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BODY, ABSORPTI VE ARTI CLE, AND WATER- SEALI NG MATERI AL Technical Field

[ 0001] The present invention relates to a water-absorbent resin
particle, a nmethod of producing a water-absorbent resin particle, an
10absorbent material, an absorbent article, and a water bl ocking

mat eri al . Background Art [0002] Water-absorbent resin particles have
been used in hygienic materials such as disposabl e di apers and
sanitary articles, agricultural 15 materials such as water-retaining
materials and soil conditioners, INRCREBEEON al materials such as

wat er bl ocki ng ' far cables and dewcatchers. In addition to
t hese appli cat irlgﬁé,%qlﬂ%e%ﬂogl ds in which water-absorbent resin

particles are JPATERd ABSORBINGERESRYAPAMITICN.ASSCRMETNOW SFOR
i nclude aninal waste treatnent materials such as pet 20 sheets and

toilet fornul aM@P@WTHB&GOWP&E% ABBORBING REISIMt BARRIGLES,
ot o' 3o cOURORETIBAE BN | ndBRb TR B PO
wat er - absor bentywAEER ISHAr INGhEATHREA I n such applications include
hi gh wat er - absor pti on capacity, superior water-absorption rate and a
Technical Field
[0001] The present invention relates to a water-absorbent resin
particle, a method of producing a water-absorbent resin particle, an
10 absorbent material, an absorbent article, and a water blocking
material.
Background Art
[0002] Water-absorbent resin particles have been used in hygienic
materials such as disposable diapers and sanitary articles, agricultural
15 materials such as water-retaining materials and soil conditioners, and
industrial materials such as water blocking materials for cables and
dew-catchers. In addition to these applications, the fields in which
water-absorbent resin particles are applied have further expanded in
recent years to include animal waste treatment materials such as pet
20 sheets and toilet formulations for dogs or cats, portable toilets, air
fresheners, absorbent drip sheets for meats and formulations for
moisturizing cosmetics. Examples of the performance required by
water-absorbent resin particles used in such applications include high
water-absorption capacity, superior water-absorption rate and a

25 suitable particle size corresponding to the application.

[0003] Among these applications, a comparatively large amount of



25sui tabl e particle size corresponding to the application. [0003]
Anmong these applications, a conparatively |arge amount of body fluid
and the like is expected to be discharged with considerable force
onto wat er - absorbent resin particles used in applications which are
special hygienic materials such as adult diapers, incontinence pads,
toilet training pants and heavy day sanitary napkins, water 5

bl ocking materials for cables, pet sheets, portable toilets and the

| i ke. Consequently, in above applications, enphasis has been pl aced
on i nprovenent of absorption capacity and absorption rate,.

. La - ] ., Anbng
t hese, al t houghofly fluid gukibiedike i expectedriobe disshangsd wpth swsidarsbla ty by,
for exanple, adjusti t he anount, of. water-absqr.bent..resin_panticles
10 used, the a%é%P;S’P?%Wa{]eﬁiagsﬁgmr{g??%y%? %ﬁeﬁdﬁéﬂ’ ﬁ@ﬁ%yﬂ'ﬂ@ depend
on uni que prop I - Of ; =S Bidh t;i
Consequent |y, \%% Fgﬁéﬁs?%%ﬁ%gﬂgeﬁﬁﬁgﬁﬁ%% ed pt%f\%slh?%ﬁﬁltegceachi eve
a superior wat @adsbsileptiaining ataetsf and heawr dapssanivayt napdsns) wpatet i cl es.

15[ 0004] F | e, th tt I i i on,

ot hod his beehlakit matesielsdor ordes PPHiLPRobebly IaId 431 6 likfo
surface of a resjn._o N in-the | i agent
Cabe Pt ont Ll Seenseareitd i RRsombiRidl” oIBR8 s Feefl AR 0 29
rever sed- phase h%?ﬁﬁ%ﬁ}%hﬁ%f aboRp@o "Rphdat bed absorptbhadiel S Adh&ed osed

in which an acrylic acidJacryl ate aqueous solution is suspended in an
alicyclic or althgshaalttoupldtiegastible te accamnmoiiatetaheorptien erpreitybya

factant havi HLB yal f 8 to 12 foll by c. i t
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pol yneri zed i nont herigueesgopertiel af wiicer wates-abdoehdntr essim pantichey. a

di fferent water-absorption rate (see Patent Literature 3). Citation
Li st Patent LitGansequeatly, various studies have been conducted thus far to

achieve a superior water-absorption rate for water-absorbent resin
particles.

15 [0004] For example, with respect to aqueous polymerization, a
method has been disclosed for crosslinking the vicinity of the surface
of a porous resin obtained in the presence of a foaming agent (see
Patent Literature 1).

[0005] In addition, with respect to reversed-phase suspension

20 polymerization, a method is disclosed in which an acrylic
acid/acrylate aqueous solution is suspended in an alicyclic or
aliphatic hydrocarbon solvent in the presence of a surfactant having
an HLB value of 8 to 12 followed by carrying out reversed-phase
suspension polymerization on the acrylic acid/acrylate (see Patent

25 Literature 2), while another method is disclosed in which a

water-soluble ethylenically unsaturated monomer is polymerized in



5[ Patent Literature 1] W97/3114 [Patent Literature 2] Japanese

Pat ent Application Laid-open No. S56-131608 [Patent Literature 3]
Japanese Patent Application Laid-open No. H9-151224 10Sunmary of

I nvention Techni cal Problem [0007] In addition, an exanple of a

met hod typically used to inprove the water-absorption rate of

wat er - absorbent resin particles consists of reducing the particle
size of the water-absorbent resin particles. 15 However, when the
particle size of water-absorbent resin particles is reduced, fluidity
becomes poor and handling ease of the particles tends to bhecone
difficult. Accdii Pge§aces Qfptthowatesabwupnt ¢9fn BaNABCces difierent

wat er - absorpti a . -, i3 particles while
retaining suita téera%gfn%ﬁlgpghgi(sz’%%@%ﬁ%n%ﬁt&%lesﬁ'e, according to a study

conducted by t lgtdtineeniser s of the present invention, the
wat er - absorbent resin particle disclosed in W 97/3114 was unable to
satisfy requir dstentditeratixst h particle size and water-absorption

rate. In_additi ordin t.ydy conducted by the inventors of
the presént i nﬁ#’?ﬁﬁ%@“%&%@@l%mt er-absorbent resin particles
di sclosed in J ieAhgRat j i ah d= + 1 SHB- 608 and
Japanese Paten@ﬁ%p iltgatl onzf\gl -%g‘%n %cl)llt ‘kﬁg"%ﬁg’izﬂﬂgé’g’%]ﬁé

conparatively Ka6g81pé8ticle size and have superior handling ease and
wat er - absorption rate, since_the hydrocarbon dispersion nmedi um used
when produci ng [R#tentphiteratires3) dapangse Watami nApplecapant k-aidwper Nehe form
of a volatile I-f_b- onpgnent for exanple, a foul odor is generated
fol |l ow ng wat er "absofption. As a result, there is the possibility

that thggodor ganAhakeef Hivehfignuse of products containing the
wat er - absorbent resin particles inpairs the confort of users (such as

wearers). |n adéchmioal Prdidemanount of residual volatile conponents is
al so desired t ?Oébe/] llgve\llddition, an example of a method typically used to improve
the water-absorption rate of water-absorbent resin particles consists
of reducing the particle size of the water-absorbent resin particles.
15 However, when the particle size of water-absorbent resin particles is
reduced, fluidity becomes poor and handling ease of the particles
tends to become difficult. Accordingly, a method is sought that
enhances the water-absorption rate of water-absorbent resin particles
while retaining suitable particle size.
20 [0008] Here, according to a study conducted by the inventors of the
present invention, the water-absorbent resin particle disclosed in WO
97/3114 was unable to satisfy requirements for both particle size and
water-absorption rate. In addition, according to a study conducted
by the inventors of the present invention, although the
25 water-absorbent resin particles disclosed in Japanese Patent

Application Laid-open No. S§56-131608 and Japanese Patent



10 fromthe viewpoints of consideration for the production process
envi ronment and i nprovenent of water absorption. [0009] Therefore, in
one aspect thereof, a primary object of the present invention is to
provi de a wat er-absorbent resin particle which has superior handling
ease, inhibits the generation of odor followi ng 15 water absorption
and has a superior water-absorption rate, a water-absorbent material,
a wat er-absorbent article and a water blocking material. [0010] In
anot her aspect thereof, a primary object of the present invention is
to provide a nethod that enables the groduction of a 20

wat er - absor bentAppEsatiprphaid-epea Neadlhh3lZdpkavcod cREWETAtVElYel#E has a

superior water-absorption . rate, an .10 esi il e
conponent | cont BREESarL AR RRpL AR ding st F e Yhiho

i nvention provigdessifeaikHydaBeidedibpdr§ish PncdPBa sk kheh Brodiicedk a

wat er - absorption rate of physiological saline is 1 second to
seconds, a nedilenpaticles cemagiszwithin @0partickes iB0bBe dfoym ofrad valatiési dual
vol atil e_conponent content is 1.5% ight or less. [Q012] The
above- meft i oneaoﬂﬁ?’é?mag%ro‘l"’ﬁé‘}ﬂ e=r%st€‘¥[ %g‘?rtliscgeé‘e’f?é%‘fz‘i}ﬁg'ﬁp%r #ehdl i ng
ease because i - 3. panti gl . Z i :8) khiRjts the
generati on of %%%?ﬁt%%f'l 0\;“\*,1 ng %g er a%éoi?pﬁéoh,gggﬁ%@hggﬁa shgglﬁi or

wat er - absor pt i géndrated duti@ Lis¢ off ?@d&bl@\cenﬁﬁﬁﬁg' theadatemsissorians tashent
resin particle may have a specitic surface area of 0.08 "Q/g?' or nore.
The wat er - absoppitictss imgeiss 8fe qameloviealasersfsushws rearss). n Ipadditione can

be further | mpyoved by MEkng. g, ARELELESHL] A6 ALER Lew i 0
10 from the viewpoints of consideration for the production process
environment and improvement of water absorption.
[0009] Therefore, in one aspect thereof, a primary object of the
present invention is to provide a water-absorbent resin particle which
has superior handling ease, inhibits the generation of odor following
15 water absorption and has a superior water-absorption rate, a
water-absorbent material, a water-absorbent article and a water
blocking material.
[0010] In another aspect thereof, a primary object of the present
invention is to provide a method that enables the production of a
20 water-absorbent resin particle that has superior handling ease, has a
superior water-absorption rate, and has a low residual volatile
component content,
Solution to Problem
[0011] The present invention provides a water-absorbent resin

25 particle in which a water-absorption rate of physiological saline is 1

second to 15 seconds, a median particle size is 100 pm to 600 pm,



10range. [0014] The above-nenti oned wat er-absorbent particle may have
a water-absorption capacity of the physiological saline of 30 g/g to
90 [0015] In another aspect thereof, the present invention provides a
15 nmet hod of produci ng a water-absorbent resin particle. The nethod
according to the present invention may include in the follow ng
order, a first polynerization step including obtaining a suspension
containing a water-containing gelated pol yner by polynerizing a

wat er - sol ubl e et hyl eni cally unsaturated nononer in a suspension 20
whi ch contains a i contai ning a hyd rbon di spersion

oi I,y Liqui r

medi um a fi rstaﬂa&Js%%%al|V%§q33ﬁ°%ﬂ%ﬁnﬁm§el§ds éé?fg ﬂ@’%@}t@éﬁ)ﬁ&& the
wat er - sol ubl e e t ang.: lica
pol yreri zat i onTPQﬁJ%eoﬁﬂogﬁﬁ@gﬂ%‘fa%% gﬁ?ﬂ av%nrﬁg %rlflé%ﬁﬂgva?sue of 6
or hi gher, and siperidtit@Adlitieedse betarie UciRidSs parfele dide oAl HREBISQFkel N t he
oily 25liquid; and a second polynerization step including mxing a
suspensi on contizhihiththet graeesioaof odar flkiwige geiten abdorptioypnand has 45C  or
hi gher wi.th a second a uid containing an aqueous solvent, a

g
wat er - soPubl e éfﬂ???érﬂ'ag%% ungﬁ’JQ fCat ed mononer and a radi cal
pol ymer i zat i on (pe3]i BHeO labodiheRAbYIE AbshsbRnY b §h- Rﬁﬂlﬁgﬁé Spay

ethyl enically unsaturated nononmer I n a suspension In
5second aqueouhalé qai dpdcifid untrfsee dieapefsOMS [ 6br Amoss.er - Elsor bent

resin particle obtained by the above-nentioned nethod has a superior
wat er - absor pt i SfterzAbEOIPiR ciRe PT B¢ rreater-ahsorient resib SEF A ICaR S n

of a sui tanl o SetinpAel SRR OBERARARE. AR Colli R ") £

al so hagpa | owrarg®i dual vol atile conponent content, it is able to
di m ni sh the problemof the generation of a foul odor follow ng water
absor ption. [0§A014] I Thet Akoveboertionsdt welsedbsozoen doapdtly meay dave an st ep,

the tenperature of the suspensi.on | i ch, the secon gueous_|iquid
has 15been f ur PGP SRBPE SAPI telle PRESIOIO RGBS Shitbp edbdthy of
the suspensiong gy th the second aqueous |iquid may be 35C or higher.
[ 0018] The residual volatile conponent content can be further reduced
by making the (@0ip¢datanothenfaspos ihespéntheopresdnt tigeritioAeprotidesrgpl et i on
of m xi ng of the second aqueous liquid to be within the
1 method of producing a water-absorbent resin particle. The method
according to the present invention may include in the following order,
a first polymerization step including obtaining a suspension
containing a water-containing gelated polymer by polymerizing a
water-soluble ethylenically unsaturated monomer in a suspension
20 which contains an oily liquid containing a hydrocarbon dispersion
medium, a first aqueous liquid containing an aqueous solvent, the
water-soluble ethylenically unsaturated monomer and a radical
polymerization initiator, and a surfactant having an HLB value of 6
or higher, and in which the first aqueous liquid is dispersed in the oily
25 liquid; and a second polymerization step including mixing a

suspension containing the water-containing gelated polymer at 45°C



20above-nentioned range. [0019] In the above-nentioned first

pol ymeri zation step, the oily liquid may contain 50 parts by wei ght
to 650 parts by weight of the hydrocarbon dispersion nediumrelative
to 100 parts by weight of the water-soluble ethylenically unsaturated
nononer contained in the 25first aqueous liquid. [0020] The present
invention also relates to a nethod of producing a water-absorbent
resin particle provided with a pol ynerization step including

pol ymeri zing a water-sol uble ethylenically unsaturated nononmer in a
suspensi on which contains an oily liquid containing a hydrocarbon

di spersi on medeuntigher avithagueenesd| aepecls et sAnigNiNg 80 AHIHSOUS

lvent and th ter-sol ubl e et hyl enj.cal ) t , th
2queous Sl ventolBHe & WAk il BT eal inteEed BRem R AT, ('S
di spersed in thgiiodll polens éﬂionﬁﬂﬁia@&?ﬁﬁ&'?oﬁﬁﬁéﬁﬂn@@ﬁe Vars6RBid y of

20 rnPas or more at 20C. The suspensi on further contains a surfactant
havi ng an BLB etiylsmicHlly6 unsatiragdemondBenN(214 shspeasion- mbwddidietle r esi n

particle_obtained hy the above: nenti opned nmet hod has a superi or

wat er - absor pt | 6?Pqngtaépe%ﬁﬁ%\‘f§’r5%§flﬁ SRET3R&t er - absor bent resin
particle obtai ya t ) ON L ti d : antic si ze
of a suitable i“?ézjlg? ﬁlkt %%pg%%éﬁgr %gﬁdl gﬁgﬁgﬂsgﬁﬁzgﬁe sibhflcelﬂ%t has a

| ow residual vabedd-hentibemmaated Bantaeupetiér iwatabii®otmiodi 7a®i sh t he
probl em of the generation of a foul odor tollow ng water absorption.

[0022] The aboMomevar sineel the)vedersabisprdpgie resity petticle ebtainsdt by the
ter-sol ubl e thickener, Th - sol upl.e thi . in at

oact one type BreiEioneY SelBH b iR rtu Ry PR ar Bebs,

20hydroxgal kyl s@bhdtddr iaRblikd @8RS aAAdirfcR 1P ANY A as G lovh Yebidhay dblatile

cel | ul oses.

component content, it is able to diminish the problem of the
generation of a foul odor following water absorption.
[0017] In the above-mentioned second polymerization step, the
temperature of the suspension in which the second aqueous liquid has
15 been further dispersed at the time of completion of mixing of the
suspension with the second aqueous liquid may be 35°C or higher.
[0018] The residual volatile component content can be further
reduced by making the temperature of the suspension at the time of
completion of mixing of the second aqueous liquid to be within the
20 above-mentioned range.
[0019] In the above-mentioned first polymerization step, the oily
liquid may contain 50 parts by weight to 650 parts by weight of the
hydrocarbon dispersion medium relative to 100 parts by weight of the
water-soluble ethylenically unsaturated monomer contained in the
25 first aqueous liquid.

[0020] The present invention also relates to a method of producing a



[ 0023] The residual volatile conponent content of the resulting
wat er - absorbent resin particle can be further reduced as a result of

t he aqueous liquid containing the specific water-soluble thickener

25descri bed above. [0024] The present invention also provides a

wat er - absorbent resin particle obtainable by the above-nentioned

met hod, wher ei
physi ol ogi cal

physi ol ogi cal

n (1) a water-absorption capacity of

saline is 30 g/g to 90 g/g, (2) a nedian particle
size is 100 gmto 600 gm 5(3) a water-absorption rate of the

saline is 1 second to 20 seconds, (4). an

equi | i brium swéqu’fﬁ’rnﬁ)Sé!&iS‘ﬁE f@sid; 'ff?ﬁ?e Im:ﬁ"?fledrﬁ‘rlﬁl aambfmerizatlloggatela
|
10[ 0025] The L rTaERER BB ER & kS spible "t W%?%PF t‘?néf‘té“%%%

resi dual vol at

superior handl

al so rel gtes t

10

15

20

25

infit6h 02 On REARPERId whARS &n@ﬁﬁé b bRy Hqali 8dnt i able
size, inhibits the generation of odor fol

has a superi or hydtosarbanshsyeriion m@hmm ah06ackudtes luid eodtainimgent | on

| ydi
%qgeorirjest Qo gellltn%ng tlhg water-soluble ethylenically unsaturated

monomer, the aqueous solvent containing water, and in which the
aqueous liquid is dispersed in the oily liquid. The aqueous liguid
has a viscosity of 20 mPa-s or more at 20°C. The suspension further
contains a surfactant having an HLB value of 6 or higher.

[0021] A water-absorbent resin particle obtained by the
above-mentioned method has a superior water-absorption rate.
Moreover, since a water-absorbent resin particle obtained by the
above-mentioned method has a particle size of a suitable size, it has
superior handling ease, and since it has a low residual volatile
component content, it is able to diminish the problem of the
generation of a foul odor following water absorption.

[0022] The above-mentioned aqueous liquid may further contain a
water-soluble thickener. The water-soluble thickener may contain at
least one type of compound selected from hydroxyalkyl celluloses,
hydroxyalkyl alkyl celluloses and carboxyalkyl hydroxyalkyl
celluloses.

[0023] The residual volatile component content of the resulting
water-absorbent resin particle can be further reduced as a result of the
aqueous liquid containing the specific water-soluble thickener
described above.

[0024] The present invention also provides a water-absorbent resin

| ow ng later absor pti on,

and



15 polynerization step including polynerizing a water-sol uble

et hyl enically unsaturated nononer in a suspension which contains an
oily liquid containing a hydrocarbon di spersion nedi um and an agueous
| i quid containing an aqueous sol vent and the water-sol uble

et hyl eni cal |y unsaturated nononer, the aqueous sol vent containing 20
water, and in which the aqueous liquid is dispersed in the oily

| iquid. The aqueous liquid further contains a hydrophilic polyneric
di spersi on agent. The suspension further contains a surfactant having
an HUB val ue of 6 or higher. 0027] A water-absorbent resin
particl e obt ai padiclgobtpiaablsdiydhe abeyermenisenedanetbed.vekereinsuperi or

wat er - absor ption rat Mor.eovier . .si nce a. wat.er - absor bent,.resi
particle obtained byl AcAELHTRIHI TORED dbeRsdoRests WIS RAR si ze
of a suitable shz@,004/shas superior handling ease. In addition, since
the residual volatile conponent content of the water-absorbent resin
particle is |ow the2psalekeamn mhtitlheizgéntdtpinco 60 pmador fol | ow ng

wat er absorption can_be 5di m ni shed. [0028] The above-nenti oned

hydr ophi Pi ¢ pol yner (@) & ¥p&r8 %ﬂﬁpfé‘é‘bﬁ%terﬁfy!h@oﬁth}’éi ogial) @hige Bk type

of conpound sel ;{aﬁ group consisting of polyvinyl alcohol,
pol yvi nyl pyrrorg?cg%lﬁg?fzgg%e Yl ene glycol, polypropyl ene glycol and

pol ygl ycerol . 10[ 0028] arl b HErR@A WSvek lirpUd 5ha By isCONhA ¢t HoRDdndarts by
wei ght to 10 parts by weight of the hydrophilic polyneric dispersion
agent relative to 1@0) paesidudyolgilgsomponertecantantis 4 5% byeweight

et hyl enically unsat urated nononer. [ 0030] The present

i nvention al soof)feé% des a water-absorbent resin 15particle obtainable

by the gpove- i [ - ) pedi :a1@h ption
30 ”?gt?Zsﬁ’”ﬁﬁ %E@&ﬂlen%ﬁéae?)\gater absorbdnt) rin\aeficlaP gy |

capacity of ph ofogical saline is g/g to 90 g/g, (2)

medi an parti cl eusdrioe hasdlifieasmbbcarBO(t haxa particle size of a suitalfld iz,
o aDSOrPU QN iTs e Heneration of odor following water Bbsorption_and s s © 20
seconds, L 8 g TpLion,
superior water-absorption rate.
[0026] The present invention also relates to a method including a
15 polymerization step including polymerizing a water-soluble
ethylenically unsaturated monomer in a suspension which contains an
oily liquid containing a hydrocarbon dispersion medium and an
aqueous lignid containing an aqueous solvent and the water-soluble
ethylenically unsaturated monomer, the aqueous solvent containing
20 water, and in which the aqueous liquid is dispersed in the oily liquid.
The aqueous liquid further contains a hydrophilic polymeric
dispersion agent. The suspension further contains a surfactant
having an HL.B value of 6 or higher.
[0027] A water-absorbent resin particle obtained by the

25 above-mentioned method has a superior water-absorption rate.

Moreover, since a water-absorbent resin particle obtained by the



(4) an equilibriumswelling capacity is 20 mmor nore, and (5)
a residual volatile conponent content is 1.5% by weight or |ess.

[ 0031] The above-nenti oned wat er-absorbent resin particle has
25superior handling ease because it has a particle size of a suitable
size, inhibits the generation of odor follow ng water absorption, and
has a superior water-absorption rate. [0032] The above-nenti oned
surfactant may contain at | east one type of conpound selected from
the group consisting of sorbitan fatty acid esters, polyglycerol
fatty acid esters and sucrose fatty acid esters, 5.{0033] As a result
of the suspensiBPVEBISRHPRIdEReted hasacpartiele sigef efca switablfesiae.iibbas above,

e o i e

conti nuous phase’in't "t he Ol

di sconti nuous RBASEnért dofeent MO TwdtdieataaiiRAt fesir Patiidie( MW 10ks thDr €
favorabl e, and a preferable formof 10 water-absorbent resin

particl e tendsptablere adsbe gynesitic ofodatfoHowinef watebblesopptidn cdncbssi ze.
[ 0034] The above-nenti.oned wat er-sol ubl e ethyl eni cally unsat urated
nononer y cofBihse. | east one type of conpound selected fromthe

group consi sti I -mﬁeg-h : C | C
15acid and a s tﬁ? r}gfré(ra%q‘ol,vgan %8?@ﬂé%@gilﬁ[@%@?ﬁérﬁlesg‘g‘%@@égﬁ@nti oned
hydr ocar bon di spgrcingdin i dédstron® Yy eostt @nfpdiind| seRetedoRemt i grélp
conpound sel ected fromthe group consisting of chain aliphatic

hydr ocar bons h&aeRsiging eb pelyinybacaiobrgelaviaylpyirelidones noyxbtiadensons
raving, © 0 S SRHA BB eCab RSPk eGS0 | e present
??ggre-s _mzot I oneghoym errealpRbRERGUInSRAY cORbi Eb81 PRGs By Wraphi bi ©
parts by weight of the hydrophilic polymeric dispersion agent relative
to 100 parts by weight of the water-soluble ethylenically unsaturated
INONOMEr,
[0030] The present invention also provides a water-absorbent resin
15 particle obtainable by the above-mentioned method, wherein
(1) a water-absorption capacity of physiological saline is 30
g/g 10 90 g/g,
(2) a median particle size is 100 um to 600 pm,
(3) a water-absorption rate of the physiological saline is 1
20 second to 20 seconds,
(4) an equilibrium swelling capacity is 20 mm or more, and
(5) a residual volatile component content is 1.5% by weight
or less.
[0031] The above-mentioned water-absorbent resin particle has

25 superior handling ease because it has a particle size of a suitable size,

inhibits the generation of odor following water absorption, and has a



[ 0037] Moreover, the present invention further provides an absorbent
article provided with a |iquid-perneable sheet, a |iquid-inperneable
25sheet and the above-nenti oned absorbent material, wherein the
absorbent material is arranged between the |iquid-perneabl e sheet

and the |iquid-inpernmeable sheet that are arranged facing each other.
[0038] In addition, the present invention further provides a water

bl ocking material provided with a first |iquid-perneable sheet, a
second | i qui d- perneabl e sheet and the above-nentioned 5

wat er - absorbent resin particle, wherein the water-absorbent resin
particle is arsamged vieetrvebaorptioa rifier st | i qui d- per neabl e sheet and the
second | i qui d-perneabl e sheet that are arranged facing each other.
Advant ageous Ef19&A slheraboxgapmmtioneq srfasfant may songro aheastyisttyPesi n

ticle of th ' on i le 0 h '
et er “absor pt 1 AP EPERqasaRLIOR E elptuRrSistfs BENFO RSN ¢ ¢
of the present giiaMepblyelycBRS fRUPAN esteRand lshBseRHS doRTause. it has a

particle size of a suitable size, and is able to dinminish the problem
of the géner at [@B30fAs 4 orgsulbdof thel suspiensjomatentaiaingpripei specific 0040]

The wat er - absor bent resin, ticle obtajne he product.,i ogn net hod
of the present SPRYARRL Cli‘lgg‘iif)!?(évet e slote ‘&tdgl%@ it&’éjﬁﬁ’teéﬁedé@%er ption
rate. Moreover p.nge. t rs t is rd.icl tayped by
t he net hod of ESH egglggefﬁﬁn%& n%i%gﬁﬁﬁg(gﬁap%aggtlﬁg égﬁsﬁlnge&o Qaé“ui tabl e
size, it has sligeid ¢(0) hadd idixgosiamus | phase dh tthe form Gfsthecayuebas

residual volatile component content of the water-absorbent resin
particle obtai hiauidy(Whe isrerirsel devarpldepr ebne ipislerblonioms | efy, it

Fol L owi 18- vat oP e AeBh 2o b else St Romeor il a Pyl af Goas
Fig. 1 is a crossneidpLidk site€W show ng an enbodi ment of an
absorbent article;

[0034] The above-mentioned water-soluble ethylenically unsaturated

monomer may contain at least one type of compound selected from

the group consisting of acrylic acid and a salt thereof, methacrylic

15 acid and a salt thereof, and acrylamide.

[0035] The above-mentioned hydrocarbon dispersion medium may
contain at least one type of compound selected from the group
consisting of chain aliphatic hydrocarbons having 6 to 8 carbon
atoms and alicyclic hydrocarbons having 6 to 8 carbon atoms.

20 [0036] In addition, the present invention also provides an absorbent
material comprising the above-mentioned water-absorbent resin
particle and hydrophilic fibers.

[0037] Moreover, the present invention further provides an absorbent
article provided with a liquid-permeable sheet, a liquid-impermeable

25 sheet and the above-mentioned absorbent material, wherein the

absorbent material is arranged between the liquid-permeable sheet

10



Fig. 2 is a cross-sectional view show ng an enbodi mrent of a water

bl ocki ng material; and Fig. 3 is a schematic diagram show ng an
apparatus for neasuring swelling capacity. 5Description of

Enbodi ments [0042] The foll owi ng provides an expl anati on of

enbodi nents of the present invention. However, the present invention
is not limted to the follow ng enbodi nents. Al configurations
described in the present description can be arbitrarily conbi ned
within a range that 10 does not deviate fromthe purport of the
present invention. For anpl e, ranges_ of nunerical values relating

to various pr o@ﬂﬁ%@éﬂﬂ@éﬂ@@bimeﬁ}lﬁﬁﬂ ﬁgaagﬁdfpgag ep¢indptheral ue

d | | t | b d th
resent descri B0 Bl 1R aRisiBot 8 heal 1RGO (BeL BT 198kl ot g
from nuneri cal bl@k@igJ%t@k@aﬂ%ﬂobﬁleﬂnhh@ f‘?r%‘taﬁ'agﬁg;erﬁl@ﬁblé he el Rer

limt value or lower limt value. [0043] absorption rate of
physi ol ogi cal setdnde diquidiperwaiable- alshestbemhdr ettien mhoté-aleatiamadr di ng

to the present enbodi may be 1 secqnd .to_ 15 seconds,  or 1 second
to 20 seconds. W,@éere? grg’ePE§ 1R W‘ﬂﬁklvﬁ'&rﬁlﬁet%WéW'&B%biﬁl By ate to

be wi thin the ; (A8 beh Ao Hrl R BRI SroefBnd leoou! ¢

of the water-a sor a superior

wat er - absor pt i @econdtiRuid- bamabmshaaaaam@anm@%adrfaaagba&i &hés able to
effectively prevent | eakage when used in an sorbent article or

wat er 25bl ocki dlvaatageons tstafdnvendéon Fr om the sane vi ewp0| nt, the

wat er - absorpti o e 1 seco seconds, seconds
to 10 seconds, ?@)gsgiglglﬁd‘?gtlﬁéa 0‘%%5%@-‘8 géﬁq&ges[egt @Vg’été%lfs
[0044] The nedhBR RAridvel 8@ SiFfiop! bR abSi oA aRr b n artlcle
according to the present enbopé??lr?en‘?{ ma? be 1%0 pmtgp%%é&%f tﬁ%

result of the N@tthrabsqnbem s partielebed thg priesdnt nmtdmrhsmkaag;ﬁpen&r

handl i ng ease ?la%%lhe vvat -absqrbent resin particle during production
of an absorben {gr §25F %Ps‘éét bas g patticls sige pho SRE# Sitai Mdiisned and

1S o K7 S i SHBPSNL N 8 SRTuIRGGILEES, SIoTRATe <
pmto 500 pm fRAbwingwGerd®Bo@iionl140 pmto 400 pm 140
15 [0040] The water-absorbent resin particle obtained by the production
method of the present invention is able to have a superior
water-absorption rate. Moreover, since the water-absorbent resin
patticle obtained by the method of the present invention has a particle
size of a suitable size, it has superior handling ease. In addition,
20 since the residual volatile component content of the water-absorbent
resin particle obtained by the method of the present invention is low,
it is able to diminish the problem of the generation of a foul odor
following water absorption.
Brief Description of Drawings
25 [0041] Fig. 1 is a cross-sectional view showing an embodiment of an

absorbent article;
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10umto 350 prn or 150 p.mto 350 pm [0045] The residual volatile
conponent content of the water-absorbent resin particle according to
the present enbodi nent nay be 1.5% by weight or less. As a result of
maki ng the residual volatile conponent content to be within this
range, or in other words, 15 as a result of the water-absorbent
resin particle having a | ow residual volatile conmponent content, the
confort of a wearer of an absorbent article, for exanple, can be

i nproved by particularly effectively inhibiting the generation of a
foul odor when the water-absorbent resin particle has absorbed water.
From the sane vi ewpdiigt2 iz asross@eeteaiativigv stolvang e epdrgsiomentt ofcdnt ent
may al so be 1.3%Db i.ght or.less, 1.2% by weight or |ess, 0.001% by
wei ght to 1. 2%"@31{%%’1\@%‘?%,“6&‘6&;%‘% wei ght to 1.0% by wei ght, 0.01%
by wei ght to 1.0% by:weirg %:hy el : % i 0.01%
by weight to 0.6% b);FI&ng taorgc}%%é??ﬁ) %1\;%@\/%?;5&%@% %?{4 oaﬁ?hggibléht.
25[ 0046] Al t howgdastutier ewveltiag eapgedtyt i cul ar lim tations on the specific
surface area of the water-absorbent resin particle according to the

present énbodi Maseriptipn of Emebediewmés nt of i nproving the

wat er - absor pt i t } 0s: ! 2.0
ne/g, 0.12 e/ 8?@1% @?‘3“?‘%%5%??%%?%@8%9@@5@‘%:&# t hough
there are no pPakisefindentidd)l tFAEWORS, B8 pré@nbiWahE6n AEGT hitéd to
capacity of physiological saline of the water-absorbent resin

particl e accor diedoilawingeepbediermnte nbdlli soafigpratioosn deseribddeipdhart of

i nprovi ng the absorption vol une of an sorbent article, it be 30
g/g to 90 g/ g, PEse fées[cgpggné:pﬁ,beag‘%&y%?}f GOPRIEAyW1 @,r@ngeotr@% g/ g

or 55 g/ig to 6 4 i 11 Brei is apach 10
i nut e gl uey oo ot ASYRRE' Honl Ve e BF!E Sl AR TEDY G
sinply referre@xmlpm ripges esfuilihbridal mabwe | felatige Clapeaiduy ) propsrtibe 20 mMm

or nore. As a result of the water-absorbent resin particle having
hi gh swel |ing capheidefingdhby HpigmaiPeer limitemlunanddaver limssvlpenf resin

particle is 15 used in. a water, bliocki,ng .omaterial for caple, it iIs
able to denonsty ¥e°L sﬂﬁ“ﬁ%?aé g%?ﬁ fjﬁ%ng?%é%u g Rrgseg?(#e%a?ﬂ etio hat
mal ntal ns wat enjgaenefifidhugftrRbE Wahies V@fbﬂfafr@%tﬁlécwd Fdn® NgoR@fdapd Of
time while not pronoting deterioration of the base material of the
cabl e afliSer hawahgs gesvirtidd theickamplepeiontiay ingrerdimivoee ardosed by
cracks in the <i.ab,l e.. 20 Fromthe sane viewpoint, the equilibrium
swel | i ng capacilit ¥&¥€al so be 21 mmto 40 nm 22 mmto 35 ram or 23
mmto 30 nm [ i e. .l L 3 s L0 Gapac (1

m nut e val ue) ﬁg&%heﬁg%tﬁ %&ﬂbg?s& tfso\%eﬁtl n%f ?3831\9@%‘5% Sna?ﬂ?llga?f tsﬂ’{v\elel i ng
rati o) of the waderatabfenbestin pagice pesordiak dortay phesefOembodik% As a
result of 25the water-absorbent resin particle having a high initial
swel ling ratiomay be 1 second to 15 seconds or 1 second to 20 seconds. ~ As a

20 result of making the water-absorption rate to be within the
above-mentioned range, or in other words, as a result of the
water-absorbent  resin  particle having such a superior
water-absorption rate, the water-absorbent resin particle is able to
effectively prevent leakage when used in an absorbent article or water

25 blocking material and the like. From the same viewpoint, the

water-absorption rate may also be 1 second to 12 seconds, 2 seconds

12



in this manner, when the water-absorbent resin particle is used in a
wat er bl ocking material for cable, initial perneation of water caused
by cracks in the cable can be nore reliably prevented. Fromthe sane
viewpoint, the initial swelling ratio may be 75%to 98% or 90%to
95% 5[ 0050] The previously explai ned water-absorption rate of
physi ol ogi cal saline, nedian particle size, residual volatile
conponent content, specific surface area, water-absorption capacity
of physi ol ogical saline, equilibriumswelling capacity and initial
swelling ratio ar val ues that_ are pmeasured according to the

[
10met hods to bé& %ﬁﬁ%‘éﬁﬁ&rﬁ sapopesiond sreandsprihiecendsilfesgcondsos51] Ther e
ti | i+t Aat I f. th .
water - abaor bent0t i e AkERbaRIS BoelcR¥hdBhELLR Gl BaIf paricle o e

For exanpl e, tQ@cdr&ﬁligmwﬂﬁdprbéblﬁ%mﬁnéﬂem\ﬁgt‘&rI@Q)%Lﬁ{ Rerborgai n
particle can be selected so that the water-absorption rate of 15

physi ol ogi cal €&l rresulteefi the pedianc partislez sizarkbing siithinl thisoraige) e

conponent. content .are within the nunmerical .range reviously,

descri bed. For %@gfﬂﬁ ‘fée",seé’?ﬂées?"ﬁte 'ﬁ'g%ﬂrﬁ% TR Q@%Bw}qg@rogug‘uon o

wat er - sol ubl e grhy Ly balt Nariaaby e n§ﬂﬁ'§m %Qpﬁhﬁﬁg%ﬁed:% aini ng
te r ds a

a wat er-soluble ethylenically unsatura nomner nonomner
unit) can be usedthiékeespbfshobbsoebémsmabiial cedbbdyedinby meFiozi gg: a

wat er - sol ubl e et hyl eni cal |y unsaturated nmononer include a hydrol yzed
st ar ch- acr y| onFaP¢ ViewRaaRk theopedignperticle piaeimayl alsebe $tQuohtoatdly| i c
acid graft copol ,.a.S nifi vi nyl,.acet -acrylic acid ester,
and partially Hﬂ%ﬁ%ﬁ%%e Liuf,lqéélio .”n%g@a‘r‘?ﬁlt 340§f“n|’re Wods
used toipol ymephze 35teunairas03eh Upb 50 ﬁ{nhyl eni cally unsaturated
nmononer i nclude aqueous pol ynerization and reversed-phase suspension

pol yneri zati on[&5] iee ouesidiuala Mgldtilsc arcompodergpercentent nmaxdi utheand i n

t he presence of surfactant, The water-absorbent resin particle may
contain as a nﬁ‘ia??rT é?@&?%?ﬁsmt REE acgoffg!‘%ﬁ%rtheclﬂfﬂs%}i‘trﬁ%@i&mmt

wat er - sol ubl e £1is ; r 8;% rounit.
For exanple, t ewgat ?’o‘;%wmeégg:){#?g%? ?r&assgf)%gg paar@zg g@en}\%gl:ag or
nore relative volafiOcqapdrenbyorentghtbeatithih ehivedrle; abmasthantondesi n
particle, [0052] In the case of producing the water-absorbent

resin paPticl e2tidirpipltzofithe maisrabiserbsal weadrpactiele dpuingiadlevwargsiduak o be

b | ' | £ - absor.b i
arti ol e can cORPACHRSRyEPORRRT M ForSrER & vaResarSRohaBEr . he
content of theahiel, ofhi dsiafne) wﬁfprbiegixﬁ&snf'ép@d $yOParf@ERLly! Eﬁédﬁ%ellys by

wat er - absor bent resi ntggrticle may be,” for exanple, 07001 par

wei ght to 10 pinhilitibg theiggneration 0ff5a gamlt eddrywhen ghe waterfabpanbest by
weight, 0.01 plge,rsEnS p%icle has absorbed water. From the same viewpoint, the
20 residual volatile component content may also be 1.3% by weight or
less, 1.2% by weight or less, 0.001% by weight to 1.2% by weight,
0.001% by weight to 1.0% by weight, 0.01% by weight to 1.0% by
weight, 0.01% by weight to 0.8% by weight, 0.01% by weight to
0.6% by weight or 0.01% by weight to 0.45% by weight.
25 [0046] Although there are no particular limitations on the specific

surface area of the water-absorbent resin particle according to the
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15 weight to 3 parts by weight or 0.01 parts by weight to 1.5 parts
by weight relative to 100 parts by wei ght of the water-absorbent
resin particle. These contents can be derived in the same manner as
the content (used anount) of hydrophilic polyneric dispersion agent
relative to 100 parts by weight of the water-soluble ethylenically
20 unsaturated nononer as wll be subsequently described in the
expl anation of the production nethod of the water-absorbent resin
particle. [0053] In the case of producing the water-absorbent resin
particle using a water-sol uble thickener to be subsequent]|y
descri bed, the PRsSeRs uPRPAGmEEt e lTBs dhhe KieWnodit ¢farimpEpEngadbeont ai n
the water-solu t hi M. e 2

