| \DESCRI PTION TITLE OF THE | NVENTI ON: METHOD FOR PRODUCI NG

WATER- ABSORBENT RESI N 5TECHNI CAL FI ELD [0001] The present invention
relates to a nethod for producing a water- absorbent resin, and a

wat er - absor bent resin obtained thereby. More specifically, the

present invention relates to a nethod for producing a water-absorbent.
resin according to reverse phase suspension 10pol ynerization, wherein
the nmethod gives a water-absorbent resin _having excell ent

flowthrough property, and a wat er LZiSERHBERHONesi n obt ai ned t her eby,

and an absorbent material and _an absorbent article using the

wat er - absor bentlldddi QOF 1EBRCAERENE O ﬂﬁﬁﬂﬁﬂhﬁ%ﬁiﬂﬁﬂi@ﬁﬁﬂ@ﬂﬁesins
have been w dely used in the recent years in various fields,

i ncl udi ng hygi € fﬂn@&ﬂ%BsgﬂqagﬁEhBéﬁﬁbisposable di aper and sanitary
napkin, horticultural materials such as water retaining materials and
soil inprovers, and industrial materials such as bl ocking materials
and 20dew cat cher Anong t hese fields, the water-absorbent resins
are nost oftenlgggﬂlgggﬂéﬁgﬁlﬁzin hygi enic materials such as

di sposabl e gia er and_sanitary napkin. As the water_ absorbent resins
as nentiond808kbve, fldic rEesamsiwvention rslalesfoasmethos for PRONCINE BAYALEE-| e
graft copolyners, neutralized products of starch-acrylic acid graft
pol yners, sapoﬂiﬁw@aﬂ%aﬁ@p agvalgraprorpsaidesia htaineg therehy; Mdret or
copol ynmers, crossl,inked polynmers, of partially 2 neutralized acrylic
aci d conpound, SBATHICA 1 PR&TeEuEinyERHOR ARkalFS t?@on@tﬁﬂs@fe?mcm& cles
represented by dis osab#e di apers oy the like have a structure in

whi ch an absor BEHE-AR0EPSHY Tes1B acg %F%’@F"&rﬂeilg@?%is‘éip@ﬁﬂ% a body
liquid is sandwi ched .wiith a . flexiple i d- per neabl rface Bsheet

(o8 eet ) pofo bRt FHeaS the Mehed Boh SBHpT AR THCR Iogn AV iE

excellent flow-through property, and a water-absorbent resin obtained

thereby, and an absorbent material and an absorbent article using the water-

absorbent resin.

15 BACKGROUND ART

[0002] Water-absorbent resins have been widely used in the recent years in
various fields, including hygienic materials such as disposable diaper and
sanitary napkin, horticultural materials such as water retaining materials
and soil improvers, and industrial materials such as blocking materials and

20 dew catchers. Among these fields, the water-absorbent resins are most
often used especially in hygienic materials such as disposable diaper and
sanitary napkin. As the water absorbent resins as mentioned above, for
example, hydrolysates of starch-acrylonitrile graft copolymers, neutralized
products of starch-acrylic acid graft polymers, saponified products of vinyl

25 acetate-acrylic acid ester copolymers, crosslinked polymers of partially



i fper néabl e backsi de sheet (back sheet) positioned on a side opposite
to that contacting the body. Usually, the absorbent material
conprises a mxture of a water-absorbent_resin and a hydrophilic
fiber. [0004]1In the recent years, t here $ave been i ncreasi ng demands
for 10t hinning and |ight-wei ghing of absorbent articles, fromthe

vi ewpoi nt of designing property and conveni ence upon carrying, and
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state by absor enonenon” takes

P o d Fﬂrer TR04T, 01 IRERRRCRE ORS cHere N RIHEEH icrpRRE BeaRUE £h
R B A it
wat or - absor benties ERTEpRpEY A %82?“%‘“@%?%@@5’?@%% fé?aog%‘ﬂf upon
liquid to for mcﬁﬁfﬁuﬁﬂgﬁa tﬁﬁ%{h f?)r?l’ﬁﬁﬂ &t HERSktd] i naIOhP%O of an

surface | ayer, so 't IC]UI per rrea n1nt® an rn

et of - absor bentrLERl (R Tr E’%‘%Pfeb @%?P@Q’fé?@%%ﬁ%ﬁf’?‘ﬁ’?hﬂkqﬁ?
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resin, the nore enonenon ace. n view o

aboves a water - Bpﬁ%éﬁ%%glﬁdgpasﬁvk\g}‘l?é?ﬁ n?atghglh Jﬂlﬁv%é{é%%ﬁga 5@?%55 rbent

after liquid absorption in Wwhic ess
‘likely to take.pliace, has been ear nestly desired.
[ 0007] Wat er - absorbent resins have been primarily produced by

subj ecti ng [ggos] An absorbent material in which the proportion of a hydrophilic
fiber which is large in volume and has low water absorption capacity is
lowered, and a water-absorbent resin which is less in volume and high

20 water absorption capacity is used in a large amount, is intended for thinning

an absorbent material by reducing materials having large volumes, while
obtaining absorption capacity matching the design of the absorbent article.
However, when distribution or diffusion of a liquid upon actually using in
an absorbent article such as disposable diapers is considered, there is a

25 disadvantage that if a large amount of the water-absorbent resin is formed



a ‘wat er’- sol ubl e ethyl enically unsaturated nononmer to a reversed phase
suspensi on pol ynerization or an aqueous sol ution polynerization. 20
However, in the conventional reversed phase suspension

pol yneri zation, there are sone di sadvantlages that a water-absorbent
resin having a large particle size is less likely to be produced,
thereby making it less likely to obtain an appropriate particle size
that is suitable for hygienic materials. [0008]In view of the above,
in order to obtiBiod sofhgeklketats Beabsarptipn, psoradiledy gelilogdngarticl e
size, sone prodyction nethods have been proposed. 4 For exanple, a
met hod for prodhERPEISNERT bkEs Mipceo WaeTebY el @i renetse ismgrkedly
pol ynmeri zation, including . the steps of polynerjzing. first-st

Honomer s to f orlAVATHaaBE did pErRcatEs: tme@sd) liqud %%%MM@&% ﬁey t he
nononer to a polynﬁéization reaction Hixture in which the first-step
5pol ymer part | @PEQrbspemateriad seworsengdst ate that a surfactant is
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15 and swelling, in which gel blocking is less likely to take place, has been
earnestly desired.

[0007] Water-absorbent resins have been primarily produced by subjecting
a water-soluble ethylenically unsaturated monomer to a reversed phase
suspension polymerization or an aqueous solution polymerization.

20 However, in the conventional reversed phase suspension polymerization,
there are some disadvantages that a water-absorbent resin having a large
particle size is less likely to be produced, thereby making it less likely to
obtain an appropriate particle size that is suitable for hygienic materials.

[0008] In view of the above, in order to obtain a water-absorbent resin

25 having a large particle size, some production methods have been proposed.



227301 Patent Publication 2: Japanese Patent Lai d-Open No.

Hei - 5- 017509 Patent Publication 3: Japanese Patent Lai d-Open No.

Hei - 9- 012613 Patent Publication 4: Japan‘Ese Pat ent Lai d- Open No.

Hei - 9- 077810 5 SUMVARY OF THE | NVENTI ON PROBLEMS TO BE SCLVED BY THE

| NVENTI ON [ 0010] The wat er - absor bent resins produced by the nethods '
described in Patent Publications 1 to 4 did not have sufficiently

satisfactory f |Wex&ﬁiﬂl‘é,%@ﬂﬂfdoﬂ%ﬁal*ddudﬁ&ﬁﬁ'hc&&‘&i‘ﬂé‘td 9%&@54&?{%@&@9
| arge particle sizes are obtained. Therefore, an 0bject of the

present i nvent i@BpdiidiPpyrBationRchekhd fe PLPOMAIYnRrizing first-ste
wat er - absorbent resin having excellent flowthrough pfoperty, and

wat er - absor bentmbgsmBrsabtiaim a0whfeaBrbefN@ s ca888s, ain Miﬁéitﬁ’é and
an absorbent article using the water-absorbent resin. 15 MEANS TO

SOLVE THE PROBLEMRomELRId pSlyetdriatiah factiodempitefe ipfwhith tRE BE&Mtep
i nvention relates to: [1]a nethod for producing a water-absorbent

resinsi ncl udi ngolyeesp@amictds & Rh{fNIBY i stHRé thaparsutfbast pYratipadiddto
a first-step reversed phase 20suspensi on pol ynerization to

aggl oner ati on grtphetingtepeRith hersbyS3RBiniY £ 1406 vallas hsovisdt P&dif lsee
pol yneri zation, each using an internal crosslinking agent-added

wat er - sol ubl e etdetit@ubtiahtion U ,Seaﬁl%ﬂﬂideiﬂcmﬂ%mfe, stepeeAssIfflcFiethg first-
that A and B satisfy the rel a?}i onshi ps of: 5.0 X 101?1?,??nd Zng/A

étg, f2,‘3\/vh ter eit N atepagioHomesd td foem Hivatdralbserbeas tdsikiapgirpgdiihg @ddednbmer
SRR to a polymerization reaction mixture in which polymer particles are
10 suspended to polymerize therewith, thereby agglomerating the first-step
polymer particles (Patent Publication 2); a method including the steps of
polymerizing first-step monomers to form a water-absorbent resin, adding a
specified surfactant having HLB of 7 or more to a polymerization reaction
mixture in which polymer particles are suspended, again adding the
15 monomer thereto to polymerize, thereby obtaining a large water-absorbent
resin (see Patent Publication 3); a method including the steps of
polymerizing first-step monomers to form a water-absorbent resin, again
adding the monomer to a polymerization reaction mixture in which polymer
particles are suspended in the presence of an inorganic powder to

20 polymerize, thereby obtaining a large water-absorbent resin (see Patent

Publication 4); and the like have been proposed.

PRIOR ART REFERENCES

PATENT PUBLICATIONS

25 [0009] Patent Publication 1: Japanese Patent Laid-Open No. Hei-3-



6 nonomers, based on 100 nol of the water-sol ubl e ethyl enically

unsat urated nononer used in the first step, is defined as A nol, and
an anount of the internal-crosslinking agent added in the second-step
nononers, based on 100 nol of the water-soluble ethylenically

unsat urated nononer used in the second step, is defined as B nol;

[2] a water-absorbent resin obtained by the nethod as defined in the
above [1]; [3] 2@r38bsorbent material containing the water-absorbent
resin as defined in the above [2] and a hydrophilic fiber. 10[4]an

absorbent arti ¢agert Publicafit® 2t NepatsePachik [AId-Ofen 6. Het 51083509 the
above [3], held between a |iquid-perneable sheet and a

i qui d-i nper medhent Fdticaibir BCTap&kes? MatdnhNVEMI PN 166004129 A1 061 8li ng
to the method of the present invention, a water- absorbent resin

havi ng excel | ematdrt Publichdorgd: Japasist Pated [LabhbOpeaNo. Matedi0grgand an
absorbent article containing the water-absorbent resin can be

provi gled. 20BRI EF DESCRI PTI ON OF THE DRAW NGS [0013][Figure 1] A
schematic view showi ng an outline constitution of a neasurenent
apparatus for FUMMARY cOFhTHE ENMENMMNI@Nueous 0. 69% by mass sodi um
chloride solution. 7 [0014]1.First-Step Reversed Phase Suspension

Pol yneri zat i on PROBLEMEeT@e B SO VERE BY e5HR INMENTION is carried
out by two-step reversed phase suspension polynerization. A
first-step[081@) sed [Iheseatstrabsorbenirepms preducedtbyothewhéthotie descpibad ird
her ei nbel ow. 5[ 0015]In the first-step, first, a water-soluble

et hyl eni cal | y Pasatt Publieatioonbied didnehhole sufficiehtly satisfacioss flomki ng
agent is added is subjected to a first-step reversed phase suspensi on
pol yb@ri zat i on thwoulgh propetiy, alvepshyughr tezassilaningiargapaticlensiacgpmtr ol eum
hydr ocar bon di spersion nediumin the presence of a dispersion
stabilizer. obtained. Therefore, an object of the present invention is to provide a

method for obtaining a water-absorbent resin having excellent flow-through
property, and a water-absorbent resin obtained thereby, and an absorbent

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

15
MEANS TO SOLVE THE PROBLEMS
[0011] Specifically, the gist of the present invention relates to:
[1] a method for producing a water-absorbent resin including the step
of subjecting primary particles obtained by a first-step reversed phase
20 suspension polymerization to agglomeration according to a second-step

reversed phase suspension polymerization, each using an internal-
crosslinking agent-added water-soluble ethylenically unsaturated monomer,
characterized in that A and B satisfy the relationships of:

A<5.0x 107 and 2<B/A<10,

25 wherein an amount of the internal-crosslinking agent added in the first-step



10[{ 0016] The wat er-sol ubl e et hyl enically unsaturated nononer used
i ncl udes, for exanple, (meth)acrylic acid and/or salts thereof (In
the present specification, "acryl-" and "nethacryl-" are together
expressed as "(nmeth)acryl-"; hereinafter6referred to the sane),
2- (met h)acryl am de-2- net hyl propanesul fonic acid and/or salts
t hereof, noni onic nmononers such 15as (neth)acryl am de, N, N-di net hyl
(met h)acryl am de, 2-hydroxyethyl (neth)acrylate, N-nethylo
(met h) acryl ani dBONQIETSH BRSES cpfy?(%m@ dot wistmcohllp ctiodenigaldy uasefurated
am no group-contai ning unsaturated nononmers such as
N, N- di et hyl ami ABeReET psask in)the figstaten, indsfinedand mal, aogrammount of the
(meth)acryl ate,, and N, N-di et hyl am noet hyl (neth)acrylam de, and a
20quat er nary cdRissudicrrosdinkdns age added 1 the segpad-tep ragaemerse basadmert
selected fromthe group of these nononers can be used. Anong these
wat er - sol ubl e ut¥ngt at B¢ wetsenehble ethutanjeadhyynsatusated menerget wsed in
thereof, (meth)acryl am de, ,and_N, N-di_net hyl acryl am de are preferred,
and (ﬁeth)acryﬁﬁ%sgﬁm@fﬁﬁ%éﬁ glinedhay Bgnoliand acryl ani de are nore
preferred. 25[%0%7]The mater-s%luble_ethyjenicalIy unsat urated_ .
monomer can be [28 us#alpipraseerbent xesin elamedibyhe gtbed 8s dsfined gnthe
The concentration of the nononer in the aqueous nononer solution is
preferably 20@&%@V 5k or hi gher and a saturated concentration or
.mass, and even nore

| ower, nore preferably from25 to 7Q% b )

pref er abl y 1 orbB0 t@n@‘?@ﬁiﬁnﬁﬁﬁé‘?ﬂ@[“@@ aining the wader-ahserient mesin as
wat er - sol ubl e e lenically u turat ed, nong has an acid group, as
in the case of ‘{e%ffa)‘%éb%/@l?qyeﬁﬁénﬁﬁ }g/_dropmﬂg%rber.

