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WO 2004/ 099265 PCT/ JP2004/ 006509 2 .r, JAN 2007
DESCRI PTI ON Wat er - Absorbent Resin and Its Production

wo B§Qessgs S TECHNI CAL FI ELD The present invention

relates to a water-absorbent resin and its pFEdHER0SA06S09
process. Mre specifically, the present invention

relates to a water-absorbent resin having excellent
performances and its production process which i nvgIEvasN 2607
carrying out specific FR58T sslinking treatnent.

10 BACKGROUND ART In ré%gﬁt yeégg? wat er - absor bent

resins are widely used as conponent materials of

sanitary materials (e.g. disposable diapers, sanitary

napki ns, i n\ardriAtR0ibepaRSdinfa0d IistPReIRUHRPRSLe® causing
the wat er-absorbent resins to absorb aqueous |iquids

such as body fluids. 15 Known exanpl es of the above

wat er - absorbent resins include: partially-neutralized
and crosslinked pol y(BECHNICAdcFIE#EY hydrol yzed

copol ymers of starch-acrylonitrile; neutralized graft

pol yherpressht dnwentipn aclaesito aovalr-abapdaiif festh and its production
copol yners of vi néL acetate-acrylic acid ester; :
PHFE0l Weg spepbrallveths presenidnvention relales toa vwederydbamibert resin
hor. croaélfiénnke ol yners of these hydrolyzed . )
EUPBISIREIcat podorEassey prtk 88 PERUSHRY mEegeyd whigh iavelyes carrying
crossld nk copol ynmers of
© {SESFﬁcéﬁﬁgﬁ-“ﬁgﬁ%%gﬁr%ﬂﬂﬁ&sul fonic acid (AVPS);
crosslinked poly(eth Hde) « o&rossl i nked

pol y(allyl am nc); ang%e(?igg&m@dq%@l yet hyl eni m ne.

Exa r g Leh. 1 he . .
ot D HEEnGnfl BREE abToert lsith 1B 59 Sed arommonsni merits
oPSdHah makrivige oC - aﬁ‘ﬁkg'g ' i

body if%{ ui dg\)ﬁ,getg§58§§§%5gc&ﬂa%%’§y a SI%EFF%%H%%%%I% fﬂi%ds) for
tiRRARH e Al BAE thel WAt -Sb 86 HR 3¥idds! thYab &%laqéé&%rﬁ#d?dsoéuch as
swollen gel; and suction force to sucﬁ up ter trom

béBsguidat eri al s containing the aqueous liquids. The
rel ati ons between these properties do not necessarily

sholimpeai t ésetnplds WOL200@/ 099265 RGETérJdBROBA00669% 2 ifclude:
pz;JJT’/_i\QIII}%ggzZtralized and crosshinked poly(acrylic acids); hydrolyzed copolymers of
starch-acrylonitrile; neutralized graft polymers of starch-acrylic acid; sapéniﬁed
copolymers of vinyl acetate-acrylic acid ester; hydrolyzed copolymers of
acrylonitrile or acrylamide, or crosslinked polymers of these hydrolyzed copolymers;
crosslinked carboxymethyl cellulose; crosslinked copolymers of
2-acrylamido-2-methylpropanesulfonic  acid - (AMPS); crosslinked poly(ethylene
oxide); crosslinked poly(allylaminc); and crosstinked polyethylenimine.

Examples of properties, which the above water-absorbent resins should have,
include excellent properties when contacting with aqueous liquids (e.g. body fluids),
such as: water absorption quantity; absorption rate; liquid permeability; gel strength
of swollen gel; and suction force to suck up water from base materials containing the

aqueous liquids.

The relations between -these properties do not necessarily show positive
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correl ations. For exanple, there has been a tendency
such that, as the absorption properties wthout | oad

b hi gher, those under | oad unfavorably O
Woﬂ?’?’g&?ﬁ’ whi ch surface | ayers of the vvater-abglgﬁ?@gﬁ%%&mwﬁg
resins are crosslinked, which are called

surface-crosslinking treatnment arts, are known as 9y JAN 2007
processes for 5 well-bal anced i nprovenent of the

chgrglgﬁﬁgrﬁskﬁff‘ﬁgfe*{mme"‘%e% 5@%’ %élpﬁgﬁ’gﬂe?’?g Rfch f%at, as the absorption

agents use or t ce-crossl i nking
e Wi YL Sdeathdes idae v aly decrease.
p%p%gt%%ﬁ@h%% P%ﬁye?f’%ﬁ Ihlﬁélgﬁe rs, hal oepoxy conp oﬂ nds,

pol %Jtsdﬁbmﬁél} sEhoeayBRSef BRtdwReIHbab®BAt resiEl avatiosslinked,

As processes tor crosslinking the surface | ayers of

wH16n \Wed %5@?%%&%:0@%@@ wédthehheste, aromsdwm laisngroteses for

agents, there are known the follow ng representative

WIPEASSRY ifpedvedtent of the @egmsti¢srof thimaterabsorbent resins.

surface-crosslink-treating agent and the '

vat exs alsslitiént apass nsat fornthg eairfacogeshiénking dreptiaent, there are

heat ed, wherein the surface-crosslink-treating agent

Jirwar ewdy esl pojyhydiis sttatiolly pairgigeidyk ethers. nplaeposy Fefrpeunds,
- water and a hydrophilic organic solvent {e.g. refer &

padyaddehandes, d po ¢s, 1and polpelent) ;melal it ocA8s Propesses  for

whi ch the water-absorbent 15 resin_.is di.spersed into . ,. N
arbschigkisg the surfage ke ot élFFdW?Wé‘aEWPBT}HFF‘flg Vﬂﬁb‘i‘ﬁ?% crdsdlinking |

solvent, and then the crosslinking agent is ded -
aavets, B o QTSR R G PoResrs s REEL piocess n

{68 LSS Pl SR AR ARl Sk B i

g’%ﬁ@%ﬂﬁf alfp %gétgﬁfpﬁglg&g@rtggn¥?ﬁ%%%%g$cﬁq&glgg'11!5811’( is prepared by
RS 58 R 7 EPMGRE Bk o GRS HRBoplie bRkafReisivent (c.e

ae,:g?rgc# ﬁ’tgteglg PB%% oS § 16 3T IR, AN8 &Sprob&t if Radicl e water-absorbent

resin is used for the sanitary

f%fnefsidﬂp%ré@ﬁii 13 £RMtAColvdnt 8E Wayerwintithe hydmphiiedirganic solvent,

wever,” in the case where the water-absorbent resin _
hiSd PleAYHE efhsHinkived Agent RDaddied &6 tigsresbileand dispermsadn/@ngarry out their

W t hout the hydrophilic organic solvent when carrying
pudction (e Sefef acpatentamelimaki Abelowgat nent (e.g. refer to

pat ent docunent 5 bel ow), then there have been .
pr obCanthiei athérhizdnd the prtapectdsslenkipg treatugng is ylesired to be carried
absorption properties, of the water-absorhent Hf esin . p
ane withbat amy biygropbitier drganic selvenbnior sipapled LR fhe yaewpomnt ol
case 2 WD 2004/099265 PCT/ JP2004/ 006509 .25 JAN,2007 ,
problems of environmental contamination due io waste liquids and/or waste gases
discharged during the production, and use circumstances such that the
water-absorbent resin is used for the sanitary materials which contact directly with
human bodies.

However, in the case where the water-absorbent resin is produced by using
water as the only solvent without the hydrophilic organic solvent when carrying ouf
the surface-crosslinking treatment (e.g. refer to patent document 5 below), then there
have been problems in that the properties, particularly, absorption properties, of the

water-absorbent resin are unfavorably deteriorated whben compared with the case
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where the hydrophilic organic solvent is used.
Furthernore, hitherto, such as production conditions

f wat er - absorbent resins thensel ves and
wo Blguhigs

bns of their surface treatnent (as PCT/IP2064/606569
post - processi ng) have been studied, and many
wat er - absor bent resins have been designed or prog@gcgaN 2007
with 5 attention directed to the aforenenti oned

r i . 0. _wat er,_absorption quantity,
“g]g{s)egt?l%@W(g(rsﬁ)pﬁ’i{cg)fgq"i“ﬁfﬂlﬁﬂ ésr‘#égbi lity, gel strength,
sucty ' : fromit.he viewpoi nt, of
or st HiecE S S e bl RICHT col PR ohang atsipabsorbent
i r.SH: eahliiti e el ou hat
LR Bl o e ot LS8 SO DERGRE Bl O e
b iie® L@ BAH - I ' i
ner el yIc S atni ﬁy@nﬁ%ﬁg@g}%ﬁg%ﬁsi@gf %E%P?ér? ?%lt%hgf B &%’Pﬁ%ﬁ with
aféntion difdcRid- ROHETIGRIncARSIcHSprop&fict To 8PP ABlorption quantity,
articles for absorption of excreta and bl ood, herél
alrsavpticnarate, figoid| perbedbilitt @l stréigsthlasic86n frcd)l OMlobkel &N fivh the
the opti num wat er - absorbent resin has not yet
vEwpome dé gractiPalt weses fadabsoption bF exdita a6 (20 Wiapers), it has
(Kokai) 15 [Patent Docunent 2] JP-A-502221/1997
recewhy byen petag dnundtist theme iSh chap aviese tieastaotptie . performances
3305718 [ Patent Docunent 4] 20 JP-B-048521/1986
cqoRek bk eyercisehon the disuedrbigh 187els bperelyeatgyk@9Bese properties.
(Kokai ) DI SCLOSURE OF THE | NVENTI ON OBJECTS OF THE )
Iy GROENTPI) gssto Axaei-ghspEieyt resipf ased inpabsprsnparsisten for absorption
er-absorbent. resin

of fecHa i thete Biveehgeaatp ARtbcingibeiioe desianar production of
i SRREY BicRRp iR dR Rt bR grBiebeedi n havi ng.

excel |l g rpti properties can be produced even
if no h@;&%lg?’.%rg‘.“ . t?lgani c solvent is used, 3

{Patent Document 2]
JP-A-502221/1997 (Kohyo)
[Patent Document 3}
Japanese Patent No. 3305718
[Patent Document 4]
JP-B-048521/1986 (Kokoku)
[Patent Document 5]
JP-A-246403/1992 (Kokai)
DISCLOSURE OF THE INVENTION
OBJECTS OF THE INVENTION ’

Accordingly, objects of the present invention are: to provide a water-absorbent
resin which exhibits excellent balances between water absorption performances; and
further to provide a process by which a water-absorbent resin having excellent

absorption properties can be produced even if no hydrophilic organic solvent is used,

3
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2 5 JAN 2007 or even if its anmount is extrenely
reduced, when carrying out the surface-crosslinking
treatment in the process of producing t he

WO YBsor bent resin. Another object of the FCESEAR4006509
invention is to provide a water-absorbent resin
opti mumto absorbent articles such as diapers. 5 s jaAN 2007
SUMVARY OF THE | NVENTI ON The pr esent inventors

d||| ent |y udledtaso probl ens,

DSt Endtnr SBEM iy erterels; Pabiee” WBHT "Srdher gyt the
P R Rl ey pg%ée%%%é&%uﬁ@%aﬁ%a Prgbsghst resin..
to aAn\é&%ngﬁ%Bf Pféglg e§&%'iﬂve?1?\’ﬂ% n% ga(%w&@ﬁ \Pﬁ ﬁﬁyog}%nt resin

of an oper on O I ng out In the c

&ﬁﬁﬁlﬁg@%gg@g&%ﬁ& %s‘?lﬁﬂfeﬁe wat er - absor bent resin

step of a ng t

SUMRIREE OPFSBHENKVENRIONIY agent to the
wat er - absorbent resin powder and a step of heating
the 1TRSWrdsaik invexdoty @iligentlyefudivd wagdlye ehd above problems. As a
surface-crosslinking treatnent, wherein the
sasult athe -peeseas invektory datdted tlmeattemumltu dasinteamediate step of from
surface-crosslinking agent and water as essenti al
tieneade of samnopertemeiaf tallding5 ahpurfagehclosdindriyeating agent to a
sol vent content of the surface-crosslink-treating . '
agtartabbrrbeiersain peddwuetill thhebpginnieg wicye opetatioe miogasrying out
have found out that the tipe needed for this
heatingnia dhe ease syhspe Hespradugtion linenf] the medergibserpent resin mcludes a
absor ption prope i es of .the produced ter- absct6

cnt resin

sieRi ol adgine tthe nSurkeeSFRsSnie- e s AgFYL i

st ?q%ﬂe%bt%’%i B Reer i e R < ey iy out
%@@%ﬁ% %ﬁﬁp H]télpg\ére&%gg?e}lts}% o Seﬁlﬁf [ e\:’\%{oks%l Igcﬁﬁo aﬂlr%t a%aﬂt includes
Bl ﬁﬂfa%e %ﬁos&ﬂﬁqﬂ\@ géntagl’?ao %‘?&t sr @% Hualg@d}gé&{e iy anc’d"' %ercm the

vari ous af%tﬁ‘ nd tre ment uses

g gﬂllfcocqg&n@ 'songnﬂ é&ﬁ&m'tﬁé %ﬁé&pccto%imk q&raﬁg{& ragerﬁtﬂas been

yance~and necessary, storage (e.g.

tRicad. O BB L PREbE In Rk ED thatle EMIRING & tillatt ﬂae%)me ﬁéedehemr this

pl ant scal e becones larger, the tine which is spent
teln@liAtd bRp TR iaddieatSthRGnde N §i8 SSorptian Préfplias, oft 8O produced
Then, in cases of conventional production plants
h@‘f&r%s@r@ﬂiﬁfofhsﬁ[ odued itipsh Seabesetsiebniolabatdigound out that the
production is in the range of tens of thousands of

tabowe pmbbumctraad& aflvadioy settiog thef aioyesimpent gahor} tinig of within 5

minutes which cannot even be surmised from working modes having hitherto been

known in public.

In production plants of the water-absorbent resin, generally, such as various
reactors and treatment apparatuses are linked together by intermediate steps of
carrying out conveyance and, if necessary, storage (e.g. refer to the aforementioned
patent documents 1 0 3).  As the plant scale becomes larger, the time which is spent
on the intermediate steps increases unavoidably, too. Then, in cases of conventional
production plants having common production scales (such that the production is in

the range of tens of thousands of tons to hundreds of thousands of tons per year), it
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WO 2004/ 099265 PCTI JP2004/ 006509 2 5 JAN 2007 has
been usual that the internedi ate steps are designed on

wo ShGRedescal e that the stagnation tinme therein can be

in the range of tens of minutes to several hd§T§P24R4806509
present invention has not been conpleted until it is.

found out to be inportant for producing the 25 JAN 2007
wat er - absorbent resin excellent in the absorption 5

Hak GReef i8Sl Mt Uil Bgerkla@iatl! 5{ £ %€ 4 ERG

agent (which includes the SS ace- cégh ﬁ%tkslhngtaag&le that the

stagmlatianl e AserSiaSAN bt 3 (HLAOAPENENESs dNfikics W 's@JéréI'Ho%IC-F)

hydr ophi li ¢ organi c sol vent content has been reduc

t hatThehpresénveinvestiionhhdssnetpbedn cOfiplehs uﬁmeftn@dfoah@ out to be

step of fromthe end of the operation of adding the

impefiagefar psnslhcmvkthbr gatdrat)sabeaitt rdstn teeellent in the absorption

wat er - absor bent resin powder till the 10 begi nni ng of

ProReriagse at iusimgothee urfacergrosslinkhieedtingg agéd  §@hicht i@udes the
extrenely short time. According to the pr esent

SP FeSntreysiinking nagent and aatph aneasetntiabsompentnts emidnel wdch the

b gr g %{bent articles 'such as diapers, it is needless
@’ og ﬁ ¢rganic salvendcontank Bps beqremwducad) dbat the times which is spent

tlcle di arreter el enments (i.

esi@'@ﬁaﬁﬁtggfetﬁg oPb o aier endagti st pnﬁr@morp&ifd@ddmc the
R itﬁﬁgl?ef SEseSbl o 1 e
bFRBERL et o8 hPRE AR bt Betpmiedre Ba%a%lme
a”dM@fd"%b%?%%’éteg%ﬁ%%ﬂ%‘%rﬁﬂﬁ%%ﬂ% A s

producti o

IPERGHSERt 8rilthh Qo 3S AfHeR! tr1§ %e@dlre#rfom%( tﬁ&t g§ hd Hﬁhérﬂ)ebeen

above two paraneters T e satis esi g

kadwindaisdc@Sars b st Ubﬁi‘iél@ ﬂldn%e@l&ﬁ@ﬁt?@ e s ?wergg garticle

particle dianméter el enents. That is ay, a

diaameer dind gati® of pewiércitaMy parvieRt didfelesy 0ﬂ3§tﬂﬂﬂ=ﬁ'tth£ﬁ 196 udh) of
wat er - absorbent resin conprises: a step (1)

theolaterealiseibegt @simenoHeweeaNOMRNGon thetdisliing eﬁﬁb important to see
aci d- group- cont ai ni ng unsat urated nononer as an

toe me nmttealy oowppmemeter) tdmeelgbyhe 26tabbibsdrption maga@qeland the

a step (2) of drying and pul verizing the

atrseamonaﬁ{fmnw b@fiﬂf Ipad. y icht o pradeciday pnmbﬂsaasn mantioned above
wat er - absor bent resin powder; a ste of adding a

can, casilye PEQAIES | 7 nivater-Rsprbang ﬁg@ntﬂlﬁtgﬁ‘rt satisfigngl thanabows two

parameters while satisfying the design standards as set with attention directed to the -
particle diameter elements. |

That is to say, a process according to the present invention for production of a-
water-absorbent resin comprises:

a step ( 1) of polymerizing a monomer component including an
acid-group-containing unsaturated monomer as an essential component to thereby
obtain a hydrogel polymer;

a step (2) of drying and pulverizing the resultant hydrogel polymer to thereby
obtain a water-absorbent resin powder;

a step (3) of adding a surface-crosslink-treating agent to the resultant
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-- -- - --- - - - WD 2004/099265 PCT/JP2004/ 006509 2
5 JAN 2007 water-absorbent resin powder, wherein the

WO 280#008266- cr ossl i nk-treating agent includes a PCTAP2004/006509

surface-crosslinking agent and water as essenti al
conmponents and has a hydrophilic organic sol vent 58 JAN 2007
content of O to 10 nass %relative to the -

surface-crosslink-treating, agent; and.5 a step (4). of
whteabsybentacsia HOV e Whatedt E&eé%{fg"?'ﬁ@ﬁgl{;“é%ﬁstw "‘@é’i‘t infludes a
surface-crosslinking treatnment: .wherein t] f -1
sufhseansiropaegrat et o Fenidtiiohe s B e bt
(4). is withi pnutes. |n.addidiqn, —crosslink-treating
otabisr el eneet PELT | DaBsParng Ly bR sutse orosslinks reating
inventjon is a 10 water-absorbent resin obtained by a
agiie i ncluding the step of polynerizing and
crossl j nki ?@:{ QMReNBRh: | REkME NE a@EMbY C carry  out
aci @ &% o |t%s€nglg c(nglutral lzed material) as g mai n
SE%Q&Q&S&hnkatnghH&n‘Nat er - absorbent resin being

characteri ze® Dby: having a mass-average particle

di angedin Of RO f HOnBAR el oified steh 1(3) il fevieteinningof thy step (4)
particle dianmeters of smaller than 150 min an anpount
i9%itQid Pmifute®ss % 15 rel ative to the water-absorbent

resin; and exhibiting a total absorption capacity of | '
not Inleisltido) anwitr-chdaberdmdsianacsbabing tto dhe Sresprl Bgption 1s a
of not I|ess than 70 % under |oad, wherein the total. . d
vedicealpbilent capachiped®y a h@caﬁs@pbﬁ%théfsﬁpc?fgmymeﬂmg an
under load are defined by the follow ng eguatio .
dparsbinkios ampRAERCIGIORIPNBYL HEYEHS 4B 2 gos Flc@eyralized

S S0 DL 391 S8l b s

' ith | oad + . | : .
) BT BRI BEE DAL 17 KL LBy Bl 3 powde

¥ e T 90 oo g 070 o
SHBAEFY TR sy R RS0 0 LSRRI By ot

RRSOIRUPP/B] 26X 8h &h3R0h RIAAEcybF b ROANSTD % hader load,

_ _ sorbent "resin according to the present
WhMEM ﬂf%ntotzﬁzFa%%%%aﬂ—ddﬁrd}MEﬂ@@bfﬂmenm‘ﬁ’éeienntty under load are
I'nvention can provide: not only a water-absorbent
A&aied Whitkhfollowing equations based on values given by absorption of a 0.90
mass % aqueous sodium chloride solution (25 °C) for 1 hour:

total absorption capacity (g/g) = absorption capacity (g/g) without load +
monolayer absorption capacity (g/g) under load; and

absorption efficiency (%) under load = monolayer absorption capacity (g/g)
under load x 100/absorption capacity (g/g) without load.

Furthermore, an absorbent article according to the present invention is an
absorbent article for absorption of excreta and blood, which comprises the above

water-absorbent resin according to the present invention.

