-1- DESCRIPTION Title of Invention: WATER- ABSORBI NG RESI N Technical Field

.[ 0001] 5The present invention relates to a water-absorbent resin that is

suitably used in hygienic materials, and an absorbent naterial and an
absorbent article using the sane. Background Art [0002] 10ln recent years,
a wat er-absorbent resin has been wdely u¥ed in various fields, including
hygi enic articles, such as di sposabl e diafers and sanitary napkins,
agricultural and horticultural mater PEFSRIBYEN as wat er -ret ai ni ng agents

and soi | cofgiid QRehfveAlbd NHATERL AbsREAd AESTNSUCh as water-blocking 15
agents and agents for preventing dew condensation. O these, a

wat er - absor Peghnicadi Fiesdparticularly frequently used in hygienic articles,
such as dis | e di apers and sanitary napkins. As the water-absorbent
resin, for exanple, hydrol ysates of starchacrylonitrile graft copol yners,
neutral iS%zed product s Bie gireseht Diverdriphatrelgted ttocapehyerrahsadeani f i ed
products of_vinyl..acetate-acrylic ester .copolyners, and crosslinked

pol yners ofr%éﬁ iﬁgﬁﬁylﬁeﬁ?ftﬁ e&sgﬁrﬁﬁiqyé%ﬁn C B S E"RnFhn. [ 0003]
Absor bent aatsadttentsmaberballiayg aabbbschitanar arbavbe ausing ttheCtati€, i N whi ch
an absorben]%ﬁe terial fgr absorbing a liquid, e.g., body liquid, is

sandwi ched BEREEHE PFExi bl e | i qui d- per neabl e surface sheet (top sheet)
posi ti oned pyoee]si de contacting the body -and a |iquid-Inpermneabl e rear
sheet (back sheet). paositioned on a side opposite to that contacting the
body. The absor bent® FECEALaVERLS géhFRAPFyIRRRIPSHE HeAiRtRae heena

wat er - absorpai ¢ aska ﬁﬂdbétﬂaﬂérQ@th&P'fﬂdm%ﬁinb0@§5ﬂenic articles, 'shchecent
years, there is increasing demand for thinner of lighter absorbent articles
fromthe vi&sbispesgblecdigpersasngofarbiannt papbineni afdeulingal rakspor t

ef ficiency, nghGodturd]l mANSA! Y600 4 o el PO {,0ind HoRALBY jpent
articles is, foF exgﬁple, a netﬁédsin ﬁﬁ?ch Eﬁe annunfm%%gﬁgggop |%%%9
fiber, sucrcenditdppasd. wgdl industrhal grataniads . t suche s eadewabbeckilmgor bent

resirlilg aﬂaégﬁ%%rgﬁataggﬁégifﬂr pEgvéﬁfgﬁﬁaaewaBgnééﬁééﬁﬂ%ﬁntngthese, a
| water-absorbent resin is particularly frequently used in hygienic
articles, such as disposable diapers and sanitary napkins. As the
water-absorbent resin, for example, hydrolysates of starch-
acrylonitrile graft copolymers, neutralized products of starch-
20 acrylate graft copolymers, saponified products of vinyl acetate-
acrylic ester copolymers, and crosslinked polymers of partially
neutralized acrylic acid compound are known.
[0003] .
Absorbent articles such as disposable diapers have a
25 structure in which an absorbent material for absorbing a liquid,
e.g., body liquid, is sandwiched between a flexible liquid-
permeable surface sheet (top sheet) positioned on a side
contacting the body and a liquid-impermeable rear sheet (back
sheet) positioned on a side opposite to that contacting the body.
30 The absorbent material is generally made of a mixture of a water-
absorbent resin and a hydrophilic fiber.
[0004]
In recent years, there is increasing demand for thinner
or lighter absorbent articles from the viewpoint of design,

35 portability convenience, and transport efficiency, etc. A



5 wat er-absorbent resin is increased. [0005] An absor bent
material that contains a reduced anount of a bul ky hydrophilic fiber having
a | ow absorption capacity and an i ncreased anount of a conpact

wat er - absor bent resin having a high 10 absorption capacity is intended to
reduce the thickness of the absorbent nmet®zfial by reducing the anmount of
the bulky material while keeping the absorption capacity that corresponds
- to the desiggnasfalilfeembioidse methodi £or thingingi sbsorhentearbhabée is, for

i mpr ovenent }%gﬁ d. s i QUi 1.SErj i I, i.f fusion,that
occurs in the c%da?kﬁé\gﬂ% lél\r,\v%g' g%r%n%?%r#ﬁ%#‘%% %lalégojgjb%er# & FPCI e,
e.g., a di spogaflisedi wped , pulp,cehichieyeaiest ier secwra alwaady aalbsmpbentt t hat
when a | ar amount _of fhe water-absorbent resin is f d into a soft gel
by 11 qui d st baPoft BT NBRSEAT Ted ™ GERUEPD ANy T6RPeE Wi ch
mar kedl ¥ | oneetexr-2bsbrpentl hdihusksbihdtaasadd sl ows the |iquid perneation
rate of the @bogﬁr bent material. [0006] Thi s gel bl ocking
phenonenon b pl ai ned bel ow. When an absorbent material containing

particularly highly densibsoederd MieeiadbsRdPatnta8sNs AORILRS albikt bf @
wat er - absor bent. resin near_ the surface |ayer absorbs the liquid to further

densify a U PEABIRRL YR SahPT having ér 1o¥naPSRYiqD: gapeeHsadrgnaint o
t he absort“ﬁﬁcﬂ@@é%ﬁ'ﬁhoﬁﬁt'dTh%bbbﬁﬂacﬁ”ﬂﬁﬂ%&thﬂgofﬁéhﬂ Q%%&ﬂaﬁavi%? a high

wat er - absor bent resins fromefficiently absorbing the liquid. 3

Accor ditfigl YPSHBLdORaSapRE YA 1gehibendast te watepe dfworthdsknessiof tthet has
an appropriggs%l%h@r-gggfg t QN E3LEind SHe j