(met h)acryl am de- 2- net hyl pr.opanesul foni c. acid, the acid group he
evibaol v neudfiLiT oo HisbeRnag s FoRprisae ha pbsohastabnle soied 5
al kal i ne neutr ent _as ti oned above incl udes aquequs, sqQl utions
of sodium 10 hyer B80tRl3]phelddetWRshg Ay -aam%ﬁ%ﬁie&, aBdd HGHd | ke,
These alkaline.neutralizigg agents may be used alone or in

conbi nati on of HRGBFARIESEEE nds. [0019] The neutral i zation degree in
the entire acid groups of the water- soluble ethylenically

unsat urated nononer with the al kaline neutralizing 15agent is
preferably wt 00% by nol, and nore
preferably w tH 22 30 +68-88% by nol, fromthe vi ewpoint
of ingreasi osnotic pressure of the.resulting water-absorbent

r esi ﬂg ther[ﬂﬁﬁncreféqcﬁ %ttggh%ﬁ?g?@ﬂf{h@e%%“f &Vegﬂana‘i‘ PTG not
to cause sone disadvantages i.n saf the like b he presence of
b excess 20l EaFeRERhisat Grvive sgcdlshs dow Goned ReoRseb g BRorbent
hydr ocar bon di spersi pn dijumjnclu , for. ex | e, al.iphatic .
nyer ocar bons. s durieaal md e ap bR sontEnigdhR yaesSaBrben: Fesin can
3- et hyl hexane, 2,3 ﬁ% t hyl pent ane, 3-ethyl pentane, and n-oct ane;
alicyclic hydr 064B¥€dsuch as cycl ohexane, net hyl cycl ohexane,

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0013] [Figure 1] A schematic view showing an outline constitution of
a measurement apparatus for a flow-through rate of an aqueous 0.69% by

mass sodium chloride solution.

25 MODES FOR CARRYING OUT THE INVENTION




25cycl opent ane, nethyl cycl opent ane, trans-1, 2-di net hyl cycl opent ane,
cis- 9 1, 3-dinethyl cycl opentane, and trans-1, 3-di net hyl cycl opent ane;
aromati ¢ hydrocarbons such as benzene, toluene, and xyl ene; and the

| i ke. These petrol eum hydrocarbon di spergi on nedia may be used al one
or in conbination of two or nore kinds. Anong these petrol eum

hydr ocar bon 5di spersi on nedi a, n-hexane, n-heptane, and cycl ohexane
are preferably used, because these dispension media are readily

i ndustri al I[§034hi | abl itfiteStep Ry
addition, fromthe sane vi ewpoint, . 1Pl € .
above- menti oned conbiliwtmethodrofghe preseuhinvgution i ¢raried oupby §worstep
medium a commercially available Exxsol heptane 10(manufactured by
ExxonMbbi | e, cdaversed phasessuspension pekymerizatipnade fissstensmverseyl phase
preferred. [0021] The_ petrol eum hydrocarbon di spersion nediumis

usual | y used i suspensisupelysterizatipe mabibe explainedbereintedow. parts by
mass, and nore preferably from 200 to 1000 parts by nass, based on
100 parts ti?%%ﬁs of Inthe fird-sien. dirsts e wasPeselhly ethyleaiocally wisatusatad ed
nmononmer used in the first-step polynerization, fromthe viewoint_ of
honpgeneous!| y dnepanes iogwhiohandnterpplognosslaking agenids agldfedq@ai\ﬁgjeﬁ%hto a
nononer, thereby facilitating control of a polynerization

t enperat ure. [ GUSLIAR revEsed Biasesuspensiaibpelymarization withae tadicalnay be
used. The 20surfactant inc]udes, for exanple, sucrose fatty acid .
esters, pol ygl Rokymaerizaftaniniigtgr ise peigoleypy hydrgraoanidjspessign saedipa in
pol yoxyet hyl ene, sorbitan fatty acid esters, pol yoxyethylene glycerol
fatty aci d est dhepresenes elor dispersjomngtpbilizst.ers, pol yoxyet hyl ene
sorbitol fatty acid esters, po]yoxyethylene al kyl ethers,

pol y&&kyet hjﬂ@ﬁ@] al ky|IhKenyter-ge f%?t%pikﬂ%b@lw pledaperypenped

1o Conacnoed. pargUlNER R B FERb il s vt s aR B P
bl ock copol yner, | yoxyet hyl ene pol yoxypr.qpyl ene al kyl et hers,
pol yet hyl ene g|39e§%cafa@@§$aaai1§p@§f %@&aamgfarslt%%gﬁrd@ﬁqrem a8y |

| uconam des, | yoxyet hyl ene, faft cid am des, pal yoxyethyle
g & m%tcil)gcry@/’; ﬁerema%er){'e erred to r’Rle samef 2-(¥netﬁ acrj}llamrllge-iz-

methylpropanesulfonic acid and/or salts thereof, nonionic monomers such

15 as (meth)acrylamide, N,N-dimethyl (meth)acrylamide, 2-hydroxyethyl
(meth)acrylate, N-methylol (meth)acrylamide, and polyethylene glycol
mono(meth)acrylate; and amino group-containing unsaturated monomers
such as N,N-diethylaminoethyl (meth)acrylate, N,N-diethylaminopropyl
(meth)acrylate, and N,N-diethylaminoethyl (meth)acrylamide, and a

20 quaternary compound thereof; and the like, and at least one member
selected from the group of these monomers can be used. Among these
water-soluble unsaturated monomers, (meth)acrylic acid or salts thereof,
(meth)acrylamide, and N,N-dimethylacrylamide are preferred, and
(meth)acrylic acid or salts thereof, and acrylamide are more preferred.

25 [0017] The water-soluble ethylenically unsaturated monomer can be



5al kyl am nes, phosphoric esters of pol yoxyethyl ene al kyl ethers,
phosphoric esters of pol yoxyethylene alkylallyl ethers, and the |ike.
[ 0023] Anrbng them sorbitan fatty acid esters, polyglycerol fatty acid
esters and sucrose fatty acid esters aregpreferred, fromthe

vi ewpoi nt of dispersion stability of the nononer. These surfactants .
may be used al one 10or in conbination of two or nore kinds. [0024]1n
addition, as the dispersion stabilizer, a polyneric dispersion agent
may be used togsuhby uséd in thedormhadtaanqueFesqlotipreThe cdnspdraicnrof the
agent to be used includes, for exanple, maleic anhydri de-nodified

pol yet hyl ene, mabedroenmhihdaiquiecusnaiohorer poluyionap pteferablyna%i iy mass or
anhydri de- 15nodified ethyl ene-propyl ene copol yner, naleic

anhydri de- nodi fhigheremon fatutajedemnaenbpiidr ne lavem sare ppeferably Yrommabdo c
anhydri de-nodi fi ed pol ybut adi ene, nal ei ¢ anhydri de- et hyl ene

copol yrer, mal éi08% byhyass; aed pyverpyiose praferably fom 3o éﬁ‘{ﬁ by mass.

anhydri de- et hyl ene- propyl ene copol ynmer, nual ei ¢ _anhydri de-but adi ene
copol §ner, [POL§Et hyl dna cage mhsro e water-sobdlegthateni¢alpynsetwrated

copol yner, oxidi zed pol yet hyl ene, oxidi zed pol ypropyl ene, oxi di zed

et hyl ene- pr opy Ineeromepladsareacid groun.@sén dhe gaseoidolethleepdicyasid or dt hy|
cel lul ose, ethyl hydroxyethyl cellulose, and the |ike. [0025] Anong

t hese pol yreri dmgil)serdamideagenetylprepaicsulfanigaicididhe aeidigroup may be
pol yet hyl ene, nal ei ¢ anhydri de-nodi fi ed pol ypropyl ene, maleic ]
25anhydr i de- nodirevieuslyejrehizeprinancaikaling beytrizingagentc Therptalinge-
11 et hyl ene copol yner, mal ei ¢ anhydri de- propyl ene copal yner, maleic
anhydr i de- et hy InéHErabegan [ag meendiopsf pheve igsdn tawlp@%wlpéo%e%@gd@we,
et hyl ene- propyl ene caopol yner, oxi di zed pol yet hyl ene, oxi di zed .

pol ypP opyl ene, hyduoxde.cpotassivmnhydeoride, aspiiionie agd il liker Thege alkaline
preferred, 5fromthe viewpoint of dispersion stability of the

nonomer . These §EIpHBNBALENSIRAY P8 quS alone axdy cpmbiratipneign of moge
conbi nati on of two or nore kinds. [0026] The dispersion stabilizer is
used in an anod#Rdsef preferably from0.1 to 5 parts by mass, and nore

preferably fromO0.2 to 3 parts by nass, . . .
[0019] The neutralization degree in the entire acid groups of the water-

soluble ethylenically unsaturated monomer with the alkaline neutralizing
15 agent is preferably with the range of from 10 to 100% by mol, and more
preferably within the range of 30 to 80% by mol, from the viewpoint of
increasing an osmotic pressure of the resulting water-absorbent resin,
thereby increasing water-absorbent capacity, and allowing not to cause
some disadvantages in safety or the like by the presence of an excess
20 alkaline neutralizing agent.

[0020] The petroleum hydrocarbon dispersion medium includes, for
example, aliphatic hydrocarbons such as n-hexane, n-heptane, 2-
methylhexane, 3-methylhexane, 2,3-dimethylpentane, 3-ethylpentane, and
n-octane; alicyclic hydrocarbons such as cyclohexane, methylcyclohexane,

25 cyclopentane, methylcyclopentane, trans-1,2-dimethylcyclopentane, cis-



10based on the amount of 100 parts by mass of the water-soluble
ethylenically unsaturated nononer used in the first-step

pol yneri zation, in order to keep an excellent dispersion state of the
aqueous sol ution of the nmonomer in the ﬁ%troleun1hydrocarbon

di spersion nmedium and to obtain a dispersion effect accounting to

t he anmount used. 15[ 0027] The radical polynerization initiator
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bol yhrer | 2at 1 on PR e Serle B 30§ T8 P60 Bark b5, HAL) 684 pore
causing a suddgﬁl? a%ﬂ%?@@% 900?. ank ?bﬁf}naisogé@:h"&f E%O biifs by mass of

above- nenti one ynmeri zation ini'tiafor can
15 the water-soluble ethylenically unsaturated monomer used in the first-step

polymerization, from the viewpoint of homogeneously dispersing a water-
soluble ethylenically unsaturated monomer, thereby facilitating control of a
polymerization temperature.
[0022] As the dispersion stabilizer, a surfactant may be used. The

20 surfactant includes, for example, sucrose fatty acid esters, polyglycerol
fatty acid esters, sorbitan fatty acid esters, polyoxyethylene sorbitan fatty
acid esters, polyoxyethylene glycerol fatty acid esters, sorbitol fatty acid
esters, polyoxyethylene sorbitol fatty acid esters, polyoxyethylene alkyl
ethers, polyoxyethylene alkylphenyl ethers, polyoxyethylene castor oil,

25 polyoxyethylene hydrogenated castor oil, alkylallylformaldehyde



used as a redox polynerization initiator together with a reducing
agent such as sodiumsulfite, sodium hydrogensulfite, ferrous

sul fate, or L-ascorbic acid. 20[0031]Thﬁ reaction tenperature for the
pol ymeri zation reaction differs dependi 8 upon the radical

pol ynerization initiator used. Usually, the reaction tenperature is
preferably from20 to 110C and nore preferably from40 to 90C. Wen

o RO ol M Bt B G RE
1 goconom ool g5 TR o M Bob RS gk KETRRERL U TS
| AR ISR R Gl ol o
Lo, nours. | OORIASIIE NSRRI AERS AL AR b oS BIAIERY | ©
rore $01YT |2 3Bk HASE i e GRS of PotaSen Tl iy ethers,phosphoric
LR b odplyiat el e 00, |
LELnY! e, SONESE el R9AA Gy BAPRAR SR RO pERIINA AR I GRIY
trimethyl ol pr opanes agd YEGbR fRQ HSX KaERYAS Fb?eﬁhﬂéﬁ?ﬁonpﬁﬂey\ﬁg\)ﬁg?ﬁﬁ%f ene

glycol, and (poly)glycerol; unsaturated polyesters obtaine
reacting the a r4IBAtANRS dTahy MchophdrD ﬂfé%é%ﬂfﬁéﬁﬂts%#fﬁe%ﬁ@al@ﬁe

mal ei ¢ acid and fumaric aci d; bisacrylam des such as N, N

15ne iyl enebi sagnyamuiiitidl of o bf oRBKIRNACT 1 ate esters obtained by
reacting a polyepoxide wth (neth)acrylic acid; carbanyl esters of

di (et h) aC,r[_Hbicﬂ aci d 1glHaitiRd adihe B3FdrsRA tatiRb & ali€ diperkias
tol yl ene dii socyanate or hexamet hyl ene dii socyanate with hydroxyet hyl

(et h) acryl at e 08h{ Hh3Rhsel ¥ Edtherdlth aaue@caat.! ‘]!‘h@g;%lyrﬂéﬁé B¥bersion
phthalate, NN /N'-triallyl isocyanurate, 20divinyl berizene, and the

l'i ke. [0033] I n a3l fol &nuseﬁﬁnélﬂﬁeé,%?éfﬁgplé[ Afeddit RkhParidgadifibd
addition to the above-nentioned conpound havi ng two” or nore

pol yneri zabl e waaithyleh8ndlefi Pty dRideORBEIMA pulypitpyleMe, Bialéteathydride-
reactive functional groups can bé used. The conpound i ncludes, for

FAaTES i L e e agomas leiahtnde podiid
EPDM (ethylene-propylene-diene terpolymer), maleic anhydride-modified
polybutadiene, maleic anhydride-ethylene copolymer, maleic anhydride-
propylene copolymer, maleic anhydride-ethylene-propylene copolymer,
maleic anhydride-butadiene copolymer, polyethylene, polypropylene,

20 ethylene-propylene copolymer, oxidized polyethylene, oxidized
polypropylene, oxidized ethylene-propylene copolymer, ethylene-acrylic
acid copolymer, ethyl cellulose, ethyl hydroxyethyl cellulose, and the like.