EFFECTS OF THE INVENTION

The present invention can provide: not only a water-absorhent resin which
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6 WO 2004/ 099265 PCT/ JP2004/ 006509 2 5 JAN 2007
exhi bits excel |l ent bal ances between water absorption

wo W6ideiqrances; but also a process by which the

wat er - absor bent resin having excel | ent absor’fiti 004006509
properties can be produced even if no hydrophili
organi c solvent is used, or even if its anount 2 JAN 2007
extrenely reduced, when carrying out the
extiibitaeredicnt Yalaflésn Getve@RIWRBE abShrpHién DeHbARARSsObut also a
produci ng the water-absorbent resin. The present
piooessrity wiichathe fwiatthasorbenoydstie having leRteliRhS abdoggtion” popaitics
opti mumto absorbent articles such as diapers.
CODEbRA DA cOESORI K I @il gahivENRFe@Ns eed ion &k ¢reif, its amount
. detailed descriptions are given about the present

- 1sj pismelo reducehviehan carrieg sob e sfrfachergpsiégdng treatment in the

i nvention is not bound to these descriptions. And 10
Proeete ot ikadnaetheoaterghsgrbent tesity atfheriessah inykrteorhean further
arried out. in the form of appropriate nodifications

P"éf’ld?ﬁeﬁfta- it TP RPLPRIR Bhabsrbert friickse sudopediprses.
The. pr '02SSE@%%%@%@%T&@E%&E@E&W@W%T for
' - . i [ ;A5
0 S, Ry SR ABR E e SEAB I RSRH Aefon.
e SR R IR LR TSR Ana
otR@! W' ihed fﬁhﬁﬂnézﬂluﬁfatﬁﬁé’ et Qiﬁg | MfleiZ bl id Nfie form of
resul tant hydrogel polyner to thereby obtain a

appBdpeiated BEOdiE8A ons €8f Mhd AWHSWingZ QildsttisRs (wWithiRf Yh%d gét:d'bg not

a surface-crosslink-treating agent to the resultan
departiag-falis tidxpirit dfebd prefpoiifentivhier ei n t he

surface-crosslink-treating agent includes a
surflec @roceas shdcokding woahd peskntaiBicnisn eﬁﬁiePFdd&l:tion of a
conmponents and has a hydrophilic organic sol vent
wategrbsatbeof refintcwnfisenss % rel ative to the
surface-crosslink-treating agent; and 25 a step (4)
of ahedieh ngl} het r pslyhedningn xt mranotmer t wempbyentaringluding  an
surface-crosslinking treatment. The water-absorbent
acidegHp-cANiaiEng vagrdyrated Tpenamenay af essentidd eomponent to thereby
}Nater-gvvelf ahl e
obtain a bydrogel polymer;

a step (2) of drying and pulverizing the resultant hydroge! polymer to thereby
obtain a water-absorbent resin powder;

a step (3) of adding a surface-crosslink-treating agent to the resultant
water-absorbent resin powder, wherein the surface-crosslink-treating agent includes a
surface-crosslinking agent and water as essential components and has a hydrophilic
organic solvent content of 0 to 10 mass % relative to the surface-crosstink-treating
agent; and |

a step (4) of heating the resultant mixture to thereby carry out
surface-crosslinking treatment.

The water-absorbent resin in the present invention refers to a water-swellable

and water-insoluble crosslinked polymer which is formable into a hydrogel. The
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and wat er-insol ubl e crosslinked pol ymer which is
formable into a hydrogel. The 7 WD 2004/099265
PCT/ JP2004/ 006509 5 JAN 2DD7 term "water-swellabl e”

O A04989263i ng able to absorb water in a |arge ahbbf24§#/006509

essentially not smaller than 5 tinmes, favorably in the

.range of 50 to 1,000 tinmes, of the own weight ingg jan 207

i on-exchanged water. The term "wat er-insol ubl e" neans
t%xg%:"ﬁe?ﬂo%ﬁgﬁlgi glplgﬂr;:}ksg ?}B\Agt er?%(t ?tgr ?%Ja%r ?@gggﬁ%@éaqmoum of
& 3 e A A YDA g ) Foo0times, ot
th,g\égvrn(%)éiélbtg}l:iﬁ%%,?%&?%%g Watsit | frhe e"\fvéié’roiﬁ'@gﬂugﬂle@ rﬁé%ltng that the

avor abl'y o 15 mass % nos
) & ' luble pol
BB PR g coifol prbboubl polymes contend

@g@:iﬁ@f RIUsP$0IeH7e) of RSk itBKasboRiny Fein is fAvbrabliyah the range of
nstitutes the water-absorbent resin in the present

0 BYSPa %, bive BHrAIE 0Qb 25 tieds 06, stitlrmoreffagerablyasto 20 mass %,
partially-neutralized polymers of poly(acrylic acids);
PatEEGANT B oBbAY U tpAbynESs $o,ahositfavarhblydy tpl dhinasd Yogrelative to the -
graft polynmers of starch-acrylic acid; saponified ‘
woepshyaebant ofsivi nyl acetate-acrylic acid ester;
hydrol yzed copolyners of acrylonitrile or acryl am de, -
or cExaspleskafdthsoivpresswredable hanse watertipsplehly zagsslinked polymer,
copol ynmers; nodified polyners, of

- whrchooopbtitytes e Gaeraabspivgnt resissisy tha psepepbinyentign. include one or

B oo o0 L 0SS! kel SoROL TSSO o gy acid)
L e s MBS R, DO o s ot

B e e

it | t tral i.zed ey .
FopFRess, BE ol RoldhR d1g hEy e ) Br 2oRRUBICATORARYs of thesc
g&%g?}é}%oncogol erdat hsaREP mé§Si Bf  tchdRyHERMPLcontaining

has™*ar acrd group and/or 1ts salt and’i s

Eﬂi\éﬁfrﬁ'@li)z’p&g&iﬁﬂzlnﬁl‘éoﬁéﬂs?aﬂi QFARSEnledCeotdlyifert N BbEuyRhe-maleic
po i N

yIer | a’ nononer conponent i ncluding an

AR RIEOURIGONR Hiong dtoSpbfenati ethenpanialty-neatralived polymers of
essential 25 conmponent. Incidentally, the

PBIylacayIRy Paced)t alfiln Greinslithinedt byl avpowess including the step of -
enconpasses, also, a monomer which will contain the
P6iyehegiziignaiy closslingkingiy dnaloyre doafpoarent including acrylic acid and/or
polymerization (e.g. acrylonitrile). However, there is

s gfile (medtkalized material) as a main component.

In the process according to the present invention for production of a
water-absorbent resin, the hydrogel polymer has an acid group and/or its salt and is
favorably obtained by a process including the step of polymerizing a monomer
component including an acid-group-containing unsaturated monomer as an essential
component. Incidentally, the acid-group-containing unsaturated monomer
encompasses, also, a monomer which will contain the acid group by being

hydrolyzed after the polymerization (e.g. acrylonitrile). However, there is preferred

an acid-group-containing unsaturated monomer which has already contained the acid
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an aci d- group-contai ni ng unsat ur ated nononer whi ch has
al ready contained the acid 8 WO 2004/ 099265

woO J06d9dp2004/ 006509 2 5 JAN 2007 group duri nig]ié.}l)_g,momeﬁsog,

pol ymeri zation. |In the present invention,

favorabl e that the nonomer conponent includes acrylic

acid and/or its salt as a main conponent. In the ;

where the nonomer conponent includes acrylic aci g%aﬁﬁN 2007
gro0p dofing tif fddrheriZtigs. @ Mai n component, another .

nononmer may be used jointly therewith. This jointly

us alinl the pogyeneinvergion #ds Fivorstike tiadthd mohdmeéd eompdnesy Boludes

its joint use permts the exercise of the effects of
adryles i sedior ithsadfretsiaomaindovepeaent. exanpl es t her eof

i nclude water-soluble or hydrophobic unsaturated

nmonlortbe sassuehera she mendmenr somponert idelud¢saasnyldy anid pod/or its salt

mal ejc acid, fumaric acid, crotonic acid, itaconic
SN GPRHIPNER]) A maenagmer oy be used jointly therewith.  This jointly

2-(met h) acry|. am do- 2-.net hyl propanesul f oni ¢ aci d, )
Usclh'%ﬂmfg)mu%ﬁwﬁ%m%@i lmgfigtlon i EYSHIS I3 USRS the exorcise
oﬁ%a#(?@?g{/ﬁl%fﬁ%%ﬁg}gg ?i\rqngg;: i Sv%{;nt Mﬂgs thereof mclude
me cryl am de, N-isopro met h) acryl ani de S
waBRECINRE T o, RPREBhgtle  GRANRIRY SSmopleRs el Roi Trethaorytic acid
(bR NS Bl b, nFL R SoUSHP UG, R, i lplonie acic
e L R
achs! ¥hd SeRCIGIRB MDA saltd SnP@hinodludh $53&Yand NevihAll-ByRblidone,
t hese nononers other than the acrylic acid and/or its
NSa@hsllacetmitiavor abl ymefh)ddr@amakge of ONtiQOﬁ@%ﬂ@het%acPﬁélﬁide,

favorably O to 10 nol % relative to the total of the
NaGdinhdteylaaétt)aendamide] t s sal t 2ugdebxgsthyhe mai N (meth)acrylate,
conponent. If the above 20 nononers other than the
metboygpotyetitiicheagti/ocot (ntesh)salylatar polysthglche glycdl émethdooylate,
~then the effects of the present invention are
isehwitylpres, end laprgdxXmeth)aaglaieso t hat the absorption
performances of the resultant water-absorbent resin
ar dndhe presens iieveatpmivlan the mpnomers otker thathe areylic acid and/or

g S bR et SBeSs THamgRaR AU ian A frBlpreid ando s sa

s FRSFA b S EEL. oeB R RERERRTOE e o
g b S ISy BORRP 5 S U B Tpodfiy” 1€ the above
m Sr{o%’?e?% 'oﬂlléi' n gﬁ% g%y%&; H&id'aﬁd@? (iatfs S erey usd 5 8&0%1' d %%i%fjthen the

ructure o
effects of the present invention are sufficiently exercised, so that the absorption

D]

performances of the-rcsultant water-absorbent resin are still more enhanced, and
further that the water-absorbent resin can be obtained at still lower costs.

In the process according to the present invention for production of a
water-absorbent resin, the hydrogel polymer has a crosslinked structure. This
crosslinked structure may be a self-crosslinked-type one obtained without any
crosslinking agent, but is preferably a crosslinked structure obtained by

copolymerization or reaction with a crossiinking agent (internal-crosslinking agent
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copol yneri zation or reaction wth a crosslinking agent
(internal -crosslinking agent 9 WO 2004/ 099265 :

WOE@({@&%QOM 006509 25JAN2007 for water-absor bgp, pronsa06509

resins) having at |east two pol ynerizabl e unsaturate
groups and/or at |east two reactive groups per

nol ecul e. Specific exanples of the: 25 JAN 2007
i nternal -crosslinkdng agents include

D NvardreiRpHRne pssishaiabinkagy leksivite polypedrizhBlehydsanrated groups
gl ycol di(neth)acrylate, 5 (poly)propylene glyco

 gidforek Mascd ehdivetgroupstiey olendpane

tri(meth)acrylate, glycerol tri(meth)acryl ate, )

gl ycSpeifiacr yramtpeset dfacrijieat dpternal-crosslinking — agents  include
et hyl ene- oxi de-nodi fied trinethyl ol propane .
NN{methleadrig(metioacplamider yt(peivieshylpes a( Biveel) adifmethicrylate,
triallyl cyanurate, triall %/I i socyanurate, trial I%%
(pobpieayisne t lvsol y dymethiacrylate instylalpronags y ATjdaacrylate,
(pol y) et hyl ene gl ycal diglycjdyl her, glycerol 1 .
L FepletonRa I AR a1 aretbarayis? i afE-oxide-modified

SRR St SRl R BBl i
SRR BT YU B0 L , g
R0 AL SSRREHLNE iy | pBREPELRES e
SLBIRY AR, ol R RSN RO HPE dvorl

er ianligdral efyRas! | kbditted [8fi€ carbonate,
%%g%&@tﬁtélﬁ’g feg%%g%aglﬁém ethyRas! | eftbpylahe carbonate

for sufficiently exerclsing

E&?etﬁﬁeﬁﬁﬁﬁe,oind ?ciﬂﬂq&lﬁlﬁi)ab@%ﬁélti on, that a conpound

aving at least two ~ pol ynerizabl e unsaturated groups
i s ugRd ifefdangrdsEienkegy Mp@its 2@dyi be usddheitidroalone edspeitesdy or in
internal -crosslinking agents as used is favorably in
hiygopAfe rcongsingtfond. ORH dach Dthel % additeont dlioriatotnal-crosslinking
0.005 to 0.5 mol % still nore favorably 0.01 to 0.2
agdnt9napdretddded &y the rEantionaybign0eit®r tip adump arglivigionally. In the
relative to the aforenentioned nononer conponent ]
caseoviuge vhe bftemplecrossbiskingragents agaied)it iy Rvorble, dagufficiently
where the anount of the above jnternal-crosslinking
axsspisingsthe sélgols Of dhg presFnt IpKenton, Bt afomeprgd haginget least two
than 2 nol % there are di sa(?éantag]'%s L n thz%&i there is

Wi 8

RobEcHizakle BIFIIHIAIRABIPURSHS UsE RORENG 12208

O AR A S R S i P By i
ﬁ%&fm%o f %(neoli %,Sn%ores_fg%rhﬁl'y%]b%apos85%61%, still more favorably
0.01 to 0.2 mol %, particularly favorably 0.03 to 0.15 mol %, relative to the
aforementioned monomer component (exclusive of the crosslinking agents). In the
case where the amount of the above internal-crosslinking agent as used is smaller
than 0.001 mol % or larger than 2 mol %, there are disadvantages in that there is a
possibility that the effects of the present invention cannot sufficiently be exercised,
so there is a possibility that the resultant water-absorbent resin cannot exercise

sufficient absorption properties.

In the case where the internal-crosslinking agent is used to introduce the

10
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In the case where the internal -crosslinking agent is
used to introduce the 10 -------------- WO

WO 2000444389265 PCT/ JP2004/ 006509 2 5 JAN 2007 PCT/JF20041006509
pol yner,

crosslinlced structure into the inside of the

it is enough that the internal-crosslinking agent is
added to the reaction systembefore, on the way o5 JN 2007
after the pol ynerization of the nononer conponent, or

cadssknkedt Straetuty dhioz #id Afsidd N6F ehd SpaMANESPeCisaknough that the
limtation on the nethod for polynerizing the nononer
isematrpasstkinghagend ér added ob tiad readtivn dyg@ioBebre) oh theval Rf, or
t he process according to the present invention for
afeoidie polyomerzhtion whthe maioser bemponas,| or.affEx Aspewmlization.
thereof include agueous sol ution pol ynerizati on,
r evdhgedispraeweeigh pmtietiern op ghs metliodafor polymdrizing the monomer
pol yneri zation, and preci tion polynerization.

CRIGRBYEY In foFdsn te (pbkin the ngﬂl)éﬁg ipelnasfintthe ppasessoraeardieg to the
ot B B PR ) ARt G, Bt decor
R R A AT St R N ———
B OEHEMAD 48 BCRRAtOf pel R T HEREL. Tt ith as

oI Ly FRARAe, BeUBEN) N BAVRRHAEN Mgl and e

vgq eous ~ solution, concentt _
aBRPRNE PPO peftids NS a AGNERRH Soet Ol Ui B¥0rabR {d"@h&f diB%he aqueous

her'ei naitér be referred t© 'as aqueous nonone

selotioh pORmerBeRGNUP réRelPHHhePBLHAISE QE‘yn{eﬁ‘i‘%at"i’cﬁng%ich the

solution or the kind of the nonomer conponent and is

miohemef csmBpdiint BRe¢ irtdhk Yorm 67 &egquebgysigtion.t hi s
concentration is favorably in the range of 10 to 70

nmash the qme evhieryvibe aldnond compolentas sisd inf Bk dbiny 6f &R aqueous
the aqueous nmononer solution. In addition, when the
sclove thgumoosntstiontdfothepmbyomei zampomenit sin 2Bisc aqueoas solution
out, a solvent other than water may be used jointly
(Whieh awaytherinafirs degsterpd to Fhequdons muiotrist solstibn)atepends on the
which is jointly used is not especially limted. The )
tempseatye i he agueays selwéips ot b {indr ofzthe irapndmeer component and is
ol.ynmerizatiq t hod | whi ch the aquequs nononer .
B " ReeQuup B | HoueHyrarupiioniongrgah davorably in the
nd sych a. pol ynerizati method is, fo
rals TR to g dtes Yo BB AT Al saadigaothe agueous
. USR 32 SP. 4, 446, 261, ,USP . o e
mifnoli %?_;'%m_an %%%%’?Q‘X ,ny‘gs Ab0%S AR YUl pgFzation is.
cQY OBE 12V oifer IBCHAIE thAPbL BQedT&iﬁ%gtﬁe?e\m G ngcgs%ary. '
The kind of this solvent which is jointly used is not especially limited.

The reversed-phase suspension polymerization is a polymerization method in
which the aqueous monomer solution is suspended in a hydrophobic organic solvent,
and such a polymerization method is, for example, disclosed in US patents such as
USP 4,093,776, USP 4,367,323, USP 4,446,261, USP 4,683,274, and USP 5,244,735.
The aqueous solution polymerization is a polymerization method in which the

aqueous monomer solution is polymerized without any dispersing solvent, and such a

polymerization method is, for example, disclosed in: US patents such as USP

i1




aqueous nononer solution is polynerized wthout any
di spersing solvent, and such a polynerization nethod

woizﬁmlﬂfg@fﬁﬁexarrpl e, disclosed in: US patents sucpcft,gpgﬁﬁooﬁaw
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1 WD 2004/ 099265 PCT/JP2004/ 006509 2 5 JAN 2007
4, 625, 001, USP 4,873,299, USP 4, 286, 082, USP
4,973,632, USP 4,985,518, USP 5,124,416, USP
5, 250, 640, USP 5, 264, 495, USP 5, 145,906, and USP

563800 B8085P angly3 9y, OPSR N, 186,082, USMALD735638D 108K 1856,518, USP
EP 0955086, and EP 09227i7. It is also possible that

25 JAN 2007

514486 WHNGIP60,640NDSPe L6t 4050 USH 3,145,606, andddP 5{380808; and

for these 5 poI yneri zati on met hods are applied to the
Puepent paenersuchrs BIhO811636, &Fo0es5 3080y med EXa0P2AY1i7s It is alse
initiated, there can be used, for exanple, the

prsisiblenitingy: such disc alonpodey reorippaeiits rmnidnimtitiziows: exemplifiegs for these
pot assi um persul fate, amoni um persulfate, sodium
pelyswetifation methpda gre ampb@dﬁ@ethwma@nt RY@H®%en per oxi de,

and 2,2'-azobis(2-am_di nopropane‘] ﬂc11 hydrgchl OJI de;
and Wﬂdhﬁﬂl?qvétllﬂlg%%ﬁ’ogés wdflate ere can be used, for éxample, the

rshio? E%d%z (e Rt SERge ngSpatgPPUffe annonium
Bo{HiR Saviigh P %Eﬁtai“%ﬁd}épe‘*s}\#d@e I perpade, and

By A ogplisep i

%E@d%’ié’v j WE?U£ D DeHeeT W&Bowt}lew%gln-fhgf such as |

rogel IS°0 d fromthe step of

2% AR c?ﬂ 159 réﬁﬁaﬁpﬂfﬁf@fabs&ﬁéﬂi QBAA! tHeNGhsiditnsr the§olymerization
-group- cont ai ni ng unsat urated nononmer as an

%ﬁﬁ%} b lisedoR TRAREH ihihé hagabOV@way.2 Mol 86 (lekivago the entire

been divided into small pieces if necessary, the

RyvsHoase! copsy BﬁtP molpé Eavveablp)0.0 heo dbbueolp®d Yrabativeatol the entire
is dried and pul veri zed. The pul veri zation 20 may be

GEgroned compoteftpre, at the same,tine as, or after the
dryi ng. Favorably, the hydrogel polyner Is pulverized
af t eThelteydebigel polynien it histajped Stom thorsiemof mulyuﬁmmgaub E yionomer
the drying is carried out to the hydrogel poly
whinplnéns ipelnding theadd @ oP-exdapios, unﬁ@@raﬁ%gmav@ﬁag%fm essential
particle dianeter is not larger than 2 cm favorably
irompoBetgdn thaweove W& nore favor abl y not | ar ger than 5
25 . As to nmet dIVIdln dr oge

ol Tr}lﬁter.hwgswsm Pifed Bto pindl Pirbfs ooy Bif hydiogd polymer
| nt%gq%rg cp]vlgnl\)/o %ﬂe%gatxo%ul%hdr?e% g]ﬁ? %gﬁreisiz&fy A& Hﬁ?&lzatlon
may be carried out before, at the same time as, or after the drying. Favorably, the
hydrogel polymer is pulverized after the drying.