bl ocki ng phen_orrenon,ma sorEELs ??awa% %dna:hﬁaéﬁﬂllil%ﬁecwgt\}\l/—%t wrlo %Q%t%ggglrlti es
after swel IWhide koep¥hg 38Fhéebsaretichsanecityr tah darnespahgs praodbeed by
-3~ subj ectdda o YAt e Sldihent! DXL cally nsatil af ¢l opnogRr to a
rever sed- phase “suspensi on pol yneri zati ol or an aquéeous SErutson

pol ymer i zatimprovenert angthoghy Eowvever) whene ldgdidhdissrdbapiosion

pol ynmeri.zat j. o] have di sadvant ages _iLn _that_water-absorbent. 5.resins
havi ng 5 | g aRIbt it Hatr B0 B Fihan, obE 5o 4 ralefSb e et
appropri at elmpant iablserbene ditgiiclies eugt abd elfsposabhygdemsematier icahsidetess
likely to bt ai ned. . [ 0008], Accor dji.ngl sone, producti o t hods have
been 10 sugy&setedSif %Jr%ae‘%at‘%agﬁté?nt%ép&f‘-ﬁb% %ﬁfﬂo}lﬁgi%h ¥GL8~T ar ge
particl e siatsorbentexesiil s ifdrRefr DUiicla eBEERHEDbRAGAHHENGbdR prion, a
rever sed- phase suspension pqlyngerization, the followi ng nethods have been
suggest ed. Pi‘et?@f“ﬁfi nc%?'ﬂp-'reidgi LoPLorkingy 2oGEtSr -Ah<Sy Panked by ovess
according tiG qualay aRrEadinian 19 afd "B thieN 16§81 d | feitnest 268, r£Q0ldengnEhe
resin, again adding a nonomer to the polynerization reaction solution in
whi ch t he ﬁh%ﬂ?@?nga}ﬁ’f%‘r@-i n the first stage are suspended, in a state
such that ggageflactant is precipitated, and polynerizing the mxture to

t hereby give a ‘
This gel blocking phenomenon is explained below. When

an absorbent material containing particularly highly densified

25 water-absorbent resins absorbs liquid, a water-absorbent resin
near the surface layer absorbs the liquid to further densify a
soft gel around the surface layer, and so liquid permeation into
the absorbent material is inhibited, preventing the internal
water-absorbent resins from efficiently absorbing the liquid.

30 Accordingly, there has been a demand for a water-absorbent resin
that has an appropriate water-absorption rate, is less likely to
undergo a gel blocking phenomenon, absorbs liquid, and has high
flow-through properties after swelling.

[0007]

35 The water-absorbent resin is mainly produced by
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35 1 he .pol rization reaction.sqlution i.n which t ol yner
R el on SnrmiaRe AR BhES s se PR e
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0009] PTL 1: Japanese Unexam ned Patent PTL 2: Japanese
PCT Application) No. H5-017509 10 PTL 3: Japanese

Pat ent PTlacdkordapangs esdie prsaietifatithodeThAve | beedt i on) No.
Summary of I nvention Techni cal Probl em 15[ 0010] Publication
YIRS teSt LBnORIRY i teatbsAiNGg ater>abaarhenty fsdni Baving Ro.
(T4RRS At 9B818fsize. For example, in a production method

according to a reversed-phase suspension polymerization, the
following methods have been suggested.

A method comprising producing a water-absorbent resin
according to polymerization of a monomef in the first stage,
cooling the resin, again adding a monomer to the polymerization
reaction solution in which the polymer particles in the first
stage are suspended, in a state such that a surfactant is
precipitated, and polymerizing the mixture to thereby give a
large absorbent resin (Patent Literature 1); a method comprising
producing a water-absorbent resin according to polymerization of
a monomer in the first stage, again adding a monomer to the
polymerization reaction solution in which the polymer particles
are suspended, and polymerizing the mixture to thereby
agglomerate the polymer particles in the first stage (Patent
Literature 2); a method comprising producing a water-absorbent
resin according to polymerization of a monomer in the first stage,
adding a specific surfactant having an HLB of 7 or more to the.
polymerization reaction solution in which the polymer particles
are suspended, again adding a menomer thereto, and polymerizing
the mixture to thereby give a large water-absorbent resin (Patent
Literature 3); a method comprising producihg a water-absorbent
resin according to polymerization of a monomer in the first stage,
again adding, in the presence of inorganic powders, a monomer to

the polymerization reaction solution in which the polymer



Al t hough wat er - absor bent resins produced according to conventi onal

techni cal nmethods have a large particle size that is suitable for a

hygi enic material, they have been unable to attain sufficient flowthrough
properties. The main object of the 20 present invention is to provide a
wat er - absorbent resin that has an approp+fd4ate absorption capacity and
excel l ent flowthrough properties and that is suitably used in an absorbent
articl e appprarediclesaanggfespendedt eand| polameri2ign| the ovixtorer thl Wrerpdpll]
In view of ] Gl <t i ator s, found the
f ol | ow ng: en%grlgx%?flﬁ%gﬁfaasggg?ﬁ‘gfﬂ%&\%angéxggﬁqbgl%gﬂéﬁ %b particle
size and are forned by polynerizing at | east one water-soluble

et hyl eni cal +% %at gr.a ed nmonomer according to a reversed-phase suspensi on
pol ymeri zat i 4%are aggl onerated according to a reversed-phase
suspensison p@ayentizotérdturet hod to form a water-absorbent resin having a
specific abﬁ(())d'ooti on 35 capacity, the water-absorbent resin has excellent
fl owt hroug properties and is suitably used in hygienic materials.