Ol ety gﬁﬁfg@ ratebﬁ't iy hbs A (4 @f gi’éﬁﬁ%fsé.%gﬁ”/g 8,9 o

t hi ckener in the "wa sofben esin par or “exanpl e,
0.05 parts by wéyglnt12 &*2Qopa i%/ghy oved &P t0 0. 2mPprar ts by weight to 10
parts by weight, 0.4 parts by weight to 5 parts by weight or 0.6
parts by wei ghf084y] Algzough tiglemeight noe| parfigelar olind@tipag t en bythevei ght
of the 5_water-absorbent. resin particle al ymer .solid fractipon). The
content of the WREHAPSQGIIRR © H?F@Ken%# |Pé§88hg€f@é| iﬁ?hlPFie rrégerranner
as the content € : ef S0 j isve to
100 parts by vve“lgalgtg%'?ﬁ S?Irgtéﬁg{-e)vsvg{)%?ﬁ-{%%l %‘ﬁ?g%@h‘gﬁﬂ’%ﬁ ;e?hll}{r??g? %Jllét’at ed
monomer to be s$idas et enielwpotiesof iibpebving tthe sbepipivat volnad of han

production 10met hod of the water-absorbent resin particle. ‘];30054] The
wat er - sol ubl e eerhensarticle) i manbed & &/ectortthe/s, 3h sar® 80 o8 4oL as a

heat resistanc abi llhzer } OXI oL-.anti-bacterial agent
correspondi ng ?%% ﬁ%’89%%E°e?6;y%%e.£a&étt%§a§&'var_yi ng according to
the applipcat i opo@fg|the VliBFiRRSHIRRE cheit) QAN hikhe vahldp of ¥pe of 15
additive and the Iike, the amounts of these additives may be 0.001
parts by wei ghtwater-abgorbent geskry pasicteh(whioh Onayphe tssmbly vedérgit ta es 5
parts by weight or Q,.1 .parts wei ght . to 2 ts by weight relative
to 100 parts b@%ﬂ‘&ﬁ%ﬂ ] tCéP%?%deeh? e Op dReiFe| &5(%ol yrer
sol id fractionkes,§0LPQRSTyhealRtdcniti Ben PoaYbRCHavifis HiBh ARALAN Of
one exanpl e of a reversed-phase suspensi on polyneriZatron nethod. The
wat er - absor bentap®ityninpthid hehaenedendihe gwiter-bbhw@ripene sedih pantixde iigrent

can be obtai ned for exanple, a method in which a water-soluble

by, . W,
et hyl eniléal | y ysehig wekey ategiakippjcablect it #ble &/ demerpiightas

25suspensi on polyneri zatyon using. a .radical pol rization initiator
in a suspensi oﬁu%aoﬁ? aFWF‘jrll ‘c=’,arPre(3)S|Sﬁr§/3 |tloq€lli &%%e%t éc?ﬂ%fr%a%]éaé%sr f‘g%tmént, a

penetration preventive effects for a long period of time while not

promoting deterioration of the base material of the cable after having

prevented initial permeation of water caused by cracks in the cable.
20 From the same viewpoint, the equilibrium swelling capacity may also

be 21 mm to 40 mm, 22 mm to 35 mm or 23 mm to 30 mm. -

[0049] The ratio of the initial swelling capacity (1 minute value} to

the equilibrium swelling capacity (initial swelling ratio) of the

water-absorbent resin particle may be 60% to 100%. As a result of
25 the water-absorbent resin particle having a high initial swelling ratio

in this manner, when the water-absorbent resin particle is used in a
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hydr ocar bon di spersi on nedi um and, as necessary, a hydrophobic

pol ymeri c dispersion agent, and an aqueous |iquid containing the

wat er - sol ubl e et hyl eni cal |l y unsaturated nononer. For exanple, at

| east one of the follow ng Production Methods 1 to 3 can be 5enpl oyed
for this nmethod. [0056] Nanely, the water-absorbent resin particle
can be obtained by a nmethod in which reversed-phase suspension
polyneri zation is carried out using a surfactant having an BLB val ue
of 6 or higher and an aqueous |iquid containing a hydrophilic polyner
di spersi on agent 10(Praoduction Methaod 1), . a nmet hod in which

r ever sed- phase Wagrgdadiing mrienatder sahle.onttial pempedtion of praterseanged

havi ng. a vi scodl iy ik BoEeoratt e cha® fHRELRGH B0 FRH e, O
wat er - sol ubl e hthe kRAGIIATIRAHET SReMBEhAth Bhy b8 t0 98% oR 90%F hod in

whi ch a separate aqueous flquid is addéd to a suspension containing a
wat er - cont ai ni hg9%#l at ed pol ymer at 45C or hi gher obtai ned by

rever sed-phase sion pQlynerization usin suspensi on

cont ai ni Ag a s@@@gt REHPS AN inyed ué”%gr‘%’%m% K#tgheff and an
aqueous liquid I scarryi o] e d- S si on
pol yneri zati onp?ﬁ%lggig%?ogé%ge?h%écg% ?%8%%/ F%‘ét hgég%glgle gﬁﬁﬁﬂa

rever sed- phase cemppedn i ntddn) spreificZdiri=08 ausd, Mhtér-Sdbiptiohabadlgyi ng an
HLB val ue of 6 oqr higher, since the state of a WO type L

rever sed- phase o pyeeiogieal s#ineh ensilibobme gwlling 2apesiyi ansbimitiphase in
the form of an_oi i uid(O?1 d a,discontinuou form

y | h i h
of an aqueous Plgurd ]a%o aah bgaquﬁsaggttaaﬁf’fnﬁ%siuﬁchiag@gaﬁglPO[ itﬁgs to

be possiibl e t onfedi{dbshh B sabiehasRly ddsegBinith @m@g&@ uniformy and in
a large quantity on the surface of the water-absorbent resin

particle. The ¥rl¢&hefe tdearcsparfiadear fimitegonsaon theeswanatetisls o ieesent ed

by the specific surface area of the 5 vv%isner-absorbent resin particle.
A wat er - absor b&terraespReRbissincpatiplg\Acherding to B presewt empogimeniy f ace

oo, and tendEo] 6 X Raners Seih ARt 0 <(Fibate WL ARGRBRILER R 7T

ot her hand, inphfielecana ot Geleeedeso pthas eths UsReRsibedpheh yms i gat i on
using a surfactant, the 10i nterface between the aqueous |iquid and

the oil ¥31i qui ahysiolegicghgialine,c mediare darttde ssigeeand yresiduali molatile
rever sed- phase _suspensi on pol yneri.zatign, it nmay be because the fine
hydr ocar bon di g%?@’? ﬁ%? m%fen "f’lﬁﬂnoﬁ]ey nluf“(f_ﬂ'lcél irgnggaspfesylousg
i ncorporated i BbRbEE 2GUROURathpRU & redifi® obBRledUBYy YolyAdrizfhgC YTPONENt
content of the water-absorbent
water-soluble ethylenically unsaturated monomer (a polymer
containing a water-soluble ethylenically unsaturated monomer as a
20 monomer unit) can be used. Examples of resins obtained by
polymerizing a water-soluble ethylenically unsaturated monomer
include a hydrolyzed starch-acrylonitrile graft copolymer, a
neutralized starch-acrylic acid graft copolymer, a saponified vinyl
acetate-acrylic acid ester, and partially neutralized polyacrylic acid.

25 Examples of methods used to polymerize the water-soluble

ethylenically unsaturated monomer include aqueous polymerization
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15 resin particle tends to increase. In this manner, although a
wat er - absorbent resin particle having a |large specific surface area
tends to have a high water-absorption rate, there is also a strong
tendency towards the generation of a foul odor follow ng water
absorption. 20[ 0058] However, the water-absorbent resin particle
according to the present enbodi nent, which not only has a high
wat er - absorption rate but is also superior in terns of the generation
of a foul odor follow ng water absorption, can be obtained by

enpl oyi ng at | east one of the above-nentioned Production Methods 1 to
3. The foll owi ngdzmwpmd@éssea syepeaioad pelymaivatipn ncastied h@gem a

Vethod 1 1's pr UGS R OR GRS R (0% poeRcs oLO MR

pol ymeri zi ng amtﬁéteégagameﬁt ?éﬁwhsf@;cfeaﬂnhy OBt 4E atfdn TRARERK: i N @

suspensi on containing an ol d containing a hydrocafbon

di spersi on nedithsreahda arpoh;qmousodtmqmgd a5 waet-silublag ethylemjodbus

sol vent and the water-soluble ethylenically unsaturated nononer, the
aqueous Pi qui d upeatargied @Bé‘?@@‘daﬁ HIORSIST LIty | §oF exampie, the ratio of

above-nenti one [l Z] ti O L nsi on
pol ymeri zati on%%g%&ﬁ% IR/ %%}g coé‘r?%r{&e H?ngi?(ﬁﬁ%g;t he
oily liquid (O} %éﬁl@m%f&ahyﬁbgﬁ&éﬁﬁpa&% di spersi on medi um for
t he conti nuous phase and using the aqueous phase (W containing water

for the di scon{00fZdUs tfaha@ee iof prhduding o fvaderegbisetbsntirespepeditlé n t he

cont i nuous hase The ab.OV rTEntl oned u ion contains
S o P Sing a PRI, POSTRRC TR AEERt 1o BB GUPIAOBREY

aqueous jji qui d d@ﬂgg% WES
d?sper Si gnqager?%wr{b%g’GT]ejr% {\}%Iaﬁse&%?dtqggh?hﬁ 0géé!t:ant Iﬂrr%i} e 6to
16, 7 to 16, 8hydrcpRilier lyanérdc 16ispersida agemtsul Thef coiitentHldE iad ue of

the surfactant being within these ranges, the state of the WO type
rever sed- phase hy §é@@gﬂm PRlYBets fispeRpoR ag%r%idﬂébpévat@rn@sarhw rqsen e

tends to be 20 ai ne h r | ze and
a nmore superi 0|p Plaé’d% Ir}g ¥ %ﬁP tg%bﬁé%é%]b%}’%r%ﬁtgg 1t8f sur act ants
i ncl ude noni Onlvﬁ.n Gikidtet ©05 Hat@ay a}el t,20.00 sts
(poly)glycerol y aC| ?Eliest?rds (%h&er ei ? " yf & Tefers bot h' to

the casd5of t hmqmgfﬁftpﬁ batd ¥y vixsghtgond. éb@artsézydwelghhé) taspartstby t
bei ng absent %ggﬁtoreﬁt%e to 10'6| Iga%trsl B/y r&v%&ﬁ-{t no%jthee r\>2laite1'—absc)r’ot:nt resin
particle. These contents can be derived in the same manner as the
content (used amount) of hydrophilic polymeric dispersion agent
relative to 100 parts by weight of the water-soluble ethylenically
20 unsaturated monomer as will be subsequently described in the
explanation of the production method of the water-absorbent resin
particle.
[0053] In the case of producing the water-absorbent resin particle
using a water-soluble thickener to be subsequently described, the
25 resulting water-absorbent resin particle can contain the water-soluble

thickener. The content of the water-soluble thickener in the
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sucrose fatty acid esters, polyoxyethylene sorbitan fatty acid
esters, polyoxyethylene glycerol fatty acid esters, sorbitol fatty
acid esters, polyoxyethylene sorbitol fatty acid esters,

pol yoxyet hyl ene al kyl ethers, polyoxyethylene al kyl phenyl ethers,
pol yoxyet hyl ene castor oils, polyoxyethyl ene hydrogenated castor

oi l's, b5al kyl -aryl -formal dehyde condensati on pol yoxyet hyl ene et hers,
pol yoxyet hyl ene- pol yoxypr opyl ene bl ock copol yners, pol yoxyet hyl ene
pol yoxypropyl al kyl ethers and pol yet hyl ene glycol fatty acid esters,
and, anionic surfactants such as fatty acid salts, allcyl benzene

sul fonat es, al &¢mabspraent sefim masticle mayabe &yt evampde. 405 parts by

kot Sehers. Srdeie BGRKE 8 Wiy 0, oRINHT Sl R O ang
phosphat e est ergigHt, POl }saﬁy%hwe e t@'ﬂ‘%ﬁ@'ﬂyﬂm@’@%sﬂﬁ'ﬂ&@ ghe

vi ewpoi nts of a favorable state of the O type reversed-phasé
suspensi on, f actdightaioi hgatthdyoweighh reletivef taa 10@tperts dysweighhof tesi n 15

ticl havi f bl e, t.i.cl i A trial
bvai [ abi B ty,  PHRCEARPERERLI T RAic cﬁ?l%%g?f?@#'@é‘&%»‘rﬁdr dFe semisBling
sel ected from fo@%egm&g.semﬁé ﬁﬁbl&%epis &é}fx’%'dtiﬂ’}pé CYRAY dﬂ&h}%r SSURL S
I an tty es

pol ygl ycerol fatty ac esters sucrose fa acl ers, and

fromthe vi ewpebmenofusédBmovnt) gf Watrpehibty theikegerdlel e 16 e60 hikng
wat er - absorbent resin 20 particle as previously described, the

surfact ant may beveigkioeifhe avpt¢razolyble ethylanically unspfurstechmoppmentth of
t hese surfactants be.used alone or, two .or nore_kinds .be used
in conbinati on%e[ﬁ‘%éﬁuﬁl mg?st%llbs‘?e%pglen Eplgpatiqn, 6f |Hré’gla" Ot at e
of the WO typendieUEsSae valas sk ReRInPAddd sel ecting an efficient
amount used that 25all ows the obtaining of suspension stabilizing

effects, the af@iid] Tofe watef-acltiblet resinqeriddy nipy dsd caapinsarbyddidveght t o
5 parts by wei .ght to 3 parts b)é wei ght or 0.4

ht, O. parts by wej
parts by wei ghgu hyasa Eaarttrgﬁﬁtﬁn%?t\éﬁmremqw 8- spie-opeterial aggntiei ght

of the aqueous .| iquid:: ti f 3 an be
cal cul at ed by géfg%f’ﬂgmgﬁér{?éob %Po\g/é%lﬁﬁ%' o?k Iﬁ?’ﬁ‘e@ggg‘é’g‘f@%@f@eﬁ? t he
vat er - sol ubl e tie eppijdatiohcef the wrsatdbsadbed: mEsio MRkticlé,Nthehygheoshi | i c
pol yneric di spersion agent and the water-sol uble thickener to be

subsequéft |y deddifiveanditbe Bikeetheatmounts iof thesegiditifestthay &g ukiis
liquid. However, .this d t_mean th hydr.ophilic pol ymeric
di sper si on ageﬁfm%lﬂﬁ “feﬁ%ﬁaﬁggrﬂa%%é'b‘f%}gﬁthb&i&%ﬁs bgf\gelg,*lg\aép enti al
components of LOtRGsRUIERY patts BYivkight to 2 parts by weight relative to 100

parts by weight of the water-absorbent resin particle (polymer solid

fraction).
20 [0055] The following provides an explanation of one example of a
reversed-phase suspension polymerization method. The

water-absorbent resin particle according to the present embodiment
can be obtained by, for example, a method in which a water-soluble
ethylenically unsaturated monomer is subjected to reversed-phase
25 suspensibn polymerization using a radical polymerization initiator in

a suspension containing an oily liquid containing a surfactant, a
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[ 0064] The aqueous liquid in the Production Method 1 contains the
aqueous sol vent containing water, the water-soluble ethylenically
unsat urated nononer, the hydrophilic polyneric dispersion agent, and
dependi ng on the case, various types of additives. The aqueous 15
solvent is mainly conposed of water and may al so contain ot her
hydrophilic solvents. [0065] The hydrophilic polyneric dispersion
agent is, for exanple, a polyneric dispersion agent in which the
anount thereof that dissolves in 100 g of water at 25C may be 0.001 g
to 200 g, 0.05 g 20to 150 g or 0.1 g to 100 g. [0066] The hydrophilic
di spersi on agehydroegrbor dispdreiastmedisnt gpd of newissarar & dydoepiwbin

selected fromth roup. consi sting of, for exanpl e,, polyvinyl. al cohol
CPVA) . pol yvi nyPIpits fSBRaicnpagsnt, Sl #: 3aeans DGk BPntpisa the
pol ypropyl ene %&%@@ %ﬁgi.{m&amem%éaﬁa&w LARRIdRT OPY! RGnStky 50!

ygl ycerol,

bl ock copol yner, po

pol yoxyet hyl enégly eaei of pbd ViokywirpPredegby chietlinds 1 to 3 can be
pol yoxyet hyl ene- pol yoxypr opyl ene gl ycerin copol yner and
pol yoxyefhyl enempbmisdifenthismeiiodci d” ester. Anong these, the

hydr ophi | i | e di i . b | f
compound sl 6ot dind AU Fang - S fdeut R s e B oPAGRE ' s
pol yvi nyl pyrrobi defgd B! WekRY/e0BRe@ ks suspehdioh W#ﬁ@ﬁzﬂiq‘ﬁc@é and

pol ygl ycerol, and fromthe viewpoint of the effec reduci ng
resi dual vol at cheiedamposiegt sodfactent havirgyarbB1 Bovajwe of/6 pyhigher gtwhe or

pol yvi nyl al cohol. One type of each of thege hydrophilic, polyneric
di spersi on ageAf$d SH@“&‘géﬂnté!%a g‘Vd’Eo\Egﬁﬁ’rp‘ﬁrWE‘p&%%@loﬁaasgéﬂE
10used iR conbi i ]14yAl t hough t he pol yvi nyl pyrrol i done,

pol yvi n;;p al coﬁgﬁ%hgﬁgj%%%%%éklg’ | i sted as exanpl es of the hydrophilic
pol ymeric di spersi o meodlis wHiypieatdel-phasdsiapedsioc felpaiesization t he

present enbodinent, it was unexpectedly found that residual volatile
conponent cont éhearfigd 8t uging acafasipahhaving pe dE B valvegrtGrnBigheh a

T RS RS St B RSP A PR ©
residual vol at i)hg/of QERARERNE aCRALLMIUBIRChRRSAS @Poductieh Wikl Hhe
aqueous |iquid provided for reversed-phase suspension polynerization
contal nildg a or
a method in which a separate aqueous liquid is added to a
suspension containing a water-containing gelated polymer at 45°C or
higher obtained by reversed-phase suspension polymerization using a
suspension containing a surfactant having an HLB value of 6 or
20 higher and an aqueous liquid, followed by camrying out
reversed-phase suspension polymerization (Production Method 3).
[0057] In the case of reversed-phase suspension polymerization
using a surfactant having an HLB value of 6 or higher, since the state
of a W/O type reversed-phase suspension, which is formed by a

25 continuous phase in the form of an oily liquid (O) and a

discontinuous phase in the form of an aquecus liquid (W), can be
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20 hydrophilic polymeric dispersion agent is not clear, one possible
reason is that the hydrophilic polyneric dispersion agent stabilizes
separation and unification of droplets of the aqueous liquid in a WO
type reversed- phase suspension. Mre specifically, it is presuned
that since the hydrophilic polyneric dispersion agent efficiently
25protects the vicinity of the internal surface of the aqueous liquid
droplets, the frequency at which the hydrocarbon di spersion nmedi um

is incorporated in the aqueous |iquid droplets during collisions

bet ween aqueous, liquid droplets is decreased, thereby inhibiting the

formation of ofVaably mamiaingd, i dends| oboposibledegierinhEne sytface of t he

hydr ophi l'i ¢ pol; LG di i 5 t..used cannot..be iformy
determ ned si né%r%ﬂ%ﬁ%%el?ogfgﬁfgﬁ%l%a&?ﬁ g?ahlgr%&ua{}é io&thgég%%g%ﬁﬂ to
the type and rr@lhes:ub@ter-moai&ttﬁa%e%amdé]e TRR UM or8RYofb e fsaFfagxanpl e,
0.001 parts by weight to 10 parts by weight, 0.005 parts by weight to

5 parts by wei dgiegul@itdes grar be rdpressoteghty the Speoiia surfagevaeeaybf ther 0. 01
parts by weight to 1.5 parts. by 10 weight relative to 100 parts by
wei ght of the M@FQEBW BY desiR hBATEECal ywﬁFﬁé"Sl?%’F%oFeﬁ’BnBﬂ%’P.{e In the

case the MUk phelrlEARY df rP) WK nflh SRORSLARAFBILopSCT 1<

0. 001 parts by wel ect° o uci ng e resi dual

vol atil e conpohesta kegy epcifics satficri med, Ll enlds gbelent@ired, a WH € i n
the case the anmount is 15 10 parts by weight or |less, effects tend
to be obtai ned vagtabsemtiespate t o Gmebansthsr bawdl, in hdeelwpseraii ng
this more econom cal,. 1_%'0070% The nol 1or:¥ul ar _weight and_the Iitk of the
hydrophi lic poFyr%srl P is%psé1 %einclr‘imaag fngrization qﬁ%ﬂgt c F%}l i ted,
and is wpthin aniEFRgebétiatn ERARL QDS hﬁ]fu_nvgﬁcp&iy il ngﬁidyﬁ%loﬁgl

di spersion agent to 20 denonstrate affinity for the aqueous gol vent
(and parti cul apttyyatedat er )Carsdquanitlyor mhyingi spesrsad-pmst hesuapersoms
l'iquid. The wei ght aver.age_nol cul ar wei ght of the hydrophilic

pol yneric di spegginaﬁﬁlzaa%rgtﬁ sy E%abff: tge ﬁ%@@;m@%ﬁmww

3, 000, 000, 10, 10 2, 000, 20: 000 .+ O: ra.30 0
1,500, 000, As gf%gé%gllﬁ %? °r¥§£$ﬁ‘g“?d(2)’5st %%‘1540 %ﬁ‘ﬁ’gg&g‘/{e}?‘&ﬁtmgfa‘@g‘g"é
hydrophi I'i ¢ poliyokl; tie: @iidpsirilaiic 2g@pbndrd chtert sfthe W@ Sbs6B8HES,
there is a tendency to achieve a suitable particle size while being
abl e tolparti cuasitt | gertielgntaodpl {0 dntgate t e bis evannsf, elillengbng t he

residual volatile c nent content. ,The above- nent.i.oned. wei ght

aver age nol cul g’ra?%%g%%e "s?eé“baﬁ’ﬁ@%éa?age%?%? 6813‘31]6&5?1‘5%?? e
chromat ogr aphy 1@®Gh ARl a igele WHELARErpRoRYralS I tHeePR! A& *Ayég?d}% oxi de
as a standard. There are no particular ‘Iimtations on the degree of

saponi fi cat i onteanden¢yhéowakle tha gdveratmaeof e fduf dodup hiolloeingp lwatar i ¢
di spersi on ageag i s.polyvinyl alcohol. Fromthe viewpoint of
solubility in #2%PU%Yhd the effect of reducing the residual volatile

conmponepp cont ?(555’8] tl-ﬂ‘r:wg}%g,rtﬁg V'PeItexéﬁﬁBfﬂeHc ?&H Bﬁ'tigfe according to the

present embodiment, which not only has a high water-absorption rate

but is also superior in terms of the generation of a foul odor following

water absorption, can be obtained by employing at least one of the

above-mentioned Production Methods 1 to 3. The following
25 provides a detailed explanation of these production methods.

[0059] (Production Method 1)
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10t he pol yvinyl al cohol may be 65%to 100% 75%to 98% 80%to 95% or
85% to 90% [0071] Exanples of the above-nenti oned water-sol uble

et hyl eni cally unsaturated nononer include ethylenically unsaturated
nononers containing at |east one functional group selected fromthe
group 15 consisting of a carboxyl group, sulfo group, am do group and
am no group. The water-sol uble ethylenically unsaturated nononer nmay
be at | east one type selected fromthe group consisting of, for
exanple, (nmeth)acrylic acid ("(meth)acrylic" is hereinafter used to
represent both "acrylic" and "nmethacrylic" collectively) and salts

20t her eof , 2- (et h) Fepgudionddethogel kyProvisied ity RRPAYBEAEHIENHRP sal t s
t hereof, (nmeth) acryl am de. N, N-di net.hyl (nmet h) acryl am de, .

2. bydr oxyet hy! AT nSRPIEA: ePRYREERIES! Bt RIESP Pkt ihylenically

pol yet hyl enegl ygolinmno MIrohRe" ¥ @Al Suspension containing an oily liquid

N, N- di et hyl am noet hyl (net h)acryl ate,

25N, N- di et hyl arbmtejming wl{eddajizer ¢ikpirsian doetliemhyddam agpoopyigiinkt h)
acrylam de. In the, ¢case the water-sol gﬂ?ﬁ#e et h%/}_l eni cal ly uns tﬁurat ed
monomer €ont ai KENARIBGAAAeAED SobvRR! and Ale o e sthyderieai zed.
Functional gro - Al (o) ssed
by he mononer i Alndnea RO Kieolt BN AT LA IHEHROAES

post - crossl i nkijggidst epThe BBovemetbicadUefiliedasn bed We tippe of
these water-sol ubl e ethylenically unsaturated nononers nay be used
al one or two ofevepsed-phapesuspaysive polyawrizatieroiwbivhighipelymerization is

carried out by using the oily liquid (O) containing the hydrocarbon

10 dispersion medium for the continuous phase and using the aqueous
phase (W) containing water for the discontinuous phase in the form
of droplets dispersed in the continuous phase.

[0060] The above-mentioned suspension contains a surfactant having
an HLB value of 6 or higher. In addition, the aqueous liquid further

15 contains a hydrophilic polymeric dispersion agent.

[0061] The HLB value of the surfactant may be 6 to 16, 7 to 16, 8 to
12 or 8.5 to 10.5. As a result of the HLB value of the surfactant
being within these ranges, the state of the W/O type reversed-phase
suspension becomes more favorable, and a particle tends to be

20 obtained that has a more preferable particle size and a more superior

water-absorption rate.
[0062] Examples of surfactants include nonionic surfactants such as
sorbitan fatty acid esters, (poly)glycerol fatty acid esters (wherein,
"(poly)" refers both to the case of the prefix "poly" being present and
25 the case of it being absent, and to apply similarly hereinafter),

sucrose fatty acid esters, polyoxyethylene sorbitan fatty acid esters,

20



[0072] From the viewpoint of industrial availability, the

wat er - sol ubl e et hyl enically unsaturated nononer nay be at |east one
10 type of conpound selected fromthe group consisting of acrylic
acid and salts thereof nethacrylic acid and salts thereof,

acryl am de, nethacryl am de and N, N-di net hyl acryl am de, may be at

| east one type of conpound sel ected fromthe group consisting of
acrylic acid and salts thereof, nethacrylic acid and salts thereof
and acrylam de, 15 and fromthe viewpoint of further enhancing
safety, may be at |east one type of conpound selected fromthe group
consi sting of #kyaxyethyteng glyeerelafetty ackeesors, acrrbltnbfamﬁcyd egeraci d and

ot hyloni cal 1y GROANPRD GHS RO N PRE AtfiGo S NPYBRAL e = vi ¢ hi n
the range 20 QihefO%BdhotR {@T@netég?ﬁlkj%}eﬁ?ﬁ BihREsS Do %@Qg%ﬁ%lreﬁé le@foPased

on the aqueous |iqui‘d (t ot al e aql ent,

wat er - sol ubl e efilayl enipuydyyethydateur at dgdropenaed, hy dasegrhi | i wils,
pol ymeri ¢ di sper.si on D(%ent and, a wat er-sol ubl e thi ckener to be

subsequeRt |y déélféfhaﬂé rmaldebyde « cordensFing t wemv«tbbﬁeﬁ@s @hers

facilitating t - absor, resin |cIe

havi ng a prefeE’% ) pa |clp§5y5| }’él%wgfe 0 a fé’@% bl e sf’ ‘?rthe WO
type reversed- pahaRy. éﬁ?&@@%@bxg@%yl hIepT @ﬂibf%@bﬂd%l 1bh@g1y6@1pam ty
of the resulting water-absorbent” resin particle, the above-frenti oned

concentration #a{y lbeid28%%1sy andi grionicsuBlsants mhgaﬁ fatB0ecidysaltsj ght to

45% b ht 5% ht t ht. 5 74] | th
as%0by el g ol ATEDY VLA, Lo G2ter velant. SLOBLA LD, the case
di cal 1pn th I

201 ol 100 ' e mBgEnOfrBONAEENS et WSl of poyemine

be neutral i zed aliyl atherh kpfhosphata&lstelrﬁlolf Hobgxgegtplens Ualkylasthan @ldkal i ne
netal salt to forma salt. npl es of al kaline neutralizing 10agents

i ncl ude aqueou®hewbate 6~ﬂ—§rso$f §%]dpw‘ﬁ%ﬂéﬁl%>@ilﬂ’é allybtethess. urkitayd thexi de
and Smont e, O BE Y, BlolSe Sl P IO NGRS IR TR o
From the vi ewpghdpessioh, Q‘ﬁﬂiﬁﬂ&ﬁh@gthémﬁbthinﬁk% CFPRCvhdbrAYsorbent resin
15 particle having a preferable particle size and industrial availability,
the surfactant may be at least one kind of compound selected from
the group consisting of sorbitan fatty acid esters, polyglycerol fatty
acid esters and sucrose fatty acid esters, and from the viewpoint of
improving the performance of the resulting water-absorbent resin
20 particle as previously described, the surfactant may be a sorbitan fatty
acid ester. One kind of each of these surfactants may be used alone
or two or more kinds may be used in combination.
[0063] From the viewpoints of stabilizing the state of the W/O type
reversed-phase suspension and selecting an efficient amount used that
25 allows the obtaining of suspension stabilizing effects, the amount of

surfactant used may be 0.1 parts by weight to 5 parts by weight, 0.2
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15 increasing the osnotic pressure of the resulting water-absorbent
resin particle and further preventing problens relating to safety and
the like by inhibiting the residual presence of excess al kaline
neutralizing agent, the neutralization degree of the allcaline
neutralizing agent on all acid groups may be 10 nol %to 100 nol % 30
mol %to 90 nol % 2050 nol % to 80 nol % or 60 nol%to 78 nol % [0076]
The above-nenti oned aqueous liquid nay contain a radial

pol ynmeri zation initiator. In this case, the radical polynerization
initiator may be water-sol uble. Exanples of radial polynerization

i nitiators inclpadebpercghtitatdegarsughwaighpot &,éaiambp’ewgigﬁf @t 2 parts

25 [ | f at d di f at d t hyl
ctnyl ket one. pBy oRFEBE el o] LObaEA ¥ orokal RERBS aeouaPaet y1
peroxi de, t-bu %H{{%he f‘t[ooéfél:%h cbg;?!flhéﬂt cRE(‘gQ %ﬁﬁ&é&f}% adsufditley |

per oxyi sobut yr ate butyl  peroxypi ate an r ogen “per oxi

and, azoconpoundss Utbhms weight of the aqueous solvent the water-saluble
2, 2' -azobi s(2- net hyI pr opi onam di ne) di hydr ochl ori de,
52, 2' - az8bi s[ 2ethnlgstieatyl amsatunﬁyca)r oyeanskdi ihelr bzdnoghﬂl@e ,polymeric

(o150 o R SO RS SRS il Wi
2,2' -azobis {Zd%f&)éh’té\‘ﬂée nﬁlté@Ew%%hysﬁh%hhe&xshycgﬁ@xyﬁwwarpr o 10

pi onam de}, 2,2'-azobi s[2-methyl - hydr oxyet hyl ) - pr opi onam de] and
4, 4' - azobi s( 4- thianoeahet reaachal) thedx}ei:mgmhc pblyezale dlfspez‘ams&geaﬂl cal
poI ynmerization initiators be used alone or two or nore types may
be used in conBnfdks Hate rt%% tgleensrating %ews epeniighpemponents’ of

pol ymer i,zat i Ontﬁé‘édﬂeéﬁsoﬁqﬁi&ed may
[0064] The aqueous liquid in the Production Method 1 contains the
aqueous solvent containing water, the water-soluble ethylenically
unsaturated monomer, the hydrophilic polymeric dispersion agent,
and depending on the case, various types of additives. The aqueous
15 solvent is mainly composed of water and may also contain other
hydrophilic solvents.
[0065] The hydrophilic polymeric dispersion agent is, for example, a
polymeric dispersion agent in which the amount thereof that
dissolves in 100 g of water at 25°C may be 0.001 g0 200 g, 0.05 g
20 to150gor0.1gto 100g.
{0066] The hydrophilic dispersion agent may be at least one type of
polymeric compound selected from the group consisting of, for
example, polyvinyl alcohol (PVA), polyvinylpyrrolidone (PVP),
polyethylene glycol (PEG), polypropylene glycol, polyethylene
25 glycol-polypropylene glycol block copolymer, polyglycerol,
polyoxyethylene glycerin, polyoxypropylene glycerin,
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15 be normally 0.005 nol to 1 nol relative to 100 nol of the

wat er - sol ubl e ethylenically unsaturated nononer. |If the anount of the
radi cal polynerization initiator used is 0.005 nol or nore, the

pol ymeri zation reaction does not require a long period of tine,
thereby making this efficient. If the amount used is 1 nol or |ess,
20t he pol ynmerization reaction tends to not occur rapidly. [0078] The
radi cal polynerization initiator can al so be used as a redox

pol ynmeri zation initiator by using in conbination with a reducing
agent such as sodiumsulfite, sodiumbisulfite, ferrous sulfate or
L-ascorbi ¢ aci ®OlPsyehynepelyoxgorapylenei qualicary cemmodimera cird n

transfer agent control water absorption rformance gf th
yvater-absorbentprbir)yeog?(% y%g&?cgﬁggn _gtﬁplaggi g#%E'hai P%ng'feé‘?’ gtbf’ents
i ncl ude hypophegahiphgs pél?hﬁ_%diﬁﬂ%’rﬁ&ﬁ ggé}ﬁ'rﬁ% béf‘a_%%h@%}ieiﬁﬁfeggpl s and

am nes. [0080] The oily liquid is a hydrophobic liquid nma
conposed of a kyuipocad belactdd Spen she growpdeensistiip eofhyadyvinglr doshol,

bl gn, oo a0, o0 125 o, 2Rl o0 TG Do L aeous
Ex I f th I i i } I | i phat i
el o, Of SaRUGSEAL 108 dhEPoS AR UF bCLAd PRl PPt <

2- et hyl hexane résidml hylabiex eitBpahedt Sbmreit) Wageit FalevindPydoflibhd Hent ane
and n-octane; aljcyclic hydrocarbons such as cycl ohexane,

met hyl cycl ohex2pkyvinyy elcopeht £iree typeof gy of teemhydrephilic polymeric
trans-1, 2-di met,hyl cycl opent ane,, cis-.1,.3 -di net hyl cycl opent ane and
trans-1, 3-di nefl}%f"r@%)/)@l %%@Fﬁ g e ged PRt o H%}/d?%r@atﬁ'g%?ag as
benzenejgt ol uepgeBREWiSARL. One type each of these hydrocarbon 15

di spersion nmedia may be used alone or two or nore types nmay be used

i n conbi nat i on[00B7¢ Algiinghahdpolydinysrsildonegmlyvinylealcdim! ahd tigast one

type of conpou el ected fromthe group consisting of chain
al i phatic hydr Q@aﬁ%&%%w&e-‘s of ghes hygropbilicapawRerin dispersigre prec

hydrocarbons hgyl, nr?plgaltl)? ue LA Bﬁ&eﬁ%ﬁﬁn e’ S&etnl? eem\go%%gﬂtp LS a

unexpectedly found that residual volatile component content is
15 reduced even if these are contained in a small amount that does not
cause hardly any increase in viscosity of the aqueous liquid.
[0068] Although the mechanism by which the residual volatile
component content decreases as a result of the aqueous liquid
provided for reversed-phase suspension polymerization containing a
20 hydrophilic polymeric dispersion agent is not clear, one possible
reason is that the hydrophilic polymeric dispersion agent stabilizes
separation and unification of droplets of the aqueous liquid in a W/O
type reversed-phase suspension. More specifically, it is presumed
that since the hydrophilic polymeric dispersion agent efficiently
25 protects the vicinity of the internal surface of the aqueous liquid

droplets, the frequency at which the hydrocarbon dispersion medium
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20 favorable state of the WO type reversed- phase suspensi on,
facilitating the obtaining of a water-absorbent resin particle having
a superior water-absorption rate and preferable particle size,

i ndustrial availability and stable quality, the hydrocarbon

di spersi on nmedi um may be n- heptane or cycl ohexane. In addition, from
t he sane 25vi ewpoints, a m xture of the hydrocarbon di spersion nedia
may be, for exanple, commercially avail abl e Exxsol Heptane
(ExxonMobil, containing 75%to 85% of n-heptane and isoneric
hydrocarbons). [0082] Fromthe viewpoints of renoving excessive heat
of pol ymeri zat isoAnemporatasi fin tthe i enpeevhtliawid ofropistsy daring agallisions

tenperature, the amount of the. hydr.ocarbon di spersi,on. nedi.um.5

contai ned in t REVEEMAGPERH %q%ﬁ%@egdsFﬁ%?’ieésaéjy%%?@h{n%{%%éheparts
by weight, 70 patiSicRYe AN tvhe sRaQuRarts by weight or 100 parts by
wei ght to 450 parts by weight "relative to 100 parts by wei ght of the

wat er - sol ubl e ¢2068] exlitteaighythe amatinir af thd hydrpimic pdgmaric edupletsiaf
maki ng the anmount of the hydrocarbon di spersjon nediumused be 50 10

parts bySwei ghP8&H Wistle canriot thenyaifprniye delgapined €BeR oy Preférable
pol ymer i zat | °”a}n%HRF&ge&gcgfe%%rﬁ%Sgaggdgﬁ%Hgﬁhgerﬁyggganaf m%;ﬂ%lagy\géi%ﬁ?r bon

di spersi on nedium use or 1'ess,

pol yneri zat i onyphesfutiel athduht hRds, F6 dxaRplY, ®.001NrRBYy Weikhne thi s
economni cal . 15[0083] The oily l'iquid may also contain a gdr ophobi c
pol yreri ¢ di speas by weighis 0.0Copiinbhynereighe tai§ pads bnweight b0 hpartand a
hydr ophobi ¢ pol yneri.c dispersion .agent kes |t possible to further
S i1 56 ¢ ho- by areiel o ciiy VoRt oo BF 568 b0 S ity
Exanpl egpof hy obiig: ol hC @i S| 08Pt $ el C eic 20
anhydri gg nodi %e%ﬁpo‘%]g%t ytl}sg'r?gf) #a%%?? a{r?ﬁ ?i gﬁ;_%dpﬁég%emm

pol ypr opyl ene, etiglanicallgnivydtursted maslidnterd & khd esse-the amduanef the
copol ymer, mal ei ¢ anhydri de-nodifi ed BPDM (et hyl ene- propyl ene-di ene
terpol yrner), hefopbilgpsimpde dipensiancagepbisadus Lefitnearts by weight

et hyl ene- mal ei ¢_anhydr.i de copol . 258t h p L ene-1ml ej c
anhydri de copoﬁ%}r@?%é’ gh?a%#eggeq%nﬁé%%an eyéérs:ﬁcilgﬂ c%og%pﬁn%%%f%i zed

pol yet hyl ene, ebhsheERbashed toG Eghs de??éé‘éb%ﬁ‘l@fin 18 bt tidrhalm se,
|

ethyl hydroxyethyl cellul ose andthe ke. Anpong these, maleic
anhydri dé- nodi flDgdrtp blyywetigy arrless, affiéews tendrib ypd obtrinerbiiat ¢astkspond

pol ypr opyl ene, | ei ¢ anhydri.de-.nodi fi ed et hyl ene- propyl ene

copol ymer, oxi &%rﬁggquﬂgq@:y&la@ngt%%%gpa@} ’F@' aci d copol yrer

can be used inpgeioTerd (SLRBIAL T LAk O1hePe T gyer 'ﬂ%hl?é’ e
suspensi on. Omg tyge eac‘ﬁ OPI t hes@hy%‘&%pﬁ%bi C poffyrreri g?sf)er si on
agents may be uysBtharlcodieparsioh \apertris por partigpledy ayitdie atid édwithin a
conbi nation. [0084] The anpunt of hydrophobi c pol yneric dispersion
agent range that enables the hydrophilic polymeric dispersion agent to
20 demonstrate affinity for the aqueous solvent (and particularly, water)
and uniformly disperse in the aqueous liquid. The weight average
molcular weight of the hydrophilic polymeric dispersion agent may
be 2,000 to 5,000,000, 5,000 to 3,000,000, 10,000 to 2,000,000,
20,000 to 1,500,000 or 30,000 to 1,500,000. As a result of making
25 the molcular weight of the hydrophilic polymeric dispersion agent to

be within these ranges, there is a tendency to achieve a suitable

24



10 contained in the oily liquid may be 0.1 parts by weight to 5 parts
by weight, 0.2 parts by weight to 3 parts by weight or 0.4 parts by
weight to 2 parts by weight relative to 100 parts by weight of the
aqueous liquid (total weight of the aqueous solvent, water-soluble

et hyl eni cal ly unsaturated nononer, hydrophilic polyneric dispersion
15agent and water-sol ubl e thickener). [0085] The oily liquid and the
aqueous liquid are normally each prepared prior to polynerization in
t he case of reversed-phase suspension polynerization. The suspension
used for polynerization i s prepared by m X %_the pr epar ed aggeous