In the present invention, favorably, the drying is carried out fo the bydrogel
polymer which is particulate (for example, its mass-average particle diameter is not
larger than 2 cm, favorably not larger than 1 cm, more favorably not larger than 5
mm). As to methods for dividing the hydrogel polymer into small pieces in order to
particulate it in the present invention, such as kneaders may be used to carry out the

dividing into small pieces at the same time as the polymerization, or the dividing into

small pieces may be carried out separately after the polymerization. The dividing

12
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dividing into small pieces at the sane tine as the
pol yneri zation, or the dividing into snmall pieces nay

WO he4/0@eéd ed out separately after the pol yneri i P
The dividing 12 ----- ---------- WD 2004/ oggy 04/006509

PCT/ JP2004/ 006509 2 5 JAN 2007 into small pieces at
the sane tine as the polynerization and the divi dR2bgJAN 2007
into small pieces after the polynerization nay be
iptoismiallypreceedt tHensaindetithé bd the polyhb@z€id8 nWhBE QividiRe into small
hydrogel polynmer is not dried in the particulate Torm
pieses ri polyineritdticmag be jhistleusdde Myddagsaly, hollersase where
is dried in such as a filny form there is a
thsolydregq! ipolymeertip awot dkied riw shel particulptecfvemt forsexmmpidydn the case
inferior and that the resultant particle size my
Vet the divdrogs! polymra deied @ sushgassa fikwy tform,hibersaista possibility

neters of the hydrogel polyner before the drying,

T

ﬂ?‘jalf @w Pealiant pepsHies gae Pe i erér!> atfsk et the eawltans parjiclensize may
G GG de TIPS avor abi y 100 (0 1500 pm
0 e D S SR g, 1
oS AR BB EGRSRE S 0 o
S L T -
favBiaBly 2bS @6 ALONpARRRT e @[Bg\gjoﬂﬁr@laﬁl% @%ir{ghhgﬂiciency and the

wat er- ext r actf abl e ¢onponent ntent as

priopértikcs. aninciiahially, 3R S8y QRO WwhERShE mad®a &%icRIdiameter of the
devi ces suitable for the dividing into 3nall pieces

hydiodel golymdtn@sadingss fromehgt dbove eavae! thed@ id ¥iRossibilicy ¥ Tausing
With cutter blades; crosswise cutting type slitters '

sught hs odetdrmratidoadd's thec widtar abyppticil| caphdiserdwitdicase of the
rotary bl ades; and neat choppers of predetermned

walpeentragtableaemmipmsnt ¢ontdrit@s far the essultanicwitdi-migsotigent Asin.
present invention for Eroduction of a 20

wat @ranpleto obedevioes sjuitablehfor hijid r digeding dhtonemat] episcar imetide:

[ n%igs_pens bly. .Incidentally,  the drying in the _
kispdezs engthvisaiquing tpe slitters with qultergblades; atesswise cutting type
l.?%dro I "B@l ytﬂe%c&: into a solid state where its solid
SUMGT FeF | RS PutiFfe DEF yPHEENI 455 vith 1farycbiadesy and meat

i.s_not. | ower .t hgan 80 mass % favorably not

Chllagbj\éggﬂrgae%%m ‘ggp@}?ymﬁ'ﬁ@w&ﬁor abl(;/ not | ower than

90 9 ticul.arly favorably not lLower than 93

rodl B PR waditle, Yo B¢ i B Tor iSduction of o
Wérf%lféﬂgsmeﬂi! 1le¥in, hﬁehﬂlrrgéei] 90]’){“]6} %gts erFe%ieﬁEﬁstﬁ/s%glty.l Oﬂnc?c%%?ally,

the drying in the present invention refers to bringing the above hydrogel polymer into

a solid state where its solid content (defined by the drying loss at 180 °C in 3 hours)
is not lower than 80 mass %, favorably not lower than 85 mass %, more favorably
not lower than 90 mass %, particularly favorably not lower than 93 mass %, relative
to the dried polymer. Incidentally, the drying in the present invention does not
necessarily need to give a dried polymer having a solid content of 100 mass % (water
content of zero).

The drying method usable in the present invention is not especially limited.

13




necessarily need to give a dried polyner having a
solid content of 100 mass % (water content of zero).

wo;@,@g%isng nmet hod usable in the present invenLi@hphshioo6509
no
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especially limted. 13 WD 2004/ 099265
PCT/ JP2004/ 006509 2 5 JAN 2007 For exanple, there can
be used at |east one of drying nethods such as: 25 JAN 2007
hot-air drying; thin-filmdrying with such as drum
i 1pié.© 1 1 NGk NheBY BPARS metBbdsabudhnas: hot-air
}g{ry%]agr}plén%ﬁfefg?lg?)ggﬁ?%:dd dryi ng. Itpjggges not
(ﬁzﬁ&‘fﬂﬁhlﬁinf%ﬁ@ wih etdiess dripén ddéry] REutal-mressuredrying methods;

conth nuously 0or "batchwi se. Fromthe viewpoint of the 5
AViQABA Uinaagand fluidize-yeddryiid i di dossynot eipectadly-radtier whether the
drying (particularly, confinuous hot-air dryi ng) is

drgiter abl rrigledui wonteuquskys ent batchweing.i ofironEdthe exigwpbat of the
static drying on a belt will do for it. Fromthe .
priopeties nandofhet deyingy pifimjensyf iths dntgir diyéngaaricHatly. apentinuous
drying will do, for exanple, if it is carried out in .
indtenif olryiog) iy Taweyably Hised dint theuprssant hipewiipey  Fpp example, static
polymer is layered on a nmetal gauze or a punched netal
diving prepbelt 26l §adoigit. slits, and then-hot air is passed

th h es bet he | d tjcl ' . .
ver e 1 vienmpins oh o Oainee ey, e aby S vine wil do
e brane it Rob 5 PP Topg G o Bl ocrogel

f. th f ' i i :

ST s o Erot o Rofgh Gfaiongbbaienp A3, b gttty or stts

. - t .
T P ] RSB B, il o
' i jcal & t thy !
Gy B T OYiog roperti e £ ine o e et

d GUh GG atidiRaRter PR YRBipleS it 81eeERE of thépéaidratiotieor metal
Eﬁ‘iﬁckﬁﬁés o? favorabl{/wi to 20 cm nore favorably 1.5

 buAD iRl & iflil havniiethraydr @pahings f tavdaiyabad: (hemabdue 5 mm,

aboveé hydrogel polyner is dried, the drying

nRTe Faeiralsle abbit 0.8ao0 abewtr? tine. vineadulition, asfto threlayering of the gel
properties and the productivity if it is set usually
foavteaiegal giuzeoor [pometred: nwetall 00 vajl dor Gomatlesr atgwpdint of the
the range of 110 to 230 C, still nore favarably 130 .
G200y ppepettiesuif dhe partiputatebygrogelopelymenos dayered i a definite
Incidental ly, the drying tegfperat ure is @efi neﬁi as bi
thivressatofi favosably Ado FRican.imeredavarablych-a£q 1 @ oy stll gaore favorably
25 nmedium (e.g. hot air), but is favorably defined as
e § &hperat ure of the heat medi um

When the above hydrogel polymer is dried, the drying temperature will do
from the viewpoint of the properties and the productivity if it is sct usually favorably
at not lower than 100 °C, more favorably in the range of 110 to 230 °C, still more
favorably 130 to 200 °C, particularly favorably 150 to 190 °C. Incidentally, the
drying temperature is defined as temperature of the material or temperature of a heat
medium (e.g. hot air), but is favorably defined as the temperature of the heat medium.
In addition, the drying temperature during the drying period may be constant or may
appropriately be varied in the above temperature range on the way of the drying.

Furthermore, when the hot-air drying is carried out, the dew point of the hot air is
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In addition, the drying tenperature during the drying
period may be constant or may appropriately be varied
WO 004/049@6above tenperature range on the way of PPy
drying. Furthernore, when the hot-air dryi nléle}szo'WMbog
carried out, the dew point of the hot air is 14 WO
2004/ 099265 PCT/ JP2004/ 006509 2 5 JAN 2007 favoR&UAN 2007
in the range of 40 to 100 C, nore favorably 50 to 90
f&vorddly lih th®rangel &v4¥ 8011906, 1RoRSfaborabl08D 180 °C, still more
vi ewpoi nt of the properties and the enérgy efficiency.
fdvoedble 60 & 8y °Cj from sheviewpaianof 0o peopesticdi and theénerdf ¢ffitiency.
havi ng been dried in the |ayered state, the
par tnceddrgally, iy ralspe mepbdnadehertimnitiat, tafieb davinb| beek \dried in the
dried material 5 which has lost the flowability as a
layeepd| statef thegupridendate by diegelepalpmear peads it best blioekst dried enaterial
g‘[wg. Such a bl ocky dried material i s an agglongerate
wafchghgsdgstibe yiomiabiligaps p eesalt ofingglamesatiombetveen parsigles slye to

an as roeali l ity . info bl ogks. However, this.
thg geﬁ%-dff@ge l%qlﬂéﬂrlﬁia%erfaﬁ &S fah REFPRETaje aﬁ fticd palgmer
ongr.ation and thereforge needs tp. be. pulyverize
PR Bisase Bafihtos’ PREEAE RC Btk YRS it Plods However,
Ay Qs I [ .0yS;. Q] ig1.t he. above and .
Y QRS oROd HBE 1t T owlaBicE "Bie” e Hblomeration avd
(A t . sanme tine as, or after
ﬂ?ﬁg&%g%kﬁg@ ¢£6%@%?¥%gﬁﬁ%%$%iél polymer is favorably
ul ' : ' - f I t
Pl ailteiftesl WenfidlE (86 M AIGeATHOIRG s A TENY abdie REY and
fuRthes eNpulvByRAt 4sORel].t NEncIpMVEELaB08 hidlend ehYRl FRbEfRRe, at the
and further the classification If necessary, are
sdn@y GrRebhy dradffdrafle @efing.n HoWeda, te BydoLdiesolPhers i€ Bfvorably
and the tine of froman outlet of the drier to an

pilnérétedodfter ke diylieind gioré Savopably dlnther dMshilfied alir having been

m nutes, nore favorably within 5 mnutes, still nore
plaeraredbl y within 2 minutes. 20 In the present
i nvention, the nethod for the pulverization is free of
esplacthel pres¢nti inutition, ilfe dtyiegand dhen puberiiniied gl furder the
or its aggl onerate (blocky material) into a flowable
fl

- classifération ihpescassry ate FOMRSLY brivied @ub imagrodeyef ageies of steps,

lgl;a(ryicl e {Jli anet er i)f ?ot l.arger than 2 mm_For
angh R Hnee of frameart gileh o1 Hisedrich 10) aWaiglet o dheopulverse v favorbly
i C t.h ul verj zat,ji.on .i.s carried out wth such as, .
Wﬁ@%@r “{"9/'%%‘? U dRTOTEIE wiftgn| Fwée%ﬂﬁ R ripytRlly ithn 2
m.n%tte stream type pul verizers; and hitherto publicly
no vari ous

In the present invention, the method for the pulverization is free of especial
limitation if it can form the dried polymer or its agglomerate (blocky material) into a
flowable powder, favorably a powder having a mass-average particle diameter of not
larger than 2 mm. For example, there can be used at least one of: methods in which
the pulverization is carried out with such as hammer type pulverizers, roll type
pulverizers, and jet stream type pulverizers; and hitherto publicly known various
pulverization or disintegration methods. In addition, in the case where the
agglomeration during the drying is weak, the dried polymer may be given vibration

~and thereby classified to loosen the agglomeration of the polymer, thus carrying out
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pul veri zation or disint egration nethods. In addition,
in the case where the aggloneration during the drying

woi@#ﬁ?ﬁ%ﬁ the dried polynmer may be given vi braf,(i:-p,?mo@_[}@ﬁog
t of the

ereby classified to | oosen the aggl onerati on
pol ymer, thus carrying out 15 ------------ WO
2004/ 099265 PCT/ JP2004/ 006509 2 5 JAN 2007 the 28 JAN 20'07
pul veri zation even if no pul verizer is especially

 tHS fllvedizationSven ulvE¥RPtY @pecidlly 8¢ed he above

pufverization, further the classification is, if o
Nec gy SRE YreséitiRVaBlow, £drthesbavdipulvepization, forthershe classification
particles and a fine powder are renoved. The

ES Se@eirgORverbly cdreicd ioatysb ehatabatseepavidler ambs Gmbegowder are
resin powder, 5 as obtained in the above way, is o
@elopedn MEkk mpgs-ayErage priticle diamdter afbihe ovaterrwerbent resjnpowder,
order to sufficiently exercise the effects of the

gsratsaned imthe rabovs wayhie deteaminedappeansiaialy fasios optsgkieHowever,
has a mass-aver age partjcle diapeter in the range of,. h
inavdderblty Sgficiestlpogxgrise nifice qisisr 4 Jhezopesent sEyeRhgn, the

particularly favoraply 380 to 550 gm..ln additi.on
whlsr-apgoshend heaR peMder égs, A szraggﬁ)ﬁgic:lq ﬂg\nﬁ;er in the range of

obt ai ned 10 j ncl udes a_po r i articl
Srabbero e arors R EH 0T A% R afichiagy tavorably 380
fa ably 0 to.10 ss. 9 : :
AL R B, A Tt PROBACYGIE BN, bl BB i
f ayar abl . . ' . t of
Wgr Sg&)}éggs}eﬁ%&r}@?ﬁlcf@p%&@é%}é ?’fﬁsx%%lg“ﬂ?agnlﬂ)t ;rx]nellm an amount o |
%Bfa%lf@%&'i@%‘a‘sf %ﬁhﬂreﬁgmﬁlyhﬁo@ lds§ 94, ls¥i119hé8ifmastably 0 to 5
I'ncludes particles having particle dianeters of
ber gRbANG 183! fuhsd B rdlatitend the waeit-atsdoebent resin

%ﬁé‘?@?&@?xﬁg%‘[sn&bﬁer t han 850rgm1i n a total ampunt
Ergwﬁé.vorlﬂbﬁdﬂi@on,t el Watpabsdberioresid poaidablbei} fimallP obtained

ss % still nore favorably O to 5 mass % relative -
fRlides phetictés RiAS haricls dxnmktas vafesmalRarthare 158 o, andrparticles
the present invention, it is favorable that the
wavige paltishr diemeters efact spoticcthan 8§80 gnnisstosal emagst of favorably 0
particle dianmeter of 300 to 600 gm and includes a 20 o
po bl enash 44 morepfavoiablyel @ Afwnass Yo.oftitbmerg Bvorabhn 0489 mass %,
gmin an anount of favorably O to 10 nmass % nore
felotivedblthe wates-absorher! 1o4in REWECE avorably. 0 to 3 mass
% relative to the water-absorbent_resj owgder.. Th
bul K Paeieslarly, &% tharpreagtany ey Benttaragrlt g warlbsorbent
di versely varies Wth the

DO G A BRtERYRR Ao w0 B STC g includes 2

powder having particle diameters of smaller than 150 pm in an amount of favorably

0 to 10 mass %, more favorably 0 to 5 mass %, most favorably. O to 3 mass %,

- relative to the water-absorbent resin powder.

The bulk density of the water-absorbent resin powder diversely varies with the
bulk density {g/cm®) as unambiguously determined by the monomer composition.
However, in the case where the water-absorbent resin is sodium polyacrylate,

particularly, sodium polyacrylate having a neutralization degree of 50 fo 90 mo! %,

" more particularly, sodium polyacrylate having a neutralization degree of 60 to 80

mol %, then its bulk density is usually favorably not less than 0.63 g/ml, particularly
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‘resin is sodium polyacrylate, particularly, sodium
WO%L%&% | ate having a neutralization degree of 50 to

nmore particularly, sodium pol yacr DCEHIB2004/606509
having a neutralization degree of 60 to 80 nol %

then its bulk density is usually favorably not |e L
than 0.63 g/mi  particularly 16 WD 2004/ 099265 25 JAN 207

Rt SR R AP0 G Bt BRI nb N ROl o8By WAl o dpit is
rhdastited ith TRBVIKE ﬁgcd%iﬁlb 16 Jﬁe %zac (fﬁ) rttﬂé eﬁ}gsetn? ul]\)entmn by the

K-3362. I n the presen |nven

pRileriesticaatihe "’wathhﬁ)s%eﬁf 88 35&)?\21%} Jo‘{"‘l 3 m Vﬁj%ss Cé?:gigesfnore

into a | ess scaly, nore rou ormshap
rauidlishh ar@ Lfifémt SlfapbUbd gieR$irk Mist
5 Therefore, the !5)91 k density |Ss&lglgl\a/%l§ﬂgbm§gl?lsgtbg @'Ilagher
Thsrefme piheibnlit Bensitang éavofably AGuited s a89<gb@‘in th8¥akge of 0 65 to
favorably 0.67 to 0.88 g/m, still nore favorably 0.73
0189 gimd 7mgyerfalorablyed.6% ta DJSSImeB stitl vnorelthyor@b1v 4, 130td00 8% g/ml,
g/m, yet still nore favorably 0.75 to 0.85 g/m,
Yﬁ&&t@rm@iﬁfefammblgrq 7htd GR6 gfml, ybtestidl aneramaecrrabltyme733td €.35 g/ml,
agensl ty of the water-absorbent resin powder deviates
FTOWE thidvesiBaiian. r dndhe aascavharh she butlcedansity pHihe whier-abicsbent
a. 10 ssibility that the effects of the present
“iSH\/Qﬂg’ann Fﬁﬁ?‘eﬁd?o@uﬁlﬁu 0¥t RapED aflek dhe ipybigrizatino dherc is a

| P%ﬁgﬁv VARE P Sk E&sa%“ﬁvq%%%%ﬁ&%ﬁ%fe%ﬂs e xercised.

r ecyc e@{e 5{}{;@%) “@”‘é%aﬁ% %E CO a&#"l?‘f p@cﬁf r8|[5%tlHB “on product)

ST A
re@{QEE TR Al Q5 a}%epaﬂlé)?]w% db3r% ltlceE%a% Starrééc u%] gr% re-pulverized

wever, int preséent |nvent|
arﬁﬁﬂmblfﬁieepdi‘iuﬂégfhz%rreﬂiﬁéd bP i’lztcb%fe& Sth&%[)% %;Y/mé bt aforementioned
necessity of the above recycling grea dude

pdrticle déiamalet YdisthiBUHGES FIOHev@CYie | thdhrbft flﬁwfb%tleﬁv‘@%augé the
the water-absorbent resin are disclosed in such as

pdustte 4liabae6Aigtribueeh % Afithvb 8k nbdoRkil: @Bihe 486ve chn eatly
5,478,879, EP 0812873, EP 0885917, and EP 08442 %%T
refuces sblcpbgtallp,l metlhodaqu Irgey20ng Hesfnel povadep Of\&ﬁzl’water—absorbent
recy C|InP nmet hods to the present invention. In
fc%lﬁcﬁfft Hisalosadhia sughraa AISFo4,960,692,i GEP SMdis2 bBISRES, 264,495, USP.
%cl ed is favorablé/ not- | arger than 30 mass % nore
3 ‘ﬂu&/ bR 05873, 41y 088 IH dnarbERA844270. par isiatsd pusbiple to apply
favorably in the range of 1 to 10 mass % nost
fh?sgv Ff’atﬂoyfdgr fesysling duethgdsoto theepresenitrisyventionn fheddition, the
re Ftﬂ Event [ a because the water-absorbent resin
8f Ueliic, §oVAE bieing sreypiad tis Eaverahinmet arger than 30 mass %,

more favorably not larger than 15 mass %o, particularly favorably in the range of 1 to
10 mass %, most favorably 2 to § mass %, of the entirety. In the present invention,
because the water-absorbent resin powder having the narrow particle diameter
distribution is obtained with high productivity by the pulverization, there are’

advantages in that a water-absorbent resin powder having a still narrower particle

- diameter distribution is obtained by recycling a small amount of fine powder.

The water-absorbent resin powder, as obtained in the above way, exhibits an
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recycling a small anmount of fine powder. The
wat er - absor bent resin powder, as obtained in the &N 2007
way, exhibits an 17 WD 2004/ 099265 PCT/ JP2004/ 006509

5 JAN 200 or pti.o [ 1 f

roiptragrgy Fore PabE AR it 4 e, MRACHRGbAG 1085han 45

til. : _
i ol Ty P L Lo Bt 7 B/ WRlcaidey Syorably ot less than 53

X ) | b ' {dnO (physiological saline

g?gbg@g:?gl%}?& qg%?ysjgm%%sg%tﬁﬁo% !O\jﬁmﬁfﬁ%lﬁt I og%.y As %lhe
s&lﬁﬁgfpoﬂwv'i@gutcﬁﬁa?' ¥ 06 dbB6rpAba\@pa@tebf aRsabdenivater-absorbent
resinm powder which is a base pol yner becomnes hi gher,
e Fo e T RARSS i$ e babavsulamiet i Becofes Bighad niheg thaeases the
wat er - absor bent resin having excell ent absorption
Rty €5 obRidihg the orstssalsorisandi regint havilhe qxceimnt absorption
invention for production of a water-absorbent resin,
pityiigesar e i ncl uded: the step (3) of adding a 10
surface-crosslink-treating agent to the resultant,
wat dn- ties privest acesndingpdodive, pwisemteiipventien for production of a
surface-crosslink-treating agent .includes a .
vealerFahserbenbs s¢sitki greagarst  inghiediat die astepss@heiof] adding a

conponents and has a hydrophilic organjc ésol vent . d
sytaeeprosginkgreating 1 02omst0 90 olesilfapt aterlsorbent resin powder,

surface-crosslink-treating agent.; .and the_step o -
RS i WS SR PE T AT ey stfihe agen
sur face-crossl jnking treatmnent. .

‘waterasesspilial pompanen e%dsq{eafs grhjélg?p}gﬁ% %rggrlljxtc stohrgnt content of 0
sur face-grossl.i nki t . are vari gus.. t
Db B Ff TR K4 2 ShiZGR: HORaRieal Bt Bl B iPstep (4) of
460 5 B L BficObrds DG RS bRt
R e R e
pol Yy dreh, el GRBnIERY TRGEMSE S for € PAXYinS OFRO it Surface-crosslinking
pol yam ne ~ conpounds or products fromtheir _
FoRgensat ivanow hid hat egeeily ¢angal ndsewalr, oikanahé veewpoint of
conpounds; nono-, di-, or polyoxazolidi none conpounds;
i) | ds Cent R mea© 0P thi fiopenieh Yof ahe Msubtentaivaterkbsorbam desin, there
al kyl ene carbonat e conmpounds. The surface-crosslinking
agonifctisd bhch ash pdlybyrie sienholi congroninds; dpexygompounds; polyamine
especially Ilimted. However, for exanple, it is '
qosounkde 00 pusdicturffam etheirosendenkatian avignthalogpaky heeppounds;
exenplified in such as USP 6, 228, 930, USP 6,071, 976, ,
avatoli8P compounds; mono-, di-, or polyoxazolidinone compounds; cyclic urea

bt

compounds; polyvatent metal salts; and alkylene carbonate compounds.