Speci fically, pie 1 gspahebsViEiaAnbaChaEs Pad1ieht o NG eRBOdR RN S.
[0012] 5 Item 1. A water-absorbent resin fornmed by agglonerating primry

particles accobth iy vgPaneesdinaxaingd cPataife fuPsicapbligmdieaaelahiorHod,

the primary papds iR 0k nen PR BedoRyse®! yeri zing at | east one
wat er - sol ubl e et hyl'enical ly unsaturated nononer in the presence of a

di sper sifon st abFY i¥redanebosdi Vnpaegriacfehetedd Fyhdseation MpeABHBR2613
pol ymeri zat | O%Ti?tﬁogaﬁéﬂésérﬁﬂ%{)a)sﬁ&%&t peldit %}\éiﬂga@lé@%ﬂ%ngiéﬂ&{ oS! 2€

of 100 to 250 m and t wat er - ent resin having a water-retention
capacity of saP¢heéppdigeibonbfNBOHi-§7881¢ ess. [0013] 15 Item 2. The

wat er-absorgﬁlm esin inhg to Item 1, wherein the water-absorbent
resin has a oa\/\'r/&t rfoalgﬁ&?%}tjden of 0.69% by mass sodi um chl ori de aqueous

sol ution of 2Ze6hpiddl Mmuiem or nore. [0014] Item 3. The water-absorbent

resin corqulgbto I[tem 1l or 2, 20 wherein the water-absorbent resin has a

wat er - absor 1 rate of saline solution of 45 to 180 seconds. [ 0015]
Although water-absorbent resins produced according to

conventional technical methods have a large particle size that is
suitable for a hygienic material, they have been unable to attain
sufficient flow-through properties. The main object of the

20 present invention is to provide a water-absorbent resin that has
an appropriate absorption capacity and excellent flow-through
properties and that is suitably used in an absorbent article

applied to a hygienic material, etc.

25 Solution to Problem
[0011]
In view of the object as described above, the present
inventors found the following:
When primary particles that have a specific median
30 particle size and are formed by polymeriziﬁg at least one water-
soluble ethylenically unsaturated monomer according to a
reversed-phase suspension polymerization method are agglomerated
according to a reversed-phase suspension polymerization method to
form a water-absorbent resin having a specific absorption

35 capacity, the water-absorbent resin has excellent flow-through



Item 4. The water-absorbent resin according to any one of Itens 1 to 3,
wherein the dispersion stabilizer is at |east one nenber 25 selected from
the group consisting of sucrose fatty acid esters and pol ygl ycerol fatty
acid esters [0016] Item 5. The water-absorbent resin according to any one
of Itens 1 to 4, wherein the water-sotil e ethyl enically unsaturated
nmononmer 30 is at | east one nenber selected fromthe group consisting of

( met h) acr y| propgfitdegnand imlsuithbleofised ol hygierin matagiabger bent nateri al

that conpri & phy,l i i - e j.n.according
to any one J?E%ég%gtgh%%gg%sgg? ?@g?ﬁ?%P?§ﬁ§y@ﬁ%§qg sgpééﬁfiéﬁticle

I ncl udi ng témbaaligenbsnt naterial according to Item 6 between a
quuid-pernﬁﬁﬂkﬁ sheet and a |iquid-inperneabl e sheet. 5 Advant ageous

Ef fects of 1nvéntion [0019] The present invention can provide a
wat er - alssorbiesmt Ir.edi wabew-aigorbenk| eadirf |fowmtir oy gygqloneeatieg , panaryhe

wat er- 10 absar.bent resin of the present jnyention has.an appropriate

wat o1 - absorRFE G IPAL BCCRITNIL O PhESTREeS PARES WA IRIO8, BENT TSR  he
present i nuddHod) €B8 PriovdEe partabses hesingmebesaimdd v pedyasrexar] hent
liquid perneation rate and |ike properties, and an absorbent article, 15
Bri ef Descri§fStoRngs wikehuSfjdilgostpylenically unsatynated) mpromers dme bhe ¢

vi ew show ngr&fendt bENg @fsgdiaieAnstibilir abcsPiaRpaAbUsetoFsdipfaltNg
the fl owthrough rate 20 of 0.69% by mass sodi um chl ori de aqueous sol uti on.
Descri[apiOrpqﬁpqgggggiHg}ﬁ@prization method, the primary particles having a

median particle size of 100 to 250 pm, and the water-absorbent

resin having a water-retention capacity of saline solution of 30
g/g or less.
[0013]

15 Item 2. The water—absdrbent resin according to Item 1, wherein
the water-absorbent resin has a flow-through rate of 0.69% by
mass sodium chloride aqueous solution of 200 g/10 minutes or more.
[0014]

Ttem 3. The water-absorbent resin according to Item 1 or 2,

20 wherein the Water;absorbent resin has a water-absorption rate of

saline solution of 45 to 180 seconds.

[0015]

Item 4. The water—absbrbent resin according to any one of Ifems 1
to 3, wherein the dispersion stabilizer is at least one member

25 selected from the group consisting of sucrose fatty acid esters
and polyglycerol fatty acid esters.

[0016]
- Item 5. The water-absorbent resin according to any one of Items 1
to 4, wherein the water-soluble ethylenically unsaturated monomer

30 is at least one member selected from the group consisting of
(meth)acrylic acid and a salt thereof,

[0017]
ITtem 6. An absorbent material that comprises a hydrophilic fiber
and the water-absorbent resin according to any one of Items 1 to

35 5.



[ 0021] Water-absorbent resin of the present invention 25The wat er-absor bent
resin of the present invention can be fornmed by aggl onerating primary
particles according to a reversed-phase suspensi on pol ymeri zation mnethod,
the primary particles being forned by pol ynerizing at | east one
wat er - sol ubl e et hyl enically unsaturated s@noner according to a

rever sed- phase 30 suspension pol ynerization nmethod. [0022] The
primary park@@lé&s have a nedian particle size of 100 to 250 gm preferably
110 to 240 d, NMor r.ef erab| 30, t 30 p The di an rticle size
can be neasii oy AnESTEReY Btiele isdsaiRe The HEeTReot MR 5l o
-7- [0023] according to Teemls detwaencd cricalideopéeméables ishebavamd excel | ent
fl owt hrough, properties after _liquid absorption and swelling, the primry
particles %QV@”%BREBFEHG %iﬁ?@?gsize of 100 mor nore, 5 whereas to
prevent sreduction in the aggloneration strength and the water-absorption
rate of secondary particles, the primary particles have a nedian particle
si ze of 250 PpHVBRtegRUS Egfogts ¥ﬂ¥§6¥18? the primary particles of the
present 10 jgpmention is not particularly limted. However, since the
primary particles are fornmed by a reversed-phase suspension polynerization
met hod, they nmay be fGien®¥eprarb Wwanigre par tRRAVE gl asvptenpbserpgnt
spherical Sian Walfing SERONRNIUELSECauRgh Beofel {1 SBNAI L8l yatgpe or an
elliptic spherical shape. Due to the 15 sioo surface of the primary

