*-1- DESCRIPTION Title of Invention: WATER ABSORBENT RESIN AND METHOD FOR
PRODUCI NG SAME 5 Technical Field [0001] The present invention
relates to,a water-absorbent resin. Specifically, the present invention
relates to a water-absorbent resin having properties suitable for a

wat er - absor bent agent used 10 in a hygiepi.c material, such as a suitable
particle size, strong particle strength, excellent absorption properties,
excel | ent pEH$eRIRTIONO fi bers, and excel |l ent flomability as powders. The
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di aper. [ OfR@pudiackgamend Art In recent years, a water-absorbent
resin has been widely used in various fields, including hygienic articles,
such as 20 di sposabl e di apers and sanitary napkins, agricultural and

horti c t upabhimdAr iFdk3q such as water-retaining materials and soil
conditioners, and industrial materials, such as water-blocking agents and
agents for[%@@bbnting deW/condensation O these, a water-absorbent resin
s particularly feoypiidnt URkdlofS [BIGLER! folh! WEkES. ablialbait desppsabl e
di-apers and sanltary napki ns. he wat er - absorbent resin, for exanple,
hydr ol ysat 8pe@ffisiaddyh- ébeypﬁﬁ$@mtIEnxﬁnﬁmpncapéByﬁarto new@tat+ahﬁ¢rpeoﬂucts
of starch- 9& :’z’A Hefr G E)S:oggPPié@Ps&ﬁ BIROES '5%@&"%&83:8&{ %nt u

acet at e- acry este op ners cross i nke ners aIIy
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properties_desired for th mater sorbent resin include.a |ar

wat er abso??ﬁ 1016 an "X certent™ ?g?ngb§§FﬁFP§ﬁ°?eugfogfrﬁﬁﬁﬁ ge §ﬁ$8ﬂ th
after wat eadﬁmmmtt@n;flsémndahae dxidedleht [Fabiwhabilbty &8 ddibiroOn tThea

| arge anount of _ -2- ter sor n excel |l ent water-apsorption rate,
anda i ohPRIoTs: ADERALGR SIS HaE TS b peh GRS ey HRLST o0 Fuast bher he
wat er - abs op&esnt-dbeoirbeitedrédlirgn ARFOr BANt ab@dend! applited tshch hygi eqic
mat erial include_an excellent wat er absorption capacity 5 under |oad, an
appr oprd at @1§RA%APLE A4APEL: a narrow particle size distribution, a small

re- wet annp@@ogy the absorbed substance to the external of the absorbent
material ,' an excellent dispersibility of the absorbed substance to the

i nternal ofa¢HECHLoABENt material, and the |ike. 10[ 0004] Absor bent
articles such aspgli §ee&?@|§e&t@ easwaeae-aaosﬂfbeﬁftueesaﬂ aisChedll ahaRIPENt
material for absorbing a ITquid, e.g., body Iiquid, is sandw ched between a

fl exi bl e |vged dipervasdisng stikdlslso sh’é"eluqltn@p hygianigpoartivesd osch sasle

20 disposable diapers and sanitary napkins, agricultural and
horticultural materials, such as water-retaining materiels and
soil conditioners, and industrial materials, such as water-
bleocking agents and agents for preventing dew condensation. Of
these, a water-absorbent resin is particularly frequently used in

25 hygienic articles, such as disposable diapers and sanitary
napkins. As the water-absorbent resin, for example, hydrolysates
of starch-acrylonitrile graft copolymers, neutralized products of
starch-acrylate graft copolymers, saponified products of wvinyl
acetate-acrylic ester copolymers, and crosslinked polymers of

30 partially neutralized acrylic acid compound are known.

[0003]

In general, properties desired for the water-absorbent
resin include a large amount of water absorption, an excellent
water-absorption rate, a high gel strength after water absorption,

35 and the like. In particular, in addition to a large amount of



-15 contacting the body and a |iquid-inperneable rear sheet (back sheet)
positioned on a side opposite to that contacting the body. [0005] I n
recent years, there is increasing demand for thinner and |ighter absorbent
‘articles fromthe viewpoint of design, 20 portability conveni ence, and
transport efficiency. A generally enployed nethod for thinning absorbent
articles is, for exanple, a nethod in which the anount of hydrophilic

fiber, suchagscr ghs gt \Qd apUleRce Vel wiffeteabkOrsELet erata)aled abmgtbe nt
resin in an absorbent material, is reduced, and the anount of water-

absor bent P&l ALFength r 35LRKY. W00 EIPSARPEBSRr bBRPPFRIIGS dlesifngt £8f ’éﬂlﬁs a

reduced anﬁHGér%b%:@éh'ﬁYr@!ﬁﬂﬁoﬁgéd'ﬁtfa&edbéb%ﬂeﬂﬂ RatOM ADSHAle@Nto a
capacity and an increased anmount of a conpact water-absorbent resin having

a hi gh 30 hugbepiq grataniadi tpclyde npeneerklentegiadtert RPSPRPEIQR s2APgFitlie
absor begit Gﬁagf fady gled%g rtgee apDH 1 oy ge byl ky-FBk ep aftlefw.ta, Eﬁze
e a sorpt|0n ca

keeping th y that corresponds to the design o
absorbent distrilartiand whisgpald zereek oarmind ofprtbee abserhed hegbstidoneve,

when |iqui (E | st&&% QN 0<5f35 tql ffucsd) rﬁé}ﬁt _Oﬁ;l%igéls él” thgnacté@ ?gtof

an absorben mat eri -3-"Tn an absor artic d., dlsposa

di aper, i sdd:epesrsjlelndd.tyt lofr eehies albpsdirbed v anbsigeagen tdtatheMmtea:nlaar g€ aheunt
of the mate sor.bent resin is.formed into a soft gel by liquid

absor pti on? qﬁ%ﬁb#@ﬁ&ﬁléérltﬁF %é?FEBF Btking" occurs, which narkedly

| ower s1® |Eq00d]dlfoSIbl|lty and slows the liquid perneation time of the

absor bent nateri is gel ckin henonenpon i s | ai,ned bel ow. V% en
an absorbent nat® ?%’F-E)e&fntgﬁrﬁﬁ'ﬁ e“f)ar%'}‘%ul afly ﬁ?%‘Fﬁ%}ﬁ&gn ifpegs have

wat er - absogbphétuesi s wiisd ks labgbirBen® neiaiaabFeirbabkoresid dealiuiihe
surface | ayer absorbs the liquid'to 10 further den5|f% a soft gel around
bsfoee:

the surfac&-FayePCWnd!3d4Gquitd RAMEECPSH iRRT"aRe et e i s

i nhi bi ted, ppHRVAMd NGt §hBaE WekdY - Mtbenboéﬁﬁiéﬁe&r%ﬁ efd i ghgatly
absor bi ng Phe liquid. [0007] 15As a neans for inhibiting the gel blocking

phenonEhonconkr@eringt ctite WREH M Aobhaubl- #ﬂﬂ&F@ﬁﬁPl@crﬁﬁEeﬁ tr dbaekd
and a 'argghéé@y% sgtftl%tearoﬁbécgl%nbpbséttb'eo 4984, cOREAAIHPERAROSESY SO

far include a ne usi ng an absorption polymer having a sallne flow
conducti vi 190@mH a perfornance under pressure (Patent 20 Literature 1), a
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precursor is heat- treated using a surfaceé cross- i ng agent at ent
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attaln
employed method for thinning absorbent articles is, for example,

a method in which the amount of hydrophilic fiber, such as

refined wood pulp, which serves to secure a water-absorbent resin

in an absorbent material, is reduced, and the amount of water-
25 absorbent resin is increased.

[0006]

An absorbent material that contains a reduced amount of a
bulky hydrophilic fiber having a low absorption capacity and an
increased amount of a compact water-absorbent resin having a high

30 absorption capacity is intended to reduce the thickness of the
absorbent material by reducing the amount of the bulky material
while keeping the absorption capacity that corresponds to the
design of the absorbent article, and this is a reasonable
improvement method. However, when liquid distribution or

35 diffusion that occurs in the actual use of an absorbent material



-25 sufficient absorption properties. [0008] Considering convenience in the

manuf acturing process of absorbent articles such as disposabl e di apers and
sanitary napkins and the absorption stability of absorbent articles, 30

features associated with the configuration of a water-absorbent resin,

i.e., the particle size, powder flowabilgty, and inpact resistance strength
of a water-absorbent resin becone inportant factors in addition to the

af or ement i ghegh adissen®NaPtOPEs | 0% | B gessssdbleal@sapbent isredaisidbsed Or
use in absorbent_articles are 35 produced in equi pnment generally called a
rht?é-%le

"drum f or nEReTe |if 1t &1saguprphagR 1% WRatetren £MEHBhsCh s WatRy a

powder feedggotiert e 18SESmpH g6l hOBSEL afh !@rﬁlﬂﬁhfé MscrAlsAl bgnt
material . Thereafte property, the absorbent materia_ -4- resin is supplied
to a refi nébewfﬁﬁwlercﬁiﬁlﬁdce'%}chb%&dﬁmgcr QFPESp ihigty mapkediKe 1PWSESt i s

etc. , téﬁerﬂa[fui&'t‘@im{sgbmt' Lahd! Q1G5 ABRONEGRE adpbifdidOQURE bR #he
absorbent material productioh process, when a water- 10 absorbent resin has
an i nappr opbsexkkergar mateémiali.zeThipegpli ddlocing oighbmpaen i dse esipdained
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wat er - absodersifiasi nwatax -pbsprpemder résiwabi abgorbst heliompdl y amowaterari es
'na pOWdeELbsorbent resin near the surface layer absorbs the 1liquid to
10 further densify a soft gel around the surface layer, and so
ligquid@ permeation into the absorbent material is inhibited,
preventing the internal water-absorbent resins from efficiently
absorbing the liquid.
[0007]
15 As a means for inhibiting the gel blocking phenomenon,
which occurs when the amount of hydrophilic fiber is reduced and
a large amount of water-absorbent resin is used, methods proposed
g0 far include a method using an absorption polymer having a
saline flow conductivity and a performance under pressure (Patent
20 Literature 1), a method using a water-absorbent resin in which a
water-absorbent resin precursor is heat-treated using a surface
cross-linking agent (Patent Literature 2), and the like. However,
in these methods, an absorbent material in which a water-
absorbent resin 1is used 1in a large amount cannot attain
25 sufficient absorption properties.
[0008]

Considering convenience in the manufacturing process of
absorbent articles such as disposable diapers and sanitary
napkins and ‘the absorption stability of absorbent articles,

30 features associated with the configuration of a water-absorbent
resin, i.e., the particle size, powder flowability, and impact
resistance strength of a water-absorbent resin become important
factors in addition to the aforementioned absorption properties.
In general, absorbent materials for use in absorbent articles are

35 produced in equipment generally called a “drum former”. In the



-15 transfer device, and a bridge forned at the inlet is likely to cause
variations in the properties of absorbent articles. Furthernore, the

wat er - absorbent resin having |l ow inpact resistance is easily broken when it
‘collides with nesh or is conpressed with a press. A water-absorbent resin
of larger 20 particle size, especially LR.case of increasing its size by
aggl oneration, tends to be weak agai nst the inpact. [0010] Mai nly
because t hggaipmeiit Of ahywliaphidbsorbéber feah cont supplesdt acadhesedingd a
wat er - absorbent resin in an 25 absorbent naterial. is reduced due to the

recent trefdPBPuS eBIEPNGSERE tthi BRWESS SFaBFfehsOPBiRt S8 i3 , 2 pS6hPEns
energe suchetfiadt the nidi ethabseERRNtanieShilp Mye alilk, AP sofidepbsind eisal
during the transportation or consuner's application of water-absorbent
articles. pAckhbeandnptatingtedoni @ nget@biniSCELRPy BEEhi $fr | e dan

wat er - @SOPBE&bérﬁsirﬂétéﬁa{ﬂ.k_eliyhé&a%ui? 48! 1lRekisBY O sHAHY Wi en
absorbing liquid; therefore, its essential absorption properties cannot be
exhi bi t ed. Prepertd .nghe, absopbedeatesiolbant corprassads wishvat eellapressent
(05111 SAULESS, il QMO GO SRS ES O lpReELE cxresegel | ont | mpact
medi an par {bede] si ze, and excell ent adhesion to fibers while having
excel |l ent powder _flowabi |l ity. .[00 . jn.these indjvi ob)j S,
vari ous productiaﬁ B8 %%%dﬁgé“5%%%%%?e$%ééﬂékaogriggggg%éﬁgﬁgg§}Eggé%e
suggesi®d. abypilsalt meidindhaef apr boagpruprdater pabisioclze i zee s spectilcadaéya
reversed suspen 'onéggLﬁEerizatio%gngthod in_which an_agueous %ﬁ%@ﬁEt
solution i & n®EFTLRLG SAFer cUSLLRY e OPRIZS hPHPSPhobie BRY UPdent
(di spersi oagiEstheiy, i EHeNrddind WanTiassedhrangh anesH evhiscts A dweren the

pol ymeri zati on nmethod in which an agueous nononer solution is_polynerized

wi t hout usPREIACHE W e ST HHLGRS - unfWIHheT - [ GBER B WRERHTRPSIThePhe TOS10

t echni cal Ehslﬁo&f PRIRES @4 oRHBEEI thp, USPSUEHDY AMNERIaZAEEOTn 4 HRF@ekS a
met hod in which acrylate is subjected to a reversed phase suspensi on

0ol yekd 2atreps er sieakdel cnd Hy dPBkdge iPmety @t the (HEGl deoridbeey &R

erythritol o @]%éy @&t thi89ne" (Rat Rk Lpbepettiied 3lor anbhsbl8bRt i Sadrid@EROd in
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whi ch an acrylic acid-based nonomer 1S sub%ected to a reversed 20 phase

suspensi onFpothemiareat i ofheisi Water rAbeeabsntf adegAR othayingt t Youci dPa€tose

ester and @e% {hd! s SQLRI PN LoRken, WABhCN A SoPOiddl Ahadl ALEH NBEY 1
t enperat ure atent Literature 4). t hough the spherical water-absorbent
resi ns obt apmpregsed hwikhor anmpnassnedAr evaieye@bghabent ugesigi opf larger

pol yner i zag i on. h 25 have.. | l.ent f] . omahidiiby icle
: streng%‘%, E’ﬁ%ﬁl‘zﬁ% n%[déﬁave e?& fXLligl el‘ri\a[ %ig%\?g%e :,érlpze sgtﬁn able fg?éé B& ‘
produci ng apggbomserdtimat, eteatls. t¢ 0 JeakKoagajmy ehehispaspheri cal particle
aggloneratféﬂgg ai ned 30 by using the follow ng nethods have been

suggest ed. t hod conprises subjecting a water-soluble ethylenically

unsat ur at ed Mainly because the amount of hydrophilic fiber that
contributes to adhesion of a water-absorbent resin in an

25 absorbent material is reduced due to the recent trend of reducing
the thickness of an absorbent material, problems emerge such that

the water-absorbent resins move in an absorbent material during

the transportation or consumer's application of water-absorbent
articles. An absorbent material containing ununiformly

30 distributed water-absorbent resins 1is 1likely to cause gel
blocking or rupture when absorbing liguid; therefore, its
essential absorption properties cannct be exhibited. Accordingly,

to produce absorbent materials, a water-absorbent resin requires

the following two contradictory properties: exXcellent impact

35 resistance strength {particle strength) while having an



“-nmononer to a reversed phase suspension polynerization reaction in the first
stage, then allow ng the water-sol uble ethylenically unsaturated nononer to
be absorbed in a water-containing gel 35 produced by the polynerization
‘reaction of the first stage, -6- further perform ng a reversed suspension
pol ymeri zation reaction, and optionally_gepeating these operations at |east
once (Patent Literature 5). Al so suggested has been a nmethod conpri sing

pol yneri zi appropwitatie- smedbdre qlalryliehe cadize ,unand urestced lennonadhdyioh usbng a
wat er-in-oil. type.reversed phase._suspensi on I rjzation nethod to forma
slurry sol EH’# Caddth ae’ﬁ’(‘ﬁl;ﬁ‘ﬂ i%%"b‘?eé: %gﬁ%gg}ijf%‘f‘perform

pol yneri zagpeni] t hereby form ng aggl onerate particles of highly absorbent

pol ymer particles (Patent Literature, 63_%{5#/ usi_gg t hese net hods, although
water- 10 absor bEdt &d&iRs HRRFGhgladivtd PPAGELT1 i (MATARYS arPLASHCSAPR at e

particl® sigenciphdie 6bt dikedrehbeyrdtaveapssisaady apbanes | Arkhadugydbesqon to
fibers is insufficient. [0014] Separately, in the technical field of
aqueous soTYRieH 1mepBrdsre Oz PTHHCINGNIERLET-GRAFTPERY dediParinelude a
strength apgydAsdd f 5aLSdHsn! NSOt 2aRRERPie?h8aPAN | GhEciP! 4R GRfteBEs

obt ai ned by using techni ques such as a nethod of m xing fine

wat er - absomdeener essolyideer dshaghApendetnl ier parpaniiiglsi zetateh &n a

hydrated g er - nt i_n.duri ri i 20 at

Y erat ur cEoEopitee RASRhNE" YRl (HpREIGET  RBRIGR) 2Ogh3" Ebn
wat er -Hbsopbbyneriegsidn pandraan paueovke saigtionatpelyabsbzdeinn rssthodyr #mul e
(Patent Literature 8). To inprove (his.,.a netho f_mxing. fin articles
ot her 't hanvBiahi2F - Sapiest . MORPRE boldrich 5 MLvRerTk el ViR R b
has been saggesteicbn? me@Panedtd.iterature 9); however, the nethod provides
I nsuffici eg{) fowder flowabilty and particle strength when conpared to the
products o Ukd by using the aforenentioned reversed phase suspension
pol ymeri zati on neéROGSamp08]15]in305aae HerbilbgUEeFile0di NPE Orevadbesi phake

fi bers have been suggested. Exanples_of the nethods include a nmethod using
a non-1angirspension gﬁﬂ@?ﬁﬁaMrigﬁgﬁrﬁﬂ medfiod HavIRECR FNlates 1S
aver age paé&ib%@celden%h ANfevaiciepRadd | slspdhienst hpeiyedid2130 (iFat gnt
Literature 10), a nmethod in_which_a water-absorbent resin 35 is obtained by
gradual | y BEERMEUER MriasarkpRe 04VEREcdBerle presence of an erythritol

fatty acid ester (Patent Literature 3), and there is a method in

which an acrylic acid-based monomer 1is subjected to a reversed
20 phase susperision polymerization using a mixed surfactant of a
fatty acid sucrose ester and a fatty acid sorbitan ester, which
are solid at an ordinary temperature {Patent Literature 4).
Although the spherical water-absorbent resins obtained by the
aforementioned reversed phase suspension polymerization methods
25 have excellent powder flowability and particle strength, they do
not have a sufficient particle size suitable for producing
absorbent materials.
[0013]
To improve this, spherical particle agglomerates obtained
30 by using the following methods have been suggested. One method
comprises subjecting a water-soluble ethylenically unsaturated
monomer to a reversed phase suspension polymerization reaction in
the first stage, then allowing the water-soluble ethylenically
unsaturated monomer to be absorbed in a water-containing gel

35 produced by the polymerization reaction of the first stage,



-reversed phase suspension polynerization to performa batchw se reversed

phase suspension pol ynerization (Patent Literature 11), and a nethod using
a wat er-absorbent resin in which granule particles have an aspect ratio

‘(particle length/particle breadth) 5 of 1.5 or nore (Patent Literature 12).

However, when the ratio of the particle_kgength/particle breadth of a
wat er - absorbent resin is raised and the water-absorbent resin has an
el ongat ed shapier tharrRAMEEH0A tevdidud SuBB¥nY o NPUIGMRE T zBOYEY Efeadtibn,
powder flowability and the particle strength tend to be reduced. 10
Ther ef or e, 2PReSBtHAHDIGS THReatdnIs kheas| ePPRRT RS ntPasth Pnass JFBéRRt

materials. 1f00d&dure 5). HeI¥S s@yeLeEIeHashapebfeh dgrithed @mptising
wat er - absor bent resin having features suitable for producing a thin
absor bent PSlymewkzimg, & waterheRdulfce edbyientcajcie Miisafrated iunoper oy
propertd es appgopry 141Gl e siyge. andyarsid ondy i cl agLh as
wel | as exgg]%lq%nt édhegﬁgﬁr{%{ fdilbers%g%d po%grrflovxabF??ét%/. .2%1 'tgtgls%n

Li st Pat epolymemization [M@dhpp FPL1fJapaneSéunexX asohuetifen enamibpiding oa

Uneam necbRbtter AR eBhR ho BeFbet B0t sl i, CORRET 2ommia

Pat ent Pubhgghtmematdo. pHtt281g93 of highly absorbent polymer particles
{(Patent Literature 6). By using these methods, although water-

10 absorbent resins having excellent flowability and an appropriate
particle size can be obtained, they have a disadvantage in that
adhesion to fibers is insufficient.

[0014] |
Separately, in the technical field of agueous solution

15 polymerization, powder flowability and particle strength are
insufficient although an appropriate particle sizZe can be
obtained by using techniques such as a method of mixing fine
water-absorbent resin powders having a smaller particle size with
a hydrated gel of water-absorbent resin dJduring polymerization

20 (Patent Literature 7) and a methed of surface-cross-linking a
mixture of a water-absorbent resin primary particle and a water-
absorbent resin granule (Patent Literature 8). To improve this, a
method of mixing fine particles other than a water-absorbent
resin with a hydrated water-absorbent resin has been suggested

25 (Patent Literature 9); however, the method provides insufficient
powder flowabilty and particle strength when compared to the
products obtained by using the aforementioned reversed phase
suspension polymerization methods.