I N
liquid and oi | Particfisige vivle] brouppblerie partigutarkyorepurkably palrance #he at i ons

on the nethod I . LQphi i c I rpc

di spersi on agelr#é (gtr é@f%@%%?é’ q%%%g%ae'?agn?%%@% gorgg?ﬁgxfscégﬁph tqﬁ}ée
aqueous | i qui d apsvedmebBontdl YWEEhE adviebdpe I cEMAMRERSt Ofs SUICkLIREt hods
include. (a) mxing the hydrophilic polyneric dispersion agent into a
wat er - sol ubl e msWﬁéNiEﬁipEmmawmmﬁdgmphwfﬁPCBﬁiauisi aonverrtet!

n"the obly 11 Qaiiae B9y SREEa avede b engnd. vaPer abmppaiculr |
ethyl enical Iy ﬂﬁﬁ&&iﬁﬁébﬁ%@@éggg@af&gbfﬁﬁc%@%@ i 18R 1F AR 1 On of

t he hydrophilic polyneric dispersion agent 't e olly qui nd

di sper si ng t hehgdwphiicdpdglghert &h‘)@feﬁiﬂﬁgag&h‘c%@?@f 1 tidoioRt MBrogni cal |y
unsaturated nmononer 5,solution_in the oily [iquid foll owed by addi ng

an aqueous sol the BisvprintRL sgiebiliphin weigsangnibei effast ofaeducing fligent and
di i th I QL. t | iL.zat] on. LA th th t hod
of (a) can be feiiref vt EoBPaRgtEicablent tie daZier Rl crpouisateuehi ng
the resigual veleapdly@ingDARVABNMaGBY 6556 10l EPRBTIv oSS a8b&Nfo Can be

added to the oi lérl iquid. [0088] The polynerization tenperature when
carrying out r&Ygradddpkm8essuspensi on pol yneri zation (tenperature of

NIRRT - S e U A R R
Normal Iy, fromy,de, L8 WoauRel Nheudd gﬁgg%r;igglyqp&%%{sw #Eo%hl%fg tine

by allow ng polynerization to procee acil'rtating renoval

of heat of pol yomniniay zbfesndbneafimyiitgl ogoup heldcasic Foan tlﬁdﬂg%n{}!i , the
pol ynmeri zation tenpperature may be 20C to 110C or, 40C to 90C. The
reacti oh?ti me Fensigngent 8 cabexy @redp,tsylfe giowp, amido[epogoindaemines

i ously descrjbed {i t terscont aini | ated pol
T ormed by pEiRer TR GRERS R B G By P o malll Y o e
mononer. Nor mabk Yat feh& bRSUpd hrsazeeeydyﬁ%m Gﬂ@ﬁéaﬁ%}lﬁgﬁ@%ﬂg%&at ed

pol ymer) has various fornms Such as spherical,” granul ar, Tragnented,
conf et t i - shapeedxamplan(agiammdianed28{(hethdatylid"nist ecipafaensed to

enbodi nent, fromthe vyi oi nt.s, of _i roving specifjc surface area
and wat er - abs ofSPLFSGRE ¥’84f W?acfrpféc" and ‘nngetgacryﬁc" Fc):CJllec;tively) and salts

20 thereof, 2-(meth)acrylamido-2-methylpropanesulfonic acid and salts
thereof, (meth)acrylamide, N,N-dimethyl(meth)acrylamide,
2-hydroxyethyl(meth)acrylate, N-methylol(meth)acrylamide,
polyethylene glycol mono({meth)acrylate,
N,N-diethylaminoethyl(meth)acrylate,

25 N,N-diethylaminopropyl(meth)acrylate and
diethylaminopropyl(meth) acrylamide. In the case the water-soluble

25



wat er - cont ai ni ng gel ated pol ynmer nay be granular or may be granul ar
and havi ng nunmerous protrusions on the surface thereof [0090]
Production Method 1 may be further provided with a post-crosslinking
step for crosslinking the above-nentioned 5 water-containing gel ated
pol ymer. Production Method 1 nay al so be provided with a prinmary
drying step prior to the post-crosslinlcing step for adjusting the
wei ght percentage of water in the water-containing gel ated pol yner
(water content of the water-containing gelated polyner) so as to be,
for exanple, 20% by 10 weight to 130% by wei ght based on a val ue of
100% by wei ght ethslerdentiyonavateratedr mpadmer contas wat apingogigvpe the

et hyl eni cally unsat urat ed_nononer 5!218’4 e sotl.i d,fracti on%}bt hat
conposes t he wATBRS R HA§eganale eﬁol HBPUONEH BITPSAPYHL 331 t her e
are no parti cul f'k[toﬁ i i I t Py imary
dryi ng step, efglrr?glkgs thgrdgg?miﬁﬁg%egé%g@gﬁeﬁﬁoﬁ&%ﬁ\{h@gﬁu%t er is
removed by azeas reogsstinkdibdd ibricsiohalngohph éati pest-chmshivitieg stepntoabai ng
gel ated polyner fromthe qQutside while the water-containing, gel ated
pol ymer gi sper Subsegpentlye descyibed.qui Py BPSCc a9t ootk sp}@#egfsehlqu%di um
and the hydroc ol i 0] i .l ux h in
whi ch the wat e%{@gﬁﬁlﬁ%ﬁﬁ%gge%g%%h%#ﬁ* sb%r 'gérjregvélgh%y rg%}é’aﬁ ation
and dried unde&ndrg@j@ggn@rmaqm c@fbingEdna nmethod in which the

wat er - cont ai ni ng gel'ated polynmer is filtered out with a filter and
dried under recﬂ&ﬁ@d hyomssthe. viewpant | ofl aindusttiel nevaitabildy, (4&he can be

enpl oyed i n consideration.of 25sinplicity. of the production process.
[0009] A wat or ASOOBAIT SR lenial R rongmien ey St 43 Bhe
wat er - ahgor pt i i . [Jal’q

wat er - cgﬁt ai ni g@%ﬁ%ﬁﬁe}d pgl%;?%g%dﬁoé}h%%ﬁ%e%ﬁggg?gﬁt ni{agac(): t he
wat er - cont ai ni agd geltattherept)| yrtachdis Hdénrnmidpaist dibrédd, aboidamidenpl e,

20% by wei ght to 130% by Wei(ght in the manner, descri bed above. 5
[0093] Post - cr &xshacrylamider and RbNndimnath sy degmgs | be aldlegsh grer i s

carried out by, for-e g, mxin r - cont.ai ni-n I d
pol ymer with a.hf%as i%@%ﬂ?nsfgﬁgedaig%%p E? ?(%ugjw%‘%‘%gbg & ta?ﬂ’gi% aﬁfg
post - crossl i nkiaRg sABE HerdHEY mBthadr IRt Rid a6d vatLHeAHPaHAGchRANMhIN, a
functional group capable of reacting with a functional gr oup 10

cont ai né@ i n t ledJenethe vlewpomteathiptthen entlangingrfttyirmae de mbieastr
(such as a carboxyl group in the.casge.of acrylic aci.d). anpl.es of
bost - cr osel | nkioAt TR SO S BPw R carous o@igiiia & SYhG
Propyl ene gl ycgkig shakaRitiaRERbAl medcmRIdudi@bh] ORRfereBE YOOI I 1.

pol yoxyet hyl ene gl ycol, pol yoxypropyl ene glycol and polyglycerol; 15
conmpounds havi Q0B3)0TIer ooenepdxy of ouhs swvutbr-ssulflpol sthweehighldne

gl ycol diglycidyl ether, (poly)propylene glycol diglycidyl ether and
(pol y) gl ycer ol v@paispéadappnempiein theAqmepsdyaid mubmgfl@utﬁwar@nge

compoundd havi 155D e e B PR s s SR Adicons
202, 4-t ol yl ene [diid Omy@natpigi hexamet hﬁu@@@s dibloaay aRatd-sofisid ane

conpoundssuchas3- et hyl - 3- oxet anenet han
ethylenically unsaturated monomer, hydrophilic polymeric dispersion

agent and a water-soluble thickener to be subsequently described).
In addition, from the viewpoints of facilitating the obtaining of a
25 water-absorbent resin particle having a preferable particle size due to

a favorable state of the W/O type reversed-phase suspension, and
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3 -ethyl -3 -oxetanenet hanol, 3 -butyl-3-oxetanenethanol, 3 -nethyl-3

- oxet aneet hanol , 3 -et hyl -3 - oxet aneet hanol and

3-but yl - 3- oxet aneet hanol ; oxazol i neconpoundssuch as

251, 2- et hyl enebi soxazol i ne; carbonate conpounds such as ethyl ene
carbonat e; and, hydroxyall cyl am de conpounds such as

bi s[ N, N-di (13- hydr oxyet hyp] adi par ni de. The post-crosslinking agent may
be a conpound that has two or nore functional groups within a nolcul e
t hereof that are capable of reacting with a functional group
possessed by the water-soluble ethylenically unsaturated 5 nononer.
Exanpl es of  sudHPEy#pb thel sWellend gapgsalyy of she aesubiing deateraahisarpeptvo or

nore epoxy groyps | gepexy..comounds and co unds havi two or
Tor e | Sooyanat B0 SARAENBR AR SRR oT doneRRRIR dRen Y SR Hese
post - cr ossl i nki 1RG6 308, B YydIehtUs Wi may
be used in conblv{%ati on. 18?009%?’ F?%n?j{ ﬁvg?g\??g/g%?nw of sﬁﬁg???

reactivity, théyposghtdod2% bniveighyt agent may be a conpound havi ng two

or nore epoxy . From the viewpoints of high solubility in water
and handPi ng eg@%‘ii"‘a stase r thes | WHIRT-sRjuklg e AihyIGRiGRAlyt vasatarated he

t- | i nki d, 15
Dot ect ed £ r om FooRE s Eecydicd 428 PAd IR BERTRE N o
ether, propyl epgnghh)eotylahidbyrinditlylslopeiesulbie e, dhadlaird dydupet her,

pol yet hyl ene gl ycol diglycidyl ether and polyglycerol glycidyl ether,
and from the vixpbe meuaﬁhzq%bﬁvamguwémemnphzmgramnteudi as han

TR R R R
ether. 1o agents include aqueous solutions of sodium hydroxide, potassium
hydroxide and ammonia. One type each of these alkaline
neutralizing agents may be used alone or two or more types may be
used in combination. |
[0075] From the viewpoints of enhancing swelling capacity by
15 increasing the osmotic pressure of the resulting water-absorbent resin
particle and further preventing problems relating to safety and the
like by inhibiting the residual presence of excess alkaline neutralizing
agent, the neutralization degree of the alkaline neutralizing agent on
all acid groups may be 10 mol% to 100 mol%, 30 mol% to 90 mol%,
20 50 mol% to 80 mol% or 60 mol% to 78 mol%.
[0076] The above-mentioned aqueous liquid may contain a radial
polymerization initiator. In this case, the radical polymerization
initiator may be water-soluble. Examples of radial polymerization
initiators  include persulfates such as potassium persulfate,
25 ammonium persulfate and sodium persulfate; peroxides such as

methyl ethyl ketone peroxide, methyl isobutyl ketone peroxide,
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[ 0095] The anount of the post-crosslinking agent may be 0.0001 nol to
1 nol, 0.0005 nol to 0.5 nol, 0.001 nol to 0.1 nol or 0.005 nmol to
0.05 nol relative to 100 nol of the water-soluble ethylenically
25unsat urat ed nononer used to formthe water-containing gel ated
polymer. If the anount of the post-crosslinking agent is 0.0001 nol

or nore, there is a tendency that the effects of crosslinking are
denonstrated, and the water-absorption rate of the water-absorbent
resin particle can be further inproved w thout causing the surface of
the water-absorbent resin particle to becone viscous during water 5
absorption. |f di-hbulinpenexids, tbetybsvmyd meseiidenl theiyl agenyateate, nol or

| ess, water-absqrption ca ity of the water-absorbent,resin particle
tends to be abPaeBy BETHPCREVA TR WeHSa ity DAredl ve
crosslinking. [LORGe: M xi ngqof thg, yat er'cSﬁhgbﬁﬁd}J ng gglated pgd yner
and the 10 post-crosélinking agent can be carried out after having
adj ust ed t he wai2nzads@antthplprépienamidine)cont ai ni ng diblydtoeHlopey mer to

be within a speci'fic,rag(&e: with the primary drying step and the |ike.
The post Scr ossPimiezeRisite@trhayiamidg)aropandgdy oceed néihEdischicgidspl y by

controlling th . : -cont ai ni I pol ynmer
15 during m x?h%\%%gl§%g(mﬁag%?&i%%®§f%§[ gel at ed p%%ygnlg)r(: ﬁ%)n “ he
post - crossl i nkiggmag(gﬁ@p-[1n(z_mc§0mﬁﬁp_g-i[r9@@zﬂinﬁagt]%@bg{ﬁe}cont ent of

e

the water-contai ning gel ated pol ymer  provi ded for
post - cr ossl i nl dilygr ideay be 20% by wei ght to 130% by wei ght, 25%

D e 1 e Ry O PR A A
Pl DT B on 00Tl A NS BBl
enhanced by shand ehi'regobizbl-pyanorilyridracidly reptyei b cheh tdfethese
i nprovi ng wat er - absorption performance 25with the post-crosslinking
reaction. [00983diqal@ohynenizationtiBiiatas mayeboused aloe(oitWondy Herat ed
pol ymer types may be used in combination.
[0077] The amount of the radical polymerization initiator used may
15 be normally 0.005 mol to 1 mol relative to 100 mol of the
water-soluble ethylenically unsaturated monomer. If the amount of
the radical polymerization initiator used is 0.005 mol or more, the
polymerization reaction does not require a long period of time,
thereby making this efficient. If the amount used is 1 mol or less,
20 the polymerization reaction tends to not occur rapidly.
[0078] The radical polymerization initiator can also be used as a
redox polymerization initiator by using in combination with a
reducing agent such as sodium sulfite, sodium bisulfite, ferrous
sulfate or L-ascorbic acid.

25 [0079] The aqueocus liquid may contain a chain transfer agent to

control water absorption performance of the water-absorbent resin
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can be determ ned by cal cul ating the val ue obtained by adding the
amount of water used as necessary when m xi ng the post-crosslinking
agent to the val ue obtained by subtracting the anmount of water
extracted to the outside by the primary drying step fromthe anount 5
of water contained in the aqueous liquid prior to polynerization (the
anount of water of the primary dried gel), as the amount of water of
t he water-containing gel ated polyner, followed by cal culating the
rati o of the above-nentioned anount of water of the water-containing
gel ated polyner to_the weight of the water-soluble ethylenically 10

unsat ur at ed mo®aHie. t Hxtamienelseein Hangien agenidntkia hyeprierphites,

ol ynmer. [0099],..The k . 1.0 s derived fromthe
a/at)e/r-sol Elb| e lgflé{/ér gﬁ@%%%&‘@% E?l%gﬁg& a%t%;(%m}rsbaﬁ%ir%?m%at conposes the
wat er - cont ai ni NGOMS | EHeLs I\PRAMAES a h?d%h@lﬁiﬁilit&ﬁih ﬂ%ir&a;fl:&xﬂb@éeidrtﬁ As the

15 theoretical polynmer solid fraction fromthe tot wel ght of the
wat er - sol ubl e dytsacerpopaldispexsimgatmedited ndire mbydwsadbon n dispersion

Gol 41 e Bol yroSHi (7 HReds s SFPRRHEIagRAL of B BeqHy MEBhgded
as a sol vent “&ﬁﬁné?e\@%ﬁ%ﬁ\é?ess&g &152‘?}?%?1@%‘83% iyl dng agent in order

to uniformy disperse the ‘post-ctos agtenf. From t he vi ewpoi nt

of uniformy dii68i] Hxaenpldre of aht -leydescdrbetl Gligj@rage thediiinl chideanci ng
process econony_ by rationally shortening the drying step, the weight

ratio of the afbiipt @iPhabe ehydrocatheonpr ishel y adr inebiexgap, n-heptane,
(wat er - cont ai niyn S5gel at ed pol yner nd the a t,. of t ey added
together with ;2 nget S&ezi%l}%ssl in "F%eéﬂgga)f'ﬂnenay g?ﬁ"ﬁiﬁnﬁ%e%%nﬁ’o 99: 1
to 70:3Q0 98: 23tBhyiB&ital OindP8ndctaBeO0aliGclid RySeRBbhd Coihoani C

sol vent may be used instead of or in conbinatidon wth water. Exanples
of hydrophi | i ccyelgberave sobthgltyslohexdnedeydlopeatane] methyleyckypehtaas, met hyl
al cohol , ethyl al cohol. and.i sopropyl al.cqohol; ketones such as acetone
and methyl 5 EFH%/‘EBR%‘ -lcyg:é)cﬁ@p ucHsds>-gingstayieydppentane and

t et r ahydr of ur an.,.. afriad di et ﬁ@ﬂj ' sul f wddes
such as di net h?ﬂfpﬁsﬁg‘éﬁ%ﬁﬁéﬂgf %cagy%%@{ Sggagr!a?l\‘?}g%{cg a;éay be
used al one or buarege, Whicketandes/lemy Chelspd dath 6O Miss Alydfitaion
necessarg/. [0101] The reaction tenperature of the post-crosslinlcing

reacti oh> 10 néifpersicaomedia mey)fherused Gpreoon bR oy M@ types mePde As a
result of making the reaction erature tq. be 60C or. higher, the
post - cr ossl i nkf‘r%éi PR, %@3?%@0%aﬁpfrﬁ’é’nrlgﬁ fnoﬁla?'@‘?ds to
not require anaeRGRSHMGpEBPEBhpOind sdlBoted Frofh fHEStbip BbndiBitoNeF t he
reacti on tenperature t\cl)@ge 200Cpor | ower, deteri csgiat? onn of fghe 15
resul ti ng wat echabshbphaitthydesiarbgna hbivinke @ridcabatestomaaad ialicyclic
wat er - absor pt i Ian er orr‘rﬁmce tend tQ be able to be inhibited.
ydrocarbons having 6 to 8 carbon atoms. From the viewpoints of a
20 favorable state of the W/O type reversed-phase suspension,
facilitating the obtaining of a water-absorbent resin particle having a
superior water-absorption rate and preferable particle size, industrial
availability and stable quality, the hydrocarbon dispersion medium
may be n-heptane or cyclohexane. In addition, from the same
25 viewpoints, a mixture of the hydrocarbon dispersion media may be,

for example, commercially available Exxsol Heptane (ExxonMobil,
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[0102] Although the reaction time of the post-crosslinlcing reaction
cannot be uniformy determined since it varies according to the
reaction tenperature, type and anmount of the post-crosslinking agent
20 and the like, it may be, for exanple, 1 mnute to 300 m nutes or 5
mnutes to 200 m nutes. [0103] Production Method 1 may al so be
provided with a secondary drying step for further renoving water, the
hydr ocar bon di spersion nediumand the like by distillation of

appl yi ng energy such as heat 25fromthe outside after having carried
out the post-crosslinking reaction. Carrying out this secondary

dryi ng step tenrdstatning?3%wo 8h% obivheptanmendisomenatrdroatrborent resin

particle havin superior . flui.dity.. [0104] There are.no

Par i cul ar | § miRE GuSh e heioRRH G FRESCEERTRRS T YRRy o ep,
and exanpl es t }’%95 udg: g (e -hodd 15 | o Watiskt

hydr ocar bon di ?gf rsﬁggﬂﬁﬁedi %lr% an m?iﬁagi%]gi kgogt?.é si#rﬂl ]gaxeoulsl ilonr enoved
by distilling gempethtur€ te wmstunt pdrthechgRocirbgerdgmriion trhediai y

| i quid (hydrocarbon dispersion nedium) after the post-cro}z%lci nki ng

reactiony (b) &oweiwedn the eib banid avayrbepat parey swaight

method 1 nwni o A0 pare o Blent B8RP RaPe FSob R BF 198 Bng
dried under re _gﬁtsmsa%m-bﬁei%ﬁt FIRSR 1ol 109 pRtshedweight af tiean be

enpl oyed in consideration of Sinplicity of the production process.
[ 0105] Accor di mgiteresolibdel echsilenicalbt noshtdratesd wwnemenbshs Femsuttesf n 15

particle according to the presen nbodi ment descri hed above can be |
obt ai ned. The F@i‘%ﬂ&ﬁ%ﬁ EPET;B@M?I’ECLOP ngrsbg}mp&ugl“%ggl\ig f’ﬁ)arti cle
si ze of suit i : perd.or : - L r and, a | ow
resi duallﬂvol at ?Pﬁ%@nﬁ%&% %éo%{dé?ft 1%%%6??(%%% éctqioogb ctﬂho 2)
polymerization temperature. By making the amount of the

hydrocarbon dispersion medium used to be 650 parts by weight or
less, polymerization productivity tends to improve, thereby making
this economical.

15 [0083] The oily liquid may also contain a hydrophobic polymeric
digpersion agent. Combining the use of a surfactant and a
hydrophobic polymeric dispersion agent makes it possible to further
stabilize the state of the W/O type reversed-phase suspension.
Examples of hydrophobic polymeric dispersion agents include maleic

20 anhydride-modified polyethylene, maleic anhydride-modified
polypropylene, maleic anhydride-modified ethylene-propylene
copolymer, maleic anhydride~-modified EPDM
(ethylene-propylene-diene terpolymer), maleic anhydride-modified
polybutadiene, ethylene-maleic anhydride copolymer,

25 ethylene-propylene-maleic anhydride copolymer, butadiene-maleic
anhydride copolymer, oxidized polyethylene, ethylene-acrylic acid
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20Production Method 2 is provided with a polynerization step that
conprises polynerizing a water-sol uble ethylenically unsaturated
nonomer in a suspension containing an oily liquid containing a

hydr ocar bon di spersi on nmedi um and an aqueous |iquid containing an
aqueous sol vent and the water-sol uble ethylenically 25unsaturated
nononer, the aqueous liquid being dispersed in the oily liquid.The
above-nenti oned polynerization is WO type reversed-phase suspension
pol ymeri zation in which polynerization is carried out by using the
oily liquid (0) containigg_the hydr ocar bon di spersion nediumfor the

;:ﬁnt :j _nuoust phas@PahEatstt %qﬂél?&;%bﬂfﬁg?%%?\geﬂ?iﬁﬁfa??egﬂgimﬁ ﬁ(ra f or
e di scontinuo a n .

cont i nuous phas@c}%eﬁlgea%}eg{légﬁ %ﬂﬂ%ﬂsrhc{gémggﬁegc@g’&e% Efnezomﬁgé or
nore at 20C. [ Qhfydriddeioaifge- p'gl?bf@,gypé;le;s USRAsS Omg]ﬂﬁtjg_%{od;ﬁ)é& ains a

surfactant having an BLB value of "6 0r higher. [0108] The anmount of
sur f act ant usedthydencbproggicust edopplytrien t hexidiz®d sammlyetindeneas dhat of

Productign Example 1. In.the case of not ~using .a hydrophil,i.c

pol yner i 2 d spgﬁyﬁ%w—%ﬁ% ACif ROP QS (2B D% 1Ed I (PHRY BHAkBEOR an
normal Iy be se i I i i g h

S0l vent " vat or TNVEP B R pa iEsd SBendtEL 0 On b A U S

dependi ng on t hgdaphebicapolpheric SidpaBich 43EnekRRAe Mhe wedonkSednal to
the wei ght of the aqueous |iquid. [0109] In Production Method 2, the

aqueous | i qui d % rraiypes apydanseddn sonbiaationont ai ni ng water, the
wat er - sol ubl e i call nsat ur.at ed. nonoper and, dependi ng on the
case, various ﬁ@/@%ﬂe‘@}e a“&&?{?’? v%éthé’ﬁa?%glgmapﬁg&%‘?qcsd?%f o HeERener .
The aquegus solcwﬁﬂameuqnaﬁé:@g?%ﬁmﬂa %lem.pi;aefe@bgrw tw%%sﬁg(e

contain other hydrophilic solvents. 10110] "The Viscosity

aqueous | i qui d wengty Oclipaito lbyMaeightl t@ 3aparts by weight or 0.4 parts by
weight to 2 parts by weight relative to 100 parts by weight of the
aqueous liquid (fotal weight of the aqueous solvent, water-soluble
ethylenically unsaturated monomer, hydrophilic polymeric dispersion

15 agent and water-soluble thickener).

[0085] The oily liquid and the aqueous liquid are normally each
prepared prior to polymerization in the case of reversed-phase
suspension polymerization. The suspension used for polymerization
is prepared by mixing the prepared aqueous liquid and oily liguid.

20 [0086] There are no particular limitations on the method used to
incorporate the hydrophilic polymeric dispersion agent provided it
can be uniformly dispersed in the aqueous liquid prior to
polymerization, and examples of such methods include: (2) mixing
the hydrophilic polymeric dispersion agent into a water-soluble

25 ethylenically unsaturated monomer solution and dissolving to obtain

an aqueous liquid, followed by dispersing this in the oily liquid, (b)
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20C is 20 nmPa.s or nore. This viscosity nmay al so be 20 nPa.s to

500, 000 nPas, 25 nPa.s to 500,000 nPas, 25 nPas to 200, 000 25nPa. s,
30 inPa-s to 200,000 nPas, 30 nPa-s to 100,000 nPas, 35 niPas to

100, 000 nPas, 35 nPa.s to 50,000 nPa.s, 40 nPa.s to 50,000 nPas or
40 nmPa.s to 10,000 nPas. The residual volatile conmponent content can
be particularly remarkably reduced by nmaking this viscosity to be 20
nmPas or nore. In addition, transfer of the aqueous |liquid tends to be
made easier by making this viscosity 5 to be 500,000 nPas or | ess.
The above-nentioned viscosity of the aqueous liquid is a value

obt ai ned when wmegesateiyngdding 20@tansphaitle ethylanicablyamBrivoiéd mogomer

vt o7 - ool Ubl SOPRPEKEHE GRS BUPBRRE RO VANRG P dRdtus
l'i quid having E&pgéé ytolgll ssyﬂﬂgg {a 1%&rs_[¢heﬂ?é¥&ﬂman9f hi s

wat er - sol ubl e t ener t wat er ~ at may

be 1 g to 300 @1Sp3rsg‘lg CarR 5@atgr-eslubleg etioyl&GCally: 1Epsaﬂmpdte<$ mbnomer
wat er - sol ubl e t hi ckeners include hydroxyal kyl cellul oses such as
hydr oxyefhyl céolruap@s@ ity ligwid fellaved pjraé mg Fequers solptimopt

ol o vae Yyaliss %ﬁ’c'nﬁﬁ HBishRsln Wt R B

cel l'ul ose; car E,%yab yiRBiZAHoRAS € At tHRSe, C e DRXIHGET 6/ [2) C&nl b@ ose;
and, carboxyal oxyalky cel I ul oses such as carboxynet hyl

hydr oxyet hyl cezbédjlﬁmm theAviavepaittes® mord effestiealy sodudiie thehias r may
be at | east one E¥ e of co ound 20 selected fromthe group

consi sting of AP @Wﬁﬁmoses hydroxyal | cyl al kyl cellul oses
and car hgxyal k I al so be
hydroxygghyl i? yﬁgggéﬁn &ﬁxﬁ?ﬁgﬁg@%géﬁﬁe ﬁ?%ﬁose Hydr oxyet hyl

cel lul ose and HyEBE)XBHY Oplblyma‘idaﬂbﬂse:eﬂﬁfperahlrghl whewo! ubkgidg) agteous
sol utions, 25nore easily realize the effect of increasing VISCOSIty
of an aqueous gevameddgphasenguspensign| @obysndrizetiver (leapgrdurehefr dbg dual

vol atile conponent .c tent f t he absor hent. re5|n
(e type each’ PitnEcD vt Ss gnmiS, FrerRERe SRy VBl B e o
two or nore typehd®ye RE rafitd dolyReiidatih@Rtor used. Normally, from

15 the viewpoints of shortening polymerization time by allowing

polymerization to proceed rapidly, facilitating removal of heat of
polymerization and carrying out the reaction smoothly, the
polymerization temperature may be 20°C to 110°C or 40°C to 90°C.
The reaction time is normally 0.5 hours to 4 hours.

20 [0089] As was previously described, a particulate water-containing
gelated polymer is formed by polymerizing the water-soluble
ethylenically unsaturated monomer.  Normally, the resulting
polymer (water-containing gelated polymer) has various forms such
as spherical, granular, fragmented, confetti-shaped or an agglomerate

25 thereof. In the present embodiment, from the viewpoints of

improving specific surface area and water-absorption rate, the
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[0112] Although there are no particular Iimtations on the anmount of
5 the water-sol uble thickener in the case the aqueous |iquid contains
a water-soluble thickener, it may be, for exanple 0.05 parts by

wei ght to 20 parts by weight, 0.2 parts by weight to 10 parts by

wei ght, 0.4 parts by weight to 5 parts by weight or 0.6 parts by
weight to 3 parts by weight relative to 100 parts by wei ght of the
wat er-soluble 10 ethylenically unsaturated nononer. The effect of

i ncreasing viscosity tends to be able to be obtained to a higher
degree in the case the anount, of. water-sol ubl e thickener in the

aqueous | i qui d WeTrQperiBme; gelgied @ogimperomayybe gpanplast 65 cBRY e@%ondi ng
to the anount , 9‘% 913 L: it e anount
of wat er-sol ub%gﬁﬁié%nﬁﬁc?ﬁg} :nrlﬁll%g pgr?[%lgggglﬁﬂmgisgﬁag%r&%féeogs, t her eby
maki ng this ec¢o@t]bdudtidhl MetAbd houghayt be REeRANpEidEd Wikch t he
residual volatile conponent content decreases as a result of the

vi scosity of tRestejoesdiking qsfen dfor 2@@sshikingg 20herPabovemeantivredr 20

nmPa.s to. 20 500,000 nPRa.s is . not clear,._on ossi bl e.reason i s that
separatidn and V{?ﬁ?rfcioélgg:’ﬁnﬁ‘ﬁ ﬁatgﬁé’é’gﬁ%eri i Em‘ﬁwﬁ%éﬂﬁt&dﬁnm@x@w O type
rever sed- phasepsysHaAsSd ¥hdd BrishAPIFAZES It Ykiidd 1S
presuned that, agﬁ,a result o itan%gﬁy?%g; ?%@Ffﬁﬁﬁ\c}%c}éﬁz‘g@ﬁly or” hi gher
to aqueous |iqsteg doopkdjustityy tiei ngeizhtvapatestagaibb® tWategkeémerheand t he
i ke, the 25frequency at, which the hydrocarbon dispersion mediumis

i ncor porated | WAHLRHRIBEs BFlged aPlpIest s(erieT ngostsf i stfondheet ween

aqueous liquid d ere | nhi hit

formati on of d{%&%%%%%ﬂ%%g%%ﬁ%fé@%ﬁﬁbﬁs %Ylf%ggb%{ &gﬁ%@ﬁ’a I sm by
whi ch the resi eeight\o! 13084 By GRiEierRRtd 681 Rilbe GLIDORSHS vk fhesul t
of the aqueous liquid 5 containing a water-soluble thickener is not
clear, this magomporgnss deritaderomgbe stater-sotublethatpnially vnsaturated
reaching a certain |evel_ qr higher,, thereby stgbilizing the
separation and € at ﬁ%‘ﬁy’f&‘fﬁr aqtdislis ﬁ?ﬂé{?ﬁb drEhl etLPAeE he thfy O t ype
rever sed- phasewausReRRIYAs oM kfically, it is presuned that, as
a result of inparting a certain” 10 viscosity or higher to the
aqueous | i qui d[@¥9dplAdtiough therengreanvgiaeticwdal libligtibhd okether dryidee
frequenié at which the hydrocarbon di spersion nediumis incorporated

in the agueousmMetlpsg af Heopiwesy duing §teporxamplen thesealiseindag(f dus

i quid droplets,l r Ed e i.nRibjti the f.qrpmation,. of

0/17/10 type S@}eg'gc{dﬂr?rgsﬁﬂﬁﬁdwattep% I%X’IOIVQQ l?)l az@ogtroplc Jx&ﬂpa%on of
heating the water-containing gelated polymer from the outside while

the water-containing gelated polymer dispersed in the oily liquid

(hydrocarbon dispersion medium) and the hydrocarbon dispersion
20 medium refluxed, (b) a method in which the water-containing gelated

polymer is removed by decantation and dried under reduced pressure,

and (c) a method in which the water-containing gelated polymer is

filtered out with a filter and dried under reduced pressure. In

particular, the method of (8) can be employed in consideration of
25 simplicity of the production process.