parti cl@s hbdarpestichesinifpdhet heepenheimyepsion dhas danawpphtphidteowability
as_powder s, A LRS.AGH SISALCIrRREALL] Ghellbe! bk Gl WALRE. GhOsRlp.l 1! | ed.
Therefore, even en subjected to a collision, the agglonerated particles
are |l ess | itesdin of bkebprdeEmnt ansventivat eanapsovbdetanr edserhent mpt2@ikiigh
particle strength _can t.ai.ned. -[0025] . .° he prinary .particles
Phat sati srens ahorederiatindaeian R aRbtign SRES sk AReOPHIg 7 oa

r ever sed- phase asuapsasbant paitjrtel zati on nethod to form a wat er - absor bent
[esin Hgving a 25 water-retention capacity of saline solution of 30 g/g or

ess.

Brief Description of Drawings

[0020]
Fig. 1 is a schematic view showing an outline of the
constitution of an apparatus for detecting the flow-through rate

20 of 0.69% by mass sodium chloride acqueous solution.

Description of Embodiments
[0021]

Water-absorbent resin of the present invention

25 The water-absorbent resin of the present invention can
be formed by agglomerating primary particles according to a
reversed-phase suspension peolymerization method, the primary
particles being formed by polymerizing at least one water-soluble
ethylenically unsaturated monomer according to a reversed-phase

30 suspension polymerization method.

[0022]

The primary particles have a median particle size of
100 to 250 pm, preferably 110 to 240 pym, and more preferably 130
to 230 pm. The median particle‘size can be measured by the method

35 described in the Examples shown below.



This resin can be used as the water-absorbent resin of the present
invention. To inpart nore excellent effects to an absorbent article, the
wat er - absorbent resin having a water-retention capacity of saline solution
of 25 to 30 g/g is 30 preferably used. [0026] The
water-retention capacity of saline soluti®dnh is defined by the mass of
physi ol ogi cal saline that the water-absorbent resin can absorb (per unit
mass) and iHf123dt es the 35 degree of the liquid absorption capacity of the

wat er - absor bent - 8- | .Th - i agi f | sol ution
can be nmeasured by trlllfaoe?r;g?ﬁég %eﬁeﬁggg?ﬁﬂéﬁgr}g&gﬁpﬁﬁﬁ ot:’\'/\}%%t:)l'épggv. [ 0027]
The wat er - abisor-tibrougk sproprities pfesentiguideabsorpitivat abdsaveklings the
nuneri cal ra]%grles of tFe fEdi an particle siz%,aﬂd t he \r%tgr-retention
capacity ofPSARTEePEEFITTTH TSP BRY- b AFETEGHS fikRe OB &R St MSHST n
whi ch | Bquiwhediefaisu b opreveninbedutetion | ire.thegaggbdmere tign wheangitednds an
absor bent terial. Further, the water-absqrbent resinn of {he present
PEEEAEDIOFRR, ARG OF SPRERLE, BUE 19168 o thA P IR

invention calr

| eakage whethrisedesNhave aDHIARARL paBE £ lsizE0828150 ym or 1essOne of the
indices that feature the water-absorbent resin of the present invention is

the flowt hﬂ'%ﬁ rate of 0.69% 15 by mass sodi um chl ori de aqueous sol ution.

Specifically, the watiejs abhapebenttHe PrimafPesatliviBasos fhoWwrdeaugh rate
of 0.69% by mass sodi um chl oride aqueous solution of 200 g or nore, .
pr ef er 481 y Zentdopobs giota Mrkd culpr by drigbiteds showeyerno sgnger the RELIRETES.

2000029]  particles 08 fdiied ByOUO T RApIsOBidbenmBsn Sodi um chl or i de

aqueous solution is defined by The anount 0. 69% by mass sodi um chl ori de
aqueous solnalyswripatieminethode) thewtmandeeforned ugita avaioglapurtiiche

resin (Per diidupiRant il MARIBER Sid G cRYa Zhddill'sh 20381 Ald i asRd

i ndi cates the degree o oWt properties e waf er-absor bent
resi n aft ertriieqsptienbsal mhape oTfhenfébiiptticoapgherinal chadetoDudytardahs

sodi um.chl or. a S ion._c¢c be asur . the t hod described in
Pha! ) Slcbnn dHETHS. SSE (a0 Bt Ay HAFRIEE A B A0 f0 0 kR od

f eat ur e t hepniataey- phstidied havel high flwwapiddentas movdersn asdttie

wat er - absor pti.on ra%e of sali.ne solu

. ntas 1pa
vt or - absorBiaoerat e pSiidite SBputtRRLY EdkeFiPreLs B oo mprefeRsl y
50 to 170, eanth 3hefDs6b psctiedt abl ¥ 601115ibb() $ReOAGFlomer@ted particles

are less likely to be broken, and a water-absorbent resin having
20 high particle strength can be obtained.
[0025]

The primary particles fhat satisfy the aforementioned
range are agglomerated according to a reversed-phase suspension
polymerization method to form a water-absorbent resin having a

25 water-retention capacity of saline solution of 30 g/g or less.
This resin can be used as the water-absorbent resin of the
present invention. To impart more excellent effects to an
absorbent article, the water-absorbent resin having a water-
retention capacity of saline solution of 25 to 30 g/g is

30 preferably used.