[0015]

30 Some techniques to improve adhesion to fibers have been
suggested. Examples of the methods include a method using a non-
angular, non-spherical water-absorbent resin having a ratio of
average particle length and average particle breadth of 1.5 toc 20
(Patent Literature 10}, a method in which a water-absorbent resin

35 is obtained by gradually adding a monomer after a precedent



-PTL 4: Japanese Unexam ned Patent Publication No. H2-153907
Japanese Unexam ned Patent Publication No. H3-227301 PTL 6:
Unexam ned Patent Publication No. H5-17509 30 PTL 7:
‘Pat ent Publication No. H5-43610 PTL 8:
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PTL 5:
Japanese
Japanese Unexam ned

reversed phase suspension polymerization to perform a batchwise
reversed phase suspension polymerization (Patent Literature 11),
and a method using a water-absorbent resin in which granule

particles have an aspect ratio (particle length/particle breadth)

5 of 1.5 or more (Patent Literature 12). However, when the ratio of
the particle length/particle breadth of a water-absorbent resin
is raised and the water-absorbent resin has an elongated shape,

however,

the adhesion to fibers may be improved; the powder

flowability and the particle strength tend to be reduced.

10 Therefore, these methods are not suitable for producing thin
absorbent materials.
[00l6]
Hence, development has been desired for a water-absorbent
resin having features suitable for producing a thin absorbent
15 material, 4i.e., having excellent general water absorption
properties, an appropriate particle size, and a strong particle
strength as well as excellent adhesion to fibers and powder
flowability.
20 Citation List
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Summary of Invention
Technical Problem
{00181
5 The main object of the present invention is to provide a

water-absorbent resin having a suitable particle size, strong
particle strength, excellent adhesion to fibers, and excellent
flowability as powders as well as properties suitable for a
water-absorbent agent used in a hygienic material, such as

10 excellent general absorption properties as a water-absorbent
resin, and to provide a process for producing the same. Another
object of the present invention is to provide an absorbent

material and an absorbent article using the water-absorbent resin.

15 Solution to Problem
[00191
To achieve the above objects, the present Iinventors
conducted extensive research and as a result found the following.
A water-absorbent resin in the form of a secondary particle that
20 satisfies a specific aspect ratio and a particle size, the water-
absorbent resin being obtained by agglomerating primary particles
that satisfy a specific aspect ratio and a particle size, has
strong particlé strength, excellent adhesion to fibers, and
excellent flowability as powders as well as excellent general
25 absorption properties as a water-absorbent resin.
[0020]
Specifically, the present invention includes the following
embodiments.
[0021]
30 Item 1
A water-absorbent resin in the form of a secondary particle
in which primary particles having an aspect ratio of 1.1 to 200
and a median particle size (d) of 50 to 600 um are agglomerated,

the secondary particle having an aspect ratio of 1.0 to 3.0

35 and a median particle size (D) of 100 to 2,000 um.



-Techni cal Problem [0018] 5The mai n object of the present invention is to
provi de a wat er-absorbent resin having a suitable particle size, strong
particle strength, excellent adhesion to fibers, and excellent flowability
as powders as well as properties suitable for a water-absorbent agent used
in a hygienic material, such as 10 excelyent general absorption properties
as a water-absorbent resin, and to provide a process for producing the
same. Anot hggz2ppj ect of the present invention is to provide an absorbent
mat eri al and an_absorbent article using the water-absorbent resin. 15

Sol ution t &*®Robl em [ 0019] To achi eve the above objects, the present

inventors conductigs N SibLerbeseF LA REBsdEng 68!l ttduound viHegehinl tved ng.
A wat er - absorbent resin in the formof a secondary particle that 20

satisfi es wWatgr@bsoEbgBpeEeSint PBSaRd PRISAFLE cFé28i PR1TPHBL A @F - it oFDent
resin heing gbtained by agglonerating primary particles that satisfy a
specific aspect ratio and a particle size, has strong particle strength,
excel lent b@®&3l on to fibers, and excellent flowability as powders as well
as excelleg&agggeral 25 absorption properties as a water-absorbent resin.

[ 0020] pecifically, the present invention includes the follow ng
enbodi nents. [0024g wldt-ebsdrbent resAnwateordbzprigedtemedior i twhereonm of

a secondar artjcle.in ich_pri particle i p i g of

L 1% o 200tahavataramatesapE shaid bés [8) FafecioddtoBf 70, BRLIGh AL Ay
t he senpndangedasf iadhesheni g fHibeaspets50o atd acof. 1.0 to 3.0 35 and a nedi an
“particle size %f» of 100 to 2,000 pm -9- [0022] Item 2 The

wat er - absof B®%it! resin according to Item 1, wherein the water-absorbent

resin has gr@ardicle size uniformty of 1.0 to 52. 2.
The water-absorbent resin according to any one of Items 1
to 3, wherein the primary particles have a form comprising a
15 curved surface.
[0025]
Item 5
The water-absorbent resin according to any one of Items 1
to 4 produced by using a reversed phase suspension polymerization
20 method comprising steps 1 and 2 described below:
{1) step 1, in which a water-soluble ethylenically unsaturated
monomer is subjected to a polymerization reaction in the presence
of a thickener and a dispersion stabilizer to form a slurry in
which primary particles are dispersed, and
25 (2) step 2, in which the slurry obtained in step 1 is cooled to
precipitate the dispersion stabilizer, and then a water-soluble
ethylenically unsaturated monomer is further added to perform a
polymerization reaction, thereby agglomerating the primary
particles dispersed in the slurry to form the water-absorbent
30 resin in the form of a secondary particle.
[0026]
Item 6
An absorbent material comprising the water-absorbent resin
according to any one of Items 1 to 5 and a hydrophilic fiber.
35 [0027]



[0023] Item 3 The wat er-absorbent resin according to Item1 or 2,
wherein the water-absorbent resin has a flow index of 70 to 200 and an 10

i ndex of adhesion to fibers of 50 to 100. [0024] Item 4 The

‘wat er - absorbent resin according to any one of Itenms 1 to 3, wherein the
primary particles have a formconprisinge 15 curved surface. [0025] Item5
The wat er - absorbent resin according to any one of Itens 1 to 4 produced by
usi ng a reyggped phase suspension polynerization 20 net hod conpri si ng steps
1 and 2 described bel ow % StQP in which a water-sol uble eta¥len|cally

unsat urat ed monoffer 4‘%5‘%76’81“ ct BEtiGIe pOFyHERZ atin ARSETPORT | MAtRELaL

presence Ofc@otdintkeps Brth 26di ISdEIetn0Na S tiakui GZBErhd@a R MsBest Uanll 14
which primary particles are dispersed, and 25 (2) step 2, in which the

slurry obt di@edliimpermpahle sshasdi-ed to precipitate the dlsper3|on

stabllhger[ then a water-soluble ethylenically unsaturated nonomer is
further adde to performa polynerization reaction, thereby aggl onerating
the pri mar;‘ltgar&icles di spersed in the slurry to formthe vvater-absorbent

30 resin in the {omoly &o3eEARMRKINPA Lathe. abfARk! ket seRgeat

mat eri al conpr|5|ng e nt resin accor ng t any one of
ltens 1 tosécamihny hpdrophlé i cadcaob‘émg3a[d)027] revdised t phae suspengion

merorons BERF STl e SRS S b 2SR Bl O
ltem 8o {l1) step 1, in which a water- soluble ethylenically unsaturated
monomer is subjected to a polymerization reaction in the presence
of a thickener and a dispersion stabilizer to form a slurry in
which primary particles are dispersed, and
(2) step 2, in which the slurry obtained in step 1 is cooled to
15 precipitate the dispersion stabilizer, and then a water-soluble
ethylenically unsaturated monomer is further added to perfomrm a
polymerization reaction, thereby agglomerating the primary
particles dispersed in the slurry to form the water-absorbent
resin in the form of the secondary particle.
20
Advantageous Effects of Invention
[0029]
The water-absorbent resin in the form of the secondary
particle according to the present invention has an appropriate
‘25 particle size and strong particle strength as well as excellent
general absorption properties. The water-absorbent resin of the
present invention has excellent adhesion to fibers as well as
excellent flowability as powders due to a small aspect ratio.
Therefore, since a thin absorbent material using the water-
30 absorbent resin of the present invention has a high liquid
absorption property and a shape retention property, the material

can be suitably used in a thin absorbent article.

Description of Embodiments

35 [0030]



A nethod for producing a water-absorbent resin conprising a secondary
particle according to a reversed phase suspension pol yneri zati on net hod
including steps 1 and 2 described below. 10 (1) step 1, in which a

‘wat er - sol ubl e et hylenically unsaturated nononer is subjected to a
polyneri zation reaction in the presence (gf_ a thickener and a dispersion
stabilizer to forma slurry in which primary particles are di spersed, and
(2) step 2yat&rVWHsoipehe sbsin YoroRhal pesdrt SneBntids cooled to 15

preci pitate the dispersion stabilizer, and then a water-sol uble

et hyl eni cal | y un¥@e ureted-AbRoFRANY sTREIRheIE alfhed RISSFEL ol Aygntion is
pol yneri za t dihe (o[oT WcTpe=Ys n e JHohBr icies

di sper sed %%Bﬁirﬁgfuérlér}ﬁbrt o} fﬁ??}yt %e%wat era:%%gsg?rl%gntsq{ esi nﬁ} ﬁﬁ{%e f11"or'rPnh{(a)

t he secondaayelpa&haoaclbentzcemaﬂ dgedhs Eptmcof Wfe |serendany) YUAGLe in
The water- Gherbepl sy N partNedOr M Of nbhe, 5 ecnddsyBar ! ol aagconding
to the presén entli has an appropri ate particle size and strong
particl e saggbopdragdsduwel | as excell ent general absorption properties. The
mater-abso&gﬁ$i resin of the present invention has excellent adhesion to
fibers as %s excellent flowability as powders due to a small aspect
ratio. ThereforeThsiﬁuﬂmmxyIﬁartahiesbhavenameaspéctnﬁaﬁ;d:mE viatierte 200,
absorbent res res |nvent|on ha ' | i tlon
roper ty aRGSEEAtIe 1dk dit 00 pPOEE: PCEPRE T ked dio Al 1 BB MG s o
in a tiy n phepshity ar ui ebeso and pPaseitwiay @t:eEabmttyrantss t35B6030]

WAt er - absor bent _resin of the present i nvention The wat er - absor bent
resin of tﬁ%O%@%sent invention is explained denobnstrating a schematic view

shown in Fig. 1 yfdde ved epralse DRE1EESE Nhate | 4n tashd Maafiot kg 3egopgary
particle in 5 which prrnary particles a having a curved surface are

agglonerat@@re{dﬁﬁiﬁurface depeessiioRa Py O af e cPRLOMRFT RATBAPER 111} Fhil6h of

1.1 to 200y @é artd ch@s19Pe H?éforﬁgﬁt%ﬁa%@éoée§ §0e80. wiAiReh GMRASNOr €
10 preferab y 4 to and particularly preferably 1.6 to 30. [0032]

Wien t¥e piftneessijaie |t@I estatnecxarldopécndneslien gio Fibegp ek, thehaesinface
depr essi ony he_sego ti ar re
aqql omer at b Beedngs SHHCARbI AR Ml e B P e P
adhesi on tbhélDeimamhenaIMBﬂﬁesﬂnWEsEms@&pﬁgtamaabgopﬁeﬂDOHQEeﬂﬁaB t dhet her

h fib f
less,  the BPEMER, Baricipalbalrol DALY AluiteaPdateP it R Sodthadihory

particle apdrthelecommcthes uedrsices: mﬂst e tpeematlye parinatye sp2tiaies

i ncreased. Therefore, 0 part Ie after | oneration has,an
i mpro s?f%ngtlr?cgfage te?ﬁa %F%? SFoP3 %‘T]%P par%lc%’te r?%itﬁﬁry
particles ngmmu‘mﬂmnhaaranch@mvmt (sd):en§t150ast e GRregrabpoeH@aTtalerin0 to

500 pm nnroogéeferably 80 to 450 pm 25 and even nore preferably 100 to
400 pm

The primary particles have a median particle size (d) of 50
to 600 um, preferably 60 to 500 pm, more preferably 80 to 450 pm,
25 and even more preferably 100 to 400 pm.
[0034]
When the primary particles have a median particle size of
50 um or more, the secondary particle formed by the agglomeration
of the primary particles has a particle size within an
30 appropriate range and can improve the powder flowability as a
water-absorbent resin. Further, the secondary particle formed by
the agglomeration of the primary particles has a deep s_urface
depression ¢ and can improve the adhesioh to fibers or the like
when used with fiber, etc. in an absorbent material.

35 [0035]



-1 0034] When the primary particles have a nedian particle size of 50
pmor nore, the secondary particle fornmed by the aggl oneration of the
primary particles has a particle size within an 30 appropriate range and
‘can inprove the powder flowability as a water-absorbent resin. Further, the
secondary particle formed by the aggl omgrati on of the primary particles has
a deep surface depression ¢ and can i nprove the adhesion to fibers or the
l'i ke when used viihén ftiRerpreidry iparaficds ohdedt a édidnl pardic0638]ze - 32-
When the primary particles have a nedian particle size of 600 pmor |ess,
the second8fy pilti &Fe fHSed e heSaseglarEr aPrshiisie t hEoPReGmr hY patkecl es
has a parthggfordrztiWnt BENtRE SPIMAR pakei AW hatG PRARLREDY | dited wieRen f eel
when used in an 5 absorbent material. Mreover, since the contact surfaces
of the pri@lrJPRERRTIAtEs TaRge| ARY cBdt PTOVAESs Bc OREGr fephrihian &sedr iR daby
the agg ongLabiKhOfmd e 1RA1, Mot eBFEL | ChAfed A ANbddBIRY SRhrFhEERTLE #he 2

wat er - absor bent resin. | 0036] 10The formof the primary particles s not
parti cul ar byimam tpartideevare inmregsedar fhoaredaidesypparbials yEameAube a
curved sur e figcal dylikke,sh

oval - spherfi'%gl %ﬁ%ergeggﬁsa%% lgﬁapzp anc% puggyg s apaeﬁarajg"%rwé&

pr ef er abl estSengith tdse aswebadeaabsgrdentclresirs. f or ned 15 by t he aggl onerati on
of the pri E@ﬁg garti cl es having such a shape, the flowability as powders is
i nproved a % secondary particle after aggloneration is likely to be
closely filled. Ther doate, of heheecpmnihry ppattidles siseswotl | kaiticudabky

br oken when, subj ect d to ac i sion and a water - abso bent resl Vi ng

i oh par i CHELGHEC RERBTRE ¢ afhbe BNAT ST gdRs Brcterahty cEhBHiG: v
particle h@ﬁr@éﬂ asRe¢hceat Ao, 1S§e&9ffca£llypr eéer@é}nhm-bhapé@ Dend- r.mke

preferably 1.0 to 2.0, even nore greferabl 0to 1. and g%rtlcul arly
pr ef er abl ysﬁa@eto 4. °"?§-[‘GQ§8]—'1C shapgye %?@Psﬁ%"éoFB@Pﬁ r 88¢ nao FUgRE

secondary pailislshdated ptBeEAGLIE (Fi0k8 ﬁhéeséé‘andaf 1@8rtocte 0QP formed
- preferably 200 to 1,500, nore preferably 300 to and particularly

pr ef erbl ybBethe RIIIGTSTARionPHOEY PIIBATY h@a%%?&aby%agtwlb N &DRRY: a

medi an par{;féé‘l Fl&&aﬁﬁl&ft 1QQ ?%Qérénirse 1h1§rbl§&§j &rd ﬂ:ﬁ@afs%ﬁbﬁéér?f t}fd?cttlhﬁé' n
in an absorbent materi a , a phenonmenon in which ui
'ﬁ!@‘e@QI‘BLace

di f f usi on a@tmnhaggl@epratz@n igel L¥tedaki by, be schesely kﬁinlQQ) t
and excel l@ﬂé éé%ly’ E))érﬁicj?é)"\ij&rl%és lﬁfc&ﬂrnﬁg bé’“ﬁf&%@h when subjected

to a collision, and a water-absorbent resin having high particle

20 strength can be obtained.
[0037]

The secondary particle has an aspect ratio of 1.0 to 3.0,
preferably 1.0 to 2.5, more preferably 1.0 to 2.0, even more
preferably 1.0 to 1.7, and particularly preferably 1.0 to 1.4.

25 [0038]

The water-absorbent resin of the secondary particle has a
median particle size (D) of 100 to 2,000, preferably 200 to 1,500,
more preferably 300 to 1,200, and particularly preferably 360 to
1,000 pm.

30 [0039]

When the secondary particle having a median particle size
of 100 ym or more is used as a water-absorbent resin in an
absorbent material or the like, a phenomenon in which liquid
diffusion is inhibited, i.e., gel blocking, is not likely to take

35 place, and excellent flowability as powders is attained, without




-- 13- causing adverse effects on the production efficiency of the absorbent
material. The secondary particle having a nedian particle size of 2,000 pm
or less is preferable because it attains excellent feel and flowability
‘when used as a water- 5 absorbent resin in an absorbent nmaterial or the

| i ke. [0040] Any material can be uysed as a material of the

wat er - absorbent resin of the present invention as long as it is generally
used in a ma:he:tngabadvbfm leffents Banplkhe tpreideotidfl ieffivdenbydroad ysias es

of starch- I onitri t cgpol yners, neutrali.z oducts of

ot arch. acr GPRTEGHGT ALy r s T SACPRAR o GILTEL0 DR - & median
acet at e- acpyt4 RSt §E.z§0IQﬁ’ yaehGo ﬁﬁ\d d?xr ogeké nkigd ﬁﬁéf’éﬁbieOfbé@d&éem Ly
neutralized acrylic acid ound. hese, . in view of producti on

amount, pr 65?1%%‘?90@%%‘3%]6%}15 gkr a%ﬁsé@ﬂ@ﬁ@ﬁ%e?’??n é‘t‘"@d & o s PRLRRET

pol ymerss ofngefidral eshaULs add ZBdoRBENE imatRaid1CoRPONd e preferable.

[ 0041] The wat er - absorbent resin of the present invention generally
has a part[€P40kize distribution uniformty of 1.0 to 20 2.2, preferably
1.0 to 2.0, and (Sl fbldgnl e t Qsdq8-agMgn e vag er, fab§ L bedkLesin
is used as an abg“?benitglrf:rg‘ltier|O\£1|rl ge |§ notaspr ef erabl e toouse ﬁqar ge ©
particles a‘nsqrbim’tgeraﬁmntOﬂae&has@n@#wnabsmmlowmé$| dlongftag it is
conpressi o y .Iigi 1 o] re t mal |
particles Q%R&&Fa geﬁgé&am%ntar g’éggﬂsgebét%gglﬁgrt?% el{s? aﬁﬂggﬁ%% chh §§§g§e in
a t hi nabsbndbnie nhyérohysatesd ofi fstanchyacsylionddriéd. g‘lﬁafrtefmzmlymbes

wat er - absorbe r.esi.n useddl n_an a orb nt materl altepreferﬁfly has a_narrow
particle sp?é T3S ut PEKS UEES ot & s%lal uni PoF typfeam &5 of
particl e siaponmlifiad Qbht'tbdm:tsSIcﬁlEevﬁ.hjEl WaE:Etat@{hcai@Qﬂ.bbGEEEttelresmdipa]fymbhe
present invention that s t| ies the afore i one e_has a_snall

uni f or ni t y38R@gFEESHHIMRY | e sP?’FB’{:Tﬂ%i n, n‘?"ﬂ:qag' gﬁpt AT HCe8%H t he

absor bent %ﬁirﬁi dfO%%]se - 14- vab® 0Pt tiI SrgERitivni am@ﬁﬁ'er aptoaudRigAg Of
nore, prefera

35 to 85 nore preferably 40 to 75 and
parti ctf ar F9Shr ef“’éF%BT?rb g’%@tmp’g'f?%ertﬁy s&tF sf yFﬁBS%Jc"H?eélgnBﬂ'EY’F‘?Taﬁ PEnge,
gel .can bepkepiaist gr%q»ckalﬁai/%xngb &bt ddipoundatx GR&EFerabse; | i nking -
can 5 be inhibited to increase the absorption capacity. The water
absorptionl@dpkkity can be neasured by using a nethod described in the
Exanpl es shown bghow. hPA3nddPetlt  hesifdl GBS thl [eadddi  Nwention
wat er - absorbent resin 10 of the present invention is a artl cle size
retai ni ng gereralflyerhas purpatiieleolsizei gasteiputinmre ‘-Hblrf%rﬁlﬂélfspielr @t &P ni ng
rate i.g gepyesa er.Phefer a re bly
90% orzcormrg ﬁTh%g%&%e;i&t Egbpg?t?c{)e %ﬁén@%t ?geff%aﬁjé epdzt @Slr%at gflre?he
particle sthengiﬂer—‘ﬁlbsomerst -Bdrsior Henuse8 assam &hsqrhenprmemlalnvem isn

that satisfjes ve ju | ra ss. | Lk en
subj ect ed e €ap%%%’| S1-on 1Jc?i) ﬁgﬁgqt%ﬁgrep%%% %%% 53 %n%%% %TR rrat eri g? and
i s | ess |ikkéyathsoribenteaatetrhel fafierpomeressidreiiecovesepaetialiie migdli ty
of the abs? bent terlai: IS gt ab%#izfgrd, whi ch sures @% enrfor nce. 20
The partic 452513 o' é’rP PE %% e °auﬁ§rt§n&ar R SIS 85t Scanthe
measurzsl bymodiing degBubed thhescpabiitlies tiee Exdrples thombvdeliaw a [ @A44]

absorbent material, and uniformity is impaired. Therefore, the

water-absorbent resin used in an absorbent material preferably

has a narrow particle size distribution, in other words, a small

uniformity degree of particle size distribution. Since the water-

30 absorbent resin of the present invention that satisfies the

aforementioned range has a small uniformity degree of particle

size distribution, it is suitably used in the absorbent material.
[0042]

One of the indices that feature the water-absorbent resin

35 of the present invention is water absorption capacity. The water-



-One of the indices that feature the water-absorbent resin 25 of the present
i nvention is a water absorption capacity of saline solution under |oad. The
wat er absorption capacity of saline solution under load is generally 12
‘m./g or nore, preferably 14 nL/g or nore, nore preferably 16 nL/g or nore,
and particularly preferably 18 nmi/g or ygye. The water-absorbent resin

havi ng a 30 hi gher water absorption capacity of saline solution under |oad

can absor bapesEpiiciuicdpubety Uus€ hatferan 1¢bsordentoriiogel, apréfeleivllyoadd. tdhe
wat er - absor bent resin of the@g{esent i nvention that satisfies the

af or ement | BRe® uRFic BrefeRgRlE AP ha APaPh9t P PRPACHEsT I RESTEGRMEN

used in anggbggr b@mg/PHt el %latllhfnv@t Slich3 % aheRMdadn r@ABACT GK¥1 0kas abé ne
sol uti on under | oad of the wat 15- absorbent resin under | oad can be
measur ed bieREi Figronghdch sy eﬁ@%t: rQQﬂed)LoﬁkﬁHE Bathf%eessheRAS Hel sk inpooan)

One of §hebé”§h EQét {&atl%ﬁeégg %ﬁeer'@é%ﬁ.‘ij’t%ﬂt ESA 1y, Of rihd1€ yRE g ent

i nvention 1 s ySI ol ogl cal saline solution abSOI’ptI on retalni ng rate
under | oadabirzptied afapaciiypgani beemespitred oy tesing Themptyad dlesgirdhed

sal i ne sol 5% @ge %REEOQ%E,‘% 3idjipg rate is generally 80% or nore,
5% or

preferably nore preferably 90% or nore. The
wat er - absofd@43] resin having 10 a high phyS| ol ogi cal saline sol ut I on

absorption ret al | ng%% %ﬁ%?%ﬁdgﬁ% % 5& gntﬁgp%%fltg oegb g gyen

when subjected t gdtctTon "1 -an- absor b
materisd ; bhetieé qsﬁasetrhe imvepeibness uaeplamm atzer lnemhm:artgernmﬁe afbhebe
mai nt ai ned. The rbent r esi t he present invention 15

t
satisfies ?hé’aﬁﬁa ‘?naﬁ? Ihu?ﬁﬁq ca hera??g%t AR A & aﬁﬁén%rfiﬁt‘???'ﬁs

used as angahseiignt svat elirdl mo¥The pPhisicdapdiycabsgal ope metel i ehaabmeret i on
retaining rate under load after a particle collision test can be neasured

accor di ng PEeELTAR Yo P {ese¥ | Berei nTef eS| B SRRV B o 22 0fG481 " Ene
of the indiges, t hak fgatake t BReVA AR ahsOrfaRngtaS| MR LAeePlAHRAbent

invention is an index of adhesion to fibers. The
15 resin of the present invention that satisfies the above numerical

range is less likely to be broken when subjected to a collision

during the production of an absorbent material and is less likely

to increase the fine powder content. Moreover, the quality of the

absorbent material is stabilized, which ensures high performance.

