~ m 3. A sintered g?q%b
according to B%BFﬁPEFemHQFSFnOEhg snt&8Fe bB&Vrﬁa¥a5 ofEsY t3F of°20% or
nmore and | ess than 60% 4. A ?%ntEFEd bodxta %pnggggggggkgki%%,Wﬁ@f;gln

o
‘t he concentration of thgofﬁﬁg 6n eg?%ﬁﬁs hQV|ng

sintered bgdy0i§79m mol /g or nore and |l ess than 10 mmol/g. 5. A sintered
body according to claim1, wherein the functional groups having
adsorbability are localized at the surface of the thernoplastic resin
particles constituting the sintered body. 6. A sintered body according to
claim1, whergiamphe thernoplastic resinis a polyolefinresin. 7. A
sintered body according to claim1, wherein the functional groups having
adsorbability are ion exgshangesgmeupsnn8r AspohoBxamipnieeried 2dsadyy of

conprising a mxture of thernoplastic resin particles and resin particles,
the resin parpotyeshgbdapei porgetuiSUNBONE §HBARS hawvuigctured by
Asahi Kasei Kabushiki Kaisha was irradiated with ¥ rays
10 of 100 kGy. The resin had an MI value of 0.08/10 min
and a particle diameter of 86 um. A solution 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 vy
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.

Dissolution of TOC from this chelate type ion

adsorptive resin was evaluated in the same manner as in



64-adsorbability bonded through graft polynmer chains at the surface. 9. A
sintered body according to claim8, wherein the pores are gaps fornmed by
wel di ng of the particles constituting the sintered body and have an average
pore dianmeter of 1 a mor nore and less than 100 ~ m 10. A sintered body
according to claim8, wherein the sintered body has a porosity of 200 or
more and | ess than 60s. 11. A sinteredibody according to claim8, wherein

the thernoplastic resin conprises a polyplefin.,_ 12. A si.ntered,baqd
accor di ng t oE&paPFesZ Weerfding ttﬁ@tm%}?en‘g?gf:i g L6 Wﬁé?lﬁ&r?ctwil aﬁlcygtr oups

havi ng adsorbability in the sintered body js 0.3 mml/g or e | ess
than 10 nmol PgLrePUrsE &iddSdy éjcfnt%)df r4tﬁ ﬁ-tfliros cfai mpSOpk?/mnge)fr e}%gghe
«proportion of the resin rticles_conprising_funct.i | groups having
adsor babi | i t?hﬁoﬁa@dmtthro%ﬂg‘&fépsf PagSIyer g"ﬁé"i @s‘t0i5(zglt%ﬁe whol e sintered
body is 100 by weight or nore and | ess than 70% by weight. 14. A sintered
‘body according to claim8, wherein the functional groups having
adsorbability_are l.ocali ]%\ﬁ%;a Of i e pesd mparihgl gs. 15. A
sintered bod;fEé(c?én(?rltﬁsnéjftzgsqcrﬁtaﬁrtn%kg, er((e\t?)n tlhe resfn parti cI%s conpri sing

functi onalg 9%‘1‘9&%&6“6#‘33051@2@951@5“1!%& Jnondede v oushs Orgfsupel yeee chai ns

at the surface, are po In resin particles conprising functional groups

havi ng adsor hakijd-Rended dlyouglast 65 gafi motyiereshai ns at the
surface. 16. A sintered body according to claim8, wherein the functional

groups havi nga@gardapi lity are ion exchange groups. 17. A resin particle,
conprising functional groups having adsorbability bonded through graft

pol ymer chains. 18. A risi rcgardn cf goacowr diagptot tvai ped¥m wherein the
functional groups having adsorbability are |ocalized at the surface of the
resin particlssmtisized egi rExpamplie| b art el yRERvlenai BRIFSI wherein t he
resin particle conprise a polyolefin. 20. A resin particl & ordipng to

cl ai m 17,10vhef" S ERE T rake e of e e+ o‘?l%‘ilzﬁr%gpg aW?ﬁB’

adsorbability is 0.3 mol/g or_nore and |es an 10 mml/g._ 21. A resin
particle accomithdnad &|RAhF4FLe vPEFRF ot h%tsféj%:cf‘i"é St éd-att 3