[0026]

The water-retention capacity of saline solution is
defined by the mass of physiological saline that the water-
absorbent resin can absorb (per unit mass) and indicates the

35 degree of the liquid absorption capacity of the water-absorbent



[ 0031] The water-absorption rate of saline solution indicates a
time until the water-absorbent resin absorbs a predeterm ned anount of
physi ol ogi cal saline (per unit mass). The water- 5 absorption rate of
saline solution can be nmeasured by the nethod described in the Exanples
shown bel ow. [0032] The wat et8-absorbent resin has a nedi an
particle size of 250 mor nore (preferably 300 mor nore) to prevent a 10
phenonenon ¥46iphi dRe| vaken netepgipp reapadisyi of twriline solugden wragcbeng, when
used in an @hsorhgn r e J e bé% | medi an
particle size ofrggotdymm%og egégsr)d( %%%?%%%ﬁg%%%élm or %%rgs%ﬁt?%&pé%\?ggt t he
resin from Hé&O8ming partially rigid and to maintain flexibility when used
in an 15 absorbent ri o) Lk I ] | cl ' e
mmacurad by the. met haRoIEaeeF Eahpqtbent Ee R enBoRas SieBlstfn ilhe”
The wat &r - edzgdisifdnt thsimmnefriche pamgeniofl hhenhediarypaetably dize andat er
content of 20% by nmass. or, less, and 20 pretferabl to 10% Db ss to
brevent reditt MBTeF RS TONEAT CRpAGLTh REIGPL TR e TlieR BBRPERTOR ARoLE
measur ed bycdrhereethtda disaiomeadni in tWid dbxangh s &iFfusibeal ow. ifHi®34kd,

Met hod for producin he wat er-absorbent resin of the presen 25 [ nvention
The net hod -t'hgeﬂa?'éi%ﬁflq%vgﬁ‘t"{‘o%s?ds aﬁePPo"r“%%IﬂEﬁPta“'pPé%%% o-FpirEeeT -
suspensi on @ ¥eRErZabsSbditackbon 6f e beasént Wnvides. capasidvestl | Y,
the nmethod includes the followng Steps 1 and_2. 30(1) Step 1, in which at
| east dfe ERIMENiBOBF cthe APserPedl | andr ey ge| €hepy|Upeer iR ed
accordi ng tg aps=e¥etsednpmsgisuspensi on pol yneri zation nethod in the
presence of a dispersion stabilizer to forma slurry in which primry
particles arl®%@Bdpersed; and 35(2) Step 2, in which at |east one

vat er-sol ubl e et hyl @RClel ynNAaHWed! BlafOARIre %hadﬂs%f.%btsagbéﬁﬁr ry
obtained in Step 1 to performa polynerization reaction (reversed-phase
suspensi on yeslipnefi the i presestthodyentingr dlsy thggf berertiirionght haterafim@r $9%

par 1 ohSs dh3PEEseoh i Mt HEYarSLAR Tha0SE. |YLAUILINE; A Obt ol nec

water-absorbent resin generally has a flow-through rate of 0.69%
by mass sodium chloride aqueous solution of 200 g or more,
preferably 200 to 800 g, and more preferably 250 to 700 g per 10
minutes.

20 [0029]

The flow-through rate of 0.69% by mass sodium chloride
aqueous solution is defined by the amount of 0.69% by mass sodium
chloride aqueous solution (per unit time} that passes through a
water-absorbent resin (per unit mass) that has been swelled by

25 liguid absorption, and indicates the degree of the flow-through
properties of the water-absorbent resin after liquid absorption.
The flow-through rate of 0.63% by mass sodium chloride aqueous
solution can be measured by the method described in the Examples
shown below.

30 [0030]

One of the indices that feature the water-absorbent
resin of the present invention is the water-absorption rate of
saline solution. Specifically, the water-absorption rate of
saline solution is generally 45 to 180, preferably 50 to 170, and

35 more preferably 60 to 150 seconds.



obtained in the state of a slurry, to enhance the production efficiency, a
step using a reversed-phase suspension pol ynerization nethod, in which a
pol ymeri zation reaction is 10 perforned by further adding a water-soluble
ethylenically unsaturated nononer to the slurry in which the aggl oneration
obtained in Step 2 is dispersed, can be t®peated to form an aggl omerati on
t hereby obtaining a water-absorbent resin. [0036] 15An enbodi nent of a

net hod of pkYHRidi ng the water- absorbent resin of the present invention is

detail ed bel ow, howeugle WhRErPESSEPtiloRY 8Bt VF isti1BRE LbTuiRs idaiBifes
enbodi ment. [0037] Step 1 20The reversed-phase suspension pol ynerization

met hod used itimenustsl efhe gratererhsorbentirieshn sabgadrs sobgbfetemipedni cal |y
unsat ur at edaxmoa*‘ak-g BTGP SO LD | Rad)ICdrbOy@e i SPET ST ON
stabilizer-containin I spersion nmediumto conduct suspension by stirring,

t her eby 5pol 3benriptiing téake wit @alids solutbon eghybemasdurgduhygathe atedbiod

nononmer in ehse qibzaeiﬁeﬂlea% iego%ﬂ&%no%etlﬁx this nethod, the slurry
icles

i ncl udi ng the i Spersed primary par af are produced by pol ynerizing
t he nononer[0082]he di spersion nedium and that satisfy the range of the
medi ate particle si 2§, descri bed abqve_ can be .obt ai ne 01. . 0003f8]

.in Step
Exanpl es of the wat er=¥oMghPE ™ BPFAEM T APFIR J}F’sgataup'ﬁaéﬂnn%% “ust
i ncl ude (net8y a&r vl fob€i hridfeirably” 300 Yim' o@nflor@ptitaenehentoh! ectivel y
refer to "(nmeth)acryl,” and_ "acrylate” 35 and, "nethacrylate” collectively
refer ti§ " (%WBP%I %‘PeWI)J;ChZ-llq%ﬁﬁ‘ét%W&ﬁﬂ&%’r@%ﬂ'phﬁam&% fonic

acid, and sgiddkingerfRén Wd QR GnNBPSSMIcht RAHEOrasl (i) ane Watdde.
N, Ndi net hyl (net h) acryl am de, 2-hydroxyet hyl S_met h) acryl at e,