20 The particle size retaining rate after a particle collision test

can be measured by using a method described in the Examples shown
below.
[0044]

One of the indices that feature the water-absorbent resin

25 of the present invention is a water absorption capacity of saline

solution under load. The water absorption capacity of saline

solution under load is generally 12 mL/g or more, preferably 14

mL/g or more, more preferably 16 mL/g or more, and particularly

preferably 18 mL/g or mere. The water-absorbent resin having a

30 higher water absorption capacity of saline solution under load

can absorb more liquid when used as an absorbent material under

load. The water-absorbent resin of the present  invention that

satisfies the aforementioned numerical range can maintain the

properties required when used in an absorbent material. The water

35- absorption capacity of saline solution under load of the water-



‘index of adhesion to fibers is the value defined by the ratio of the

wat er - absorbent resin that can maintain the fiber adhesion 25 property

af ter shaki ng obt ai ned when the water-absorbent resin is used in an
‘absorbent material. The water-absorbent resin of the present invention
general ly has an index of adhesion to fijgers of 50 to 100, preferably 60 to
100, nore preferably 70 to 100, and particularly preferably 80 to 100. The
wat er - absoabesitbargsi resith havdery dodd gbahndex mdasadkdsitgn doidg ber metlod ess
i kely to cause, variations_when used in aqﬁgbsorbent material. The water-

absorbent PeSFHRSS the thF SSEAHP sy ERPYD PHYPR: satisfies the af orementioned

nunerical [@sge] can maintain the liquid absorption property when used in an
absorbent article. The index of adhesion 35 to fibers of the

wat er - absor bent 9%&i Af cBpe pendeesu i toyFegdrng the. YateReadRrvgBECFEREY i n
the Exaypl gp thewplaglaw. 1l@htion ikeSiHk Nggysi QA chh owaindex scnawess s

can be easily transferred 10 and the supply anmount can be stabilized in the
product i onabsorsionharataimingi apteAswded Aged, obipinedoaster ehdagkdole of

the water- ! LN | h P 1MRES Al Fo§uk gl Cethadndts
transfer p?QE?%%§HHUES§E tﬁ@“%rpagg ?%%ﬁg%ion ?n a po&ﬁgr opper are:L %ss
li kel y to petainirtheaiet ds- ghserapkint §0Esior gloreheprsferaisient8Sinwenmpoa. t hat

Th the profiSiiay ofcasrapsy, Ao Hicel SPHE ST o ERD AR BapLage! ©
wat er -labsoabéighr gdiysiodngbsalresslired byluisiong abswmpiptddndezdraibiulg i matée
Exanpl es Sﬁggnabgiégvaégggﬁgigh capacity under load even when subjected to
a collision during the production of an absorbent material;
therefore, the properties used as an absorbent material can be
maintained. 'The water-absorbent resin of the present invention
15 that satisfies the aforementioned numerical range can maintain
the properties used as an absorbent material. The physiological
saline solution absorption retaining rate under load after a
particle collision test can be measured according to a method
described in the Examples shown below.
20 [0046]

One of the indices that feature the water-absorbent résin
of the present invention is an index of adhesion to fibers. The
index of adhesion to fibers is the value defined by the ratio of
the water-absorbent resin that can maintain the fiber adhesion

25 property after shaking obtained when the water-absorbent resin is
used in an absorbent material. The water-absorbent resin of the
present invention generally has an index of adhesion to fibers of
50 to 100, preferably 60 to 100, more preferably 70 to 100, and
particularly preferably 80 to 100. The water-absorbent resin

30 having a high index of adhesion to fibers is less likely to cause
variations when used in an absorbent material. The water-
absorbent resin of the present invention that satisfies the
aforementioned numerical range can maintain the liguid absorption
property when used in an absorbent article. The index of adhesion

35 to fibers of the water-absorbent resin can be measured by using a



Met hod of producing the water-absorbent resin of the present invention
There is no limtation on the nmethod for producing primary particles that
formthe water-absorbent resin in the formof the 25 secondary particle
according to the present invention. For exanple, a water-absorbent resin
that is in a water-containing gel state s an appropriate particle size
and a uniformparticle degree and is obtained by a first stage of

pol ymer i zafk o (e¥cati Bgdt On atHe ERaHBUe$ NafAmS BepeRsi on pol ynmeri zati on

met hod, 30 or a dried resin thereof; a water-absorbent resin that has a

wi de parti&P@4%] ze distribution and i s obtained by drying and pul verizi ng
an aggl onerat ed MﬁéeéfCQH&ahﬁﬁﬂ&béﬁ%hé%“fﬁdﬁﬁ%ethHSwﬁﬂeﬁﬂaﬁﬁbﬁﬁéﬁ% gakyhion
pol ymeri zati on method can be used, or a classified resin thereof can be
used. The Bflﬁﬁ?yPE%?QHEH¥E¥Qﬂ§§0351ﬁréhérﬁ%@? beder nell PRWARTisng Ther &dev¥sed
phase sfiSPERGLRN;s- a; $r1Oh YBE' kh8! ka1 gebROLalE ORILYC ltbEHROLA! OlpclEss
burden such as for verlza ion and sieving ; production process ease and
excel | ent p:@mﬁﬁqnexﬁaﬁiqehe Feeul waher viadaserbghtor besin r esf n, thaiclpreseat

vat er - absoi % et.c)élili)d Bér{l'fi&v H{d%ﬁkgg? 78l Qg“%o, rc?fergﬂf’f pgbmﬁry
particles o alne usi ng orene I oned method are é%g onerate
forma secbadasy. pandlmbee ptmﬁeﬂablqbﬂalmpng60heWhanethabwateEﬂ&bsnzbentof

t he present invention..Th oner.ati on thod is | arl

i Pea. abeeiehor o8 moRn28ur TRl BotER vttt BEWRREREY hEEdlaskarse
parti cioes ahdlaithed supplyi Ngncung: &EH]VEb@EBhaﬂlmﬂacgrﬁlﬁlulthéed)m‘ddctlon of
aggl onerated using a bi nde such ter n adhesive; also.included is
SOt ot agsoairt hatended: < Berendai¥o rpRiaflof offt bt TR tuRECAEhe

prinary paghtétefostirdeh@r Fedily iHSithg AbEEYBEHE dndtarsienl]l Hre spRiteean and
polynerlzatlon nmet hod, .and then the grlnaséhpartlcles are aggl onerated by
using a re E?%%@F’bt?&%"@%pgl‘@l )3 HOSHaFEPRodN &x Peifde NopRer

latter nmethpd, lese , 19Kl Stt%geoé&ﬁersmephmrsﬁ@asﬂse@@ RekyHeréZakhen,
is preferable fron1the viewpoi nt of production process ease, 20 excell ent

wat er -HbsoPEesHHt pABPeRtiOn pahatc| W iSEaRgt heanatoreRentiossdr (rwerdral he
resul ting ypater- aReephent R nNagk8890lerrects in the production of an

absorbent material. The powder flow index of the water-absorbent
resin can be measured by using a method described in the Examples
shown below.

20 [0048]

Method of producing the water-absorbent resin of the present
invention '

There is no iimitation on the method for producing primary

particles that form the water-absorbent resin in the form of the

25 secondary particle according to the present dinvention. For

example, a water-absorbent resin that is in a water-containing

gel state has an appropriate particle size and a uniform particle

degree and is obtained by a first stage of polymerization

according teo a reversed phase suspension polymerization method,

30 or a dried resin thereof; a water-absorbent resin that has a wide

particle size distribution and is obtained by drying and

pulverizing an agglomerated water-containing gel obtained by

using an agueous solution polymerization method can be used, or a

classified resin thereof can be used. The primary particles are

35 preferably obtained by using a reversed phase suspension



‘The present invention is explained below by denonstrating a nethod that
uses a nultistage reversed phase suspension 25 pol ynerizati on net hod
including the following steps 1 and 2 as an enbodi nent of the nethod for
produci ng the water-absorbent resin in the formof the secondary particle
according to the present invention. Howawer, the present invention is not
limted to this enbodi nent. 30[0051] (1) step 1, in which a water-soluble
et hyl eni cabbymmmaﬂmhedlemnaomro:h Stisel by bedpad ntto of Pelsgmirdshi eackieast i on
in the prefence a.thickener and a_dispersion stabilizer to forma slurry

in which ptPhaf QF%F%T-Je%n aPBAdiSF¥IBE. ¢ 3BTPBCIHOR, BroGeFsnPasri hand

slurry obt gkbethdrt Prepeltiss COPl@R TRsulidng PKdPiababebéie FHSREr 816N
stabilizer, and a water-soluble ethylenically unsaturated nononmer is added

t hereto toaﬁe@fWﬁ?ﬁPiaﬁ&PﬁH%%?%uﬂﬁQ@ﬁrFEaéﬁq(ﬂ?rtﬂﬁé?e%EI%&ﬁﬂhonerat|ng primary
particles ghepersed in the slurry to forma water-absorbent resin in the 5
form of the secondary particle. [0052] step 1 The reversed phase
suspensi on polyn¥h¢zﬁ¥ Pagtiplagdobtpignd byamsingeshe abperantienadi on
is stirredghf,gy di | h PESSHIMGE O l.SRer

stabilizer tghcongﬁ a?@?g@%g?gﬁp aﬂhfpﬁﬁ %%n%ner I S pdﬁ%ﬁ#;ﬁiged%P%QEbyl

dr opl et aqokbabnigw mheowatSpe@bSQMﬂtyresm sco%ptl'@ pregentr isginilon. The

et hyl eni ca r 0 C ri t| tion
n the pr otasidRSACR, SRBRAC R o HRLERAAENG, AR 08 (anbTRE

sl urryld n shecéofa jroilyder ai methedfmnnwhﬁchrﬁhqnpnmmayyppartt¢xesruntalned
satisfies fhe afor nt L oned rticle size and as t tio | ersed
0053] Bxahpl BT L ERPEIRREId e, Srbfn Rl ted AR lncbdbnirated 30865

hydr oxypr opyhde] | Wuene, agetwntercebkul s e adheshoxy medilnd Qﬁbluﬂl@se,ls a

pol yacrylic Cld artiaII neutralized groduct Ofﬁ£%4 yacr I|c acid,

pol yet hyl eff B%V | BRfSR, SHSPFREHSR RO YRE Feopt r PRth ) giim

al gi nat e, mimyuﬂyé Eﬁ-}ﬁﬂi@ pa@@ﬁ.&l!éQYArederﬁieﬁdﬁﬁ}eusiﬁ?' @Oféﬁﬂéﬂ‘ﬁéde@ﬂagél de.
O these, 25 hydroxyethyl cellu] ose ar boxynet hyl cel [ ul ose, pol yvi nyl

al cohdtd aﬁHSWW%ﬁOWPFbF?% %@Oﬁreﬁélﬂaﬁpénf EBfh Pﬁ%‘“mv&%qiﬁf’l@?

hi gh sol ubhiéty dgg1bReratieousyMONYERIg SOk Ut ir@RredBEahi YHirakles CORidpbnsion
expression effects. [0054] 30In general in the reversed suspension
polynerlzaP?%NmQQ%%9¢F€ﬁ WaERod he 9Bt atheseal dheeddattest irethrd.ar é -Lhe
same, the {% tddee VirgoRsbdy OfprAiR A0UGRHERAP e poighbti 2obidnhe | agger

the particle size™of the resulting primary particles.
preferable from the viewpoint of production process ease,

20 excellent water-absorption property, particle strength, and other
properties of the resulting water-absorbent resin.
[0050]

The present invention is explained below by demonstrating a

method that uses a multistage reversed phase suspension

25 polymerization method including the following steps 1 and 2 as an
embodiment of the method for producing the water-absorbent resin
in the form of the secondary particle according to the present
invention. However, the present invention is not limited to this
embodiment.

30 [0051]
(1) step 1, in which a water-soluble ethylenically unsaturated
monomer is subjected to a polymerization reaction in the presence
of a thickener and a dispersion stabilizer to form a slurry in
which primary particles are dispersed.

35 {2) step 2, in which the slurry obtained in step 1 is cooled to




-Further, even when the primary particle sizes are the sane, the 35 particle
havi ng a hi gh aqueous nononer solution viscosity and a -19- high stirring
speed has a | arger aspect ratio. [0055] Al t hough the amount of the

‘t hi ckener cannot be determ ned, because the viscosity of the aqueous
mononer sol ution depends on 5 the kind qfg.thickener, the thickener is
general ly added in an anobunt such that the viscosity of the aqueous nononer
sol ution iprd®ipgita1e0, 3@ ndakperPicH eradinildetp 3803008 nafer-sandbI®r e
preferably 50 to 100,000 nPa/s (Brookfield viscosity, 20C, 6 r n%. The
Brount of * SRAYASHISEMNE: TPERERFYEST JRaleRy déo et GETeTD $01 BEFERITY sa
general |y HoPfmeti®at@¥nbYcBBeson Pr BASFAR Yadd1Ohet Rt DY DyriReS: [RA4iBDES

preferably 0.03 to 3% by nmass. By adding the aforenentioned anmount of the
t hi ckener €bspewsesydbuBherpRbHeErY se? uE91Bh, 2 t Veteasorhgnpr Fa6EY Ppar ERel es

have arn, aspgah d@tdn@ ggcg,g?%%;mg piioned range. 15[ 0056] As a

di spersion nedium a petro hydr ocar bon di spersi on nmedi um can be used.
Exanpl es of 08%&l pet r ol eum hydr ocarbon di spersion nedi uminclude aliphatic
hydrocarbog§engch as n-hexane, n-heptane, n-octane, and ligroin; alicyclic
hydr ocar b ; such as cycl opent ane, nethyl cycl opentane, cycl ohexane, and
nmet hyl cycl ohexanghe arelrearsedaphasdysiisgegushonspobErizsaithenzénes neihodnegn and

xyl ene. O _these__n-hexane, n-heptane nd_cy.cl ohex ar referabl sed
bacause « HEBLST coBa S oRG, oS Helifar i CRELENG P BL R o
i nexpersi vaediies en2Ghdi spessdmme nefli a cHzpeesicsrd sakbndiosr i foa conduct
conbi nation of two or re. [0057 . anpl] es. of the_water-sol uble
et hyl oni caPPSPRRLR, ATEl thsh JRBPRET e S ROTHREAR Himct AT PLRE FEHEVE] n
"acryl" angoB@tidmet FpecilFicatiy ecim vetep ref ef warer-welpasr ythylaiidally
"acrylate" and "nethacrylate" collectively refer to "ﬁneth acrylate",  2-
(et h) acr yVRFRgE-Lee MPPPREpARcSUPIHISE 4G & Potymesfeats rﬁgécFlﬂﬁnFBnic

nononers, g hpAassdnR! Bragr ¥haskdter Mo a dispersion stabilizer to form a
di met hyl (net h)acryl am de, 2- hydr oxyet hyl nethgacrylate,N- 35

met hy |81 ( nelwnEer ik awhdeh afd poLyeery ien o0 - they Y HER) RanFlgle;
am no- gr oups £ONL A 1l AGLNSAL Wral-8fle ADIVHE %article size and aspect ratio
suchasN, N-di et hyl am noet hyl (et h) acryl ate, N, N- '

di et hyl am h®pligpgnsedt-h) acryl at e, di et hyl anmi nopropyl (et h) acryl ami de, and
quaternary; @gppunds 5 thereof. At |east one nenber selected fromthese
groups can be used. O these, acrylic acid, nethacrylic acid, and salts

t hereof , acryl anExaup et heft r hentlickened Noelgidee hiydregyethnd deelivdose,

pref erzaab ! yhyéfc%typropyl cellulose, methyl cellulose, carboxymethyl
cellulose, polyacrylic acid, (partially) neutralized products of
polyacrylic acid, polyethylene glycol, polyacrylamide,
polyethylene imine, dextrin, sodium alginate, polyvinyl alcohol,
polyvinyl pyrrolidone, and peolyethylene oxide. Of these,

25 hydroxyethyl cellulose, carboxymethyl cellulose, polyvinyl
alcohol, and polyvinyl pyrrolidone are preferable from the
viewpoint of high solubility in the agueous monomer solution and
high-viscosity expression effects.