The surface-crosslinking agent usable in the present invention is not especially
limited. ﬁowever, for example, it is possible to use surface-crosslinking agents
which are exemplified in such as USP 6,228,930, USP 6,071,976, and USP
6,254,990. Examples thereof include: polyhydric alcohol compounds {e.g. mono-,
di-, tri-, tetra-, or polyethylene giycol, monopropylene glycol, 1,3-pr0panediol;
dipropylene glycol, 2,3,4-trimethyl-1,3-pentanediol, polypropylene glycol, glycerol,
polyglycerol, 2-butene-1,4-diol, 1,4-butanediol, 1,3-huténediol, 1,5-pentanediol,
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25 6, 254, 990. Exanpl es thereof include: polyhydric
al cohol conpounds (e.g. nmono-, di-, tri-, tetra-, or

I I |, | | I,
wo RelyRbéy! ene glycol , nmonopropyl ene glyco PCT/XP2004/006509

1, 3- propanedi ol , di propyl ene gl ycol,

2,3,4-trimethyl -1, 3- pent anedi ol , pol ypropyl ene gl ycol,

gl ycerol, polyglycerol, 2-butene-1,4-diol, 25 JAN 2007

1, 4-butanediol, 1, 3-butanediol, 1,5-pentanediol, 18 -
100290449 2 - 2 Z,f

D R PR e R e WM (o gppvtene
gISeAPGENLRIA @tHer aBll RWcaRA); JiyHaahe @b&bM&L&éy('e.@Eﬁ?‘en@@ﬁmime,

gl yci dol); pol yam ne conpounds (e.g. el hyleffedi am ne,

didilgidngtraangihe, am ne, wlidthAehub@Agine! r am ne tetracthylenepentamine,
tetraet hyl enepent am ne, pent aet hyl enehexam ne, ,

peutdsyletlendhexnaminae pobyrthybaliyiares, defpboIpyBaiiedpolaainsp dlodoxy
conmpounds (e.g. epichlorohydrin, epibronmhydrin, and

campenly | (ejgi ehichivotlydrinn epibranolseinsa tand nujaistididepishlorohydrin):
bet ween t he above pol yam ne conpounds and the above

congeaBpor ypreduaio batsen othe zadlovdi padyrmioo npaupaisad{ end. the above
2-oxazol i di none); cyclic urea conpounds; and al kyl ene

halospeyy sPBIPEBRSH OXarelidiaone cempgunss de.ga?osaralidinongh sxeic urea
may b _usgﬁ ither@% one respectively or in

cquAsi 36 alkyiens, cadoRals srBRBOURdY (a6 edyiene jcarbongte). These

cisi,ng.the effects of the,. reﬁgnt N nven'ﬁi on, it i

ex 3{ egl he, el _ It 1Is
I By Uestihs A gea%%?aﬁlwfyoru op H}aep%wa i 2ol eiffiol For
Sﬂ?ﬁ@%&?&%ﬁ R b s BBt e ey ch S%fagfé to
o B ROl B PG hS g e

nore Tavora Th un
N A7 5 SSAd mld ] | d :
S B, B BOSRE 1 BB Bt RREE Shich
haveion@AY ¢Rbon Rdinsiade FAVRILED N sk NEnibRASR Do ?Qﬁﬁ)%nta@’oms
10 mass % nore favorably 0.01 to 5 nass % relative
aré mordErvorddler - absor bent resin powder. The
surface-crosslink-treating agent, which is used in the
pr Gktessamaunrt @if dhea guitee-c2Gslifileing rag st bein® i, ideperfd@rupon such
production of a water-absorbent resin, includes the
asafoorpenmds being dised rahd akeic cosblnationnbutagefavorably wetherrafge of
essenti al conponents and has a hydrophilic organic
0.4 vent0comserfo, ahol tfavorahladd1%de ef amiasse %p reladve fo the
surface-crosslink-treating agent. The anount of the
walglrahsorbght EAini PPWESht ai ned i n t he

sur]I ace-crosslink-treating o ) .
he surface-crosslink-treating agent, which is used in the process according to -

the present invention for production of a water-absorbent resin, includes the

- aforementioned surface-crosslinking agent and water as essential components and

has a hydrophilic organic solvent content of 0 to 10 mass % relative to the
surface-crosslink-treating agent.

The amount of the water, which is contained in the surface-crosslink-treating
agent in the present invention, depends upon water content of the water-absorbent
resin powder being used, but is favorably in the range of 0.5 to 20 mass %, more
favorably 0.5 to 10 mass %, particularly favorably 0.5 to 7 mass %, most favorably

0.5 to 4 mass %, relative to the water-absorbent resin powder.
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favorably 0.5 to 10 mass % parti cul
favorably 0.5 to 7 mass % nost favorably 0.5 to 4
mass % relative to the water-absorbent resin AN 2007
19 ----------- WD 2004/ 099265 PCT/ JP2004/ 006509 é

e i G YRRt AR AR SR BN BB Pl agent
I %‘g Pﬁglfﬁ%gtl Hgﬁ ri?enié gﬂ@ ?a:%r(gf g?/ élgbagq%ﬁ ({%’aﬁ@ avorably 0 to §

l%%s ,atdorggz{ I tfh\/@rt@b.il aft 960 seli Hﬁﬁé lfa@orértﬂ? Ostb:j ﬂnassm?cr Qet still

to 1" mass A; particularly favorably 0 mass

1&(@% %Hﬁ%‘ &b 4l 1'11%55”% pértlcﬁ&ﬂ?%ﬁ’(ﬁﬁb@t Ahfbs % @d albisyatially not

e surface-crosslink-treating agént. By the
RIREESP stabC 618 RY t6 Ahé Rerfa¢esemMiinkrye@tin capent. NBy the process
properties are enhanced, and the bel ow nentioned
mwﬁimgvatoerﬂlabwsbﬁmtmwamom i theolprapartdes drar ehieamvoed,e, and the
as to this process, the use of the

Belo#anentioned slovek wateeabsorhergresin , is @btaiidc h Rudermore, as o this -

hydrophilic . organi c sol vent content has been reduced,
prokesss thehespb the surfate-enosdlingriraating| ageot, i nwhien n@ﬁ j lyfsrophilic
due to waste |liquids and/or waste gases di schar

aigeitiogsalyrat qontser ik disen dRdudeds £0laFS tht arotieras rrélverggmental |

: " circunstances such that t er - absor bent ., resi
10 Mi@haa

gEamingtion hdies 49 Wagty IWHRHR Ba5Rt afk%"ha{%egcfi}‘ﬁ‘zﬂg the

e s

H aﬁﬁg ngEff fgfgﬁl ngpr%fg 'y ﬁc@ ﬁo%é?ﬁc’ﬁ%%\é@ g&iﬁﬁlﬂﬂﬁé?n POdies.
{,\2;/ 2 ?lag%ég “%lﬁq%:d g)ff%l %rggllﬁﬁ fspiggﬁls\%ﬁf ﬁg if2Y hst e Porganic compound

ecCl exanples t
l 1 o
L 50101 O b S O  ossiin
eLAg5

With Gthe &dl@xgreap egédoezﬂﬂy (the! yarB&:RY | %ﬁiﬁp gpyewbed by the

tetraﬁydrofuran s-caprol actam; and

Skdroxkoteent( festin. dsgailﬂwl e*@kﬂﬂl@xﬂiﬁéof Aldde: tdiehols (e.g. ethyl
present invention, the hydrophilic organic sol vent

aRbAGIS FBp 7N akbbelni isopropyipaicoholyth kefonearfe.di ssctone); i sthas (e.g.
i qui d water at nornal tenperature. Usually, its

slodxabé,| i talkosy(polyjthylemot plysslsy hatetrshgdrofian); ablagnidest (.2
| ess than 10 g, in 100 g of water of nornal

ermpeolattamy; . andsutfbeides Gs dimethybndfoxide)t he hydr ophi li ¢

or gani ¢ sol vent

In the present invention, the hydrophilic organic solvent refers to an organic
compound which can dissolve into liquid water at normal temperature, Usually, its
solubility is usually not less thaun 1 g, favorably not less than 10 g, in 100 g of water
of normal temperature. In the present invention, the hydrophilic organic solvent
needs to be a liquid at normal temperature. However, the solvent which exercises at
the maximum the effects intended in the present invention is a volatile hydrophilic
organic solvent, for example, a hydrophilic organic solvent having a boiling point of

favorably 50 to 170 °C, more favorably 60 to 150 °C, particularly favorably 60 to
130 °C. '
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needs to be a liquid at normal tenperature. However,
the sol vent which exercises at 25 the maxi mumthe

WO ﬁfogﬁ&)&%ei ntended in the present invention is a

vol at'i hydrophilic organic solvent, for eRGHpPWIL/806509
hydr ophi li ¢ organi c sol vent having a boiling point of

favorably 50 to 170 C, nore favorably 60 to 150
particularly favorably 60 to 130 C. 20 WD 2 00 %/%é@N 2007
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t he case erethe _cros_slln Fgal
R0 belR@n dhe EloBGink B} RRWVGRNHE r}@dﬁc{pﬂlﬁgé Jngéﬁi@ Yolvent is

agent and the hydrophilic organic solve

af Gilloowss . UskalBl konpoGRRAkuBELEHaBURSS ﬁi@% hitkd % $0&Rnking

not make a crosslinking reaction wth the

reapfi@r waths thebeater-absirber SR Oeoshpwlih € Ryifieth Stsstiritally Ydoes not
does not 5 change the properties of the

chaage theabspetieatofrthe iwatertubdarbenteresial undel estahd seleasd iréRtion
conditions is classified as the hydrophilic organic

cayuiitiaaatis classifibd as tireehydrapidlic fooganieesalvpite, Onnthe lethez dmad, for
where a crosslinking reaction runs by mxing the

XD, - absBiebesase rwheém Wi tonosshinking argacticonpusndyomixire the
aqueous, sol ution and then heating them this organic

Wé'gﬁﬁfbiﬁ’mfﬂf Sesip iHilodn QESanie CEIMPRIII) Pikith gquagwa tsotution Tand then

R T e coromean e o om Bk ment han

R g T T R A AR
TP BBk By B el ARG i 6 BBl ok oo e
o8 SR RIS BRI A e oo e
Waw.fnmmrfg%?nath@ér{e Ea&aérg Ad SGPRY the

wat er - absor eSin powder i s not especially

| i Mt 8. pHYeEY Qlccor@iRMM efe  HREGROfnvERGHIS: r@ogg&md of a

in which the surface-crosslinlt-treating age

watereghsbrbent REUE thd Method foRbedind BROSRERE-F@SIif-BENEIRY addlt to
m x themtogether; and a nethod in which the :

the urdiareabsambests kdsitk ppweat isngotaggrtially Isaled e HbWevdie examples
wat er - absorbent resin 20 powder. Wen the -

theyeef inguder o swithokint whizhithg sagametcrosliakdedting agdie is dropwise
wat er - absorbent resin_ powder, it is favorable to use

addedrioc thegwalpmrabsarhent iresito pawdert v i dmeni vedetheraamdya andthod in
t_ge addi tion. Al though not especially limted, the

whielh Bice syrfaceregossiplairgating pgant g8 sprayed to the water-absorbent resin

powder.

When the surface-crosslink-treating agent is added to the water-absorbent resin
powder, it is favorable fo use a mixing apparatus in order to effectively carry out the
addition. Although not espécially limited, the usable mixing apparatus has great
muxing power favorably for uniformly and surely mixing the water-absorbent resin
powder and the surface-crosslink-treating agent together. Examples of the mixing
apparatﬁs include cylinder type mixers, double-wall cone type mixers,
V-character-shaped mixers, ribbon type mixers, screw type mixers, fluidized-furnace

rotary disk type mixers, gas current type mixers, twin-arm kneaders, internal mixers,
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m xi ng power favorably for uniformy and surely m xing
t he wat er - absorbent resin 25 powder and the

WO semfoases cr ossl i nk-treating agent together. Exaffbgni®issoo

the m xing apparatus include cylinder type m xers,
doubl e-wal | cone type m xers, V-character-shaped o
m xers, ribbon type mixers, screw type m xers, 25 JAN 2007
fluidized-furnace rotary disk type m xers, gas
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mxers, 21 -------------- - ---- WD 2004/ 099265
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kneaders, rotary mxers, and screw type. extruders. |t
doeslindte DRRAESeRCHHENSO tHE PlessIhgIypRi ifar Hirgicgipn of a

not. hi the process accorc{)ien p the prese nvention

\ﬁrg;pr—ﬁl?sgghjzgf TSt g \gzlltcg,-\%l{sg]: ] g%}rb@wdeg é@i()ﬁaﬂatly h@s a temperature
S RSB SR IRI B Y 4 D g dvorably 50 1
| Vipd ik : 0 if, 0ne
AR B 0 GG, UBEAR 2 ST Ener
the \%a‘?érc-’%bsbfﬁeﬁthl%s B RRvdMn hs B t@ﬁ&g‘ﬁﬁfrﬁ o 3RA RGN0 €S ivflon the

powder [ower t he

as a tenperature o an 40 C when t

SivfabaeRsaimsSddink -dgbfAld RIIRA0BREtd, SHRAISE diBshahRges in that,
there are di sadvantages in that, 'when the

WhadrEthe ARRGLAeoibehie®hin is produostl amitr hipdehunidiy chuiforhénts, dew
envi ronments, dew 10 condensation tends to occur to
ddndensatios eenidsotb| @sur [t thhe ease twwbles. t e the case where the
wat er - absor bent resin powder has a tenperature of
watghebsothean r&in owden hethe tespefatice - ofr bightri thient §0e8Ci when the
agent is added thereto, there are di sadvantages in _
sunice-crosslinknisenating dgent ispasided Bheretoo there ey disydaataggs sutbat it
the surface-crosslinlcing treatnent. In the process
tgpdoiodicrigpessiblp do prifeyedy Cury, et the purfase-gissipieng Hratgieng
ﬂ?myﬁgl’ge ?}:E(zc%{sg%tg?rigfeqsglr 2.6 0 1|6: E%él Q ﬂgftent%chp%g} aplr{l)Xuction of a

ler B0 Erp e bo R PP SHER G, e tetpBrarure of the
- . i . f )
5Pl < FRBI Foligk 326 BRI EiaE g SHRPH S B reotipe asent to

B YRR .—eﬁﬁorbﬁntﬁ ﬁgfﬁﬁfo%éf %, M\vio‘lebl% WRShaRdibaly éé{eg&ﬁﬁ%\h@%%ﬁ"ects

exceed that o e wat ef - absorbent resin powder

Se IeRAt nentafdatib@Pe@furé Reick?fubstantially does not cxceed that of
surface-crosslink-treating agent. In the process

e C atdérdbsbidehth ereBine Svder NWeHIE otndedgoesr QB¢IC hildition of the
wat er - absor bent resin, the surface-crosslinking
durfaat-orostlirikstreaingiagentout by heati ng

In the process according to the present invention for production of a
water-absorbent resin, the surface-crosslinking treatment is carried out by heating
after the surface-crosslink-treating agent has been added to the water-absorbent resin
powder. -

The heating temperature {temperature of the material or temperature of the heat

medium) is favorably in the range of 60 to 260 °C, more favorably 80 to 240 °C, still
more favorably 100 to 220 °C, particularly favorably 120 to 200 °C. The heating

- duration is favorably in the range of 1 to 120 minutes, more favorably 10 to 100
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after the surface-crosslink-treating agent has been
added to the water-absorbent resin powder. 25 The

wo bRakbdigs tenperature (tenperature of the material or

tenperature of the heat mediun) is favorabl FCTHP2A&E006509
range of 60 to 260 C, nore favorably 80 to 240 C,

still more favorably 100 to 220 C particularlygg 4y 007
favorably 120 to 200 T. The heating duration is

riliavies ahily nhdte LRPoraINIR) @ '

favoranly 10c1aq00" 52 VO BEES Brfitiity SRSy 30 o 60
nitfidies P20 M6 BREnHeS of) AdinBRRAon N Statisd kdrhpefRUR and the
favorably 20 to 90 mi nutes, particularly favorably 30
heatingOduratioruineBide Bay fuilablig: @x A8PPEStoP 16 OUhinates @Rg 20000 °C
the heating tenperature and the heating duration- _
forrictouemitntest ol | owi ng: at 180 C for | to 90 mnutes -

and at 200 C for | to 60 mnutes. 5 In the process

accr dhagprogesshecqordisgnto ithey @meseon ihwvention ofhrc picatnctibn f a
wat er - absorbent_resin, it is inportant that the
watsaRbsrIbew rBEBUL iDiEperRgnotheetheiatingis begthibay@dnd senoad and

Wi@%?%&‘ggeﬁ%gg@g Witeggtia gliqt %@?%@éﬂ% t?lgtséffﬁWeCTOSSﬁnk“tfeaﬁﬂg agent
R BREREHS e by SooBRTEL S b e e o
B STRR OB R 49 o R BPARRhe ermcioned
s S0 oSO Fmd B TS, 8RR S gy yithin 4

m\ﬁlﬁ% 3Rbré M Sb @ﬁﬁﬁh@ utes,pff-fllt h@%pﬂ%yab{l?%{hﬁplzyminutes,

in 1 mnute: The effects’o resent” i nventi on
patiulagy Eaedralsld Withini DN nlifa®. WaKe RSN |
Wit hiﬁ%S m nu?es fromthe end gf theS a il%lggger?tﬂg?&%ﬁgn are

exgtuifeaiciey, &1 g8y ibeginhR@tthd ﬁez&ﬂ%ﬂﬁtﬁiﬁirﬁﬁmtﬁs from the end of the
wat er - absorbent resin powder. I5 In the case where the

additien of thiersanfutdierosshisicafeatiig agelditb idenwafer-absoroent resin powder.
surface-crosslink-treating agent to the
Inweher cadss ovleet theesime pofwdfont ithe €hé obegienriddgicdf of the
the heating is beyond 5 mnutes, the effects of the
supfaee-ernsslimkvieeatingn agegrntot thh e weleerabsarbent Irewin dpowadr! il the
in the present invention, the tine of fromthe end of
begwung af theoheating ipbeyind & minuiss, te offictsnif- theqatsent invention
a&e t to the water-absorbent resin powder till the
CApHQL B3 FXSEFISH- t he heating refers specifically to the
ti ﬁe .g]f tf(lomt e end of the step. (3). (of adding the
surGIEEntaNY 48 e PresyH dnehgn. e Mg of i the end of the addition
of 1R §lir ges-grggs‘fi?ﬂc-trre%aﬁgn ageont Srt}le water-absorbent resin powder till the
beginning of the heating refers specifically to the time of from the end of the step (3)
(of adding the surface-crosslink-treating agent to the water-absorbent resin powder)
till the beginning of the step (4) (of heating the resultant mixture to thereby carry out
the surface-crosslinking treatment), for example, till the charging into an apparatus
for the step (4). In addition, in the case of the continuous production, the above
time can easily be calculated from such as: the amount of the water-absorbent resin
being fed (supplied) per unit time; the stagnation time of the water-absorbent resin in

an apparatus for adding the surface-crosslink-treating agent thereto to mix them
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2\% into an apparatus 25 for the step (4
addition, in the case of the continuous production,
the above time can easily be calculated fromsuch as:jaN 2007
t he amount of the water-absorbent resin being fed

i I-faribh & S |RE rid ikt into the
té\%#ﬂé}, aﬁ(q)ﬂwg%; ibh Tene bP & élﬁgﬂﬁgstﬁ‘? rédu&nOmi R

er 2 absor be resin in an apparat or adding the

treatment - Specifically, R 2R9448RIREPbEEeAnERA4YUERNY Beduring or
JAN 2007 "together; and the transportation tine of
daldullatiizane FG@déﬂﬁig’r@ﬁbﬁ @B bf foxt ar eutlettod tidwixer to an inlet of the
apparatus tor the step (4) of heating it to thereby

latgry out the surface-crosslinking treatnent.

Specifically, the above tinme may be determ ned by . .
act uas |y meshsdr fongsuwfacecaisslinlang rthe t Watepebgwbent resin, working
mgration time of froman outlet of the mxer to an_
éxalmpilesods seheut iB JReht5@BS5 1 7469% deathiyepidisglose such as arts including the -
surface-crosslining the water-absorbent resjn, worki

sispsngflt eontiwiovsky wiring fheywainT-sbesat 155D RISy feing fd'% 1,000
di scl gse such as arts incl udi

1 h : ) .
Rt PRGBSI RERTY WG T, oD AB ety SR oring the

being fed at 1,000 Kkg/ ith.a t ing. t oy o
(oD it i e TSt bR ButEED) e i
the 10 | tant i xt s . i .
Fre T et R anBRe ARty SERREME Sk atpoptent resin

1y, [ . i.at.el ' .
REY B e Sa i pELR R RhEE 0k SEA 0Byl Between tho mir for the
ng%J&%%%ésh SinB% Eﬁ%ﬁttﬁ@ﬁf(ﬂs@ PRlacRRI(HERE) he m xer

or the " SUr T ace- cr ossl | nki n agent and thé subsequent

reacpradqieMl &h) the! BaRdWihbicOthe Whtdrhibs6aRAtL WSt eist bentinuously
wat er - absorbént resin is continuously 15 produced,
tbﬂﬁluﬁ,écﬁ R%ie idps! ar8katketioggéther bpisesef LinsporespoHosveser, as the
wever, as the production scale of the

@D S0410 STt the evhter-aifsorieas assin rihcretdes inbnglee oingeerfstens of
of thousands of tons to hundreds of thousands of tons ]
AelusMeRrof tomd td learirédsaf thowsahdnof wns penyesraneieless than a definite
di stance (conveyance tine) between the steps has
bemmyendee dssmac y(conveyhntesiimhk babes Geofterfehas become necessary
Therefore, it has been the actual situation that t her%
hesida0the mbevearsioragee  Jhefstores 6 ihas heen: Binasisd sgugion that there are

storage) of around ten to tens of TEs'nﬁtes, as, the £ minutes
dnteanathste 5teps {Ey dhe COBEYARCE PetNiaas ¢ around 6%“ to tens of minutes,

as the case may be, several hours, between the steps.