Nret hyl ol ( rAREPEReR)| Eefthe Path@ periar BAEAS1gl L6t oF A0 RePR )RS | at e;

am Nno- gr OUP-HUHALBI P05 6 SR Wrah eds FOFY Pricvent Uske aSeMnNedbit Bydddingoet hyl
(met h)acryl ate, N, Ndi et hyl am nopropyl (nmeth)acryl ate,

di et hyl am rieggrtd@lyneigddand 40 maintain qlsrdbhbity cdigioysed ihaeof . At

| east gge '%&& | & 1 {17 09t RRSET HOURRCABE ;;Qafﬁ%‘i €b
acryli g%aci ) %’te gcrﬁ% aci g;,%[acr y]Fate, rreetﬁac?% te, ac?y%ﬁg%,}l ©

nmet hacr yl amedsurgddbiK, Bk mettippida degtaitiefe 1ar €herktamplgsy shown. b¢3BB9] The
concentrati f- wat er-sol ubl e ethylenically 15 unsaturated nononer in the

nononer - contal ni'ng aqueous solution s not particularly limted. It is
preferable that the dheceateatabosomdierttheesimonithen presentniormwentdont ai ni ng

S?g? glrjz bis 3' gufé'ziet%%lggo}(%gg/o at.) )(”aq‘:aeg:s c%gtgné acgf“l rz%t%egycrggé: s'? rgrl’ q.teisgr,]’ anngl)r €
20 preferably 5 to 10% by mass to prevent reduction in flowability
as powders. The water content can be measured by the method
described in the Examples shown below.
[0034]

Method for producing the water-absorbent resin of the present

25 invention |
The method of the present invention is performed by a
reversed-phase suspension polymerization reaction of at least two
stages. Specifically, the method includes the following Steps i
and 2.

30 (1) Step 1, in which at least one water-soluble
ethylenically unsaturated monomer is polymerized according to a
reversed-phase suspension polymerization method in the presence
of a dispersion stabilizer to form a slurry in which primary
particles are dispersed; and

35 (2) Step 2, in which at least one water-soluble



by mass, and even nore preferably 30 to 55% by nmass. 20[ 0040]

When a nononer containing an acid group such as (neth)acrylic acid or

2- (et h)acryl am de- 2- et hyl propanesul fonic acid is used as the

wat er - sol ubl e et hyl enically unsaturated nononer, the acid group may be
neutralized in advance with an 25 al kal Fme-neutralizing agent, such as an
al kali metal salt. Exanples of the al kaline neutralizing agent include
aqueous soleithydesicalipdingatuydiedi meonegat dssadded yigr dhedelunryl cdovained.
These al kal j ne,.neutralizi agents.can .be used _al qne_or _in [ i_nation of
fo or mor 8 Sogod o BartbrRYa ho AR DR iR r SR (L Re PafPReR ' The
aci d groupsswdgenstibe pblaldmicateoh rmethdlg ahendby saggpdomeabting rthishe range
of 10 to 100% by nol, a referably in the range of 30 to 80% by nol, from
Che i ewpo FRUGEY, Rerbiafon erbrred Ababr s1Fne 28 resul t1 ng

wat er - algsorfagyysjresin to i ncrease absorption properties, -12- and not
causi ng any di sadvantages in safety or the |like due to the presence of an
excess al kal i ne neut rAMCe hHe FEHomergsior oRtaingds in, Stem Bh7° a

petrol eum hyrReREPOR Bndli SRS beNa NBAiRP,CB EghatRI thEX pPBa®Sti%h t he

pet rol eum hydrocarbon sol vent include aliphatic hydrocarbons, such as

n- hexane, refifdQigney . na oieihalsingda| Fejeised-ahasy uUsPemypdPBear bons, such as
cycl opent a Q&ﬁ:’%@lne' g, y .:ane; and
aromatic h;}gjrl(}?aé?:gg%g%(&guc as 'béﬁ%@h%ﬁggmene,é%tﬁg %%Iéig#é)&?éﬁese

di sper di0on pedicamednbpef wsdrakpddéngra iwptercsabipks ieghydenigpllir nore. O

t hese, n-h 3 I ?ﬂﬁégn : hecause

t hey are easi ;e/cug\%g?ﬁgrh e |erjfgl%§t (r'ﬁlx%l Y, tggféﬁ%%{ql%r %%;y“og%g&ll%gxpensi ve.
From t he vicwednetl bh $tep Lars, disparsekamahebef repasdidd fat fFormam t he 15
above, Exxsol m Heptane Fluid are nner ci al | vaj,l abl pr ced by
ExxonMobi | ﬁgm,mffg'ag.o%bnﬁ T Xgogg? b1‘%g03? Wéggrnq%%%b%ﬁlﬁa: 5%%%?éomrs)are
preferably umed]. [0043] As a dispersion stabilizer, a surfactant can be
used. 2Q Exanples of the surfactant_include.sucrose fatty acid,esters,

pol ygl yCerol fatty adid e@i’?@?‘@?mso(?'ﬁoiat Qﬁggﬁ?t%cé’ﬁogug%?%r 1€ W65tk yet hyl ene
sorbitan faidgordent £6&EM Sof pokypxyedhy|ierentlyner®lddtatilgdabeIbwst er s,
sorbitol fatty acid esters, pol_}flox%eth | ene sorbitol fat% .acid esters,

b0l yoxyet hyIHRIEEy ke Bresianty SIVEBFoRk & RyForthLiad tonie ppeipent

pol yoxyet hyjgyegjcastor oil, pol yoxyethylene cured castor oil,

al kyl al I yl f or mal dehyde condensed pol yoxyet hyl ene et hers, pol yoxyethyl ene
pol yoxypr op3&&hé' bl ock copol yners, pol yoxyet hyl ene pol yoxypropyl al kyl

et her sygpol yet hyl ene 1gley ¢alye e d AiHase2 Gl pOsd £515 poAltigl-i B4 HLARS MdeRoa - al Kyl
gl ucone am des, pol ggxyet hyl ene fatty acid_am des, pol yoxyethyl ene