[0092] A water-absorbent resin particle having more superior
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15 [0115] The concentration of the water-soluble ethylenically

unsat urated nononer in the aqueous liquid can be adjusted within the
sane range as that of Production Method 1 based on the weight of the
aqueous liquid (for exanple, the total weight of the aqueous sol vent,
t he wat er-sol ubl e ethyl enically unsaturated nononer, the hydrophilic
20 pol yneric di spersion agent,- and the water-sol uble thickener). In
the case of not using a hydrophilic polyneric dispersion agent, the
concentration of the water-soluble ethylenically unsaturated nononer
can be set by considering the total weight of .the aqueous solvent,
the wat er - sol uMateTEAbEYIPERN CRATTAFMIASHICER abe PORHRYHEY SIRESIERS Fendi ng

on the case, t at.er -~ j e | ght of
t he agueous li%{%@coﬁ[@%i@%}aﬁe%g@ﬁ%{? ?l(rﬁr‘ft" kﬁ@l?ﬁ%edg}é?&tcﬁgte%gﬁ% ypes of
conpounds as t RasR-deheihial Selatdesslymke tad Bedll &tjusibd &) Methagpld, can be
used in anmounts within the same ranges for the aqueous solvent,

wat er - sol ubl e 80%ybeweight to/13(%6 by weglydn tionweeneraigscritediabave. 5
olynerization_ipi.tiator contained.in the aqueous |jquid, the,
P oo Ban a o) s oS slhen ot e Bier conHEts Eplef e S e |

as the surfactant:.angd Ve, fi4s 5 b1 {%as ) ted

pol ymeri zat i on?ﬁipr)lggt §ililztr gg’sﬁlln?q ng, ’d?giﬁl‘rt]l %‘%dw'? eg c?ﬁ%%ﬁ%%%e%aee carried
out in Product pelynéethih a2poticagslihieing aapentrisliovesl by HenidakictTien

10Met hod 1. [0117] According to Production Method 2, a

wat er - absor benpostesspsslipking; agest may dred? Mpterco e sempennd BaBe8idrent
descri bed above_can be obtained., Th - r hbent_ r.esin ticle
has a parti cl e%%rfcgign%f 20R,i ¥8D 18 s‘??z%\lg,%&zﬁ%ﬁ‘gg‘ﬁi (Q)r %lm%glglrlélaﬁg%‘;ppti on

rate, ang a lo edUal HED i £e d[ 8dd&h
ng %ﬁtgﬁx'g)duﬁ thbowaterlsb 8] ﬂm%lyg@mﬁaaﬂate R er

(Production Metho Producti on 3 is provided with a
first pol yneri garches astashoxyhgreupsiacthe dagrodfamylic atidbn Btasplesof

descri bed below. In the first pol i zation step, suspensi gn
cont ai ni ng a wAP¥rIe iﬂ%en%zﬁgg‘ﬁeaﬁ’@ OE%IS%%rasi %hlﬁfﬁf“gi Py
polynerizinga%@%,@g-so e b eal |y in a
suspensi on whi & orﬁeai%gpaaih g%‘r%/ﬂtﬁ%%?ﬂ %:%%)ﬂri'?%?fr??é{gbg&ﬁy rocapbon
di spersi on medbblyoansthpleas oyl apdly eapirosylare Elydol atdi @olyilsEensl;

hi gher, and a first agueous |iquid contalning an aqueous_solvent, the
vat er - séfubl e €OMPPERASIAVINE DBUPSROTA SR STowphBIch 48 dpelyeilayleng

pol yrrer{ zati on. bt li@liny P8l LoD Bphbse Lyt AIYSRehbibhe! 7
(poly)glycerol diglycidyl ether; haloepoxy compounds such as
epichlorohydrin, epibromohydrin and o-methylepichlorohydrin;

compounds having two and more isocyanate groups such as

20 2,4-tolylene diisocyanate or hexamethylene diisocyanate; oxetane
compounds such as 3-methyl-3-oxetanemethanol,
3-ethyl-3-oxetanemethanol, 3-butyl-3-oxetanemethanol,
3-methyl-3-oxetaneethanol, 3-ethyl-3-oxetaneethanol and

3-butyl-3-oxetaneethanol;  oxazoline compounds such  as
25 1,2-ethylenebisoxazoline; carbonate compounds such as ethylene

carbonate; and, hydroxyalkylamide compounds such as
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the oily liquid. In the second polynerization step, a suspension
contai ning the water-containing gelated polynmer at 45C or higher is
m xed wth a second aqueous liquid containing an aqueous solvent, a
wat er - sol ubl e et hyl eni cal |y unsat urated nononer and a radical 5

pol ynmeri zation initiator, and polynerizing the water-soluble

et hyl eni cal | y unsaturated nononmer in a suspension in which the second
aqueous liquid in the formof droplets is dispersed. The

pol ymeri zation in the first polynerization step and the second

pol ymeri zati on $tea is WO type reversed-phase suspension 10

pol ymeri zati on bi ditB-hedrowesthyledipamide. car r Thel  quast-byossidnkimg t he
oily liquid (0) nt aj, ni_ng the hydrocarbaqn dispersi.on nedi umfor the
cont i nuous phaé"‘%glgn%‘g%éen% cpwgog%cgé}baa aa&ggeor(%)recgmcgfﬂ?n%-om% er for
the di sconti nueHmiRBasslculk W8t hBCark ichSiblABERANSd WiH2dukQAl NS an
aqueous sol vent 15 containing water, a water-soluble ethylenically

unsat ur at ed nogormy poasassetl dal thel waer-isalableo rethylenicaityo runsamehted
dependi ng on the case, v ioui tygfsg% addi tives. ,The aqueous
sol vent Ps mai HPCESApos t neRRAUSds c Silude, Beliels,

hydr ophi lic sol C | r-soel uble
ethylenically %&gh%g%%%%ﬁroﬁng% ?%%&?%&ﬁ{gf fs?{loéi%gig\ﬁgsﬁ%égﬁ d may
be wi thin the aadgempbundsiavixarid er miRdstxyaRidBioub at Rnsishay at ed
concentration based on the weight of the first aqueous liquid (the

total weight ofbéfe Lurlns cad! ofcthese pust-erossliiking egentsiphy b vadd y
unsat urated nonpner. hydrophilic polyneric.di spersjon agent and

wat er - sol ubl e F%P&?Eﬁ‘ég)o?“fé)’é%h@ﬁf%f?%%ﬁ&ﬂ?“g’gwﬁ%ci litating the
obt ai ni ng of aé%?z;?tpr@ﬂsortggnt ere‘?toﬁﬁparotfl cg‘ﬁpeeli]%\)u ”Pea%ti%ﬁf er@bl e

particle size o a favorable ate of t O type

r ever sed- phasepsttspesstinking ageht imgy dei agohdpeusdveavinpgtwapacinbye of t he
resul ti ng water-absorbent resi H@Earti cl e, the above-nentioned

concent rat on' O0E<SE%, oo AoevaSo LD st o300 e ot
45% - v ' 9%.5 ight. [0 | .
pol yrrgr;,vg:a?i E)nﬁé?cg%éom%#ﬁ%g i %%t%/g{%ggxgé\e%%%sé&m&%%%l r’lofEhee st

conpounds as_t posterpdstimkings byerfesay i Bedti Radlr adaypOLVBsARSERAL and 2
can be used in anbunts within the sane ranges for the agueous

sol vent 15wat er selegted| ot thel griupatonsisting oh sthylenst gtycnb nigizeidpind

radi cal polynerjzation initiator.contained in the fi.rst, aqueous
liquid, the hy8tEEarBBHear @i GRDRE Fbwosbirml AiEeidil <hary
liquid, as wel hoRetiAe: {Aigntigonene ' rdgad s. For
exanple, the f (rﬂgt gquggéuig l'i q%{?d1 ?;y hc%%%?ﬁ&gwﬁéﬁgﬁmﬁc&%& yneric
di spersi on ageand finan ethe sat¢wpdiat of Sriphdwikenerious petforthamuesbf theagent
and the like in t{xe sane nanner as  the aqueous |iquid in Production
Met hods 1 and ESUlRgadefer-AbRrogss rosie pastiels shpren! desexbed, may

o Yo g onsSLlh, 5| il P o R TSBP e
ether.

[0095] The amount of the post-crosslinking agent may be 0.0001 mol

to 1 mol, 0.0005 mol to 0.5 mol, 0.001 mol to 0.1 mol or 0.005 mol

to 0.05 mol relative to 100 mol of the water-soluble ethylenically

25 unsaturated monomer used to form the water-containing gelated

polymer. If the amount of the post-crosslinking agent is 0.0001 mol
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[0122] In the first polynerization step, a particulate

wat er-contai ning 20 gelated polyner is formed by polynerizing the
wat er - sol ubl e et hyl eni cal | y unsat urated nononer. Production Method 3
may be further provided with an internediate crosslinlcing step for
crosslinking the water-containing gel ated polynmer prior to the second
pol yneri zation step. Intermedi ate crosslinking of the

25wat er - cont ai ni ng gel ated polyner is carried out by, for exanple,

m xi ng the water-containing gelated polyner with an internedi ate
crosslinking agent foll owed by heating. A conpound simlar to the
post - cr ossl i nkiongmagpe rtherdeisca i thedencp thabdwctegfp@ml\tb?t bewdslinkimg wsed f or

T Gt ST b b R e BT, (12
0.03 , 0.00Q5.: . ( 01
Do 0. 03 ot + oneff Pl Gbbe Hitner Spfitbeliolofe Dafthy Hauhc@ob DL M

unsat urat ed noRReEFaterSsotbent st pheickate becsné alistbng dughatester
polymer. If the m xed amount of the internediate crosslinking agent

is 0.000% nol a@bsorptien. Alfsler prpunt offthe postsossdinkingsgenbisd mol or

et hyl eni cal I y unsat ur at ed noner in t second aqueous.liquid into
the wat er - cont 7 HGGEPSUBRORGRUAREY Sl e R R RS Rep i caricte
crosslinking Shegyd & baBhRIboh Atk RREERACHIhBuERRIADERERYS ON
rate and swelling capacity tend to be able to be inhibrted. If the

m xed anount ofcrédsBnling.er medi ate crosslinking 15 agent is 0.03 nol or
| ess, a decrease in water absorption per_f_ormaage of the

g/at elrol- absor Eenj[[o@%@ilﬂ”ﬁ%& t'chl'é" RCT PIERRBES B tody B%]é’meﬁk?% ﬂf‘%ng_s to
orosst  APei ng PR RolRiin e ERE 2 B SEAA R ind RBULBERALT 2t €

poi nt tenper at Werodontdh@ olf it ReRF-BoMaitiigd gélaied Holpaérm BOwikin 49 t he
first polynerization. Although the reaction tinme of the internediate

crossl i nki ng r epedifiorrangmrwith Bhe yrimayntbyieg tstepmisnddbsi Wee i Theari es
according to the reaction tenperat.ur the type, and m xed nt of

the int e?medi at S'@EWB?@‘P%% Kg HeR e %ﬂﬁ tf’h%r‘)%%gemqr‘? Pﬁ&rﬁ@% mal |y
1 mnute to ZOQS%%E%B Rafl QUhRSt mhé%éﬂd&%%ng%erat&gpmﬂef es to

60 m nutes. [O1 tinuing, the followng provides a detailed

expl anatiton of dutihg séxingdof tthey veaterzedntainingt gplated Bolythert arah thiet hod
3. The second polynerization step, may be carried out nultiple tines.
The nunber of tAcFegobRiBkEeAgsat wdhipFBMnERt i on step is carried out in

the case it is [ | tipl [ : | e, and
rom 5 the vi dapSife Pbescibuidit & T ReRYaife, bhARE BOHRED:
content while epbaned fer MHeOpolckoEsliNkingBYePenas bé 110%0 BF Weightis .
130% by weight, 25% by weight to 110% by weight, 30% by weight
20 to 90% by weight, 35% by weight to 80% by weight or 40% by

weight to 70% by weight. As a result of making the water content

of the water-containing gelated polymer to be within these ranges,

production efficiency can be enhanced by shortening the primary

drying step while further improving water-absorption performance
25 with the post-crosslinking reaction.

[0098] The water content of the water-containing gelated polymer

36



[ 0125] The suspension containing the water-containing gel ated pol yner
obtained follow ng polynerization in the first polynerization step
is, with cooling as necessary, adjusted to 45C or 10 higher. The
suspensi on may be adjusted to 50C to 100C, 55C to 90C, 60C to 85C or
65C to 80C. Subsequently, the suspension containing the

wat er - cont ai ni ng gel ated polyner is mxed with the second aqueous

| i qui d containing the agueous solvent, water-soluble ethylenically
unsat urated nononer and radical polynerization 15 initiator, and the

second aqueous liquid is dispersed in the formof droplets. In the
second pol yner icatheodetemped Py calalgneathgrales obtained lspadding ihe
containing the - .o | at ed. pol yrer en the suspension
o xed it B AR BEeRHE BB Hithe M PG TIAREL (e
poi nt the suspegsiOR eRNtARR BBatdde BRLEbNEAHAMY BfoudP ogekated
polymer is finished being mxing wwth the entire anmount of the second

aqueous | i qui dextragtedéo ROOuwsidhibytthe priatty doyifg Glepdfi@ntthe 86Guat 50C

to 80C. As a result of naki he te rature of the suspensjon

cont ai ni Ag t he @&%‘FY-C&&F&%#&%@@&P%@@IMW@? togalpmerizgtipnaithce r

m xi ng the sus [ | LU L.t hin the

above- nenti one%ﬁﬁgggg?%ﬁeg Oﬁ% @W@ﬁ%ﬁ%@%ﬁ%?ﬁ%& %@H&Sﬁ?f of the
resul ting wat ethe letsrhentaining sgolatpérgolgher, Gallowed &hf tAb@nfidgy theduced.

[0126] The sane type of conpounds as those previously described in
t he expl anat i ofatiF of the appyesmegderasiamoury of watdr of thecanter-eonteiainge used

wthin the sane es,. for the water-soluble eth nically.5
unsat ur at ed rmlg%fr’?ger%g_gﬁ _n?'e§d1i°c © ﬁvoell%?é gl}ft i‘%ﬁerl"%heql%teg'?yléﬂﬁilgf ned in
the secqpd aquepsktutatddUitbnodlde thi ésmgg%ss%%eaq&ﬁaﬂﬁ]ﬁ 'gg}akéhs may

be conposed of the sanme nonomer and t i ke or they ma conposed

of different npolymers and the like. [0127] In the second

pol ymeri zati on ~Lthe above-nentioned 10 water-sol ubl e
ethyl enical |y @5@?5 gt nEtpaneptnfieriveddirem theewatessalblayueous

el %2 Loy glelber SRl 20ygRa Dl WhnfSieo0u s
wei ght to 150 pardraohiainigp glatdepalineeis detdHin@Bby SalbilatiBg @Ptheo! the
wat er - sol ubl e et hyl eni cal Iy unsat urated nononer contained in
15 theoretical polymer solid fraction from the total weight of the
water-soluble ethylenically unsaturated monomer used in the
polymerization reaction.
[0100] When mixing the water-containing gelated polymer and the
post-crosslinking agent, water may be added as a solvent that
20 dissolves the post-crosslinking agent in order to uniformly disperse
the post-crosslinking agent. From the viewpoint of uniformly
dispersing the post-crosslinking agent while enhancing process
economy by rationally shortening the drying step, the weight ratio of
the amount of water of the primary dried gel (water-containing

25 gelated polymer) and the amount of water added together with the
post-crosslinking agent may be 100:0 to 60:40, 99:1 to 70:30, 98:2 to
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15 the first aqueous liquid. As a result of naking the anmount of the
wat er - sol ubl e et hyl enical ly unsaturated nononer used in the second
aqueous liquid to be 20 parts by weight or nore, the residual

vol ati |l e conponent content of the resulting water-absorbent resin
particle tends to further decrease, and as a result of making the
anount used 20 to be 250 parts by weight or less, the particle size
of the resulting water-absorbent resin particle tends to be able to
be inhibited frombecom ng excessively large. [0128] Fromthe

Vi ewpoi nt of igﬁrovégg groductivitﬁ, t he _concentration of the

wat er - sol ubl e S0RN @nf&4Ite YOilfs ardubhadrenhiis rsgmie solventtray be coed

aqueous liquid.in the.second pol ynerj.zation ste f or .exanpl e,
T by wel ght ol EbSt 555 omBREH PR vt ablh, “EERRRY ot udk i Gt ¢
20% by wei ght QroAde Slvarl siludeQowelaRYLhME SGEH adinSihol alcBRE), EAe]
concentration in"the first polynerization step based on the wei ght of
t he second aquedwdol axdiisdbpiemyl alcohel;getomsl dubk aaceetous andl methty]
wat er - sol_ubl e et hyl eni cal lﬂ¥ unsat yr at ed r,, hydrophilic

5 no
pol ymeri € di sp&fafl dietense ftherh Fugasy d SRR RES (A an; [3idey The
second pol yneri i ) 4.ed u -t he
conditions as t g{f%?sfﬁ’%gﬂgﬂnégp@% |on1d§’t e%ﬂéll’n gt{xtl:%ésge o% ca?sryi ng
out the second dpakfpBulferideonOBE eppabf eichhi\therg soiveat fhile bd Gised
suspensi on contai ning the water-containing gelated polyner obtained
after the firstlgnelopiepioz mare fiypss apyvha used fre cerabinadomes eengssary.qui d
contai ni ng the .agu s sol vent,, water-sol ubl e ethyl eni.call .
nsat urat od. moRHLH v TP demBiebire: ob 1 SrSrehkGE, rofetion
parti cuhgte walfly 6OB0AC N"GoBE) FooE BOIUPE! of Bolciid NBhetor Rc by 15
pol yneri zing the wat er-sol ublFe ethylenically unsaturated nonomer as
previously desaesultest mhkimgetht yeactiopabmperatiraab ée-6050t ai higher, gled at ed

pol ymer) obtained in ol ynerjzation step can be ohtained in various
forms such as @ﬁﬁe@rpeﬁ%r&wm&rlﬁ areelgistdiand, the seacien tendsdpagt or an

aggl omerate herggl. b A8RECIEN0r AHROINIER e ¢ B RS ENPOI Nt s

of i nproving spe C surface area and wat er-absorptron ra

wat er - cont ai ni Reaclith MefiheRAENES HFRYOIE FraldkKed! deeribRYioRCofROUl ar
and havi ng nunerous protrusions on the surface thereof. [ 0130]

Accordi A§ to Presilting owalastaheetbent i xesins pasislebl andt oai Merrpass in
25ProduetiVity o HRolptih pettOfndtice tead 1o 58 abie fo be ahibid! ' ¢! © Y

[0102] Although the reaction time of the post-crosslinking reaction

cannot be uniformly determined since it varies according to the

reaction temperature, type and amount of the post-crosslinking agent
20 and the like, it may be, for example, 1 minute to 300 minutes or 5

minutes to 200 minutes.

[01063] Production Method 1 may also be provided with a secondary

drying step for further removing water, the hydrocarbon dispersion

medium and the like by distillation of applying energy such as heat
25 from the outside after having carried out the post-crosslinking

reaction. Carrying out this secondary drying step tends to allow the
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carrying reversed- phase suspensi on polynerization two or nore tines
in a single process. Mire surprisingly, the residual volatile
conponent content of the resulting water-absorbent resin particle can
be considerably reduced. In addition, although there i's normally
concern over detrinental effects on the particle size and 5

wat er - absor pti on performance of the water-absorbent resin particle if
the second pol ynerization step is carried out wth the suspension
subjected to the first polynerization step, the inventors of the
present invention found that, according to Production Method 3, both
i nprovenent of OREARIPE st MAtTTAPspRICRb IS Partigld having yeere\supgriers 10
well as a redu%¥£§§ki n the residual volatile conponent content can be
realized. [013 ‘hough t he mechani sm by which the residua

vol ati | e conporgriq]CrE:€ tre dRC pRARARr ABmAati@RULA ME MBMhbdi HYurut the
second pol ynerization step is not clear, it is presuned that, due to

t he 15 presenceeamdatyedmyitgsten, ant sikaioples dedracftidcludey(ap e ndthed med i n
the first polynerization st en carrying oyt the seco

pol yner i tigati on@“‘e‘b,wgtébaﬁﬁ‘frg‘éﬁ‘\%@% ﬁ?ﬁréf’%a’ﬁnie ﬁmbfal’éiq(‘}?oﬂg‘el A¥ui d
droplets in a V. : f S .St
stabilized, orgn%lgétﬁﬁg?glgorr%gl??g% W?ﬁ%gﬂ%ﬁ%%@%?ﬁ%&ﬁﬁﬁ% Focar bon
di spersi on medidispersed 28 theflypiqad glydiociben alisieation medilire) dfiagpl et s

during collisions between aqueous, |iquid droplets is decreased,

t her eby i nhi bi tihposttesosbniagiresction. 0)W methadeinswhightregie partjdas32)
Production Method 3 may .al so. be. furthe rovi.ded with a

post - crosslinl aenben;?ve %53" gaélg iaf\l_gi th&?tdﬁl_gd\ﬁégg? TR h PSS gel at ed
25pol yngp obt akpede) HiehiR daROVE RN Gl 2Rt 1t638CAP Nt 2 filter

pol ynmeri zation step. Production Method 3 may al so be provided wth a
primary dryi ngasd épiegninder tedutdiepiessire.c r dsehg ihésegthetragthbdof dalj ust i ng
t he wei ght percenhl%ge 0 in the wate

t.er r-cont aini ng gel at ed
pol ymer (wat er &% e?fPPJIWe HB SRREIdFLation: <fi ﬁmglcﬁlél%ft@é POYEHOD so as
to be, for examc%ss_ZO% by wei ght to 130% by wei ght

[0105] According to Production Method 1, a water-absorbent resin

15 particle according to the present embodiment described above can be
obtained. The resulting water-absorbent resin particle has a particle
size of a suitable size, a superior water-absorption rate, and a low
residual volatile component content.

[0106] (Production Method 2)

20 Production Method 2 is provided with a polymerization step
that comprises polymerizing a water-soluble ethylenically
unsaturated monomer in a suspension containing an oily liquid
containing a hydrocarbon dispersion medium and an aqueous liquid
containing an aqueous solvent and the water-soluble ethylenically

25 unsaturated monomer, the aqueous liquid being dispersed in the oily

liquid. The above-mentioned polymerization is W/O type
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5 based on a val ue of 100% by wei ght for conponents derived fromthe
wat er - sol ubl e et hyl enically unsaturated nononer (polyner solid
fraction) in the water-containing gelated polyner. [0133] Although
there are no particular limtations on the drying nethod of the
primary drying step, exanples thereof include: (a) a 10 method in

whi ch water is renoved by azeotropic distillation of heating the

wat er - cont ai ni ng gel ated pol yner fromthe outside while the

wat er - cont ai ni ng gel ated pol ynmer dispersed in the oily liquid
(hydrocar bon di spersion nmedi un). and the_hgdrpcarpon di spersi on nmedi um
refluxed, (b) aevesissaehase swiFeesion pelymerigptionmn whishmylyaeriatign is 5

I [ d b tation.and dri d d :
Bnd’(c) & met hB S BhCrhe Dnewy i LR g FEREBe e <"
filtered out Wdidpemsidd Me@iur@Ter tHe EchiMNORY phRd st e dildidieohd)
particul ar, the thod of (a) can be enployed in consideration of

sinplicity of thesepf\§ilconiaomng mateser trROfiedddihususphase-iabbo fdrent
resin particle having re superjor water-ahsorptjion perforpapngce can
be obtai Red by Ogrdé Pﬁs%ﬁﬁf@se&l RathercombRYRHSPIRGS g e F At égu‘i?é‘ﬁ}’fﬂé‘%‘f in

whi ch the wate agg%s%géi%%?d;&%gﬁrrﬁ&gg{ 'aa'.ng gel ated pol yner has

been adjusted 0, for e o by "weight 'to 130% by weight in the

manner descri bggll @l omte abdvbdahionBe stispehises Hirther Rent@inst@irfactant
wat er - cont ai ni ng gel ated polynmer is carried out, for exanple, by

m xi ng t he poshaéingse kR ivalpeafdner highds. t he wat er - cont ai ni ng gel at ed
polymer, follo heating., The paost-cragsslinkin nt...as .t hat
described in Pﬁ&ﬁﬁ%%?ﬁ%&gfu fg‘:tﬁ%teﬂs of HE %ﬁﬁ?@fﬂlﬂ*&w agent .
The i nt qpmedi afsanerfa_ﬁgé laBkh 90 LORSHucARS HAMPROS! - ¢h RS chiKbPGoRgeNt
may be the sane or different. 5 [0136] The xed anmount of the

post - cr ossl i nl dsipgagdytrophylidpolynedid1dismdrsibn ageniplthe QD6 ofithe t 0 0. 5
nol, 0.001 rmol to 0.1 nmol or 0.005 nol to 0.Q5% nol reIaL%ye to_ 100
mol of the wat tfagirniiised sampranallabg set b sansidenngthadeishweiahited (o

form the waterycontal ni ng gelaled I - My e of the
post -crossli nkiﬂﬁeg t%g‘%érﬁ”gl TS '088%&'%05@51& %&%ﬁﬁmﬂ%rgm?é@ﬁa %dendency
that the effecthfordime=08sddprheine®nahe caRBRatdrabRble tiickehBeto be

wat er - absorption rate of the water-absorbent resin particle can be

further lidnpr ovedualite lariweightiof thg agheousdiguidse of t he wat er - absor bent
resin particle o] vi scous, dur.i pg wat er absarption. If the
m xed anount oi{be?fjeI%Sgg(lfg’f’ae? g¥§ﬂ1°|‘?l 21’ i AGusRUS; gq%dmgpntgps' s,
wat er - absorpti g b1l ¥ntOborkthiRitR Wlerd BRO WRRE sol @51k TetRABRICAILE t ends
to be able to bgu%?t er Iilrrp? ovedﬁ%thecght causi ng excesﬂgjﬁive1 ¥
crosslinking. pAdddlatdd xiongmet ahedsprhdmecantia casegvagddust wdepof ymer
and the post-craqss]inking agent can _be carried qut after having
adj usted the additives such as a water-soluble thickener.  The aqueous solvent is
20 composed mainly of water and may also contain other hydrophilic
solvents.
[0110] The viscosity of the aqueous lignid in Production Method 2 at
20°C is 20 mPa-s or more. This viscosity may also be 20 mPa-s to
500,000 mPa-s, 25 mPa-s to 500,000 mPa-s, 25 mPa-s to 200,000
25 mPa-s, 30 mPa-s to 200,000 mPa-s, 30 mPa-s to 100,000 mPa-s, 35

mPa-s to 100,000 mPa-s, 35 mPa-s to 50,000 mPa-s, 40 mPa:s to
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20 water content of the water-containing gelated polyner to be within
a specific range (with the primary drying step). The
post-crosslinking reaction is able to proceed nore preferably by
controlling the water content of the water-containing gel ated pol yner
during m xing of the water-containing gelated polynmer and the
post-crosslinking agent. 25[0138] The water content of the

wat er - cont ai ni ng gel ated pol ynmer provided for the post-crosslinking
step may be, for exanple, 20% by weight to 130% by wei ght, 25% by
wei ght to 110% by wei ght, 30% by wei %ht to 90% b% wei ght, 35% by

wei ght to 80% tgﬂy%)i g&‘@fo@r 49 s #eil§iP00t PZ8.% bhe wesidial voletile
result of malcing the wate ontent of the water- tainjin el at ed
pol ymer to be W |°ﬁe?thec§né{en§ cr%n% s?%{]%fly aB%“B?YBEi?‘?anf?ﬁé’Fg%r nce
can be further hiRhOWEE vaobiRLIIBS bo ChRss bi Hlotd SRkt & teamaée?_
enhanci ng production efficiericy wth shortening the prinmary drying
step. [0139] The theaameousliqedtterals to he nwaleessieny makingghigalisbsitly

pol ymer can be dgjterm' ned by cal cul ating the val ue obtai ned ?ﬁl addi ng
the 10 anount BPCWI000 8B s 05 lessc e dba Bhovmsntiongdnygseasty of the

i nternmedi ate cr, Kl : 0 -Cr 1 i nki agent. to the
val ue obt ai ned @éidﬁgﬁ@gtlggﬁ%eegg%@éﬁﬁﬂ%% I\%ﬁ%)sﬁmg%%r@gge%%t 0 t he
out si de by t he rpiniwigh ¥ Bibykidd sétefiodd] @iicbhetea MWDY-Pf wat er cont ai ned
in the first and second aqueous |iquids prior to po{%ms_ri zation (the
amount 15 of J@ildd Tte aqueops liquidynalf terdaigat Yatensoluble thickewar fof wat er
of the water-cqntainin | at ed polynmer, followed b | cul at.i ng t he
ratio of the a Q/@Pﬁ%%?i%t_ﬁé’g%amgnaﬂ&ﬂu%&ts(e)ﬂr‘qlﬁﬁ%égg/\é%er‘as(%ﬁfyai ni ng
gel at ed 1pol ymerdes@ibeh Canib INThe fantRitP QPR SwAlRE-tI8ef hlehithat

wat er - sol ubl e et hyl enically unsaturated nononer that conposes the
20wat er - cont ai niissgivge imi €@l gpdiwatarat 2500 404y behe guweBgdlg, 8fg to@fognent s

derived fromt heegvat er - s%l ubl e et hill enjcal ly unsaturated nononer that
conposes the w&f et £ &Mt BngEyamples ol sratarmpluble daickenerhderlpde

cal cul ating as j p r J I f t he, t ot al
wei ght of the %G‘\Ig)tx g?@g%%%flglse&ﬁlﬁﬁgﬁ @#F%&%:@?}PQ & 1o o?ﬁgr used
in the pol yner hgadtoxgpropghetil@ose (HPOY;4ldrieiicT alkylOcdliitoses such

wat er - cont ai ni ng gel ated pol yner and t he post-crosslinking agent,

wat er ofSa hydedghdrexyetuil viaethyheglltese dusidoxyprepyd onethyt celhddose

di ssol ves the post,-crossl.i nki a t in grder.t i,form y. disperse

t he post-cr osslaflimy §°>9’é’g?¥trf.et%ﬁ%ﬁ%ﬁggseofcarqboxyalkyf) celluloses suchas
carboxymethyl cellulose; and, carboxyalkyl hydroxyalky celluloses

such as carboxymethyl hydroxyethyl cellulose. Among these, the
water-soluble thickener may be at least one type of compound
20 selected from the group consisting of hydroxyalky! celluloses,
hydroxyalkyl alkyl celluloses and carboxyalkyl hydroxyalkyl
celluloses, and may also be hydroxyethyl cellulose and
hydroxypropyl  cellulose. Hydroxyethyl cellulose and
hydroxypropyl cellulose are highly soluble in aqueous solutions,
25 more easily realize the effect of increasing viscosity of an aqueous

solution, and are able to further reduce the residual volatile
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5 hydrophilic solvents include | ower al cohols such as nethyl al cohol,
et hyl al cohol and isopropyl al cohol; ketones such as acetone and

nmet hyl et hyl ketone; ethers such as di oxane and tetrahydrofuran;

am des such as N, N-di net hyl formam de; and, sul foxides such as

di et hyl sul f oxi de. One type of each of these solvents nay be used 10
al one or two or nore types may be used in conbination as necessary.
[0142] Fromthe viewpoint of uniformy dispersing the

post - crosslinki ng agent whil e enhanci ng process econony by rationally
shortening the drying step, the weight ratio of the anount of water
of the pri mary cdmpedenfedontemt of hize starrbsabestolesimmpartiddedOns typy be
100: 0 to 60: 40, Q:é to 70: 30, :2.10 80:20 qr 98:2 to 90:10. [0143]
The reaction t &APEPhFhFSe vterrsebinle QIE?I’SE%WH%%‘&B?@&%‘? Fn™RY” be 60C

or higher, 70C a result of making the
reaction terrperl‘éat(?ﬁgﬁ%tgo e&glgéhg?%ﬁﬁgﬁleaﬁ,an't here is a tendency that
the crosslinki g1 128agkhauphi ther@eee ho rpatttshlartnititond G ackicant dhes not
requi re an excessive anount of tine, while as a result of making the

react i on5t enpeitl wetertsoluble thidkener in hamese thet agiieorsaliquid contaitsea
[ ti ter-ab . in. ti,cl d d i .

wator - aboor pt | SBEPHETREHEETER ALY e tPerplt o5 T pop, weisht

25[ 0144] Al t hoyghothesHasdiban ot ?%ﬁ)f)y H1Q8 1105298 Py Wbight) @ .4

‘
reaction cannot be uniformy dete ned sinhce it "variés according to

the reaction tpertpéyateigl, totSypetsdndwaiphtint 0df partseypesight oo phitmki ng
agent and the like, it y. be nqrnal | én‘inueto 300 n‘inu}@zeor 5
5 oM

m nutes to 200 b WEtedd rejdlivasio pPe Keighb of3 thea yrakirss
id ith i f i ter,
Phe hyanSoar bod IERME, Yunsahufiied bl PIHe [GREL (e TR oL €

appl yi ng ener gyigeusity fRadoesbe 451010 bhebiteditda highep defiay imthecasd i ed
out the post-crosslinking reaction. Carrying out this _se_co_ndargl
dryi ng step t efhisamouni pHwatersokibleathickegenin theveguepumbgeidbiert0F esi n

ticl havi i 10f lLui.dity. 014 h
ar i oul ar 1§ meelt PAASCIBE YBofer AUEH SrrPstebR A BRYEHAORt ep,
and exanpl es t henRofpik 16! Bidehtain@Y i tHBLARE thd) aidlif o REBL-RNMhIL he

hydr ocar bon di spersi on nedi um are sinmultaneously renoved by

di stilliisg a mibkickererofs 20sipartpasyt iweight di5 lets,s phersieyd makinpethis

hydr ocar bon di spersion nmedi um after the post-crosslinlcing reaction,
(b) a nethod i SCORATBK2k esi n particles are renoved by decantation and

then dried und d r ' (: et [ i sin
particles are ﬁp}]{ﬂr@éﬁ% We?#ﬁ%h?ﬁgﬁlerb?ar@@?itggdﬁh (gr%rvcegj tﬁ%%d
pressure. AmDNGofpRSEnt thReieihsasel dsah eadlt FOtHeevieomdingyef tha
consideration of Sinplicity of the production process. [0147]

Accordi ng to Pragdemisi baniNesth2ef(3 bengnd0 enPadsar ong or 63 mbsas té cl e
The restfti ng WHPLIIBEb BT GG PhesaEInl Ber s ORPraSP
255 tabl o o) zataicqtooh AL BURENOBRISRAL WO EpEretat ke of
the resulting watmhsishsee bbilizeési Maraspedfiealybitas peebuined that, as
a result of imparting a certain viscosity or higher to aqueous liquid
droplets by using a water-soluble thickener and the like, the
25 frequency at which the hydrocarbon dispersion medium is

incorporated in the aqueous liquid droplets during collisions between
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t he manner descri bed above all ows the obtaining of an absorbent
material, absorbent article and water blocking material and the Iike
as described bel ow. [0149] The absorbent material according to the
present enbodi nent 5 contains the above-nentioned water-absorbent
resin particle and hydrophilic fibers. Exanples of hydrophilic fibers
i nclude cellul ose fibers such as flocculent pulp and chem cal pulp,
and artificial cellulose fibers such as rayon and acetate fibers. The
absorbent material may also further contain synthetic fibers conposed
of a 10 synthetic resin_such_as_pol yam de, polyester and polyol efin
as a reinfor ci Bguepmsdiquid dropledsrst desTegped, iteerely inbibiting 8te folwatatrsor bent
material inclu pxed structure in which the water-absorbent resin
particle is ung’ m%ﬁ%ﬁuﬁs‘th the hydrophilic fibers, a sandw ch
structure in wnorhtAehhahe inAhsQhisRih 1S WhifRIth CleSRiukiS vopkad ned 15
between a plurality of |layers of the hydifophilic fibers, and a
structure in webmponérs vatent- dbgeateends messsnltpaf tthel puaods tivaid

hydrophi Lic fibers, are w appe round a |iquid-perneabl e sheet such
as tissue papeFO%tla%-an‘Escg‘é@Fi@PkW%QPt, clette thib spbRmiusia er i al

of the present genbodi 1 ham i fi ere.

20[ 0150] The am)un?%ﬁﬁethgfg@g%@g%ggkgeﬁ%ﬁp L&?&ﬁﬁ%@f@cﬁ%kﬁ&% in the
absor bent nmat eicatbyrepbliging the Spariba, and%ahficingbf a%&oﬁ@ Q3

wei ght, 10% by wei ght to 70% by wei ght or 15% by weight to 60% by

wei ght based ofraphes wi gfie OF/Q hiypebsevensadtphase esuspensions a Mesul t of

Ki th t.of .th ter-ab t ' ticl dtob
255% by wei gt BRI Tt No BBy il ot apaen Ly O R BGr B

mat eri aljgt ends yieodiRCIRaAaRhEN 0! 8RKAG8RRA1AEE | ; e able
to be inhibi teclef.S %ﬂg result 019 maki ﬁgethe 13@‘3’?%6%%1%%%1&59 P
wat er - absor bentwvateesioiubpa rthickbreery stel frequéaeey8 @f6vidyichvethg Hiydoscakisss, t he

cost of the absprbent materiagl can be reduced and the feel of the
absor bent mat efISRFTSK®: B1RAHEN Hariacepatred én phe ggneousoligdd; dmplsit ed. 5
[0151] Fig. 1 |1S-&,C - ' (YA S i N odi t ;of an
absorbent arti gﬁ%ﬂg A‘%\oqg%grgsreg%ehi%%r ta%‘lli(:l%(lax%gggfgcor‘%?eﬁ[gnigog%%gﬁﬁg’esent
embodi ment i s fHepabyd@HibMifidithe fhirgiati g JFRO/VEEDLpeShasirek), a

| i qui d-i npermeabl e sheet 20 and an absorbent material 15. The

absor bedd nat efG13dP] IBei nednedrigatiorhy df opld | iveatdrisodible ayedrylagedllyr ned of

"1 2 hyar ophi | PEeaR bR ReRAReTh dersibieqi o et hE dd i Saatn e 29
arranged bet weggnd %ﬁ%'a@%ﬁb???éﬁ%ﬁbﬁ%@& L 39@% &Q%vei%htggﬁq& The

| i qui d-i nper neabl e sheet 20 that are arrang acl ng eac

t hi ckness of t hguems dighhtformetamnpla) the Jotahwelpht of tie pxeom slvéitl nmto
10 mm 15 [0152] Exanpl es of .absorbent articles include disposable
di apers, i nconthcri¥rersylable etipdenicaliy unrapiaisd monemesibe hydepphilic

absor be drip s | : e er -.absorbent
resin pgér)ti cl epglgg%%lgiéﬁgge{ %8{1)%@6%’?%@;%?%%&?”@%&\@@#“59 ui%gjel n, for
exanpl e, speci adsehyinRei wsinfR e hi@dophiC PolgmerRl SRp&kBRadatdit atle
di apers, 20 children's bedwetting pants, "adult diapers, incontinence
pads and heavycenogntraimit aof rthekiwaer-gduble hesthyesinglyp onhsdsimtiddoi | et s.
In the case of using the absogbent article in. a rodgfﬁ&lthat contacts

the body, the TICGATHT G&F KEa%t 8Y Spagdering de ot Sregh eh¥eqieothat
contacts the bodyenMid Gudtdisoniniy iy EMEL TP AleburifiAChnohSmaf hAgIed on

t he opposite
25 depending on the case, the water-soluble thickener to be equal to the

weight of the aqueous liquid.
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25side fromthe side that contacts the body. [0153] Exanples of the
above-nenti oned |iqui d- perneabl e sheet i ncl ude non-woven fabrics
and porous synthetic resin sheets conposed of a synthetic resin such
as pol yet hyl ene, pol ypropyl ene, pol yester and pol yam de. Exanpl es of
t he above-nentioned |iquid-inperneabl e sheet include sheets conposed
of a synthetic 5 resin such as pol yethyl ene, pol ypropyl ene and

pol yvinyl chloride, and sheets conposed of conposite materials of

t hese synthetic resins and a non-woven fabric. The sizes of the

| i qui d- per meabl e sheet and the |iquid-inpernmeabl e sheet cannot be

uni form y det el®ilLéédnsPreductidnedlaizod, 2adkosamadypes eheomppindsass on of
the absorbent article .10 .and the likg. .Thus i,zes therepof are
SUL tably ad) us e CRPYESHR R ot PiociBiT Mtfed 17 e S hent
article and the ok LRERHE Jamé 'réngescrﬁa?Sﬂ%CéqLﬁBéé Véiguntshow ng
an enbodi rent of a water bl ocking material. A water” blocking nmateri al
40 accordi ng t evatdresojubds e rthyberideadliyreinisatisatpd ovvhadednesi tanda fadicat

| i qui d- permeabl e. 15 sheet 11, a second | i qui d-perneabl e, sheet, 12 and
a wat er - Absor hSRYMEFRHOR 4 MitigPR scontainpd Hhat &ie- @H§%‘M§eﬂ%‘l‘-‘ﬁ§r thel es 5
are arranged b eyl | gyl d- b. ty e
second | i qui d- %&&ﬁ%g b%)g %%#eeﬁ&ib{egwéﬂ Cgﬁ{éiﬂger%‘rlgﬁgégﬁgz%@]n%ﬂg%gg%ﬁpot her.