-

However, in order to use the specific surface-crosslink-treating agent which

‘includes the surface-crosslinking agent and water as essential components and of

which the hydrophilic organic solvent content has been reduced, the present
inventors have directed their attention to the intermediate step between the mixer for
the surface-crosslink-treating agent and the subsequent reactor (heater) and then

found out that the omission or simplification of such an intermediate step is

- important for enhancing the properties of the water-absorbent fesin. This omission
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However, in order to use the specific
surface-crosslink-treating agent which includes the

WO 8Ehe6es crossl i nkng agent and water as essen{,g,%moom%ﬂog

conponents and of which the hydrophilic orga
sol vent content has been reduced, the present 25
i nventors have directed their attenti on to the 95 JAN 7007
i nternedi ate step between the mxer for the
ossinfpliteaticross thenikitdrinediticnde gRdlesan6t diile tisd BHIRABERNENT of the
reactor (heater) and then found out that the om ssion
pﬂformanpdm diitheawaien-abdorsint hesdmbutniler the dédiicdos befhelifvestment in
i nportant for enhancing the properties of the
phant and-cqugondsént resin. This omission 24 WO
2004/ 099265 PCT/ 3P2004/ 006509 2 5 JAN 2007 or
Si nEXﬁIBIPIQSapf drodiction dadilifiesr mealisafos ashisyingntis| presano tinvention
y the enhancenent of the performances of the
é@- aﬁ%wéﬁ@utrsegh thapthe raaicg@r freter)ds aeithictaw dfe apperatus for
nvest nd Li Exanpl es of
Ib%lu%‘f o’l’?”‘?%l ﬁ?et' AR aTPes f"@‘r“%ﬁge\ﬁgﬁ’@t t heSnsetisaly, the

W#fss@esgfbeeh eeayw% vt Bt %ﬁ%h'aﬁ%%%éxeé%g%'?%ﬁ Hech mixed

s o M S R f ST A B P e

su‘l”ﬁb@ gro%ﬂﬁllczﬁ‘é ﬁg%é&gq? ?I%é n‘?%tﬁlt L&Ak s%ﬂ]eﬁé &2; ra?& %ﬂe& freely

m xe e Appar atu

fal¥tandNBes tlse@h:s(r@d fed uROdiRGe ttf%%tment it reactor (heater). Thereby the

surface-crosslrnk-treating agent

 tinebefroRBOEREBE the 813 PONERI Deg uﬂmg @R slepq8 pésﬁé?rtened.

falls, and then is charged |nto ‘the surface treatnment

r edﬁteoabc(ﬂeeputoem)s actogtigbyo tthe préseie ifenfib® Tok (Rféﬁoﬁ’fof a
the step (3) till the beginning of the step (4)
waitreatiservedt reSingrahideethp belbesmeaiicaddiave! ‘tvﬁtet-hlﬁsoﬁi@ﬁ eddin,
invention for production of a water-absorbent resin
pr a\pedigisali dhiserooesapniidesettic nvatert-absattent adséoatrending to the
resin. Specifically, this process provides the
Pressi HIvERAGY Whinh if dsivalcraksorlting gesin obtagncdDypa gseass including
i nvention which is_a water-absorbent resin obtained by
the, SfﬁP € PobymeTEing Fi% crasglgil @1&9 Imnqmﬁrwmnozmmgmalndmg acrylic
{C:ElrC | nki ng S{m r.co i ncluding acrylic
ALY Mt Sneyry zsfih ew zéa Al ompasicat, nwith the
on t. resin bein
Wl TRRERR B0 phRit R ez RR B afRYinG of et ielage paricle
- (] f 0106 u el havin
BTS00 ol hupCin§Rda b R andlocg ot smaller
0
the P himGh AR Jtﬁ?ti'nq 50 16 ﬁ]% e{ohﬁegqt{v% &érlli ¢ ygjetsabsorbent resin;

wat er - absorbent resin;

an@@%ﬁﬁﬁﬁx@%ofzﬁ‘aﬁﬁrbﬁfO(Péapqgih bEsst 14k Bard o (Fef hn PR af¥brption

absorptio
efficiency of not less than 70 % under load.

The fact that the above water-absorbent resin according to the present
vention is novel has been confirmed not only by analyzing the cumrent state of a
large number of commercially available products (e.z. water-absorbent resins,
diapers) in the worldwide range, but also by comparatively evaluating many arts
which have hitherto been proposed.

The two novel parameters found out by the present inventors, namely, the total
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only by analyzing the current state of a 25
nunber of commercially avail able products (e.g.

wat er - absorbent resins, diapers) in the worldwide 2%JAN 2007

range, but also by conparatively evaluating nany arts
. I Bed e BB&RpREP RERSShey THigddr Badiode| defined by the
%?@ﬁg{?@é@a{l@{md out bf/‘d?Phe prese_nty i nventors, nanely,

d6winditoned Bqaations based on vahues YReA0BALRBAREM of a 0.90 mass % -
PCT/JPZOO4/'OO%509 2 S JAN 2007 absorption capacity '

Aol sodia hisridensaditiorc (28ntY) fondehowoadetailed dbstiipéens about
by the bel ow nentioned equati ons based on val ues )

Gic VRBadayeradiss ostptliess vafuca r 90 hoas saréogivau odbe deliiwnmentioned
chl oride solution (25 C for | hour. Detail ed .
detsitad Mscopsormbdiite prefreredecsbodiments. oficravpen, the afercmentioned
for 1 hour are given in the bel ownentioned 5 detail ed
cpsbtiphpacan folowshe preferred enbodi nents. Hereupon,

the aforenmentjoned equations are as foll.ows:, tot

abs otqtali hsortiencranpcityy/ (L) = %@pﬁp;lo%p@gﬁ\é\iglg; W@if]%t foad +
ouBIeyABOTPAAT ARG GPIEIHOBR PRE ARy (95 undler | ohd =

oo/ abBr Sh<EasRAY Dy s dyedt Rbno ol SR Bepbeiy @0
T L B e R e VT
? g? ;ﬁﬁgglici)ovr%gevgat&a—ﬁﬁgo%e%t Sllljeﬁ'ﬁeﬁ .ogdiggdtoe)ﬂw %'r&]és%nt tifMention. is a

tTon capacity and t sorpti

S@?&%@&Bé@t%ﬁﬁfwbﬁﬁ%ba% fhd DBTemahiRneARRlicRNaRnAIgend exhibits
wever, | | a

s favor e that this resinis a 15

%lg{ ft@tﬁ?'a%ﬁc?@ﬁbﬁ r%aggciﬁﬁ%nénﬂlef WhdoRgtio agfitibeey under load in the’

ow nent i oned rti‘cle dianeter el enents o
R SSeRAYScadGaRass! | CligowWbwiet Br is I fviotabdé Hoatdeinis resin 15 a

having particle dianeters of smaller than 150 m )
RafhdeCtBsdlinRe®tone aindtuithet han)tharklewhiditiosed hgarticle diameter
absorption capacity w thout |oad, the nonol ayer )
ahemenp (10fsseapagt partichd dianetagiatiood povder basisgqaptisle fiameters
capacity, and the absorption efficiency under |oad i rl) .
tdf sradieo thanel {0 pme ga2ola disgwéer disfeibaao) and exhibits the absorption
wat er - absorbent resin according to the present

icapanityi withpet load, the monolayer absorption capacity under load, the total
absorption capacity, and the absorption efficiency under load in the below-mentioned
ranges. The novel water-absorbent resin according to the present invention is
favorably used jointly with additives (e.g. deodorants, inorganic powders).

The wéter-absorhent resin according to the present invention is free of
limitation in respect to its production process if it is controfled in respect to the
particle diameter elements (mass-average particle diameter, ratio of powder having
particle diameters of smaller than 150 pm), the total absorption capacity, and the
absorption efficiency under load. However, this resin can easily be obtained by a
process including the steps of: polymerizing and crosslinking a monomer component

including acrylic acid and/or its salt (neutralized material) as a main component; and
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favorably used jointly with additives (e.qg.
deodorants, inorganic powders). The water-absorbent

wo %8Fed2i4ccording to the present invention is _
limtation in respect to its production pr oc%é’?ﬁ)z%ﬁ/?%’w

is controlled in respect to the particle dianeter

el ements (nass-average particle diameter, ratio D& jaN 2007

powder having 25 particle dianeters of snmaller than
tHealcomtrollfdaethk ?{aﬁ_ﬁcl@ﬁﬁﬁ:{d%rs O (KARAGH A wRBalsBfbent resin in the

absorption efficiency under |oad. However, this resin
afoaeme@iinky rdige piidaihoe sutfytearoRliglEias $hd Wetktl8bdvdbdnl eesin, when

steps of polynerizing and crosslinﬁing a nonormer
panipiarig rirocdssing ubk mataaabydrbentackid @ndieonoviel Suadeterosslinking

(neutralized material) '‘as a main conponent; and 26 WO
tregioweh @63 efBeMOncd FOOY A0 @5Bnchon piédds? A0Fordingetv the present
.controlling the particle dianmeters of the resultant
mygneen.absor bent resin in the aforenentioned range;

and_t hen surface-crossljinking the water-absorbent

r esHeTeyHich fysther idestriptiops e cdees abouthidie water-absorbent resin

St Y
T A L S

oot s AP ) S PE scne
gAY B OSSR B BRSO AR A i

. : . t - i i 10
£0bta8i e smcfcagp x;égglrsg%emé Bﬁ"ecctédﬁf e %r&@ﬁﬁﬁ}r%@@gﬁg

treatment in the ntioned way, Is a

(1 eDhik Paftble §e & BROFDIY galda%?ﬂf: ghﬁicﬁszcﬁf sl AP RN %501‘;% but

sufficiently exercising the e cts of the presen

ndtrstediler Aan TH) unp @okipek€ ndt 46 i thad 800MaR! % sPel ERdtey, and
particles of smaller than 850 m but not snaller than

pattesnof anp rsisdien diian 866 pinh A0nViserm®s 186s0thah 89 mass % of the
entirety, and particles of not smaller than 300 Am

entigetpy arsemont favesiblyt hiwh tha: thesmarficled of haalld that 856y but not
and nore favorably such that: the particles of snaller

smailgn LIBGOL 5K intcomprise soidbsscthan Aamass 0o, Atillaoaerfaseably ot less
| ess than 95 mass % still nore favorably not |ess

them 8% m@s vasel th eatirathe lardditiany the parsiglgs ©of ont smalder than 300

uIgarti cles of not smaller than 300 Am conprise nore

FOBPEBE o {avosally pRBlesS Hiaesmags % still mase davorably not less
bR s ARG Aty A RSP S Bt
&m@%@g&%@%% aclrlf%hﬁhl%{%é%&ﬁ%@éﬁ?—fabgo%em resin in the present
invention is favorably in the range of 200 to 700 pm, more favorably 300 to 600 pm,
particularly favorably -380 to 550 pum, most favorably 400 to 500 um. The
mass-average particle diameter of the water-absorbent resin may be adjusted
(regulated) by such as agglomeration, if necessary.
The water-absorbent resin in the present invention includes a powder having
particle diameters of smaller than 150 pm in an amount of favorably 0 to 10 mass %,
more-favorably- 0 to 8 mass %, still more favorably 0 to 5 mass %, particularly

favorably 0 to 3 mass %, relative to the water-absorbent resin.
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wo38R/dose350 M nost favorably 400 to 500 m Th CT

invention is favorably in the range of 200 to 700 pm
nore favorably 300 to 600 pm particularly favorably

2004/006-509
nmass- average particle dianeter of the water-absor

resin may be adjusted (regulated) by such as

aggl oneration, if necessary. 25 The water-absorber25 JAN 2007

resin in the present invention includes a powder

haV'Iﬁgadcﬁt'??ﬁ,' & §o harpitet shsefbehBbsial int RN Pié’s@ntnimnﬁm, the

amount o avorably O to 10 nmass % nore favorably O

IBQarﬁhﬂﬁé %ta%daﬁt iédiatioy €ofaunr dbdrga® D ifs valas ifidicates that the

particularly favorably O to 3 nass % relative to the

PR EE - dilafetdp edistribation . beddmes - narrower) - (which is determined in the

-------------------- WD 2004/ 099265 PCT/ JP2004/ 006509

R Sw-IidN AT walynobthdifartiole dissnter dibteibutioris. fayswbbent the range

resin in the present invention, the |logarithnc

ceftOaRtEifor 015 6l et faroorallg 0.2 toed. e&mtrélagere(fm@mbimmgl 0.43.

indicates that the particle dianmeter distrjbuti o[n

bec chearhmicsindard dgviaiion of paeicde Aiameder distrifation: This is a value

belovv-rrentlonedvva) of the p l e dia .

@tgmr.qi bit3 BFPCESS g ﬁwsm‘é #ﬂéﬁé@ngf{ﬁ? stopsibgrbent sesin
50, nore favora 027to e

Vit S siapd @r 3%@%?@% et GRS o | éﬁ@"m 710 pm, 600 pm,

%?gw ati g %@%&2%9 SHEELSH Ao A apd ot plocng the
éqrg eé gg 3‘ &em@ésﬁfuegg@&hgiﬁmé“ RS ltfkse V‘@u&% |8§1 a logarlthmlc

&VeSThaving ng si zes of

éxjogaﬁma)i ﬁ%ﬂ:rgﬁﬁdat% 9?1 ts‘l‘gsﬁlltg Hbte%ﬁ@mg%h pgﬂt?ekgﬂihmk%? X; when,

en plotting the ercentages R

F\f =tdwer nRsk G%eaﬁld({igﬁﬁidﬁé Athn@tert BESPhd RVES)S @Mnas %; and then
ogarithmc probability paper; and then, fromits

{rﬁ%ﬁhém dRiR R daaRRE int6 e fBll@mEﬁgééqQﬁtmmhen R =
. mass % and a particle dianeter X2 when R = 15.9

mass % wd:gbenlngmpdu0| ng these determ ned val ues

into the foll ow ng equation. a~ = 0.5 x In(X2/Xi) 15

For &or tef te b®rmotehdmn00350 imeates egclks L tbraadmedirle diameter
particle diameter distribution of a powder as te
distritmitionadf eapovsdey megaciusa sul ap emegatmm@dyp%uﬁupply amount

errors in the handling of the powder. Therefore,
erroissinntbe handing af theapsiveder.o Thorgkore.carch e s gt V§H¥: Vz%able to
di apers. On the other hand, for e
pragtical; wrgi fossueh %érﬂpﬁfsnaﬂnome hei E@I@P 3? A Foter todfess than 0.25
distribution of a edr stg tf) favrabed
indicates such a narrow paﬁ'lc e diameter distrbution ot a powder as to: be favorable
for the handling of the powder; but involve the increase of the amounts of the coarse
particles and fine powder being recycled for the adjustment (regulation) of the
particle size; and thus cause the decrease of the production amount per unit time.
Therefore, such of is not very favorable.

The water-absorbent resin in the present invention exhibits an absorption
capacity of favorably not less than 33 g/g, more favorably not less than 35 g/g, still
more favorably not less than 38 g/g, particularly favorably not less than 40 g/g, most

favorably not less than 45 g/g, for a 0.90 mass % aqueous sodium chioride solution

(physiological saline solution) without load. In the case where the absorption

28




10

15

20

25

20 for the handling of the powder; but involve the
i ncrease of the anmounts of the coarse particles and

WO jgb{)@gpsqv\der bei ng recycl ed for the adjustnen

(regulation) of the particle size; and thusP‘&H{t%?@”{’Wé’”
decrease of the production amount per unit tine.
Therefore, such ac is not very favorable. The 25 JAN 9007
wat er - absorbent resin in the present invention

. ca?é@?pfo%%@gggﬁﬁg 23 Eﬁ’dkoygg%ériﬁ%acﬂéry & ogl;tf’é}ﬂc(h%g(ﬁggggd saline

sohiitidnl) w1ﬂﬁﬁ€lJaﬁV9 [e§§3th¥m @gtgt/ s Qﬁ&etxgﬁg)g?ﬁ%ﬁggthat the effects of the

particularly favorably not™1ess

preeen iihom@innoesEtRaly ¥Sedirfised OTF? eQafl e”ﬁl%%a% of the use
aqueous sodi um chl oride solution (physiol ogi cal

fos didpes elltstinangmill tabaightidrog@toudtintihQudaRek adediRinoR actical
absorption 28 WO 2004/ 099265 PCT/ JP2004/ 006509 2 5

usg ANt atigparcincyeasothe tabsorPtiGd caps ity SWithpuenad ts abrdMhan 80
chloride solution (physiological saline solution)
&/gi imvoles | demiedsing dbs ahemt83ofy/the intwenal-dresshinking agent and
possibility that the effects of the present invention
suglaprerosg imdmes Rgant (bingeusedenrd g, hasor pessibititye pf hirglering the
féase of the use for diapers results in a sm
BS Y as Brgsentwiention fomkang eercisrd Subicieglyn .aa@ is thanefae not

5{3 {# |dent ally, to increase the absorption capacity
VY 1B#P% oad to nore than 80 g/ g invol ves decreasing

M et L R
ab@é*@éa%b%dﬁ% e R, e

g/& r‘S%L‘ilerfn@hreefa‘Q‘thabl VS eds AU 3P 1of0 £ F]h-gh@ ?5‘%39,5 A kﬁﬁx%ogxs Wb dium

resinin the esent i nvent i“om “ex S a nono

chﬁﬁ’ﬁi@%@ﬁdﬁ%ﬁ (@ﬁ%ﬁ% 1¥al%§1hl{eas\£)ﬁftﬁ)ti‘1 Ym&?ta lloﬁ(?ﬁf F.@%ﬁéshgﬁ}g'case

nore favorabl'y not [ess t

wHedd @i Phoholier |a§gc§Pf16lﬁ @aﬁa’éﬂ?/ e tﬁ@ ro. 9(5‘ Sndds A é@é%us?/ %odium

aqueous sodium oride solution (physiol ogi

chiadde B6lusion Ysliyemlogledlsalig dohathnd inderth& Rad ofn g e i%él@s@ than
where the nonol ayer absorption capacity for the 0.9

25nples theraqiseaugossibdiity mhab tieh ledfetdeof ahditpré@nt invention cannot
éphy3|olog|cal sal ine solution) under the load of 1.9
sulfpgently beexsraidedn Fasexpumple, tanearaptic af the skinb(blittoks) isadaused
the effects of the present invention cannot
bydiguidscoresitrfacep of diepeisidusing pragticakusepl dncidentaliy, fits monolayer
the skin (buttocks) is caused by |iquids on surfaces
a %préq"aif@ﬁ@'%umd% dogsrhae P sapecid atnpemkdimienhi hygh it e the more
P i a% bsor pti on capatﬁl ty under | oad has no
avggaga LGS eVEL, (1P1 INCIeRRs iy AbSOrptian cansityrdp aiot less than a
definite value has a possibility of causing such as extreme deterxoratlon of the
productivity and, also in property aspects, increase of the water-extractable
component content and the gel strength.  Therefore, from the viewpoint of the cost
performance (production cost per absorption capacity) and the balance between
properties, the upper limit may be about 60 g/g.
‘The water-absorbent resin in the present invention exhibits a total absorption
capacity of favorably not less than 70 g/g, more favorably not less than 74 g/g, still

more favorably not less than 78 g/g, particularly favorably not less than 82 g/g.  The

29




10 -

15

20

20 favorable it is. However, to increase this
absorption capacity to not less than a definite val ue
Qssibility of causing such as extrene e
wog@é@? Pation of the productivity and, also fiy /IP2004/006509
property aspects, increase of the water-extractable
conponent content and the gel strength. Therefore?2g JAN 2007
fromthe viewpoint of the cost performance

duction cost pe bso .0 [ : o
] avceptisenotnyy Botg PEREDTine b SRRE cotdoior e 0,00, mass %
about 60Q. a/ gfiﬁ;@ ilal "Gfhd shItiibRE withB8e Mad and
qq%wtqogﬁ%gm%sgﬂgﬁtﬁ%ﬁ a{?s I(Eﬁliﬁh@ggpacli?fy of o e
HS”%FM Ghd 0.9 s Y AaedYs sHium chloride
t[lfg\sﬁg&’t%gdgnr 9%05}?‘8&?3% 16r?r)tr)re favorably ngt | ess ttljﬁan :
L in¥ sofiRInRRhiler@E 1b&56f 1 9alP3Ang/igdicates the
Sﬁlégﬁgghﬁ%ﬁ)”ﬁmﬁh o ? ----- WD 2004/ 099265
1BGT AURZORH SREAY in 2 Gad AMtEAA Toad ahdlin absaie phidenload. In the
capacity is the sumof the absorption capacity for the
RsOAhsRIEe Wtaltdhdeptionagacity is ise thate 7@ gl thepe is a possibility that
(physi ol ogi cal saline solution) without |oad and the
thoRfkey of tlebprsattiinventmpacinngt fufficichdy be $Gerpissd. oFor example, -
aqueous sodi um chloride solution (physiological
thabasse{<ind usei fonjliapensarsulisdn pearllgbsarption @mpunpapfl much leakage
indicates the 5 total a_bso%pti on, capaci t(% in a Stﬁ{ei‘ id
duringoprecticshgsarer ath cpupsioated e gkin ck) st qqEsed; By diquids on
where the total .ahsorption capaci .ks.l.ess than 70
fykaces; 96y diapersy dpaRg Biaptied) 19%at i[%/“ﬁ%e"&l VedlPs Lfeqsfethe total

B0 LD bRo 08700 B BRI 3 g sch o
' || ' .

e i ST TSP RS g, o
SR Ya el L5 iy e e posbsnan vy

the tota
ﬁ%;%ﬁﬁh%irﬁ%?%ét&.y to nore than 140 g/ g invol ves

carryirng out the steps of such as polynerization,

dryi WV sbARRE QBsin PR’ HieC bRs&itZ Brvaaiiots teBibits an absorption
(regulation), and surface-crosslinking with the