[0025] Among these polymeric dispersion agents, maleic anhydride-
modified polyethylene, maleic anhydride-modified polypropylene, maleic

25 anhydride-modified ethylene-propylene copolymer, maleic anhydride-



gltycol di gl ycidyl ether, and (poly)glycerol diglycidyl ether;
(poly)ethylene glycol, (poly)propylene glycol, (poly)glycerol,
pentaerythritol, ethyl enedi am ne, polyethyl eneimne, and gl yci dyl
(meth)acrylate, and the |like. 5[0034] Thé%e internal-crosslinking
agents may be used alone or in conbination of two or nore kinds.

[ 0035] Anbng t hese internal -crosslinking agents, (poly)ethylene glycol
di gl yci dyl ether, (poly)propylene glycol. diglycidyl ether, X

(pol y) gl ycer ol eiixJeye reRolymehanaleiggnhydride-propylene copolymer, maleic

N, N - met hyl enebi s(net h)acryl am de_are preferred, 10fromthe vi ewpoi nt
of having excelanBydride-£8uicaa-pronylens canekpaen pebdhylenoawlvprepyicnene
features in the present invention resides in that the ampunt A nol of
the inter nal - crésdensmeronylenteerpalpmese oxadized palysthdeng, p¥adiged of ) the
nononer used in the fiyst-step reversed phase suspensi on

pol yneri zat i on Hodypsopylengoanyl exidizsd qtiglene-prapsdensmcansdymsr aes prefared,
wat er - 15sol ubl e et hyl eni cal | y_ unsat urat ed.mononer used in_the
firstistep pol yHIRithaviesrpoint e dinprnon ALY @ thednenciBey khesey 10- 3
nol or less, and nore preferably 4.7 x 10-3 | or |ess. Further, the
anmount A nol i POBYBFEE HHPFrE0magents maYke uggd Blgneor Hotmpinatiap gbityo or
1.0 x 10-3 nol or re, even nore preferably 1.4 x 10-3 nol or nore,
and still evennWﬁﬁggbi%ferably 201.6 x 10-3 nol or nore. Accordingly,

t he amount A i's eferably withj.n the range of fromO0.9 tp 5.0 X
10-3 nol , r{ﬁpggi)r of 18 ﬁsmrﬁ%pﬁ’t%m ZqIH g@e@m i Bounbot Bredergbly o
nol, even nore eferably within the ran f from1.4 10 4.8 x 10-3
mol | and still GlinS pF DyBRSy a%qﬁwcemﬂagﬁrafﬁ}%ﬁf%aéwg Pri by sy
4.7 x 10-3 nol ., 25[0037] Al t hou e reasons a_wat er : absor,bent.
s 10 havi g ebesrl gnite amoprtt 1T SarkBy AEs L e ik Ral g Sy Feically
produci ng under the conditions as .descrjbed, above are not .el uci dat.ed
"t s presunmbIASHEEHE GHOTIORCTARA J i, IRES LRIy risb 8t e 10 Kecb
anount A nmol of the @irzﬁ-step inter? | -crossli Lnﬁégﬁgent exceedﬁg
5.0 x 10-3 nol AECRIYLHPBHOBSRLT 1] 3HEPUH SPAIE § MAPETHS D ks
obt ai ned by the {i{st- tgp rﬁ¥er$edlghase uspen ioggfolyqﬁrizaiion
upon |iquid abPSHRtTUELYEIQHEM B HERCHIPY R |and {3 O011fig HFPETIQN ot
t he nononer toﬁ%& fdded guringhthe second- step pol ynerization is |ess
likely to be alSitcts-eEmEneLe CHPPYILYESr ped. As a result, the
TOnOfEr 107 GRBTY N9 YARARIRe oo Lalioh ThRal SRS FoPERmpeS " T
persulfates such as potassium persulfate, ammonium persulfate, and sodium
persulfate; peroxides such as methyl ethyl ketone peroxide, methyl isobutyl
ketone peroxide, di-t-butyl peroxide, t-butyl cumyl peroxide, t-butyl
peroxyacetate, t-butyl peroxyisobutyrate, t-butyl peroxypivalate, and
20 hydrogen peroxide; azo compounds such as 2,2’-azobis(2-
amidinopropane)dihydrochloride, 2,2°-azobis[2-(N-
phenylamidino)propane]dihydrochloride, 2,2°-azobis[2-(N-
allylamidino)propane]dihydrochloride, 2,2’-azobis{2-[1-(2-hydroxyethyl)-
2-imidazolin-2-yl]propane}dihydrochloride, 2,2’-azobis{2-methyl-N-[1,1-
25 bis(hydroxymethyl)-2-hydroxyethyl]propionamide}, 2,2’-azobis[2-methyl-



farmthat causes gel blocking phenonenon by a second-step reversed
phase suspensi on polynerization, thereby |lowering the flowthrough
property. [0039]In addition, in order to control the water-absorbent
properties of the water-absorbent resing,a chain transfer agent may
be added thereto. The 15chain transfer agent as nentioned above can
be exenplified by hypophosphites, thiols, thiolic acids, secondary
al cohol s, am nes, and the |ike. [0040] 2. Second- Step Reversed Phase
Suspensi on Pol mm@ammthﬂ??&%pianmfdﬂdaﬁ £]° aeueikeedyfftAakeric acid);
suspensi on pol yneri zati on W Obe explained. In the second-step
reversed suspenRatd9Re BREyneri zation, to a slurry dispersed with
primary particles obtained by the first-step reversed phase

suspensi on CEDOZW]”EV | Z{rhefg tenidstrglssilimi Rl fitd, -@h@sAiund keRafate, sodium
agent - added wat'er-sol ubl e et hyl'enically unsaturated nononer to carry
out a pol yneri zatdudftd, aadtl, Pnafbid(Reariiiespbpandhlitydeocdasdé ar, t he
primary 25particles dispersed in the slurry are agglonerated. 16
[00413 I n the segeRextsé spomakieviadpdhnsebeitspedssitoallpedsilyeavailablecind
prior to carrying out the polynerization reaction of the nononers,

t he suspensi on epgilyh@idleat Thasamdi¢al polidteri figiont i ftiaadrsangy boesed alone
slurry obtained in the first-step reverse phased suspension

pol ymeri zat i on o ¢n 2pmbinficnadftvwad 6 BIpeF Bindg. st abi l i zer contained in
the slurry. The cooling tenperature is not particularly Iimted, and

the cool i ngooz9per at The radicabpolysitidayion etitiatorid Gstallyoeeddn apamding of
precipitation of the dispersion stabilizer nay be confirnmed by white

turbidity of tpeefetably ¥eonh Or00Sx@Nph®l, Bdsed burlfiddnbdlofihe wetes-solubiared
by a neans such as visual observation, a 10turbidity gauge, or the
| i kel0 [ 0042] As etlryletiealty ndsatutaved segoaer abed duthediiiszatebQolymbrizatidit. s
formed by neutralization, and the concentration of the aqueous
mononer sol uti dihed theemuantesfthoradicsl milpyilceination initiatos ased mtless than
nononers used in the second step, it is preferable that those kinds
and nureri cal 0femoticherei ibadiskof fequithexplagahmonndbdf time for the
wat er - sol ubl e et hyl eni cal |l y unsat urated nononer of the
polymerization reaction. When the amount of the radical polymerization
initiator used exceeds 1 mol, there is a risk of causing a sudden

15 polymerization reaction.

[0030] Here, the above-mentioned radical polymerization initiator can be
used as a redox polymerization initiator together with a reducing agent such
as sodium sulfite, sodium hydrogensulfite, ferrous sulfate, or L-ascorbic
acid.

20 [0031] The reaction temperature for the polymerization reaction differs
depending upon the radical polymerization initiator used. Usually, the
reaction temperature is preferably from 20° to 110°C and more preferably
from 40°to 90°C. When the reaction temperature is lower than 20°C, the
polymerization rate is delayed and the polymerization time is extended,

25 thereby making it economically disadvantageous. When the reaction



fi'rst §tep are enployed. In that case, the water-soluble
ethylenically unsaturated nononer used in the first-step

pol ynmeri zation can be read as the water-soluble ethylenically

unsat urated nmononer used in the second-%?ep pol ymeri zation. Also, in
this case, the kinds and nunerical values may 20be the sane as or
different fromthose of the first step. [0043] The water-sol ubl e

et hyl eni cal |y ‘f&ﬁg%ﬁ%ﬁg%}hg&?gi‘faguogfop?r];ﬂéérgfié’ﬂ‘?isﬁttﬁ& it v RAABE difficRlt to

anount of prefera y mass, and nore

preferably fro : % 1

of the water- ng %‘%?Sq‘g?m‘ﬁ?@f‘@ﬂ ?Jlggfg?rgp gﬁ%ﬂ%%@g&@?@%@éo I rst
step, fromthe ¥j&Wpol oY : P§d ‘
havi ng excel | erﬁf&(?@\?\éfrﬁ cgt%@gﬁ?%&?%é&'g??r;%n‘{%%s Af]ef}éﬁilg?gg?]%g B8 1 hobfs

pol yrer i Zat[bmu].nggt L?%sfﬂélgtiﬁte%lﬁcqgﬁﬁin{kﬁleé 2 8 BE add&d HPIHR above-

et hyl eni cal'l'y nonomer cond step and the anount

used gan be prep&iiohedShSsdimer, %Pektﬁnzﬂef 5 eBiplnaE hﬁ%‘ﬁ%ﬁb&d‘ b&dops Sthe

radi cal polynerization initiator used in the first-st

pol yneri zation pﬂ‘ﬁnéﬂ%ﬁgﬂﬁﬁm&%&ﬂﬁlg@sﬁ@ﬁﬁed}% infté¥Ral-8sS@hking agent

pol ymeri zation initiator used int irst-step polynerization can be

read as the ra%élﬁhe@%b’éﬁdlﬁl@} iip'britﬁ%ﬁlém%ﬁry}iééﬁef Bf O ofLRRAGSSt ep
pol ymeri zation. Also, in thi's case, the kinds and the naneri cal

val ues may be {hglys@npledt Wddl §irihe premt spasfcation] Pohéxdmpliel St ep.
[ 0045] Al t hought(?hgér ggcti c%(rl\iyt e(ri;per atﬂtﬁ.re i nﬁﬁecse%ond-st eplsrever sed

phase suspensi &poBRIMIBAE gBcbPTarRl Sfthyllehé gly&o@eﬁﬁS}Qierlﬁgé‘m@f\ ekpRssed as

radi cal polynerization inrtfiator used, and ‘usually the reaction

tenpegat ure i s “prailRitRdlere o2 hekéindA@Gef@nel fmhe sefRl apabhprdpydéne
400 to 90C. 15] 04gﬁﬁﬂaddf§t%, the internal-crossli nklﬂﬁ(g g}g)gntﬁy%ﬁ

be added to th%ly@ﬂ,eﬂrhﬁ@thywlﬁo?hﬁa,l aii&al pylyersahyleaeedysgnoner of
the second step can be also selected fromthose exenplified in the

first-step pol yseyd:apkomylendBleol, ahd (Ealﬁgmbr@ymtdraieﬂwlmrb used

inthe first-step polynerization can be read as the

i nt er nal - cr osslgbdih&d bpeestingIRE abbvé-Aeentioned podictPwithdunsaturated acids
pol ymeri zation. In addition, in this case, the Kinds nay be the sane

TS0 O T AR iyt pesclamessiepasn e
invepdion is iméthalenthida@iyiniide; di- or tri(meth)acrylate esters obtained by reacting
a polyepoxide with (meth)acrylic acid; carbamyl esters of di{meth)acrylic
acid obtained by reacting a polyisocyanate such as tolylene diisocyanate or
hexamethylene diisocyanate with hydroxyethyl (meth)acrylate; allylated
starch, allylated cellulose, diallyl phthalate, N,N’,N”-triallyl isocyanurate,
20 divinylbenzene, and the like.
[0033] In addition, as the internal-crosslinking agent, in addition to the
above-mentioned compound having two or more polymerizable unsaturated
groups, a compound having two or more reactive functional groups can be

used. The compound includes, for example, glycidyl group-containing

25 compounds, such as (poly)ethylene glycol diglycidyl ether, (poly)propylene



B -nol of the internal-crosslinking agent used in the second-step
25pol ynerization to be added per (100 nol of) the nononer used in the
18 second step satisfies the relation in connection to the above A
mol of 2 B/A 10. The range for B/A is pléferably 3 B/A 9, and nore
preferably 3 B/A :c 8. [0048] Alt hough the reasons why a

wat er - absor bent resin having excellent 5fl owthrough property is

obt ai ned by carrying_ out. the nethod as described above are not

el uci dat ed, it gl¥cldiglyeulybsthen anl ooby)gbioeli dglycihd sther; (podwisthpene

wat er - absor bent _resin ohtai ned by reversed phase suspensi on
pol yneri zati on &&chlh@OEv)@gwle%%fﬁpL &pokysglyper srw@tqfw@g@%ner ating

primary particles. Wien the relation of the amount of the

i nternal - 10cr @&@rlfﬁ%ﬁﬁ@% PRLYeoRy PR miBe G yeidyl gnt%amtanﬂ the|
of the internal- crosslinking agent of the first step, i.e. B/A is

| ess than 2, tH’@estrength of inhibiting the expansion of the
particles i ak, so.that the gaps,between the particles are easily
cl ogged by D xpansiigse Jremak Crssinking AZEpE Ak PE USehaNGIAT 4R,
thereby making it likel o lower the flowthrough property. 150n the
ot her hand, wh&RTHRAL %éﬁ‘éo Q'OI,HOF?IEI gl omerating force becones too

SUrong. <o bty (e SRR R ES LS RRHELSoy BEEOTR STELL e L0y
e e < 55 b GRS RS R i
per i od 11 om af G P! efieerANCNO Bt R s h B PR A G LBTtdb o
T o
s DA e Bl B e R A B
e e A BRGNS G e on 10
mat or | al appt | £ Aot fod inb e haBp FHke RR PresPontiTirhg
agent as menti %r(]) fmgr?ga}/tleoﬂ 1@?(5] g]|<e1503 mol or less, based on 100 mol of the water-

15 soluble ethyleniéally unsaturated monomer used in the first-step
polymerization. The amount A mol is preferably 4.8 x 10" mol or less, and
more preferably 4.7 x 10 mol or less. Further, the amount A mol is
preferably 0.9 x 10” mol or more, more preferably 1.0 x 10® mol or more,
even more preferably 1.4 x 10™ mol or more, and still even more preferably

20 1.6 x 107 mol or more. Accordingly, the amount A mol is preferably
within the range of from 0.9 to 5.0 x 10° mol, more preferably within the
range of from 1.0 to 5.0 x 10” mol, even more preferably within the range
of from 1.4 to 4.8 x 10 mol, and still even more preferably within the
range of from 1.6 to 4.7 x 10” mol.