al kyl ani nesusgshdaplibi-s csten drss aomepord cbty dhighen evaligyiscdiRées, and
phosphoric [S |1Y193%t‘?ﬁ5£ Aohykigiher Hist BEPSeidn 9@ t he
Vi ewpoi nt o i S%é?éulg’z stabi | t%"ao O%@q?goﬁslmﬁﬁﬁuesofut‘?on,l :5}5
sucrose fataddesicitd ssdiesmpermidnpsitabiyizeniconjaining i dispersionanedium to

conduct suspension by stirring, thereby polymeriﬁing the water-

25 soluble ethylenically unsaturated monomer in the dispersed
aqueous solution. By this method, the slurry including the
dispersed primary particles that are produced by polymerizing the
monomer in the dispersion medium and that satisfy the range of
the mediate particle size described above can be obtained in Step

30 1.

[0038]

Examples of the water-soluble ethylenically unsaturated
monomer used include (meth)acrylic acid (herein "acryl” and
"methacryl” collectivély refer to "{meth}acryl," and "acrylate"

35 and "methacrylate" collectively refer to "(meth)acrylate"), 2-



-13- preferably used. These dispersion stabilizers can be used alone or in
.a conbination of two or nore. [0044] The HLB of a surfactant used as a

di spersion stabilizer 5 affects the shape of the resulting primary
particles. The HLB of a surfactant that is selected to obtain a

wat er - absor bent resin having a substantially spherical primary particle
shape as nentioned above cannot be generalized because it varies dependi ng
on the ki ncKma‘ths)actﬁtamideﬂs-mthfbprqpmshéfonhc tdm dcagpdosahits Chegerbse
fatty acid est.er, a surfactant aV|n H or S can be used.

[ 0045] TogéFﬁE‘niCtﬂoﬁmg F?angnt a po négyﬂgﬁésﬁePgsﬁn agent can be used

as S di sregmthgumethmrylﬁxaaglfx—igfdmhgetﬁyfmmﬁnryﬂiat@erm on agent

used i nclude ri ified pal ene,,_nal-eic

anhydri de- Hﬁﬂi é?ﬂ%PE%? PR E® é% gﬁﬁéﬁ e SECH ed

?gPﬁgfgﬁeerop;ﬁgﬁgydlene t SamFﬁbe@fb I taﬂﬁ1Manﬁ§@drE§E?ﬂm??omers,
erpoly mal eic a ri de-nodifie

pol ybut adi efeH é”?hyl-@n@?ﬁ}yéa@lﬁﬁe%dﬂe&g)éﬁﬁal%r &N _ _

et hyl ene- prdggﬂﬁgqgmm§$§&ébjm1m§qhgg@r§lgxu'yners but adi ene-mal ei ¢ anhydri de

copol yners, oxidized pol yethylene et hyl ene-acrylic acid copol yners, ethyl
cel | ul ose, GkethatARLnPRERERY(@ERD) acEY anigee anf quplernagy| spppounds

anhydri de- a’@ﬂa‘rfgo%d Relyé‘éé\y'o%ememﬁéﬁlgel@at&gérféﬁn rﬂ?ﬂa‘sfe' geoRph yé&lp@gl ene,

25 mal ei c ride-nodi f1ed ethyl ene-propyl ene cop mers, oxidized
pol yet Al enesecbn@fethw@n@&aﬁﬁl}pl acidi meddperyhte & Cblr% Bﬂé‘i’éﬁﬁ%l y used from

t he viempog&%pers iaggrgé ]%&&Bb|lﬁé% ﬁ?ﬂaﬁﬂ&§°4§ufgpgﬁﬁr sol ution. These

pol ymeric ons ag Can be used Al one of 1n a combination of two
or More. BOLﬁ@ﬁﬁWIacrylamlde aréhprefemdrlyi wsedt abili zer is generally used
I n an anoun (ﬁ% 0.1 to 5 parts by mass, and preferably 0.2 to 3 parts by

mass based oh dO parts by mass of the nononer-containi ng aqueous sol ution
to keep an excel |l ent ']ﬂ-lee@eneemtn:asttm-eocﬁf w&ber%fphﬂnﬂenethgbeﬂmaﬂlag aqueous

sol uti n InI%%&FE % 8Ieu droc bon (514 g ger5|on med n% ¥wk ch LS
used a PSR R 484 °ho TBoHeT -5ou] per's] SUEPRE.
CorreSpondSndﬂ)ﬁa&QlaﬁDaﬁﬂyllﬂmdteBOOEﬂ]19Rpﬁ9ﬁeshbnﬁltnﬁtaghﬂtcéncénﬂrathon
Crossllnklng %:%P&%nomgf in the monomer-containing agueous solution be 20%
by mass to a saturated concentration, more preferably 25 to 70%
by mass, and even more preferably 30 to 55% by mass.
20 [0040]
When a monomer containing an acid group such as
(meth)acrylic acid or 2-(meth)acrylamide-2-methylpropanesulfonic
acid is used as the water-soluble ethylenically unsaturated
monomer, the acid group may be neutralized in advance with an
25 alkaline neutralizing agent, such as an alkali metal salt.
Examples of the alkaline neutralizing agent include aqueous
solutions of sodium hydroxide, potassium hydroxide, and ammonia.
These alkaline neutralizing agents can be used alone or in a
combination of two or more.
30 [0041]
The degree of neutralization of all the acid groups
with the alkaline neutralizing agent is generally in the range of
10 to 100% by mol, and preferably in the range of 30 to 80% by
mol, from the viewpoint of increasing osmotic pressure of the

35 resulting water-absorbent resin to increase absorption properties,



5 be added, if necessary, to the nononer-containing aqueous solution to
carry out polynerization. As the internal crosslinking agent that is added
to the aqueous nononer solution prior to nononer polynerization reaction,
conpounds having two or nore polynerizabl e unsaturated groups can be used.
Exanpl es of 10 the crosslinking agent inagpude di- or tri-(nmeth)acrylate
esters of polyols such as (poly)ethylene glycol (for exanple, "polyethylene
gI ycol " andan&atnbyl eam:gig/mly' disaﬂmrtdmseii_n mﬁetyololred:hevbil;e deeekot o