The wat er - absopbetde r®sfabtaRArdddc| ®$icas Mather| s&diCesandw chlaioet ween
20 the first liquid-perneable sheet 11 and the second

| i qui d- per meablipelystesration, pdastcrogslikang, ahyieg dnscthadikeaah betdagried The
wat er bl ocking nateria | so,he provided with three_or, nore

| i qui d- per meabP¥t %%&9 C{{B% Dﬁﬁiﬁgd &iggr}g {hf S4RE é?e?lé oThbradurtien
parti cl gorray besans@poed between at |east one pair of adjacently
arranged 25l i qui d-perneable resin sheets. Wen viewed fromthe
direction of tli0rkhessopding he Fradwstionl Bizkicdy2 matvestéradbsdfhent hasin

wat er - absorbent resin particles 5 nay be arranged_at a ratio of 30

g/ n2 to 500 g/ Pertiste a@ordingo ths mewng empodippet dpseibgd abave ean bhe
first |iquid- | e.sh 1 d the. heet
15" ey be Tor SRR o TG BherdhepRSet Rt BEGRAAH bAERRARL o

material accor diigblé Gideh PRSP twRKDSAdHRYn ta8e, 0HPRNSH RisiduaDr
exanpl e, arranging a plurality of water-absorbent resin particles

bet ween 1& fi r stvolatitpicamparenteditentsheet and a second | i qui d- per neabl e
sheet that are r ed, faci each other. Mre specifically, the

wat e_r-absorbent[g{@iirk r(ﬁjé’rcfl?’é h?f%‘b be 10 fixed to the

|1 qui d- per eabl e ShashaydithorefHda IEBIN RO IR o Bish Bo N tzatis or bent
resin particles into a sheet. e water ocking materral according
to the present sepbodi asbtoridspolyrrdrizition eteprgl desciibedbelbact It hige cor e

portion of an el ectrical power cable or optical, conmunications cable
by bei ng wr appddsttidyaenzaigndiert BesUfpRnsion amiynBeld Waleraoeiainang i s

et ori oflt: on GFA BEBPRAI SmahButay (RLAHENATeE Po Hirrarlitle
pressure W t hi RifiiehiCaR! @hsatuBRE@RMonBBIEE Rla kilispRRSSH WhecH Qntains an
oily liquid containing a hydrocarbon dispersion medium and a
surfactant having an HL.B value of 6 or higher, and a first aqueous
liquid containing an aqueous solvent, the water-soluble ethylenically
25 unsaturated monomer and a radical polymerization initiator, and in

which the first agueous liquid in the form of droplets is dispersed in
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prevent the water fromreaching the core portion of the cable. [0156]
A liquid-perneable sheet simlar to that used in the case of 20 the
above-nenti oned absorbent article can be used for the

| i qui d- per meabl e sheets of the water blocking naterial. Exanples of

t he above-nenti oned adhesive used include rubber-based adhesives such
as natural rubber-based, butyl rubber-based and pol yi soprene

adhesi ves; styrene-based el astoner adhesives such as

25st yrene-i soprene bl ock copolyners (SI'S) and styrene-butadi ene bl ock
copolyners (SBS); ethyl ene-vinyl acetate copol yner (EVA) adhesi ves;
et hyl ene- acryl itke a8y dliaed; vin ithe seenndl polymebzaitan athesi wuspersirh as

et hyl ene-et hyl acryl.ate copolyners.(PEA), .ethyl ene- yli¢ .acid

copol yner (EAA)COIétﬁﬁ’é%g @Eeswgtﬁﬁlgﬁm %%%t@ﬂ 12 ?i%eﬂfg(&éé’é fuigher is

copol yner nyl omix8@iwiel £5dcndagehul Hhas Y&taiit mn%agﬁléomcﬂ%ﬁyéhene
and pol ypropyl ene adhesives; and pol yest er-based adhesives such as
pol yet hyl ene t evatgrisohdilat ehyleRitallpndnsatpaied merononley estdera adbeal ves;

and, acrél i ¢ adhesives.. EXANMPLES [0157] The follow ng provides a
nore detdiled &R Fehem JRritgis 109 e ehENGTiRiht then BEtarisetubigy

exanpl es there e r L nyent | i.s. not _Limited to
only these exa%gﬁytlaégﬁ) iél&%ﬁa@%}agl ﬁ%ﬁ?%lﬁ} %j{ os‘dgs@n%l%? e‘s“ihafg%a}the
Vol ati | e Conpogeydind Goyilens 1ilqgic; Qe thY es@ntofi dpRtY ANdisp&sédluathe
vol atil e component content 15 is cal culated fromthe anmount of

hydr ocar bon di Ppbinsrigatier diouthe Hust ipolyumsesizationi stgp sandt tlesisscofd t he
wat er - absor bent g}esi n ﬁarti cle .anﬂg}(ﬁc%ﬁ)orat ed gn %hi n the particle.
Since the hydr BRAPIEHAHML p&ER; uri B c BV pOPSPaErcw TPHSIe
par ti cl godur i NgoRyHERMS ih WIAGE PBlynerShlioNH Yariilli hHeR Wifhip the
resin even V\/ne% Ii%,n a dri eél st at e,&ﬁ glgyeem s@?g&n 0 the o t]\gglu%%lﬂl{és very
little. A port bip lighid (€2 comeiming dhe hydrbdarbbn dizhatsionanediomofoe ties 1 s
rel eased when the resin particle has absorbed water and fornmed a gel.

continuous phase and using the aqueous phase (W) containing water

for the discontinuous phase.

[0119] The first aqueous liquid contains an aqueous solvent

15 containing water, a water-soluble ethylenically unsaturated monomer,

a radical polymerization initiator, and depending on the case, various

types of additives. The aqueous solvent is mainly composed of

water and may also contain other hydrophilic solvents.

[0120] The concentration of the water-soluble ethylenically

20 unsaturated monomer in the first aqueous liquid may be within the

range of, for example, 20% by weight to the saturated concentration

based on the weight of the first aqueous liquid (the total weight of the

aqueous solvent, water-soluble ethylenically unsaturated monomer,

hydrophilic polymeric dispersion agent and water-soluble thickener).

25 From the viewpoints of facilitating the obtaining of a water-absorbent

resin particle having a preferable particle size due to a favorable state
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The amount of residual volatile conmponents derived fromthe

hydr ocar bon di spersion nedi um renai ni ng on the water-absorbent

25resin particle was neasured according to the procedure described

bel ow. Nanely, the anpunt of hydrocarbon dispersion nmediumin a gas

that has volatilized when a m xed sol ution of dinethylsulfoxide

(DI V1F), 25% by wei ght aqueous phosphoric acid solution and the

wat er - absorbent resin particle is heated to 110C was neasured, and

t he val ue obtai ned by conveni ng the neasured value to the anount 5

per gram of the water-absorbent resin particle was taken to be the

resi dual vol at idfetheolyOnéyte coverendtphafh esuspension, candr copabwig ithe

descri bed below. [0159] (a) Preparation of l'ibration Curye

Hydr ocar bon di s%‘@h&goﬁ’? &1 thetespiing yeatenaboriet seiin P@’tt’tﬁ’?‘(ﬁaa‘i]i‘%ti ve

exanpl es, di net 3 g 9 i enu phori c
BYLS Heg.ge bk aith AR %{2&% Bl ABHER SRNES

acid solution were I n stoppera ass arners.

contents of theygif apVes welthe t6 a6dehly asidhe 0e3SH iy eightho bizts er ror
caused by volatilization during neasurenent. [0160] First, 0.15 g of
t he abové- nent ityreelghtydr ocar bon di spersion 15 nedia were accurately

i ghed i nt tric flask havi i . I 00 nL
ol Powed byt ndSSAITR B Tkt BRiempvaih i of BFoRtioh MBEOA 165 uee
as a Standard Sghut kel ofNehpolte ShATHRG] pSOKURIPN cdsaiSADREC Sel ¥

transferred to a volUnetric flask having an irntemal” vol une o

with a 10 nL vdrodetiondigthpét 1 and Qf cnl ewedd hy atmoent@ddithin dhe sdm®MF t 0
a total volume of 20 nL to dilute the, Standard Sal ution by half for
use as a St anddreEesolfori dhe 2aqyeeus1]solvent antatersaipblat i thylenigaldy ¢ hen

se as a Standdf | 686 IFsosgh G
o andar 49201 ut skl bR s S AN it BllicfordoAnd @
Standard Sol ut iignnd it Najukous 14, andangiSektbh Ofisferion. e

e

obtained by simlarly diluting
contained in the oily liquid, as well as the surfactant and other

arbitrary materials. For example, the first aqueous liquid may
contain a hydrophilic polymeric dispersion agent, water-soluble
15 thickener, chain transfer agent and the like in the same manner as the
aqueous liquid in Production Methods 1 and 2. In addition,
polymerization in the first polymerization step is carried out using the
same method as the polymerization of Production Method 1.
[0122] In the first polymerization step, a particulate water-containing
20 gelated polymer is formed by polymerizing the water-soluble
ethylenically unsaturated monomer. Production Method 3 may be
further provided with an intermediate crosslinking step for
crosslinking the water-containing gelated polymer prior to the second
polymerization  step. Intermediate  crosslinking of the
25 water-containing pgelated polymer is carried out by, for example,

mixing the water-containing gelated polymer with an intermediate
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Standard Sol ution 4 by half. [0162] 4 nlL of the Standard Solution 1
were then added to a vial having an internal volunme of 20 nL (SM -Lab
Ltd., VZH 20CR-100) followed by further adding 5 nmL of 25% by wei ght
aqueous phosphoric acid solution. The vial was pronptly seal ed using
a 5 rubber septumand al um num cap, and the contents of the vial
were agitated and m xed by shaking for 1 mnute. The sane procedures
were carried out on the Standard Solutions 2 to 5 to prepare
calibration curve solutions. [0163] After heating the above-nentioned
vials for 2 hours at 110C 10 while agitating by shaking, 1 int of

t he gaseous phd&sesslipkingdgert ioowad byegting.c hgmamgnépmiﬂa@ tolthai n a

chromat ogram f qQr._each.of .t he cal,i br.ation_ curve s tions. A
calibration curV& ¢gesl ?ﬁegﬁg?sé’ﬁl B 2LEF CQ%%E&E&S wedidhe

hydr ocar bon di sp@{ﬁélg{éd@giﬁs@ﬁ%gta%gm_ determ ned when preparing the
calibration curve solutions and the I5 peak areas of the

chr onat ogr ans. [0H3]HEhaapedanpunt af theyintefmpdatesrostinkiad akemtmmashe
hydr ocar ?on di % e di a vverg_éﬁbserved, the calibration curve was

prepar ed?by usi Eg%‘%k%‘]ﬂf"&ﬁ%ul 0Bk mal dg (93 mabs@ 0P k0!l P82 mal)
Me t of [ i gcqm 25% b
vve?;ﬁ': eggzeoﬁs Ob olslgﬁgiﬂ (:):{B(li%?ﬂ(?lg%l ut gﬁ&&ér%\@ghg’gg?%@ve W’gg{)f t hey

wat er - absor bentof tieswatepaslubld éfylehically efsdniaicdgnencn®! 88d & %hrm
conparati ve exanples were respectively accurately weighed into vials

havi ng an i nt ethtawatastooninining 2elated palymer.of IFDIVE msirdd Brroumbbf 2596 by
wei ght aqueous.25phosphori c..aci d sol utio re, added tp the vials.
The vials wer e"ﬁ?%ﬁ%‘ﬁ%ﬁ cg%sg}lﬁlgngsag%t el Or@&ﬁeé?&s%rp‘f‘% éﬁ%f’rﬁql‘?ﬂﬁ’ um cap
foll owedg by mgpyd agidhg] : r ' t: [ or 1
m nute. After heati né th%q)e\p/iba S@%@@ﬁ%&gﬁ%@?&%@@vﬁﬁg Sgh%’fg ng to
m x the cont entguedusniiquid ittvethgaweensomhmbe welatddnpsiotned aiftet thed gas

chromat ograph to obtain a chromatogram for the contents of each
Svial. [0165] ?ﬁ%ﬁﬁﬁﬁt CeRssHYEPE c SiBons dinhites opndredesipasewnimi ned

R e
resul ting chromisigsRmsifame inbedpa@siau st the isRARSHatkabiobl Al
curve. The 10 val ue obtained by converting the cal cul ated value to
the armodAt per agemdns 8f03wmoker lasss erdsersnse mswatepabsoimion peaformaken to be
the residual V%k‘ %é lv?atgr(—)a sgrri)(:épl% réstn Eagpc%cleg %Oug Yo \Afgcgsg}\)e' crosslinking

tends to be able to be inhibited. The reaction temperature of the

intermediate crosslinking reaction may be 60°C or higher or 70°C to

the boiling point temperature of the hydrocarbon dispersion medium

20 during the first polymerization. Although the reaction time of the

intermediate crosslinking reaction cannot be uniformly determined

since it varies according to the reaction temperature, the type and

mixed amount of the intermediate crosslinking agent and the like, it

may be normally 1 minute to 200 minutes, 5 minutes to 100 minutes

25 or 10 minutes to 60 minutes.

[0124] Continuing, the following provides a detailed explanation of

47



[0166] The follow ng indicates the conditions of the gas

chr omat ogr aph. 15Apparatus: GC-2014 (Shimadzu Corp.), head space

aut o- sanpl er: HT200H (Ham | ton Conpany) Packing material: Squal ane
25% Shimalite (NA'W (101) 80-100 nesh Colum: 3.2 nmin dianeter X
2.1 min length 20Col umm tenperature: 80C Injection port tenperature:
| 80C Detector tenperature: 180C Detector: Flame ionization detector
(FID Carrier gas: N2 25Vial heating tenperature. 110C Syringe set
tenperature: 130C [0167] (2) Odor Sensory Test (6-Level COdor
Intensity Indication Nethod) Qdor derived fromthe hydr ocar bon
di spersi on medithimsagrar PRbymgiZationbsep behfredistian piiethad 8. swehd ed was

evaluated in the 5 . manner scribed b 9% by..wei ght
adueous sod unSEHPATTRRREHAET GloR Hey deaiah o SuB RO of B cal
saline) at 25Chueher ffiedsiRe @ec@h&?’%&’fﬁéf&% 101‘.{"'3{%61@ chirfbd(SRYRRRAI se
jar) having an internal volunme of d by inserting a

stirrer bar havasegt & daeret hutaﬁul&pMmasjmybemmgescﬁ'lﬁom, ehd fioa:
wat er - absorbent. resin 10 p : ]es Were added to the glass vessel and

seal ed t Rerej nﬂ@d&wa@m dc&? lgls enmapRAesf sADIFREI um
present in t_he Xl?qﬁlﬁé#ro‘ﬁﬁﬁu %meé %5193 ‘Bﬂ?el ysts in
e eva a I'h

accordance with I on cated I n Tabl e 1, and the
average val ue {hersgafhenassperkin td@ntamh@eﬂﬁdeﬁat@lvaimahhfgn dobged t.
polymer obtained following polymerization in the first
polymerization step is, with cooling as necessary, adjusted to 45°C or
10 higher. The suspension may be adjusted to 50°C to 100°C, 55°C to
90°C, 60°C to 85°C or 65°C to 80°C. Subsequently, the suspension
containing the water-containing gelated polymer is mixed with the
second aqueous liquid containing the aqueous solvent, water-soluble
ethylenically unsaturated monomer and radical polymerization
15 initiator, and the second aqueous liquid is dispersed in the form of
droplets. In the second polymerization step, the temperature of the
suspension containing the water-containing gelated polymer when the
suspension is mixed with the entire amount of the second aqueous
liquid (at the point the suspension containing the water-containing
20 gelated polymer is finished being mixing with the entire amount of
the second aqueous liquid) may be 35°C or higher, 40°C to 90°C,
45°C to 85°C or 50°C to 80°C. As a result of making the
temperature of fhe suspension containing the water-containing
gelated polymer before and after mixing the suspension with the
25 second aqueous liquid to within the above-mentioned range, the

residual volatile component content of the resulting water-absorbent
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15[ 0168] [Table 1] 6-Level Evaluation Scale Evaluation Criteria 5
I ntense odor 4 Strong odor 3 Easily perceivable odor 2 Identifiable
but weak odor 1 Barely perceivable odor 0 Cdorl ess

resin particle can be efficiently reduced.
[0126] The same type of compounds as those previously described in
the explanation of the first aqueous liquid, for example, can be used
within the same ranges for the water-soluble -ethylenically
5 unsaturated monomer and radical polymerization initiator contained
in the second aqueous liquid. The first and second aqueous liquids
may be composed of the same monomer and the like or they may be
composed of different monomers and the like.
[0127] In the second polymerization step, the above-mentioned
10 water-soluble ethylenically unsaturated monomer is contained in the
second aqueous liquid at a ratio of, for example, 20 parts by weight to
250 parts by weight, 40 parts by weight to 200 parts by weight or 60
parts by weight to 150 parts by weight relative to 100 parts by weight
of the water-soluble ethylenically unsaturated monomer contained in
15 the first aqueous liquid. As a result of making the amount of the
water-soluble ethylenically unsaturated monomer used in the second
aqueous liquid to be 20 parts by weight or more, the residual volatile
component content of the resulting water-absorbent resin particle
tends to further decrease, and as a result of making the amount used
20 to be 250 parts by weight or less, the particle size of the resulting
water-absorbent resin particle tends to be able to be inhibited from
becoming excessively large.
[0128] From the viewpoint of improving productivity, the
concenfration of the water-soluble ethylenically unsaturated
25 monomer in the second aqueous liquid in the second polymerization

step may be, for example, 1% by weight or more, 2% by weight to
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[0169] (3) Water-Absorption Capacity of Physiological Saline (gig)
The absorption capacity of physiological saline was evaluated in the
manner descri bed below. 500 g of physiological saline were mxed with
2.0 g of water-absorbent resin particles followed by 20stirring for
60 m nutes at roomtenperature. The above-nenti oned m xed sol ution
was then filtered using a standard ES Z 8801-1 sieve having a weight
WA (g) and nesh size of 75 um The m xed solution to be filtered was
allowed to stand on the sieve for 30 mnutes while inclining the
sieve at an inclination angle of about 30 degrees relative to

hori zont al . Th@5Vebaweightghte hapweight & 2Q% ey Beigat er 4%dsbweieht ta esi n
particles that bsorb h hysi ol ogi cal sal i.ne and .t he.sj eve
was t hen maa_surl_g%‘gaﬁﬁ m%&g’é@ﬁp Bh t@ p§8p‘fe§l \ g4t ep}?’l rféra{ usi ng
the formula i n%bﬁ%&ﬁaﬁ@ﬁ% based on LRz hPkdRAd GaRRIs Il

physi ol ogi cal sali ne (VWb- V\af)/ 2.0 10[0170T (4) Water-Absorption Rate

of Physi ol ogi cdtotBalveight (cfetmndgyeous solvdrtaswatarnmhtblefethylenically

wat er - absorption rate was carried out,_in a roomgontrolled to a
t enper at ire of Upsatdratedsmagemer,ghygroplisi RAYYPEG dispersion ageptuaitkd to a

t enper ature of v%@@so%%l%&e%egonstant tenperature bath were stirred
with a magnetic ST rrer ram’” 15 in dianmeter x 30 mmin length, no

ring) to gener ERAMHEOSdcEXd PblyteiRhibn BEp R} @hiri&DBuT Piter Z1H0. 002
g of the water-absorbent resin particles were then added all at once

to the physi ol egineatonslitionseas tthe b polymdrizatioe steprinadéi casenobf t he
wat er - absorbent resin ticles until .the vortex on t.he . quid

surf ace conver&@ﬁy](’ge@g%g)se?ﬁé@p bmﬁ’é?a%l?l“e%f‘?f’ éﬁar ﬁ‘&flgt‘?‘ﬁgél\ﬁées t aken
to be t wat ery WaYoRW e ] - !

par t1 ol a2, "Tot TP SR e uetafed ity 81208 Balnd; Fokdlncd

anor phous si | i afte Doy dssapclamar zationastep naitle thSispeomlt a@Rons dgumad

| ubricant was m xed with 50 g of the 25water-absorbent resin
particles. The RAREAOELIBR badeoussi FRIBe: i oTader-splukle \athodenipally

lubricant were, Rassetd MY SH22REA2 polymerization initiator. A

particulate water-containing gelated polymer is further formed by

15 polymerizing the water-soluble ethylenically unsaturated monomer as
previously described. Normally, a polymer (water-containing
gelated polymer) obtained in a polymerization step can be obtained in
various forms such as spherical, granular, fragmented,
confetti-shaped or an agglomerate thereof. In the present

20 embodiment, from the viewpoints of improving specific surface area
and water-absorption rate, the water-containing gelated polymer may
be granular or may be granular and having numerous protrusions on
the surface thereof.

[0130] According to Production Method 3, it is possible to improve

25 productivity of the resulting water-absorbent resin particle by

carrying reversed-phase suspension polymerization two or more
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8801-1 sieve having a nmesh size of 250 gm Median particle size was
measured using the conbination of sieves as indicated in (A) below in
the case the anbunt of resin particles that remained on the sieve
with respect to the total anmount thereof was 50% by wei ght or 5 nore,
while the conbination of sieves as indicated in (B) bel ow was used in
the case the amobunt of resin particles remaining on the sieve was

| ess than 50% by weight. [0172] (A) HS standard sieves were conbi ned
in a downward order of a sieve having a nesh size of 850 f1/11, sieve
having a mesh sjze of 10600 gm sieve having a nesh size of 500 gm

si eve having a HR&Shins? A8183¢ PI9SSsym Mereswprsinelyy the msidpativelatisd 300

gm sieve havi ' st eve having .a nesh size of
150 gm and trayQ;.g H’?’Bg%_?]%o?‘@?fzghsefr g%gg?n%wg!ieé\%gorﬁ%ptﬁ %rﬂ%&hcéﬁcﬁ a
downwar d order wef chsiiegitdy hadidig. alnaaliivhz altRéugh’fhele %oﬁhﬁ?ﬁ
havi ng a nesh size of 15250 gm sieve having a nmesh size of 180 gm

si eve havi ng a cepehmsiover ofleitid@entah offeetse dmvileg partieleh sSiezeamf 106
gm sieve having,a sh size of 75 u si eve having a mmesh_size of 45
gm and tray, [O%f%Iaﬁﬂ@t’QB&\? ORBARGC eM@F@%éB@Sg%@ﬁW paglielp if
particles were . t:. S : i £l

shaki ng for 20 0%18%&9 g@%@%gﬁg&%@ﬁr zilf)sdélﬁg erG{.Rfj “ﬁﬁa&@A{4s§%1s?éﬁ

classifying, thabjestedhd thaf fitshpolyaietivatidisaehant ifveatons PRiheipgéRRt
remai ning on the sieve was cal cul ated as a wei ght percentage based on

total weight, AmenEoni fuagr thatngeeiding (ol Rredustipnodethodt Zr biotig wi t h

and the i nt eor IR EERAEST A ERERRRSR PR LPpRRra 0] Gpay B ° #°
vat er - ahgor bentyglies Nrddactios hﬁﬁletrgﬁauarl%tﬂ@goﬁﬁoﬁéhf? cBh@H eI RS

plotted on | ogarithm c probability paper.The particle size
correspondi ng tealizhé 50% by wei ght val ue of the integrated weight
article size hy connecting

percont ages g LAYl R AT TR A oo ol el connerl

component content decreases as a result of carrying out the second
polymerization step is not clear, it is presumed that, due to the

15 presence of the water-containing gelated polymer obtained in the first
polymerization step when carrying out the second polymerization
step, separation and unification of aqueous liquid droplets in a W/O
type reversed-phase suspension system is stabilized, or in other
words, the frequency at which the hydrocarbon dispersion medium is

20 incorporated in the aqueous liquid droplets during collisions between
aqueous liquid droplets is decreased, thereby inhibiting the formation
of O/W/O type structures.
[0132] Production Method 3 may also be further provided with a
post-crosslinking step for crosslinking the water-containing gelated

25 polymer obtained in the above-mentioned final (second)

polymerization step. Production Method 3 may also be provided
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5[0175] (6) Specific Surface Area (nR/Q) The wat er - absor bent
resin particles used to nmeasure specific surface area were passed

t hrough a 42 nmesh standard JI'S Z 8801-1 sieve (nesh size: 355 um to
adjust a particle size thereof to be retained on an 80 nmesh standard
sieve (mesh size: 180 un). Next, 10 this sanple was dried for 16
hours at a tenperature of 100C under reduced pressure of about 1 Pa
with a vacuum dryer. Subsequently, the adsorption isothermat -196C
was neasured using krypton gas for the adsorption gas with a

hi gh-precision filly-automated gas adsorption system (trade nane:
BELSORP 36, DEWithapaprimayyc diyingstep1Bepretd the posfrerassdinkingastop Jor

determ ned from,a | t.|-poi.ng, BET plot. [0176]. ( Handl i ng. Property
Pouder hand | ngdB RGPS NGriEk BohaRialt i BrGE N ks AR ERIEL s
eval uated vi Su%leiaYe(PBpo Joiét %@ﬁieﬁé&t&:ﬂ 8£ GRE d@%@c%ﬁfﬁiﬁ%%e%téd erra
i ndi cated bel ow. Eval'udtions selected by three or nore anal ysts

were taken to mpehmeead as toebey donderanipde A0Lh by preogiers ¥ 30F0 byheeight
wat er - absor bent resin p&;}ti %I es. od: Low du ti"gﬁ%i’ suiﬂt]gbl y

fluidity? ease basedfi yKalng of PEahyteightios CARPORSIHT et
Poor Large anoynt,

9 tif £ 0. di L EEicul fy ] :
wei ghi ng, cl eani ng_%%%q%t%tgﬂelﬁ%%uﬁgta .ifg%tg? 0%3.9%&%)(&3@“%%% %‘ghd
capacity (mm) fraction) in tRe #arebniedliss cabeddlher €sin particles were
roughly evenly sFread out over the entire bottom surface of a

concave, circull@33]ublthidvghgthere 3 nm parfieidar dimitasions -ongthesdrmgg and
whi | | yi d.af 90 tq th ter- t i ticl

W a convex. Tathedps Aie PR, deing shiPe FRaTERe EREo BT (AR
havi ng ngt y QG iR0kRSH TwiRY B%ethdlied "By e.fze@tfrcg%c TS tAT e foRr B Y

arranged on the surface that contacts the water-absorbent resin
particles), théegimpihecenentornianirenesisted psiymnerefomafthe batstlenwhkile
circular cylinder in the vertical direction relative to the bottom
surface of t he thoatsreconggipiag gglated polymey dispensed; puthe aiky lignidr 10

i nutes when 1 t . d save.
Gl routar cap il Fofhf siieshof Hedih? ATEE AfibAfuGE Weyon |
mnute val ue) andiedueilintid, (WM Swethbl i windatietwaiérléomiiniteelatde) |

respectively. [0178] Swelling capacity was nmeasured in the nmanner
descri béfl 15 bebhmards remeie anfation end dried undergeduoetl ipresgure,

cepact 1Y, & 9 SA o 15 RS S, LaELSOBRTRIE AT s |, g
capacity as shewadd ofit Guitts 4 itfeP RS eﬂe@fuéﬂegqg&mat gl@sﬁir@.r‘cﬁl

measuring unit 1, a concave, circular cup 'astit convex,
ci rcul ar cyl i ngerticilaanthe method of (2) can be employed in consideration of

simplicity of the production process.

20 [0134] A water-absorbent resin particle having more superior
water-absorption performance can be obtained by crosslinking a
water-containing gelated polvmer in which the water content of the
water-containing gelated polymer has been adjusted to, for example,
20% by weight to 130% by weight in the manner described above.

25 [0135] Post-crosslinking of the water-containing gelated polymer is

carried out, for example, by mixing the post-crosslinking agent with
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20 a non-woven fabric 4 (liquid-perneable non-woven fabric having a
basis weight of 12 g/n2). The swelling capacity neasuring apparatus X
has a sensor capabl e of neasuring displacenent of distance in 0.01 nmm
units with laser light 6 (located in the | ower portion of the
novenent di stance neasuring unit 1). A prescribed 25anount of

wat er - absorbent resin particles 5 are able to be uniformy dispersed
within the concave, circular cup 2. The convex, circular cylinder 3
is able to uniformy apply a load of 90 g to the water-absorbent
resin particles 5. 0179 0.2 g _of sanple (water-absorbent resin
particles 5) wike 1?m8|&?3@tﬁgebplme%h@ﬂéﬁ’ﬁéabbé hegfirg;ul Bhe cup 2

and then cover h e brii.c ex, , ¢i rcul ar
cylinder 3 V\/assg%écgoé%% %egged\@a% c{]ﬁcnabed v%og‘hcq'fomﬁi ﬁl lé%d t he
laser light 6 qfed Hor 986 SP6ssAInKINE dFeMETENe GhishAdiSte"BRASH KRG UNit 1

was positioned so as to irradiate the center of the convex portion of
t he convex, ci rgentanddhd posﬁerosshnldlﬁgagem{mayd:m thx strne gediffdrent.

i mi | ted fo 20C | th
oi reul ar gihpyzf&lg*ﬁidﬁ Hoinined SOUTE NE (Be Rakcroa PN AOEg) PHEd 3 vas
pushed up by syelgbi @1901% 1t61, Wi oRs A @;Brd)%{olr@ﬁbf‘n{%i‘% bg! 5l Sr was

measur ed. The novenent di'starfices of nvex, cilrcular cyll nder

at 1 mnute and.008 miohube&0sfmel rélagve tart00omolasfetheahatiRbluble Wer e
taken to represent _15 initial swelling capacity (1 m nute value) and

equi |l i bri um smeﬂhwlqwgcaélap@éamsﬂt@mwmt wseddp li@z)m theewpler-eontaining The
ratio (initial rati |t|aI | aci 1 mnute
val ue) to equi ga\é‘?ed ol |Iﬁgle%5 Ia{rggxuﬁ%flsﬁ]e %}gcrgﬁﬁﬁl‘ﬂgﬁngﬁ&é % hen
cal cul aggd. [0%8@]000@)11{69%0%1'&' Bergl Vi §%}§ieh¥ Z0M B0 SHeYsObr t he
aqueous |iquid was neasured using a Brookfield rot ational visconeter
(LVDV-1) under cmesimkumg)ase démensyitet|andrtbe aﬂater@bfqumdmon‘ateﬁﬁf them and

t enper at ure of ZOC g was cal cul.ated as the average val ue of two
measur enents. a?ﬁ%r FRG Lefip partiels qEn e dRRhergimBiayed; ithauter e

e 10 S L, 2o oAl 4 B8 Kot
m nutes or noreistdusa during water absorption. If the mixed amount of the
15 post-crosslinking agent is 1 mol or less, water-absorption capacity of
the water-absorbent resin particle tends to be able to be further
improved without causing excessive crosslinking.
[0137] Mixing of the water-containing gelated polymer and the
post-crosslinking agent can be carried out after having adjusted the
20 water content of the water-containing gelated polymer to be within a
specific range (with the primary drying step). The post-crosslinking
reaction is able to proceed more preferably by controlling the water
content of the water-containing gelated polymer during mixing of the
water-containing gelated polymer and the post-crosslinking agent.
25 [0138] The water content of the water-containing gelated polymer
provided for the post-crosslinking step may be, for example, 20% by
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constant tenperature bath adjusted to 20C to bring the tenperature of
t he aqueous liquid to 20C. The viscosity of the aqueous liquid was
nmeasured tw ce using a Brookfield rotational visconeter (LVDV-1) by
readi ng the value on the scale at 5 mnutes after the 5 start of
rotation at a spindle rotating speed of 60 rpm The viscosity of the
aqueous liquid at 20C was then determ ned by nmultiplying a
coefficient corresponding to the type of spindle by the average val ue
of the measurenent results. The spindle was suitably sel ected

according to the viscosity of the aqueous I'i qui d neasur ed, 10%0181]
<Study 1> [ Examysighttp 130% by weighinZShdut weighytd hidi% bxl weighta Bl e
flask (to be referre 0 round- tomfl LNng an, ] nner

di aneter of 10 yn‘ﬁ?l&ﬁh%op‘r)@z’i @éa’e\‘/ﬁr}ghgg%r@f W@igﬁﬁ@%@yqﬂgg& 8bpi ng
funnel, a nitr . I nd i a‘k%’% he
surface of theg'? uggﬁeéé}rﬁégrﬂr(??& %?%ﬁg}\%és!%r%%ﬁs{élggrfvﬁith ﬂv\%‘?&e}t\?iél s of
four inclined pafigheoblladeatdravitathing lgebtel dolgmer e¢o bef wibinntherars

prepared. The round-bottom fl ask was charged wiith 660 nL of n-heptane
as a hydPocar h&nasEsyelesroe pHN Ravformsrce carpbgytusther ypprovge by the

Curfactant . TheCDGTBSaRiE, HBEG aPEly PRRhERe, profiltol ifihn® °° °
surfactant in mﬁlﬂfmﬁgﬁ%Pﬁﬁmﬁbﬁ ot her hand, 92 g (1.03

mol ) of an 80.5% by wei ght aqueous acrylic acid solution as
wat er - sol ubl e ¢0138]ciliecwiatey @Btemé atf uthatwatereordainingneeleteddpidpmen a

beaker having an internal, volunme of 300 nmL..147. 7, f 20..9%

wei ght aqueous C%A’ietffﬁterﬁyﬂ?cgl?}’d’él%‘iﬂt%i@ﬁ e 8?%‘6‘%@3’3’? adding ﬁggbeaker

whil e cqgling j ' ' ' [ :

neut ral 10e 78 ERHRERTEeRRI b nBfistars i Mol (' fifpReiet

pol yvi nyl al cokgdsslinkipgoageny ndihahe Cpdstenissinkihg dagent ytoCahe tdlde

trade nane: GI—I—ZOSS Weighf]g 5 _averag% nmol cul ar %'vei ght: 1,300, Q00,

degree of sapombtairest by AubiBBIing shexamguntopfhiviier exEACHRr: i e RS si on

agent and 0.10,g .{0.00037 .mwl) .of ~pot assi um fa S radi cal

pol yneri zati onbg'ﬂf‘? P’&P@W 9@?# ?fﬁ%ggm% %et%lg?%@ﬁg&%ﬁégmeéﬁfl\}@% to

prepare an aqueRktSald @bkt adit@uP ALYRE privekd Pofyn@eizhOsn Fd(}e taficanBiqueous
g

liquid was 91 g and the anmpunt 100f water was 148. 6g. 183] The
entire dfount of wiler abdveprienaty dnied gad)yecube |ammind ofasateddédhe o t he

sbove- ment | oned,ound ot Lom ) gk WL G Bl ing B BestLTSE,
system wi th ni tQgen Qb 3t iThod & tount N Hatdpdssfk! {Her-containing
gelated polymer to the weight of components derived from the
water-soluble ethylenically unsaturated monomer that composes the
20 water-containing pelated polymer.
[0140] The weight of components derived from the water-soluble
ethylenically unmsaturated monomer that composes the
water-containing gelated polymer is determined by calculating as the
theoretical polymer solid fraction from the total weight of the
25 water-soluble ethylenically unsaturated monomer used in the

polymerization reaction.
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15 flask was imrersed in a water bath at 70C to heat the system

foll owed by carrying out a polynerization reaction for 1 hour to
obtain a water-containing gel ated polyner. [0184] Next, the reaction
system was heated using an oil bath at 120C, and 111.7 g of water
were extracted outside the systemwhile 20 refluxing the n-heptane
by azeotropy of the water and n-heptane (primary drying step).
Subsequently, 4.14 g (0.00048 nol) of 2% by wei ght aqueous et hyl ene
gl ycol diglycidyl ether solution as a post-crosslinking agent was
added to the r?ﬁéﬂ-Q&htoanlas to obtain a m xture containing the
post - crossl i nki g dgWRET MiiKIE S NEterFoiaiRmee gelrted (nakyei ARd BeR t om

flask at this ti : 9 t .
wat er - cont ai ni ?Sg%cr}{w‘%?ue]%& &oﬁ%ﬁ%%ﬁﬁ%ﬁa %Tﬁéll}lf}ggéls%gﬁ%f ég(rgfi(rilegd
post - crossl i nkiag@) sotesnt4Bde dyssueeghite phit@bsPnRp@r %ga];at heragXidir e

contai ning the post-crosslinking agent, it was hel or 2 hours at
about 80C (postnifpusly| idispgreg skeppost-crosplinldsg Seantequdramhples nefhept ane

was evapgrated,tq dryness at 12 5 and. 89. f gr | gr

wat er - abZor benlhy&é’gf‘ﬁmp%ﬂi’ﬁngﬁ E%o?‘%@r@w&f)?%ﬁoﬁ%é.S%Flgfé%]‘eaf{}%m% 2]
The round- bott | ASHh | S Off.d j t ed in
Exanpl e 1 was gﬂig} ged &h?%agg%é%ﬁyloggﬁgﬁég%%gg ggb}g%ﬁy Ff)dglgr%‘gf]

di sper si on nmedimethylagthyll kétdne, efhemoriniht an dimaak sandatetrahPdrolEm Cor p. |,

trade nane: Noni on LP-20R, PILE: 8.6) as a_surfactant, The
tenper at ure wadMHGESsEIFN; a3 AGN-dimedind Buds; candy r ublorides suht 35

n-heptane. [ 016} ki AL NSEL 0BG /92 (oG8 YOl B0, 826

wei ght aqueous acrylic acrd so onas a water ically

15 unsatQr at ed alvnB @feko VR0 sh@/v%ett@e&ﬁfcdiﬁbihmm naebeRAl
vol une of 300 utlL. 147.7 g of 20.9% by wei ght agueous sodi um

hydr oxi de sol uf§1da] Baemdr ppeviswiaint hefbewkidormifi | dispersingngthehe
aqueous acrylic acid soJution with.ce to neutralize 75 nol % of the
acrylic acid. BB%écé?ﬁ.?ﬁﬂ}ﬂ"ﬁ 36?1%6 Vgh‘l?f ﬂé‘@?ﬁ?@e?ﬁﬁes%e‘?@&w@é’e b¥0
(Sum tono Seik ] : e'-&xg' X

wat er - sol ubl e %ﬁ%@gﬁéﬁ?@%ﬂio 1%&%%%;7 m)g %t @g%g%%%?ﬁﬁqm
persul fate as af mathros] thpqirimayi drbddi gel dndi the aintruntver sob@deddd«d t he

beaker anpd dissol ved to &ﬁe are an aqueous liquid. The viscosity of
this aqgditous | i 190:ecdtidd 920! ton '%Q,%ﬁ?dtq@' (et 988 to 88110d

25f raction of - {dy8) A9UCRYSil] WhfertiRe B fhePShe oRRSATBE e Rlihat e
may be 60°C or higher, 70°C to 200°C or 80°C to 150°C. As a
result of making the reaction temperature to be 60°C or higher, there
is a tendency that the crosslinking reaction is accelerated and the

20 reaction does not require an excessive amount of time, while as a
result of making the reaction temperature to be 200°C or lower,
deterioration of the resulting water-absorbent resin particle and a
decrease in water-absorption performance tend to be able to be
inhibited.

25 [0144] Although the reaction time of the post-crosslinking reaction

cannot be uniformly determined since it varies according to the
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148.6 g. [0188] The entire amount of the above-nenti oned aqueous

| iquid was added to the above-nentioned round-bottom flask while
stirring at a stirrer rotating speed of 700 rpm After having

repl aced the inside of the systemwith nitrogen for 30 minutes, the
round-bottom 5 flask was imersed in a water bath at 70C to heat the
system foll owed by carrying out a polynerization reaction for 1 hour
and 30 mnutes to obtain a water-containing gelated polyner. [0189]
Next, the reaction systemwas heated using an oil bath at 120C, and
111.7 g of water were extracted outside the systemwhile 10
refluxing the medutiphdsmepbytusy,dype apd ampuntef the pest-ansslinkingmgane

(primary dryin tep),. sSubseguentl 4. 14 (0.00048 nol) of 2% by

wei ght aqueous%@a ltd?%g n@?%%gyc]i mutg{%g@glgr B9 Y HLnges

post - crossli nkitggoglgﬁ@&eg/_vas added to the round-bottomflask to obtain

a mxture contal ning e post-crosslinking agent. The anount of 15

water in the rg0mME]Fabiwsmiohl Msethodt3 ity sildol teproaiiedOvith g secomdlatyhe

wat er content of the water-containing gelat edev\g‘;)clh_yner after primary
R

dryi ng (8uri ng doyise-stapofs| fuphenpmaidss rsderpih ¢arbog [disperfi@ibar i ng

the m xture cont aj.ni ng ,t.he.post-¢cr linlgcing .agen i d for
2 hours at abodt®BHR otB? K zf’és‘?ﬁsﬁﬁ%}%gOtg?P?gXﬁngF@’g%? g h@%{
Subsequently, FhePhansuNRE SRAP LB chdiedr YaeHse Host sl ndary
drying step), and 87.1 g of granul ar "wat er - absorbent resin particles
wer e obt ai ned. rgxtion] [CEwgimglet Fis secondary dryifigestemtends boallomild ask
havi ng the sane_ configuration as that 25used. { n, Exanpl e 1 was charged
with 580 ni of ql?%@ﬁ&é%ea asat%{-%#sew%hpeﬁt@ke Y18 TG WER9hd 0. 97
g of sor?itan qﬂﬂ&bﬁurate (NOF Corp., trade nane: Nonion LP-20R,
BLB: 8.& as a‘'surfactant. The tenperature was raised to 45C to

di ssol ve the sypf4d]tEidhe iafe trite prtiveRirald@itations on the method of the

secondary drying step, and examples thereof include: (a) a method in
which water and the hydrocarbon dispersion medium are
simultaneously removed by distilling a mixture of resin particles
15 dispersed in the hydrocarbon dispersion medium after the
post-crosslinking reaction, (b) a method in which resin particles are
removed by decantation and then dried under reduced pressure, and
(c) a method in which resin particles are filtered out with a filter and
dried under reduced pressure. Among these, the method of (a) can
20 be employed in consideration of simplicity of the production process.
[0147] According to Production Method 3, a water-absorbent resin
particle according to the present embodiment described above can be
obtained. The resulting water-absorbent resin particle has a low
residual volatile component content while having a particle size of a
25 suitable size and a superior water-absorption rate.