X
ndl~ gfr oups havi ng

adsorbability are iaon, exc roups._22..A resj i aceoy,ding to
claim17, whétiHh e e%??l&gé?gl cluzgn h%%unél%%?tfé%ﬁlé&glé%ng{lg? g? 8%%H~ m or
less. 23. A method for,producl ng, .51 3 ghedebody §0MRhisS} 99 mshNLeaId Ng a
particle m xtdt € kS {h%rrmp?astl C resin particles having a particle

par L1 cle i anetEro T S0 S BT Gen A Lo wiy CiyTow bAEeadell ehbhave @
15 with an outer diameter/inner diameter of 80 mm¢ /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

95 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



| 66 functional groups having adsorbability can be bonded, to prepare a

. porous resin matri x, and bondi ng functional groups having adsorbability to
the resin matrix. 24. A nethod according to claim 23, wherein the m xing
ratio of the crosslinked resin particles to which functional groups having
adsorbability can be bonded is | oo by melght o.r nore and |l ess than 700 by
wei ght, with respect to the total weight® of the mixture. 25. A nethod
according to claim?23, wherein the therggglastlc resin particles conprise a

pol yol efin. Z%aS%?ﬁEF%%HGBEEBPEPnBOtBeE th 389°RREFER'he crossl i nked

resin particl are_res t Liinked | f db
gra;t Peacilo eﬁgafﬁ?ﬁ%? ggalegﬁapna¥'@88|£§%?§§a&%ﬁ3 a%fr g£g§S|I%kgd
sresin particles are oIean esin;pa tlcégs &ﬁ mhkch a O | i nked | ayer
i s forned. 28sa%?n%?ﬁ a%ﬁo%aiﬁéa?g § g &reinthé fuﬁ%tlonal

9r°“p5.hav'”9?§§ Orbagas'EMea&$r58918éCB§”?8 _GLOYRY %Pe A TELNOd Tor
S

“produci ng a conprrsing erRg a particle mixture of

thermopl asi | ¢ gur@afi%eksﬁlaavgﬂa 2npar fhe! %hg' ATEkeh ioh @y M or | ess

and resin par es whi c ave a particle dianeter of 300 ~ mor |ess and

to which fun%uegﬁaegwtmﬁsbaw 89 agdsorhabich by @EeF@@nd@d through graft
pol ymer chai ns. . A nmethod according'to claim 29, wherein the

m xing ratio of the reSTHeD@WE@GﬂéEtéﬁ)W@@ﬁbhéUMchonaf greupsubavi ng
adsorbability are bonded through graft polyner chains is 10% by wei ght or

nore and | esswitan dPosbycweoghtt8 nbuhsr @apett pbb the leatsal Weieglitorof the
m xture
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 6
An anion type sintered body was obtained in
15 the same manner as in Example 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 dissolution 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/mL 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



31:. A nethod according to claim29, wherein the thernoplastic resin
particles conprise a polyolefin. 32. A nmethod according to claim 29,
wherein the resin particles to which the functional groups having
adsorbability are bonded t hrough graft polyner chains are polyolefin resin
particles to which the functional groups having adsorbability are bonded

t hrough graft polymer chains. 33. A nefhod according to claim29, wherein
the functional groups haqug adsorbability are localized at the surface of
the resin pa@ﬁr%M@spQ§4;‘ﬂ‘hEFH%%aaccording to claim?29, further
conprising: converting the functional groups having adsorbability to a
netal salt before the sintering. 35. A nethod according to claim 29,
<wherein the functi.on groups having adsorbability are ion exchange groups.
36. A nethodE?ﬁwmﬂf% ucing a sintered body, to the surface of which
functional groups havi ility o d {s&NPsd{oyakng a
‘crosslinked |ayer on t% Czrgé:'%g%égbdo#éé %(gft % i;?ﬁtaé?gég ody of thernoplastic
resin particl , I ' NG § | ; QO ORpEo VWHi sh Ba¥ept _
adsor babi | i tyoeozcnadlqgé?je lgggéa {%%@rﬁéact |$13£€\n %ﬁ t he I():r ossri nkedpl ayer. 37. A
met hod accor di tg £l aldn 36 sk el dh th@ss het el astie sgathepareicl es
constituting the sintered body of the thernoplastic resin particles have a
particle di angf afx Afp 300 4R Ofsé®@Sn BBacd Bt hivd astoodi hgpeoiohai m 36,
wherein the thernoplastic resin particles conprise a polyolefin. 39. A