25 [0037] Although the reasons why a water-absorbent resin having excellent



5conmpounds having two or nore reactive functional groups. Exanples

t hereof include diglycidyl group-containing conpounds such as
(poly)ethyl ene glycol diglycidyl ether, ;fpoly)glycerol (poly)glycidyl
et her, (poly)propylene glycol diglycidyl ether, and (poly)glycerol

di gl ycidyl ether; (poly)ethylene glycol, (poly)propylene glycol,
(poly)glycerol, 10pentaerythritol, ethylenediam ne, and

pol yet hyl enei mMmay-tRidfhghRopdrieis MBINEd 8dRARE eSS le! MRdftbns as
agents, (poly)ethylene glycol “diglycidyl “ether, (poly)propylene

glycol diglyci ciekcigbdiRabov@itite nBPEMERAYSE iCs pab QYA 15 Pas&t S thePfcflowing
preferred. These post-crosslinking agents nmay be used alone or in
conbi nation of vty@ngr nore kinds. 15[ 0052] The post-crosslinking agent
is added in an anount within the range of preferably from0.005 to 1
nol, and w 00381]| the rER&e tf ariBimg RAmedlesARt Yirdt28p thtBhal-erdisAnkb,
based on 100 nol of a total anpunt of the water-soluble ethylenically
unsatgir at ed noREERI exteeds 510 * heo pebly they d:dpahkion, of the Rrikhey paridied of thef
i ncreasing crosslinking density near the surface of 20the _

wat er - absor bentpotafienobvaimedWy theViti-ftep kbeerved pliasakagpdiisicn capacity
of the resulting water-absorbent resin, thereby enhancing various
properties. [O0QaBinbEzdtion webrofiquiddibkbtionfis ihtebied by dhtessdlicibdshigiking,
agent may be any tine after the term nation of the polynerization,

wi t hout bei ng parhatahé atdnorhértotiecthddel elupidgtthe sossld-stisp polyagemiation is
preferably added in the presence of 25water in an anount within the

range of from ledsdikédPtibs blelty benwsticiently abddrbpd e Aaradtsylt] thetiénomer
presence of water in an anount of from5 to 200 parts by mass, and

evenigor e pref egmbining anibsdredaonikforn aataesr-absoetient resimin fhe poordet O
to 100 parts by mass, based on 100 parts by mass of a total anount of
the wat er - sol ulfbgn elidiyaasdscgd] bfodkig@phierdmeharpby eBecorRbstep @eversed phase
obt ai ni ng 5t he wat er-absorbent resin. As described above, by

control | ing thgugsgitn pﬁlynﬁtﬁatiomQhel&dglilbWeﬂn%ﬁhé Aew-through property.
post-crosslinking agent, the crosslinking can be provided nore

sui tably ngag3%jhe suifadéit@h, iherdsatecotbslahbeniter-sissonbera pdopdraesbfthe
consequent |y excell ent water absorption capacity can be acconpli shed.
10[ 0054] When a wmesit-alssopbaitiradinng chgiantansferagdatimay fve added thereto. The
post-crosslinking agent may be added directly, or may be added in the
form®f an aquehatm tsadsfiéd agent & Aentianty dbeyhédr be exgaplifiedbyvent may
be used, as occasion demands, as a solvent. This hydrophilic organic
sol vent i ncl udégpoplessphitesythinls,Ithistic aidskedondarc alcabolspaiyresahobtiel |
et hyl al cohol, n-propyl 15al cohol, and isopropyl alcohol; ketones
such as acet onédikand net hyl ethyl ketone; ethers such as diethyl

et her, di oxane, and tetrahydrofuran; am des such as

N, N- di met hj0048]man d&; sulSecsndidscsBehersed @hawt Sydpensiohdoldmeriaation he
| i ke. These hydrophilic organic solvents may be used alone, or in a
conbi nati on of two olNexby®sdcondssieporeviersed phiaze suspehsientpolymbrisaticer will

20 be explained. In the second-step reversed suspension polymerization, to a
sturry dispersed with primary particles obtained by the first-step reversed
phase suspension polymerization is added an internal-crosslinking agent-
added water-soluble ethylenically unsaturated monomer to carry out a
polymerization reaction of the monomers. By the reaction, the primary

25 particles dispersed in the slurry are agglomerated.



20[ 0055] The tenperature during the post-crosslinking reaction is
preferably from50 to 250C, nore preferably from60 to 180C, even
nore preferably from60 to 140C, and still even nore preferably from
70 to 120C. [0056]In the present inventilén, the drying step nmay be
carried out at a 25normal pressure or under a reduced pressure, or
the drying step may be 21 carried under a gas stream such as
nitrogen, in order to increase drying efficiency. In a case where the
dryi ng stefd0P4lkarri du thesecondssteppraversedmbase pespensiondrojymegrization, prior
tenperature is preferably from 700 to 250C, nore preferably from 80
to 180C, even rorarrping eutdhe pohmaenigtiongeactom obtgdnenemersethen nor e
preferably from90 to 130C. In addition, in a case where the drying
step i s carri edusprisiorapolymesizatipn sayuingluderibe giopi aefgootingardemye | s
preferably from60 to 100C, and nore preferably from70 to, 90C

[ 0057] The wat ercbiaised ethe fistsiepaerese phesedsushensivrpelymarirationiton

t hus 10obt ai ned has, excel | ent flowthrough property, so that the

wat er 3 absor bentre@pitafeiasdispersiom spakibieer antained by Srepdwiry mdihergoglingnd
an absorbent article using the absorbent material.

[ 0058] 3. Wt er - Agiwpeisaie iRagt particulapky lanitpdranshihg geobng teraperature may be
wat er - absorbent resin is preferably 1520% by nmass or | ess, and nore
preferably 10%usyaliases adrl Of ée §0°¢ o550+ HdenresipBniien ef theedippergion
fluidity. In addition, in order to_inprqve fluidi tfy an anor phous
silica powder wapiliecraaeiebe confimaedhy avhitpashiditofithe shurry; dosetample,
wat er - absorbent, resjn_has a water-retention capacity .of saline,

sol ution of prdhefubiditysnaybg C@nflr@&ﬁyme%% @J%f%sr‘éﬁ% SEVEHPDA t o
31 g/g, 20fromthe viewpoint of having excellent flowthrough

pr opé‘?ty after %@é@%gﬁ%%ori%llge-t o allowthe resin to be swollen,
and havi ng hj.gh absorptjon, capgcity. The water-retentio apacjty
of saline igpﬁi]i on ofAstWethﬁ/éﬁHé‘& g@s&ﬁ%@‘?@?ﬁ@&fﬁlq@o& (hgsgls W%@d
according to a rreaslur epent t hod descr.i beg i n EXAMPLES set f?rth

bel ow. neutralization, and the concentration of the aqueous monomer solution of

the water-soluble ethylenically unsaturated monomers used in the second
step, it is preferable that those kinds and numerical ranges described in the
15 explanation of the water-soluble ethylenically unsaturated monomer of the
first step are employed. In that case, the water-soluble ethylenically
unsaturated monomer used in the first-step polymerization can be read as
the water-soluble ethylenically unsaturated monomer used in the second-
step polymerization. Also, in this case, the kinds and numerical values may
20 be the same as or different from those of the first step.
[0043] The water-soluble ethylenically unsaturated monomer of the
second step is added in an amount of preferably from 80 to 200 parts by
mass, and more preferably from 100 to 160 parts by mass, based on 100
parts by mass of the water-soluble ethylenically unsaturated monomer of

25 the first step, from the viewpoint of obtaining a water-absorbent resin



25[006Q] I n the present specification, the flowthrough property of
the water- 22 absorbent resin is expressed as a flowthrough rate of
an aqueous 0.69% by nmass sodi um chl oride solution. The fl owthrough
rate of an aqueous 0.69% by mass sodi umghl oride solution of the

wat er - absorbent resin is preferably 100 ?g/lo m nut es] or nore, and
nore preferably 120 [g/10 m nutes] or 5nore, fromthe viewpoint of

i ncreasing properties such as liquid perneation tinme and |iquid

diffusibility imavaly akedeReNbwiihiQidiepropeitpd t he wat er - absor bent
resin. The flowthrough rate of an aqueous™ 0. 69% by nmass sodi um

chlori de sqpp44pn of mﬁqaﬂﬁfaﬁ?oﬁmfﬁﬁﬂh iRtk tbeaddet ¥e tidivatdred

according to a neasurenent nethod described in EXAMPLES set forth

10bel ow. [ 0061]sphiyeislernbaby hesituratsl MohidmeR oMl ¥doR@ blchnd thtze
of preferably from200 to 600 wn, nore preferably from 250 to 500

p.m and even rei@mpueédabby ptopurlySéiledied 48dused b hakeexabplifibéas
resin having the defined nedian particle size is suitable for an

absorpent nmat eth@radiedl pplyrhbdstabitiater hisel @ ths ifirgt-§tbp pabsoéiestion and
material. The nedian particle size of the water-absorbent resinis a

val ue obt ai ned the g@othngsddo Ia thebcdse citie rhdicrl peigtniteatiob egitiator used in
EXAMPLES set forth bel ow. [0062] 4. Absor bent terial and Absorbent

Article The ahsefipgateppolemcizatiohrgn beacadhetheatadivabpolyniaidation
according 20to the present invention conprises a water-absorbent
resin and a hydniojatdriusedfin bdes secbhd-stgnpolynairizationf Albs iakbierchsd)tthe
mat eri al includes, for exanple, a m xed di spersion obtained by m xi ng
a wat er - absor b&idy @i thearmgneriday dahehinhdychd theeyamenordiffenegdhemukose of

conposition, a sandw ch structure in which a water-absorbent resinis
sand¥d ched bet weefirdtaysg. ed 25hydrophilic fibers, a construction in
whi ch a water-absorbent resin and a 23 hydrophilic fiber are w apped
around ti s§0ed4Paper, Adtibuigheht iréationtempeeseretinithy seddndrstes revatrsed
limted to those exenplified above.
phase suspension polymerization also differs depending upon the radical
polymerization initiator used, and usually the reaction temperature is
preferably from 20° to 110°C, and more preferably from 40° to 90°C.

15 [0046] In addition, the internal-crosslinking agent to be added to the
water-soluble ethylenically unsaturated monomer of the second step can be
also selected from those exemplified in the first-step polymerization. Here,
the internal-crosslinking agent used in the first-step polymerization can be
read as the internal-crosslinking agent used in the second-step

20 polymerization. In addition, in this case, the kinds may be the same as or
different from those of the first step. Also, a chain transfer agent may be
added.

[0047] One of the features in the present invention is in that the amount

B mol of the internal-crosslinking agent used in the second-step

25 polymerization to be added per (100 mol of) the monomer used in the



[ 0063] O her conponents, for exanple, adhesive binders for increasing
shape retention of the absorbent material, such as heat-fusible
synthetic 5fibers, hot nelt adhesives, iﬁd adhesi ve enul si ons nmay be
added to the absorbent nmaterial. [0064] THe hydrophilic fiber

i ncl udes, for exanple, cellulose fibers such as cotton pul ps,
mechani cal pul ps, chem cal punps, sem -chem cal pul ps, and the like

obtai ned from waog, eé’t(%)#: isé{i,ﬁ%'etpg%lhﬂbﬁ% c&ilnjxgq‘:cﬁgrsﬁﬁ;@? gt%%\ha)(% ﬁlcgla”d

acetate; fibers ma IC resins s i ca

treated pol yamylgp/RoL 183 I 1HeTan gl fori9) A ebiSbnyand BACLlY Kfid more

[ 0065] The absorbent artrcle usi wa resrn accordi ng
to the present j | structure in which the above absorbent
PR B B 68

material is hel qui d- perneabl e sheet and a

l'iquid-inp Uggﬁles | OUJHs :

I ncl udes, ﬁgr anpl 2@ ﬁgqulgh ft hggg%hﬂ?g%ﬂjnﬁwgﬁeépﬁ%mﬂt%s?%léﬁ%mg&x ccllent
needl ¢ punched 1\ f | £S- | :

pol yp?ppyl ene, %%@ 'P é’? Qﬁ%ﬁﬁ@%gw[mg hgﬁhﬁgﬁgﬁhpﬁgéﬁgﬁ\% de
sheet i ncl udes abok aRX AR cidSiea! 119} HEdSRE Phsbd bRRERIR ol @R
such as a pol yethylene, a polypropylene or a pol yvi nyl chl ori de.