[0148] Use of the resulting water-absorbent resin particle obtained in
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[0192] On the other hand, 81.0 g (0.91 nol) of 80.5% by wei ght
aqueous acrylic acid solution as a water-soluble ethylenically
unsat urated nononer was added to a beaker having an internal vol unme
of 300 nmL. 130.0 g of 20.9% by wei ght aqueous sodi um hydroxi de

sol ution was dropped into the beaker while cooling the aqueous
acrylic acid solution with ice to neutralize 75 nol % of the 10
acrylic acid. Subsequently, 0.09 g (0.00033 nol) of potassium
persul fate as a radical polynerization initiator was added to the
beaker and di ssol ved to prepare _a first aqueaus |iquid. The polyner

solid fractiont mampsr descaioed ahoyealiomguitg Abiange, of gnavgorbrat amount
f t 1 . J t .t .
gbo\\llvg- (rartren}tl\?ineg&t?r?aslt %&%@ﬁ?ﬁﬁa&%ﬁgbl@g@gg nfl%&twr%gg gt%%?/lélf%%t i oned

round- bott om f ldasdsibaliibeRywgtirring at a stirrer rotating speed of 700
rom After havin rcraiﬁjl.aced the inside of the Zjvjstemwith nitrogen for
30 minutes, thé0HAInkthebdsothent matsriahascdrdmegrtodlie presentvemerdimatth at

70C to heat the 20.systemfoll owed carrying out a pol rization
reactiongf or 1C°RBGMS; eo%%’%Y‘?imﬁnW%?Wf F?ﬁ%ﬁﬁt Q"eﬁ“étf@&‘\{ggl%‘%ﬁr
first polyneri HAN; : 1 i i :

Eo. 000042 10! ) hgfe{df%%;ﬁ%%'g hg%qﬂg%ﬁghﬁ‘?hﬁﬁﬁgﬁy@%m‘%?% se

et her sol uti onfibsrsasudintaer fisctiubdine pulpsald rkemBangely, Wab it
foll owed by carrying qut a 25crosslinlcing reaction at 75C for 30
m nutes (inter ﬁ%%‘ila‘fee fiopss suahnas Aeycst apd acetpiy1 BhgrsNethe absprbent e from

t he above-nent| first .po rizati.on_she 1.0 0.9 ) of
80. 5% by wei gh a%gaelol{r}é?é%}%yhy@éc%%ttaé%lSé’fll&gﬁcafgbeés\Xg Pgesdéf)go e
ethyl enijoal | y epghétis abse SHORORE owaﬁi&d%gyésﬁe BBk IR b1 an

i nternal vol une of 300 ni. 101.0pg of 572 .9%rby wgi gﬁt aqueous

sodi um hydr oxi gkin&stingi wateviek. e Eiaoypesd of riho strhetutxe af ghe vabsdrbentool i ng
t he aqueous acrylic.acid,sol utic{)n wth.,ice.to neutralize 75 npl % of

the acrylic ac Ferﬁﬁ%"é%%%ﬂli‘/‘? L TG 1 GBS WASeyabspTosRE s ®i um
persul fate as gaftﬁﬂa' E%iﬂ%gg?feh&@& ol t%@h%%ﬂggﬂicvmrﬁﬁdﬁﬂg ¢ 26

beaker and di sSolved to pre e a secon ueous Ti qui

pol yner solid tradtieoin ofhitlhithe sestonabsachenoussihi sutticlevds 8fidedy and
t he amount of water was 102.0 ]g [0195] The suspensi on obt ai ned
fol | owi A§ conpbetyesn agriuzalily ef lgxersiof kelgydrephlic Sibetsyandhe stragtarenedi at e

o ‘ o ey ol N
otating specdrbrichiBs Pbsadeiy el harfigh ohg e Ehe i Bikbunt of
t he above- ment hﬂﬁ@fﬁp?@@ ARFAHIBQHE-delfbdle ERdep sﬁé]ﬁ‘ascfi@h@?a?er or

round-bottom fl ask, 'the inside of the reaction systemwas Teplaced
Wi th nitrogen ges-wWayen38bmé.nutlesewds) the disbidienymiateial efipke atasei | nsi de

the reaction systemto.the tenperature at etion of dropping
55C). The rea%‘i"‘sjB ﬂsetﬁﬁt\thég‘%dﬁ@ﬁﬁat%mﬁ@ﬁgg@’ﬁ - i mrersing the
ﬁounzﬂ- bogt om f sl e S @ or BRd Qva?%r—aﬁg&béﬁlljegmzﬁ%p%{ G éJg' out
pol ymeri zation for our (second polynerization-s epS’ ?o é‘loﬂ%i n a

wat er - cont ai ni aigsogiednt treateigll mag e, FEXOGIMPIEES%B USRI Mo BIBE dyni NY
t he wat er-contai ni ng. gel ated pol yner obtained b oi ng t hrough the
second pol yner }kaﬁh’t /@tké!pwelg t to 70% by welght or 15% by weight to 60%

by weight based on the weight of the absorbent material. As aresult
of making the amount of the water-absorbent resin particle used to be
25 5% by weight or more, the absorption capacity of the absorbent

material tends to increase and leakage and re-wetting tend to be able
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25was heated by i mersing the round-bottomflask in an oil bath at
120C, and 175.6 g of water were extracted outside the systemwhile
refl uxi ng the n-heptane by azeotropy of the water and n-heptane
(primary drying step). Subsequently, 7.29 g (0.00084 nol) of 2% by
wei ght aqueous et hyl ene gl ycol diglycidyl ether solution as a

post - crosslinking agent was added to the round-bottomflask to obtain
5 a mxture containing the post-crosslinking agent. The anobunt of
water in the round-bottomflask at this time was 64.7 g. The water
content of the water-containing gelatedmgolyner after primary drying

(during post - ctosks iinhibited) wAs 40%eshi obimbling Athee amsushadl Ake t he

1 Xt t ai ni h t- | j nki it hel d f 2
Tonour s at anodtaGEROIRS: TeSh T IRISRY TS EEgRY P PSRRI et (e .
n-heptane was eygpof ﬁ{aeregbstoﬁ’oé?ﬁ&g&g;?i%laéanlggcf‘eeﬂlﬁz‘éﬁoé?ﬁafl% feYbpgnst ep) ,

and 161.3 g of granu wat er - abs ent resin particles were

obt ai ned. [ 0198bsdrbxanpdteridl]betbhbd}; Ihrd taids 9o baablarto haimibitdas or bent
resin particles were obtained by carrying out the same_ procedure as
Exanpl e & wit h [0hY]&isebis aaross-secionpkyicydhpwipeapambodmenhplad ny|

al cohol (N ppon etj.c. _Chem gal .l n . . r me:
21 E9p0! N PO ULk Bl PUAleY 36 cortid o BETfERE
saponi ficati onenfi@lihént2@ HroagideaUARHS o 'Iﬂ#&icﬂp&{néabfé fshe&t 10, a

pol ymeri zati on step. The water content of 1he water-containing

gel at ed pol ynedigaid-snpermienteleyshaet/ i2@garidi ani slgorbest nmatersall L ki By was

40% by weight. [0199 Co five Ex | e conpl yi W t anpl e
6 0(1)‘ Japanese pgﬁtg ?‘ltﬁ%ﬁﬁqgﬁﬁa B]ﬁi/q_dgﬁ a%hﬂf é@jggﬁ%ﬂgg@wgg% g of
cycl ohexane as i IS i : %Egn bitan
nonol auﬁgt e (N@a@?gg&?ﬁ%}gggﬂ@Jgg{ﬁﬁo&%ﬁgﬁ%w%ﬂ?&h : gé.dG O%s a
surfactant wer eyydegbilid fiber BYer 1B, f Qhe -aiyeorbbat metenidt N6tis amahbed k

equi pped with a stirrer, a reflux condenser, a dropping funnel and a

nitrogen gas i mebveenuthe. lipfd-oermagabloshgaid O trd der Fasiddmpermeatie
cyclohexane at f00my BIPGL AL Sed facing each other. The thickness of the

absorbent material 15 may be, for example, 0.1 mm to 10 mm.

15 [0152] Examples of absorbent articles include disposable diapers,
incontinence pads, sanitary napkins, pet sheets and absorbent drip
sheets for foods. Among these, the water-absorbent resin particle
according to the present invention can be used in, for example,
special hygienic materials such as large-sized infant diapers,

20 children's bedwetting pants, adult diapers, incontinence pads and
heavy day sanitary napkins, pet sheets and portable toilets. In the
case of using the absorbent article in a product that contacts the body,
the liquid-permeable sheet is arranged on the side that contacts the
body, while the liquid-impermeable sheet is arranged on the opposite

25 side from the side that contacts the body.

[0153] Examples of the above-mentioned liquid-permeable sheet
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5 while stirring, nitrogen gas was blown in to renove dissol ved
oxygen. [0200] On the other hand, 48.8 g (0.542 nol) of 80% by wei ght
aqueous acrylic acid solution as a water-soluble ethylenically

unsat urat ed nononer was added to an Erl enneyer flask having an 10
internal volume of 200 mL. 67.0 g of a 25.9% by wei ght aqueous sodi um
hydr oxi de sol ution was dropped into the Erlennmeyer flask while
cooling the aqueous acrylic acid solution wwth ice fromthe outside
to neutralize 80 nol % of the acrylic acid. Subsequently, 0.13 g

0. 00048 nol) of tassium persulfate as a radical 15 poqlynerization
i(ni tiator was é%‘dg t PRV I’%Eﬁﬁ%/eﬁm I%@Ru%nﬁm%}eé@olr@% sleper epar e
an aqueous |i quj I : kd f I i liquid
has 45.6 g and PRECARORT HECAE Bf SSUEE! bRetyihg, SofRERTe: .

amount of the ablyesterreaid opsghraideeouSxhinglésd ofatheadeek-tentibiged
above-nentioned four-nouth, round-bottomflask 20 while stirring at a

stirrer rotati Hgushisepergeable shegirinchtdee shastss icompestdgobaesynthatisl aced
the inside of the system w.t itrogen, the four-nquth,. round-bottom
f1ask vvag i el <8y Sﬁh 5%9&%&@8?% lg‘{ﬁy?:@@ylt%l}e é9e ]{3@}"}’11@31[ C](PDIHE‘ &yst em
foll owed by ca i I i i i f ‘ )

Fol | owi ng %ol y%??g%fﬁmﬁ%ﬁg %%gh 8§%éo%g?§§§sﬁﬂtg%e§?ﬂ%§g§g&gﬁ ycol

di gl yci dyl et hend asnan-posts deloss| i The sigengéhe gaidaskamdatlel shesed by
and cycl ohexane and drying to obtain 48.3 g

distilling off the water. . /
of fine granul %g\kgﬁﬂuﬁa%%@ﬁﬁblﬁﬁﬁt pREEOf beewlifqrn determsiedar at i ve

a0 open No PECH £, Wih Belri R & the Yop BRRRCGCHE RS OB R™ ' ©"
di spersilon medigdn tied 1Re97 Thed, S/ kidean et aw alu@abNORIfERIER. |

trade name: Nonion LP-20R HLB: 8.6) as a surfactant were added to a
round- bot t om f FespRadingdo theeapphnatianoriithe absorbent adicle drat thedikExanpl e

1, followed by W 0 50C and di ssal vi the surfagtant i.n the
n- hept ane. 108[1@32‘31 &:né%t# I 2 PIpaS-PYOPR Y eV iioRiag ar ér‘%?fjgltni’f'é‘t of a
round- bot t om f Lagk HiEkinRakial O BUater blocking material 40 according to

the present embodiment is provided with a first liquid-permeable

15 sheet 11, a second liquid-permeable sheet 12 and a water-absorbent
resin particles 5. The water-absorbent particles 5 are arranged
between the first liquid-permeable sheet 11 and the second
liquid-permeable sheet 12 that are arranged facing each other. The
water-absorbent resin particles 5 may also be sandwiched between

20 the first liquid-permeable sheet 11 and the second liquid-permeable
sheet 12 that are arranged facing each other. The water blocking
material may also be provided with three or more liquid-permeable
sheets. In this case, the water-absorbent resin particle may be
arranged between at least one pair of adjacently arranged

25 liquid-permeable resin sheets. When viewed from the direction of

thickness of the water blocking material 40, the water-absorbent resin
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[0203] On the other hand, 92 g (1.02 nol) of 80% by wei ght aqueous
acrylic acid solution as a water-soluble ethylenically unsaturated
nononmer was added to an Erl enneyer flask having an internal 15

vol une of 500 nmL. 152.6 g of 20.1% by wei ght aqueous sodi um hydroxi de
solution were dropped into the Erlenneyer flask while cooling the
aqueous acrylic acid solution with ice to neutralize 75 nol % of the
acrylic acid. Subsequently, 0.11 g (0.00041 nol) of potassium

persul fate as a radical polynerization initiator was added 20 to the
Erlenneyer flask and dissolved to prepare an aqugous liqujd. 18.4 g

of wat er - absor lpaviiclasek meydur arkaniged ahavitinyob30&ar imbebesti onltht e of
42 seconds (Sum,t9 i ka £hem cal.s Co. ., ~AquakKe SA6 wer e
added to thi(s eggsj%ﬁll ﬁfﬁld. “the ﬁ'{lé?@ﬁﬁegl\@ﬂj,e fiﬁsglﬁé%&"g’gn%?ﬁg)ﬁ%t of

the above-rment ipagd; AGHAOHS &bh&]%ﬂrﬁﬁ& cih@bl sRAFRY Ry a0k f¥RS
added to the above-nentioned four-nbuth flask and di sper'sed therein,

and after repl egamplet 0O5immitdé mmf the systemwith nitrogen, the
system was heat ed by i mersi g& t he four-mfuth flask in_a water bath

ﬁt 70C fé: : owe dOBPI e ywaigr obtecking opmateial 2 a6sBAngede t thén %ﬁen%b
Gt iining of r CnBOlRRT 1 AkuRBs S Sol SRERRET ABARERH S DRty o6r Y

wat er - absor beniyat@sitRoRht tebingsertit 8208 IveE Carhar hiin efabl theal
92.0 g (1.02 nmol) of 80% by wei ght aqueous acrylic acid solution as a

wat er - sol ubl e enéd ssriood| ligridperanasble shtchtirsrare ansged decing 6aein

oo oyt ot Bt e B VBt Sl TR o o
Erl enmeygr fla Kl i_ : | 4 i ¢y $9lMERON and
stirri nggt o] nez‘l‘t%3 %’z‘ge 3%%?%‘3@8&?}%&%%%%gcdid%?ﬁgs%g%eque&llﬁ)y,
0.11 g (0. 0004 vatmtgbsoifbepptreshs ipamiqier sntbfatshests &headbienlblocking

pol ymeri zation initiator, 8.3 ng (0.048 nmpl) of ethylene 15 glycol
di gl yci dyl et hapaterdal aceqrding torike Pgsayembodipentds Bseg. i examplxthange
wat er were added he Erlen erofla r re irs eous
| i quid. [nos) %&%Eg‘ g}e ﬁ-g e%?lgﬁ%l % a Ef}%g{rr%ggrpgagﬁerd?a%%roéi %pr%%%di um
was added to achiny@miBions cellel e biigg! wippodl tikat tedirdd. aghe(Waebe

referred

15 blocking material is able to absorb water that has leaked in through a
crack formed by deterioration of an external member and then swell
10 generate pressure within the cable, thereby making it possible to
prevent the water from reaching the core portion of the cable.
[0156] A liquid-permeable sheet similar to that used in the case of

20 the above-mentioned absorbent article can be used for the
liquid-permeable sheets of the water blocking material. Examples
of the above-mentioned adhesive used include rubber-based
adhesives such as natural rubber-based, butyl rubber-based and
polyisoprene adhesives; styrene-based elastomer adhesives such as

25 styrene-isoprene block copolymers (SIS) and styrene-butadiene block
copolymers (SBS); ethylene-vinyl acetate copolymer (EVA)
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20 to as a round-bottom fl ask) having an internal volume of 2 L and
provided with a stirrer which was provided with two | evel s of

i nclined paddl e bl ades having a bl ade dianeter of 50 mm a

t hernoneter, a reflux condenser and a nitrogen gas inlet tube and
foll owed by heating to 61C. The entire anmount of the
25above-nentioned first aqueous liquid was added all at once thereto
using a funnel while stirring at a stirring speed of 500 rpm and the
aqueous liquid was dispersed by stirring for 10 m nutes at an

i nt ernal tenpe;gﬁune of 40C. [0207] Next, 0.92 g of sucrose fatty
acid ester (M RE0EIS; - keiBreaerapybgs eddp. derivetivie neapelyrgerdrged HUB:

3.0) as a surf ; 1 xed i 2 n- hept ane )
hydr ocar bon di gg%‘?gé\?eosmg} )érgn f @%&%ﬁ%y%ﬁ%éﬁ% nﬁo%ﬁgmafsss@/@ng to
obtain an oily chiyetiedacryiie a6t doj 1?aﬂ@ AR] adl¥sFreS] polyhihfiidl ths¥@s
added to the aboggfﬂrrentr%roned rmﬁﬁ -bot{%milask usiﬂrylgya f unnel

fol | oned by funtdhesivasisighasicapolyer hiylost palyofnsbdsed adiesivesabtlai n a

ign. 10[020 f t t el | .aci. the inside of th
Feacti onSeyst eiff ALFFIAERDBH MATPOPHSNE HSNHE (i GPHAFReioed at ur e
of the round-b I t 5 at ed
for 1 hour usi %gﬁéagmv%t %]r%hb%t %égf&h)}%%gtt%@?g@?@%wy %‘%Fg%%@??gfi on
reacti on (firstpopebteredicshiespmds bap)ic afigdsivewi ng conpl etion of the 15

first polynerization_step, the internal tenperature of the
round- bot t om f EdhMkEET 00l ed to around 21C while stirring at a

i i d.of , 0 . [0209], 128. 8 1..4 f 80%Db
vl ght o ro 6157 M il Bing Yo7 et 8 Bred e P Blahedln P L
monomer 1pas adgedetOindtntZt 5 liatEsemfléamkieBaVi Hewalfer ﬂfeﬁji’r%%ht vol ure

of 500 nth. 142.9 g of 30% by weight &aqueous sodi um hydro
sol ution was dimspadn isnailivhigedctoainintheshexamplenus acrylic acid

2eryl o aci o, SRELAISRAOAEH0G 0/00055 i) of potassium
persul e ue o ¢ aSorheatonl L e Mhchebbigier 1101 (0,067
16.7 g of distilledIndhepresent invention, residual volatile component content

15 is calculated from the amount of hydrocarbon dispersion medium that
is used during synthesis of the water-absorbent resin particle and
incorporated within the particle. Since the hydrocarbon dispersion
mediumn incorporated within the particle during synthesis is actually
strongly shielded within the resin even when in a dried state,

20 emission to the outside is very little. A portion of the amount of
residual volatile components is released when the resin particle has
absorbed water and formed a gel.

The amount of residual volatile components derived from the
hydrocarbon dispersion medium remaining on the water-absorbent

25 resin particle was measured according to the procedure described

below. Namely, the amount of hydrocarbon dispersion medium in a
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were added to the Erlennmeyer flask to prepare a second agueous
l'iquid. [0210] Next, the entire anount of the above-nentioned second
aqueous liquid was added to the cool ed suspensi on obtained after the
5 first polynerization step with a dropping funnel, and after
adequately replacing the inside of the reaction systemw th nitrogen
the reaction systemwas heated for 1 hour by imersing the
round-bottomflask in a water bath at 70C to carry out a

pol ymeri zation reaction (second polynerization step). 10[0211]
Fol l ow ng the pol ynerizatjon reaction of the second polynerization

step, the roundabéiat s vplitileohyhempembed solution of dimpthysulfoxidoc, the
i 260. g. of _wat t r.act ed. out sk de th

oyelemwni 1 o GPFEDF 3P0 My Weigly Aimesth PosBiu e BAHRGIM hak e "as &

resul t, a dehydrademhB@yiREiVERticltds ABLRH R6d 1 648y 4a8edlRRehsed 1 n

n- heptane. 8.2 g (0.00094 nol)” of 2% by wei ght aqueous et hyl ene

gl ycol diglyci thd vauhebitsmddiby oonesting pios neensd velki toghagemwunivas
dded to_th | ti hept - gi d,deh ted I foll d
by car ying oUPohEBEOf SPbSFHUSADEb T G "BS HEFoRabe dBoLt
80C. 20[0212] : - to I . L ORE in an
oil bath at 12 @%gﬁ‘gdz}%ﬁ%h%é %‘%@ﬁg&gﬁm rﬁg\%\/e §/H$§rl}%w nges?ﬁe

n- hept ane and iaéibeB¥eldwsti|ll ation and drying in the presence of

flow ng nitrogen to obtain 234 g of wat er-absorbent resin particles
in the form of [QSI dakPrepamationrefatibratipn Guret es. 25[ 0213]

[ Conpar ati ve Bxamp! .4} (coupl ¥La08h (1SR RARH e DANBIS R8T VO
aded T8 a 500 T PN SR 25, Reghes
stirrer, aqueous phosphoric acid solution were placed in stopperable glass
containers. The contents of the containers were cooled as necessary
to inhibit error caused by volatilization during measurement.
[0160] First, 0.15 g of the above-mentioned hydrocarbon dispersion
15 media were accurately weighed into a volumetric flask having an
internal volume of 200 mL followed by the addition of DMF to a
total volume of 200 mL for use as a Standard Solution 1. Next, the
Standard Solution 1 was precisely transferred to a volumetric flask
having an internal volume of 20 mL with a 10 mL volumetric pipette
20 followed by the addition of DMF to a total volume of 20 ml to dilute
the Standard Solution 1 by half for use as a Standard Solution 2.
[0161] A Standard Solution 3 was then obtained by similarly diluting
the Standard Solution 2 by half, a Standard Solution 4 was then
obtained by similarly diluting the Standard Solution 3 by half, a
25 Standard Solution 5 was then obtained by similarly diluting the
Standard Solution 4 by half.

62



foll owed by the addition of 53.6 g of 37% by wei ght aqueous sodium 5
acrylate solution while holding the liquid tenperature at 20C and
stirring at 1,200 rpm The m xed sol ution becane cl oudy several
seconds later and a white, fine particulate solid of about 10 gm was
formed fromthe m xed solution. The white, fine particulate solid was
isolated by filtering this cloudy liquid and then purified by
10rinsing with water. [0214] Next, 711 g of an aqueous nononer

sol ution (nononer concentration: 38% of sodiumacrylate having a

neutralization f .75 | % fqr u as noner, durjn )

pol yneri zat i on,[éﬁ?‘jgﬁi( ﬁf% %t“a&'rdog‘%fmp tWﬁTeoThﬁflc?ﬁfgﬁg o Wetyl ate
solution as a |tk 5 - _

2,2' -azobi s(2- %ﬁ%aﬁlﬁlgﬁ?‘%ﬁig%ﬂ% 0 %?'g(gr y a%tngi’n% exzoocblialio%d as
t he above- nent ifoli®ded\tiyt durthérneddiagt 5 ciilatof 38%i Gy aseipht officb@s agent

were added to an SUS container, having an internal volune of 2 L
fol l owed by unPPespRoyicpEdspiitieg. addenyirhyiasgorompalyl segladdusisg ght  of

bout 5 Af i .insi de of ;the 20 SUS.contai i th
i trogenS 3. 1 Goayer SBfSh B GRR B, Bt W oebRnti o RO BBt
sol uti on and 1apfated ahd HHxBd byshaling Lo GAMALSE atethadfl Mobairas 2

radi cal polynerrzation initiator were added followed by stirring and
uni formy di spavesé ngyried teet ovhitbé Prahdardr Balativon begah tonerapart e

| at er. 25[0215%@.6%“ a{)}?e nunber. of fine bubbles were uniformy
contained in t RRUGTBURH EHHE SUREIPRS. wat er - cont ai ni ng gel at ed

pol ynmer. The G 1.0 e [¢ . t 10 mm
and spread ouml\elgg;l %%g{glﬁgvt\kn% rieb%tﬁggﬁaﬁ%%&é%?ﬁof%%rgagym hot
air for160 m nwhile ®ftafib®Cy shhlking) L eal pf ekl ghsenas phiseshadinfsotay a
nmetal blender and further classified wth an 850 p.m nmesh to obtain a
5wat er - absor beHto resasnclypwaiogsanh, tof elftaip] a siromagsgramefongaedt ofliwor bent

i nd-botto rabl e fl ask

i 3 hed, i.nt
havi ng- an | nnef STERRH EPHIGr OIS Him AntPBFOYIBH Y bata Gesersrind (ro be
referred to aspaukRignte Q@i%lﬁgbf Hﬁﬁl@dro@a&‘ﬁ'or@gisg&gﬁg‘%ecﬁé Qééjr'ét@yngg

agent solution conprised o m xture of 1 of et hyl

gl ycol di gl yci determeinkdrwhen Pregachg whe erlibmtiod .cBrg sdluéddsyindkieohol
was spr%’gd onto .the resin \é@ile stirring the resin. The resulting
mi xt ureldas fuPFHeRees Bf &% ERFOMBIogamS, r Butlivetftse Poplundityof peeks at

180C wi th an oyl;haf ﬁoﬁloth%bﬁﬁdggca\ﬁv\gt{)rg ;disgglss% ﬁ‘l@?iar\%glieno&%weidc &

15[ 0217] <Eval uati on> sorbent resin partitles

obt ai ned i n Exasijbretorl cli@edvanstefaep dvaldive tHexa b pesk dréhufAhvey €
eval uated for water-absorption capacity of physiological saline,

wat er - absorpti peeksat e of physi ol ogi cal saline, nedian particle size,
oSt dual VOl At [ &g 06 IRANE S anaP Ul oSkt Lonidl 20
20 DMF and 25% by weight aqueous phosphoric acid solution
were prepared. 0.10 g of the water-absorbent resin particles
obtained in the examples and comparative examples were
respectively accurately weighed into vials having an internal volume
of 20 mL. 4 mL of DMF and 5 mL of 25% by weight aqueous
25 phosphoric acid solution were added to the vials. The vials were

promptly sealed using a rubber septum and aluminum cap followed
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results are shown in Table 2. [0218] [Table 2] Water- absorption
capacity Water- absorption rate Median particle size Residual

vol ati |l e conponent content Odor Specific surface area gig sec Fun
%y wei ght

by mixing the contents thereof by shaking the vials for 1 minute.
After heating the vials for 2 hours at 110°C while shaking to mix the
contents, 1 mL of the gaseous phase was injected into a gas
chromatograph to obtain a chromatogram for the contents of each
5 vial.
[0165] The amount of hydrocarbon dispersion medium contained in
the water-absorbent resin particles (0.10 g as determined by weighing
accurately) was determined from the peak area of the resulting
chromatograms and the previously prepared calibration curve. The
10 value obtained by converting the calculated value to the amount per
gram of water-absorbent resin particle was taken to be the residual
volatile component content (% by weight).
[0166] The following indicates the conditions of the gas
chromatograph.
15 Apparatus: GC-2014 (Shimadzu Corp.),
head space auto-sampler: HT200H (Hamilton Company)
Packing material: Squalane 25% Shimalite (NAW) (101)
80-100 mesh
Column: 3.2 mm in diameter x 2.1 m in length
20 Column temperature: 80°C
Injection port temperature: 180°C
Detector temperature: 180°C
Detector: Flame ionization detector (FID)
Carrier gas: N,
25 Vial heating temperature: 110°C
Syringe set temperature: 130°C
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nizig Ex. 1 63 4 330 0.65 1.6 0.158 Ex. 2 65 2 160 0.85 1.8 0.154

[0167] (2) Odor Sensory Test (6-Level Odor Intensity Indication
Method)

Odor derived from the hydrocarbon dispersion medium when

the water-absorbent resin particle swelled was evaluated in the

5 manner described below. 20.0 g of 0.9% by weight aqueous sodium

chloride solution (hereinafter called physiological saline) at 25°C

were added to a glass vessel with a lid (mayonnaise jar) having an

internal volume of 140 mL, followed by inserting a stirrer bar having

a length of 3 cm and stirring. 2.0 g of the water-absorbent resin

10 particles were added to the glass vessel and sealed therein. Odor

derived from the hydrocarbon dispersion medium present in the glass

vessel was assessed by five analysts in accordance with the

evaluation criteria indicated in Table 1, and the average value thereof

was taken to be the odor evaluation result.

15 [0168] [Table 1]
6-Level Evaluation Scale Evaluation Criteria
5 Intense odor
4 Strong odor
3 Easily perceivable odor
2 Identifiable but weak odor
1 Barely perceivable odor
0 QOdorless

[0169] (3) Water-Absorption Capacity of Physiological Saline (g/g)
The absorption capacity of physiological saline was evaluated
in the manner described below. 500 g of physiological saline were
mixed with 2.0 g of water-absorbent resin particles followed by
20 stirring for 60 minutes at room temperature. The above-mentioned

mixed solution was then filtered using a standard JIS Z 8801-1 sieve

65



Ex. 3 60 2 150 0.83 1.8 0.153 Ex. 4 56 3 220 0.44 1.4 0.143 Conp. Ex.
1 85

having a weight Wa (g) and mesh size of 75 um. The mixed
solution to be filtered was allowed to stand on the sieve for 30
minutes while inclining the sieve at an inclination angle of about 30
degrees relative to horizontal. The total weight Wb (g) of the
5 water-absorbent resin particles that had absorbed the physiological
saline and the sieve was then measured and water-absorption capacity
was determined using the formula indicated below.
Water-absorption capacity of physiological saline =
(Wb-Wa)/2.0
10 [0170] (4) Water-Absorption Rate of Physiological Saline (seconds)
Measurement of water-absorption rate was carried out in a
room controlled to a temperature of 25°C£1°C. 50.0%0.1 g of
physiological saline adjusted to a temperature of 25°C+0.2°C with a
constant temperature bath were stirred with a magnetic stirrer (8 mm
15 - in diameter x 30 mm in length, no ring) to generate an vortex at a
rotating speed of 600 rpm.  2.0£0.002 g of the water-absorbent resin
particles were then added all at once to the physiological saline, the
amount of time from addition of the water-absorbent resin particles
until the vortex on the liquid surface converged (seconds) was
20 measured, and that time was taken to be the water-absorption rate of
the water-absorbent resin particles.
[0171] (5) Median Particle Size
0.25 g of amorphous silica (Degussa Japan, trade name:
Sipernat 200) as a lubricant was mixed with 50 g of the
25 water-absorbent resin particles. The water-absorbent resin particles

mixed with the lubricant were passed through a standard JIS Z
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3 140 1.87 3.2 0.168 Conp. Ex. 2 63 22 330 1.64 3.0 0.068 Conp. Ex. 3
58 28 310

8801-1 sieve having a mesh size of 250 pm. Median particle size
was measured using the combination of sieves as indicated in (4)
below in the case the amount of resin particles that remained on the
sieve with respect to the total amount thereof was 50% by weight or
5 more, while the combination of sieves as indicated in (B) below was
used in the case the amount of resin particles remaining on the sieve
was less than 50% by weight.
(0172} (A) JIS standard sieves were combined in a downward order
of a sieve having a mesh size of 850 pm, sieve having a mesh size of
10 600 um, sieve having a mesh size of 500 um, sieve having a mesh
size of 425 pm, sieve having a mesh size of 300 um, sieve having a
mesh size of 250 pm, sieve having a mesh size of 150 pm and tray.
[0173] (B) JIS standard sieves were combined in a downward order
of a sieve having a mesh size of 425 um, sieve having a mesh size of
15 250 pm, sieve having a mesh size of 180 pm, sieve having a mesh
size of 150 um, sieve having a mesh size of 106 pum, sieve having a
mesh size of 75 [m, sieve having a mesh size of 45 pm and tray.
[0174] The above-mentioned water-absorbent resin particles were
placed on the uppermost sieve and classified by shaking for 20
20 minutes using a Ro-Tap shaker.

After classifying, the weight of the water-absorbent resin
particles remaining on the sieve was calculated as a weight
percentage based on total weight, and by integrating those values in
order starting with the largest particle size, the relationship between

25 sieve mesh size and the integrated values of the weight percentages

of water-absorbent resin particles that remained on the sieves was
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0.13 1.0 0.042 Conmp. Ex. 4 45 30 300 - 2.0 0.037 [0219] As shown in
Table 2, the water-absorbent resin particles obtained in Exanples 1
to 4 all denonstrated fast water-absorption rates, |ow residual

vol atil e conponent contents and little odor 5 follow ng water
absorption while having a suitable particle size. In addition, the
wat er - absorbent resin particles obtained in Exanples 1 to 4 al so had
favorabl e handling property. On the other hand, the water-absorbent
resin particles obtained in Conparative Exanples 1 to 4 were found to
be unabl e to adequately realize these |evels of 10 perfornmance. The
reason why a c@hﬁﬁﬁn(E%dﬂﬁﬁmbﬁn%igﬁﬁﬁmbﬁ’dﬁﬁﬁnmasTh%rE€¢WEU P4fen for

hose 1o, PaCbREkSRub g Ik TR G PR e e
medi um during pelkiREES Hak YkenStoicChid TREUIE pRRidld Sizk BFUddnneétidghe
presence of reSidual “surface-crosslinking agents '
the plotted points on the probability paper with a straight line.
5 [0175] (6) Specific Surface Area (m*/g)
The water-absorbent resin particles used to measure specific
surface area were passed through a 42 mesh standard JIS Z 8801-1
sieve (mesh size: 355 um) to adjust a particle size thereof to be
retained on an 80 mesh standard sieve {mesh size: 180 pm). Next,
10 this sample was dried for 16 hours at a temperature of 100°C under
reduced pressure of about 1 Pa with a vacuum dryer.  Subsequently,
the adsorption isotherm at -196°C was measured using krypton gas
for the adsorption gas with a high-precision fully-automated gas
adsorption system (trade name: BELSORP 36, BEL Japan, Inc.), and
15 specific surface area was determined from a multi-point BET plot.
[0176] (7) Handling Property
Powder handling property of the water-absorbent resin
particles was evaluated visvally by five analysts in accordance with
the criteria indicated below. Evaluations selected by three or more
20 analysts were taken to represent the powder handling property of the
water-absorbent resin particles.
Good: Low dusting, suitably fluidity, ease of weighing,
cleaning and other manipulation
Poor: Large amount of dusting, low fluidity, difficulty in
25 weighing, cleaning and other manipulation

[0177] (8) Swelling capacity (mm})

68



and residual organic solvents used during dispersion thereof. [0220]
<Study 2> [Exanple 5] 530 rnL of n-heptane as a hydrocarbon

di spersion nedium 5 was added to a round-bottom fl ask having the
sanme configuration as that of Exanple 1 followed by the addition of
1.65 g of sorbitan nonol aurate (NOE Corp., trade nane: Nonion LP-20R
ELB: 8.6) as a surfactant and heating to 45C to di ssol ve the
surfactant. [0221] On the other hand, 92 g (1.03 nol) of 80.5% by

wei ght 10 aqueous acrylic acid solution as a water-soluble

et hyl eni cal | y unsat ur at ed,. nononer s added tqQ a beaker _ having an
internal vol une of S(E) &Pi?"aﬁ%@fgg&rm%.@%fﬁ?s WeTSFRUghyuesRY sodi um

hydr oxi de sol ut,nng %o%Pﬁl%eéLtiré'?{Bu&ﬂesuPﬁ@&Sf a"%%hk&ecgﬂbﬁlﬁxg %g{‘e
aqueous acrylic acrd solution wth ice to neutralize 75 no 73 t he
15 acrylic aci ¢heightS6queninngr dRnikferg8Q.6 ndER AndodRileodprdEhaagbatn
persul fate as a radical polynerization initiator was added to the
beaker and di s$8|90esita Bepraipantsorbent resin pajtielsa wvith gepavexThizcyet yner

solid fraction of. thi irst u s liqud was 91. n he anount
of water was 1408 Gyl BBt Fn. e B sty Pheodl Reles Deoue
liquid was addegyi@ 4 BRRIOVEE TaRk ﬂﬁﬁﬂuﬂ]sﬁldﬁﬁn b Hhd katkced ©
stirring at a stirrer rotating speed of 500 rp After having

repl aced the i mentetsofthe hwatsy-abembanitt fesiv tpavelns)f othe3@isplavetnesnt t he
round-bottom fl ask was i.m‘reir:éed in a water bath at 70C to heat_ the

syst em f ol | owedMSYeBeRtdisiancg) of the Lopws, eiscnlan cvbpder dadhe sprteal 1
h t bt ai tai ai f]
ol yrrer i at on CebEFIERY & Me bl AheR TRbotaS! Shovlergipr 4 o

of 2% byowei ghtafigflueitfitethy | £Re 10! MERkestwBbY AB0YS oftiRér £020#0 On as
an internedi ate crosslinking agent was added fol | owed by carrying out

a crossl i nki ng vresagddesnioghe zamave, cigulaticnpves talent tormputbent dnitial
crosslinking step). 5 [0223]. Next eparate fromthe above-nenti oned
first polyneri f&'ﬁlﬁlﬁ c?%@‘ﬂ, szﬁmlfiyglg%%;e%h%ﬁ%(%”ﬁ MESegRE Yaqueous
acrylic acid sgw;ﬂi@ﬂe@ﬁlu@k\i\@gﬁgﬁw_ubl e ethylenically unsaturated
nononmer was added to a beaker "having a volunme of 300 nL 114.7 g of

26. 9% by wei gh{0E{leovellisg diapagityy dras xindasusad it ithe masnedr dgapdlbed nt o
the 10 |Sgaker \gh{@l e cpoling the aqueous acrylic acid solution with
i ce to Aeutral PEOVWISHE FNoRPRATES IOy | easygng. swelliaggerpserty, @& 10 g