[0054]

30 In general, in the reversed suspension polymerization
reaction, when the rotational speeds of stirring are the same,
the higher the viscosity of the agqueous monomer solution, the
larger the particle size of the resulting primary particles.
Further, even when the primary particle sizes are the same, the

35 particle having a high aqueous monomer solution viscosity and a



-[ 0058] 10The concentration of the water-soluble ethylenically unsaturated
nononer in the aqueous nononer solution is not particularly limted. It is
preferable that the concentration of the nononmer in the aqueous nononer
solution be 20% by mass to a saturated concentration, nore preferably 30 to
55% by nmass, and 15 even nore preferablyjg35 to 46% by mass. By setting the
concentration of the water-soluble ethylenically unsaturated nononer in

t hi s rangehidih gdtiprradyctpedd aidd el eacyex aispeetneatiel ned whil e avoi di ng
excess reaction [0059] 20When a nononer containing an acid group such as
(rmeth)acry Pexkid or 2- (et h) acryl am de- 2- et hyl propanesul fonic acid is
used as the watexrgdudl ahet Bbent Caf | ¥haNaaildkeabedcARNOFBSe ddt@r@ghda gr oup
may be neutralized in advance with an al kaline neutralizing agent. Exanpl es

of the al kBW@ié“?Z?h@eO’[ﬁS&PF%FﬁgO%g@Pﬁ FFRIVEe "RPRAFT ﬁ%}f‘éﬂi% ﬁ@_% QRich
as sodigim pygr pxhde ogNGHRkansrUMRY dtRkditkherantl ag8RdA 1y Neadldaid Ngn
neutral i zi ng agent may be in the form of aqueous solution. These al kal I ne
neut r al i zi AoeEfefushe Fhabethe cdisgdasisyorfi bhey aanePusamppeme) sodetdennds e.
30[0060] T g n rali | f e i r Wi t

al kal i ne ngﬁt (régl is??ﬁgagggﬁt%/?'s 82%%%%’ gi‘% o£§08?/?6§0‘?}0ﬁ?8%? ef é&%bﬁ?r%o to
90% by nol prefetraiiye 5pr b el Gh|0p05aPa ps S(Bodok el df visaddicyyi 20fhi 6t roph) .

| ncr easi NG Mof LGB G5SULRe OferliReAS: T GRULELDY WR! CLRADSOLBENL [RRLReL"
the formo he 'secondary -21-"particl & 1o increase the sorption
FLopenKy, sm&hiﬁun daugbngraﬁ%?}j.ﬁwﬁvantmg%$bjrmas$hep¥eﬁeﬁﬁﬁf?Id.Me toes% o

e presence of an excess al kaline.neutralizing_agent. a
1 epor o onSC B8FF1 A BOES RERARP I - 03 Rod® EXAMSESs OF AREIRE Fae ant
i ncl ude sugfesemdmtibyedcCishoaatersf tiod yghycleandr f 86t Yhacisduestier monémaebi t an
fatty acid esters, polyox¥eth | ene sorbitan jatty acid esters

pol yoxyet h§PBHeE R -y CBFoFeFat ting Hrdmaty ePrt bgver ap+ 95RRG Y TaEerin 10

pol yoxyet hyhengrcremht 9bndattangaci d esters, pol yoxyethyl ene al kyl ethers,
pol yoxyet hyl ene al kyl phenyl ethers, pol yoxyethyl ene castor oil,

pol yoxdPet hi®@el cured castor oil,

al kyl al 'yl f or mal glehy dgcandensadpalyany €4 hyd e e h§drocarbon dispersion
polyoxyethylepepolyoxygropyleneblockcopolyners,

medium can e used. Examples of the petroleum hydrocarbon

dispersion medium include aliphatic hydrocarbons, such as n-

hexane, n-heptane, n-octane, and ligroin; alicyclic hydrocarbons,

20 such as cyclopentane, methylcyclopentane, cyclohexane, and

-rnethylcyclohexane; and aromatic hydrocarbons, such as benzene,

toluene, and xylene. Of these, n-hexane, n-heptane, and

cyclohexane are preferably used because they are easily available

industrially, stable in quality, and inexpensive. These

25 dispersion media can be used alone or in a combination of two or

more.
[0057]

Examples of the water-soluble ethylenically unsaturated
monomer used include (meth)acrylic acid (herein "acryl" and

30 "methacryl" collectively refer to "(meth)acryl," and "acrylate"
and "methacrylate" collectively refer to "(meth)acrylate", 2-
(meth)acrylamide-2-~methylpropanesulfonic acid, and salts thereof;
nonionic monomers, such as {meth}acrylamide, N,N-
dimethyl (meth)acrylamide, 2-hydroxyethyl(meth)acrylate, N-

35 methylol(meth)acrylamide, and polyethylene glycol




15 pol yoxyet hyl ene pol yoxypropyl al kyl ethers, polyethylene glycol fatty
acid esters, alkyl glucosides, N-alkyl glucone am des, pol yoxyethyl ene
fatty acid am des, pol yoxyethyl ene al kyl am nes, phosphoric esters of

pol yoxyet hyl ene al kyl ethers, and phosphoric esters of polyoxyethyl ene

al kyl allyl ethers. 20[0062] O thase, fromthe viewpoint of

di spersion stability of an aqueous nononer solution, sucrose fatty acid
esters, pomygd it ackglihye ACiathiRst @Fsup-2Bdtaohid ainfatinatd@ hathREs, are
preferably used. These dispersion stabilizers can be used alone or in a 25
combi nati ofiU6® two 3 nor¥:N1H@sylaminoethyde H pipgth)agirigteant u¥el-as a

di sper si ongst eyl dnilopsapPeimdan @RRGNakEzed, because the shape of the
primary particles depéends on the kind of surfactant. For exanple, in the
case of 30digERrvkanineprepyt(medacrylamnideyr bi RBA f AU ITREY e st AMPouRds
sur f actgnt | r C seGml f
poIygl;%er§ﬁé¥%??yq§%r%g%§§e?g? % sur 5%?5%%eﬁa3?ﬁg gﬁbE%ngﬁﬁgg S?HIQES
can be useused 00®2|tIeFRogechytioi adida Methacrukitc acigol pndr selih dfherepbn
agent -22: used ' ;i on bi ;i ze | .t he

pol yneri c 8?%%%?@?%? aggﬁfhig %ﬁﬁgﬁﬂde %%.eig’gn ?“r. e-ﬁ%ﬁ%@%ﬁ%b are

pol yet hyl epeefemdbdiyc useldydr i de- nodi fi ed pol ypropyl ene, naleic
anhydride-ﬁgg$$ied et hyl ene- propyl ene copol yners, maleic 5

anhydri de- iT1ed EPDM (et hyl ene-propyl ene-di ene terpol yner),

mal ei cenhydri de- Theli f cedpehyrtrttiat end etthd enmtal-sbtubbdydetnel @tpalyyper s,
et hyl ene- propyl ene- nal ei ¢ _anhydri de,  copol yners, but adi ene-nal ei ¢ anhydri de
Copol ynmer STRSKTEREE pBPYRTFY| d, CBEhyREIRENS,  DPROTGR | FOLHpBPYelS, PEF hyl
cel | ul ose, pdPreadi atiRyhinydeaxyet hys gedtadapae. tQhtt kBsecofibéirtion of
anhydri de-nodi fi ed pol yet hyl ene, nal ei ¢ anhydri de-nodi fi ed polyprop¥lene,
mal ei ¢ anh{a®| B e dt RAYSOES) FERITPEheSe B YPndISs 206k b Hegs to a

pol yet hyl eggrusdvbEtdBH AR raei¥h | Cmékd JpFRlapT®! 302 W efalaksusadaf rom
the vi ewpoi nt of dispersion stability of an aqueous 15 npnoner sol ution.
These Yol yfEeR c BREpemsiaferagekt s32antde 4f5ed P ofM@ssr | Bya SoHingat ithA of

two or norgonddf&altion of ThRedl SREISIRAuBI DI dikpleriBadeper dhddtdisedai N
an anount o? 0.1 to 5 parts by mass, and preferabl’y 0.2 to 3 parts by mass
20 based omon@eparis Pihigasgasper hehdglye@redusitdernr sEFLEieNcH o kaepban

excel I ent di ﬂe@wﬁ&i&%@cﬁi&% %%Egggsr‘g%g%r_ solution in the petrol eum

hydr ocar bon di spersi on nmedi um I's used as a dispersion nedium and to
obtain a diepe?ki on effect that corresponds to the amobunt used. 25[0066]

The agyjeous non solLuti o ' adj cal y pzati
i nitiator. Exang?%%nofathggggﬁg%al%%gﬁég%?ﬁiat%%n Fﬁ? iggoPaﬁnc%ﬁag as
per sul f at esmetshidrmd.ipotasisi uor par sné tlatasryd ambde ernpsriisaliprapaneauicdoaddi um

persul f at e; roxi des such_as, 30 thyl e | ketone perqxide, neth
Peobutyl kephhe fibr Gaede. oa; s orPreniofiieht EERTISHEAIR “Fusdigtea
t-butyl pemnouyraet atite hebdt yrofpr ey Sebuiadtattizéd buhyladranoxypivil ahe,
and hydr ogen peroxide; and_azo conpounds, such as 2,2' - Azobj s( 2- .

ot hyl pr opROFAHITR ne PR G-OEHISr | RBERT, _ JBEBMRes (NOF  the  alkaline

25 neutralizing agent include alkali metal compounds such as sodium
hydroxide and pofassium hydroxide, and ammonia. The alkaline
neutralizing agent may be in the form of agueous solution. These
alkaline neutralizing agents c¢an be used arlone or in a
combination of two or more.

30 [0060]

The degree of neutralization of all the acid groups with
the alkaline neutralizing agent is generally 0 to 100% by mol,
preferably 30 to 90% by mol, and more preferably 50 to 80% by mol
from the viewpoint of increasing osmotic pressure of the

35 resulting water-absorbent resin in the form of the secondary



35 phenyl am di no) propane] di hydr ochl ori de, 2, 2' -azobi s[2- (N -23-

al | yl am di no) propane] di hydrochl ori de, 2, 2' -azobi s(2-[1-(2-

hydr oxyet hyl ) - 2-i m dazol i ne- 2-yl ] propane} di hydrochl ori de, 2, 2' -

azobi s(2-met hyl - N-[ 1, 1- bi s(hydroxynet hyl ) -2- hydroxyet hyl ] propi onani de), 5
hydr oxyet hyl ) - propi onani de], These radi_cgl_ pol ymeri zati on conbi nation of

two or nore. [0067] 2,2'-azobi s[2-nmethyl -N-(2- and
4, 4' -azobi §£ﬁt£¢ﬂ§§1&\ba|lﬁbt§a§é3lﬂ")e dbbirh8i 6 pricer®e, UsRE RbONERingN The
radi cal polynerization initiator is generally used in 10 an anmount of 0.005

to 1% by nBtSadZIE@Ies tife i€V Sfouhe okllﬁ%ed%nmeth%sea%wq%%f SR

By settingetibesamnuatinl ddecraAdiGal AgdyaTeri zation initiator in this
range, no abrupt poI ynmerization occurs and a nononer pol ymerization

reacti on dbeas require a long period of tine, a good reversed suspensi on

pol ymerg zat i on 11§ r%aC&iQﬁbfs%boﬂer%Péﬁﬁq 006§] s facta_‘? e hadigal o

pol ymerization initiator can §0 USed s a redox yrrerlzatlon
initiator Exgyeniesy of t fthe rsexmachgn‘agénclumc lsuasos&)dfaﬁtxulabude esseds um

hydr ogen sgé{a%i ce Sif opseap! f.aLs. %%e résu JS-BQEQ{C a % eérslt ]elsggr% in e

control 'on pro rty of |ng water-
t he form o@oljmcyteﬂ:chgmdaey parbitcdre, fattyai mdlﬂanebeeragenpommhgﬂidw to

t he aqueous m)no ution.. 25 | es of .the_chain. transf agent

i ncl ude hyPbh |t%(§)ttyt hl%‘flsdz t?l‘zﬁxﬁr’?c adgFLI I co @Y alaé"EBﬁOI ?g%ﬁﬁ?nes
and the | Iﬁ@lyc{}%lﬁ]ylénér@éﬂ:biﬂ’ﬂﬁj Fatageatid i edinigl pol9esyethslRgieageRy) nBY
be added, if necessary, to.the aqueous pononer solution to carry out 30

pol yner i 2 a®FES As P A PG 1 0 S KV ARESRY LigeftPeTmpoBRoaHEdeR%0 or
nore pol yngad#abl e upsat ur at esbfcxyREhgeénde USQfhred castor oil,

alkylallylformaldehyde condensed polyoxyethylene ethers,
polyoxyethylene polyoxypropylene block copolymers,

15 polyoxyethylene polyoxypropyl alkyl ethers, polyethylene glycbl
fatty acid esters, alkyl dglucosides, N-alkyl glucone amides,
polyoxyethylene fatty acid amides, polyoxyethylene alkylamines,
phosphoric esters of polyoxyethylene alkyl ethers, and phosphoric
esters of polyoxyethylene alkylallyl ethers.

20 [0062]

Cf these, from the viewpoint of dispersion stability of an
agqueous monomer sclution, sucrose fatty acid esters, pelyglyceryl
fatty acid esters, and sorbitan fatty acid esters are preferably
used. These dispersion stabilizers can be used alone or jjl a

25 combination of two or more.
[0063]

The HLB of a surfactant used as a dispersion stabilizer
cannot be generalized, because the shape of the primary particles
depends on the kind of surfactant. For example, in the case of

30 sucrose fatty acid esters or sorbitan fatty acid esters, a
surfactant having an HLB of 5 or less can be used; in the case of
polyglyceryl fatty acid esters, a surfactant having an HLB of 10
or less can be used.

[0064]

35 Together with a surfactant, a polymeric dispersion agent




‘Exanpl es of the crosslinking agent include di- or tri- (neth)acrylate
esters of polyols such as (poly)ethylene glycol (for exanple, "polyethylene
glycol" and "ethylene glycol" as used 35 herein are collectively refer to
"(poly)ethylene glycol"), =-24- trinethylol propane, gl ycerol

pol yoxypr opyl enegl ycol , and pol yesters abfyai ned by reacting the an
unsaturated acid, such as nal ei ¢ bisacryl am des, such as N, N -

met hyl enebd':aﬁ rm RysR@r wsasl d.espéh'tss.daf sttabimaiekﬁ A@ERAmpl es esf etlse Polgmeeic by
reacting a X|de with (neth)a I|c aci d; carba esters of

di (et h) acHPRErHoR oB&R ey VT cadfichies poih e§€cya ¥ iqpepodified

tol yl enedip Iﬁ?éﬂs’#ﬁél'feﬁeor ﬂqu@ﬁéam@w&gae%émnaP@ é lene, maleic
hydr oxyet hyl (net @ acrglll ate; allylated starch; all ted cel lul ose; diallyl
ENFo

pht hal at e; anhyduj ifiedy1 |%*6§9-§HGFH’E@YJ@W di vF’ﬁ?Plﬂé‘F@éﬁwe [ Be¥aic As
the i ntser ngln £l hBK Ple@UeDM | '\ AGSh ELOptdhiRBe 1818001 SPEHII9RES)

conpounds having two or nore polynerizable unsaturated groups, corrpounds
havi ng tV\UH@teJrﬁ)re @Ph&fﬁritéadwfiﬂélfe@nctlﬁﬂbyb@ﬂﬂ}@@ecan béthme-ﬁﬂ&ﬁm es

t her eof %hgﬂgr cid onta ene
gl ycol d|g #yégthe%éégEggi prob F?P |5$y0|8$? t her akg%d 20
(Iool yl) gl yceTmmn@lrwm flyblﬂiddaeaaerp@lqz)celt hgﬂlﬂarrbrh Jg]eycodquqlpmegr‘ﬁpr omxidhged

co 0
Ol yot hy! CREIEHAYASHE ' REDIEEIYACHLG Ao LoBAFAEN Catnyy cettulorey; o

agent sLocanaid eshﬂlaquﬂﬁoﬁyetmh cembumﬁe .onodHf theseor nmjree.c %E{lﬁai‘iﬁie-

or 1 oas, | pPORETER oL Rr b Iees SATIOP e LT oPy BB PR 0. 2506
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used from the viewpoint of dispersion stability of an aqueous

15 monomer solution. These polymeric dispersion agents can be used
alone or in a combination of two or more.
[00651]
The dispersion stabilizer is generally used in an amount of
0.1 to 5 parts by mass, and preferably 0.2 to 3 parts by mass
20 based on 100 parts by mass of the aqueous monomer solutien to
keep an excellent dispersion state of the adqueous monomer
solution in the petroleum hydrocarbon dispersion medium, which is
used as a dispersion medium, and to obtain a dispersion effect
' that corresponds to the amount used.
25 [0066]

The aqueous menomer solution: may c¢ontain a radical
polymerization initiator. Examples of the radical polymerization
initiator include persulfates, such as potassium persulfate,
ammonium persulfate, and sodium persulfate; peroxides such as,

30 methyl ethyl ketone peroxide, methyl isobutyl ketone peroxide,
di-t-butyl peroxide, t-butyl cumyl peroxide, t-butyl
peroxyacetate, t-butyl peroxyisobutylate, t-butyl peroxypivalate,
and hydrogen peroxide; and azo compounds, such as 2,2'-Azobis(2-
methylpropionamidine )dihydrochloride, . 2,2"-azobis[2-(N-

35 phenylamidino)propane]dihydrochloride, 2,2"-azobis[2-{N~



-The reaction tenperature of the polynerization reaction in this step varies
dependi ng on the presence or absence of a 35 radical polynerization
initiator and the kind of a radical - 25 - polynerization initiator used.
The reaction tenperature is generally 20 to 110C, and preferably 40 to 90C.
By perform ng the nonomer pol ynerizati eip3-eaction at a tenperature in this
range, the nononer pol ynerization reaction can be termnated 5 within an
appropriatelljlamldmnoaﬂdbpannﬂdeWﬁrech&£m1denerated Qanhezghﬂ%ﬂﬁedﬂzaz+on

can be eas riz react 0 nDoth The
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by changin he raq i,onal f stirring du g iz n.reaction
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i npel ler, a Phaudler inpeller, a ribbon_inpeller, a Fullzone inpeller

(produced Byesshitaddcpinpeivmerizatign) ind tigbausEqen; ReelhFed 33005008 edd by
Sum t oo Hegii ddidat bECfwo Ld1¥ moreand a Super-M x inpeller (produced by

Sat ake Chem cal Equi pnment Mg., Ltd.) can be used. In general, when the
same ki ndsl{@$62b stlrrlng |npellers are used, the higher the rot at i onal
speed of stirring, g 1§H@%1E§£ib&'§hf%£§%dﬂ NG dHrARiY RaE4! Ehes.
[0075] Step 2 Step I'S a s wherein the slurry having the polynmer 1n 25
t he fdkim oéntapeoynti wdr ¢. paﬁtt@lb?s bii ;edi skaseheneithe whiteh amowst afngdei n
step 1, is pr.eci a a

subsequent gg%eerd L{S%rd- 30 &E‘Fg E% é[ eni c;%etrtihﬁsg?%r%{l&%%@m%foﬁﬂe}% irsada(d%ed to
t he sIurrypolymﬁnmzﬁtaun anpbiqtnrlnnuthms nemaeuonp abenpbypalgiearizasiomg

the polyner in t 0. form of 8% di r in the slurry
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particl e i Dondni peride abotemdesandmad peeveirekd Suspensiomsperymerdizadian e
satlsfled OQ%SJ 35Alth§ (%he cooling tenperature is not particularly
226- 13T tE  HE BPE ?%F? tion tenperature varies depending on the type
of di spersiogestabilizer and dispersion nediumused in step 1, it is

usually 10 to 50C, and_preferably 20 to 40C. The reC|p|tat|on of the
di spersi on st abi The eradigaly @oLgmPF LRIy @Wﬁ@tﬁfeg%‘hctee H-ShieEd: BF bR di ty

in the sl upidox SpELyrhdiSHdty onS UG tWRibe trtogBtEét yween lae Mu@iﬁgne@ehy

vi sual observation or by the use of a turbidity neter. is al so p055|ble

to control S¥fe Faryaddve spiEitmd ﬁﬂ%ﬁygﬁgg%t%%lfa@or B%FEW-F%S?‘H- Bye-

changli&]tgﬁhtﬁjggd@kbaglleéenperature Specifically, a water-absorbent 10
resin having a small nedian particle size can be produced at a tenperature

of about 50096%hd a wat er - absorbent resin having a |l arge nedian particle

size can be produgeghrdl WHIPSHAbELEIH AUPErti06E the resulting water-

absorbent resin in the form of the secondary particle, a chain

transfer agent may be added to the agueous monomer solution.
25 Examples of the c¢hain transfer agent include hypophosphites,
thiols, thiolic acids, secondary alcohols, amines, and the like.
[0070]
A crosslinking agent (internal crosslinking agent) may be
added, if necessary, to the aqueous monomer solution to carry out
30 polymerization. As the intermal crosslinking agent, compounds
having two or more polymerizable unsaturated groups can be used.
Examples of the crosslinking agent include di- or tri-
(meth)acrylate esters of polyols such as (poly)ethylene glycol
(for example, "polyethylene glycol"” and "ethylene glycol"™ as used
35 herein are collectively refer to "(poly)ethylene glycol"),



-[0077] 15Al t hough the water-sol uble ethylenically unsaturated nononer to be
added to the slurry is not particularly limted, it can be suitably
selected fromthe nononmers included in the exanples of water-sol uble

et hylenically unsaturated nononers used in step 1. In particular, it is
preferable to use the same 20 conpound a&.the nononer used in step 1, from
the viewpoint that an appropriate particle size and a narrow particle size
di stri buti ppopypriepyeasel y obgayeed, [ 007&timErdynelpropaialbl e etdiycenoral |y
unsat urated nmononer is 25 usually used in an anbunt of 90 to 200 parts_by
mass, pref BPLEXFeEglene180 SéY‘F‘zl'by mMERULY OFYPEORYLGTE ab| WS v 0 168PPart s
by mass, rehatiyMAVRrée) Qﬁéhﬁuﬁéﬁté@ﬁoﬁeét‘é@sméiﬁ@hubhre rRLByiggi ed |y

unsat urated nmononer used in step 1. en the water- soluble ethylenically

unsat ur at e@bevReIRERtirgeds palyal anitioant WBFaBrredp AL bPUfhs §SoMakBie, it
provides a;sphfi gingnt pAERANEG OF JERAOTELARAYILATEIS! € LBKPO! JdTer i, §r L he

formof the primary particles. Accordingly, an optinmm aggl oneration of the
pol ymer i sméthykenebdsdmeb) aastlianidg: wadér - ais ortirddmethgaarylptiehe eboens of

the secondgpy, pald i ge %c%gf ognﬁg%%%%ﬁdgegﬁ, Pg gltﬁl.)g"}’_?{'ﬁ% 33ci4, the

above- nentroned tang water - a t resin havin I'ncr eased
particl e staxaitl cestdis obff adhbektH)e@T9lic acidFebthined whgnreheting a
wat er - sol ubl £ _et hyl eni.cal | y unsat urat ed_nonongr .| i unt of 200
parts by B2 JUC"FOCI}Q@?FGH S §“§%ssi bl &%t o p?g:\c/%ﬁe#%g&dgeop% 658 %Ir)ls [ n&f he
sur f ackn of hébametdivdenalisbsbeyrdnatesi n f warhbei ngydirdstyedhwil {ineth Jecnyaatec! es

formed by a. po rization of excess nmononer. _Therefore en t resul ting
wat er - abso?b&ﬂltaltlr'%si T W¥ed ﬁgf%fﬁ?gor %#[u%?&%ri a‘il,d]iltvﬁi s %q‘g’sailﬁfﬁ"a' to
prevent thg, CNI-EREQT D] GEdodiiadRiciaBg; bynd fﬁvﬁhﬁﬂben_zene.