met hod accor didgbigr Clai e Sty swherleénizded tmoSshmpkedl} ay@heis formed by
irradiating the sintered body of the thernoplastic resin particles with
radi ati on andrenntactg ngon hedsorpeied body didhan pEaERIFePABRoNer under
stirring in a solvent which does not swell the thernoplastic resin
particles, anttamecdunetidhat Groshs? WRLIs Haw e adsot bability and are
capable of reacting with the crosslinked | ayer are %ﬁacteﬁ bn th% nguid
phase. 40L0 A nethod accBRreli AStaleFarh 26, Thhef EPR tR&ESt GRELFERaFY§ oups

havi ng adsorbability are ion exchange groups. 41. hod, for. _produci ng a
resin particl%9¥%u%héo%u?@%%EpB?vﬁEBEﬂgfﬂﬁgt?XﬁiPag?gﬁ%g Q?iﬁSRe

adsorbabi ity are bonded, conpLisinoiofgrphig & wpseldpkedpbayse on the
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/g.

Example 8

20 In order to measure the quality of water
pefore 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



the resin particle, and reacting the crosslinked |ayer with 69 functional
_groups which have adsorbability and are capable of reacting with the
crosslinked |ayer. 42. A nethod according to claim4l, wherein the resin
particles have a particle dianeter of 300 ~ mor |ess. 43. A nethod
according to claim4l, wherein the resin partlcles conprise a pol yol efin.
§4 A ngth?d acgﬁrdlng to C|?Iﬁ}4l rﬂ hn Ehe crossllnredtLaye[hls f or med
y irradiating e resin particle w r ation.and contacti.ng e resin
particle withthke rebkisve %%n%ﬁ%@pﬁﬁdéra§g br?ﬁgao Egm§8l§gﬁt5@hﬁgﬁ'does not
swell the resin particle, and the func& T groups whi ch have
adsorbablI|tyT%%dr%ﬁ%QE%p%B?eSB?WPeéBt'ﬁg i th the crosslinked |ayer are
.reacted in the liquid phase. 45. A nethod according to claim4l, wherein
the functional groups having adsorbability are ion exchange groups.
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A _.Ar.AEPAEaE_;QETQd€¥k42g=uE—n
Fi}xsnidmZ]ca]ca]ca]ca]ca]ca]ca]ca]ca]c%i%%%&g} a]d@éb@ﬁc@&b@$é9¥ca}c
a] ca] ca] qa] ca] ca] ca] ca] qajailal cad Lat&4 I through chelate
p}xsnld_é]ca]ca]ca]ca]cdhiﬂl%@a%@@@]ca]3§Bg§yx§ ]caFd@Fc ]%%ﬂ%a% a
]ca]ca]ce]ca]ca]ca]ca]ca]calcalca{, |xXZSQka;{1&§Q;d 7] ®8FgaPda S a) qa
}ca¥£3£; 1€gﬁégitfitfghc]bdjbdjbajCaj ajcajcajcajcajca]cajcajcajcajca]ca]ca
ca! : ND
C'D‘y""y##6$a€@ééﬁt?%?v"'d((gffK)))))}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c 1&Hiéﬁt9§%§@$ ajcaJcajJcaJcajjcaJcaJcaJcaJca] cp] ca]ca]ca]ca]cal)]n*
*Q+++++, 6, T, 9f 'ya-ton- - -|B/ ~/ /1 ©099233555&6} xsoi d57] ca] cp] ca] ca] ca] ca] ca] ca]|c
a) ca] cal da] ca] @gﬂ,@;ﬁ] ca] ga] ca] ca] ca] ca]jca] ca] ca] ca] calch]ca] ca] ca]ca] ca] call&
66%] 77} 8889U9] . I <<#==S?V?ADDDD/EoEEFFUGGEGHGHH} xsni d_Z] ca] ca] ca] ca] ca] ca] ca