[ 0068] TheRZbﬂ of t %e%ét@f—%%rb@ﬁﬂeﬁﬁf@qt%%ggagfre?&rs&ﬁ ?Hh%‘i' éel?épension

limted. presentative exanples thereo or exa
hygi enic materi : | ' r; | ' and
y9 ﬁgy;ﬁnéﬂfﬁuﬁﬁ%ﬂﬂh%@)gés%% thvEhfiBR"iS ?gtfaﬁ%eg@g x%g;aﬁi&mg

I nconti nence p urine-absorbent materials terrals for

civil engineer 'rp'ﬂilgrrlgﬁ} 2fREIRES Wil iR TeRidoh ogsth@ﬂﬁllghﬁgBrEﬁb%f ﬁﬂgﬁh‘ce‘h@ﬂd

freshness retaini terials 24 such as drip absorbents an o
col dygeserving c?&%ﬁhﬁglr%'ﬁeﬁte BIPJ_[Hf‘ésre%bn&‘%feb%Qﬁe amohneA 18! 8f theShfirMdIng

materials for soils; |
crosslinking agent of the first step, i.e. B/A, is less than 2, the strength of
inhibiting the expansion of the particles is weak, so that the gaps between
the particles are easily clogged by the expansion of the particles upon water
absorption, thereby making it likely to lower the flow-through property.

15 On the other hand, when B/A exceeds 10, the agglomerating force becomes
too strong, so that the gaps between the particles become small due to
binding of the particles with each other, and that the gaps between the
particles are easily clogged by the expansion of the particles upon water
absorption, thereby making it likely to lower the flow-through property.

20 [0050) In the present invention, during a period from after the second-step
polymerization of the water-soluble ethylenically unsaturated monomer to
drying step, it is preferable that a post-crosslinking agent is added to subject
the polymer to a post-crosslinking treatment. By the treatment, the water-

absorbent resin has an increased crosslinking density near the surface

25 thereof, whereby a water-absorbent resin having increased properties in



EXAMPLES 5[ 0069] The present invention will be specifically described
her ei nbel ow by the Exanples and the Conparative Exanples, w thout
intending to limt the scope of the present invention thereto.

[0070] Water content, water-retention caggcity of saline solution,

medi an particle size, and flowthrough rate of an aqueous 0.69% by
mass sodi um 10chl oride sol ution of the water-absorbent resin obtained
I n each of Exanpl es and Conparative Exanpl es were eval uated by the

nmet hods shown hedter airption ALY undét 8lodd) et absoAittui rade, gindngel of a
wat er - absorbent resin was accurately neasured, 15i.e. WA (g), in an

al um num foi | caseghNevhieh aﬁsMbt&\fdﬂggﬂﬂ@nﬁltMl@pphgati@ﬁ%dﬁ The
above sanple was dried for 2 hours with a hot-air dryer (manufactured
by ADVANTEC), tdbeained.ernal tenperature of which was set to 105C.
Thereafter, the dried sanple was allowed to cool in a desiccator, and
the mass Wj0(S§)] of t themisecrassinkingrigentsd meafiveed sbyvcnigchaiss
20measured. The water content of the water-absorbent resin was

cal cupat ed fr orohipuhds havinggwicosmmbze rédaties fidmtioanl groups.=Exddnples

W] /Wa x 100 [0072] < Water-Retention Capacity of Saline Solution >

Fi ve- hundred grthereodinchndeadigbaidyGrotpopntasiagsodipimndbsoch de

25sol ution (saline solution) was weighed in a 500-nm. beaker. The

amount 25 2.0 (golybethylmt:@iyaﬂsbglmrdyl etterN(poby ghadad (pbbn)elyoidylieilice,

stirring the solution at a rate of 600 r/mn, to disperse so as not

to cause an ungpoly)proplyieme gifcdlighyaidy eﬂtmpamb@oly)gtymrolwglwidyie

state of stirring, the dispersion was allowed to stand for 30
m nutes, to sufethar] guly)etimdiee glyeol, (poly)propylene glycol, (poly)glycerol,

10 pentaerythritol, ethylenediamine, and polyethyleneimine, and the like.
Among these post-crosslinking agents, (poly)ethylene glycol diglycidyl
ether, (poly)propylene glycol diglycidyl ether, and (poly)glycerol
diglycidyl ether are preferred. These post-crosslinking agents may be used
alone or in combination of two or more kinds.

15 [0052] The post-crosslinking agent is added in an amount within the range
of preferably from 0.005 to 1 mol, and within the range of more preferably
from 0.01 to 0.5 mol, based on 100 mol of a total amount of the water-
soluble ethylenically unsaturated monomer used in the polymerization,
from the viewpoint of increasing crosslinking density near the surface of

20 the water-absorbent resin without lowering the water absorption capacity of
the resulting water-absorbent resin, thereby enhancing various properties.

[0053] The timing of addition of the post-crosslinking agent may be any
time after the termination of the polymerization, without being particularly
limited. The post-crosslinking agent is preferably added in the presence of

25 water in an amount within the range of from I to 400 parts by mass, more



5wat er - absorbent resin swollen. Thereafter, the dispersion was poured
into a cotton bag (Cotton Broadcloth No. 60, width 100 mm x | ength
200 nm, and an upper part of the cottoRybag was tied up with a
rubber band. The cotton bag was dehydrated for 1 mnute with a
dehydrat or (rmanufactured by Kokusan Enshinki Co., Ltd., product
nunber: H 122) set to have a 10centrifugal force of 167 G The nass
Ve (9) Of the oRbferiblhd tfONCaMienE witer SR hRBuBPbT AbPS 1¢1ohy BaAl byn
proce

was neasured. e sa ures were carried out wthout adding a

wat er - absor bentyf&shiy e@élﬂmb?@pf‘éfﬁtaﬁlmﬁe:éges(eﬂ}:e of wak& 1A AntARoRRDSE

upon wetting was neasured. The water- retention capacity was

catcul ated Tromdiaofiel 10pne (oMW, Basd OV 00 pRRS BOhANS dIPRAL At

Saline Solution (gig) (g)/ Mass of t er “Absor bent Resin

(9) [0073] < Medirame Rafdrisoliehl®edtylénically unsaturatedfidfoRier 4s&d f& obtaining
wat er - absorbent resin was m xed as a l'ubricant 0.25 g of anorphous

silicq (Sipernahe dQ¢br-dBROHERE rebiPaAs désdribod ABbV@ B? cen#BlRigthe amount
20absorbent resin for the measurenment. [0074]J1S standard sieves, a

si eve having anpfergét fsorPiddH6n @ﬂh%pédtﬂ:‘f@sshﬁkiﬂ@ag’ﬁmﬁﬁ@B'tdwliﬁ)lﬁi_né%n
gm a sieve having an opening of 500 gm a sieve having an openi ng of

425 gm a si evechiylided atorRReiby iar BdsfceoShe veatéraasdebeil resin, and
openi ng of 250 gm a sieve having an opening of 150 gm and a

25r ecei vi ng tr ayheiebEcoyERLORLY éib@leﬁﬁvafdr@%kéﬂp@io’iﬂﬂpa&it}eca’pbcve
water- 26 absorbent resin for the neasurenent was placed on an

upper nost si evgc@émphghsaonbi ned sieves, and shaken for 20 ni nutes
with a rotating and tappi ng shaker nachine to classify the resin.

[ 0075} Af t elf0054issi T i GFhéwa pobherosslirking agintds aléédyake pbétecropsdinkigg of
t he 5sieve and an integral of a mass percentage of the

wat er - absor be n'fagé@l&hay beneded direotly,!diansy by added & tledfoiahiem @ueous
| ogarithm c probability paper by cal culating the mass of the

wat er - absor bentsohg®in AROPa h?'dl@phﬁi&@lfghnﬁi silgerisndy baased)as oceodsige t o
an entire anmount, and accunul ating the mass percentages in order,

I oF oo, ammhs dolvotg b s agmleso oA et o]
example, lower alcohols such as methyl alcohol, ethyl alcohol, n-propyl

15 alcohol, and isopropyl alcohol; ketones such as acetone and methy] ethyl
ketone; ethers such as diethyl ether, dioxane, and tetrahydrofuran; amides
such as N,N-dimethylformamide; sulfoxides such as dimethyl sulfoxide;
and the like. These hydrophilic organic solvents may be used alone, or in a
combination of two or more Kinds, or in a mixed solvent with water.

20 [0055] The temperature during the post-crosslinking reaction is preferably
from 50° to 250°C, more preferably from 60° to 180°C, even more
preferably from 60° to 140°C, and still even more preferably from 70° to
120°C.

[0056] In the present invention, the drying step may be carried out at a

25 normal pressure or under a reduced pressure, or the drying step may be



percent'age is defined as a nedian particle size by joining the plots
on the probability paper in a straight line. [0076] < Fl ow Through
Rat e of Aqueous 0.69% by Mass Sodi um Chl ori de Sol ution >

15(a) Preparation of Artificial Urine 21 Two granms of potassium
chloride, 2 g of anhydrous sodiumsulfate, 0.19 g of cal cium
chloride, 0.23 g of magnesium chloride, 0.85 g of amoni um

di hydr ogenphosphate, 0,15 of ammoni um hydr ogenphqQsphate, and a
proper amount SR PNGGAEARIAIEICE 35 15%886 sﬁné’l‘g‘?{toc}%‘@aﬁ )

Dot ot HCicHEy v B a e b Rerhdhe Ay e Skep i et ied otk e irghal L
ereto to adj v )
[0077] (b) Setting of Measyrenent ar at us o

measur enent apfAFSUG ,tﬁ% 1H%WHBA‘?1§HHS& preferaplynfrom W%ﬁ%&ﬁqrﬁ

Fi gure 1 was used e a ratu rised a tank 11 ui ed L.t h
et e 1 Preisratly Rth 0P L8 S e e o a oo Bl fre P8 uaD e
of 27 the glass tubhe 12 is so arranged that jght aof.a |iquid
e ace i ot aRdiimen oo fria TEomantdod 38860 i afing ik shse

hi id | uti 1 .d b i nt ai.ned, at height 5 f th
bot tom of a swoTTeR lesirisg SeRdS samisg st ggegusrdhiesiet dhe AREREor i de

solution 13 in the tank .11 | uppl i 0 i nsi de of the cylinder
35 Uhr ough an LSRSHBre iR BERo0 HRHLED" (o 100 citinces Trshitahindrod
for collecting,a ﬁagsed liquid is arranged bel ow the cylinder 22, and
t he collectingteg tai ner 33 was placed on bal ance and scal es 34. The

A R R S
2 SHR B o bbb b ol A
not ot ner eor "E8ndRAH U GAEE) LD GERHRARAECHERR BRRILRR e
Flowe Througn. RATEIERbeATRACHE, 7 2% contai ner 50 vas evenly

pl aced O. QJﬁpgéJeg }[Ng%er-a Det LSl iTRefpd the water-absorbent

resin was n a synthetic urine under

Gel °33 *oof 007l et GBeFh¥ S B ABAR DAL BT
s 500 S5 55 SRR, e RS ASBHBAP 0500 WG R by

) O at st al _ intarni ng a
ol tti on 13 to ARt BE keank RIS I aEHIbR BloirL Rlnkfifuf AYERNS an

amorphous silica powder may be added to the water-absorbent resin.

[0059] The water-absorbent resin has a water-retention capacity of saline
solution of preferably 32 g/g or less, and more preferably from 27 to 31 g/g,
20 from the viewpoint of having excellent flow-through property after
absorbing a liquid to allow the resin to be swollen, and having a high
absorption capacity. The water-retention capacity of saline solution of the
water-absorbent resin is a value obtained according to a measurement
method described in EXAMPLES set forth below.
25 [0060] In the present specification, the flow-through property of the water-



25[ 0080] The mass of the aqueous solution 13 entering the collecting
28 container 33 after passing through the swollen gel 25 over a
period of 10 m nutes fromthe begi nning of the supplying of the
aqueous solution 13 was neasured, and defined as a flowthrough rate
([9/10 m nutes]). This neasurenent was carried out at room
tenperature (20 to 25C). 5[ 0081][ Exanpl e 1] A 2-L cylindrical
round bottonmed separable flask equipped with a stirrer, doubl e-paddl e
bl ades, a refl wbsobedersser s expdessppiang flamtialonghmateaofrint aqpgens §£9% by
inlet tube was furnished. This flask was charged with 340 g of
n- hept ane, and mMagxogdiwfn chla it sdetion.eBhaflow-thanuglacataofdanmygueous 0.69%
M t subi shi - 10Kagaku Foods Corporation, Ryoto sugar ester S-370) and
0.92 g of a nalbyimassdodivmddhlemdé seletior ofihieweteprabsgtbentresupis prafarably
(manufactured by Mtsui Chemcals, Inc., H-wax 1105A) were added
thereto as di spg®0digbt) minisies] oramere, Thd meneppeeterably W8 gf H mantites] B0C
to dissolve the surfactant, and thereafter the solution was cooled to
50C. 35[ 0082] Omeiee fignh e Hanpoing cSoncreasing peonasties sudhasdliqid pehmeafian
with 92 g (1.02 nol) of an 80% by nmass aqueous sol ution of acrylic
acid, and 146. Girge end liquiddidfusihibity mcanredworbend imaterighvong the wasradded
dropwi se thereto with cooling fromexternal to neutralize 75% by nol .
Thereafter, 0. Bbserbeot Rﬁﬁlmrr"ﬁg? flow-guougls ratenopen agreeusd).a8%eby st al
pol ynerization 20initiator, and 1.6 ng (0.09 x 10-1 mpl, )
cor r espondi ng tseding chlorglezsoltionpef theopatamprbyrbentacsinns gutadug ebtained
first step) as an internal -crosslinking agent _were added thereto to
di ssol ve, to pragperdéngty @qméwmﬁ;ﬁmg%gﬁmlhsd inGXANMPEED set frdp.
[ 0083] An entire amount of the above-nentioned aqueous nonomner
25sol®ition for bel&W$irst step was added to the above-nentioned
separable flask, 29 and the internal of the systemwas sufficiently
repl aced wil0B6H) t r ogdhie watsr-ehsarbent repia hasasmeilisa nartielesérs elrprefsablyd
in a water bath kept at 70C, and a first-step polynerization was
carried out fort@D 28070t689 nmemgire preferablicfroan2H ka 60@ pprandyen more
first-step polynerization. 50084] On the other hand, another 500
nL- Er | enneyer ﬂﬂ@@m%ﬁ%éﬂbé@ tmg Tpeavafer-absrgbey) rpsigrhayingties, by
mass aqueous solution of acrylic acid, .and 159.0 g of a 27%hy mass
aqueous sodi umdeliaed metanparticdeiside &y Yptabieiariarabserignt materdaliang oy om
external to neutralize 75% by nol. Thereafter, 0.16 g (0.59 ) of
pot ad&i um per s @bserbenbartigle weng she abrosbenianatsrial ohhe median particlerdze of
0.02 g (1.15 x 104 mmol, corresponding to_ )

the water-absorbent resin is a value obtained according to a measurement

method described in EXAMPLES set forth below.
[0062] 4. Absorbent Material and Absorbent Article

The absorbent material using the water-absorbent resin according
20 to the present invention comprises a water-absorbent resin and a
hydrophilic fiber, The construction of the absorbent material includes, for
example, a mixed dispersion obtained by mixing a water-absorbent resin
and a hydrophilic fiber in 2 homogeneous composition, a sandwich
structure in which a water-absorbent resin is sandwiched between layered

25 hydrophilic fibers, a construction in which a water-absorbent resin and a



8.0 x 10-3 nol per 100 nol of the nononers for the second step) as an
i nternal -crosslinking agent were added thereto to dissolve, to
prepare an aqueous nononer solution for the second step. [0085] The
above- nmenti oned aqueous nononer solutionifor the first step 15was
then cooled to 22C. The aqueous nonomer solution for the second step .
menti oned above at the sane tenperature was added to the internal of
the systemto all ow t he agueous nononer solution to be absorbed for
30 m nut es and hydrépidlie diver btewrdgpedianbeidtissuefpapbs atdshe tikead he
sufficiently replaced with nitrogen. Thereafter, the flask was again
imersed in a wetsnt dBleatibnds néOliinitel¢o tleopeexemplHiadeabovai sed, and a
second-step pol ynerization was carried out for 30 m nutes.