0. 0037 nol) ofy i ' | i zat|
i Chator s SEHT BT MELARIA L e Rl N cite BRRITI SBWECT
aqueous | i qui din g Pol peaesppacdthd X nasd to edburk Nivicl BEE QBFRGUAOUS

shown in Fig. 3 is composed of a movement distance measuring unit

1, a concave, circular cup 2, a plastic convex, circular cylinder 3 and
20 a non-woven fabric 4 (liquid-permeable non-woven fabric having a
basis weight of 12 g/m®). The swelling capacity measuring
apparatus X has a sensor capable of measuring displacement of
distance in 0.01 mm units with laser light 6 (located in the lower
portion of the movement distance measuring unit 1). A prescribed
25 amount of water-absorbent resin particles 5 are able to be uniformly

dispersed within the concave, circular cup 2. The convex, circular
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15liquid was 91.0 g and the anount of water was 115.9g. [0224] The
suspensi on obtained follow ng conpletion of the crosslinking reaction
by the internedi ate crosslinking agent was cooled to 65C while
stirring at a stirrer rotating speed of 1,000 rpm After dropping the
entire anmount of the above-nentioned second 20 aqueous liquid into

t he cool ed round-bottom fl ask, the inside of the reaction system was
replaced with nitrogen gas for 30 mnutes while holding the
tenperature inside the reaction systemto the tenperature at

conpl eti on of drqgg&ng (50C2. The reaction systemwas then heated by
i mer sing the rcylinderbdt tomble 48 kunifpranlyieansly atlaacitof78€ gstolthowed by

carrying out polynerization for hour (second pol ynerization step)
to obtain a watBrEICHP e? émg%qlé?lg%lg‘pol ymer. [0225] The suspension

contai ning the_[@ﬁﬂr(}.ﬁ(’?t@ﬂ Qéxﬂﬁlegg\bﬁkﬁgb%%%ﬁ%siﬁbfaﬁtiﬂﬁg imn wWené
second polyneri'zation step was heated by 1 mersing the round-bottom
flask in an oi lunifethlyadispe€d irnthd DA8ave, giroflameane? andriberexdveaed ed
outside the systemwhile refluxing the 5 n-heptane by, azeqtropy of
the wat ef and it Hicap-poveRagificatyi hBe §PRYPK, CuEpah GHERGr 3 Was 28 ¢
(0.00095 nol) 29 i.gh |, Al i dyl
ether sol ution "3 ég ng%’sélyg %:érao&sns I #@ﬁﬁgoﬁeég%bﬁﬁgﬂa&'d%géa{%ﬁ%ﬁfgﬁ g¥

round- bot t om f liigs kens6r S8 inflovRmBnK HistMcs dadiriigghit Devas positioned
post-crosslinking agent. The anount of water in the 10 round-bottom

flask at this tprs Wabrsate the cenigr iofethpenosrex partem obttheg kenvex,

wat er - cont ai nin | at ed ,pol Lafter.primary dryi ur i ng.

post - crosslinl @%ﬁ Vi né%%?%g‘ﬁ&& éh?f 1‘%f te%?h pé?{éﬂdj(rg]ﬁr@“f??% ure
cont ai ni t he - i ti f at
about 8 p,g( postaQa ﬁlr§ %esd g%’?jﬁtpn‘g&g{l%%@q?ﬁ % %%%ﬁ%g’u‘ﬂgéé%tf e%? I % ,Bﬂggﬁ%pt ane
was evapor at ed digtartbeythe semadx, dizflan sémdadihmges gushedgipcttyepyelliagdf 190. 6

g of granul ar wat er-absorbent resin particles were obtained. [0227]
[ Exanpl e 6] 161hegwgtesmabgorham gsinpartislesd Sespespsuiedsi ANp MBIt wer e

20 obtai ned by QLI NG G oLNESARAAL LRGN 325 PATMKE Badh the

exception of ma ng t efrperatudre of "t he suspensi on

obt ai ned f ol | owjR@tes Oifk &hé @RrObf terCaRsftion! whrd0tak @RS ir@itettnt t he
i nternedi ate crosslinking agent in the first polynerization step to

be 75C dad nakiinigfal beclingt epatitt €1 mainutesvalpenanid equitibriper srallieg
szgr glnla(r);Mzgtg i g;%gg o t fObltan@@?Ce ss 8e? rgs légtcl)\lrjeiy.l Iﬁjel 1('jatilon(i3§ipi§1 ssxse(iﬁlqg

ratio) of initial swelling capacity (1 minute value) to equilibrium
swelling capacity (10 minute value) was then calculated.
[0180] (9) Aqueous Liquid Viscosity
20 Viscosity of the aqueous liquid was measured using a
Brookfield rotational viscometer (LVDV-1) under conditions of a
spindle rotating speed of 60 rpm and temperature of 20°C, and was
calculated as the average value of two measurements. More
specifically, 150 mL of the aqueous liquid were added to a cylindrical
25 glass container used to measure viscosity having an internal volume

of 170 mL, followed by immersing for 30 minutes or more in a
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[0228] [ Conparative Exanple 5] 660 nL of n-heptane as a

hydr ocar bon di spersi on nedi um was added to a round-bottom fl ask
havi ng the sanme configuration as that used in Exanple 1 followed by
the addition of 1.10 g of sorbitan 5 nonolaurate (NOF Corp., trade
nane: Nonion LP-20R, HLE: 8.6) as a surfactant and heating to 45C to
di ssol ve the surfactant. [0229] On the other hand, 92 g (1.03 nol) of
80. 5% by wei ght aqueous acrylic acid solution as a water-sol uble

et hyl eni cal |y unsaturated nononer was added to a beaker having an

internal 10 volune of 300 nl. 147.7 g of 20, 9% by wei ght aqueous
sodi um hydr oxi FEREBMETBRTaRES Rty priwdted fe 307 G do BBimgehe pmpE2RsD| i ng

t he aqueous acryl 4 o) f t heyl C . | . % of
the acrylic aciog.ﬂl%a@géegagﬁthﬁ%o god]% gr ‘ieoﬁé%"%’f?%f@géh&%%% g%@%m
persul fate as awdsadheughrefokyiter hdaki @n Brobkficlld Ofotd@enaddoiReoheret he 15

beaker and dissolved to prepare an aqueous |iquid. The polymer solid
fraction of thiEVEjabbb¥ rﬁaqguzahwgluglorgﬂ@nwatmt Smpinntes gfffendber was

148. 6g. [0230] _Th ntire anmount..of the above.nention aqueaqus
o was adastir of PlattoRsS FRPRAT Teuiedte shoa 6L B otom AP SRR o
stirring 20 at } ; i ° ; g ing
repl aced the i r?giﬂz%hﬁe%%lﬁlﬁg%%tgﬁ \?\f‘? ﬁg%%rdgg%ﬁ%bﬁ\%%%&? t he
r ound- bot t om f IcasKicias comesposdngitn the Wattef spaidle by el erapehediic t he

system f ol | owed b%ecarr ing out a polypnerization reaction for 1 hour
to obtain a watérhgomeaiwERERlgEsHited ﬁbrzy%m lle yyasp syifablKesalectedhe

reaction syste%g@gﬁﬁqgtt&d‘gg&%sﬁg og%o%%e\aﬁﬁ%ﬁaﬁe%?&edgnd 127.6 g of

wat er were extract out si uxi ng t he

n-heptang by ajesil]oStudf 1+he water and n-heptane (prinmary drying
step). Subsequently, 5.52 g (0.00063 nol) of 2% by wei ght aqueous
et hyl ene gl ycol di gllisample dt her sol ution as a post-crosslinking

agent was added to the, {0 e} Atlirtdal pekrhi® Halk o be referred to

as a round-bottom flask) having an inner diameter of 100 mm and
provided with a reflux condenser, a dropping funnel, a nitrogen gas
15 inlet tube and a stirrer (coated on the surface of the fluorine resin)
which was provided with two levels of four inclined paddle blades
having a blade diameter of 50 mm  was prepared. The
round-bottom flask was charged with 660 mL of n-heptane as a
hydrocarbon dispersion medium, and 1.10 g of sorbitan monolaurate
20 (NOF Corp., trade name: Nonion LP-20R, HLB: 8.6) as a surfactant.
The temperature was raised to 45°C to dissolve the surfactant in the
n-heptane.
[0182] On the other hand, 92 g (1.03 mol) of an 80.5% by weight
aqueous acrylic acid solution as water-soluble ethylenically
25 unsaturated monomer were added to a beaker having an internal

volume of 300 mL. 147.7 g of 20.9% by weight aqueous sodium
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5 a mxture containing the post-crosslinking agent. The anmount of
water in the round-bottomflask at this tine was 26.3 g, and the

wat er content of the water-containing gelated polyner after primary
drying (during post-crosslinking) was 29% by wei ght. After preparing
the m xture containing the post-crosslinldng agent, it was held for 2
10hours at about 80C (post-crosslinking step). [0232] Subsequently,

n- hept ane was evaporated to dryness at 120C (secondary drying step),
and 87.4 g of granul ar wat er - absor bent resin particles were obtai ned.
[0233] [Conparative, Exanpl.e 6] 15189. ranula wat ef. - absor bent
resin particl eélymxed%mlavmdva@ reapchr%g téat epk While cppbnedif e as

Exanpl e 5 with o e SXERAld 20 QLR 0Bk 10,0 gaklage LS TMBBALYIE, Of e

suspensi on obt OWI ng “conpl e on ) crosslin | ng reaction
by the internedcale @cﬁ@sswsﬁe Wt ighof Mwm;amm&ﬂaxmwl B&t i on
step to be 20 4%%: and maki ng b'lt he@gystem i n?}gr nal er at u?e

fol I owi ng dr op[ﬁyngletlfﬁ @heaug:elclmddstabq@@aubtd i ‘qa.dednametﬁ -3@coeight

pol ymeri zati on ste b 34C. Co ratJ ve a s

05 3TC1 85 ol FVOR B SRIDY P Iad b Ot A s RS Fh oo vas
added to an Erl qg,gia

146.0 g of a Zf cﬁﬁﬁhé#&lﬁf{ﬁeﬁlg\gg us socﬁyn ﬁﬁtﬁb(w%@@(}gf&nﬁ? on vvas
dropped into t hetdssivenpeydfaté haakadiballgmlmahzan@nuhmmquaadaed ylic

acid solution with ice to neutralize 75 nol % of the acrylic aC|d and
prepare an wat &0 -the|begker éﬁ%ﬁlﬁﬁi‘@él 10y PIRRSER @ﬂa@%o%ﬁw- s ‘htl on

havi ng a concent i on % b 4

et hyl ene gl ycoI !}m@fﬁ?&? g;:iac ?rhgl){thés E\{%eclrl%lsl%'%lg 48 égen 3’%‘5
(0.000349ml ) Qff vh@drassi wRersul fate as a radi cal pol yrrerl zati on
initiator were added to the fesulting water-soluble ethylenically
unsat ur at ed nmo®hi¥] Bl avtironarhonntus thes ahova-menticrpdeaysobs diguid | n
addi ti on, another ou UI d d| ff e&ent fro t hat . descri bed
above was prepdtaddd ﬁm gedrntiongd &9 g While $5ENg bed

above for use [0 00 ni)
of n-heptane ag aa?]t&g&ocar g‘%ﬁ?ép@rﬁ@o%m %3%1} a%ﬁé‘g rggfage%ftﬁ%ucrose
fatty acid est eﬂsxdé\/bf dighiystein Kahalicogén a3 (Catigutes, 'rﬂﬁadﬂmﬂd:rmtons-iﬂo,

HLB: 3.0) as a 15 surfactant were added to a round-bottom fl ask
havi ng tlie sawéla@bnffammmerssd iasatwigter drttErtiEfe to, h@mdhaf%tem

di ssol ving the actant in the, n- h t he

round- bottomfltsg \"‘/éi’ Y hEAPEE 8t§5 ggl%tgsz%té%n?a[&,%h?fﬁe en Frréo anount
of the first a%@gﬁlgv}dtwogtmgg%gg%jiﬁ&yﬁep round- bottom fl ask and
suspended whil e hol di ng at

f0184] Next, the reaction system was heated using an oil bath at

120°C, and 111.7 g of water were extracted outside the system while
20 refluxing the n-heptane by azeotropy of the water and n-heptane
(primary drying step). Subsequently, 4.14 g (0.00048 mol) of 2%
by weight aqueous ethylene glycel diglycidyl ether solution as a
post-crosslinking agent was added to the round-bottom flask to obtain
a mixture containing the post-crosslinking agent. The amount of
25 water in the round-bottom flask at this time was 40.9 g, and the water

content of the water-containing gelated polymer after primary drying
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20 35C and stirring followed by replacing the inside of the reaction
systemwi th nitrogen gas. The round-bottom fl ask was heated by
inmmersing in a water bath at 70C foll owed by carrying out a

pol ymeri zation reaction for 2 hours (first polynerization step).

[ 0236] Fol | owi ng conpl etion of the first polynerization step, the
25pol ynmer slurry was cooled to 50C. The entire amount of the second
aqueous liquid was then dropped into the reaction systemwth the
surfactant dissolved therein The inside of the reaction system was

adequately replaced with nifrogen gas j 1 e haolding the internal
t enper ature of (?W%“%Qgﬁtéﬁl??séim%‘g@ &’%EI 4§%]|9Y MriEHor A3MET Prensrag the
Subsequent | vy, f | t i i inna 5
wat er bath at %g%%g%ﬁ%h%%aéééﬁdg@@%ﬂl}?ﬁ% agg?tgﬁterﬁv’gzgg@?lggﬁ? ei;cti on
for 1.5 hours @@mdbpﬁﬂmr@am&@gﬁm@ﬁg@? obtain a

Xt,

wat er - cont ai ni ng gel ated pol yner. [0237] t he round-bottom fl ask
was heated by il%erSubgequently mheptbee wasevaRoged dndryasss g P0°Gat er

was extracted qutside the 0 syste ile refluxing the. p-heptane by
azeotr op;’f’/1 of tﬁ%&%g e$°ggfanﬁ1?ﬁé%fea'ﬁ§]s‘¥f’§?f#ﬁﬁﬁl§} pW??%g”??@ﬁ%ne%'
Subsequent |y, {QQGT%Q%QQOQS nol ) of ethylene glycol diglycidyl

ether as a crosslinking agent was added to the round-bottom flask to
obtain a m xture corifte round-battpmsilasktasiig) thk snge agefiguraflitreasidiaer

content of the water-containing 15 gelated polyner during
post - cr ossl | nkiuﬁ\?)dt\}& By WS Hargess wep @g%ﬁgrioﬁgnﬁﬁlétam 26 e

containing the P [.0d: t, 4 S |, fo houtrs at
about 80C ( posth 9%?%@@%%*84 1%?%116)%%, Emd[ %&@%} 0%&5%5%@8%?@&1 ©
n-hept ang was eM@POCaiRArdde s 8ishic Lﬁm@ém.pmsﬁﬁya dinthdightst ep)
and 188.3 g of spherical water-absorbent 20 resin particles were
obt ai ned. [ 023Jhe<Evnpenaatre gvas raised to FHUC wadssolab iy bafictant i the
particles obtained,in Exanples 3, 5 and 6 and Conparative Exanples 5
to 7 were eval B'g:iegaa“feor residual vol atile conponent content, odor,

1oL s Pl ey ke 320400 62l Pk o o
The eval uati onagesukt scrytie acid solution as a water-soluble ethylenically
15 unsaturated monomer was added to a beaker having an internal
volume of 300 mL. 147.7 g of 20.9% by weight aqueous sodium
hydroxide solution was dropped into the beaker while cooling the
aqueous acrylic acid solution with ice to neutralize 75 mol% of the
acrylic acid.  Subsequently, 0.46 g of hydroxyethyl cellulose
20 (Sumitomo Seika Chemicals Co., Ltd., trade name: AW-15F) as a
water-soluble thickener and 0.10 g (0.00037 mol) of potassium
persulfate as a radical polymerization initiator were added to the
beaker and dissolved to prepare an aqueous liquid. The viscosity of
this aqueous liquid at 20°C was 40 mPas, and the polymer solid
25 fraction of this aqueous liquid was 91 g and the amount of water was

148.6 g.
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shown in Table 3. [0240] [Table 3] Surfa ctant HLB Second

Pol ynmeri zati on Sten Residual Volatile Conponent Content Odor \Water-
absorption capacity Water- absorptio n rate Median particle size
Handl i ng property

[0188] The entire amount of the above-mentioned aqueous liquid
was added to the above-mentioned round-bottom flask while stirring
at a stirrer rotating speed of 700 rpm. After having replaced the
inside of the system with nitrogen for 30 minutes, the round-bottom
5 flask was immersed in a water bath at 70°C to heat the system
followed by carrying out a polymerization reaction for 1 hour and 30
minutes to obtain a water-containing gelated polymer.
[0189] Next, the reaction system was heated using an oil bath at
120°C, and 111.7 g of water were extracted outside the system while

10 refluxing the n-heptane by azeotropy of the water and n-heptane
(primary drying step). Subsequently, 4.14 g (0.00048 mol) of 2%
by weight aqueous ethylene glycol diglycidyl ether solution as a
post-crosslinking agent was added to the round-bottom flask to obtain
a mixture containing the post-crosslinking agent. The amount of

15 water in the round-bottom flask at this time was 40.9 g, and the water
content of the water-containing gelated polymer after primary drying
(during post-crosslinking) was 45% by weight. After preparing the
mixture containing the post-crosslinking agent, it was held for 2
hours at about 80°C (post-crosslinking step).

20 [0190] Subsequently, n-heptane was evaporated to dryness at 120°C
(secondary drying step), and 87.1 g of granular water-absorbent resin
particles were obtained.

{0191} [Example 3]
The round-bottom flask having the same configuration as that

25 used in Example 1 was charged with 580 mL of n-heptane as a

hydrocarbon dispersion medium, and 0.97 g of sorbitan monolaurate

74



Suspe nsion A tenp. Suspe nsion B tenp. C C %y wei ght

10

15

20

25

(NOF Corp., trade name: Nonion LP-20R, HLB: 8.6) as a surfactant.
The temperature was raised to 45°C to dissolve the surfactant in the
n-heptane.

[0192] On the other hand, 81.0 g (0.91 mol) of 80.5% by weight
aqueous acrylic acid solution as a water-soluble ethylenically
unsaturated monomer was added to a beaker having an internal
volume of 300 mL. 130.0 g of 20.9% by weight aqueous sodium
hydroxide solution was dropped into the beaker while cooling the
aqueous acrylic acid solution with ice to neutralize 75 mol% of the
acrylic acid. Subsequently, 0.09 g (0.00033 mol) of potassium
persulfate as a radical polymerization initiator was added to the
beaker and dissolved to prepare a first aqueous liquid. The polymer
solid fraction of this first aqueous liquid was 80.1 g and the amount
of water was 130.8 g.

[0193] The entire amount of the above-mentioned first aqueous
liquid was added to the above-mentioned round-bottom flask while
stirring at a stirrer rotating speed of 700 rpm. After having replaced
the inside of the system with nitrogen for 30 minutes, the
round-bottom flask was immersed in a water bath at 70°C to heat the
system followed by carrying out a polymerization reaction for 1 hour
to obtain a water-containing gelated polymer (first polymerization
step). Following polymerization, 0.36 g (0.000042 mol) of 2% by
weight aqueous ethylene glycol diglycidyl ether solution as an
intermediate crosslinking agent was added followed by carrying out a
crosslinking reaction at 75°C for 30 minutes (intermediate

crosslinking step).
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10
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20

25

Ex.3 8.6 70 55 0.83 1.8 60 2 150 Good Ex.5

[0194] Next, separate from the above-mentioned first polymerization
step, 81.0 g (0.91 mol) of 80.5% by weight aqueous acrylic acid
solution as a water-soluble ethylenically unsaturated monomer was
added to a beaker having an internal volume of 300 mL.. 101.0 g of
26.9% by weight aqueous sodium hydroxide solution were dropped
into the beaker while cooling the aqueous acrylic acid solution with
ice to neutralize 75 mol% of the acrylic acid. Subsequently, 0.09 g
{0.00033 mol) of potassium persulfate as a radical polymerization
initiator was added to the beaker and dissolved to prepare a second
aqueous liquid. The polymer solid fraction of this second aqueous
liquid was 80.1 g and the amount of water was 102.0 g.

[0195] The suspension obtained following completion of the
crosslinking reaction by the intermediate crosslinking agent was
cooled to 70°C while stirring at a stirrer rotating speed of 1,000 rpm.
After dropping the entire amount of the above-mentioned second
aqueous liquid into the cooled round-bottom flask, the inside of the
reaction system was replaced with nitrogen gas for 30 minutes while
holding the temperature inside the reaction system to the temperature
at completion of dropping (55°C). The reaction system was then
heated by immersing the round-bottom flask in a water bath at 70°C
followed by carrying out polymerization for 1 hour (second
polymerization step) to obtain a water-containing gelated polymer.
[0196] The suspension containing the water-containing gelated
polymer obtained by going through the second polymerization step
was heated by immersing the round-bottom flask in an oil bath at

120°C, and 175.6 g of water were extracted outside the system while
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8.6 65 50 0.94 2.0 66 2 150 Good Ex.6 8.6 75 60 0.68 1.6 63

10
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25

refluxing the n-heptane by azeotropy of the water and n-heptane
(primary drying step). Subsequently, 7.29 g (0.00084 mol) of 2%
by weight aqueous ethylene glycol diglycidyl ether solution as a
post-crosslinking agent was added to the round-bottom flask to obtain
a mixture containing the post-crosslinking agent. The amount of
water in the round-bottom flask at this time was 64.7 g. The water
content of the water-containing gelated polymer after primary drying
(during post-crosslinking) was 40% by weight. After preparing the
mixture containing the post-crosslinking agent, it was held for 2
hours at about 80°C (post-crosslinking step).

[0197] Subsequently, n-heptane was evaporated to dryness at 120°C
(secondary drying step), and 161.3 g of granular water-absorbent
resin particles were obtained.

[0198] [Example 4]

160.8 g of granular water-absorbent resin particles were
obtained by carrying out the same procedure as Example 3 with the
exception of further adding 0.81 g of polyvinyl alcohol (Nippon
Synthetic Chemical Industry Co., Ltd., trade name: GH-20, weight
average molcular weight: 1,300,000, degree of saponification: 88) to
the aqueous liquid of the first polymerization step. The water
content of the water-containing gelated polymer after primary drying
(during post-crosslinking) was 40% by weight.

[0199] [Comparative Example 1] (complying with Example 6 of
Japanese Patent Application Laid-open No. $56-131608)
213 g of cyclohexane as a hydrocarbon dispersion medium

and 1.9 g of sorbitan monolaurate (NOF Corp., trade name: Nonion
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3 170 Good Conp . Ex.5 8.6 Nosecond polynerizati on ate 1.85 3.2 71 3
130 Good Conp . Ex.6

LP-20R, HLB: 8.6) as a surfactant were added to a 500 mL

four-mouth, round-bottom flask equipped with a stirrer, a reflux

condenser, 2 dropping funnel and a nitrogen gas inlet tube. After

dissolving the surfactant in the cyclohexane at room temperature

5 while stirring, nitrogen gas was blown in to remove dissolved
oxygen.

[0200] On the other hand, 48.8 g (0.542 mol) of 80% by weight

aqueous acrylic acid solution as a water-soluble ethylenically

unsaturated monomer was added to an Erlenmeyer flask having an

10 internal volume of 200 mL. 67.0 g of a 25.9% by weight aqueous

sodium hydroxide solution was dropped into the Erlenmeyer flask

while cooling the aqueous acrylic acid solution with ice from the

outside to neutralize 80 mol% of the acrylic acid. Subsequently,

0.13 g (0.00048 mol) of potassium persulfate as a radical

15 polymerization initiator was added to the Erlenmeyer flask and

dissolved to prepare an aqueous liquid. The polymer solid fraction

of this aqueous liquid was 48.6 g and the amount of water was 67.1 g.

[0201] The entire amount of the above-mentioned aqueous liquid

was added to the above-mentioned four-mouth, round-bottom flask

20 while stirring at a stirrer rotating speed of 700 rpm. After having

adequately replaced the inside of the system with nitrogen, the

four-mouth, round-bottom flask was immersed in a water bath at

55°C to 60°C to heat the system followed by carrying out a

polymerization reaction for 3 hours. Following polymerization, 0.1

25 g (0.00057 mol) of ethylene plycol diglycidyl ether as a

post-crosslinking agent was added followed by distilling off the water
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8.6 40 34 1.74 3.0 64 4 280 Good Comp . Ex.7 3.0 50 50 0.80 1.8

and cyclohexane and drying to obtain 48.3 g of fine granular
water-absorbent resin particles.
[0202] [Comparative Example 2] (complying with Example 1 of
Japanese Patent Application Laid-Open No. H9-151224)
5 580 mL of n-heptane as a hydrocarbon dispersion medium
and 0.97 g of sorbitan monolaurate (NOF Corp., trade name: Nonion
LP-20R, HLB: 8.6) as a surfactant were added to a round-bottom
flask having the same configuration as that of Example 1, followed
by heating to 50°C and dissolving the surfactant in the n-heptane.
10 Subsequently, the internal temperature of the round-bottom flask was
cooled to 30°C.
[0203] On the other hand, 92 g (1.02 mol) of 80% by weight aqueous
acrylic acid solution as a water-soluble ethylenically unsaturated
monomer was added to an Erlenmeyer flask having an internal
15 volume of 500 mL. 152.6 g of 20.1% by weight aqueous sodium
hydroxide solution were dropped into the Erlenmeyer flask while
cooling the aquecus acrylic acid solution with ice to neutralize 75
mol% of the acrylic acid. Subsequently, 0.11 g (0.00041 mol) of
potassium persulfate as a radical polymerization initiator was added
20 to the Erlenmeyer flask and dissolved to prepare an aqueous liquid.
18.4 g of water-absorbent resin particles having a water-absorption
rate of 42 seconds (Sumitomo Seika Chemicals Co., Ltd., AquaKeep
SA60S) were added to this agueous liquid.
[0204] Next, the entire amount of the above-mentioned aqueous
25 liquid in the Erlenmeyer flask was added to the above-mentioned

four-mouth flask and dispersed therein, and after replacing the inside
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64 7 60 Poor [0241] In Table 3, Suspension A indicates a suspension
obtained after the first polynerization step but before m xing the
second aqueous liquid. Suspension B indicates a suspension obtained
after m xi ng 5the second aqueous |liquid but before polynerization of
t he second pol ynerization step. [0242] As shown in Table 3, the

wat er - absorbent resin particles obtained in Exanples 3, 5 and 6 were
determ ned to all denonstrated superior water-absorption performance
such as water-absorption rates 10 as well as |low residual volatile
conponent contents while having a suitable particle size. On the

ot her hand, t hef te systeabsothbdtrogene hasystam ek deated baiimseersing the

Vol Bt 1 e CompoRGRmBUA BRI PG HERED  TOUBHoLPT SISr Bl g
e TI et GUTRPIGPI- R T, PULE) o HSOBi b afaess 1 v
reaction system was dried by distilling off the water and n-heptane to
5 obtain 115.7 g of water-absorbent resin particles.
[0205] [Comparative Example 3]
92.0 g (1.02 mol) of 80% by weight aqueous acrylic acid
solution as a water-soluble ethylenically unsaturated monomer was
added to an Erlenmeyer flask having an internal volume of 500 ml.
10 102.2 g of 30% by weight aqueous sodium hydroxide solution was
dropped into the Erlenmeyer flask while cooling the aqueous acrylic
acid solution and stirring to neutralize 75 mol% of the acrylic acid.
Subsequently, 0.11 g (0.00041 mol) of potassium persulfate as a
radical polymerization initiator, 8.3 mg (0.048 mmol) of ethylene
15 glycol diglycidyl ether as a crosslinking agent and 43.6 g of ion
exchange water were added to the Erlenmeyer flask to prepare a first
aqueous liquid.
[0206] 334 g of n-heptane as a hydrocarbon dispersion medium was
added to a five-mouth, cylindrical round-bottom flask (to be referred
20 to as a round-bottom flask) having an internal volume of 2 L and
provided with a stirrer which was provided with two levels of
inclined paddle blades having a blade diameter of 50 mm, a
thermometer, a reflux condenser and a nitrogen gas inlet fube and
followed by heating to 61°C. The entire amount of the
25 above-mentioned first aqueous liquid was added all at once thereto

using a funnel while stirring at a stirring speed of 500 rpm, and the
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probl ens with powder handling ease. [0243] <Study 3> [Exanple 7] 88.1
g of granul ar water-absorbent resin particles were 5 obtai ned by
carrying out the sane procedure as Exanple 2 wth the exception of
maki ng the anmount of hydroxyethyl cellul ose added to the aqueous
liquid to be 1.10 g and naking the viscosity of the aqueous l|iquid at
20C to be 260 nPa-s. [0244] [Exanple 8] 1086.8 g of granul ar

wat er - absorbent resin particles were obtained by carrying out the
sanme procedure as Exanple 2 with the exception of adding 0.74 g of
hydr oxypr opyl cellul ose (N ppon Soda Co., Ltd., trade name: Celny H)
i nst ead of hydragugmtsHiguid eiab dispsmed by stikeng foe 10¢imsinotes tay an intthal
aqueous liquid at 20C to_be 60 nPa.s, 15 meking the anmount of water
extracted out siteBPYRBUE9EIYGin the primary drying step to be 121.2

G ol yer ot - or nTRUTNGi, 698 £ ErRictEe ity AAUSRYR (EHRRCKARIEE
maki ng the wat oo ©Tbai)] tralermang:: ShE70 QAR Y. 054! d sikkfdfnt @AShHiiRed t o be

35% by wei ght. 20[0245] [ Conparative Exan&lge 8] . 87.4 g of

gr anul ar Swat er Vs &Bemr of esihapiens t4schebyavecarbobt dispresiobyme i ng
out the sane procedu ) anpl.e..8 wi.th the exception.of.n addi ng
hydr oxypr opy! é@&?"mégg%géﬁﬁflnﬁs q\i:n‘émgitgc@’é?‘{l. pily ﬁlﬁué‘hue

jquid at 20C lfiRadioifitofthisahPRARM LeDIRRIAG! the BENBIASh.L5- 1 0
of granul ar water-absorbent resi'n particles were obtal ned by
carrying out t heushibettom diaeld usiag asfuGoeipfatlatvied &y Bxahg disfrsing thd he

exception of adding 0.27,.g,0of hydroxyethy| cellulose (Sumtono Seika
Chemi cal s Co., Hrst@quequsdyichinbtainasisesisiond naki ng t he viscosity of

the aquggus COW%&@ ad%aggeﬁloregﬁac%g fHeBnSide of the reaction system
with nitrogen while holding the internal temperature of the
round-bottom flask at 40°C, the round-bottom flask was heated for 1
hour using a water bath at 70°C to carry out a polymerization
reaction (first polymerization step). Following completion of the
15 first polymerization step, the internal temperature of the
round-bottom flask was cooled to around 21°C while stirring at a

stirring speed of 1,000 rpm.
[0209] 128.8 g (1.43 mol) of 80% by weight acrylic acid as a
water-soluble ethylenically unsaturated monomer was added to an
20 Erlenmeyer flask having an internal volume of 500 mL. 142.9 g of
30% by weight aqueous sodium hydroxide solution was dropped in
while cooling the aqueous acrylic acid solution from the outside and
stirring to neutralize 75 mol% of the acrylic acid. Subsequently,
0.15 g (0.00055 mol) of potassium persulfate as a radical
25 polymerization initiator, 11.6 mg (0.067 mmol) of ethylene glycol
diglycidyl ether as a crosslinking agent and 16.7 g of distilled water
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[ 0247] <Eval uati on> The wat er - absorbent resin particles
obtained in Exanples 2, 7 and 8 and Conparative Exanples 8 and 9 were
eval uated for residual volatile conmponent content, odor,
wat er - absor pti on capacity of 10 physi ol ogi cal saline,
wat er - absorption rate of physiol ogical saline, nedian particle size,
swel i ng capacity and handling ease. The evaluation results are shown
I n Tabl e 4. to5t" &g 8 Zid, IPO00 Ipoop |Ipoop POOO POOO
I nitial
were added to the Erlenmeyer flask to prepare a second aqueous
liquid.
[0210] Next, the entire amount of the above-mentioned second
aqueous liquid was added to the cooled suspension obtained after the
5 first polymerization step with a dropping funnel, and after adequately
replacing the inside of the reaction system with nitrogen, the reaction
system was heated for 1 hour by immersing the round-bottom flask in
a water bath at 70°C to carry out a polymerization reaction (second
polymerization step).
10 [0211] Following the polymerization reaction of the second
polymerization step, the round-bottom flask was immersed in an oil
bath at 120°C, the suspension was heated and 260 g of water was
extracted outside the system while refluxing the n-heptane by
azeotropic distillation. As a result, a dehydrated polymer was
15 obtained that was dispersed in n-heptane. 8.2 g (0.00094 mol) of
2% by weight aqueous ethylene glycol diglycidyl ether solution as a
post-crosslinking agent was added to the resulting heptane-dispersed
dehydrated polymer followed by carrying out a post-crosslinking
reaction for 2 hours at about 80°C.
20 [0212] Subsequently, the round-bottom flask was immersed in an oil
bath at 120°C to heat the suspension followed by removing the
n-heptane and water by distillation and drying in the presence of
flowing nitrogen to obtain 234 g of water-absorbent resin particles in
the form of agglomerated spherical particles.
25 [0213] [Comparative Example 4] (complying with Comparative

Example 3 of WO 97/3114)
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288 g of 10% by weight aqueous
2,2'-azobis(2-methylpropionamidine) dihydrochloride solution was
added to a 500 mL cylindrical separable flask provided with a stirrer,
followed by the addition of 53.6 g of 37% by weight aqueous sodium
acrylate solution while holding the liquid temperature at 20°C and
stirring at 1,200 rpm. The mixed solution became cloudy several
seconds later and a white, fine particulate solid of about 10 um was
formed from the mixed solution. The white, fine particulate solid
was isolated by filtering this cloudy liquid and then purified by
rinsing with water.

[0214] Next, 711 g of an aqueous monomer solution (monomer
concentration: 38%) of sodium acrylate having a neutralization rate
of 75 mol% for use as monomer during polymerization, 0.45 g (0.05
mol%) of trimethylolpropane triacrylate solution as a crosslinking
agent, and 0.52 g of 2,2'-azobis(2-methylpropionamidine) diacrylate
complex obtained as the above-mentioned white, fine particulate
solid as a foaming agent were added to an SUS container having an
internal volume of 2 L followed by uniformly dispersing and bringing
to a liquid height of about 5 cm. After replacing the inside of the
SUS container with nitrogen, 3.1 g of a 10% by weight aqueous
ammonium persulfate solution and 1.56 g of 1% by weight
L-ascorbic acid solution as a radical polymerization initiator were
added followed by stirring and uniformly dispersing, after which
polymerization began one minute later.

[0215] A large number of fine bubbles were uniformly contained in

the resulting white, water-containing gelated polymer. The
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water-containing gelated polymer was cut to about 10 mm and spread
out over a 300 um wire mesh followed by drying with hot air for 60
minutes at 150°C. The dried product was crushed using a metal
blender and further classified with an 850 pm mesh to obtain a
water-absorbent resin precursor.
[0216] 30 g of the water-absorbent resin precursor were weighed into
a round-bottom, separable flask having an inner diameter of 100 mm
and provided with a stirrer (to be referred to as a round-bottom flask),
and an aqueous crosslinking agent solution comprised of a mixture of
0.045 g of ethylene glycol diglycidyl ether, 1.2 g of water and 0.3 g
of ethyl alcohol was sprayed onto the resin while stirring the resin.
The resulting mixture was further subjected to heat treatment for 30
minutes at 180°C with an oil bath to obtain water-absorbent resin
particles.
[0217] <Evaluation>

The water-absorbent resin particles obtained in Examples 1 to

4 and Comparative Examples 1 to 4 were evaluated for

~ water-absorption capacity of physiological saline, water-absorption

rate of physiological saline, median particle size, residual volatile
component content, odor and specific surface area. The evaluation

resylts are shown in Table 2.
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[0218] [Table 2]

9l

Water- Water- Median |Residual |Odor |Specific
absorption |absorption |particle |volatile surface
capacity |rate size component area
content
glg sec Jim % by m°/g
weight
Ex.1 |63 4 330 0.65 1.6 |0.158
Ex.2 |65 2 160 0.85 1.8 |0.154
Ex.3 |60 2 150 0.83 1.8 |0.153
Ex. 4 |56 3 220 0.44 1.4 10.143
Comp. |85 3 140 1.87 3.2 |0.168
Ex. 1
Comp. |63 22 330 1.64 3.0 |0.068
Ex.2
Comp. |58 28 310 0.13 1.0 |0.042
Ex.3
Comp. |45 30 300 - 2.0 ]0.037
Ex. 4

[0219] As shown in Table 2, the water-absorbent resin particles
obtained in Examples 1 to 4 all demonstrated fast water-absorption
rates, low residual volatile component contents and little odor
following water absorption while having a suitable particle size. In
addition, the water-absorbent resin particles obtained in Examples 1
to 4 also had favorable handling property. On the other hand, the
water-absorbent resin particles obtained in Comparative Examples 1
to 4 were found to be unable to adequately realize these levels of
performance. The reason why a certain degree or higher of odor
was perceived even for those resin particles (Comparative Example
4) obtained by aqueous polymerization that does not incorporate a
hydrocarbon dispersion medium during polymerization is presumed

to be the result of the presence of residual surface-crosslinking agents
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and residual organic solvents used during dispersion thereof.
[0220] <Study 2>

[Example 5]

530 mL of n-heptane as a hydrocarbon dispersion medium

5 was added to a round-bottom flask having the same configuration as

that of Example 1 followed by the addition of 1.65 g of sorbitan
monolaurate (NOF Corp., trade name: Nonion LP-20R, HLB: 8.6) as
a surfactant and heating to 45°C to dissolve the surfactant.
[0221] On the other hand, 92 g {1.03 mol) of 80.5% by weight

10 aqueous acrylic acid solution as a water-soluble ethylenically
unsaturated monomer was added to a beaker having an internal
volume of 300 mL. 147.6 g of 20.9% by weight aqueous sodium
hydroxide solution was dropped into the beaker while cooling the
aqueous acrylic acid solution with ice to neutralize 75 mol% of the

15 acrylic acid. Subsequently, 0.10 g (0.0037 mol) of potassium
persulfate as a radical polymerization initiator was added to the
beaker and dissolved to prepare a first aqueous liquid. The polymer
solid fraction of this first aqueous liquid was 91.0 g and the amount
of water was 148.5 g.

20 [0222] The entire amount of the first aqueous liquid was added to the
above-mentioned round-bottom flask while stirring at a stirrer
rotating speed of 500 rpm. After having replaced the inside of the
system with nitrogen for 30 minutes, the round-bottom flask was
immersed in a water bath at 70°C to heat the system followed by

25 carrying out a polymerization reaction for 1 hour to obtain a

water-containing gelated polymer (first polymerization step).
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Following polymerization, 1.24 g (0.00014 mol) of 2% by weight
aqueous ethylene glycol diglycidyl ether solution as an intermediate
crosslinking agent was added followed by carrying out a crosslinking
reaction at 75°C for 30 minutes (intermediate crosslinking step).