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal ca]ca]ca]ca]ca]ca
ool cay oelcal colcal oo cal selcal saleal salcal saleal saleal salealealen) ool cal o
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] %iéig%? ]cg}ca ca ca]c ca] ca]ca]ca]ca
] ca] ca] ca!l ORRESBTRRSTTPUBVEUZZAN elate &V, 2% id Z]ca]ca]calc
a] calca] ca] ca]ca] cal ca ca a l.cal c cajcalc
a}ca}ca}ca}caLQﬁgéﬁkia%dE%QQLeg¥Fl%f%%bgﬁhr%cﬁiﬁ?}jé%&ggﬁﬁyﬁs%%ﬁ?}stld]Z]La
| o2 oa] oa oa] SAFoRT CAPRLTE MMt S APROP oA Ll T L A Xem a 2] el cal o
a] ca] ca] ca] Ca%:%%]ec %% %ac] cal calcalnalealerlralaal calesdcalcajcajgal cal o
a] ca] ca] ca] caJca! { xsnld Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] Ca]cfa%lc%%]t%k%hcaﬂat‘sa]aqad:&]eccajgm]m ca]medtcal cajet 8. fons
t 6Q~1 x89@\} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] cahea] alrealerlealenlealuta dajrcadsdRéve sintered bodies.

k25HoDw} xsni d_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal P! "*-d: g

cal ta] oa] 4] caFoafieaa vl Cal G RN BT T ted ALLer converciag e oal el
AVAAY] d Z
e caQ]\/%:)z;]S(r:]:a] Cﬂ]kg}fgg%qggﬁa]%g%g}@g]l ca ca%alca] ca] ca] ca] ca] ca] ca] ca]
?s}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caﬁ&ﬂmﬁﬂ%: ca]ca]ca]cal9o@@al<6Aq }xsnld Z] ca] ca] ca] ca] ca] ca] ca
| cal 5f bguzhDyoh 8?%52%? ] R £ oy o (4] (2] Cof caf o ca) cal cal cal ca)

3 @4 d Z

S?LS?LS?L caf%ﬁ] ég]ég]ég?%g?%é?ca cgf%gfiﬁfég?ga%gg]%g%%g?g;]ca}gg}g
a] ca] ca] ca] ca] }9655 Ml T3groses b ¢_71 ced salgahcaycal en] vatea] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca ca]cajca]ca]ca]ca ca] calca] ca] ca]ca]ca]ca]calq
jvie{7qtaX ¢ foonvert it to the Na type. This Na type cation
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] calgad 634 £@d cadsaf cakfedBzy;a vacuum dryer and

rw Jg]}xsnid_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caj ca] ca] Ca] Caf}@ﬁ;]’@‘@l’]xﬁbér@@] sajdatsaj cat NQved by sieving "SUNFINE

ALPTETTTEYN'""" ##$3%* 909804 xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
aJca] ca] ca]ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]lca]calca &&"' X ['(4),,,
-9-1---.Hu.../

/hﬂ///O*OZOZli11}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal 11WB777>7u7789999: H. T:\:;
E. H.



]1.82//@&'8‘I(%3*|1I.00/¢g&' ()-Y:10%g& ()-"_, 07?9s! 10%g&' ()-!;9s!10% : & ()- & 10%g& () -
() -1

109% [ & () - S10%& () - 0dQaBI0z10%g&! () -! @- gLOWME! () - &F+109@&’ ()- & m

10%g&' () - &A0%& () - &#10%g& () - Q hi j kn} 0aS4t 10% h& ()- 10hh 10hh 10hh!t 9F:
"109%h& () - Ns6s! 109& () - 9410%@& () - 8210%g& () - n2g=}"?asS4&, 10%
Eg 8 L10% E&'d(E) 1Kl 1 9%09%hkh& ()-! PE810%hph& ()-10% h& () - &10%

'()-=u= n Fi dEaS4-s10% h& ()-F+10% h& ()- 9# h&' s110% h&' () - &10%

& ()-t10% h&YH0MdEISHT I e 7Y ‘1%16%%’2 21%6{ oé‘/“ﬂ&g Ylﬁﬁo h& (3 LO

10% h& ()-L. 10% h& ()- 4 4h#h& 10% h& % hg %
h& ()- 10 h H?rﬁill‘bl%?ﬂj'af‘l@)%% 51803/4“ Z /CT& ‘(10%%%/?;]& ‘(1%/0510/

- h& 0 ' :
e ()-03109% fiaf (S0 ACL0se e (3o b “%%‘& é%%@/oﬁ%? =4 ESE i a10%
G e RN I
5 concentrically placed inside an aluminum extruded tube
with an outer diameter/inner diameter of 80 mm¢ /70 mm
¢ . Using this double tube as a metal mold, the above
powder mixture was packed in the space formed between
these tubes with application of some vibration. The
10 powder mixture was then sintered by keeping the metal
mold 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 to heat decomposition

was also not recognized. The amount of Afine particles
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Example 10
The anion type ion adsorptive resin
synthesized in Example 3 was immersed in a 1 N aqueous
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 pum
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 80°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 introcduced)>
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um. Two hundred and flfty grams of the resulting
particles were introduced in a polyethylene bag with
aluminum vapour deposition, sealed with nitrogen gas,
and irradiated with vy rays of 100 kGy. 1In 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 nitrogen

15 was introduced the above SUNFINE UH901 irradiated with
v 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

Lm.