[ 0086] Af t er[0062] secorthst epmpohgmierfor akample, bikesivabinders forxhereasings
heated with an oil bath at 125C, and n- heptane and water were

subj ected to azhape mypentiati of thiel asoxbent materiadys1ch26 hpatfusibleesynthetiche
external of the 25system while refluxing n-heptane. Thereafter, 8.17
g (0 94 mol ) dibeas, 84t nBit athesowes, awd adliesiveodfmelstonsenay bé wdded to the

di gl yci dyl ether was added thereto, and a post-crosslinking reaction
was carried outabsorb8fOrfateria?. hours. Subsequently, the reaction

m xture was heated with an oil bath kept at 125C, and n- heptane was
evapor at ed [0864]r ynes S hethydyopleliz Zihe? incloflesa famatamnplabeaihibesst fibasisnch
(A). The resulting water-absorbent resin had a nmedi an particle size
of 380 p. m and aa cative putpmieschaoical/pulgs, dieminalaguunpsysamircheodical pudps,
each of the properties are as shown in Table 1. [0087][ Exanpl e 2] The
same procedur esndghe hikevbigihed fromewsodaanrtifsialegllubnse dpters sach dsomaien
amount of the internal-crosslinking agent for the first step was
chant@d to 2. 8and acetats fiberonpderedisyndestic aesinnsticiyas iy drophitically sreatsid
per 100 nol of the nononers for the first step), and that the anount
of the inter nalpolymgidenrolygstatse and potyalefing @odrlie §kep was changed to
0.03 g (1.72 x 10-1 mmol, corresponding to 12.0 x 10-3 nol per 100
mol of the [AB6&ers flde absorhent adivhelusingihe waterepbsertxao rasig aegording to
wat er - absorbent resin (B). The resulting water-absorbent resin had a
medi an parti cl éhepresentinggaticuhana stuoirein whivhahe abpve absarbanignaterial
measurenent results for each of the properties are as shown in Table
1. is held between a liquid-permeable sheet and a liquid-impermeable sheet.

15 [0066] The liquid-permeable sheet includes, for example, air-through,
spun-bond, chemical bond, or needle punched nonwoven fabrics made of
fibers of a polyethylene, a polypropylene, a polyester, or the like.

[0067] The liquid-impermeable sheet includes, for example, synthetic
resin films made of a resin such as a polyethylene, a polypropylene or a

20 polyvinyl chloride.

[0068] The kinds of the absorbent articles are not particularly limited.
Representative examples thereof include, for example, hygienic materials
such as disposable diapers, sanitary napkins, and incontinence pads; urine-
absorbent materials for pets; materials for civil engineering and

25 construction such as packing materials; food freshness retaining materials



[ 0088] [‘Exanpl e 3] 20The sanme procedures as in Exanple 1 were carried
out except that the internal-crosslinking agent was changed to N N -
nmet hyl enebi sacryl am de, that the anmount of the internal-crosslinking
agent for the first step was changed to024.6 ng (0.30 x 10-1 mmol,
corresponding to 2.9 x 10-3 nol per 100 nol of the nmononers for the
first step), and that 25the anount of the internal-crosslinking agent
for the second step was 31 changed to 0.03 g (1.95 x 104 mol ,
correspondi ng tsuch3s @rip abgotbentd arpbeoldooservingodgentse hovttareral drticleshe
second step), to give 229.5 g of a water-absorbent resin (C). The
resul ti ng wat ersughgswaentretaiging materialsnfodisails;padtthellikesi ze of 350 pm
and a water content of 7.5% The neasurenment 5results for each of the
properties are as shown in Table 1. [0089][ Exanpl e 4] The sane
procedures as in Exagﬁle 2 were carried out except that the anount of
the internal-cr g agent for the first step was changed to 8.3
nmg (0.48 x 104 mmol, corresponding to 4.7 x 10-3 nol per 100 nol 10of
t he ndnomerl 8069k t he Therpyesant dpyention will /e sperificajlyodesgribed hereinbelow by
wat er - absorbent_resin (D). The resulting_water-absorbent resin had a
medi an particl éhaF es3myl the Goraparative Exagphese itithout imtgndingtie limit the
measurenent results for each of the properties are as shown in Table
1. [0090] [ Examsrerspt themiesend ipventiondheict® as in Exanple 4 were
carried out except that the ampunt of the internal-crgsslinking agent
for the sed88dkt ep Woatcs apigatl wacnrgontipn gameity of salipgrsplution, median
corresponding to 28.1 x 10-3 nol per. 100 nol of the nononers for the
second step), DBriglsizepandilgwothrauginrate ofpsgaueets §.68Ymby myass spdium
resul ting water-absorbent resin had a nedi an 20partijcle size qf 320
pm ah® a water CEI@m olggoryobthe water-shaarbeniieain okigined n each ebExamples
the properties are _as shgwn_in Table 1. E&OQl&LCbnparati e Exanple 1]
The same pr ocedifiézompanfvekxapirieswars @valugted by them howat t he
anount of the intergﬁl-crosslinking agent for the first step was
changed 25t o 0hgie1belows7 x 104 mmol, corresponding to 5.6 x 104 nol

per 100 nol_ of
[0071] < Water Content >

About 2 grams of a water-absorbent resin was accurately measured,
15 i.e. Wa (g), in an aluminum foil case (No. 8) of which mass was previously
measured. The above sample was dried for 2 hours with a hot-air dryer
(manufactured by ADVANTEC), the internal temperature of which was set
to 105°C. Thereafter, the dried sample was allowed to cool in a desiccator,
and the mass Wb (g) of the water-absorbent resin after drying was
20 measured. The water content of the water-absorbent resin was calculated
from the following formula:
Water Content (%) = [Wa - Wb]/Wa x 100
[0072] < Water-Retention Capacity of Saline Solution >
Five-hundred grams of an aqueous 0.9% by mass sodium chloride

25 solution (saline solution) was weighed in a 500-mL beaker. The amount



32 the 'nononers for the first step), to give 230.4 g of a

wat er - absorbent resin (F). The resulting water-absorbent resin had a
nmedi an particle size of 280 pmand a water content of 7.7% The
measurenent results for each of the propgérties are as shown in Table
1. 5[0092] [ Conparative Exanple 2] The sane procedures as in
Exanple 2 were carried out except that the anmpbunt of the

i nternal -crosslinking agent for the second_step was changed to 4.0 ny
(0.23 x 104 md-V edra watssbserenbresingwas addesl %@retaewhdgétlmg@ﬁ t he
nmononers for the second stepﬁ to give 225.8 g of a water- 10

absor bent resi $OIUtoN atiaerateel PG HEnaiodispeise Foannot ssanse an vaswelean
particle size qof 380, pm and ter cqontent. of. 7.0% The .measurenent
results for ea HmcE’fOfitﬁé"ﬁWEf S\f)’?@ta?%na ndes e staterafistiering, the
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osin (B - The cougaI0RERGoHandoadeBit S hwidih e Taiie el aD eFEe
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2 wor b car | eq CBUPNBRECHS d4kberathd op, DRI GRG denyitator (mamufactared ©
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(e TRIOrT ! Lukliteashonorl £l 1 BhYEREe Py bof Bag aniingn
particle size. S 0ubs HELER AR TpoR: Fhbe el e seirororss
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15 Water-Retention Capacity of Saline Solution (g/g)
=[We - Wd] (g)/Mass of Water-Absorbent Resin (g)
[0073] < Median Particle Size >
With 50 g of a water-absorbent resin was mixed as a lubricant 0.25
g of amorphous silica (Sipernat 200, Degussa Japan, K.K.), to give a water-
20 absorbent resin for the measurement.

[0074] JIS standard sieves, a sieve having an opening of 850 pm, a sieve
having an opening of 600 pum, a sieve having an opening of 500 im, a sieve
having an opening of 425 pum, a sieve having an opening of 300 pm, a steve
having an opening of 250 pum, a sieve having an opening of 150 pm, and a

25 receiving tray were combined in order from the top. The above water-



10parti.cl e size of 310 pmand a water content of 7.5% The
measurenent results for each of the properties are as shown in Table
1. [0096][Table 1] 34 Table 1 A x 10-3[nola] B/A Water-Retention
Capacity of Saline Solution Fl ow ThroughgRate of Aqueous 0.69% by
g/ai%Sodi um Chl oride Solution [g/10 mnutes] Ex. 1 0.9 9 32.2 95 Ex.
absorbent resin for the measurement was placed on an uppermost sieve of
the combined sieves, and shaken for 20 minutes with a rotating and tapping
shaker machine to classify the resin.
[0075] After classification, the relationships between the opening of the
5 sieve and an integral of a mass percentage of the water-absorbent resin
remaining on the sieve were plotted on a logarithmic probability paper by
calculating the mass of the water-absorbent resin remaining on each sieve
as a mass percentage to an entire amount, and accumulating the mass
percentages in order, starting from those having larger particle diameters.
10 A particle diameter corresponding to a 50% by mass cumulative mass
percentage is defined as a median particle size by joining the plots on the
probability paper in a straight line.
[0076] < Flow-Through Rate of Aqueous 0.69% by Mass Sodium
Chloride Solution >
15 (a) Preparation of Artificial Urine
Two grams of potassium chloride, 2 g of anhydrous sodium sulfate,
0.19 g of calcium chloride, 0.23 g of magnesium chloride, 0.85 g of
ammonium dihydrogenphosphate, 0.15 g of ammonium hydrogenphosphate,
and a proper amount of distilled water were placed in a 1-L container to
20 completely dissolve the components. Distill water was further added

thereto to adjust the volume of the entire aqueous solution to 1 L.

[0077] (b)  Setting of Measurement Apparatus

As a measurement apparatus, one having an outline constitution
shown in Figure 1 was used. The apparatus comprised a tank 11 equipped

25 with a glass tube 12 for static pressure adjustment, in which a lower end of
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the glass tube 12 is so arranged that a height of a liquid interface inside a
cylinder 22 of an aqueous 0.69% by mass sodium chloride solution 13
could be maintained at a height 5 cm from the bottom of a swollen gel 25.
The aqueous 0.69% by mass sodium chloride solution 13 in the tank 11 is
supplied to the inside of the cylinder 22 through an L-shaped tube 14
equipped with a cock. A container 33 for collecting a passed liquid is
arranged below the cylinder 22, and the collecting container 33 was placed
on balance and scales 34. The cylinder 22 had an inner diameter of 6 cm, a
bottom of a lower part of which was provided with No. 400 stainless steel
wire gauze (sieve opening 38 um) 26. A lower part of a piston-style weight
21 is provided with holes 23 sufficient to allow liquid permeation, and a
glass filter 24 having excellent transmittance was provided at the bottom
thereof so that a water-absorbent resin or a swollen gel thereof is not
entered into the holes 23.

[0078] (¢)  Measurement of Flow-Through Rate

In a cylindrical container 20 was evenly placed 0.9 g of a water-
absorbent resin, and the water-absorbent resin was allowed to swell for 60
minutes in a synthetic urine under a load of 2.07 kPa using a piston-style
weight 21, to form a swollen gel 25.

[0079] Next, under a [oad of 2.07 kPa, an aqueous 0.69% by mass sodium
chloride solution 13 was supplied from the tank 11 to a swollen gel 25 at a
constant static pressure capable of maintaining a height of a liquid interface
inside the cylinder 22 of the aqueous solution 13 to a height 5 cm above the
bottom of the swollen gel 25.

[0080] The mass of the aqueous solution 13 entering the collecting
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container 33 after passing through the swollen gel 25 over a period of 10
minutes from the beginning of the supplying of the aqueous solution 13 was
measured, and defined as a flow-through rate ([g/10 minutes]). This

measurement was carried out at room temperature (20° to 25°C).

5 [0081] [Example 1]

10

A 2-L cylindrical round bottomed separable flask equipped with a
stirrer, double-paddle blades, a reflux condenser, a dropping funnel, and a
nitrogen gas inlet tube was furnished. This flask was charged with 340 g of
n-heptane, and 0.92 g of a sucrose stearate (manufactured by Mitsubishi-
Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a
maleic anhydride-modified ethylene-propylene copolymer (manufactured
by Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto as
dispersion stabilizers. The temperature was raised to 80°C to dissolve the

surfactant, and thereafter the solution was cooled to 50°C.