E‘ﬂ’i‘éﬂ:ﬂ@% o ief06r B¢ Mot Iep pigth 7@ P4 horet facorbhr sotrios than 74 %, still
favorable in point of costs. 15 The wat er-absorbent ‘

hREd Pavbrablihgotiessthiah 78rée partion] ady Haborablyamwtdessdhat B2, under
efficiency of favorably not less than 70 % nore

faador dlkyabsotpticas sffidiency7dnder kail Is theoraticf aw opeagsinjage of the
not less than 78 % particularly favorably not |ess .
tivaola@ bscuptier capadty. fdh @hea@sﬁiyi} pRasen%e RfIequsnegdium chloride
under load is the ratio in percent atlzje of the -
solution (physiological saline solution) under the load of 1.9 kPa to the absorption

capacity for the 0.90 mass % aqueous sodium chloride solution (physiological saline
solution) without load, and indicates an absorption property under load. If the
absorption efficiency under load is high, then the absorption capacity little varies
with the pressure. In the case where the absorption efficiency under load is less
than 70 %, there is a possibility that the effects of the present invention cannot
sufficiently be exercised. For example, the case of the use for diapers results in a
small absorption amount and much leakage during practical use, oran eruption of the

skin (buttocks) is caused by liquids on surfaces of diapers during practical use.
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nonol ayer absorption capacity for the 0.90 mass %
aqueous sodium chloride 20 solution (physiol ogical

wo ®atidagsssol ution) under the |oad of 1.9 kPa t P
absorption capacity for the 0.90 nass %aqulg%'lb’%ﬁwmmoaaog

sodi um chl ori de sol ution (physiological saline
sol ution) w thout |oad, and indicates an absor pt?ﬁnJAN 007
property under load. If the absorption efficiency

IndfiRatally,omdincfeald (2, aisBRftiohéfiaRa&f RhdRNoAP BRI than 150 %
little varies wth the pressure.” In the case where

invbiwvesileanyingi an thé fstapsesil yudhnake Eolyﬁ&ﬁzﬁt‘ﬁod, elgingd Ftlhraﬂzation,
70 % there is a possibility that the effects of the
pphlidseme: ddmstntatdncgudativn), amlufuirfact-erdssinkive exthribé peatiuctivity
For exanple, the case of the use for diapers results
mpgh droppedland abtheredore st wery danorabid impaint dfemigtsge duri ng
practical use, or an eruption of the skin (buttocks)
i s Eaugeaterapsoibguli aesip rinsthef prseent oinveittigee pertivylariyg favorably
practical use. 30 --------------- WO 2004/ 099265 )
exphibps ) the dlotal Fbewpbon Sapaaify 2efonot lest ithaantRglsy ang dhe absorption

j.ncrease the absaqrption efficiency under load to nore
etjf‘ﬂ’éﬁcﬁ aggess Hagy e%”@g]ﬁ{?@ﬁg out the steps of such as

2 T RRE ( Pt o RNl ccompeERt nRanieiwcin the
WétEl?—?l?SFOﬁ@BU ? E%?‘"Ib ta%(clﬁmggg E? (zlr&q? B%ggl}t S]%‘rf]%’ltf?ﬁ eatrer:] %.’E %fLeozrif%rerﬁ?etntioned
rol e R IR Ry Bl PR ESEMh it QYA 18R reppegro 0
LGP Pty T A0 aeC bl R o PUZ A RO s o

confrefdce R, WAL efaRXhbRfbaR! RsMOTPARE Pre®aDtiBMntidh HAS be
wat er - absor'bent resin according to the present

providedt whR adruk NMiinbRoRf 0F € faticr OfRlhg tRert@nN@agitive duch as:
t he residual nononer content of this resin is usually
daodotans; raatipsct@ial Oadeats] , (O s svaripm ifi@yariabpowderd; ofoaming
500 mass ppm nore favorably 0 to 400 mass ppm |If ‘
agenise gsgments;t dyesndtyeiroptbsorsherit fibas) iplasticizére; prassemtsensitive
I nvention may be provided with various functions by
adhesiveser surthstanes; t mangtey axidenisy osdueting agents; d ebdatingnt agents;
antibacterial agents; perfunmes; various inorganic
anbigridlents; Walgh yatey-sphibleg Bpkymersy bgsrs; gnd sgliss;
hydrophi |l jc short fibers;. plasticizers; e
pr 2@%@?*&@ 51 19 (e DieastsinyeRtions, if (U s Phersa s additive is
i dants; .reducj agents; chel ating agents; -
sufipriitcunited: Wikl Vi ot bt o IS tha gty Lo the
wzﬁgrqabségrl'btersit resin to combine them together (due to such as absorption,
adsorption, or mixing), the resultant material is a mixture in a sense. However, as
long as this mixture of the water-absorbent resin and the additive (this mixture is
commonly called “water-absorbing agent") satisfies the aforementioned ranges of the
particle diameters, the total absorption capacity, and the absorption efficiency under
load, this mixture of the water-absorbent resin and the additive is also taken as the
water-absorbent resin which is referred to in the present invention. In other words,
in the present invention, the water-absorbent resin, which is obtained by a process

including the step of polymerizing and crosslinking a monomer component including
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Incidentally, as to the present invention, in the case
where the additive is substantially united with the

t Rhg,absor bent resin. by adding the additive LO0ES
WO %45592@%’ I@ﬁgﬁ 41006509

wat er - absor bent resin to conbi ne them t oget
to such as absorption, adsorption, or mxing), the
resultant material is a mxture in a sense. Howevem,
. . 25 JAN 2007
as long as this mxture of the water-absorbent resin
f#ffict BEiRYHbE B SAD Reliratiu CrlaforiafORFON I nfaidabo@ponen, is 2
er-absorbi ng agent”) satisfies the aforenentioned
Jo@B%ﬁﬁm.OfenE&ﬁ as@;ﬁ\?t vtlae Hi @oBRiGGHy . tilked Otwalter-absorbing agent”
absor ption ca%am y, and the absorption efficiency
dtslgEd B chapRing the Svarsrdbsorbent resinevitiatherabats oddigme.  Then, the
resin and the additive is also taken as the . ]
Mtk ol BsowhrRhbloeisinh redin dhsich a eftarrabdorbing #genhés favorably in
present invention. In other words, in the present .
thavengd of 70t foel MWatmemss &bswobefavorady B0 Wwhiled mass %, particularly
obtai ned by a process including the step of _.
fagbrghlyr 196 tg 00 wass $hi ARRHEE afondhe nuatc-abaosbiag agent.  The
including 31 WO 2004/099265 PCT/ JP2004/ 006-509 2 5
VAl -200THing GEeNtiRaYRANERIR NEES 282 EACE SOMPPAR r al | zed

oncohpsehingemeles PuTE SRABHAY. ine P X ap Ry A5 Bf fjpaceae

agent" obtai ned, by conbi.nin s@bsor t .
plagtsn Wity al’%é’“ﬁ@)o%ee’éwiﬁ J‘gﬁgﬁeﬁqg?pé@ aé@n?‘@t 203/104349;
t he wat er - absorbent resin_i u - jN .
sgBrrechydog aprse of el nGo-Be BYEELRTCHRh e ted o
mor e .f avorabl y . % 'R ] 3/2003: and
PR 183l B B RSS KierP NCHL I 280372005, an
%ﬁl ﬁ([f ?e%ﬁ?e{ Qidi%s AQGhbles Thehe YRERTHABS OF PigadeRUBRENtRYplication
Oftal i wat ér a8 a tface conponent. Favorable exanpl es
anfhel AGbidesr et dsdofart 'R agaes ffvorably in the
ggﬁéaggﬁﬁgmnf@,@ %A}hﬁlljch are cited as exaénpl es in USP
B QB0 LRA 1YVRhR0 Paid, h3rOfavoiblyc 0f30i 3 endsy gactssparticularly
oxi'des of zinc-silicon or zinc-alumnum which are '
EivoRbIND. [epalagSparR, pdrel (hnaassf paratdfahe ohtejapsorbed resin.  The
Patent” Application No. 280373/2003; and specific .
zaRlwide chd adoas of tanidoderanh being added isf smalter dhangd.001 mass part
Japanese Patent Application No. 001778/2004. The,
anoaposwbilithet wedtiog imfailies Fyobisidthe slesisgodensioyization ¢ffect and
range of 0.001 to 10 mass parts, nore fayv rablf%_ 0. 35 ‘i
fsothSrefersop aerysfaverablei c Ginafheypthes hegdotbgsdditignofthe deodorant in
mass parts, per 100 nass par of the wat.er-absor.

t .
B gigunTRE lri e R ES: RE AR ST ALY 108 SRR excellent in
bei dded., i || than.0. 001 t. h
B odesdprieafiosy el BithgBieRTY AP IR oUBn(EIoR Che e resultant

desired deodorj zati on. ef f.ect. and . .
water-absorbent resfn composition 1 seff an@l is therefore, in point of costs, not very

favorable to the use of the resultant water-absorbent resin for disposable sanitary
materials/absorbent articles (e.g. disposable diapers/sanitary napkins).

For the purpose of improving the handling easiness of the water-absorbent
resin under a high humidity, it is also favorable to add thereto either a fine particulate
silicon dioxide powder as the inorganic powder or a fine particulate polyvalent-metal
stearate powder as the salt. The amount of these additives being used is favorably

in the range of 0.01 to 10 mass parts, more favorably 0.05 to 5 mass paits,

32



10

15

20

25

is therefore not very favorable. On the other hand,
the addition of the deodorant in an anount of | arger

woO fobaowoiés nmass parts has a nmerit of giving a LAl o
bwﬁﬂﬂhweaw

excellent in 20 the deodorization effect, grea
i ncreases the price of the resultant water-absorbent
resin conposition itself and is therefore, in poPftJAN 2007
costs, not very favorable to the use of the resultant
pmhﬁlﬁrlﬁkiﬁxﬁfr@ﬁ?to I €51 Mndso pad] SRADBhEssSs toffille water-absorbent
mat eri al s/ absorbent articles (e.g. disposable
rdimap &ite/ eaaiwlary theapkbms)of Herfitchparfivilpessilicdn dioxide powder
i mprovi ng the handli ng easi ness of the water-absorbent
akBor Bu¢ partindieie polywalgntmaial diteayate ippwider béisg afldedas ablaller than
to add thereto either a fine particulate silicon
0 §il anasa wapdwed @rpaasibilite of mskljingi ia faibwddp obfaimthe desired effect of
partjcul ate pol yval ent-netal  stearate powder as the
H%%mvm“mé handlng cayiness é@éera@ ehlgh hemidis; aryl i terafere not very

faﬁfa / %E:@fﬂ giepatgn i i Sdifipg of tﬁ@h?qle pz@wlss E%rgtgieflgo dioside
J P 0065 JA

oy, I 88 R et v BB MRS BRI o8 ardouat of

laﬁe} ‘?l% POg %[agf P'ért ﬁ%:é gleﬂ?gg Ig%vaé%%na%rergegt&%g?l?erg ﬁﬂ )t.héarol];andling

ofsliRss Q‘ggédje High uBNY R YY) MorBh 8" BrRE Nl resultant

w@@ﬁ-ﬁb%‘ﬂbéxﬁ ¥es‘i’r§ c61%1§6§1ﬁérpﬂsélf‘m{(ﬁisltH&%erQ AYARALAELs. not very

desired effect I nprovi ng the handl i ng easi ness

faubeble ® ﬂieglﬁlse%mih@' redul@R0 wakerlab§8r8E:8" RsiOfor Vcﬁé'p\ﬁsable sanjtary
favorable. On the other hand, the addition of ‘the fine

mp@ribistbbabentsiditlente. Quﬁpbfﬁble diapelesadngy a4 I&hsje
particul ate polyval ent-netal .stearate po in an
anodintto ahe watcgebsottieah rdstn iasthe paedent hﬂ\:a‘enaofre tliet sigdpe of its
giving a material excellent in the handling easiness
patidles may Hieghich aniidegularsbpulvgrizesit shape ae pbiaied tyrthe produetion
of the resultant 10 water-absorbent resin conposition
PYP{@& aeccadiagite thspreggnd igvention,doit maydse, dostxamplgta shepy as it is
avo able to the use of the resultant water-absorbent
obtalaed, byp theyireyrassshiass SHpreasipn pelymierigptignapemndisnsuch as a
rticles (e.g. disposable diapers/sanitary napkins).
SP) Bi RS- wat er - absorbent resin in the present
its arti cI

R Gind B PSef bk eSS bn e ROt HEE Shape of the

remrl]@g : fgﬁ ﬁbsool“?exﬂ rré)s‘ilg% a %glglq(ééj gﬁ%ret St atag}gﬁgﬁg?tgggglptqegate and

w53 86 S TSR TR g gy i
(hoId on) pulp and is particularly unsuitable for recently trendy diapers containing
water-absorbent resins in high concenirations. Thus, the 'shape of the
water-absorbent resin according to the present invention is favorably an irregularly
pulverized shape (i.e. a shape of a pulverized powder).

The water-absorbent resin obtained by the production process according to the
present mvention and the novel water-absorbent resin according to the present

invention are usable for various uses of water-absorbent resins, for example, for

sanitary materials, engineering works and building, solidification of waste liquids,
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of 1ts agglonmerate and 20 therefore often provides
insufficient results with regard to mxing with or
fixation to (hold on) pulp and is particularly 25 JAN 2007
unsui table for recently trendy diapers containing
9{%{& ftnARRRArARS, METFo6&. i n high concentrations. Thus,

e shape of the water-absorbent resin according to
t he RicpRatlly] imvmetplrmnﬂ mivéeticar, dlid ybsarbent edipld waféry to a terminal .
pul veri zed shape (i.e. a shape of a pulverized
gawtek) productiwhichds armdtimgrtheunomw A veieraahsedbeply rashe and the
productlon process according to the present inventign
abrdrtiene artivlel isvatpieseabsbyentisposdliln dispws.dispritary gk, and
present invention are usable for various use .
webetineab gedse nSughe g1 n%bSOlTbGFt axtighp | favorplly U%?an??fa#? molding, a
materials, neerln and bui | di . .
Erauaimatesal; ofset ks a%eeéfeﬂﬂs%’c?@nﬂgﬂ)&tpﬁ gEesgt mvention,
PCT/ JP2004/ 00 007 .agriculture .
ibayss i 9 &gwa ﬁ’P?“H citaroiy < i i b o Bipr-absorbent resin

h b f n
E’&‘% (bl}%m%t&e?m&ﬁ% ﬁvqrgﬁrt i C*hgl {a%g? Lo;t i(g gﬁ ¢ go;%;g]ag? Yo, IMOTE

AR s PR, 04 i 0

%g%g %ﬂﬁg Wa'te'Pea'B%orB@ﬁ%sﬁ%%;g%e@E&%%o%ﬁﬂ &liSle i is favorably

Yy uses ts nol fibrous nmateri al

it ﬁ';heof‘%eii k?ﬁ(% Q@Jb}alﬂ?%'tﬁ 13GE @il tﬁ@mﬁa&riabébrbent resin can.

pr ese I nvent he mass ratio of the
@@él%fse%ﬁfaglﬁﬁﬁmre%bﬁ ﬁ%u&lhﬁntaﬁic&berﬁfamﬂe Furthermore, the more
wat er - absorbent resin and the fibrous material is

LAerAR thel Watdh@bsabas @Ein28cdordidomtms phdsemoingention and the
favorably 30 to 90 mass % particularly favorably 30

6 mssialarandxed tadethet Qtienizaniowtlytthe water-absorbent resin is
wat er - absor bent resin being used per one absorbent
dligtiiohted), shé auorcatiliy redim aaheexeseigre thé Baxiguas eg‘?c*ﬁolﬂesu‘?h an
favorably 8 to. 15 g, then the water-absorbent resin
@hsorbenterritélee the maxi mum effects in such an absorbent
article. Furtherrme,the nor e

|nvent|on andthe fIbI‘OUS materlal are d
(e sl e B S b Sweéﬁ%ﬁwst‘fi%ﬁagﬁ by the
re this.re

% L iBut ltgshle SSPOe a;?]ref 11 or Clgﬁdlrgleﬁtrsg:ﬂzecbﬁl%arlson with
Jl'%ﬂ)&hra ve \:amp €5 1(1)\{ Q:GOItﬂgg PﬁEﬁﬁRﬁﬁgeth SHowever the

present invention is not limited to the below-mentioned Examples.

In the case where a commercially available water-absorbent resin (e.g.
water-absorbent resin in a diaper) bas already absorbed moisture in the distribution
process, the measurement of the properties will do if it is carried out after the
water-absorbent resin has been dried (e.g. dried under a reduced pressure at 60 °C for
16 hours) so as to reach an equilibrium water-containing state (where the water
content is, for example, around 5 mass %).

Hereinafter, although detailed data are omitted, all the water-absorbent resins
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Herei nafter, the present invention is nore
specifically illustrated by the follow ng Exanpl es of
woO ek ef erred enbodi ments in conparison wt )

@ma?gtive Exanpl es not according to the prgggﬁ?mwonﬁaw
i nvention. However, the present invention is not
linmited to the bel ow mentioned Exanples. In the ZdBdAN 2007
where a commercially avail abl e wat er-absorbent resin
obeaifed inV@keidandes@itib €l preat MveRtich %ﬁa%ﬁ%taﬁ@ﬁlyalvﬁtéﬁﬁﬁoluble
absorbed noisture in the distribution process,

© and&ad ve@riontehtstdf@ophigharthie$ nadsk 1% d@lidicohfenisof @1@{ Idv@!ﬂ than
out after the 25 water-absorbent resin has been dried
SBengss Y arebresiddd menoneul gortenisrod sstihighart th&D4@ fuass ppifi.
hours) so as to reach an equilibrium water-containing
st atlacidoitalin thhoenareances ot at witsi-absorbepk asgine and absorbent
around 5 mass % . Hereinafter, although detail ed data

agtidesoweremeasursdl by thecfollavae methedbent resins 34
____________________________________________ VO

2004?&@%@@(9@9@%‘@@%6%‘9 2 5 JAN 2007 obt ai ned

Sub ST ATIOHR §F W2t 80t Rebi-GRrcabent RS Hayewa Gormat Rlasedsinto o
ng%r& R0 e L‘E@%@F A 5 Pab o B ol @ 0.90

rrgafgsr H%cglggﬁgéjﬁ}a lélag g(?lﬁﬁ%ﬁ’ %@L@g 1ga§ %%@L%ﬁ%luﬁgﬁs) of which

tl@&ﬁfg@ﬁﬁﬁre lséd%&i GliEStedVRS 95 WBas WiRd @gn&%ﬁfeg; {elb%gi W pulled

Sor thI’] capacity wt

up ARy 'fﬁen(lfrafﬁe@ ofwaler WO R GaRRPL BeRt dﬁ{%g ége%gx%ﬁrﬁ i Thggﬁrt‘.eé’ and

placed into a nonwoven-fabric-nma

then)the fdhss We(o) BPBIeSRE WattiBeRufbdd0 In FBEFioN0 tﬁe Y8R Procedure as
sodi um chl ori de sol ution (physiol ogical saline

tieodhatve oves aafristhout willdut e WatspebRibuif réad dadahe resultant mass
adjusted to 25 C. After 60 m nutes, the bag was pul | ed

Wap (@invas heeasdredi nétheof ﬂmmhsorptmlﬁﬁﬁpﬁlw {diga without load was
centrifugal separator for 3 mnutes, and then.the
calgulgtedairary fhest masses Bagandad: irpacsordsgce with dliet fllowing equation:
sanme procedure as the above was carried out w thout
t heARBRIEHOR KapscHE (g/g) wéthaut load < Hmmase I (2hnt mamsW: (P)/mass

s neasured. Th t he absorption capacity (g/Q)

(gfh%%mﬁf-q bseihenidesing- ial cul ated fromthese masses W

and i n,acco with the foll ow ng equation:
PR BT GPRSt B IR ond = ((mass Ve ()

n@ﬁtso X\gta{ﬂgﬁ)sg ot § gauze of 400 meshes (mesh opening size: 38 um) at the
bottom of a plastic suppdrting cylinder of 60 mm in inner diameter (wherein the
inetal gauze had been fused to onc edge (bottom) of a cylindrical section of the
supporting cylinder), there was uniformly spread 0.20 g of water-absorbent resin, and
further thereon, there was mounted a piston {cover plate), wherein the piston had an
outer diamecter of only a littie smaller than 60 mm and made no gap with the inner
wall surface of the supporting cylinder, but was not hindered from moving up and
down. Then, the total mass W5 (g) of the supporting cylinder, the water-absorbent

resin, and the piston was measured. © On this piston, there was mounted a load as

adjusted so that a load of 20 g/cm® (1.96 kPa) including the piston could uniformly
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m of a plastic supporting cylinder of
i nner dianeter (wherein the netal gauze had been
fused to one edge (botton) of a cylindrical sectiof DIAN 2007
the supporting cylinder), there was unifornmy spread
l?%gepgvlﬁdq{) B Sler-ARR P R Msid. © STHbrel e e bf fivasdrb@erOapparatus
e was nounted a piston (cover plate), wherein-the

| PERA ddathiasd, OMEFMSS dilReplags oDH0 &ithin diahietér wassmolited inside

an 60 mm and nmade no gap with the inner 25 wall '
$ pEkagich of 1508 pgiamttengndythemal 6190 rhass %aguenus sodium chloride
hi ndered from noving up and down. Then, the total
@GS GpHysiolavical Iselireugmbation) g 259G mdsraddechp to the same level as
wat er - absorbent resin, and the piston was_neasured.
fhe plside qfithe glass filler platgasn mdieh afiliar penes oA ciad digmetpr (No.2
so that a load of 20 g/cnR (1.96 kPa) .i ncludi.ng the
of $opnFiisaPapente.obid. ywagthen mounted s¢ that iis entire surface would be
I WO 2001/ 099265 PCT/ JP2004/006509 25JAN 2007
wistteghpnddurthes, amexofas IR B3RP EMOYSSsi n. Thereby one

o s The Bt opt st Inegur e AP AtaRE - RERHEA Bk 1 above we
ERECY SN Rk S
0SSP Ve 0 5190 A6 e,
%ﬁi@amg?a%dgﬁ 1B 1ekh U g2 %g@éeL%g_gg%é\gS&%lﬂgﬁtt Bbel. Then, 1
g&‘r&}gf‘;e&& $ bheked 6%%%&&:9@%@3%% d‘mﬁ@ved"@%tewﬁlg lifted to

urfher, an excess of liquid was renoved. T .
qg.mgm%@&tas@m BASIRHES the APRPGSlalmavRS thospipottingicylinder,
the above wet filter paper, thereby allow ng the
Wit QlolfRswateembsofiRai fesirg aaddergistoh | i quid under 10
load. If the liquid surface went down fromthe upside
of t Meheg| B@Smbidliyer absaphion tdpeaity Kig/g) ugddr doadhwas galeelated from

~to keep the liquid surface | evel on a constant |evel.