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 UHS01

through a metal gauze of 200 mesh were mixed at a
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5 The resulting sintered body had an average pore
diameter of 22 um and a porosity of 41%.
In a 500 mL separable flask were charged 200
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
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5 content was kept for 30 minutes, followed by filtration
through the Buchner funnel, washing with ethanol and
pure water, and vacuum drying. The resulting
sulfonated resin particles 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% of 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, obtained by sieving SUNFINE UHO901 (manufactured by
Asahi Kasei Kabushiki Kaisha) through a metal gauze of
200 mesh, was irradiated with vy 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
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lapse of 3 hours, the mixture was filtered through the
5 Buchner funnel, washed with 1 L of acetone and vacuum

dried. The yield of the resulting crosslinked

particles was 470 g. The amount of the crosslinked
layer formed was 88%. The particle diameter was 87 um.
Example 14

10 The crosslinked particles synthesized in

Example 13 and polyethylene particles having a particle
diameter of 85 um, obtained by sieving SUNFINE UHS01
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 completiocn 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



10nF: 910%m& () - S810% &’ () -s610%& ()-4 10%& ()-e!l fUffffgaBnbC
P H#@O0% & () - 10% & () - #10%| & ()-!'y@10% | & ()- 10% & ()- 10%t| & () -
gghh-ici ni dEnbC ! f# 10%}| & () - %40%}| & () #10%| & ()-" 109%| & () -

nmLlo%l| & ()-!110%4| & ()-niijjj/kWXkaB7C ! 104|Y: 10%| & ()- &f 810%4| & () -
9610%4| & ()-3F+!10%4| & ()- ! SF+!10% | & g
y) 10%| & () - XkYkZK] kKkkk) I A1 mN/ | L10%r&' (92 &
10%&' ()-y$10%& () - MLO%r&' () - &10%r&' () - 10%r& () - 104|
104 A 1mi nm#EEANPF L10%m  10%r8 () - L10%r& () -1 10%r& () - 10%& () - @
10%r&' () -, &10%& () - n=nKnvnnnodEm\/ | L10%F+y10%&' ()-f) 10%m& ()-' 10%& () -
10%& () - #310%r& () -! 10%&' () - ooprppppdeNCI L10% 10m 10m

.10nF:910%h&f(% f810°g&.%) Gamgg& )-4 110%8 ()-& 310%n _
& () - sppqTrxr 8(98?2% NEP1 §6 (%3 11110%& ()- !!109%ZZ& ()- !, U 10%j & ()-
OO % O ML UNIEC M e pnained i S
1058 unue () - @t 16061 BTFEFPOGT1GTENOR) LI SRR 6 210% u
& ()- 5 trimethylamine dissolved therein and reaction was
carried out at 35°C for 50 hours to convert the
particles to a quaternary ammonium form. The resulting
anion adsorptive resin was washed with ethanol and
water, then subjected to substitution with ethanol, 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
UH901 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
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solution prepared by dissolving 300 g of glycidyl
5 methacrylate and 43.6 g of divinylbenzene in 1 L of
isopropyl alcohol was subjected to bubbling with
nitrogen at 30°C to remove dissolved oxygen, and into
the solution were introduced 250 g of the above
polyethylene particles irradiated with vy 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 um.
The resulting graft copolymer and
polyethylene particles having a particle diameter of 85
um, obtained by sieving SUNFINE UHS901 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/% in
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prepared as above, and reaction was carried out at 80°C
for 72 hours. After the completion of the reaction,
the sintered body was taken out, washed with water, and
5 vacuum dried. In the resulting chelate type porous ion
adsorptive body, the amount of the chelate exchange

group introduced was 1.75 mmol/g.