15 [0082] On the other hand, a 500 mL-Erlenmeyer flask was charged with

20

92 g (1.02 mol) of an 80% by mass aqueous solution of acrylic acid, and
146.0 g of a 21% by mass aqueous sodium hydroxide was added dropwise
thereto with cooling from external to neutralize 75% by mol. Thereafter,
0.11 g (0.41 mmol) of potassium persulfate as a radical polymerization
initiator, and 1.6 mg (0.09 x 10 mmol, corresponding to 0.9 x 10 mol per
100 mol of the monomers for the first step) as an internal-crosslinking
agent were added thereto to dissolve, to prepare an aqueous monomer

solution for the first step.

[0083] An entire amount of the above-mentioned aqueous monomer

25

solution for the first step was added to the above-mentioned separable flask,
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and the internal of the system was sufficiently replaced with nitrogen.
Thereafter, the flask was immersed and heated in a water bath kept at 70°C,
and a first-step polymerization was carried out for 30 minutes, to give a

reaction mixture for the first-step polymerization.

[0084] On the other hand, another 500 mL-Erlenmeyer flask was charged

with 128.8 g (1.43 mol) of an 80% by mass agueous solution of acrylic acid,
and 159.0 g of a 27% by mass aqueous sodium hydroxide was added
dropwise thereto with cooling from external to neutralize 75% by mol.
Thereafter, 0.16 g (0.59 mmol) of potassium persulfate as a radical
polymerization initiator, and 0.02 g (1.15 x 10" mmol, corresponding to

8.0 x 10™ mol per 100 mol of the monomers for the second step) as an
internal-crosslinking agent were added thereto to dissolve, to prepare an

aqueous monomer solution for the second step.

[0085] The above-mentioned aqueous monomer solution for the first step

was then cooled to 22°C. The aqueous monomer solution for the second
step mentioned above at the same temperature was added to the internal of
the system to allow the aqueous monomer solution to be absorbed for 30
minutes and at the same time the internal of the system was sufficiently
replaced with nitrogen. Thereafter, the flask was again immersed in a water
bath at 70°C, the temperature was raised, and a second-step polymerization

was carried out for 30 minutes.

[0086] After the second-step polymerization, the reaction mixture was

heated with an oil bath at 125°C, and n-heptane and water were subjected to
azeotropic distillation to remove 220 g of water to the external of the

system, while refluxing n-heptane. Thereafter, 8.17 g (0.94 mmol) of a 2%



11 25.8 80 Ex. 5 [ 0097] a) Anbunt based on 100 nol of

wat er - sol ubl e et hyl enically unsaturated nononer. 5[0098]I1t is clear
fromTable 1 that water-absorbent resins having excellent performance
in flowthrough rates were obtained acc86ding to the nethods of
Exanples 1 to 5. [0099] On the other hand, in Conparative Exanples, in.
a case of a nethod where the anmount of an internal-crosslinking agent
for the first step is |arge 10(Conparative Exanple 1), the anpunt of
particles in thgueonnsalntion aécthylansrelyeol diglysidd stharavassadded thereto, and
wat er - absor bent resin having slower flowthrough rate was obtai ned.

| n cases wher e apst-gmenshnkingfrea¢tiomwes pairiedras ak BAKC der 2 bsursagent f or
t he second step are small (Conparative Exanples 2 and 3), the gaps
bet ween t he partubsequenilyeths rggefden misture was bgatsidoritly pn oildbaih keptates,
so that water-absorbent resins having slower flowthrough rates were
obt ai ned. I n cdg8SCwhrd B-heptanervavenaporatad to drreasito Givess28 A8 olga

agent for the second ) . .
5 water-absorbent resin (A). The resulting water-absorbent resin had a

median particle size of 380 um and a water content of 7.1%. The
measurement results for each of the properties are as shown in Table 1.
[0087] [Example 2]
The same procedures as in Example 1 were carried out except that

10 the amount of the internal-crosslinking agent for the first step was changed
to 2.8 mg (0.16 x 10 mmol, corresponding to 1.6 x 10™ mol per 100 mol
of the monomers for the first step), and that the amount of the internal-
crosslinking agent for the second step was changed to 0.03 g (1.72 x 107!
mmol, corresponding to 12.0 x 10 mol per 100 mol of the monomers for

15 the second step), to give 230.1 g of a water-absorbent resin (B). The
resulting water-absorbent resin had a median particle size of 370 uym and a
water content of 7.6%. The measurement results for each of the properties
are as shown in Table 1.

[0088] [Example 3]

20 The same procedures as in Example 1 were carried out except that
the internal-crosslinking agent was changed to N,N’-
methylenebisacrylamide, that the amount of the internal-crosslinking agent
for the first step was changed to 4.6 mg (0.30 x 10 mmol, corresponding
to 2.9 x 10” mol per 100 mol of the monomers for the first step), and that

25 the amount of the internal-crosslinking agent for the second step was



5step are | arge (Conparative Exanples 4 and 5), the gaps between the
particles are narrow, so that water-absorbent resins having sl ower
fl owthrough rates were obtained. [0100] Next, absorbent materials and

absorbent articles were prepared 31 usi ng the wat er-absor bent
resins obtained in Exanples 1 to 5 and 10Conparati ve Exanples 1 to 5.,
[ 0101] [ Exanpl e 6] Ten grans of the water-absorbent resin (A

obtained in Exanple 1 and 10 g of crushed wooden pulp were

dry- bl ended wi tchanged te0.03and . @he 16 xnurod, o@sesppndingttodsd.6 xsliremphpeyr
havi ng sizes of 40 cmx 12 cmand a 15weight of 1 g. Thereafter,

ti ssue paper ha¥iOngol bEtheamenamessfoatitt seeongdstepdstol @ye28.5fg ofia swater-
upper part, and forned into a sheet. A 196 IcPa | oad was applied to
the entire sheabsérbenBesse@@OndEhe mspliegswatee-abbarbent tekir ledila giediang an
absorbent material. The resulting absorbent material was sandw ched
with a pol yet hydaetiee aize-dfttdugin, angor water Icogtend op Er3¥%allhe mémsaremetit
havi ng di nensions of 40 cmx 12 cmand a basis weight of 20 g/nR, and
a pol et hyl ene rasultstfor sachhopthequepéttigsack angmwreitblablsHeet havi ng t he
same di mensions and the sane basis weight. [0102][ Exanple 7]

The sanme pr{008%ures qExampkxdhpl e 6 were carried out except that

25t he wat er-absorbent resin (B) obtained in Exanple 2 was used, to
give an 36 absorlersamenprecediresnas imbxabpty Davere aatried et escept thate
absorbent material. [0103][ Exanpl e 8] The sane procedures
as in Exanpl e shaemeuontef ihedntennalesrossdinkinmagarti donbedirstigiep masrahanged
resin (C) obtained in Exanple 3 was used, to give an Sasbsorbent

material and aro8Fmei@A8 ¥ri0i anmalseargesppadinggordyé it 1 Gramel pat 100 mol
[ 010?(]) [ Bxanpl e o%]the monomers for the first step), to give 227.9 g of a water-absorbent
resin (D). The resulting water-absorbent resin had a median particle size of
330 pum and a water content of 7.3%. The measurement results for each of
the properties are as shown in Table 1.
[0090] [Example 5]

15 The same procedures as in Example 4 were carried out except that
the amount of the internal-crosslinking agent for the second step was
changed to 0.07 g (4.02 x 10" mmol, corresponding to 28.1 x 10" mol per
100 mol of the monomers for the second step), to give 229.9 g of a water-
absorbent resin (E). The resulting water-absorbent resin had a median

20 particle size of 320 um and a water content of 7.5%. The measurement
results for each of the properties are as shown in Table 1.

[0091] [Comparative Example 1]
The same procedures as in Example 5 were carried out except that
the amount of the internal-crosslinking agent for the first step was changed

25 to 0.01 g (0.57 x 107! mmol, corresponding to 5.6 x 10" mol per 100 mol of



The sane procedures as in Exanple 6 were carried out except that the
wat er - absorbent resin (D) obtained in Exanple 4 was used, to give an
absorbent material and an absorbent article using the absorbent
material. 10[0105][ Exanpl e 101 Thg,sanme procedures as in
Exanple 6 were carried out except that the water-absorbent resin (E)
obtained in Exanple 5 was used, to give an absorbent material and an
absorbent article using the absorbent material. [0106][ Conparative
Exanpl e 6] 15Thke sasnire fedihedhststep)) tdxBmI 0. 6 gWiiewart-absstbent resin
except that the water-absorbent resin (F) obtained in Conparative

Exanpl e 1 was yBRdTht eeltieg anatabsgolant rdsii Bad almedidn partids SizbefiR80
article using the absorbent material. [0107][ Conparative Exanple 7]

20The sane proqgAuh@s water Dofean®f 2.760 WEhe neakitedtbd wesudisdoptadinati the
t he wat er-absorbent resin (G obtained in Conparative Exanple 2 was

used, to give Fpopdrsies hends shwivar irdlatdled. an absorbent article using
t he absorbent nmaterial. [0108][ Conparative Exanple 8] 25The sane
procesiur es [8892 ExaffbomparaveveeExanpliee?] out except that 37 the
wat er - absorbent resin (H) obtained I n Conparative Exanple 3 was used,
to give an absorbent Tietsamegproaediran anbhsExinapie 2mtdre carriesl oug ekbept that
absorbent material. [0109][ Conparative Exanple 9] 5The sane
procedures as ithe bnaopt ef theviateenalaorossnhking agott dpt thetsatondstep was
wat er - absorbent resin (1) obtained in Conparative Exanple 4 was used,
to give an abschbegdd wed.Bmig 038dk b’ abnol berresportding & LS ndOT meol per
absorbent material. [0110][ Conparative Exanple 101 10The sane
procedures as ill00Erahql theGnomomexsdor iledkseoand etepg o gival2$ Beg of a water-
wat er - absorbent resin (J) obtained in Conparative Exanple 5 was used,
to gi%¥e an absabbembentmesar (G). Hnelresnitmgswaiseabsanbentiesinisidg niddgan
absorbent material .

particle size of 380 um and a water content of 7.0%. The measurement

results for each of the properties are as shown in Table 1.
[0093] [Comparative Example 3]
The same procedures as in Example 4 were carried out except that
15 the amount of the internal-crosslinking agent for the second step was
changed to 0.01 g (0.57 x 10! mmol, corresponding to 4.0 x 10° mol per
100 mol of the monomers for the second step), to give 227.4 g of a water-
absorbent resin (H). The resulting water-absorbent resin had a median
particle size of 310 um and a water content of 7.2%. The measurement
20 results for each of the properties are as shown in Table 1.
[0094] [Comparative Example 4]
The same procedures as in Example 2 were carried out except that
the amount of the internal-crosslinking agent for the second step was
changed to 0.05 g (2.87 x 10" mmol, corresponding to 20.1 x 107 mol per

25 100 mol of the monomers for the second step), to give 229.1 g of a water-



[0111] Each of the absorbent articles obtained was eval uated in
15accordance with the follow ng nethods. The results are shown in
Table 2. [0112] < Eval uations of Absorbe Articles > (a)Preparation
of Test Sol utions In a 5-L contairner were placed 30 g of
sodium chloride, 0.9 g of calciumchloride dihydrate, 1.8 g of
magnesi um chl ori de hexahydrate, and 20a proper anmount of distilled

water to conpl efg %eﬁtﬁﬁagﬁen >f%1ﬂ &faI%Br@élH?gééIZhé ﬁ’é?ﬁ?g

pol y(oxyet hyl ene) | sooct er so ution was

and distilled Wahieuns Suridieh aiedale AdidtoroiRamas Mladbment

overal | aqueou t he m'xe

was col ored wi thg %ssg(gﬁleg @gpg{éﬁpn@geﬁeg |rre ggl?erTﬁﬂ%rle a test

solution. 25[0113 i qui tion An absor bent
article waggpbgeed o n{}g? %‘%1}*5 e. A cylindrical cylinder

havi ng an inneﬁ}:dl anet er mvvaéﬁg?]aced near the central section
of this body Iiquid- aihll%oé’aﬁﬁﬂf‘]%ro%&ﬁx%k 8s nilﬂsia Rﬁéh %er&%afne%%wéxegpemét
supplied into the solution at one tine. e sanme tinme, a

period until thge hﬁﬁ)hnﬁefﬂ{e'1ﬁfbrﬁﬁlﬂab§§lﬁil&n£h§éiﬂ%@ﬂfe%\ﬁ@§d %g{ewsed

with a stopwatch, which is referred to as I qui d perneation

time (sec). NexhansdiPiod®Q9% {5/)/46 ndgy! Mﬁﬁ)lr(g({ﬂ?éléﬁgrl i om&ggfrﬁmol per

article was kept ih that st t he above’ cylin

pl aced at the S@WEMBPSF theQRoRSmbRok 'tHeséecbhﬂlﬁtéﬁ)H%rgW@QQS“S ¢ bR wakdrer
30 mnutes and after 60 mnutes from 10t he begi ini ng of the supplying

of the first t%%hox%@hﬂidsﬁﬂ(]? TheBasilify $RE&Q0shsafskt édiA hal Q4h&dian
perneation time (sec). Ato of the humber of seconds for the first

to thyrd |iqui hapgeleBadel (1B 110 0 rﬁ%alﬂare«fa%rcgﬁteh@ow Pl qt}@'méas%rﬁent
perneation time The shorter the total liquid perneation tine, the

nore preferred rééiﬂts%ﬁ@ﬁélﬁﬂfﬂl@rﬁrb%él@les Eﬂs’aﬁiﬁi% fh Thle ILotal liquid

perneation 15tinme is prefera seconds or |less, and nore
preferably ﬁ econd [0114] (c) Amount of Re-wet Af ter
60 mnutes [ ig d friﬁﬁé]ﬁeﬁt erm nati on of the neasurenent of the

| iquid perneation tinme nentioned above, the cylinder was renoved,



20about” 80 sheets of filter paper of 10 cm each side, of which mass
was previously neasured (W (g), about 70 g), were stacked near the

|l iquid feeding position of the body |iquid-absorbent article, and a 5
kg wei ght having a size of 10 cm x 10 c@fwas pl aced thereon. After 5
m nutes of applying a |oad, the mass (W (g)) of the filter papers
was neasured, and an 25increased nmass was defined as the amount of
re-wet (g) as follows: 39 Anmount of Iy ¢ Re-wet (g) = W - We The
smal ler the ampunt _of re-wet, it can be said that it is nore
preferred as an absorbent Aarti cl B/A FOWageraR®IkAtion he Fag®wLTtiroaghr e- wet

is preferably 30 g or less, and nore y 28
5[0115] (d) Di f f usi on Lengt h The gj; Sy ﬁize%%a?é i?iﬁl\‘:e%%s
lotad

19

| ongi tudi nal direction of each of the Ho %gﬁ? arti ch the
test solution was permeated was measured within 5 mREER ®the
measur enent of the above anpunt of re-wet. Here, th&ohiimical
figures bel ow t he decimi[)sbmi@b wer e roundeg]of f to a]iOheamest] whol e
nunber. The |l a 1 i i i i 3 ;
the nore favorabl'é the diffusibility of the'%est solution;"so that it
can be that they¥ae preflkbred. [9116][Tad%02] 40 Tabl el4Y Resin

Used Liquid Permggagion Tiywg [sec]s 28.8 178
Ex. 4 4.7 3 27.9 287
Ex. 5 4.7 6 27.1 211
Comp. 5.6 5 26.5 73
Ex.1
Comp. - 1.6 1 334 34
Ex. 2
Comp. 47 1 31.8 51
Ex. 3
Comp. 1.6 13 28.8 65
Ex. 4
Comp. 4.7 11 25.8 80
Ex. 5

[0097] a) Amount based on 100 mol of water-soluble ethylenically

unsaturated monomer.