Thes mdsse W rand Y gin, actordanceew il thesfollowang aquation:

apparatus was renoved by being lifted to re-neasure

t he respoliyier( @hsomion LRAPARIH fgé,% wader (load 31 (0nass sWef(gk ngnass Wi
supporting cylinder, the swollen water-absorbent
r@himassgaHof WetepRksOBIENt 16681 Then, the nonol ayer

absor pti on capacit / .ynder | o s cal cul at ed
from {c):) Mass(we?ght)—axyerégge pga)rtlé‘le glameter 50):

Water-absorbent resins were classified with JIS standard sicves having mesh
opening sizes of such as 850 pm, 600 pm, 500 pm, 425 pm, 300 pm, 212 um, 150
um, 106 pm, and 75 pm. Then, the percentages of the residues on these sieves
were plotted on a logarithmic probability paper. Therefrom, the mass-average
particle diameter (D50) was read. |

As to the sieve classification, 10.00 g of water-absorbent resin powder or
water-absorbent resin was placed onto JIS standard sieves (having mesh opening
sizes of such as 850 pm, 600 pm, 500 pwm, 425 pm, 300 jim, 212 pm, 150 pm, 106
nm, and 75 pm) (The DA TESTING SIEVE: inner diameter = 80 mm) and then
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these nmasses WB and W in accordance with the
fol |l owi ng equati on: Mbonol ayer absorption capacity

wo{ﬁ%@gggwder load = (mass W (g) - nass W3 (g&éﬁg@@ﬁw

‘wat er - absorbent resin (c) Mass(wei ght
particle dianeter (D50): 20 Water-absorbent resins
were classified with JIS standard si eves havi ng 2%3hN 207
openi ng sizes of such as 850 gm 600 gm 500 gm 425

cf ifiP Wi R%ﬁ%ﬁ@pe]é&ee%@éﬁégﬁégw& e ik Br px\lﬂlgr?lgﬁd by

e percentages of ‘the r trese sieves

Htmr‘] Sels@RuPB RK PEAMIG Mo IRARE b (3%5 Q%%ribeﬁﬁﬁrﬁfgﬁojzﬁ\sUSP

e mass-average particle dianeter ) was read.

50511269 he nfseuRersdeqsstidlé dRkicdd (D30) R%er9 tdfhe particle diameter of
wat er - absor bent resin powder or water-absorbent resin

a \sasndatd e ele dialving) b Slefintadacsh 8paNBs s(Ramidgoffedpbading to 50
opening sizes of such as 850 gm 600 gm 500 gin, 425

mgsy Ya3i0he entire padictes and, lib GhgbsiodGfientgmed Exdmps gmds ¢abdated
1 DA TESTI NG SI EVE: inner dianeter = 80 mm) and then
bgasoa 29 6tn 400 285eHENinENASIVI 0880923 of 8IANMRG0T m, 300 pm,
classified wwth a ROTAP type sieve shaker (ES-65 type
angl eYeIBhaker produced by |ida Seisakusho.K K.) for 10
m nétﬂes. Incidentally, as described in such as USP
5, 061 AhsorpticRetigiency wpdsrdgad-particl e di ameter (D50)
refers to the particle di ter, of ,a standard sieve
hav | A, bSO P tyeahaut Iad pgd anonolaysh Absor Rt sahas g under
t 5 mass, %.0f ,the entire particles and, in the )
top ol e BT ARt T Bere Ry T Fusfos s frepped in (o)
S ar i eve Vi sh o ing sizes. of 85 .
aﬁédrr&)e)e%@(}gi n’fh%@eg%s%?p&ﬁggﬁfﬁgiea% Fj(/aog)ung\gsfg?gtvyagncazfcuqated in

acﬁ%gdéﬁgﬁgﬁﬁﬁ tH@fé}%wk afifie absorption capacity without

nonol ayer or ption capacity under 10 | oad

f t i1 Ve .
et OGP IR 0 R R B BB Yaciy (/2
urifes Qadt- p@n/gfsb'f;ﬁioﬁrtﬁyao@(g@Qﬁ&oh@ﬁﬂdms cal cul ated in

accordance with the Tol low ng equation: Absorption
ef f {e¥ Tt ¥bsolptiodrdpscilypad = nonol ayer absorption

capacity (g/g) under load x 100/ absorption capacity

( 9/ Yhe mbsbhmioh chpaity Matl{oa) lokdtaall nadasxuyet alssorstmaaphasity under
load of the water-absorbent resin were measured by the methods as mentioned in (a)
and (b) above. Then, the total absorption capacity (g/g) was calculated i11
accordance with the following equation: | '

Total absorption capacity (g/g) = monolayer absorption capacity (g/g) under
load + absorption capacity (g/g) without load

(f) Evaluation of absorbent article (test for wet-back amount):

The absorbent articles as obtained from the below-mentioned Examples and
Comparative Exémples were used. A load of 1.96 kPa was applied to the entirety
of each absorbent article, and then they were left intact at room temperature. An
amount of 75 g of a 0.90 mass % aqueous sodium chloride solution (physiological

saline solution) as adjusted to 37 °C was injected into a central portion of the

absorbent article through a cylinder of 70 mm in diameter and 100 mm in height.
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The absorption capacity w thout |oad and nonol ayer
absorptl on capacity under |oad of the water-absorbent

esin were neasured by the nmethods as nenti ongg,ﬂ'ljgm%gf}mﬁsog

Wo?a‘ﬁ’d"“???f above. Then, the total absorption cap

(g/g) was cal cul ated in accordance with the foll ow ng
equation: 20 Total 'absorption capacity (g/g) = 25 JAN 2007 .
nmonol ayer absorption capacity (g/g) under |oad +

absqrption capacity. f ) EV u ) ‘
" Sisotnent sty v 60 (f Sayidel B B, | Houk ld Bendfhe same
absorbent article rth-ti tion of i}
e TR RBTG. i S A EE il (R fourt time injoction of the
used f i@fsdlhctshRition injected =
pi]%ﬂologgp Sﬁlg e %%ﬂfeha(@h(t&%%g?ﬁf \P?ﬁf g{élg asnd t hen theyJ
re | n Of 8t RIEPSSBEIEHE artiile, adiduihtn of pajier towel
%% tﬁ%tl%%i er‘r(gés:'tger%‘gi(}ugous sodi um chlﬂorl de sol uti olr)1
@gﬂﬂiﬂ%ﬂh@ﬂ banst AT oting o) L1ds Kidjhes Tesvel Bx87-Ey, 30-ply
S 1N ect l%o a central portion of the absorbent
;ﬁféu't &its tﬁéﬂﬁlﬁélgfnzso G krAgOrme w8 mwarited o Hreetbeorbaniarticle, and
mmin height. 37 WD 2004/:099265 PCT/ JP2004/ 006509
tﬁeﬁ a6 3087 chhﬁz absokBanvasaplsdehomto fosflt mpue thawasure the -
the load for 1 hour, and then the sanme operation was
aepasatofdne Med baﬂﬁngtmﬂleqmpbamelt han the fourth-time
i njection of the ﬁSI ol ogi cal saline solution (total
anmoufRroddctipnysianipde) | saline solution inj ect ed 300

g), the load was renoved frqomthe abs ent o
and Sheaaction digurd Wre@r%wufllggq £ & Iof yc%j?lbne glycol

a%p%;az&;r&agaaﬁé&- Pt S, AR, TP covins
roaT, Yo LGLeheons AR QLRGN BF Ll @Pflate paving o
B@H@][Wrénu&gtd?ﬁrge ﬁrf‘? H{O(imé F&T ro u&n?%%&@ lg?%gﬁ %1' Next,
dish LRy Paet JHsCefiow R, BORT Ttk AiId dnder o BniBiosen gas
fx%sﬁyﬁex%f fc@dgd tn'nﬂ DO MERY. itRatihePe Gtackiohyligiie waxiasplied to a

an aquéous sol ution of sodium

tdY q ddnguh N ket tgmlcde oweeara kiidadeptf ¥ liters in
?éﬁ%ﬁdé%sprggﬁcen rfat :ﬁ% J38 mass % . Next, dissolved

‘E ARY MARmgteaRYefa-typeblidess Nembt tho rnedclthn iliuidnslas kept at 30 °C,
rogen gas 15 atnosphere for 30 m nutes. Next; the
%HCIM ehé SR s ldisplicdd writh sitogbn gas. t Subsequently, while the reaction

[e ¢ N @]

liquid was stirred, 2.46 g of sodium persulfate and 0.10 g of L-ascorbic acid were
added thereto. As a result, polymerization started after about 1 minute. Then, the
polymerization was carried out in the range of 30 to 90 °C, and the resultant hydrogel
polymer was got out 60 minutes later than the start of the polymerization. The
resultant hydrogel polymer was what had been divided into small pieces having
diameters of about 5 mm. This hydrogel polymer having been divided into small

pieces was spread-onto a metal gauze of 50 meshes (mesh opening size: 300 pm) and

" then dried with hot air of 170 °C for 50 minutes. Next, the dried product was

pulverized with a vibratory mill and then classified and regulated with a metal gauze

of 20 meshes (mesh opening size: 850 pm), thus obtaining a water-absorbent resin
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reactor as prepared by lidding a jacketed stainless
twi n-arm kneader of 10 liters in capacity having two

‘.NO Sdogo®2type bl ades. While the reaction |iqui d})é‘@ﬁﬁsﬂﬁeﬁsw

at 30 C, air in the systemwas displaced w

nitrogen gas. Subsequently, while the reaction .ligui
was stirred, 2.46 g of sodium persul fate and O. 25‘8‘\%5007
L-ascorbic acid were 20 added thereto. As a result,

pORUMTEN I §AlahORreahiRECPuREL R SPRH! whitl Rthibited r@f‘ ’abE(S}Stlon

pol yneri zation was Carried out in the range of
céfaciy oavd (Fhap wigdutl loadtan@Mion fass- RedrdgFEsariels Met@ﬂbf 425
60 mnutes later than the start of the pol ymeri zati on.
pithand melsided antowkigdhagad ppoicindinmess vheahalbadhiie®f) pm in an
divided into small pieces having dianeters of about 5
amount i 2andsy &6 cdativepolthareatehabsonignb esin phwdeded i nt o

smal | 25 pieces was spread onto a netal gauze of 50
mesHeedycties iExeppli Hy si ze: 300 m) and then dried with
hot air of 170 C for 50 m nutes. Next, the dried

pr o&u@ﬁct\mls liqwd| was prparedi b dissoivinga2arg of pqlﬁhﬂeﬂm @hycol
cI a 1‘%gaéand regul ated with a netal gauze

BvEhAYigass degregsy pddiyon mﬁb@ecsgﬁa@lh.quethylene

o%’@en 313%8%2558@@55585 Scad RS ORHSBu AL SO erdfe having a
ke W T -
dl?Snc udegy% pog‘%gf%h{éﬁcﬁ %rgonggﬂ‘ﬁ Ct%d] d ug&%r S‘HEP B gas
at ter- absorg %Feégrﬁ&g%v@rér%"g@f‘% @g%\/v%?t%&{pﬁ‘j@d fo a

rea&tor A b&?ﬁfeuq;@ ﬂldcﬁﬁg d Jm&téar ﬁﬁ’iﬁfe@sdtv@ih é}lnsléi?éa‘dérn@f 20 %itdds in

of pol yethylene glycol" diacrylate
cdpABitEhaviiRY sigmet AsehIt@gr esvidfe thel tdaction liquid was kept at 30 °C,
pol ynmeri zati on of ethylene oxide: 8) into 5,500 g of
ainin the geser v&e didplavedofitisaitioyen aar v ISabseqnantiy) vhdie the reaction
neutralization degree of 75 nol % (nononer
liqgod centstiaed ah46 Fooihmesutgpershéfate, antio0. d) ssof Ledcabicgend were
was renmoved fromthis reaction |iquid under a nitrogen
adgad thesetans pherresilip poyMenizatiorestartedeadicr abhet higmge. Then, the
reaction liquid was supplied to a reactor as prepared
pqsymﬁﬁl@@pﬁ gvag CREER oub i he eSS §0ﬂw9@1 °<§nandkth@ sesutagthydpeel
liters in capacity having two SI e bl ades.
Pafyinfre Weh &0 8l b ghinuieg Ukt Waan Rispt a0t 4be @olymgrizatign.  The

emvva di spl ace nltrp
roxyl 3ol {50REF) Dohier avirhteld Po 45314clq i sy picces having
dl%%é‘trg{sg? ab ugg [gmvve ;l'ius 1y roé)e lxﬂgtl?av%{]cdbeen 91\7%68 into smalil

pieces was spread onto a metal gauze of 50 meshes (mesh opening size: 300 pm) and
then dried with hot air of 170 °C for 50 minutes. Next, the dried product was
pulverized with a vibratory mill and then classified and regulated with a metal gauze
of 20 meshes (mesh opening size: 850 pum), thus obtaining a water-absorbent resin
powder (2) of an irregularly pulverized shape, which exhibited an absorpiion
capacity of 56 (g/g) without load and had a mass-average particle diameter of 370
pm and included a powder having particle diameters of smaller than 150 pm in an

amount of 5 mass % relative to the water-absorbent resin powder.
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added thereto. As a result, polynerization started
after about 1 mnute. Then, the polynerization was

rrigd. out in the range of 30 to 90 C, and t <
wo ?@é@ﬁ‘ig% JP2004/006509

t hydrogel polynmer was got out 60 m nu
| ater thanm the start of the polynerization. The
resul tant hydrogel polymer was what had been di vi 8a/AN 2007
into small pieces having 20 dianeters of about 5 nm
Thi ha/rgrlgqi_l pol ymer havi ng been divided into snall
pi e AR pread onto a netal gauze of 50 nmeshes .

( me&,[}} %@g@ﬁtg&fﬁiozxﬁassﬁ&s@f B0vatdri®Rothehedsit pdwdwt(1), having

air’ o or 50 nutes. Next, the dried product "
' ' rouclion MitdviFle OF YindiHavirgnd pdveder temperaiure o
b\g?%sog?##éégﬁgﬁg@}r eqgul at ed vvilfﬂh a net al Ig]%fr;]\uze of 20 ,
PN §as (RSN WIBE NuREhoBicEssslifb Arealing ddens (lnlving brienprepared from
wat €r - absor bent resin 25 powder (2) of an i rreEu] ar I_X
PH Y88 Pé’{@df ploppne whiooh (ebhintass patt aficthblcoe glycehdiglycidyl ether,
capacity of 56 (g/g) w thout |oad and had a . ]
OYBS Sny pargef pArtitaiedialj and et msbs Prgs ohvrien) bic Lodieg Mixer.
a powder having particle dianmeters of sna|ler hhan 150t t
Pien, 12 arinutestiaier; tod résubtanls muxtues Aes laged @ @ heatng treatmen

wat er - absor bent resin powder 39 2004/ 26
RPTBR2 Dodng @8 5uhusted LmpaBIEy of \{\?ﬁx %ﬁﬁv@%g n Eiﬂ%‘maﬁ"d for 45
amount of 100 mass parts aof the. er - absorbent resin

pivikes; thus bRIRE AgVABE OBIPAFRE P om Product i on |
Rt S B TS Sy e
rappieh, SRaroEuRad; il BT, fufRgy e ag to) sbuorpion
S Yl AT B o s o
]r:?gg %nﬁawz{tc?rta%rorbﬁe{iﬁeﬁi‘fl%?_t ant mxture was placed into a

reat men appafr atus havi ng an adj usted

tenp %5’[{ f 195 C and then heat-treated for 45

m nur‘%s, lﬁﬁ ; obtaining a water-absorbent resin (1). - ]
10 SheWindiht TRL0E rlassparts e tabsatepabsorbaspasintppwder (2), having
wi t hout | oad, nonol ayer absorption capacity under

beaf obaear fbinoRraiitiien Ehanplindeand davingt dipawder temperature of
absorption capacity, particle dianeter distribution,
andCrRes niver aik aparfacetwsdinktatingggentibaving dgen grepared from
wat er - absorbent resin (1). - [Exanple 2]: 15 Anl gE,uiEl th
0f4 a8 passf papylsnoglychk 0 wassassprdhlencglyRo ng gjoyl ether,
(2), having | ) _ « dige M
0.25 mass part of 1,4-butanediol, and 2.5 mass parts of water) by Lodige Mixer.

Then, 1 minute later, the resultant mixture was placed into a heating treatment
apparatus having an adjusted temperature of 195 °C and then heat-treated for 45
minutes, thus obtaining a water-absorbent resin (2).

Shown in Table 1 arc the absorption capacity without load, monolayer
absorption capacity under load, absorption efficiency under load, total absorption

capacity, particle diameter distribution, and mass-average particle diameter of the

 resultant water-absorbent resin (2).

[Comparative Example 1}:

An amount of 100 mass parts of the water-absorbent resin powder (1), having
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been obtai ned from Production Exanple 2 and having a
powder tenperature of 60 C, was mxed with a

woﬁ,@j,{,@g% crosslink-treati ng agent (having been ﬁ%par ed

from 4 mass part of propyl ene glycol, 2904/006509
part of ethylene glycol diglycidyl ether 0.25 mass
part of 1,4-butanediol, and 2.5 mass parts of wAGelsN 2007
by Lodige Mxer. 20 Then, 1 minute |ater, the

beeﬁ‘ l’bltzhﬁ t#f&&tc%ﬁ d}Blu Eféj 1I erl(i) hdy Bﬁr elpgg'dgrr ge%@%g%gre of

aV| ng an a ed tenpera

66@%£ g@ﬁ(e& mtaeét’lrfaeé—crdb%lum ﬁé’fftfﬁ% aI%E%?ﬂH%% C[S}g%ﬁed from

wat’er - absor bent resin
0.2BR0¢ Pirk BN pOPPRAE LYY, f()m?tﬁlaisgﬁﬁ ofMBIALRYAYcol diglycidyl ether,
absorptlon capaci ty under |oa absorption ef ficiency
0.2906@eks Ipaadsf 1 athutanebROr fid 25 ma% Fapaes titerPBy Wiodig Mixer.
di aneter distribution, and nass-average particle

Tidharmetedr ¢dted hthe reastnt aniwat wis phaed bant ar hsdting( &atment
[ Conparative Exanple 1]: An anount of 100 nmass parts

appératuschavaige rn aldgstddetempermira qiol@$e?C (ah)l, théraieaigreakdl D 55

2004/ 099265 PCT/ JP2004/ 006509 2 5 JAN 2007 been

migpteai thasl obtaormga compaiabve Fatempbsorberdmesiméi ng a powder
tenperature of 60 C, was mxed with a
surhawe. in obble k 29 dhe | abgorRent capeaily rwithswé nlopd.e pronetayer

from 0.4 rrass art of propyl ene .glycol, 0.02 mass
abﬁcaptl%fca@&qﬂw r 4eafe cﬂbswgtny eflégiency wder loasl, sefahghsorption

Caﬁtﬁﬂt/oﬁ%@éleﬁlﬂﬁﬁfﬂ?ﬂ%ﬂqﬁfﬂéﬁﬂmt PR i SE AR of e
Xt ure was i nt,0 a@b ng treatment apparatus

reh t\‘?'lltncdmgt?r"gap u‘gftctgrdaqsg%e‘ gf 192 C and t hen
eﬂ\% g?ﬁtﬁgﬁf?ﬁip@] m nutes, thus obtaining a

I've wa sor bent resin (1). Shown in Table

1 %?a&aﬁ&n%lﬁ%%h&%aﬁger oa gt’&—tagt%fﬁe 98 SE?JIH%J @ﬁ Hlaving

absor ption capacity ‘un sorption

bet dBtain @R frond Pilucabs TRHPR 2 4l 68PRE! 4 YowRE' teh?ﬂe?ature of

di aneter distribution, and nmass-average particle

6002 RRE efixed wilhe sumsebtoaﬂtnkcmmgebbmqnmﬁe be@qﬁ@ﬁaﬁ@@ from
resin (1): [Conparative Exanple An anmount of 10

0.4anss pat 6Spropylehe giyable N-02baass lpeﬂtofreﬁgrlénepgoy@tﬁ rdtgl)?aidyl ether,
havi ng been obtained from Producti on Exanpl e and

0. Irawianyg part pdwdébutaneibel, atadr 25 aﬁassl;ﬁ:ﬁOoijama)sbyan@e Mixer.
with a surface-crosslink-treating agent (having been

Thene pimeidutes dater, the resultant mixture was placed into a heating treatment

apparatus having an adjusted temperature of 195 °C and then heat-treated for 55 -

minutes, thus obtaining a comparative water-absorbent resin (2).

Shown in Table 1 are the absorption capacity without load, monolayer
absorption capacity under load, absorption efficiency under load, total absorption
capacity, particle diameter distribution, and mass-average particle diameter of the
resultant comparative water-absorbent resin (2).