[0071]

As the intei:nal crosslinking agent, in addition to the
15 aforementioned compounds having two or more polymerizable
unsaturated groups, compounds having two or more other reactive
functional groups can be used. Examples thereof include glycidyl-
group-containing compounds, such as (polylethylene glycol
diglycidyl ethers, (poly)propylene glycol diglycidyl ethers, and
20 {poly)glycerol diglycidyl ethers; (poly)ethylene glycol;
{poly)propylene glycol; (polylglycerol: pentasrythritol;
ethylenediamine; polyethyleneimine; and glycidyl(meth}acrylate.
These internal crosslinking agents cah be used alone or in a
combination of two or more.
25 [0072]

The amount of the intermal crosslinking agent added is
generally 1% by mol or less, preferably 0.5% by mol or less, and
more preferably 0.001 to 0.25% by mol based on the total amount
of the monomer used in this step from the viewpoint of

30 sufficiently enhancing the absorption property of the resulting
water-absorbent resin.
[0073] _

The reaction temperature of the polymerization reaction in

this step varies depending on the presence or absence of a

35 radical polymerization initiator and the kind of a radical



10 particles. [0080] Any conpound included in the exanples of radical
polyneri zation initiators in step 1 may be used as the radi cal

pol ymeri zation initiator to be added to the nonomer in step 2. It 15 is
preferable to use the sane conpound used in step 1. Further, the radical
polymerization initiator is usually usegg_n an anount of about 0.005 to 1%
by nol relative to the total anount of the nononer used in step 2. [0081]
20Not e t hapoiheriaditeah PohyFRitcEAl upedl.ni That Oregefidie UsHfbedatarés edDx

pol ynerization initiator in conbination with a reducing agent such as

sodi um sul gereraldydiddn iy dkdyEn 0Af preferahlyo A0 s‘Eﬂ’f%&&- &¥d NerAeEBing c

aci d. [0082}e 2abRoRbLP poiyRepiPdthd APSAKicR0CRt ERYtafpdiSAhrb0ds] hehi th
the water-sol uble ethylenically unsaturated nmononer in order to control the

absor pt i ont@Rgper theofmaremerat RPLFIPTIFBERSD r SFAFTLANT AT oPfn dierrhBated
seconday y.@ffl‘hirplaﬁl a e§5% e tEans! efm a%{tet-iﬁaﬁ,bgiﬂé@%é% e g Ofpound

included in the exa aln 30 tra r agents 1n step 1. [0083]

Al t hough tbiee r @mdvinenitatisey atane hsf eheilw| yempiedt i direr epetymarizatierp 2
vari es dep ' 0 dj y [ ' I Qi;ti.atQr Lt
preferably§$%¥§$%§ ggﬁgg?é%péééﬁﬁﬂi 'rgﬁéefééé & %hg%epglgéﬁéihi}&[80§4fo

A step of passtum.osslinking the water-absorbent resin in the formof the
secondarynf §4ﬁle using a cross-linking agent may be performed after step
2. The ti ﬁ% r adding the post- 5 crosslinking agent is not particularly
limtad, and therposiaardsiki skiagpBamet primaddgshiticibe predersae iaf thisal |y

1 to 400 parts by mass of. water, preferab 5.to 200 parts.b ss . of
wat er , m)P%t‘?P eFé?al]?F"y afé’uﬁaegﬁ)o fgﬁr tes"aﬂ?aﬁas?yofc g gtli’&yp%)ractali&fi?%}l y

pref er abl ysg&ed 0060 spart-sndy aiBssg OboMpbhérizdtabat indaictdoh0 uk@AgpaairSoby
mass of the total amount of the water-sol uble ethylenically unsaturated

nonomer usE#dfns fes SAEEINGboFPEIIRES | nifig T SFdiRgn@hetmpellers, a

post - cr osshi-gkd NG ra0fftel TrSe! §CHAALE aGpRIdaRCe aM t Andihsr ammpaiid, vat er
contained In the water-absorbent resin. As a result, the water-absorbent
resi n i nbagbi® simpablsr subj cthaufled cimraliafki ng ofitihked sirpekleror @ear

I 1S surfacgy; { NG{LPYmBLPPUE! NYrAGUBLET “RPS ShRRRb rﬁa‘i{ﬁéé‘akﬁbﬂg afceeycel hent
wat er absorption capacity of Saline solution under |oad. [0085]
The cross-VAXBGENP dgwetl latedprodugask tby rpumiitonei Higavy Rodusiyries.t LEdr rly
'gir gj“to ed Sngg@ al ggg%%% AU iR4LBEa " B 8htHRE CchERFdA1Y hduiBhbhena
Mfg., Ltd.) can be used. In general, when the same KkKinds of
20 stirring impellers are used, the higher the rotational speed of
stirring, the smaller the particle size of the primary particles.
[0075]
Step 2
Step 2 is a step wherein the slurry having the polymer in
25 the :fonn of the primary particles dispersed therein, which is
obtained in step 1, is cooled to precipitate the dispersion
stabilizer; and subsequently, a water-soluble ethylenically
unsaturated monomer is added to the slurry to carry out a
polymerization reaction, thereby agglomerating the polymer in the
30 form of the primary particles dispersed in the slurry so as to
produce a water-absorbent resin in the form of the secondary
particle in which the above-described particle size and aspect
ratio are satisfied.
[0076]
35 Although the cooling temperature is not particularly



“include diglycidyl group-containing conpoundssuch as

(pol y) et hyl enegl ycol di gl yci dyl et her, (poly) gl ycerol (poly)glycidyl ether,
(pol y) propyl ene gl ycol diglycidyl ether, 25 and (poly)glycerol diglycidyl

et her; (poly)ethylene glycol; (poly)propyleneglycol; (poly)glycerol;
pentaerythritol; ethylenedi am ne; pol yetjdgd eneimne; and the like. O

t hese, (poly)ethylene glycol diglycidyl ether, (poly)propylene glycol

di gl yci dyl 1ehtiesd, ad thpobydalpyrertdlonditghperdirectiaet ear @epéhdiarngt bauthe | y
pr ef er abl e, Thes)gbg_rossl i nki ng age_nts may. be used. si rqu(%l , or in a

Gombi nat | ohYBY ShoTHIPARSTEn FOB6] AT DUk LsPEESioh e diRed dnustep | y
used in anianaintisf nefd.1909d ocd Ys6Yc hnd PpeéLscdily fE®ME. Ad9%t 0 BndS by
nol, 35 nmore preferably from0.02 to 0.5% by nol relative to the total

-29- amounPTHFIRHEHSRo M e ddiensienpAtgheti2eX | 6R0 r £&cGOBRLTIRSNPY he
Vi enwpoigt  ghe NoHedeptRl bR Gy e %@&Eﬁ_tﬁrﬁrpr@iée%ﬁ.hf"i?ypf sbReiFfsat iy NGuch |
wat er - absorbent resin in the formof the secondary particle; and’i ncreasing
t he crossl ¥inkiegrwdidity eanibe dpheradaed by viewal obsspvabian 3 #y the

enhance tNgoaber 1A050MAkiieh GaPAFLLY el 1331108 3lUiben 1BIOALARH. +hO08T]
When t he post-crosslinking agent 1s added, the pdstcrosslinking agent may
be added apa¥tidle sirzeaddwld fiarma dfortheofwalt@ragbeeidersol xggion byl fchasgésgary,

the hydroppili 1.G .sQl V. us l.vent .

nydr ophi 1 £2%r ESPERIARR (ClindiRbabE, CEHeRIe R U, wE Al B us ol
et hyl 1 cobedin rkeriony|a asmaliol medichn geptdpye alieehechn bet predused hatasa
acetone and_nethyl _eth etone; .etherg such,as di et hyl  ether 5 di oxane,
2nd ot r anbRPTRERES. B ALOUR o B RPRUPIPAOTr BPTRARATE: Mo PoPRUCS SAch
as di met hylasgd fmedisn paxtidie |dikke. cHaese hybcopbil it of gediperaelivenbs nay
be used si ng(la#/ or in a conbination of two or nore. Alternatively, these
hydr ophi | i & Egagrﬂ €-sol vent s may be used as a m xed solvent with water.

20[ 0088] [0o771 The reaction tenperature in the post-crosslinking treatnment

is preferably 50 to 250C, nore preferably 60 to 180C, further preferably 60
to 140G and stidthaahher the ef dedBFysotikle 1208y igRiqaddst i oppsatvEated

usual 1y frasdndiowo be adledrte wnl A8y The N6 eﬂax%@_%%&afﬂ% 1hsidaal, nithe
formof the secondary particle obtained after treatnment with a
cross- | i nk¢3y &§enfupkgbly selected from the monomers included in the
examples of water-soluble ethylenically unsaturated monomers used
in step 1. In particular, it is preferable to use the same
20 compound as the monomer used in step 1,' from the wviewpoint that
an appropriate particle size and a narrow particle size
distribution can be easily obtained.
[0078]
The water-soluble ethylenically unsaturated monomer is
.25 usually used in an amount of 90 to 200 parts by mass, preferably
110 to 180 parts by mass, more preferably 120 to 160 parts by
mass, relative to 100 parts by mass of the water-soluble
ethylenically unsaturated monomer used in step 1. When the water-
soluble ethylenically unsaturated monomer is used@ in an amount of
30 90 parts by mass | or more, it provides a sufficient amount of
monomer to agglomerate the polymer in the form of the primary
particles. Accordingly, an optimum agglomeration of the polymer
is formed, and the resulting water-absorbent resin in the form of
the secondary particle can be formed with a median particle size

35 in the above-mentioned range. The water-absorbent resin having




-further be subjected to a drying treatnent after step 2, or as the need
arises. The final water content in the water-absorbent 30 resin is usually
20% or |ess, preferably 2 to 15% nore preferably 5 to 10% froma

vi ewpoi nt of achieving good flowability of the water-absorbent resin as
powder. The drying treatnment nmay be carri7ed out under normal pressure or
under a nitrogen streamor the like in order to increase the drying 35

ef fi ci encyinMfesddheadtytchy dtrenathi edn e obtedénedor mal pressure, -30- the
drying tenE‘?r ture is preferably 70 to 250C, nore preferably 80 to 180C,
further pr Q ly 80 to 140C, and still further preferably 90 to 130C

Further, when theufindrg visercattid efatisi-soldble r edHgREn NEIUNGsatheatédi ng
tenperature is preferably 60 5 to 100C, nopre preferably 70 tq 90C. [ 0090]
The wat er - BRI iS PEEAN IPnaRh@PHHMm At 20Re PEEESNBRTAFA S8Spr bHutRd by

the aboye-geseiniRedoSipRehs sHet @dpredsiedst 9n 8Rs OsREicdTRIfethal FabBs-
absorbent articles that use the sane 10 because of the follow ng points:
general wadlyorhesdr perdn Bropdaings falledavif &ingoParbeéntes dSrMedsh¥ 2 as

watter abs o ik 6aRAGH! YraBAoNES ShoRlRAL P HABERPAL] ihd Al IdRuteli i On

under | oa are excellent; the water-absorbent resin has strong particle
strengt h whhtertabsonhent nygsint dsparsedc| as sane abgarbenk matexiad|.| ekt is

adhesion t i hers; - sin.h cel | ent

L owabi 11 1 SoBties SRR Y (SURRREL, b= U0y FIoRHRRY | 67,569 Behe
Absor bent pMaterclas.of the Present Invention 20The wat er-absorbent resin of
t he presen[%(ﬁweﬁnti on has properties that allow the water-absorbent resin

to al so be tively used as the absorbent material as described above.
The wat er - absor ey r esinpowad beénplwlddledims aheabsamhphes mabeér | aladnbah

i ber s i ncPUUBRIrRYEgBe 37 ARESTS 17 { PETR 1 cBFY UPBs SoPRbare trandERE i ke,
Not e that pheyrerdrzerhbhi tnfthaior FBYbE NEdakie thy dhepheiinters it Beép 2 f i bers
i nsofar_ as_the object of the present invention is not hindered. 30[ 0093]
is preférable to use the same compound used in step 1. Further,
the radical polymerization initiator is usually used in an amount
of about 0.005 to 1% by mol relative to the total amount of the
monomer used in step 2.
[0081]

20 Note that the radical polymerization initiator can be used
as a redox polymerization initiator in combination with a
reducing agent such as sodium sulfite, sodium hydrogen sulfite,
ferrous sulfate, and L-ascorbic acid.

[0082]

25 In step 2, a chain transfer agent may be used together with
the water-soluble ethylenically unsaturated monomer in order to
control the absorption property of the water-absorbent resin in
the form of the secondary particle. The chain transfer agent to
be used may be any compound included in the examples of chain

30 transfer agents in step 1.

[0083]
Although the reaction temperature of the polymerization
reaction in step 2 varies depending on the radical polymerization

initiator used, it is preferably in the same temperature range as

35 in step 1.



“The content of water-absorbent resin in the absorbent material is usually

about 40 mass% or nore, preferably 50 mass% or nore, nore preferably 60
mass% or nore, particularly preferably 70 nass% or nore, fromthe vi ewpoi nt
of sufficiently 35 absorbing a body fluid such as urine, and providing a
confortable -31- feeling of wear to theguser. Further, the content of

wat er - absorbent resin in the absorbent material is usually about 98 mass%
or lower, poegerably 95 mass%or |ower, nore preferably 90 mass% or | ower,
in view of includi ng@an appropriate ampunt of 5 hydrophilic fibers in order

to increase the 8h&PpEPr OFeMAYNCpPEPEINANG hife YHGHBPFETRBRbr hEftn in
material. {RO9%brm of tﬁéa@@c%ﬁg‘giny(pbﬁf@iﬂ@ SuRIHP %%qinkﬁﬁ%gﬁééﬁ@em

materi al include a m xed di sper obtai ned by mxing a water-
absor bent Ta%i be ceepimedon BFEPoBhiI | Tiee f FHRING t%PH 19 i&oh 3R8geRBBuS

conposid i 0g; : ,C Cldreqkn h G - phsorhent Sk | -
sandw ciedeﬁ%%m%girpm%ga%fgjsi%f Eﬁ&d%‘%ﬁi&ﬁlﬁlﬁéeﬁs; a‘%caf taﬁlgfl ii:ﬁ%. §([381(:)95]
15An absor beesskkimkiobe agentbésf edded by the|pxksencehofasyebent 1nke et

heot - | 00BET Ty g P el ” FERReERBIE e T 2] BB D RS OO

fabrics susatas, anord hpoefierdhiye, 18pto N60d-gayye, phemasal obowdteypeandnd
Bgleslpf OB; Pé%_ééflcgtﬁﬁmﬁ%: %%g?éfab@l[%g%é)?{tof IGBeBESIrtssu ha?}n;a]sgg L‘:é?%viaqyéf ,nex‘elative
| i qui drg npes meabl pagheeby imaEsudeE Sy hedtal Zmowedi rof | the watker-ciolablesi n
such as pol yet hyl en pol 0 ene, and polyvinyl chloride. [0098] e
Cype of abehmpaniSLye PabBE PR Tortneal Gty | AR  SesCTR LRy | 1B
exanpl es otimhspr Bent Adingl ethd Npbyfechiidilankéng agent is selected in

accordance with the amount of water contained in the water-

absorbent resin. As a result, the water-absorbent resin is more

15 suitably subjected to crosslinking on its surface or near 1its

surface, thereby producing a water-absorbent resin having an

excellent water absorption capacity of saline solution under load.
[0085]

The cross-linking agenf used for post-crosslinking is not

20 particularly limited insofar as it is a compound having two or

more reactive functional groups. Specific examples thereof
include diglycidyl group-containing compounds such as
{poly)ethylene glycol diglycidyl ether, {(poly)giycerocl

(poly)glycidyl ether, (poly)propylene glycol diglycidyl ether,
25 and (poly)glycerol diglycidyl ether; (poly)ethylene glycol;
{poly)propylene glycol; {(poly)glycerol; pentaerythritol;
ethylenediamine; polyethyleneimine; and the. like. Of these,
(poly)ethylene glycol diglycidyl ether, (poly)propylene glycol
diglycidyl ether, and (poly)glycerol diglycidyl ether are
30 particularly preferable. These crosslinking agents may be used
singly, or in a combination of two or more.
[0086]
The post-crosslinking agent is usually used in an amount
from 0.005 to 1% by mol, preferably from 0.01% to 0.75 by mol,
35 more preferably from 0.02 to 0.5% by mol relative to the total



-30 materials such as di sposal diapers, sanitary napkins, and incontinence
pads; urine-absorbing materials for pets; materials for city engineering
and construction such as packing materials; food freshness preservers such
as drip absorbents and refrigerants; agricultural and horticultural
materials such as 35 water-retaining mateyials for soil; water-retaining
materials for -32- cables and the |like. Exanples [0099] 5The present

i nventi on afowesf bewk mdnbmethasedetardt Itrtéelpbmyh@&edaarbrbwadtas)n Hevewer ,
the present_invention.is not |limted to these Exanpl esgﬁjOOlOEi mple 1
10A cyli ndERe aV 1 FRMd h % oft %%‘ﬁ%?’aﬁﬂ the a%t?é"qmnlﬁa PREELSA °%| theeter

of 100 mm reskt Hked M&ﬁé’r%ﬂs%frbéﬂﬁ GRRAANSH! . tRe direRA NeF f ¥RBElsecdndhty 0geN
gas inlet tube, and a stirring inpeller haVIEg}Z sets of four pitched

paddl e i npRR¥iEtale;s andpdncapasingethy @ossdipking sdenskiy i ifgs SHFEIERled.

This flaskalS pas- chas 9ediiWabl Q0 ks Ofo N-h@Rhaae, tandw3ra2 QaH%forﬁti&?rose
stearate having an HLB of 3 (produced by M tsubishi-Kagaku Foods

Cor por at i 0A2PFFAITO ofugativs txalugignoynder 1®ad2 g of a naleic
anhydride-p? {jed et hyl ene- propyl ene copol yner (produced by Mt sui

Chem cal s, H -wax 1105A) were added thereto. The 20 tenperature was
raised to 80C t oWitits s dihee phet scrdsdtiaktinganagearier éaf t eddede stileut poatwas

cooled to 50C Qﬂ&}% agent gggga{,?tgéé’e an, & ?.rym%%r ddadaK 4 {15 f?gt& of

capacity) Wwas c ar ge acr |c aci d dquéous SOl T
mMass%1,0 25a@mbuk67sﬂ1g:mh sadi wadepdany| denaqhgdnepmlmt |<mga(ni& &om’aeﬁ%

v 20ded GLOPUS LR 6o Mt et o ok SgSlaito MRLERLL £
| ndust ri esgolstehts pirﬂfiuﬁie NLdvRar : abfbrafld) svich addemeangllccambﬁbel yethyl
per sul { at cALGRN2 THTOPY . RLCONER FbGHIEEABFY ] AP o kP 050 Pl =5
di ssol ved, asdvesrRbYarid GRFHYI0 SthyAdUeAEnTORAIRESS @udhi @ falethe bithét,
stage. (Thclifo:?a?n%eous gx(ljtli utt ?:gtgglgydro\guf:%gfl ty a?rfld%g OOOSur‘rENs as N,N-
dimethylformamide; sulfoxides such as dimethyl sulfoxide; and the
like. These hydrophilic organic solvents may be used singly, or
in a combination of two or more. Alternatively, these hydrophilic
organic solvents may be used as a mixed solvent with water.
20 [008B]

The reaction temperature in the post-crosslinking treatment
is preferably 50 to 250°C, more preferably 60 tc 180°C, further
preferably 60 to 140°C, and still further preferably 70 to 120°C.
The reaction time is usually from 1 hour to 5 hours.

25 [0089]

The water-absorbent resin in the form of the secondary
particle obtained after treatment with a cross-linking agent may
further be subjected to a drying treatment after step 2, or as
the need arises. The final water content in the water-absorbent

30 resin is wusually 20% or less, preferably 2 to 15%, more
preferably 5 to 10%, from a viewpoint of achieving good
flowability of the water-absorbent resin as powder. The drying
treatment may be carried out under normal pressure or under a
nitrogen stream or the like in order to increase the drying

35 efficiency. When the drying is carried out under normal pressure,



-Setting the rotation speed of the stirrer at 600 rpm the 35 aqueous
nmononmer sol ution was added to the separable flask. The -33- flask was
mai nt ai ned at 35C for 30 m nutes while replacing the inside of the system
wi th nitrogen. Subsequently, the flask was imersed in a water bath at 70C
to raise the tenperature, and the pol yneygzation was carried out, thereby
obt ai ning polynerized 5 slurry for the first stage. (Note that when the

p?I yImer i ZeﬂkaéldM;]}fj;ngOftefnbéﬁa&hmﬂQV?ﬁ:gfaﬁﬁm e tto aazsgoct; oﬁaﬁe %ﬁﬂer:hmj on
of water apd n-heptane using an oi t 120C ¢t i Sti of.f anly, water
to the outg?dEooflgPh%' S§E¥El%‘?’énﬂrpv§§§ B’s%&uéﬁ’tl Ogtci'edmfihﬁ;d&llr ﬁpﬁglb‘f"éne
evapor at i Opre£diai1§s Wot itad 18vaL: sphefihed!, HeR! thar grPiid i1 emrdraddaotedi an
particle size of 190 pm and an aspect ratio of 1.9.) . Separately, -
anot her 5000¢8T Fedugqde\RIeSEIESk "AS SREIRBdtOMReratiTes i§ diredergbie o%id
aqueous; soLyti @R d 8RoPe BeeflratAld 78480 @ ©f sodi um hydroxi de aqueous
solution (24.7 mass% was 15 addéd dropw se thereto under external cooling
to neutral [9@206% by nol. Thereafter, 0.13 g of potassium persul fate and
11.0 g of N NI-figl hyheebloasiodndm A8, MP1 £ Adfed il obp teaNbnagpy ved.
t her eby preparing an aqueous nononer solution for the secon stage. The

t enper at ur pavkiclenipnaiuced &y dbeutabt@ye-destiled] steps IAf tsaritabdyr vsedi on
speed for E%f%ﬁ%%iée @%‘t&ﬁgéﬁe&é'éﬁé&b‘aﬁ% Sﬁ%fgf% 8o QQQ AT Qypd E
slurry was cool' e o0 Z4C "an e aqueous nononer solution for the sécond
st age MaS Belckisd ntaf t thesy Foddowdhg er poirets:nsigepentlt heabgist eabssaption

mai nt ai ned_25 far, 30 mnutes while replacing wth nitrogen  the flask was
Rgai n | mePERRFTISE wa SRe pie et ebRoEbegt, SPekl 1 muho AROPALeT SDIRRTIRY
pol yner i zatapacies 4Rl rathrowWbsdripeiohy capadi i ngf pehlins | geldhtdlonr ypdéor

t he second, stage. [0103] 30Next, the tenperature was raised using an oi
bath al 12889 and ARe SKAFHSHES S e BPER TP SRR EopF Bt s 1199 aBoRPSf

wat er and 1R} trendtht whi1&fhahly & godervdtepatpidte Hidesi dadohas he
system while refl uxing n-heptane. Thereafter, 5.06 g of a_2% aquegus

sol utiléh oPxea AN EPEER dPyIEFEPESF BPfelhRa¥abetiedPeF et S50 aRAS t he
m xture wagys@d A MR F6ewhBi12tPoBESause Ik Suls egient | dopde-thepiane was
evaporated, and the m xture was dried, thereby obtaining 212.5 g of

wat er - absoa®@rkhe ddkg-in the formof the secondary particle in which the
oval>sphert§§glprinary particles are aggl onerated. The obtai ned

wat er - absorbent” resin 5 had a nedian particle size of 600 pmand a water
cont ent of Albserbteat] Mateshahsof HdhenExsaerbelitvenddont s of each property.
[0104],,

The water-absorbent resin of the present invention has
properties that allow the water-absorbent resin to also be
effectively used as the absorbent material as described above.
The water-absorbent resin can be provided as an absorbent
material when used with hydrophilic fibers.