<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 Kasel
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
out from the above SUNFINE AQ-800 irradiated with vy
rays. Reaction was carried out for 5 hours with
stirring, and the sintered body was taken out, washed
with isopropyl alcohol, and then dried by a vacuunm

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
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dichloroethane, and then a dichloroethane solution
5 containing 10% of dissolved chlorosulfonic acid was
added dropwise, followed by carrying out reaction for 1
hour under ice cooling and for an additional 30 minutes
at room 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 vy rays.
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_l&f()_xyz{~r%%ight after drying was 105 g, and the amount of the
5 crosslinked layer formed was 75%. The resulting
sintered body in which a crosslinked layer was formed
had an average pore diameter of 19 um and a porosity of
30%.
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 ethanol, 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 Cl 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.
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5 was passed therethrough and the resistivity and TOC
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 fcr 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; flltered.through
filtration cation type sintered
body of Example 16
Conceptratlon of 0.19 0.01
Zn ion (ppb)
Concegtratlon of 0.98 0.44
Na ion (ppt)

20 Concentrations of Zn and Na in the model pure
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Comparative Example 4

5 As a comparative example in which the cation
exchange groups were introduced without a crosslinked
layer, SUNFINE AQ-800 used in Example 17 was immersed
in a concentrated sulfuric acid at 80°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 Dbody 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
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adsorptive sintered body which can reduce metal ions in

ultrapure water to extremely low concentrations.
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1. A porous sintered body of thermoplastic resin
particles comprising functional groups having
adsorbability bonded through a graft polymer chain at
the surface.
2. A sintered body according 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. A sintered body according to claim 1, wherein
the thermoplastic resin is a polyolefin resin.
7. A sintered body according to claim 1, wherein
the functional groups having adsorbability are ion
exchange groups.
8. A porous sintered body, comprising a mixture

of thermoplastic resin particles and resin particles,

the resin particles comprising functional groups having
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adsorbability bonded through graft polymer chains at
the surface.
9. A sintered body according to claim 8, wherein
. the pores are gaps formed by welding of the particles
constituting the sintered body and have an average pore
diameter of 1 pm or more and less than 100 um.
10. A sintered body according to claim 8, wherein
the sintered body has a porosity of 20% or more and
less than 60%.
11. A sintered body according to claim 8, wherein
the thermoplastic resin comprises a polyolefin.
12. A sintered body according to claim 8, 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.
13. A sintered body according to claim 8, wherein
the 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 weight.
14. A sintered body according to claim 8, wherein
the functional groups having adsorbability are
localized at the surface of the resin particles.
15. A sintered body according to claim 8, wherein
the resin particles comprising functional groups having
adsorbability bonded through graft polymer chains at

the surface, are polyolefin resin particles comprising

functiocnal groups having adsorbability bonded through
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17. A resin particle, comprising functional

groups having adsorbability bonded through graft
polymer chains.
18. A resin particle according to claim 17;
wherein the functional groups having adsorbability are
localized at the surface of the resin particles.
19. A resin particle according to claim 17,
wherein the resin particle comprise a polyolefin.
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 um or
less and crosslinked resin particles which have a

particle diameter of 300 um or less and to which
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. adsorbability to the resin matrix.

24. A method according to claim 23, wherein the
mixing ratio of the 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 polyolefin.
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, wherein the
crosslinked resin particles are polyolefin resin
particles on which a crosslinked layer is formed.
28. A method according to claim 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 diameter of 300 um or
less and resin particles which have a particle diameter
of 300 um or less and to which functional groups having

adsorbability are bonded through graft polymer chains.
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Ppolymer chains.

33. A method according to claim 29, wherein the
functional groups having adsorbability are localized at
the surface of the resin particles.
34. A method according to claim 29, 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
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functionadl groups havimg adsorba ity ‘are ion
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
the resin particle, and

reacting the crosslinked layer with
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functional groups which have adsorbability and are
capable of reacting with the crosslinked layer.
42. A method according to claim 41, wherein the
resin particles have a particle diameter of 300 um or
less.
43. A method according to claim 41, wherein the
resin particles comprise a polyolefin.
44, A method according to claim 41, wherein the
crosslinked layer 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 particle, and
the functional groups which have adsorbability and are
capable of reacting with the crosslinked layer are
reacted in the liguid phase.
45, A method according to claim 41, wherein the
functional groups having adsorbability are ion exchange

groups.