{Comparative Example 3]:

An amount of 100 mass parts of the water-absorbent resin powder (2), having
been obtained from Production Example 2 and having a powder temperature of

60 °C, was mixed with a surface-crosslink-treating agent (having been prepared from
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0.4 mass part of propylene glycol, 0.02 mass part of

et hyl ene gl ycol diglycidyl ether, 0.25 nass part of

1. 4-butanediol, and 2.5 mass parts of water) by lLodige
WO RRO4OP9265 Then 10 minutes | ater, the resultant Pﬁﬂffﬁf’rﬂg/‘mﬁ"”

was placed into a heating treatnent apparatus having

‘an adj usted tenperature of 195 C and then heat-tr2&tJN 2007

for 55 20 m nutes, thus obtaining a conparative

ter-ab bent ' ' )
i Buent B HAel i AR APkt bR aiiat et
gy 5 O Aot ind 230maSh paFELE RecE) e LB Mier.
ﬁ{eﬁ ”E{) %mﬂ*étlateiz%b ORsyitint iRGSe IR FideeddBitb ILheating treatment
Iaheéter of the resultant conparative water-absorbent

s (Fvinean [ finpéeatimeadP i @5 31T amih tiesmDhigut-teehted for 55
Jfg%laﬂlgsls pa%'ztg% of the Waljtégellr-absor bent resin powder

lﬁglgtes!‘ﬁi\ﬁ'b BBtaidIBL A cOhipatdlRe wWatarabSodduttesi(3Exanpl e 2
and having a powder tenperature of 60 C, was m xed

Wi t hSRywilllih atebler bsaki k- abseaitiong capasity @hthouhdoademonolayer
prepared from 41 WO 2004/099261 PCT/JP2004/ 006109 2 5
abADIpBBA Tcapfkity tmdes lpad,t alwbrysioapsificieacy undet loag, dotahabsprption
part of ethylene glycol diglycidyl ether, 0.25 nmass
@putityofpaitiole disnacte distribudioy, 20d niassvprage Pagiclgghiapgter of the
by Lodige Mxer. Then, 20 m_nutes later, the

ressltant eornparaiveiveteR@bs@heidesifldo a heating treat ment

apparatus having an adjusted tenperature of 195 C and
t henlH¥emple $lated for 55 5 ninutes, thus obtaining a

ST Bnciveom e o o aupadtt Y s bR b T 3k been
o 528 1L D5 Mo SESPRGHH ALl 5 i
di di.stributi d : :

R B« 00 e ESSARIEATER, RFEOICYS prematicals

{;nf%f‘c{e@ dn>d wir?s%c%;'éﬁ %gﬁglr?t%d 3hto 40 REBUH (medh GRMESZzOTI 9m)) with

e wat er-absor resin (1) (having been.

Q%td%lrﬂﬁ#: M aBY 3Rk figlabpanathisHd¥R&ebpslidped diito a web of a size of
wood- p erized pulp were m xed together by a m xer

90 g S OTBRRE! Ful¥imorthlis weivaaptessidiiyua presmae of 196.14 kPa
pneumatically nolded on a wire screen (forned into

4905 srehes thiesbtamben an gbsirzart s88cymy having fa tBisawpightpf about
type pneumati c nol di ng apparatus and thereby shaped
0soz/emieb of a size of

Subsequently, so-called a back sheet made of liquid-impermeable
polypropylene (liquid-impermeable sheet), the above absorbent structure, a surface
sheet of a nonwoven fabric made of liquid-permeable polypropylene
(liquid-permeable sheet) were stuck on each other in that order with a double-coated
tape, thus obtaining a sanitary absorbent article (i.e. disposable diaper) (1). The
mass of this absorbent article (1) was 45 g.

The resultant absorbent article (1) was tested for the wet-back amount. - The
result is shown in Table 2.

[Example 4]:

An absorbent article (2) was obtained in the same way as of Example 3 except
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120 mm x 400 mm Furthernore, this web was pressed by
a pressure of 196.14 kPa for 5 seconds, thus
WO moi/edonésng an absorbent structure having a ba

of about 0.05 g/cn2. Subsequently, so- callegb§”§§%%n%“”
sheet made of |iquid-inperneable 20 polypropyl ene

~ (l'iquid-inpermeabl e sheet), the above absorbent 2% JAN 2007
structure, a surface sheet of a nonwoven fabric made

thatf tht iveptedatperbeaaidsin POl i opidced avit( ticwattr-pesareahlresin (2)
sheet) were stuck on each other in that order with a

(hatong besncatatipdd fioapBxampie).obt ai ning a sanitary
absorbent article (i.e. disposable diaper) (1). The
masidicgesultaing abgssben anticle f3)i wisetesteyl fv\a&mwe@baczsamt The
resul tant _absorbent article (1) was tested for the

f$@ﬁ Eﬁﬂkﬂﬁh%ﬂﬂﬁz The result is shown in Table 2.

* oy { SRy EXSTOISBAaaN e 3 except | 42 VIO 2004] 099265
Jgé%%g‘éfo 65%8@?‘?1"%@5 )3@3 7?@%@23”@%@%@@{1&%@& same way
HS@‘anﬁ“@q%%r oSt HBL R SRl SIS TR s PR e
cohf3alzflc "Pljc IRoHE: DASE ATOKY. andf1d) g@ﬁﬂ%tbee& HRRHEY from

&Em@ﬁﬁ@qg¥ﬁuﬁ&§pﬁp§ﬂa3 rticles (1) (2), and (3) were
obtalned;Tn he 'sane mgy as of Exanple 3 except that

10 the h%éﬁﬂtaﬁ‘tbﬁﬁﬁﬁlﬁﬁivera%%rﬁer{tmﬂmlﬁ e(g? %ﬁgﬂ’%&ﬂ% t&ﬁ@d for the
conparative water-absorbent resins
wet-bastt mgotge n Thbtreduhte drefshewn ifQnrMarat i ve Exarrpl es 1 2
and 3). 10 The resultant conparative absorbent
articles (1), (2), and (3) were tested for the
wet - back amount. The results.are shown in Table 2. 43
WD 2004/ 099265 PCT/ JP2004/ 006509 2 5 JAN 2007 U O
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9)

Wat er - absor bent Wet-badc resin used anount

Exanple 3 Water-absorbent S resin (1) Exanple 4

Wt er - absorbent 7 resin (2) Conparative Conpar af FwéN 2007
14 Exanple 4 water-absorbent resin (1) Conparative
Conparative 18 Exanple 5 water-absorbent resin (2)
Conparative Conparative 16 Exanple 6 water-absorbent
resin (3) 5 [Exanple 5]: T&ig%action |iquid was

prepared by di sselH-rg—2-5—-¢g-of-polyethyl ene gl ycol

di acryl ate (nol af - nun‘oer-%“g“?:"'be'% éﬁﬁée of addition
pol ynmeri zation off ethylgne oxide: @) |nto 5, 500 g of
an aqueous sol ut i onpit3 §0EEumaeyl &t e| havi ng a

resia (1)

Example 4 | Waler-absorbent | . 7
tesin (2)

Comparative Comparative 14

Example 4 water-absorbent
resin (1)

Comparative Comparative 18
Example 5 water-absorbent
resin (2)
Coumparative Comparative 16
Example 6 | water-absorbent
) Tesin (3)

[Example 5]: _

A reaction liquid was prepared by -dissolving 2.5 g of poiyethylene glycol
diacrylate (molar-number-average degree of addition polymerization of ethylene
oxide: 8) into 5,500 g of an aqueous solution of sodium acrylate having a
neutralization degree of 75 mol % (monomer concentration: 38 mass %).' Next,
dissolved oxygen was removed from this reaction liquid in the same way as of
Production Example 1 and then supplied to the same reactor as used in Production
Example 1. While the reaction liquid was kept at 30 °C, air in the system was
displaced with nitrogen gas. Subsequently, while the reaction liquid was stirred, -
2.98 g of sodium persulfate and 0.015 g of L-ascorbic acid were added thereto. As
a result, polymerization started after about 1 minute. Then, the polymerization was
carried out in the range of 525 to 90 °C, and the resultant hydrogel polymer was got
out 60 minutes later than the start of the polymerization. The resultant hydrogel
polymer was what had been divided into particles having paﬁicle diameters of about
1 to about 5 mm. This hydrogel polymer was dried in the same way as of
Production Example 1. Next, the dried product was pulVBI:iZGd with a roll mill and
then classified with a metal gauze of 850 um i mesh opening size and then furtl“;er
classified with a metal gauze of 150 um in mesh opening size in order to remove a
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10 neutralization degree of 75 nol % (nononer
concentration: 38 mass % . Next, dissolved oxygen was

wobsiivesdsfromthis reaction liquid in the sanmepedyrssi/noss09

10

15

20

25

of Production Exanple 1 and then supplied to the sane
reactor as used in Production Exanple 1. Wile th?nﬁ JAN 2007
reaction liquid was kept at 30 C, air in the syste

was displaced with nitrogen gas. Subsequently, while )
fte pbRaét oM khel¢lmsified materiale dhusl Sb@irdAg g wiatsedsombent resin
persul fate and 0.015 g of L-ascorbic acid were added .
pdvadeet @) é8 anairceguldrly, pplyieyinet ishaps, owhighaexlliited tasr absorption
about | mnute. Then, the polynerization was carried
emhcitnof B8 g/angthout laag and logl Tmasprgveree padigle digmeter of about
hydrogel polymer was got out 60 minutes |Late t%an .
4Xepst and inchidedh @ powidprbaving Preicle dmetes gf smaller than 150 pm in
hydrogel pol ymer was, what had been di \{i ded into

vaampentad thhiasy Yosiative 1@ the watet-absorant [HELPOBET (o

ZomeNass o wies poE AR nSRATE R B3 e een

r oduct, s pulverizedq wth a_rol ' 2 ‘e
Sviatoe i 5 above Wowabd byt & e otr it ed 08 0, gy mied.

L dth her- i f.i i
S LA At kel s fom o

D000 bP B RuC b0/ 00,08 AnFiedbls2d0Tienfids cther, 03

assifie erial, thuS obtaining a

}Qﬁ%segér?% g,ﬁﬁﬁﬁénédﬁﬁi fhd PSWIRE phd3 oPfval®R) by Le@gk Miker, Then, 1
pulv shape,

rze whi ch exhi bited an absorption
GARGE! hier Ofhe SR 5@ WhikhR# twdsoplcah ¢htbadl heat s Beatmnagpparatus
particle di aneter of about 420 gm and included a
REVHE fanaAyishdl Rafpkiztire ofilafECears! then Swatttreated foad0LEMuLes, thus
gmin 5 an anobunt of 0.8 mass % relative to the
vhta@iing hsnstbredisorteat resipaidgler . Next, 100 nass parts of
t he wat er-absorbent resin powder (3), having been '
obt aiShedmi in tTebleaFowaee why absdrpbigi ﬁ@aaﬂbowg@ut load, meonolayer
tenperature of 60 C, was m xed w.th an agueou

sbsdrpien capanityi wikien doaty elsorpBpRstasicnnayndy i9adntotal absorption

Do o s B S LB SRS e B9 oy hpication
Ttotp Ty b iRk BT sh SRnife B SPERERhS o um. 300
ST Sl BSOS O G IR p o
LR BAHIERL Falfl By AKED of R peiRie feg asibutin
?Qé’t%r ke "by“dR it it thOFb stIRMEYSEs having mesh opening
sizes of 850 um, 710 pm, 600 pm, 500 pm, 425 wm, 300 pm, 212 pm, 150 pm, and

45 um) of the resultant water-absorbent resin (3).

Incidentally, in Table 4, there are also listed the particle diameter distributions |

and their logarithmic standard deviations (c{) of the water-absorbent resing obtained

from Examples 1 and 2 and Comparative Examples 1 to 3.
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15 absorption capacity under |oad, absorption
ef ficiency under |oad, total absorption capacity, and

“w)?ﬁiﬁgﬁxgrage particle dianeter (D50) (determ ned by

Table 3

e classification with the JIS standard si BGEIP2004/006509
havi ng nesh opening sizes of 850 gm 600 pm 300 gm
and 150 gm of the resultant water-absorbent resi
(3). In addition shown in Table 4 is the Iogari?ﬁh#%uzmﬁ
standard deviation ((7Q of the particle dianeter
di stribution 20 (determ ned by the classification wth
the JI'S standard si eves havi ng nmesh opening sizes of
850 gm 710 gm 600 gm 500 gm 425 gm 300 gm 212

g 150—gm—=a 45 gm of the resultant
wdt er - absorbent fesin (3). Incidentally, in Table 4,
thé&r®e are alsiil)jsted the particle diameter
dilstri butions|{ ahd their |ogarithm c standard
dgviations (6 t he wat er - absorbent resins obtained
23 12 qgni Exanp|es| 1 and 2 and Conparative Exanples 1 to
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2004/ 099265 PCT/ JP2004/ 006509 25 JAN 2007 [Exanple
6] : An absorbent article (3) was obtained in the same way as of Example 3 except

that the water-absorbent resin (1) was replaced with the water-absorbent 1'esin €))
{having been obtained from Exainple 5).

The resultant absorbent article (3) was tested for the wet-back amount in the
same way as of Example 3. As a result, the wet-back amount was & g.

[Example 7]: | |

An amount of 35 mass parts of the water-absorbent resin (3) (having been
obtained from Example 5} and 65 mass parts of wood-pulverized pulp were mixed
together by a mixer in a dry manner. Next, the resultant mixfure was shaped into a
web of a size of 120 mm x 400 mm with the same apparatus as used in Example 3. |
Furthermore, this web was pressed under the same conditions as of Example 3, thus
obtaining an absorbent structure having a 5a;sis weight of about 0.04 g/cm’.

Subsequently, an absorbent article (4) having a mass of 37 g was obtained in
the same way as of Example 3.

The resultant absorbent article (4) was tested for the wet-back amount m the
same way as of Example 3. As aresult, the wet-back amount was 25 g.

[Comparative Example 7]:

A comparative absorﬁent article (4) was obtained in the same way as of
Example 7 except that the water-absorbent resin (3) was replaced with the
comparative water-absorbent resin (1) (having been obtained from Comparative
Example 1).

The resultant comparative absorbent article (4) was tested for the wet-back
amount in the same way as of Example 3.  As a result, the wet-back amount was 39
g

INDUSTRIAL APPLICATION
The water-absorbent resin in the present invention has excellent absorption

properties and therefore can be utilized for a wide range of uses. Particularly,
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An absorbent article (3) was obtained in the sanme way
as of Exanple 3 except that the water-absorbent resin
1) was replaced with the water-absorbent resj 3 _

WO%?%W??@’ been obtai ned from Exanple 5). 5 The k’&g’éﬁ(’zﬁﬂf’o‘;””

absorbent article (3) was tested for the wet-back

amount in the sanme way as of Exanple 3: As a resRlUAN 2007

t he wet -back amount was 8 g. [Exanple 7]: An anount of

35 MBS DALt aar?&gs BENbrodastidh prdkedshavtonding to

b%@@ﬁ’&@ngFﬁéﬁgpﬁ%gfﬁﬁgﬁgfe 5 9‘%md %% Mass garts of

ﬂﬁ %g'sgxw Vitdnfiof  RiVoRede 'h?m?'i %80 hyd@phiige bhgmibysobvent in the
o Y Next ,

y manner. the resul tant m xture was

s efodsihiBing HeBkn ek, thissesia iofavbRBlaTor sasbiy mmtevialiabsorbent
e same apparatus as used in Exanple 3. Furthernore,
a{é{xyleg \ .d%ﬁsd@l@aﬁg@ksgsagﬁrympkmmcb cardb¢ nswkfaxeraply for the
anp 3, 'thus obtaining an absorbent structure

siAM dnaeRAS| By Vissigh tconfbiadab utitlD hydraphai fibrous materials (e.g.
Subsequent |y, an absorbent article (4) having a nmass
pqﬁma@mg@mpﬁ obtained in 15 the sane way as of Exanple
3. The resultant absorbent article (4) was tested for
t he wet -back amobunt in the sanme way as of Exanple 3.
As a result, the wet-back amount was 25 g.
_[Conparative Exanple 7]: A conparative absorbent
article (4) was obtained in the sane way as of 20
Exanpl e 7 except that the water-absorbent resin (3)
was replaced with the conparative water-absorbent
resin (1) (having been obtained from Conparative
Exanpl e 1). The resultant conparative absorbent
article (4) was tested for the wet-back anmount in the
.-same way as of. Exanple 3. As a result, the wet-back
amount was 39 25 g. | NDUSTRI.AL APPLI CATI ON The
wat er - absorbent resin . in the present invention has
excel | ent absorption properties and therefore can be
utilized for a wide range of uses. Particularly, 49
WO 2004/ 099265 PCT/ JP2004/ 006509 2 5 JAN 2007 because
t he wat er - absorbent resin obtained by the production
process according to
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t he present invention involves using no hydrophilic
organi c solvent in the surface-crosslinking
treatment, this resin is favorable for sanitary

mat eri al s/ absorbent articles (e.g. disposable

di aper s/ sani tary napkins) and can be used favorably
for the 5 sanitary nmaterials by being conbined w p M7
hydrophilic fibrous naterials (e.qg. pulverlzed pu py
50 25 JAN 2 CLAIMS 1. A water-absorbent resin, which
is a water-absorbent re&ilAB¥8ained by a process

i ncluding the step of polynerizing and crosslinking a
nmononer conponent including acrylic acid and/or its
salt (neutralized nmaterial) as a main conponent, wth
t hd. watewatabdooibentresiesiiclbsiangtetmsabtertde dothined by a
havi ng a nass-average particle dianeter of 300 to 600

process inélndinp diengepaof polyitetizing\ahd groselfnkingl Bmekh g tempoint
smal l er than 150 gmin an anmount of O to 10 mass %

inclic@h@ddrylee dc@d ddditoriB LAt (rREeAILE ﬁ{ate'iﬁﬁ'ag a 1o c S nRAT WA the
a tota absorption capacity of not less than 70 (g/Qg)

Watéfb@s&’ﬁerﬁ ?e%ﬁﬂﬁétlﬁgoﬂlaﬁafcfeh%@w Ylaﬁ{'l BRast- S\Zerz‘a% gjgaglclfz &arﬁetgr of

under | oad, wherein the total sor t

300 hﬂ OE)]{V%AHng eq%zﬁ&%)ﬁgsw%%%arpgg diape s %afsél?z\?l%ﬁ G is ‘J%m m
h % di N
L M N
= ab h | oad +
absofidlcagpenty 3B 5 A Dpies fod o GFaptian abicianant notes tan

,absorption efficiency (% under | oad = nonol ayer

70 Yo prads¥ Eﬁﬂo‘ﬁh%@pé@ total ghpogpfion satacity prshidhe absooticatréivipncdyon
capacity (g/g) wthout |load. 2. A water-absorbent

under éedriradelmed by thetfollewiag mdationhbashd dmehluckes vérhiey shougieion of
having particle diameters of smaller than 150 min an

a 0.99mass 6 afuebust sodBnnadaidosoltiah (352C) f@ 1tHer:
wat er - absorbent resin. 3. A water-absorbent resin

ac et Ab@ptiod dapait also fifout dyQrage
particle d|ane%er?g%gggo tgﬁggo pﬂﬁ?(@%ﬁﬁ J%&lZOO? 4.

monMlaVetaBSoriRsQ; hﬁae@%grg{dng to any one of clains
I W% 3, which %ﬁﬁ %%?s an absorption capacity of not

| e%oﬁﬁli@ﬂ eﬁlréle%/cg ( yéﬁ ﬁrnf%}‘lfoah —%qODOIayer absorption capacity (g/g) under

load x 100/absorption capacity (g/g) without load.

2. A water-absorbent resin according to claim 1, which includes the powder
having particle diameters of smaller than 150 pm in an amount of 0 to 3 mass % relative

1o the water-absorbent resin.

3. A water-absorbent resin according to claim 1 or 2, which has a mass-

average particle diameter of 380 to 550 pm.
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5. A water-absorbent resin according to any one of
clains 1 to 4, of which the shape of the particles is
an irregularly pulverized shape. 6. An absorbent
article for absorption of excreta and bl ood, which
conprises the water-absorbent resin as recited in an
~one of clainse | to 5. 7. A process for producti or? fAR 2007

wat er - absorbent resin of claim1, which conprises: a
step (1) of polynerizing a nononmer conponent incl uding
an4aci dAgFeEpRLsePEREPHR AgForBR A anNtaBy ofplaet togk Wiych
essential conponent to thereby obtain a hydroge

exhipt$ gmaEsprptios tapcitR)f wit lags fhang Saygivphdutdeadzi ng t he
resul tant hydrogel polynmer to thereby obtain a
wat er - absor bent resin powder; a step (3) of adding a
surface-crosslink-treating agent to the resultant
watser - absaeLaRbrbeeiSesin BOMWEENHg toMIG Rk RS ElaBns 1 to 4, of which
surface-crosslink-treating agent includes a surface-

the Q{agééﬁth@ ifGcagentiranthhalBlered SRpeNt i al conponent s
and has hydrophilic organic solvent content of 0 to
10 mass % relative to the surface-crosslink-treating
agent; and a step (4) of heating the resultant m xture

to thereby,carr u urface-crasslinki t.reat.oment ; .

5262 6 PREPIGOA oS B AR R Srorr Aol PioetafR i paries

step (3) till the begjnnin o% the step (4) is wthin
the watgi-phspehent rgsin as &FH@E@W&%@ B Jasti B of  a

wat er - absorbent resin according to claim?7, wherein

t he wat er - absorbent resin powder has a tenperature in

the range of 40 to 80C when the _ _ _

sur7f aceAcprosss farlpradueten eigr wefentbspdenidgeinl of pleined owhigh

A process for production of a water-absorbent resin
compaegrding to claim7 or 8, wherein the

wat er - absorbent resin powder exhibits an absorption

capaepl(y) afpongherlz@8Sa mbitaer48m@beentidcnlitlg dnomel-giodp-
containing unsaturated monomer as an essential component to thereby obtain a hydrogel
polymer;

a step (2) of drying and pulverizing the resultant hydrogel polymer to thereby
obtain a water-absorbent resin powder;

a step (3) of adding a surface-crosslink-treating agent to the resultant water-
absorbent resin powder, wherein the surface-crosslink-treating agent includes a surface-
crosslinking agent and water as essential components and has a hydrophilic organic .
solvent content of 0 to 10.mass % relative to the surface-crosslink-treating agent; and -

a step (4) of heating the resultant mixture to thereby carry out surface-crosslinking

treatment;
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wherein a time of from the end of the step (3) till the beginning of the step (4) is

within 5 minutes.

8. A process for production of a water-absorbent resin according to claim 7,
wherein the water-absorbent resin powder has a temperature in the range of 40 to 80°C

when the surface-crosslink-treating agent is added thereto.

9. A process for production of a water-absorbent resin according to claim 7
or 8, wherein the water-absorbent resin powder exhibits an absorption capacity of not less

than 40 g/g without load.

33