5 [0098] It is clear from Table 1 that water-absorbent resins having excellent
performance in flow-through rates were obtained according to the methods
of Examples 1 to 5.

[0099] On the other hand, in Comparative Examples, in a case of a method
where the amount of an internal-crosslinking agent for the first step is large
10 (Comparative Example 1), the amount of particles in the form of fine

powder is large, so that a water-absorbent resin having slower flow-through

rate was obtained. In cases where the amounts of an internal-crosslinking
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agent for the second step are small (Comparative Examples 2 and 3), the
gaps between the particles are clogged due to expansion of the particles, so
that water-absorbent resins having slower ﬂdw-through rates were obtained.
In cases where proportions of an internal-crosslinking agent for the second
step are large (Comparative Examples 4 and 5), the gaps between the
particles are narrow, so that water-absorbent resins having slower flow-

through rates were obtained.

[0100] Next, absorbent materials and absorbent articles were prepared

using the water-absorbent resins obtained in Examples 1 to 5 and

Comparative Examples 1 to 5.

[0101) [Example 6]

Ten grams of the water-absorbent resin (A) obtained in Example 1
and 10 g of crushed wooden pulp were dry-blended with a mixer, and the
mixture was sprayed on tissue paper having sizes of 40 cm x 12 cm and a
weight of 1 g. Thereafter, tissue paper having the same sizes and weight
was layered from an upper part, and formed into a sheet. A 196 kPa load
was applied to the entire sheet for 30 seconds to press the sheet, thereby
giving an absorbent material. The resulting absorbent material was
sandwiched with a polyethylene air-through, porous liquid-permeable sheet
having dimensions of 40 cm x 12 cm and a basis weight of 20 g/m?, and a
polyethylene air-through porous liquid-impermeable sheet having the same

dimensions and the same basis weight.

[0102] [Example 7]

The same procedures as in Example 6 were carried out except that

the water-absorbent resin (B) obtained in Example 2 was used, to give an
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absorbent material and an absorbent article using the absorbent material.
[0103] {Example 8]

The same procedures as in Example 6 were carried out except that

the water-absorbent resin (C) obtained in Example 3 was used, to give an
5 absorbent material and an absorbent article using the absorbent material.
[0104] [Example 9]

The same procedures as in Example 6 were carried out except that
the water-absorbent resin (D) obtained in Example 4 was used, to give an
absorbent material and an absorbent article using the absorbent material.

10 [0105] [Example 10]

The same procedures as in Example 6 were carried out except that
the water-absorbent resin (E) obtained in Example 5 was used, to give an
absorbent material and an absorbent article using the absorbent material.

[0106] [ Comparative Example 6}

15 The same procedures as in Example 6 were carried out except that
the water-absorbent resin (F) obtained in Comparative Example 1 was used,
to give an absorbent material and an absorbent article using the absorbent
material.

{0107] [Comparative Example 7]

20 The same procedures as in Example 6 were carried out except that
the water-absorbent resin (G) obtained in Comparative Example 2 was used,
to give an absorbent material and an absorbent article using the absorbent
material.

[0108] [Comparative Example §]

25 The same procedures as in Example 6 were carried out except that
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the water-absorbent resin (H) obtained in Comparative Example 3 was used,
to give an absorbent material and an absorbent article using the absorbent
material.

[0109] [Comparative Example 9]

The same procedures as in Example 6 were carried out except that
the water-absorbent resin (I) obtained in Comparative Example 4 was used,
to give an absorbent material and an absorbent article using the absorbent
material.

[0110] [Comparative Example 10]

The same procedures as in Example 6 were carried out except that
the water-absorbent resin (J) obtained in Comparative Example 5 was used,
to give an absorbent material and an absorbent article using the absorbent
material.

[0111] Each of the absorbent articles obtained was evaluated in
accordance with the following methods. The results are shown in Table 2.
[0112] < Evaluations c;f Absorbent Articles >
(a) Preparation of Test Solutions

In a 5-L container were placed 30 g of sodium chloride, 0.9 g of
calcium chloride dihydrate, 1.8 g of magnesium chloride hexahydrate, and
a proper amount of distilled water to completely dissolve. Next, 7.5 g of an
aqueous 1% by mass poly(oxyethylene) isooctylphenyl ether solution was
added thereto, and distilled water was further added to adjust the mass of
the overall aqueous solution to 3000 g. Thereafter, the mixed solution was
colored with a small amount of Blue No. 1 to prepare a test solution.

[0113] (b)  Liquid Permeation Time
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An absorbent article was placed on a horizontal table. A
cylindrical cylinder having an inner diameter of 3 cm was placed near the
central section of this body liquid-absorbent article, and a 50 mL test
solution was supplied into the solution at one time. At the same time, a
time period until the test solution completely disappeared was measured
with a stopwatch, which is referred to as a first liquid permeation time (sec).
Next, the above cylinder was removed, the absorbent article was kept in
that state, the above cylindrical cylinder was placed at the same position as
the first liquid permeation time after 30 minutes and after 60 minutes from
the beginning of the supplying of the first test solution, to measure second
and third liquid permeation time (sec). A total of the number of seconds for
the first to third liquid permeation time is referred to as a total liquid
permeation time. The shorter the total liquid permeation time, the more
preferred the absorbent article. For example, the total liquid permeation
time is preferably 70 seconds or less, and more preferably 65 seconds or

less.

[0114] (c)  Amount of Re-wet

20

25

After 60 minutes passed from the termination of the measurement
of the liquid permeation time mentioned above, the cylinder was removed,
about 80 sheets of filter paper of 10 cm each side, of which mass was
previously measured (We (g), about 70 g), were stacked near the liquid
feeding position of the body liquid-absorbent article, and a 5 kg weight
having a size of 10 cm x 10 cm was placed thereon. After 5 minutes of
applying a load, the mass (Wf (g)) of the filter papers was measured, and an

increased mass was defined as the amount of re-wet (g) as follows:
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Amount of Liquid Re-wet (g) = Wf— We
The smaller the amount of re-wet, it can be said that it is more preferred as
an absorbent article. For example, the amount of re-wet is preferably 30 g
or less, and more preferably 28 g or less.

5 [0115] (d)  Diffusion Length

The diffusion size (cm) in the longitudinal direction of each of the
absorbent articles in which the test solution was permeated was measured
within 5 minutes after the measurement of the above amount of re-wet.
Here, the numerical figures below the decimal place were rounded off to a

10 nearest whole number. The larger the numerical figures for the diffusion

length, the more favorable the diffusibility of the test solution, so that it can

be that they are preferred.

[0116] [Table 2]
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Table 2
Resin Liquid Permeation Time  Amount Diffusion
Used [sec] of Re-wet  Length
1 2 3 Total [e] [cm]

Ex. 6 A 21 19 28 68 28.2 17
Ex. 7 B 22 18 25 65 27.1 19
Ex. 8 C 21 17 24 62 27.5 19
Ex. 9 D 20 17 20 57 25.8 21
Ex. 10 E 20 18 21 59 26.8 20
Comp. F 22 20 29 71 33.1 16
Ex. 6

Comp. G 23 22 36 81 32.6 14
Ex. 7

Comp. H 22 20 33 75 31.8 15
Ex. 8
Comp. I 21 20 31 72 324 15
Ex. 9

Comp. J 21 19 29 69 33.5 16
Ex. 10

[0117] As is clear from Table 2, it can be seen that the absorbent articles

of Examples 6 to 10 in which the water-absorbent resins (A) to (E) having
excellent flow-through property were used had short liquid permeation time
and small amounts of re-wet.

[0118] On the other hand, in Comparative Examples, all of the absorbent
articles, including one having a large amount of an internal-crosslinking
agent for the first step and lowered performance in flow-through rate
(Comparative Example 6), ones having smaller proportions in an internal-
crosslinking agent for the second step and lowered performance in flow-

through rates (Comparative Examples 7 and 8), and ones having larger
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10) have worsened performance in flow-through rates and diffusion length
of the absorbent articles. Therefore, ones having lowered water-retention
5 capacity of saline solution (Comparative Examples 6 and 10) are more

likely to have larger amounts of re-wet.

INDUSTRIAL APPLICABILITY

[0119] Since the water-absorbent resin obtained by the method according
10 to the present invention has excellent flow-through property, the water-
absorbent resin is especially suitably used as hygienic materials such as

thinned sanitary napkins and disposable diapers.

EXPLANATION OF NUMERICATL SYMBOLS

15 [0120] 11 tank
12 glass tube for static pressure adjustment
13 aqueous 0.69% by mass sodium chloride solution

14 L-shaped tube with a cock
15 cock
20 20 cylindrical container
21 piston style weight
22 cylinder
23 hole
24 glass filter
25 25 swollen gel
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[daim1] A nethod for producing a water-gbsorbent resin conprising
subjecting prinmary particles obtained by~a first-step reversed phase
5suspensi on pol yneri zation to aggl oneration according to a _
second- step reversed phase suspension polynerization, each step using

an internal crosslinking agent-added watgj - ble ethylenically
unsat urat ed nononer, characterized in t?ra‘fﬁg[—%nd B satisfy the

relationships of: 10A 5. 5.0 x 10-3, and 2 B/A .s 10, wherein an
anount of the internal-crosslinking agent added in the first-step

, 10 f _ L Al A
OS5 R A P PR SRS SOt

an amount of thesubdcein rir%l 1Bk RB A& by adfiedste r{:%s&ff?ﬁ}@ﬁep

15nonomers, based on 1 the water-sol uble ethylenica

unsat grat ed MONOfEBpenttHpblynidifratith 9 AgglctReratisn d6ldrlffl 8% &cBRY-step
reversed phase suspension polymerization, each step using an internal-
crosslinking agent-added water-soluble ethylenically unsaturated
monoiner,
characterized in that A and B satisfy the relationships of:
10 A<5.0x 107 and 2<B/A <10,
wherein an amount of the internal-crosslinking agent added in the first-
step monomers, based on 100 mol of the water-soluble ethylenically
unsaturated monomer used in the first step, is defined as A mol, and an
amount of the internal-crosslinking agent added in the second-step
15 monomers, based on 100 mol of the water-soluble ethylenically
unsaturated monomer used in the second step, is defined as B mol.
(Claim 2]  The method for producing a water-absorbent resin according to
claim 1, wherein the internal-crosslinking agent is at least one member
selected from the group consisting of (poly)ethylene glycol diglycidyl
20 ether, (poly)propylene glycol diglycidyl ether, (poly)glycerol diglycidyl
ether, and N,N’-methylenebis(meth)acrylamide.
[Claim 3]  The method for producing a water-absorbent resin according to
claim 1 or 2, wherein after the termination of the second-step reversed
phase suspension polymerization of the water-soluble ethylenically

25 unsaturated monomer, a post-crosslinking agent is added to carry out post-



[Cl aiim 2] The nethod for producing a water-absorbent resin according
to claim1, wherein the internal-crosslinking agent is at |east one
menber sel ected fromthe group consisting of (poly)ethylene glycol
di gl yci dyl 20et her, (poly)propylene glyaggl diglycidyl ether,
(poly)glycerol diglycidyl ether, and .
N, N - met hyl enebi s(net h)acryl am de. [ aim 3] The method for producing
a wat er-absorbent resin according to claiml or 2, wherein after the
term nation of tdnesshiekinpd- step reversed phase suspension
pol yneri zation of the water-soluble ethylenically 25unsat urat ed
mononer, a [dsin 4 os sThawketigpdaipe prodikiggld edhi¢realssarbont eedin posdrdingdth any
erossli nlcing. [Caim4] The nethod for produci ng a water-absorbent
resin accordi ng dne cfreyainmsel tf 3,cvhemem Waten-sdlublb ethyilenivallye un savhratdde
et hyl eni cal |y unsaturated nononer is at |east one nenber sel ected
fromthe group aomsomer 3Gt déashone itenamar sklectesiclirdmahe gadis cormdstangf of
(meth)acryl am de, and N, N- di net hyl acrylam de. [Cl aim5]A
wat er5 absor bent (meth)acothicaicnddr baltst theremé} (mozth erdefiidgdndiNAy one of
claims 1 to 4. [Claim6]An absorbent material conprising the
wat er - absor bent dimsthylasylbiidei ned in claim 5 and a hydrophilic
fiber. [Claim7]An absorbent article conprising the absorbent article
as defi ned [Chaiol 8] m A wat¢rdalsetberd mesin lobtpanet! by thenielto dsdredatlinddnany
l'i qui d-i nmper neabl e sheet. 15

one of claims 1 to 4.

[Claim 6]  An absorbent material comprising the water-absorbent resin as
10 defined in claim 5 and a hydrophilic fiber.
[Claim 7]  An absorbent article comprising the absorbent article as defined in
claim 6, held between a liquid-permeable sheet and a liquid-impermeable

sheet.
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