25 {0092]

Examples of hydrophilic fibers include cellulose fibers,
artificial cellulose fibers, and the like. Note that the
hydrophilic fibers may include hydrophobic synthetic fibers
insofar as the object of the present invention is not hindered.

30 [0093]

The content of water-absorbent resin in the absorbent
material is usually about 40 mass% or more, preferably 50 mass3
or more, more preferably 60 mass% or more, particularly
preferably 70 mass% or more, from the viewpoint of sufficiently

35 absorbing a body fluid such as urine, and providing a comfortable



Exanpl e 2 The sanme procedure as in Exanple 1 was repeated except that 10
the stirring rotation speed for polynerization for the first stage was
changed to 400 rpm and the anmount of 2% aqueous sol ution of ethylene
gl ycol diglycidyl ether to be added after azeotropic dehydration was
changed to 11.13 g, thereby obtaining 233-1 g of water-absorbent resin in
the formof the secondary 15 particle in which the oval-spherical primry
particl es se€liaggl ofrewated.to( Ndiee ddwai. Whenrttea ,potharecodoshis| of r wadérd hi s
st age was sub'r cted to ,azeptrog%cfagi stillation of water an nhegtt?ane si ng
f

an oil bat®° heS I iR | F B QP B L] A et D uLE I Yo  RHE STt em

and was supsesplant 16w, egribbepagly s AAskepbantoR¥yapaicid QGrefleRgblessd ting
oval -spherical primary particles had a nedian particle size of 280 pm _and
an aspect P25 ©F 10WeY. THBR ¥BEY R€d WNSHEA1RSsEPH SPPTPRELALH a8 He dPan

particlse Shy@r@hnifdl PRAKNE aiNaiaesoNteNtinired%e TR eshapbowatbheion
measurenment” results of each property. 25[0105] Exanple 3 The sane procedure
as i n Exanprepertynofr the afesnldiagpabsoghenthaaserieding rotati on speed for
pol ymer i zah’b&ghfor the first stage was changed to 700 rpm and the anpunt
of 2% aqueous 30 sol ution of ethylene glycol diglycidyl ether to be added
after azeotropi cExhipidisat icdh \prefelrahyed emb@&loengs t lodr elineobtadiserhgn214. 0

g of water- rlye Ln_in. e a Lcle | ich
Phe oval - SBRER et eiRk) o duyed pR6Eh Rl AUy REKANG, 8 WKL TL
pol ynmdri zesbsdnbenyt afedin scabpedigieonwasnd ubydropltilic atkberppito form a
distillation of water and n. .-35- heptane usi n&fua% oi | bath at, 120C 1o
distill of?o%?ﬁegpe\ﬁélferc?’@qsﬁgl%t sifd e YT s§/s emoand %swsu%sequen¥l y
dri ed t hr ogtgdortest aesiaydporsandatichéd ebetradst | thep Qlafersphel | loairophi ke y
particles had a nedian particle size of 110 gm and an aspect 5 ratio of
1.6.) The bHR&HTeddatb?- & bent resin had a median particle size of 470
gm and a wpgggsontent of 7% Table 1 shows the neasurenent results of each
pr opert%. [ 0106] Exanmpl e 4 10A c¥l i ndrical round-bottoned separable flask
n _

havi nd An absorbent article can be formed by including the
absorbent material between, for example, a liquid-permeable sheet
and a liquid-impermeable sheet.
[0096]
Examples of liquid-permeable sheets include nonwoven
20 fabrics such as air-through-type, spun bond-type. chemical bond-
type, and needle punch-type, which are made of fibers such as
polyethylene, polypropylene, and polyester.
-[f0097]
Examples of liquid-impermeable sheets include synthetic
25 resin films made of a resin such as polyethylene, polypropylene,
and polyvinyl chloride.
[0098] _
The type of absorbent articles is not particularly limited.
Representative examples of absorbent articles include hygienic
30 materials such as disposal diapers, sanitary napkins, and
incontinence pads; urine-absorbing materials for pets; materials
for city engineering and construction such as packing materials;
food freshness preservers such as drip absorbents and
refrigerants; agricultural and horticultural materials such as

'35 water-retaining materials for soil; water-retaining materials for




-internal dianeter of 100 mm equipped with a ref |ux condenser, a dropping
funnel, a nitrogen gas inlet tube, and a stirring inpeller having 2 sets of
four pitched paddle inpellers (a inpeller dianmeter of 50 mm as a stirrer
was provided. This flask 15 was charged with 500 m of n-heptane, and 0.92
g of a sucrose stearate having an HLB af323 (produced by M tsubi shi-Kagaku
Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a nmaleic

anhydri de- samlids ethaethyl etie= propyl ene copol yner (produced by Mt sui

Chem cals, Inc., H -wax 1105A) were added thereto. The 20 tenperature was
raised to 80C to dissolve the surfactant, and thereafter the inside of the
system wasgxgip@eed with nitrogen at 78C. [0107] Separately, a 500

mL- Erl enmeyer flask was charged with 92 g 25 of acrylic acid aqueous

sol ution ( @Q‘-??]rrass%, and 154.1 g of sodi um hydroxi de aqueous sol ution
(20.0 npss% wasriddedh AnepWn$ent 16H 19 adenipedt ehNahrEfoh i dit419 below
neutralize 75% by nol. Thereafter, 2.76 g of hydroxyethyl cellul ose_
(produced byseshie|ExeReApeal Haweyerri EBe prepentpigyaatien nbemotspigdted was
added and 30 G Ig%(g}nglgé_ssol ved by stirring at roomtenperature. 0.11 g
of potassi um persu and 9.2 ng of ethylene glycol diglycidyl ether were
added and B0E¥nl ved, thereby preparing an aqueous nononer solution for the
first stagﬁi !gl S jaqueous solution had a viscosity of 26,000 nmPws.
35Setting ion speed of the stirrer at 600 rpm the -36- aqueous
nononelrd sol ut i onAwayldadedcal aaumidebottdmerd / sepavhble ddamisknuhanginghean
nitrogen repl ace .in.the pnside of the separable_fla syst to_carry
out " potymerrbain diemared ook stbd iy caenRl kel 3 rER P G tRr o
the first giegeing Nouanélf hai wnheroddie pakynerlietedtabely ryandl &histisragg was
subjected to azeotropic distillation of water, apd_n-hepiane. usi an oil
bath at 128EP8LIH s{lgw'n%f 2 ofPYS weltfer TPUT ¢ RAtGUPY RATHS hémg?/@?eé:ﬁl aﬂ?ﬂ was
subsequent §ypalrisad diBheueh ¢F RPN easVa st idire@Nwas herdwisldd.i Mhis flask
comm-shapedpbead-l ike primary particles had a nedian 10 particle size of
430 pmS an®anch’PRrd vhih 05%4/ Blgof n-heptang., 304 efy92 aHoPhel SHETOSE

nL- Er | enmeyggaddias havasgchar ged Vet B 1pPodudbPioy@ Miltsiubi ki KAFHKRO HSods
solution (80.5 mass%, and 149.9 g of sodi um hydroxi de aqueous sol ution

(24.7 massOgrRgERtdi@ied R¥I W TWgaThepERr uRTRIOJex8REN8l %804 i Py Bomaleic

neutrali zearﬁ%‘ﬁ ; i ad NE - f SE e d
11.0 ng of et a}?‘ljle%r?gmgﬁgtﬁ?adi é?@%%%{ﬁ %P%gﬂ'gnvéreeg%ded ﬁnefgl?&;%gé B

di ssol ved, Mitrtie bfhemiagsdssi. nglah .adliediax d@SAr vegeuadsiedi dhergéosecdhdg

st age.,lhe R |t al o 0, [ 8 ng;%f t

r ot ati2c9n s%% %}gor stﬁa\r@‘ﬁ% eeIa ;a)ﬂoc{]iérrkéﬁ zegg S %@?e\/\aggeghéange ttagfi,g%%

r/ mn, thethéxgaftematheosdbation 3BE, canted Hw 2§UEous nmononer sol ution for

t he second &%@gﬁ was added into the system After the inside of the system
was mnai nta[n or 30 mnutes while replacing with nitrogen, the flask was
25 i mersed in aSepdmatdizt,h ah 7 Qenmeyarsefldsk t €6per atlur eapanityhewas

pol yneri zatj on s carrjed out, thereby obtaining polyperiz ur.r or

t he secondcé?%%e\é&i "T’%%OQQ]Z I\?e#f atcﬁgif'gn%(é?'(gt%%eo S Src’&ly1 Je‘anugfg%%]’ e{nr?s})’/si%lf)'bat h
at 12065 38nanth1.hve ¢slofr Eyanas Sedieided atjeqze dolaptiiondi( 381 4 | mddsdn) ahs

wat er and n-heptane to distill off 259.8 water. to t he outside ot75ghe

of
syst em whi #8381 FEREYRFeh- HishetRe UNFRE, @ﬁgﬁ?‘:‘l 20Dt B8R s

sol ution oby&hdy) engesbaedr dizgbychdyt Bidiekywesy Rdsked dilbeee( pro@uned be
m xture was nai ntained at 80C for 2 hours. 35 Subsequentlejx_i1 n- hept ane was

evapor at edPaigRll t feerisatr dnfstyigeq, Ltd. . product ‘numb SP-600) was

added and completely dissolved by stirring at room temperature.

30 0.11 g of potassium persulfate and 9.2 mg of N,N'-
methylenebisacrylamide were added and dissolved, thereby
preparing an agueous monomer solution for the first stage. (This
aqueous solution had a viscosity of 10,000 mPa's.)

Setting the rotation speed of the stirrer at 600 rpm, the

35 agueous monomer solution was added to the separable flask. The




-37- thereby obtaining 213.3 g of water-absorbent resin in the formof the
secondary particle in which the conma-shaped bead-1i ke primary particles
are aggl onerated. The water-absorbent resin had a nedian particle size of
900 gm and a water content of 6% Table 5 1 shows the neasurenent results
of each property. [0110] Exanple 5 _33Lhe sane procedure as in Exanple 4
was repeated except that the stirring rotation speed for polynerization for

the first A5t ages Wesirthaneadato3ss @06or pod mbeutapaialdinRpbcihg aEwieous
nmononer solution for the second stage and the tenperature of the

pol yner i ze#SHdf (f fidle ystem withi AFerogane pSURSeMISRIY  GheaElagkwahe
amount of ZHAROUS SolWitan Bluetdy| AR dly calidl ole! dipestiire! oahe

added after azeotropi c dehydrati on was 15 changed to 8. 10 g, t her eb
obt ai ni ng Phe mplymerigatéen dms asariedesh. | Fhanebyr gbpbning PUlyFentzey

particlge IQ\/\#HRPtﬁ&Pet )éalfﬁ%tﬁeréﬁlr pri ‘Wcﬁ/ﬁ PEhdi Cbﬁénart‘?lea%l E{'&‘%&&'

(Note that epo nmeri zed ry o s stage was subjec

azeot r opi cstisty |dfattihdis cftaget was andbIedisgt dige agephyophc oqlistbéilhtéon 120C to
20 distill t tsid f S n e ntly
dried throl %ér %l‘pt ane véar%ora |n§ﬁ,aﬁ-{ h‘g JEr)eb {}?I%% %\'zjg'}é g 2@?‘33 P%r{;grrgry
particles mxtrawatehr amOpaﬂtei chetssiidee of €0e psysted andasmctsul:&teiquentlﬁ 2.)

The obt ai : be had_a. medi 1 f 390 d
2 vator COMIH BF DG s MRMTE £OHON b e DSt o7 cali t SobPrasth

properiity. pPikdally @Hﬂiﬂfc&b!svaaﬁxamﬁeﬂlénTb&rﬁﬁdﬁm psDoedof e19S m, Boadpae 1
was repeated except tha ydroxyet hyl cel |l ul ose was not added, thereby

obt ai ni ng 299FY aé'éoo‘f" vt er - absorbent resin in the formof the
secondary parti cé@aﬁat\mWh ddrheendcd-glly BPhetnies@l PFi4BN YwREr chatkgsdare

aggl onerated. (Note that_ when the palynerized slurry of this sta%e was
subj ect ed ¥H-zEH +oH i @5YYist i ToPIREPRF  SPHHLOT e(fCae MRSPAY - afRDi |

bath at 120£5 9 gi gfi Idodlun q@dto&aaér ahaeéést ke1abisn de20f7t hassypt fas and
was subsequent!|y dried through n- -38- "heptane evaporation, the resulting

conpl del yaddabrixonwise rbeyehar tndess eRErA he?RYANgarta diettspiézef 789 gm
and an aSpﬁfthJlat"Phé’Eeant%r) dhes g?tcﬁé Redalal Sh ﬁé&sﬂﬁﬁ% éﬁ‘&'ﬂ ajgao

medi an partlcle size of 355 pmand a water content of 6% Table 1 sﬁovvs
N,N'-methylenebisacrylamide were added thereto to and dissolved,
thereby preparing an aqueous monomer solution for the second
stage. The temperature was maintained at about 24°C.

20 [0102]

After the rotation speed for stirring the polymerized
slurry was changed to 1,000 r/min, the slurry was cooled to 24°C
and the aqueous monomer solution for the second stage was added
into the system. After the inside of the system was maintained

25 for 30 minutes while replacing with nitrogen, the flask was again
immersed in a water bath at 70°C to raise the temperature; and
the polymerization was carried out, thereby obtaining polymerized
slurry for the second stage.

{0103]

30 Next, the temperature was raised using an oil bath at 120°C,
and the slurry was subjected to azeotropic distillation of water
and n-heptane to distill off 259.8 g of water to the outside of
the system while refluxing n-heptane. Thereafter, 5.06 g of a 2%
aqueous solution of ethylene glycol diglycidyl ether was added

35 thereto, and the mixture was maintained at 80°C for 2 hours.



"5 the neasurenent results of each property. [0112] Conparative Exanple 2
The sane procedure as in Exanple 4 was repeated except that the aqueous
nmononmer solution for the second stage was not added 10 or the

pol yneri zation for the second stage was not carried out, the amount of
azeotropi c dehydration was changed to 144.8 g, and the anount of a 2%
aqueous solution of ethylene glycol diglycidyl ether to be added after

azeot r opi codisdeiiieditngn weBeshaitgamst evipSrathd,l anaeblie ohiRtuiid Hva36 aBigd of
wat er - absorbent resin in 15 which the comma-shaped bead- Ilke_grlnar% of

particles SReFHR3t RIGABHRY at b5 FhOTCcYRHBL S epEafefikelpriifa

particles ppd asdmiiganyPaphi-ci®@ i 2@ olhish PRANGVAIWE ﬁér:@&ﬂte hrp%
Table 1 shows the neasurenent results of each pro ert [0113

Conpar at | VBAEKEFfise aFre agglompggtgdef %eypba:aae@ JEiTEmﬁOéfheW:t Festn 3 g
of watey apgynguhtsd %ﬁ&ﬁ@%&geZQE ) ﬁﬁ &@Mmté@%n%eﬁtusf 6%.

hydr oxi de aqueous sol ution under cool I ng. 08 g of ethylene glycol

di gl yci dyl Tebleerl s@oeaetgpcmeaﬂﬁmﬁmﬁnhypyﬁﬂdephﬁteaﬁ@n@m¥uﬁawe 25 and 0. 08
g of potasgﬁqu ersul fate were added to the solution and dissol ved, thereby
obt ai ni ng an aqﬁeous nmononer solution. [0114] A portion (80.0 g) of the
aqueous noEmamwles@ uti on prepared above was placed in a 200 nL beaker, and

000, 940" 30 POLURKEL IV LEIE AGLY DM Bh0EE PESPAe.(Raotued e
pol ymexrg zathen sefirexygt rmltalneogr mmedabmﬁ ﬁa;lﬁsemaimperﬁmt thandi2st0 g

of cycl ohexane were a ded to the lution. The xture sified at
10,000 1 pr? HR9 g VaR | B35 T obiE BT BRI% X 2o RS on,

Mark Il hospOSMGEEN Of fefhﬁlené%lyﬁdlutcﬁ%lybmeyrbytnéf aioi rmg aidcedukgtéted
nmononer solution. [0115] of cycl ohexane ace

4- necked r%ﬁﬁRFWRﬂﬂﬁoﬂﬁﬁyﬂFQEko?2”1? ey \toeddi- pped- MFP%r%P%t?Qﬁqulng r ef

| ux 213.1 g of water-absorbent resin in the form of the secondary
15 particle in which the oval-spherical primary particles are
agglomerated. {Note that when the polymerized slurry of this
stage was subjected to azeotropic distillation of water and n-
heptane using an oil bath at 120°C to distill off only water to
the outside of the system and was subsequently dried through n-
20 heptane evaporation, the resulting oval-spherical primary
particles had a median particle size of 280 um, and an aspect
ratio of 1.4.) The obtained water-absorbent resin had a median
particle size of 720 pm and a water content of 7%. Table 1 shows
the measurement results of each property.
25 [0105]
Example 3
The same procedure as in Example 1 was repeated except that
the stirring rotation speed for polymerization for the first
stage was changed to 700 rpm, and the amount of 2% aqueous
30 solution of ethylene glycol diglycidyl ether to be added after
azeotropic dehydration was changed to 6.07 g, thereby obtaining
214.0 g of water-absorbent resin in the form of the secondary
particle in which the oval-spherical primary particles are
agglomerated. (Note that when the polymerized slurry of this

35 stage was subjected to azeotropic distillation of water and n-



-5 condenser, a thernoneter, and a nitrogen gas inlet tube; and 1.56 g of
pol yoxyet hyl ene octyl phenyl ether phosphate (produced by Dai-ichi Kogyo

Sei yaku Co., Ltd., Plysurf A210G average degree of polynerization of

oxyet hyl ene group: about 7) was added thereto as an dispersant, followed by
stirring at 420 rpmfor 10 di spersion. Afster the inside of the flask was
replaced with nitrogen, the tenperature was raised to 80C to fl ux

cycl ohexangeptdhes wsinig tdne cihowetheatr Lheuc el:mld;iéﬁ:‘ed. rafiforeilys @htigi Oto Was

added drop se to t xture at a rate of 6. [mn for. 8 Af ter
e conpl LR roBF iRy 58 S R GEGn A #oR: SHOPRTIRT AL Fael RBEeRdhd ay
the sane tespeards ur evapsralion, 10thd nuwﬁgltatﬁgseq@szphe&%ag Ofprifery
aqueous nononer solution prepared fi rst was, added dropwi se to the m xture

at a rate BRTEESH Maf 1drMeALIM nBRELLCLES (2 RF CH'H)I Wi oD 28r A5RESE

addi tion, Fheid & UL 6 VRS TR NStiaieddaladBrl sbstirbaint! @RRehahHAS aOhedbén f O
30 20 mnutes, followed by dehydration by azeotropy with cycl ohexane unti |

the water BaREIGHe Sﬁzﬁh@fpf%‘éll}é‘@acﬁﬂdeﬁ WapeF t Feeantyef 76 [Tabls) 1 shows
After the gg ;ﬂ%mg d@%ggﬁr@ lo@n SHdefdilNg was term nated, and the
solid precfpltate t the bottom ofe?%ee% gs?k 5 was separated fromthe
liquid by Hek@mk ati on. The obtained solid was dried under reduced pressure
at 90C, a | ohexane and wat er were renoved, thereby obtaining 189.5 g
of water-%%r}{f%ﬂtré resin in the formof the coI umar primary particles

havi ndladepr essi ohs ayldndropett immdohot bemeslir Saperalihe gliaskr yhpeng ches 30
had a medi an %anrtll(a sl ze o Q&) um and .a ter.gonten of 5%._ Tahle 1

shows the TRE urerreﬁ’tam%se]ﬁl ? each pquol}?g F 1‘-1171:e 1:rlrxpacfoadie\rllgeEXanpl e

4 droppimeg Faagélpn aveﬁs’e:i:ojem mgds b)ﬂ.rﬂld:tachung adndd &0 set:l.fﬁﬁlng
stai nl ess-ste doupl e, ar m kneader ui nma- sha
i npel | ers Hﬂ%eg'ﬁracBQYth ¥ a®85pad f%‘FrS H_ltcg W@%ﬁsﬂr ne?"z1

glycol di agfpydales Gavpeage o dd mp! as rwrﬂagrrr.@ﬁ: e&byﬁmd@@ derhi3s F1ues
di ssolved in 3,300 g of an aqueous sol ution of sodium acr | ate having a

neut r a3 za‘t’?%n"]i‘%?‘i’edi ofitioh @0 Bl BF PcBRREMSG at?¥h Br94 h8 Ohsdt FUsTRES

nononer:  38fedva R Hvinghahe RY.BOBE aB N{ flodudeRP Wy M tSAbish OIKaddkx! Fobhs
reaction solution was deaerated under a nitrogen gas atnosphere for 30

m nutes. SHPSRAAACPY, RXP® ST 99%hyStdkd s8lf ufhBér Sultfat @ F@dedas
sol ution agGhMhriAedmehifiddo b¥tﬁ@§é¢é—ﬁ%ﬁ9ﬁ@ﬁ& agbsb kel UaQHoatebat | Bp

were added to the reaction solution her eby, the pol'ynerizati on was
started ablﬁutsql nfiemicalsgt. erInCrhe %W#erﬁlﬂéﬁﬂoﬁ’eﬁ&s adged; dgpegatoat Foeto

95C whj E&g&%}a&rbh%a@ Cs%gl 9¢] rsd @ V\@igol%ntaiéw&ﬂ%ltaht Keang

crossllnked ynmer was taken out 50 mnutes after the start of the

pol yner i zathereafterThbeobnaide divdiher syshemi winh grepdlacedkeith orlinogeadat

pol yrer wasg oken into small pieces of a dianmeter of about 5 mm or |ess.
The smal | piectes of the water-containing gel-like crosslinked pol yner were
spread on WI1&7hesh (JI S-standard sieve having an openl ng of 300 pm, and

dried by a hot-ajr dr er,_set 1 f.ar m xt,.th pgLyper
was crushed usi ?1% thl Crasﬁé? %%J?lﬁp?ﬁg?rpgisjass}d% Fr S{l}le ged l\%&ht a%dgrd
Si eve dwavi &f ae::@pjaasu Agi0f afhlopsn sbhetihy Ot B NagsH) wedrsl - B$)=S.01r bgnbf

resin precur or. [0118] 100 of th ter- %sor ben resin gée uf sor .was
wei ghed 25°% u"i‘ Pxide aaveqits, sHRLEoR, (O PRRS HE'PFr? %‘f EVLEP s .