5 [0223] Next, separate from the above-mentioned first polymerization
step, 92 g (1.03 mol) of 80.5% by weight aqueous acrylic acid
solution as a water-soluble ethylenically unsaturated monomer was
added to a beaker having a volume of 300 mL. 114.7 g of 26.9% by
weight aqueous sodium hydroxide solution was dropped into the

10 beaker while cooling the aqueous acrylic acid solution with ice to
neutralize 75 mol% of the acrylic acid. Subsequently, 0.10 g
(0.0037 mol) of potassium persulfate as a radical polymerization
initiator was added to the beaker and dissolved to prepare a second
aqueous liquid. The polymer solid fraction of this second aqueous
15 liquid was 91.0 g and the amount of water was 115.9 g,
[0224] The suspension obta'ined following completion of the
crosslinking reaction by the intermediate crosslinking agent was
cooled to 65°C while stirring at a stirrer rotating speed of 1,000 rpm.
After dropping the entire amount of the above-mentioned second
20 aqueous liquid inio the cooled round-bottom flask, the inside of the
reaction system was replaced with nitrogen gas for 30 minutes while
holding the temperature inside the reaction system to the temperature
at completion of dropping (50°C). The reaction system was then
heated by immersing the round-bottom flask in a water bath at 70°C
25 followed by carrying out polymerization for I hour (second

polymerization step) to obtain a water-containing gelated polymer.
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81 v xalL'xa 8.xal 8X1l -duroD 6'xa -dwop [0249] As shown in
Table 4, the water-absorbent resin particles obtained in Exanples 2,
7 and 8 were determned to have a suitable particle size, denonstrate
superior water-absorption perfornmance such as water-absorption rates
whi | e havi ng superior handling ease, 5and have | ow residual volatile
conponent contents. On the other hand, the water-absorbent resin
particles obtained in Conparative Exanples 8 and 9 were observed to
have hi gh residual volatile conmponent contents and generate an odor
after absorbing water. [0250] <Study 4> 10[ Exanples 9 and 10]

I'n Exanple 9 anghzh) THES sdsgbndivd SBnthiring I #ePegdtbvItainkly Qeted ar
wat er - absorbent resin particles were obtained by carrying out the

same procedur e palynirarhitioed inither sedond yadwperizationf stemmiandiesied Rmount
oF ol yvi ol conol, Sdied Lo Ll saucus, | LA L 0oB%: L3 0 o and
gel at gg%pg'yym”gggﬂfwa% R Bkadid bBideitel SRR HNiR FSRLiRKiRg) vere
5 n-heptane by azeotropy of the water and n-heptane (primary drying
step). Subsequently, 8.28 g (0.00095 mol) of 2% by weight aqueous
ethylene glycol diglycidyl ether solution as a post-crosslinking agent
was added to the round-bottom flask to obtain a mixture containing
the post-crosslinking agent.  The amount of water in the

10 round-bottom flask at this time was 65.1 g, and the water content of
the water-containing gelated polymer after primary drying (during
post-crosslinking) was 36% by weight. After preparing the mixture
containing the post-crosslinking agent, it was held for 2 hours at
about 80°C (post-crosslinking step).

15 [0226] Subsequently, n-heptane was evaporated to dryness at 120°C
(secondary drying step), and 190.6 g of granular water-absorbent
resin particles were obtained.

[0227] [Example 6]
161.8 g of granular water-absorbent resin particles were

20 obtained by carrying out the same procedure as Example 3 with the
exception of making the cooling temperature of the suspension
obtained following completion of the crosslinking reaction by the
intermediate crosslinking agent in the first polymerization step to be
75°C and making the system internal (suspension) temperature

25 following dropping of the second aqueous liquid in the second
polymerization step to be 60°C.
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[ 0251] [ Exanple 11] 88.3 g of granul ar water-absorbent resin
particles were 20 obtained by carrying out the sanme procedure as
Exanple 9 with the exception of adding 0.90 g of polyvinyl pyrrolidone
(ISP Japan Ltd., trade nane: K-90, weight average nol cul ar wei ght:
approx. 1,300, 000) instead of polyvinyl alcohol, naking the anmount of
wat er extracted outside the systemin the primary drying step to be
116.1 g, 25and naking the water content of the water-containing

gel ated pol yner during the post-crosslinking reaction to be 40% by
wei ght. [0252] [Exanple 12] 88.8 g of granul ar water-absorbent
resin particl e$0228] dCobtparatived Hxyampde 6)i ng out the same procedure as
Exanple 11 wth the excepti gn of addi ng 0.90 of .pol yet hyl ene gl ycol
(NOF Corp., trade 5 qgén@‘p“ %E‘}%PPWGO?S Ay cag-\ﬁ@ré’@é“ﬁ@ﬂc‘@?@%i ght :
approx. 20, 000)_. vyl 4 Ki appunt of
wat er extract egvalg)tr}tﬁg?%go ?%% sys%/%ér%xif%)ﬂ%ﬁgl’% fgﬂrreg?aﬁn”%??/% %?%baﬁo be

121.2 g, maki nehdt igediroBmsIE 1t foflodk by mehamtio@@ﬁ@g@? 6f Srbiene
gl ycol diglycidyl ether solution added to be 5.06 g (0. 00058 nol) and

10maki ngSt he waramolavgate ENOFo€orpheradet remes d¥omsomL R 0Re EHtR:8. bhsy ner
during the post-crosslinking.reaction tQ be 35% by wei ght. [0253]

[ Conpar at i ve E?éH“Efggmit(f‘]n hegtmgto Efé 357]@43&0@@3?& A#0twat er - absor bent
resin particle [ATTel i e as
Bampl o 12 i { 7 o6 ABEE o bt ST K (Pl OF SR B RaRLC

[ 0254] [ Conpar afjiects Exawjit eadidl] solution 92.4 @atei-solAblenlethydéniedlly80% by

wei ght aqueous acrylic acid solution were added to an Erl enneyer
flask having aHbsahatedamopsmereves agdes 1@ .2 beskey hpving anontewaby

i ght ' h j i d into th
Bt onmeddr 11 ax B PR 300 BT ST S8 2B 00 bR R BRG% 5iBron wi ¢
ice to neutral hg@okhien®lUic waledrdgped ifto 3Ré Bealld WhRPRbSLRL the

wat er - sol ubl e et hyl enical |y unsaturated nonomer solution having a
concentration efued8smbryliseicihsolulien 4vithy iqeliomentraliye 35 netltlybEtte gl ycol

diglyciayl et hgéryﬁg &id. Subsequently, 0.10 g (0.0037 mol) of potassium
persulfate as a radical polymerization initiator was added to the

15 beaker and dissolved to prepare an aqueous liquid. The polymer
solid fraction of this aqueous liquid was 91 g and the amount of water
was 148.6 g.
[0230] The entire amount of the above-mentioned aqueous liquid
was added to the above-mentioned round-bottom flask while stirring

20 at a stirrer rotating speed of 700 rpm. After having replaced the
inside of the system with nitrogen for 30 minutes, the round-bottom
flask was immersed in a water bath at 70°C to heat the system
followed by carrying out a polymerization reaction for 1 hour to
obtain a water-containing gelated polymer.

25 [0231] Next, the reaction system was heated using an oil bath at
120°C, and 127.6 g of water were extracted outside the system while
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25crossl i nking agent and 92 ng (0.00034 nol) of potassium persul fate
as a radical polynerization initiator were added to the resulting

wat er - sol ubl e et hyl eni cal |l y unsat urated nononer solution for use as
an aqueous liquid (a) for a first stage of reversed-phase suspension
pol yneri zation. In addition, another aqueous liquid different from

t hat described above was prepared by carrying out the same 5procedure
as descri bed above for use as an aqueous liquid (b) for a second
stage of reversed-phase suspension polynerization. [0255] Next, 340 g
(500 nL) of n-heptane as a hydrocarbon dispersion nmediumand 0.92 g

of sucrose fat taflinehd ths meliepldvet By kizebtrogsagéktie Romnes atdripheptitiade
name: 8-370, HUB: 3.0) as a 10 surfactant were added to a
five-mouth, cyl(primeatycdlyinsosirp)- boiubseaventekS aae (Y003 moby pbE% ol une

of 2 L and proyided. wth a stirrer t wos.l evel paddl e.bl ad a

refl ux condensé?,wﬁlg_m SERTHY ‘Tt{]?ﬁlrffg? gg)ﬁ?f\?gdlﬁﬁ’tcf'd%eeﬁhedaiomﬁ?rb?sta_Ube and
the surfactant ,¥as. iR Gehivid Rided ReBlcABAnd-BblioWethsR Yo BBt N9 the
i nsi de of the Pound- botto lask to 15 35C. Subsequently, the

agqueous §i qui da(mjxtwescadaiathgt thet pastvcoasstinking tagent. | 3le amdustusPended
whil e holding at 35C and stirring followed by re ci ng, the inside of
t he reaction sm#ﬂmﬁwuﬁﬁbp%@fﬁﬁgs@tﬂ"liﬁém?’eo‘ﬁﬁ%fégtgt6%4 CHUTas
heat ed by i mmer sj ' e ] i out a
pol yneri zat i oncglg'g% é%%lgfvyéx?érzg 0?8%6@5?1%%%3%}%%?%\/\# %Q%Wi on of
the first st agedmngrﬁos%&aﬁﬁmﬁ%ewayami orighel yAset %ﬁpbﬁﬁg thde

polymer slurry was cooled to 50 The aqueous liquid (b) was then
dropped into théxheacontinisy she moat-ctesslinking egentt ahwagi keid| fpe

therein, The ipside of t action system was replaced with
ni trogehOgas WEP‘I“@ qﬁ@i@;t%@"{) OGP %gémingr ature of the system at

50C and stirri 2@%@@%@% %hept%@%g%ggﬁ%’&ggt@%?% poddcom

fl ask was heat Ina water b | owed by
carrying out a(geebydey idzyihg etep),eadtd7ohgfodgrdnubarhwatesatisortmint sdsin a
wat er - cont ai ni ng gel at ed gol.yrrer. [ 0257] Next, the round-bottom fl ask
was heat ed by PRIVEIesiWRgeioRtaiid. 5 oi| bath at 120C, and 250 g of water

were extracted i i{ e refluxing the n-heptane by
R B R RIS

azeotropy of t - primary drying step). The water
content 19f the wat ergomntgiofi piangiel akadr-Abdoyibes fedinl Puftidtespiicp@r y

drying was 25% by wei ght. Subsequently, 110 ng (0.00063 m)!t?] of
et hyl ene gl ycolobtained by carrying out the same procedure as Example 35 with the
exception of making the cooling temperature of the suspension
obtained following completion of the crosslinking reaction by the
intermediate crosslinking agent in the first polymerization step to be
20 40°C and making the system internal temperature following dropping
of the second aqueous liquid in the second polymerization step to be
34°C.

[0234] [Comparative Example 7]

92 g (1.02 mol) of 80% by weight aqueous acrylic acid

25 solution was added to an Erlenmeyer flask having an internal volume

of 500 mL. 146.0 g of a 21.0% by weight aqueous sodium
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10 diglycidyl ether as a post-crosslinking agent was added to the
round-bottom flask to obtain a m xture containing the
post-crosslinlcing agent. After preparing the m xture containing the
post-crosslinking agent, it was held for 2 hours at about 80C
(post-crosslinldng step). 15[0258] Subsequently, n-heptane was
evaporated to dryness at 120C (secondary drying step), and 188.3 g of
spherical water-absorbent resin particles were obtained. [0259]

<Eval uati on> The wat er-absorbent resin particles obtained in Exanpl es
1 20 and 9 to 12 and Conparative Exanples 10 and 11 were eval uated
for residual valydtdxide coluponewss clooydpedt intodhe Erfdebeyenfaok pivhitn
capacity of physi gl ogi cal saline, water-absorptiqon rate of

physi ol ogi cal $8Piing TheAgHeeHs gartliccaed sphdlonsyikh e & aaparlizey’Bind

ggngl |:n8 4e2ﬁe 0 n:.gli%agf ﬁlgg%giflgg 6{){8%81{515&68&@ a%h‘zo.rz%r—iso%‘t-ﬁ%beltﬁylgnicaﬂ]f -9t
unsaturated monomer solution having a concentration of 38% by
5 weight. 18.4 mg (106 pumol) of ethylene glycol diglycidyl ether as a
crosslinking agent and 92 mg (0.00034 mol) of potassium persulfate
as a radical polymerization initiator were added to the resulting
water-soluble ethylenically unsaturated monomer solution for use as
a first aqueous liquid. In addition, another aqueous liquid different
10 from that described above was prepared by carrying out the same
procedure as described above for use as a second aqueous liquid.
[0235] Next, 340 g (500 mL) of n-heptane as a hydrocarbon
dispersion medium and 0.92 g of sucrose fatty acid ester
(Mitsubishi-Kagaku Foods Corp., trade name: S-370, HLB: 3.0) as a
15 surfactant were added to a round-bottom flask having the same
configuration as that of Example 1, and after dissolving the surfactant
in the n-heptane, the inside of the round-bottom flask was heated to
35°C. Subsequently, the entire amount of the first aqueous liquid
was added to the round-bottom flask and suspended while holding at
20 35°C and stirring followed by replacing the inside of the reaction
system with nitrogen gas. The round-bottom flask was heated by
immersing in a water bath at 70°C followed by carrying out a
polymerization reaction for 2 hours (first polymerization step).
[0236] Following completion of the first polymerization step, the
25 polymer slurry was cooled to 50°C. The entire amount of the

second aqueous liquid was then dropped into the reaction system with
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the surfactant dissolved therein. The inside of the reaction system
was adequately replaced with nitrogen gas while holding the internal
temperature of the system at 50°C and stirring for 30 minutes.
Subsequently, the round-bottom flask was heated by immersing in a
5 water bath at 70°C followed by carrying out a polymerization
reaction for 1.5 hours (second polymerization step) to obtain a
water-containing gelated polymer.
[0237] Next, the round-bottom flask was heated by immersing in an
oil bath at 120°C, and 250 g of water was extracted outside the
10 system while refluxing the n-heptane by azeotropy of the water and
n-heptane (primary drying step). Subsequently, 110 mg (0.00063
mol) of ethylene glycol diglycidyl ether as a crosslinking agent was
added to the round-bottom flask to obtain a mixture containing a
post-crosslinking agent. The water content of the water-containing
15 gelated polymer during post-crosslinking was 25% by weight. After
preparing the mixture containing the post-crosslinking agent, it was
held for 2 hours at about 80°C (post-crosslinking step).
[0238] Subsequently, n-heptane was evaporated to dryness at 120°C
(secondary drying step), and 188.3 g of spherical water-absorbent
20 resin particles were obtained.
[0239] <Evaluation>
The water-absorbent resin particles obtained in Examples 3, 5
and 6 and Comparative Examples 5 to 7 were evaluated for residual
volatile component contenf, odor, water-absorption capacity of
25 physiological saline, water-absorption rate of physiological saline,

median particle size and handling ease. The evaluation results are
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shown in Table 3.
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[0240] [Table 3]

Surfa |Second Residual |Odor |Water- Water- Median | Handling
ctant |Polymerizati | Volatile absorption |absorptio {particle | property
HLB |on Step Component capacity |mrate size
Suspe | Suspe | Content
nsion |nsion
A B
temp. [temp.
°C |°C (% by glg sec pm
weight
Ex.3 |86 70 |55 0.83 1.8 |60 2 150 Good
Ex.5 {86 |65 |50 0.94 20 |66 2 150 Good
Ex6 |86 {75 |60 0.68 1.6 |63 3 170 Good
Comp (86 |No second|1.85 32 |11 3 130 Good
.Ex.5 polymerizati
on step
Comp (8.6 |40 |34 1.74 3.0 |64 4 280 Good
.Ex.6
Comp |3.0 |50 |50 0.80 1.8 |64 7 60 Poor
.Ex.7

[0241] In Table 3, Suspension A indicates a suspension obtained after

the first polymerization step but before mixing the second aqueous

liquid. Suspension B indicates a suspension obtained after mixing

the second aqueous liquid but before polymerization of the second

polymerization step.

[0242] As shown in Table 3, the water-absorbent resin particles

obtained in Examples 3, 5 and 6 were determined to all demonstrated

superior water-absorption performance such as water-absorption rates

as well as low residual volatile component contents while having a

suitable particle size.

On the other hand, the water-absorbent resin

particles obtained in Comparative Examples 5 and 6 were recognized

to have high residual volatile component contents and generate an

odor after absorbing water.

The water-absorbent resin particles

obtained in Comparative Example 7 had a small particle size and had
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problems with powder handling ease.
[0243] <Study 3>

[Example 7]

88.1 g of granular water-absorbent resin particles were

5 obtained by carrying out the same procedure as Example 2 with the

exception of making the amount of hydroxyethyl cellulose added to
the aqueous liquid to be 1.10 g and making the viscosity of the
aqueous liquid at 20°C to be 260 mPa-s.
[0244] [Example 8]

10 86.8 g of granular water-absorbent resin particles were
obtained by carrying out the same procedure as Example 2 with the
exception of adding 0.74 g of hydroxypropyl cellulose (Nippon Soda
Co., Ltd,, trade name: Celny H) instead of hydroxyethyl cellulose to
make the viscosity of the aqueous liquid at 20°C to be 60 mPa-s,

15 making the amount of water extracted outside the system in the
primary drying step to be 121.2 g, making the amount of the 2% by
weight aqueous ethylene glycol diglycidyl ether solution added to be
5.06 g (0.00058 mol), and making the water content during the
post-crosslinking reaction to be 35% by weight.

20 [0245] [Comparative Example 8]

874 g of granular water-absorbent resin particles were
obtained by carrying out the same procedure as Example 8 with the
exception of not adding hydroxypropyl cellulose and making the
viscosity of the aqueous liquid at 20°C to be 8 mPa-s.

25 [0246] [Comparative Example 9]

88.1 g of granular water-absorbent resin particles were
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obtained by carrying out the same procedure as Comparative
Example 8 with the exception of adding 0.27 g of hydroxyethyl
cellulose (Sumitomo Seika Chemicals Co., Ltd., trade name:
AW-15F) and making the viscosity of the aqueous component at
5 20°C to be 18 mPas.
[0247] <Evaluation>
The water-absorbent resin particles obtained in Examples 2, 7
and 8 and Comparative Examples 8 and 9 were evaluated for residual
volatile component content, odor, water-absorption capacity of
10 physiological saline, water-absorption rate of physiological saline,
median particle size, swelling capacity and handling ease. The

evaluation results are shown in Table 4.
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Cxa | 011Cd1 uxal uxa =z re | Ol1cH .durop rca [0261] As shown in
Table 5, all of the water-absorbent resin particles obtained in
Exanples 1, 9 to 12 were determ ned to have a suitable particle size,
denonstrate superior water-absorption performance such as

wat er - absor ption rates while having superior handling ease, and have
5 low residual volatile conponent contents. On the other hand, the
wat er - absorbent resin particles obtained in Conparative Exanple 10
wer e observed to have high residual volatile conmponent contents and
generate an odor after absorbing water. In addition, the

vat er - absor ben{02483iAs phoivhcine Tablet 4 tded vaterGihaprbeat irvsin Exatigibe 11
10had a small particle size and had problens with_ handling ease.
| ndustrial Applbtdsd inExamples 2, 7 and 8 were determined to have a suitable
particle size, demonstrate superior water-absorption performance
such as water-absorption rates while having superior handling ease,
5 and have low residual volatile component contents. On the other
hand, the water-absorbent resin particles obtained in Comparative
Examples 8 and 9 were observed to have high residual volatile
component contents and generate an odor after absorbing water.
{02507 <Study 4>
10 [Examples 9 and 10]

In Example 9 and 10, 88.2 g and 88.4 g, respectively, of
granular water-absorbent resin particles were obtained by carmrying
out the same procedure as Example 1 with the exception of making
the amount of polyvinyl alcohol added to the aqueous liquid to be

15 0.01 g and 0.67 g, respectively. The water contents of the
water-containing gelated polymers after primary drying (during
post-crosslinking) were both 45% by weight.

[0251] [Example 11]

88.3 g of granular water-absorbent resin particles were

20 obtained by carrying out the same procedure as Example 9 with the
exception of adding 0.90 g of polyvinylpyrrolidone (ISP Japan Ltd.,,
trade name: K-90, weight average molcular weight: approx.
1,300,000) instead of polyvinyl alcohol, making the amount of water
extracted outside the system in the primary drying step to be 116.1 g,

25 and making the water content of the water-containing gelated

polymer during the post-crosslinking reaction to be 40% by weight.
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[ 0262] The wat er-absorbent resin particle according to the present
enbodi nent can be used in various fields such as hygienic materials
such as di sposable diapers, sanitary articles and pet sheets,
agricultural 15 materials such as water-retaining materials and soil
conditioners, and industrial materials such as water bl ocking
materials for electric power or comruni cations cabl es and

dew catchers, and in particular, can be preferably used in fields
such as special hygienic materials such as adult diapers,

i nconti nence pads, toilet training pants and heavy day sanitary
20napki ns, wat é@Zﬂﬂ]c{Ekiamglmh’l]eri als for cables, pet sheets and
portable toilets. [0263] r - absor resin partjcle obtained
by the production nﬁﬁ%% d?ﬂ? @7ﬁ8“PH§mBﬂ§§EﬁFm8nE@$° n¥%E%n be

used in variougy, i S sabl e
di apers, sani tary [géggl?% I %f%ks‘g%ubm %meﬁ%rg?é&ﬁ%gér :Ef:(u %’r a w%ft%?l al s
such as wat er - egteptiohng addingy 0. 90@ @pblﬁ&hﬁeﬁ@g@bbll @VOF CorpNetade

industrial materials such as water 'blocking materials for electric
power or ScommuRP@at ilOHS #3200} aeiehieavwage eelsulaanwelght:pappioxul ar

SIS T AR TR e SR
e S e e R g e
di st ance neasumakipgithd ampunt oficlaes 8% biyrweilght aqugous ethylene glycol
diglycidyl ether solution added to be 5.06 g (0.00058 mol) and
10 making the water content of the water-containing gelated polymer
during the post-crosslinking reaction to be 35% by weight.
[0253] [Comparative Example 10]

87.4 g of granular water-absorbent resin particles were

obtained by carrying out the same procedure as Example 12 with the
15 = exception of not adding polyethylene glycol.
[0254] [Comparative Example 11]

92.0 g (1.02 mol) of an 80% by weight aqueous acrylic acid
solution were added to an Erlenmeyer flask having an internal
volume of 500 mL. 146.0 g of a 21.0% by weight aqueous sodium

20 hydroxide solution were dropped into the Erlenmeyer flask while
cooling the aqueous acrylic acid solution with ice to neuiralize 75
mol% of the acrylic acid and prepare a water-soluble ethylenically
unsaturated monomer solution having a concentration of 38% by
weight. 18.4 mg (106 pmol) of ethylene glycol diglycidyl ether as a

25 crosslinking agent and 92 mg (0.00034 mol) of potassium persulfate

as a radical polymerization initiator were added to the resulting

99



3: convex, circular cylinder, 4. non-woven fabric, 5: water-absorbent
resin particle, 6: laser light, 7: through hole, X swelling capacity
10 neasuring apparatus, 10: liquid-perneable sheet, 11: first

| i qui d- per neabl e sheet, 12: second |iquid-perneabl e sheet, 13:
hydrophilic fiber layer, 15: absorbent material, 20:

| i qui d-i nper neabl e sheet, 30: absorbent article, 40: water bl ocking
material CLAIMS 1. A water-absorbent resin particle in which a

wat er - absorption rate of physiological saline is 1 second to 15
seconds, a nedian particle size is 100 umto 600 urn, and a residual
vol atil e conpomatdr-sobrie athylenichlly%Bbyrated giunoorer lsekion far uihes

wat er - absorbent resin partlcl e _accqording to claim1, wherein, a
speci fic surfaé® 2qpeas 4qydda) fﬁzf/@%éff of reversed-phaggesuspension

wat er - absor ben I r in a
wat er - absor pt i %ﬁ y@?ﬁ%@?% o)?l ﬁ%gﬁ%ﬁyag{loo oga%él8+ Hﬁ‘%&%g{ﬁéﬁ%\ﬂ%ﬁg 10t o
90 g/g. 4. A mRithashcaibedr dbvei Rais apHphiid- @?sgmﬁﬁg basithe padnid Cl e,

conprising in the follow ng order: irst polynmerization step
i ncl udi n§ obt aprdceduug @L@;embacbﬁbmm"oam @§ an agueeys-bpnd dbhfarg

Cnsat ur at eq” moAGHEH SHACAT o EERHSTORe SORESH PR ARURNTBRISR {qui d
e
unsat ur at ed nodigersicandmadicadi aml @Qﬂy@rmfzamcmsel fattyi adaid, ested a
St ANt ik R agkn Foods Corp, tradé petme: $.370, HIM: 3.0) as o
10 surfactant were added to a five-mouth, cylindrical round-bottom flask
having an internal volume of 2 L and provided with a stirrer, a
two-level paddle blade, a reflux condenser, a dropping funnel and a
nitrogen gas inlet tube and the surfactant was dissolved in the
n-heptane followed by heating the inside of the round-bottom flask to
15 35°C. Subsequently, the aqueous Hquid (a) was added to the
round-bottom flask and suspended while holding at 35°C and stirring
followed by replacing the inside of the reaction system with nitrogen
gas. The round-bottom flask was heated by immersing in a water
bath at 70°C followed by carrying out a polymerization reaction for 2
20 hours.
[0256] Following completion of the first stage of reversed-phase
suspension polymerization, the polymer slurry was cooled to 50°C.
The aqueous liquid (b) was then dropped into the reaction system
with the surfactant dissolved therein. The inside of the reaction

25 system was replaced with nitrogen gas while holding the internal

temperature of the system at 50°C and stirring for 30 minutes.
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20aqueous liquid being dispersed in the oily liquid; and a
second pol ynerization step including m xing the suspension containing
the water-containing gel ated polyner at 45C or higher with a second
aqueous |liquid containing an aqueous sol vent, a water-sol uble

et hyl eni cal | y unsaturated nononer and a radi cal polynerization
25initiator, and polynerizing the water-soluble ethylenically

unsat urated nononer in a suspension in which the second agueous
liquid is further dispersed. 5. The nethod according to claim4,
wherein in the second pol ynerization step, a tenperature of the
suspensi on i n \Hubsdyuehiy,she omdhdaloptmu $lakk quaschehted tyemménsirighier a

di spersed at the tine of 5conpletion of m xing of the suspension with
the second aqué®id bpduisl TEC35edlgyechighenrtying, oyhe pebymsaizaiernr di ng

D ,claim i o SeqdUBE6L s IS g PELUIRELEAL Lo Sfbhe O
he. vt or - ool ULT 6 Gt rol it Cal Ty OReat ur et T 1t he
first aq@eous loilgbatt.at 120°6, medHiid pfofpwetttcierg catractedroudido thent
resin particle sgfs%gfgr\;vﬁ{-lg %ﬂuxing the n-heptane by azeotropy of the water and
n-heptane (primary drying step). The water content of the
water-containing gelated polymer following primary drying was 25%
by weight. Subsequently, 110 mg (0.00063 mol) of ethylene glycol
10 diglycidyl ether as a post-crosslinking agent was added to the
round-bottomn  flask to obtain a mixture containing the
post-crosslinking agent. After preparing the mixture containing the
post-crosslinking agent, it was held for 2 hours at about 80°C
(post-crosslinking step).

15 [0258] Subsequently, n-heptane was evaporated to dryness at 120°C
(secondary drying step), and 188.3 g of spherical water-absorbent
resin particles were obtained.

[0259] <Evaluation>
The water-absorbent resin particles obtained in Examples 1
20 and 9 to 12 and Comparative Examples 10 and 11 were evaluated for
residual volatile component content, odor, water-absorption capacity
of physiological saline, water-absorption rate of physiological saline,
median particle size, swelling capacity and handling ease. The

evaluation results are shown in Table 5.
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a polynerization step including polynerizing a water-soluble 15

et hyl eni cal | y unsaturated nononer in a suspension containing an oily
| i qui d containing a hydrocarbon di spersion nedium and an agueous

| i quid containing an aqueous sol vent and the water-sol uble

et hyl eni cal |y unsaturated nononer, the aqueous sol vent cont ai ning

wat er, the aqueous liquid being dispersed in the oily liquid, wherein
20t he aqueous liquid has a viscosity of 20 nPas or nore at 20C, and

t he suspension further contains a surfactant having an BI'S val ue of 6
or higher. 8. The nethod according to claim7, wherein the aqueous
l'iquid 25further contains a water-soluble thickener, and the

wat er - sol ubl e thi ckener contains at | east one type of conpound

sel ected from hydroxyallcyl cellul oses, hydroxyal kyl al kyl
cel l ul oses and carboxyal kyl hydroxyal | cyl cellul oses. 9. A

wat er - absorbent resin particle obtainable by the nethod according to
claim7 or 8, wherein 5(1) a water-absorption capacity of
physi ol ogi cal saline is 30 g/g to 90 g/g, (2) a nedian particle
size is 100 gmto 600 tun, (3) a water-absorption rate of the
physi ol ogi cal saline is 1 second tq 20 seconds,
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10(4) an equilibriumswelling capacity is 20 nun or nore, and (5) a
residual volatile conponent content is 1.5% by weight or less. 10.A
nmet hod of producing a water-soluble resin particle, conprising: 15a
pol ymeri zati on step including polynerizing a water-sol uble

et hyl eni cal | y unsaturated nononer in a suspension containing an oily
l'i quid containing a hydrocarbon dispersion nmedium and an aqueous

| i qui d containing an aqueous sol vent and the water-sol uble

et hyl eni cal |y unsaturated nononer, the aqueous sol vent cont ai ni ng
wat er, the 20aqueous liquid being dispersed in the oily Iiquid,

wher ei n t E@Z@d uko slsown. g ilable Uy, talleof the waiemabsarteptiresphpdriicles

pol ynmeric disp rther cqntains

e[ si.on, agent, an he suspension f [
a surfactant hQ\E’faHbe%aW ?{%@P@Saalgu@ 8# Y618 eFﬁW tWOBaVe F1§BL3RE hod
according to cl,a Wash&l L]k ' ' i on
agent contai ns&%t&}%gig?’ oneﬁﬂ%syfg\t'eehg*ag%gfnpg'%%ﬁbg% ﬁé%ﬁsg%fb r%{r%glt%ﬁél%group
consi sting of pokeawrapborpticnhats whiltk txviny biyeriop haedlig cabg)mathayé ene
gl ycol , pol ypropyl ene %Lycol_ and pol yglycerol. 12. The net hod
accor di ng to clawniesigual valatilesempenent Hentegiseofsn the |dthpri kendorthai ns

ol ymer . i spararaneayen: B Reol SFATH 18, GRyE BREBe 1 e
wat er - sol ubl e gfdiy bB8irGad toy his Bigh" RERHalI™RMB 'component contents and
generate an odor after absorbing water. In addition, the
water-absorbent resin particles obtained in Comparative Example 11
10 had a small particle size and had problems with handling ease.
Industrial Applicability
[0262] The water-absorbent resin particle according to the present
embodiment can be used in various fields such as hygienic materials
such as disposable diapers, sanitary articles and pet sheets, agricultural
15 materials such as water-retaining materials and soil conditioners, and
industrial materials such as water blocking materials for electric power
or communications cables and dew-catchers, and in particular, can be
preferably used in fields such as special hygienic materials such as adult
diapers, incontinence pads, toilet training pants and heavy day sanitary
20 napkins, water blocking materjals for cables, pet sheets and portable
toilets.
[0263] The water-absorbent resin particle obtained by the production
method according to the present embodiment can be used in various
fields such as hygienic materials such as disposable diapers, sanitary
25 articles and pet sheets, agricultural materials such as water-retaining

materials and soil conditioners, and industrial materials such as water
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13. A wat er-absorbent resin particle obtainable by the nethod
according to clains 10 to 12, wherein 10(1) a water-absorption
capacity of physiological saline is 30 g/g to 90 g/g, (2) a
medi an particle size is 100 pmto 600 pm (3) a

wat er - absorption rate of the physiological saline is 1 second to 20
seconds, 15(4) an equilibriumswelling capacity is 20 nmor nore, and
(5) a residual volatile conponent content is 1.5% by weight or |ess.
14. The net hod according to any of clains 4 to 8 or 10 to 12,

wherein the surfactant contains at | east one type of conpound

sel ect ed 20f r oisidchinggratgriatofisd slheting pdwaoobetamuhaiatipnaceileeanér s,
pol ygl ycerol fatty acid esters and sucrose fatt}/ acid esters. 15.The
met hod™ accor di §§Wtestehsss and én pagksularnicgn de preferably psegrnfieldsgyushesn t he

v 20l U o SRSkl ipiasa L ahel IRORTRerRT el LRS! e
and a salt theigRk, trdiBiBasanYd bid 3ehel ARG BnSAY tndpRRise WateraBldcking
5 materials for cables, pet sheets and portable toilets.
Reference Signs List
[0264] 1: movement distance measuring unit, 2: concave, circular cup,
3: convex, circular cylinder, 4: non-woven fabric, 5: water-absorbent
resin particle, 6: laser light, 7: through hole, X: swelling capacity
10 measuring  apperatus, 10: liquid-permeable sheet, 11: first
liquid-permeable sheet, 12: second liquid-permeable sheet, 13:
hydrophilic fiber layer, 15: absorbent material, 20: liquid-impermeable
sheet, 30: absorbent article, 40: water blocking material
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acryl am de. 16. The method according to any of clains 4 to 8, 10 to
12, 14 or 15, wherein the hydrocarbon dispersion nedi um contains at

| east one type of conpound selected fromthe group consisting of
chain aliphatic hydrocarbons having 6 to 8 carbon atons and alicyclic
hydr ocar bons 5having 6 to 8 carbon atons. 17. An absorbent materi al
conprising: the water-absorbent resin particle according to any of
clainms 1 to 3, 9 or 13; and hydrophilic fibers. 18. An absorbent
article conprising: 10a liquid-perneable sheet; a |iquid-inperneable
sheet; and the absorbent material according to claim17, t he
absorbent material being arranged befl&MS he | i qui d- per meabl e sheet
and the |iquid-inperpeable shget bei ng a{nan ed 15faci ng each other.
19. A water bl deki nd* NgtsE@bsaroen) ApTin pamtigle ip Whiche Waiewoarpieniaid| e

sheet; a seco ”t%f k’%ﬂ%{ﬁggﬁg{ %E‘gﬁ@ Tl E&%gh 1043 Qeconds, 3 metlian r%taﬁ%l% %03 o

wat er - absor ben e according o any o
or 13, is 100 pm to 600 pum, and a residual volatile component content is 1.5%
5 by weight or less.
2. The water-absorbent resin particle according to claim 1, wherein

a specific surface area is 0.08 m%/g or more.
3. The water-absorbent resin paﬁiéle according to claim 1 or 2,
wherein a water-absorption capacity of the physiological saline is 30 g/g
10 to 90 g/g.
4. A method of producing a water-absorbent resin particle,
comprising in the following order:
a first polymerization step including obtaining a suspension
containing a water-containing gelated polymer by polymerizing 2
15 water-soluble ethylenically unsaturated monomer in a suspension
containing an oily liquid containing a hydrocarbon dispersion medium,
a first aqueous liquid containing an aqueous solvent, the water-scluble
ethylenically unsaturated monomer and a radical polymerization
initiator, and a surfactant having an HLB value of 6 or higher, the first
20 aqueous liquid being dispersed in the oily liquid; and
a second polymerization step including mixing the suspension
containing the water-containing gelated polymer at 45°C or higher with
a second aqueous liquid containing an aqueous solvent, a water-soluble
ethylenically unsaturated monomer and a radical polymerization
25 initiator, and polymerizing the water-soluble ethylenically unsaturated

monomer in a suspension in which the second aqueous liquid is further
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t he wat er-absorbent resin particle being arranged between the first
| i qui d- per meabl e sheet and the second |iqui d-perneabl e sheet being
arranged facing each ot her.

dispersed.
5. The method according to claim 4, wherein in the second
polymerization step, a temperature of the suspension in which the
second aqueous liquid has been further dispersed at the time of
5 completion of mixing of the suspension with the second aqueous liquid
is 35°C or higher.
6. The method according to claim 4 or 5, wherein in the first
polymerization step, the oily liquid contains 50 parts by weight to 650
parts by weight of the hydrocarbon dispersion medium relative to 100
10 parts by weight of the water-soluble ethylenically unsaturated monomer
contained in the first aqueous liquid.
7. A method of producing a water-absorbent resin particle
comprising:
a polymerization step including polymerizing a water-soluble
15 ethylenically unsaturated monomer in a suspension containing an oily
liquid containing a hydrocarbon dispersion medium, and an aqueous
liquid containing an aqueous solvent and the water-soluble ethylenically
unsaturated monomer, the aqueous solvent conmtaining water, the
aqueous liquid being dispersed in the oily liquid, wherein
20 the agueous liquid has a viscosity of 20 mPa-s or more at 20°C,
and
the suspension further contains a surfactant having an HLB
value of 6 or higher.
8. The method according to claim 7, wherein the agueous liquid
25 further contains a water-soluble thickener, and the water-soluble

thickener contains at least one type of compound selected from
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hydroxyalkyl celluloses, hydroxyalky! alkyl celluloses and carboxyalkyl
hydroxyalky! celluloses.

9. A water-absorbent resin particle obtainable by the method
according to claim 7 or 8, wherein

(1) a water-absorption capacity of physiological saline is 30 g/g
to 90 g/g,

(2) a median particle size is 100 pm to 600 pm,

(3) a water-absorption rate of the physiological saline is 1
second to 20 seconds,

(4) an equilibrium swelling capacity is 20 mm or more, and

(5) a residual volatile component content is 1.5% by weight or
less.

10 A method of producing a water-soluble resin particle,
comprising: .

a polymerization step including polymerizing a water-soluble
ethylenically unsaturated monomer in a suspension containing an oily
liquid containing a hydrocarbon dispersion medium, and an aqueous
liquid containing an aqueous solvent and the water-soluble ethylenically
unsaturated monomer, the aqueous solvent confaining water, the
aqueous liquid being dispersed in the oily liquid, wherein

the aqueous liquid further contains a hydrophilic polymeric
dispersion agent, and

the suspension further contains a surfactant having an HLB
value of 6 or higher.

11. The method according to claim 10, wherein the hydrophilic

polymeric dispersion agent contains at least one type of compound
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selected from the group consisting of polyvinyl alcohol,
polyvinylpyrrolidone, polyethylene glycol, polypropylene glycol and
polyglycerol.
12.  The method according to claim 10 or 11, wherein the agueous
liquid contains 0.001 parts by weight to 10 parts by weight of the
hydrophilic polymeric dispersion agent relative to 100 parts by weight
of the water-soluble ethylenically unsaturated monomer.
13. A water-absorbent resin particle obtainable by the method
according to claims 10 to 12, wherein

(1) a water-absorption capacity of physiological saline is 30 g/g
to 90 g/g,

(2) a median particle size is 100 um to 600 um,

(3) a water-absorption rate of the physiological saline is 1
second to 20 seconds,

(4) an equilibrium swelling capacity is 20 mm or more, and

(5) a residual volatile component content is 1.5% by weight or
less.
14, The method according to any of claims 4 to 8 or 10 to 12,
wherein the surfactant contains at least one type of compound selected
from the group consisting of sorbitan fatty acid esters, polyglycerol fatty
acid esters and sucrose fatty acid esters.
15. The method according to any of claims 4 to 8, 10 to 12 or 14,
wherein the water-soluble ethylenically unsaturated monomer contains
at least one type of compound selected from the group consisting of
acrylic acid and a salt thereof, methacrylic acid and a salt thereof, and

acrylamide.
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16. The method according to any of claims 4 to 8, 10 to 12, 14 or
15, wherein the hydrocarbon dispersion medium contains at least one
type of compound selected from the group consisting of chain aliphatic
hydrocarbons having 6 to 8 carbon atoms and alicyclic hydrocarbons
having 6 to 8 carbon atoms.
17. An absorbent material comprising: the water-absorbent resin
particle according to any of claims 1 to 3, 9 or 13; and hydrophilic
fibers.
18.  An absorbent article comprising:

a Jiquid-permeable sheet;

a liquid-impermeable sheet; and

the absorbent material according to claim 17,

the absorbent material being arranged between the
liquid-permeable sheet and the liquid-impermeable sheet being arranged
facing each other.
19. A water blocking material comprising:

a first liquid-permeable sheet;

a second liquid-permeable sheet; and

the water-absorbent resin particle according to any of claims 1 to
3,90r13,
the water-absorbent resin particle being arranged between the first
liquid-permeable sheet and the second liquid-permeable sheet being

arranged facing each other.
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