W’Nh | Ie sti Hlihéhgsl,ﬁdd'le lf?f(ﬁﬁ:{a'r l%&'te:ﬁﬁallr O0SSolliindKi e agléﬁtr&‘Dﬁéll msf%g &ym' mbmtg of
\?v;t )ér e? g gﬁééafdiﬁ%eéchyysgfé;eﬁg oxyetq'zyl pcre(?lrl). 1ggg ?p%oc?uced by %Palcan

Chemical Industries, Ltd., product number: SP-600) was added and
30 completely dissolved by stirring at room temperature. 0.11 g of
potassium persulfate and 9.2 mg of ethylene glycol diglycidyl
ether were added and dissolved, thereby preparing an agqueous
monomer solution for the first stage. This agqueous solution had a
viscosity of 26,000 mPa's.
35 Setting the rotation speed of the stirrer at 600 rpm, the



-Subsequently, the flask was i mersed in a hot-water bath at 190C 30 and
heat-treated for 45 mnutes. The sanple after sorted by a JIS-standard
si eve havi ng an openi ng thereby obtaining 98.5 g of crushed wat er-absor bent
obt ai ned wat er-absorbent resin had a nedian particle heating was of 850
Pm resin. The size of 300 -41- [0119].4glable 1] Exanples Conparative
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aqueous monomer solution was added at a rate of 5 mL/min while

continuing the nitrogen replacement 1in the dinside of the
separable flask system to carry out polymerization at 74 to 78°C,
thereby obtaining polymerized slurry for the first stage. (Note
5 that when the polymerized slurry of this stage was subjected to
azeotropic distillation of water and n-heptane using an oil bath
at 120°C to distill off only water fto the outside of the system
and was subsequently dried through n-heptane evaporation, the
resulting comma-shaped bead-like primary particies had a median

10 particle size of 430 um, and an aspect ratio of 5.5.) |

Separately, another 500 mL-Erlenmeyer flask was charged
with 110.4 g of acrylic acid agqueous solution (80.5 mass%), and
149.9 g of sodium hydroxide aqueous solution (24.7 mass%) was
added dropwise thereto under external cooling to neutralize 75%

15 by mol, Thereafter, 0.13 g of potassium persulfate and 11.0 mg of
ethylene glycol diglycidyl ether were added thereto and dissolved,
thereby preparing an aqueous monomer solution for the second
stage. The temperature was maintained at about 25°C.

[0108]

20 ‘ After the rotation speed for stirring the polymerized
slurry was changed to 1,000 r/min, the slurry was ccoled to 25°C,
and the aqueous monomer solution for the second stage was added
into the system. After the inside of the system was maintained
for 30 minutes while replacing with nitrogen, the flask was

25 immersed in a water bath at 70°C to raise the temperature, and
the polymerization was carried out, thereby obtaining polymerized
slurry for the second stage.

[0109]
Next, the temperature was raised using an oil bath at 120°C,

30 and the slurry was subjected to azeotropic distillation of water
and n-heptane to distill off 259.8 g of water to the outside of
the system while refluxing n-heptane. Thereafter, 4.05 g of a 2%
aqueous solution of ethylene glycol diglycidyl ether was added
thereto, and the mixture was maintained at 80°C for 2 hours.

35 Subsequently, n-heptane was evaporated, and the mixture was dried,
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thereby obtaining 213.3 g of water-absorbent resin in the form of
the secondary particle in which the comma-shaped bead-like
primary particles are agglomerated. The water-absorbent resin had
a median particle size of 900 ym and a water content of 6%. Table
5 1 shows the measurement results of each property.
[0110]
Example 5
The same procédure as in Example 4 was repeated except that
the stirring rotation speed for polymerization for the first
10 stage was changed to 1,200 rpm, the temperature of the aqueous
monomer solution for the second stage and the temperature of the
polymerized slurry for the first stage were both changed to 23°C,
and the amount of 2% aqueous solution of ethylene glycol
diglycidyl ether to be added after azeotropic dehydration was
15 changed to 8.10 g, thereby obtaining 212.8 g of water-absorbent
resin in the form of the secondary particle in which the oval-
spherical primary particles are agglomerated. (Note that when the
polymerized slurry of this stage was subjected to azeotropic
distillation of water and n-heptane using an oil bath at 120°C to
20 distill off only water to the outside of the system and was
subsequently dried through n-heptane evaporation, the resulting
oval-spherical primary particles had a median particle size of 80
pm, and an aspect ratio of 2.2.) The obtained water-absorbent
resin had a median particle size of 390 ym and a water content of
25 5%. Table 1 shows the measurement results of each property.
f0111]
Comparative Example 1
The same procedure as in Example 1 was repeated except that
hydroxyethyl cellulose was not added, thereby obtaining 213.9 g
30 of the water-absorbent resin 1in the form of the secondary
particle in which the completely spherical primary particles are
agglomerated. (Note that when the polymerized slurry of this
stage was subjected to azeotropic ‘distillation of water and n-
heptane using an oil bath at 120°C to distill off only water to
35 +the outside of the system and was subsequently dried through n-
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heptane evaporation, the resulting completely spherical primary
particles had a median particle size of 60 um, and an aspect
ratio of 1.0.) The obtained water-absorbent resin has a median
particle size of 355 m and a water content of 6%. Table 1 shows
the measurement results of each property.

[0112]

Comparative Example 2

The same procedure as in Example 4 was repeated except that
the aqueocus monomer solution for the second stage was not added
or the polymerization for the second stage was not carried out,
the amount of azeotropic dehydration was changed to 141.8 g, and
the amount of a 2% agqueous solution of ethylene glycol diglycidyl
ether to be added after azeotropic dehydration was changed to
1.84 g, thereby obtaining 96.8 g of water-absorbent resin in
which the comma-shaped bead-like primary particles are not
agglomerated. The comma-shaped bead-like primary particles had a
median particle size of 430 pm and a water content of 6%. Table 1
shows the measurement results of each property.
f0113]

Comparative Example 3

160 g of acrylic acid was diluted with 10.3 g of water and
neutralized by adding 266.6 g of a 25% by mass sodium hydroxide
agqueous solution under cooling. 0.08 g of ethylene glycol
diglycidyl ether, 0.016 g of sodium hypophosphite monohydrate,
and 0.08 g of potassium persulfate were added to the sclution and
dissolved, thereby obtaining an agqueous monomer solution.

[0114]

A portion (80.0 g) of the agueous monomer solution prepared
above was placed in a 200 mlL Dbeaker, and 0.60 g of
polyoxyethylene octylphenyl ether phosphate (produced by Dai-ichi
Kogyce Seiyaku Co., Ltd., Plysurf 'A210G, average degree of
polymerization of oxyethylene group: about 7) as an dispersant,
and 20.0 g of cyclohexane were added to the solution. The mixture
was emulsified at 10,000 rpm using. an emulsifying device

(produced by PRIMIX Corporation, Mark II homogenizer) for 3



1.8 1.51.9 1.7 1.6 2.1 2.4 2.9 Waterabsorptioncapacity (gig) 60 46 56 65
52 59 60 58 57 Waterabsorptioncapacity of salinesol utionunder | oad 18

-39-
minutes, thereby obtaining an emulsified monomer-solution.
[0115]
624 g of cyclohexane was placed in a 4-necked round-
bottomed flask (2 L capacity) equipped with a stirrer, a reflux
5 condenser, a thermometer, and a nitrogen gas inlet tube; and 1.56
g of polyoxyethylene octylphenyl ether phosphate (produced by
Dai-ichi Kogyo Seiyaku Co., Ltd., Plysurf A210G, average degree
of polymerization of oxyethylene group: about 7) was added
thereto as an dispersant, followed by stirring at 420 rpm for
10 dispersion. After the inside of the flask was replaced with
nitrogen, the temperature was raised to 80°C to flux cyclohexane.
50.3 g of the above-described emulsified monomer solution was
added dropwise to the mixture at a rate of 6.6 g/min for 8
minutes. After the completion of dropwise addition, the mixture
15 was left to stand at the same temperature for about 10 minutes.
Subsequently, 357 g of the aqueous monomer solution prepared
first was added dropwise to the mixture at a rate of 6.6 g/min
for 54 minutes. After the completion of dropwise addition, the
mixture was maintained at an internal temperature of 75°C for 30
20 minutes, followed by dehydration by azeotropy with cyclohexane
until the water content in the produced resin particles was 7%.
[01161
After the completion of dehydration, the stirring was
terminated, and the solid precipitated at the bottom of the flask
25 was separated from the liquid by decantation. The obtained solid
was dried under reduced pressure at 90°C, and cyclohexane and
water were removed, thereby obtaining 189.5 g of water-absorbent
resin in the form of the columhar primary particles having
depressions and projections on the surface. The primary particles
30 had a median particle size of 400 um and a water content of 5%.
Table 1 shows the measurement results of each property.
[0117]
Comparative Example 4
In a reaction vessel formed by attaching a lid to a

35 stainless-steel double arm kneader equipped with two sigma-shaped



i
~©25 21 16 23 19 16 13 17 Properties After Collision Test (Median particle
size) (540) (630) (385) (720) (335) (315) (335) (340) (235) Particle

strength 90%

-40-

impellers and a Jjacket with a capacity of 5 L, 2.65 g of

polyethylene glycol diacrylate (average added mole number of

ethylene oxide: 38) was dissolved in 3,300 g of an agueous

solution of sodium acrylate having a neutralization ratio of 75%

5 by mol (concentration of the unsaturated monomer: 38% by mass),

thereby obtaining a reaction solution. Next, the reaction

solution was deaerated under a nitrogen gas atmosphere for 30

minutes. Subsequently, 19.8 g of a 10% by mass sodium persulfate

aqueous solution and 0.70 g of a 1% by mass L-ascorbic acid

10 aqueous solution were added to the reaction solution. Thereby,

the polymerization was started about 1 minute Ilater. The

polymerization was carried out at 20 to 95°C while crushing the

produced gel, and a water-containing gel-like crosslinked polymer

was taken out 50 minutes after the start of the polymerization.

15 The obtained water-containing gel-like crosslinked polymer was

broken into small pieces of a diameter of about 5 mm or less. The

small pieces of the water-containing gel-like crosslinked polymer

were spread on wire mesh (JIS-standard sieve having an opening of

300 uym), and dried by a hot-air dryer set at 180°C for 90 minutes.

20 Next, the polymer was crushed using a roll crusher and further

passed through a JIS-standard sieve having an opening of 850 pm,
thereby obtaining a water-absorbent resin precursor.

[0118]

100 g of the water-absorbent resin precursor was weighed

25 out in a 1 L separable flask equipped with stirring impellers.

While stirring the precursor, a cross-linking agent containing a

mixture of ethylene glycol diglycidyl ether (0.03 g), propylene

glycol (0.9 g), and water (3 g) was added by spraying.

Subsequently, the flask was immersed in a hot-water bath at 190°C

30 and heat-treated for 45 minutes. The sample after heating was

sorted by a JIS-standard sieve having an opening of 850 pm,

thereby obtaining 98.5 g of crushed water-absorbent resin. The

obtained water-absorbent resin had a median particle size of 300

um and a water content of 1%. Table 1 shows the measurement

35 results of each property.
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[0119]
[Table 1]
Examples Comparative Examples
1 2 3 4 5 1 2 3 4
3 Median
Prlme_i.ry particle size 190 280 110 430 80 60 430 400 300
Particles ~
Aspect ratio 1.9 1.4 1.6 5.5 2.2 1.0 5.5 3.2 2.3
Median . 600 720 470 900 390 355 - - -
particle size
Secondary | Aspect ratio 1.4 1.2 1.3 1.8 1.7 1.4 - - -
Particles | Homogeneity of
the particle | 1.6 1.8 1.5 1.9 1.7 1.6 2.1 2.4 2,9
size
Water absorption capacity 60 46 56 65 52 59 60 58 57
(g/g)
Water absorption capacity
of saline solution underi{ 18 25 21 16 23 19 16 13 17
load
(Median
particle size} {540} (630) (385) (720) {335} (315) {335) | {340} {235}
Properties z:;::giﬁ 20% 88% 82% 80% 86% 89% 78% 85% 78%
After
A (Water
Collision absorption
Test capacity under (1) (21) (1B} {13) {20) (15) (11) {10) {13}
load)
Retention rate 89% 84% 86% 81% 87% 79% 69% 77% T6%
Powder flow index 120 110 140 100 130 120 116 69 64
Index  of adhesion  tO} g g3s 712 |83z |76% | 473 32% | 64% | 68%
fibers
[0120]
Various properties, shown in Table 1, of the water-
absorbent resins obtained in the Examples and Comparative

Examples were measured by the following methods.
[0121]
(Water Absorption Capacity)

500 g of a 0.9% by mass saline was placed in a 500 mL
beaker; and 2.0 g of water-absorbent resin was added thereto,
followed by stirring for 60 minutes. The contents in the beaker
was filtered through a JIS-standard sieve having an opening of 75
um whose mass Wa (g) has been measured in advance. The sieve was
inclined at an angle of about 30 degrees relative to the horizon,
and left to stand in that state for 30 minutes so as to filter
A mass Wb {(g)

out excess water. of the sieve having' water-

absorbing gel therein was measured, and the water absorption
capacity was determined by the following formula.

Water absorption capacity (g/g) = (Wbh-Wa)/2.0
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[0122]
(Median Particle Size of the Primary Particles)

0.25 g of amorphous silica (Degussa Japan, product number:
Sipernat 200) was mixed as a lubricant with 50 g of a water-
absorbent resin.

[0123]

JIS-standard sieves having openings of 500 um, 355 pm, 250
pm, 180 pum, 106 pm, 75 pm, and 38 pm,'and a recelving tray were
combined in that order. The above-mentioned water-absorbent resin
was placed on the top sieve, and shaken using a Ro-tap sieve
shaker for 20 minutes.

[0124]

Next, the mass of the water-absorbent resin remaining on
each sieve was calculated as the mass percentage relative to the
total mass, and the mass percentage was integrated in descending
order of particle size. Thereby, the relationship between the
sieve opening and the integrated value of the mass percentage of
the water-absorbent resin remaining on the sieve was plotted on a
logarithmic probability paper. By connecting the plots on the
probability paper with a straight 1line, the particle size
corresponding to the 50% percentile of the integrated mass
percentage was defined as the median particle size of the primary
particles.

[0125]
(Median Particle Size of the Secondary Particle)

0.5 g of amorphous silica (Degussa Japan, product number:
Sipernat 200) was mixed as a lubricant with 100 g of a water-

absorbent resin.

" [0126]

In this measurement, 7 consecutive sieves were selected
from 13 JIS-standard sieves (openings of 2.36 mm, 1.7 mm, 1.4 mm,
850 um, 600 pm, 500 um, 355 um, 300 pm, 250 pym, 180 pm, 106 um,
75 um, and 45 pm) for use.
[01271

Sieves of 600 uym, 500 pm, 355 um, 300 pm, 250 pm, 180 um,




“76% 47% 32% 64% 68% [0120] Various properties, shown in Table 1,
of the water-5 absorbent resins obtained in the Exanpl es and Conparative
Exanpl es were nmeasured by the follow ng nethods. [0121] (Water Absorption
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wat er - absor bi ng gel therein was neasured, and the water absorption capacity
was deterndi®e¥Bby the following fornula. Water absorption capacity (gig) =
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0.25 g of anorphous I ca_ (Degussa Japan, product number: Sipernat 200)
was m xed memainiggr iganeadiht Rigve gwas salgubatsl apsothentmasssinercpotasy

JI S-stand l.eves havi o] Lhg 50 m 5 2 106
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shaken USi£%h§k£g%-%gB %E%%gegh%ﬁgrsggéengégfﬁg(%ﬁd.h9%§41ntegrated value
10 of the mass percentage of the water-absorbent resin remaining on
the sieve was plotted on a logarithmic probability paper. By
connecting the plots on the probability paper with a straight
line, the particle size corresponding to the 50% percentile of
the integrated mass percentage was defined as the median particle
15 size.
[0129] _

When the mass percentage of the water-absorbent resin
remaining on either the top sieve or the bottom receiving tray is
over 15.9%, the homogeneity described below cannot be accurately

20 determined. Therefore, in that case, 7 consecutive sieves were
reselected from the above-mentioned sieves, ‘and the size
distribution was measured again until the mass percentage of the
water-absorbent resin remaining on the top sieve and the bottom
receliving tray was 15.9% or less.

25 [0130]

(Homogeneity of Particle Size Distribution)

In the measuremént of the median particle size of the
secondary particles, a particle size (X1) corresponding to 15.9%
percentile of the integrated mass percentage and a particle size

30 (X2} corresponding to 84.1% percentile of the integrated mass
percentage were determined, and the homogeneity was obtained by
the following formula.

[0131]
Homogeneity = X1/X2

35 Specifically, when the particle size distribution is narrow,
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20 plate 4 is SUS304, and has a thickness of 4 mm. The distance

between the end of the injection nozzle 3 and the collision plate
4 is fixed at 10 mm. The flowmeter 5 is adjusted such that the
flow rate of pressurized air is 50 m/s at the end of the
injection nozzle 3.

25 [0134]

In the thus-configured test device X, first, 100 g of
water-absorbent resin 6 whose median particle size before
collision (Al) has been measured in advance was placed in the
hopper 1, and the hopper 1 was closed. Subsequently, the

30 pressurized air having an adjusted pressure was introduced from
the pressurized air introduction tube 2, and the water-absorbent
resin 6 was injected from the injection nozzle 3 to the collision
plate 4. The water-absorbent resin after injecting and colliding
the entire amount was collected; and the particle size

35 distribution was measured, thereby determining a median particle
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t he hopper was cl osed. Subse uentlﬁhﬁthe 30 pressurized air_having_an

adj ust p?%ss‘{?PJed?Na%ref rfEq 4 Po EOPRBSEOF LAY Of rthen (P TELERT 88- t ube

2, and thepyeédr abefy heiyt fosddantties tabecyednhsonm theki npeati @Aenezdl e 3
to the collision pI ate 4. The water-absorbent resin after injecting and

col Ii di ng thrreqft-i r Bhandigh 8\ds abrachadkbetynan: e Mt(’SPeS%‘F’%JéD‘B and
di stributi op Was, SIBASKY §fbarkiner, ebyndes s @i gk 8 Nt Rall @ @m.- A452-

size after collision (A2). Using the obtained value, the parti cI e size
retenti on ot Glanater hopar s cfeames linsitha cenemnf G@@emﬁﬁﬁ@éﬂlﬁy bopgd 9,

fol I ow %.x% M 'guct 8 is condedtedCks Shd hdiel eMlOnRale Al &ctRant kgl e
Col l'i 5| on es

has a cylinder 100 (made of Plexiglas), a nylon mesh 101 adhered
to the bottom of the cylinder 100, and a weight 102. The cylinder
100 has an inner diameter of 20 mm. The nylon mesh 101 has an
opening of 75 pm (200 mesh). Water-absorbent resin 11 is evenly

25 spread over the nylon mesh 101 at the time of measurement. The
weight 102 has a diameter of 19 mm and a mass of 119.6 g. The
weight is placed on the water-absorbent resin 11 so that a load
of 4.14 kPa can be applied to the water-absorbent resin 1l.

[0136]

30 Next, the measurement procedures are described. The
measurement is carried out in a room at 25°C. First, the cock 72
and the cock 73 at the burette section 7 are closed, and 0.9% by
mass saline adjusted to 25°C is poured from the top of the
burette 70 and the top of the burette upper portion as plugged

35 with the rubber plug 74. Thereafter, the cock 72 and the cock 73



5(% = [A2/AI'] x 100 [0135] (Water Absorption Capacity of Saline Solution
under | oad) The water absorption capacity of saline solution under

| oad of water-absorbent resin was nmeasured using a neasuring device Y 10
schematically shown in Fig. 3. The neasuring device Y shown in Fig. 2
conprises a burette section 7, a duct 8, neasuring board 9, and a

nmeasuri ng section 10 placed on the neasuring board 9. The burette section 7

i ncl udes aagtubher ppkdftd 4seePi@ct edat@ bbenéd®p Oflexdt PUEIRd t BeVéht adEl ame ai r
i ntroduction tube 71 and a cock 15 72, which _are connected to the | ower
portion of TeRHRIPPETAY ¥aF tafkiustefleln| $UGh@ JBRRET oRhtitder 1eKal &f cock

73 at the gpgeddher&ef thdh®. %dgﬁ hasAt dachRd Pelwern ddie @f&:@t h@e sgedt on 7

and the neasuring board 9. The ct 8 has a dianeter of 6
mm di anet ePPeBING | in f §heegepfer hfc diterMeFSWHRBINDRSHA] iy %r Hh@ uppeBnd

the dug BS%FEM%%C?;E% ﬁlé’aé rslaobsar&@ dRASH LRY S AAghe, has a

cyl i nder made o exl gl a nyl on nesh 101 adhered to t he bottom of
the cylinde®1l30D, and a wei ght 102. The cylinder 100 has an inner dianeter

of 20 nm The ny, 0 n epLngs Of oo’ 5,PM 200 Dab
WAt er - absor bent é%@ﬁsl%ﬁlg Z%OSB%%gld%evser ?he&%ylg%F%]es Sfﬂe% t he
time of menssuirenﬁmt 1sThevemEl1yghdlém9eais evah abbed enyibtbn 1gesn almi aimatke of
119.6 g. Th donth er - absor sin
Foad of 4. SRS 30, . BB Ot Sfeaont, 85 a BRI M £62 Hpnen Shebptinf
30Nextio t hﬁe@ﬁasuuerrentttwmgdurmmandescu‘:iebedm&dmm:fmaﬁur gaetion S touried
out in aroomat 25C. First, the cock 72 and thg cock 7{?_; at_the burette

al; o %’&g‘r

section 7 SPRERGUEDERY . and®. BERBYE RS sSeGHIGR &flj J@SedP{ace s

fromthe tapnedr thatbuiel t€enerant tde dned &fithhanbuigicte opeAehgPOht tRE as
pl ugged 35 with the rubber plug 74. Thereafter, the cock 72 and the cock 73
-46- at t heeBtfATefe TRECTPRITANG £OBEENd. Next, the height of the measuring

board 9 vvaFoﬁq; psted in such a manner that the |evel of surface of the 0.9%

by mass saline flowing out fromthe duct opening in the center of the
measuritng boar d ¥ehdtheheralisFerbsosirtackesin tide SteaSed | ARSHRUNY YAAPE. at

the same hehQhlmodn@13£] reauctlorﬁ%a g’ib@l Yy Badd H19hePaht id a5t tkheoo

wat er - absor ent resin 11 1s evenly dispersed over the nylon nesh 101 in the
cyl i nder 100,eandthehevadaimghtof]1 @2 9%s byl sesd splite akaareshdyr trém wafeFesin

L her ebaoRb AR BsiC IPASIARERCHY WL (Hl)) UBS ST e, Ui WRESLY | N0

sectl on 10 was such a manne hat |t center Is a |gn wth the
duct openi algscpnpttﬂw cepacityf of heahkbns usd gt sgarahder [10888Jof] 3Wee wathe-

vat er Zaﬂb SOL Q J_lbern(?:Si rn'eslj:_LnStlalrtgg %Omhﬂgegva efrter the start of water
absorption was determined by the following formula:

Water absorption capacity of saline so;l.ution under load
(ml/g) = Wc/0.10
[0139]

25 (Retention Rate of Water Absorption Capacity under Load after
'Particle Collision Test)

100 g of water-absorbent resin whose water absorption
capacity of‘ saline solution under load before particle collisioﬂ
test (Bl} has been measured in advance acceording to the method

30 described in the above Water Absorption Capacity under load was
subjected to a particle collision test according to the method
described in the above Particle Size Retention Rate After
Particle Collision Test. Using the collected water-absorbent
resin, the water absorption capacity under load was again

35 measured according to the method described in Water Absorption



't he amount of reduction in 0.9% by mass saline in the burette 100 (i.e.,
the volune of 0.9% by mass sal i ne absorbed by the water-absorbent resin 11;
indicated by W (ml)) was read off. The water absorption capacity of saline
'solution under |oad of the water- 20 absorbent resin 11 at 60 m nutes after
the start of water absorption was deternmned by the follow ng fornula:

Wat er absorption capacity of saline solution under load (mM/g) = W/O0.10

[0139] 25 ¢ty opndiadt € 165dVAler adbsaiiblel 0 Gapaei tabsvigeioh Oa@dpatiey
Particle Collision Test) 100 g of water-absaorbent resin whose wat er

absor pt i onuRgFacilefdof 25E8T nd’%F—Efﬂ-ﬁorPQﬂri‘dé’ﬂlOPoaHe%'%f dB2)par t i49989cotPS si on

test (Bl) fdfehsRaTBasiisd the a@é%eﬁela:@cgaéenq)ft othde wiRkROhAQrgesst | bed
in the above Water Absorption Capacity under | oad was subjected to a

particle cepaciton under deedr afher t At HeleeoRddiabar tow Yas (drdeamoned
Particlge Sb;léetrﬁetf%ﬂ&b gzaf&rﬁ‘fltaer Particle Collision Test. Using the
r

col |l ect'ed ter-absor esin, the water absorption capacity under | oad
was again 35 nea&euram:lmcordﬁ:mg ofo wafenredbeerridoey | GRRRGITWatRGebEeRdt i on

- 47 - Capaf%er][y %‘?chl Oéglfa.s q)%t QL %Zﬁﬁ@\/\/ﬁtgg??ﬂsprfgd on capacity under

| oad after e Eor1 TSI om 1 est determ ned val ue, the
retention rmm]of the water absorption capacity under | oad after particle

collision Igst & etgrm’nedSbythefollovvingforrmla: Ret enti on
rate of wat®f Pdn capacity under load after particle collision test

(99 =182/ Bl] x AO0@ckahdNg (eamebnRatﬂcmrbgi@&sc(sm) ngaﬂal watentabsorbegt aph

SE f ter-ab bent K t I
Sol ebt od {PORIT HRAARBGr aphs PFIoER) HEFr | oG LEabRLpaitd e h

| ongi t udi ng} cebhdrepinisQnN WagheeagHkeHuRS 18R] @f aXda#ch aphrtheigaxinuna
ength perfgr?g:[tculgl%ralt %J.trg%tggilogvagmrn%a\éﬁrsege gg uq:ﬁg %%Jor axis, and the
maximum length perpendicular to the major axis was measured as

15 the minor axis. The average of the measured wvalues of all
particles was calculated, as well as the aspect ratio of the
resin particles (major axis/minor axis ratioc).

[0141])
(Powder Flow Index)

20 The powder flow index was measured using a powder
flowability measuring device Z schematically shown in Fig. 4. The
powder flow index was calculated using a vibratory powder sample
feeder (produced by Fritsch, product number: L-24). First, in a
room at a temperature of 25°C and a relative humidity of 50 to

25 75%, the clearance between a hopper 12 and a V-shaped trough 13
of the feeder was fixed at 2 mm, and then the feeder was fixed in
such a manner that the angle relative to the horizontal plane of
the trough was -0.5 % 0.5 degrees. An electronic scale 15
(capable of measuring to 0.01 g) having a metal tray 14 thereon

30 was placed under the end of the trough. Next, 200 g of salt (Wako
Pure Chemical Industries, Ltd., special grade, median particle
size: 550 um) was fed into the hopper. Powder was allowed to flow
by setting the feed rate to 5 (out of 10 levels) and the
vibration frequency to high. The time from when the amount of

35 powder accumulated on the tray was 50 g to when the amount of



15 the mnor axis. The average of the neasured values of all particles was
cal cul ated, as well as the aspect ratio of the resin particles (major
axis/mnor axis ratio). [0141] (Powder Flow |Index) 20The powder fl ow i ndex
was neasured using a powder flowability nmeasuring device Z schematically
shown in Fig. 4. The powder flow index wgs cal cul ated using a vibratory
powder sanpl e feeder (produced by Fritsch, product nunber: L-24). First, in

a room at gokgipesdduit Hed?2n afk atfgy alvhye 1bomgilwas Ofhedéurted,2%ndb% t he
cl earance between a hopgi 12 and a V-shaped trough 13_of the feeder was
h

fixed at 2tHRs%eTd timenTintseeddsr) hakeRibedith gseéhsalﬁa?m gaPoPRRF
angl e rel afcavehéotssa bkl %@%&ﬁkecﬁ" angndf tihe heas@hedasor OtBe Qabr Ogs ees.
An el ectronic scale 15 (capable of nmeasuring to 0.01 g) having a netal tray
14 ther eonaButndsOpisgeendender the end of the trough. Next, 200 g of salt
(Wako Rure gf‘n cal Industries, Ltd., special grade, nedian particle size:
550 pm vvag into the hopper. Powder was allowed to flow by setting the
feed rate to 5 (The sHmel(tdsdvedes) panformed vidyr dthieowaterqaksesband eghn. The
time fromwhen the_amun 5 20 nmu t tray gto
when the af®bnt o raq%%-]:t pg\%\ﬂgr T%c\(l:\ﬁ%?& L%E%{ej t?ay{@as giS%g\ﬂ%aégr
measur ed, absbrbdntameken wasmmeBsutedcoms) ppaden fhowl Gfdgxobt stzliet whtent t he

hopper to the tray was .reasured.. The sur for. th was ut
150 second@PS jFesin waspp¢a Js%'ﬂ@tﬁggﬁ’y%epefglbl el gfr&%%&a Ngbe
wat er -|@psothen) ireSdeheraild &hbr apeé@roflpsmvd“é& (m@pmgdsariweaeﬂ@ndiﬁg on of
wat er - absor bent resi.n was neasured, ow i.n

f
wat er - absoFRRRATESIR FAZecaP¥eR difed epgﬁéd‘?‘irﬂ%\ﬂ%&lgb?ﬂ% are Ie\*kslfaes?ﬁe

that, in gpaesdle #Hhe @m@n@ SRPPUGT tSHP PLand@r i@ shalepanimaten pheder
part| cle size, even if the production conditions are the sanme. Because the

appar ent shD| § et offe RAE L61 D SI2eng dRewhe AW pHRfE WRSs COTERRTTRUSIaAt R el e
size, the flevei ndetivag §5?£éqﬁ%ﬂf WSi1RY andeslimeniRar bhetecsd ze Rlpofosal t,
and a nedian particle size D2 of 15 water-absorbent resin. Powder flow

i ndex 1 [(m@mrrngsorpgngzyw{r( 2100/ T1) x (1/D1)] x 100 [0143] 20 (Index of
e o o horkStder e1ow Gndel OFf RGi230RO1 DAS) 1ARABO(HYY) And /BaF1 0 of
crushed wood pul p were Pen ed e resulting mxture was sprayed

ti ssue paperl@® cm x 12 cm in size, and pressed by applying a | oad of 196
kPa to the entire mxture for 30 seconds, thereby 25 preparing an absorbent
mat eri al. The absorbent nmaterial was carefully placed in the center of a

JI S-standaidi43®eve (internal dianeter of 20 am opening of 1.18 mM) havi ng
a recejvin the tiss r was renoved. An acrylic plate 16 cm
X 12 c%q gg?é%yvﬁ?afa%?jﬁsgf"?%dé? lr??"c}):’%?%g nmesh above the absorbent material. 30
The acrylic pl ate.»ag vsesraterpaeserberitwirstsiing (3dd lands 2oL tcheofabsmshedt
materi al . Because the acryli | at hel d S5 mmfromihe to

Tesh o’ SHHST At et Bt e  1hs FRELLE TmECRe: UPF SERaRY e
acrylic pl aigsh dpasdr Moy ecihnxt he ket i zpréade ,di &l tpressede byt ppdiyéugsawer e

shaken. A lid was 35 placed on top of the sieves,_thereby fornmng.a
nmeasuri ng pY-11- of 196p kPa to the pr-mt:Lre mixture for £0e geconé[n gthereby

25 preparing an absorbent material. The abscrbent material was
carefully _placed in the center of a JIS-standard sieve (internal
diameter of 20 c¢m, opening of 1.18 mm) having a receiving tray,
and the tissue paper was removed. An acrylic plate 16 cm x 12 cm
in size was inserted into the mesh above the absorbent material.

30 The acrylic plate was used to prevent twisting and bias of the
absorbent material. Because the acrylic plate was held at 5 mm
from the top of the mesh, no substantial load was applied to the
absorbent material, and the acrylic plate did not move in the
horizontal direction when the sieves were shaken. A 1lid was

35 placed on top of the sieves, thereby forming a measuring unit.



-49- [0144] This nmeasuring unit was fixed to a shaker of a

const ant -t enper at ure shaki ng water bath (professional therno shaker
produced by Tokyo Ri kaki kai Co., Ltd., product nunber: NTS2100), 5 and
shaken at 130 rpmin the horizontal direction for 15 m nutes. Subsequently,
the absorbent material was carefully tugged over and shaken under the sane
conditions for 15 mnutes. [0145] Fromthe water-absorbent resin and pul p
dropped int@i1449e 10 receiving tray, only water-absorbent resin was
carefully collected, and the anount of dropped water-absorhbent resin éV@)

was measured. ThBYisJUSATICIRGhSGisn oS fiBERs tRad FDEEPK REd % PopfLan
fol I owi ng é}ﬁﬁ@ﬂa&urbnd%haﬁin@dhﬁétw tish bqgﬁ‘ofefsé{‘ﬂor\éﬁll Whetmb00 shak&d 46]

(Water Content) t he wat er - absor resin was preC|seI¥

wei ghed ouprqqnce(dg)ray mwmpﬁé#ﬁha!smy GRi gHdd-al BFPAUGT f BRI ATLER

The ab qlr [ BidecRYBA £ GRG *8¥ 20
ADVAI\FI'?C/:) set at an |nt g?ﬁaﬁe%p%ﬁlpgﬂg%m C. %ﬁereaft@?o%he grlsed

sanpl e massub$ennamﬁhv(xﬁhe|abspnhgytc@@ﬁérlahn@aﬁhéﬁWE§§l¥@ ¢§¥HQ¢ phier
dri ed wat eg% so@%n{m{ig);l@h §£§l&?‘%‘ }g? yater . ent of the
en I

wat er - abso e5| n was caflculate ow ng formnula: 25[0147]
WAt er cont 01459 [W-W]/W x 100 Industrlal Applicability [0148] 30The

ducti th f h t - t
eoin that 15 dEft ches; ReEanuaobbelh, SPeoR" ahio bR, 2riPhen. 2RE6" bR
MﬁtEé{Hbef@@ﬂ?nﬂ?ﬁintmﬁhat g@?%a?waﬂ@remﬁmﬁbpatti&bsagtra??thcﬁhbfalhpving
a noderate particle size; .an at is e er owa
because itc‘ﬁlajse e g, e ramsIng , (9t %E?PPESth 5 %%oeqqe@ﬁt T88hBsi ﬁﬁ)to

fibers. Thgasah&isured. The index of adhesion to fibers was determined by

the following formula.
Index of Adhesion to Fibers = [Wd-Wel/Wd x 100
15 [0l146]
{Water Content)
2 g of the water-absorbent resin was precisely weighed out
(W€ (g)) in a previously weighed aluminum foil case (No. 8). The
above sample was dried for 2 hours in a hot air oven (produced by
20 ADVANTEC) set at an internal temperature of 105°C. Thereafter,
the dried sample was allowed to cool in a desiccator, and the
mass Wg (g) of the dried water-absorbent resin was determined.
The water content of the water-absorbent resin was calculated by
the following formula:
25 [0147]
Water content (%) = [WEWg]/WE x 100

Industrial Applicability
[0148]

30 The production method of the present invention can produce
a water-absorbent resin that is excellent in general absorption
properties of the water-absorbent resin; that has an increased
particle strength while having a moderate particle size; and that
is excellent in powder flowability because it has a small aspect

35 ratio while having excellent adhesion to fibers. The water-



-50- absorbent resin having such properties is suitably used for a thin
absorbent material containing a high proportion of absorbent resin, and an
absorbent article that uses the sane. 5 Brief Description of Draw ngs
[0149] [Fig. 1] Fig. 1 is a schematic diagram show ng the wat er-absor bent
resin of the present invention. [Eisg- 2] Fig. 2 is a general schematic
di agram of a device for 10 performng a collision test. [Fig. 3] Fig. 3is
a general spEeiminNtc HAG amaving glmi Cprélm’rﬂmasmré n@;immatﬁe&itﬁm pdion
capacity of_ saline solution under QL # %gne{al
schemati c HP%@r%ﬁﬁ9ﬁb3§td@@F%@*?¥n°9ﬂ§aﬁﬁé§%r? q9mﬁf OFFg%éH? orben

Ref erence Sygho) drgshnl A85GHbEHY ¥R Y1 HAHHIC hees28nd Wdney .- absorbent resin
Depressions XCol i sion test device lHopper 2Pressurized air introduction

tube 25 3l njection nozzle 4Collision plate 5F oweter 6Water-absorbent
resin 5 prief Deé@%!b@ﬁoﬁq&fqﬁﬁﬁﬂhbgg the water absorption capacity of 30

saline solution under | oad 7Burette section 70Burette

[0149]

[Fig. 1] Fig. 1 is a schematic diagram showing the water-
absorbent resin of the present invention.

[Fig. 2] Fig. 2 is a general schematic diagram of a device for

10 performing a collision test.

[Fig. 3] Fig. 3 is a general schematic diagram of a device for
measuring the water absorption capacity of saline solution under
load.

[Fig. 4] Fig. 4 is a general schematic diagram of a device for

15 measuring powder flowability.

Reference Symbol List
[0150]

il

Primary particles
20 Water-absorbent resin
bepressions

Collision test device

Hopper

Pressurized air introduction tube
25 Injection nozzle
Collision plate
Flowmeter

" Water-absorbent resin

o e w N R MM O O

Device for measuring the water absorption capacity of
30 saline solution under load

7 Burette section

70 Burette

71 Air introduction tube

72 Cock
35 73 Cock



-71Ai r introduction tube 72Cock 35 73Cock -51- 74Rubber plug 8Duct

9Measuri ng board 10Measuring section 5 100Cylinder 101 Nyl on nesh 102

Wei ght 11Wat er-absorbent resin Powder flowability neasuring device 10
"12Hopper 13V-shaped trough 14Metal tray 15El ectronic scale 15 -52- CLAIMS

[Aaiml1l] 51~
74 Rubber plug
8 Duct
9 Measuring board
10 Measuring section

5 100 Cylinder

101 Nylon mesh

102 Weight

11 Water-absorbent resin

Z Powder flowability measuring device
10 12 Hopper

13 V-shaped trough

14 Metal tray

15 Electronic scale

15



‘A wat er-absorbent resin in the formof a secondary particle in which
primary particles having an aspect ratio of 1.1 to 200 5 and a nedi an
particle size (d) of 50 to 600 pm are aggl oner at ed, t he secondary
particle having an aspect ratio of 1.0 to 3.0 and a nedian particle size
(D of 100 to 2,000 pm [Cd aim 2] 10Thesgwater-absorbent resin according to
claim1, wherein the water-absorbent resin has a particle size uniformty
of 1.0 to @r&mMg Cl ai m 3] 15The water-absorbent resin according to claim1l
or 2, wherein the water-absorbent resin has a flow index of 70 to 200 and
an index ofCkaMedilon to fibers of 50 to 100. [Caim 4] 20The

wat er - absor bent £ 6341 Aa88b8bE88E HRARY 1ANEnET £SinitioFs alsaeoﬁaaﬁylga@tﬂcwe
primary particles have a formconprising a curved surface. [Caimb5] 25The

wat er - absollbeﬂlﬂl(?feSE’WWoWﬁgcl%s gV gk Y aAPgCks TRtE8 9T plolutedZ®y

usi ng re se e 0P [ 1.0 teps 1
and 2 esc?ll? q'b 1%3 P ];)glgep T ?Jlizr%nsioﬁtt Eogee’%@%% u%ggi Itﬁ‘%#ﬁze% ‘cal ly
unsat ur at ed nonotm ses:osﬂbjt“ﬂcp@mltit@eahpm-ymn Zfpegt ratsei oh J rﬁ’ the3.0
presence 30 of a thickene nd a_di rsi stabiplizer to forma slurry in
whi ch pri nﬁ?@ ﬂ)é’fetqlgpegaﬁﬁjec ?65?5@@? %’%13[%0( %5) gt%(fz)&i'm in which the slurry
obtained in step | is cooled to precipitate the dispersion stabilizer, and
then a water-sol %Le. e?[]yl eni cal | y unsaturated nmononer is further added to
performa 35 polt/J ion reaction, thereby agglonerating the primary
-53- particl es drisperaed-absbigerst Weasint actordiridaonvelaimabsortizaetinreseén i n
the formof a secgondar parthIg. [ClaimGL_ . . .

water-absorbent’ resin has  a particle size uniformity of 1.0 to

2.2,

[Claim 3]
15 The water-absorbent resin according to c¢laim 1 or 2,
wherein the water-absorbent resin has a flow index of 70 to 200

and an index of adhesion to fibers of 50 to 100.

[Claim 4]
20 The water-absorbent resin according to any one of claims 1
to 3, wherein the primary particles have a form comprising a

curved surface.

[Claim 5]

25 The water-absorbent resin according to any one of claims 1
to 4 produced by using a reversed phase suspension polymerization
method comprising steps 1 and 2 described below:

(1) step 1, in which a water-soluble ethylenically unsaturated

monomer is subjected to a polymerization reaction in the presence
3¢ of a thickener and a dispersion stabilizer to form a slurry in

which primary particles are dispersed, and

(2) step 2, in which the slurry obtained in step 1 is cooled to

precipitate the dispersion stabilizer, and then a water-soluble

ethylenically unsaturated monomer is further added to perform a

35 polymerization reaction, thereby agglomerating the primary



10

15

20

25

_53_.
particles dispersed in the slurry to form the water-absorbent

resin in the form of a secondary particle.

[Claim ©]
An absorbent material comprising the water-absorbent resin

according to any one of claims 1 to 5 and a hydrophilic fiber.

[Claim 7]
An absorbent article including the absorbent material
according to claim 6 Dbetween a liquid-permeable sheet and a

liquid-impermeable sheet.

[Claim 8]

A method for producing a water-absorbent resin comprising a
secondary particle according to a reversed phase suspension
polymerization method including steps 1 and 2 described below:

(1) step 1, in which a water-soluble ethylenically unsaturated
monomer 1is subjected to a polymerization reaction in the presence
of a thickener and a dispersion stabilizer to form a slurry in
which primary particles having an aspect ratio of 1.1 to 200 are
dispersed, and

(2) step 2, in which the slurry obtained in step 1 is cooled to
precipitate the dispersion stabilizer, and then a water-soluble
ethylenically unsaturated monomer is further added to perform a
polymerization reaction, thereby agglomerating the primary
particles dispersed in the slurry to form the water-absorbent

resin in the form of the secondary particle.