"(poly)ethylene p | ene gl yc trimeth | pr opane,
gl ycer ol poqrﬁ?of§gﬁ¥19?%n (ﬂg"y %S%yﬁ%‘gﬁ%ﬁ&“& a%%?‘?‘ and
(poly) gl yceromlaz junsat ur at ed poI yest ers obtained by reacting the
above-nentioned polyal with an unsaturat ed ac uch as.nalejc acid and
fumaric acid: bisacryafli GEEPEIFIAR BEA Ry r?etH?&F@ir%ﬂ‘f‘s}(m PECPYI ami de; di -

or tri(get fb)la:.%tls%ﬁ wsd R calt Bk Nesbdly ExaApleH HR thel yeppyidlen wWith 20
(meth)acrylic acid; carbanyl esters of di(nmeth)acrylic acid obtained by

reacting a OFPraseganmaiyensydnchade GLIPEAEHF| REFKAGeEPEng, such as n-
hexamet hyl| epadinks 0f Vgl she Wit Bobsl Oavet hy bLoBi | h)aqq 248 h d@a@sb@ﬁis
starch; allylated cellulose; diallyl phthalate:; -tria

i socyanur atsétchapg Qﬁcmmeen@@ﬂéqum-ﬂ?BFntane CYCthAESEUPﬁe am er nal
crossiinki eagRBke1 oAl AR bPohdis ALRRROEAG ARSI SGRAPALNSh ALY, N T WO
or nore polyrre e unsat'urat ed groups, conpounds ‘having two or nore

ot her A@acttiolmede, f amd txydreae .gTbess ctﬂapemslgsemledaaml be usrd edfonenetrude
gl yci dyl ar Qyp-.cen C d ( I h gI

di gl yci dyl gfhe?"‘gﬁlg't‘lg%% p(r%%gg §n§r gnl?ycol a(§df %(?%ziyf’l M%%er s, nlﬁgbtane,
(poly) gl ycemd cgcibhexatyd aehgrefetwwmﬂybecm@ yubely, a(-"@oéqélﬁmpyl ene

ggr;glhy|e%§%ﬁ$ﬁéier0| %ﬁ%f 33 %%é% ;ynggifylene%% ﬁgfénsive. From

These i nt ertg v&é@ﬁsimml@mg:hegeahe Ca e estampl @l ahea @bmbmnatmmmifnahéon of

t 0050 t t I I K d
gencr oy B mBlecer L AR ARy PR CFHbI oSS By v aPLes PHRfEE don

the total ai@m:&koﬁﬂoﬁhﬁ aP.NOMRH. useﬁlﬁaﬂntlhgsmtmftryomatsbenvmqymenhnaf
sufficiently enhancing the absorptl on capacity of the resulting

wat er - absorifONersdare pPuafiegobiy used . To control absorption
properties [@fosshe water-absorbent resin, a chain transfer agent may be
added to the nononer-containi.ng agueous sol ution. nEIes of the chain
transfer agent includ® BypbsResHiin SLabihizgs, & SUSERETaRT SN LECHFRMAY y

al cohobg, X3 AEhBESor 8k (R rabklnt [AQ3%ae sucrose fatf§h3c1d esters,
nononer - cont ai Ai Ng aquéous sol ution may contain a radi cal pol yneri zation
i nitiator. IAaggyvesrol LY agidaesiRusmscrkatanrfatlivt ivgddr es¥RNude

per sul fat e@@%&%@ﬁ%f&&@%wmaﬂ PRLAHId Ak s BOFDN gUTRRY e Rl and

sodi um per r oxl
glycercl fatty acid esters, sorbitol fatty acid esters,

polyoxyethylene sorbitol fatty acid esters, polyoxyethylene alkyl
25 ethers, polyoxyethylene alkylphenyl ethers, polyoxyethylene
castor oil, polyoxyethylene cured castor oil,
alkylallylformaldehyde condensed polyoxyethylene ethers,
polyoxyethylene polyoxypropylene' block copolymers,
polyoxyethylene polyoxypropyl alkyl ethers, polyethylene glycol
30 fatty acid esters, alkyl glucosides, N-alkyl glucone amides,
polyoxyethylene fatty acid amides, polyoxyethylene alkylamines,
phosphoric esters of polyoxyethylene alkyl ethers, and phosphoric
esters of polyoxyethylene alkylallyl ethers. Of these, from the
viewpoint of dispersion stability of an aqueous monomer solution,

35 sucrose fatty acid esters and polyglyceryl fatty acid esters are



such as, methyl ethyl ketone peroxide, nethyl isobutyl ketone peroxide,
di-t-butyl peroxide, t-butyl cunyl peroxide, t-butyl peroxyacetate, t-butyl
peroxyi sobutyl ate, t-butyl peroxypivalate, and hydrogen peroxide;, and azo
conpounds, such as 2,2'-azobis(2- 25 am di nopropane) di hydrochl ori de,

2, 21- azobi s[ 2- (Nphenyl ami di no) pr opane] di-Bgdr ochl ori de,

2,2' -azobi s[ 2-(Nal | yl am di no) propane] di hydrochl ori de, 2,2'-azobis(2-[1-(2-
hydroxyethyFiEB‘:é -raPﬂHaﬂﬁ?@fmgﬁﬁﬁ?lFﬁ?B?%ﬁﬁﬂQﬂsﬁ9BF%%?ﬁ%ﬁ|Q$@ be ysed Ps

(2- met hyl - Nof Jinlabbsﬁby&aﬂsm%tfhxw Sr mfkdlydroxyet hyl ] propi onami del ,
2,2' -azobi s& 2-methyl - N-(2- hydroxyethyl)-propi onam de], and

4,4' -azobi s Qﬂ"é}ﬂanoval er| c acid). These radical polynerization initiators

can be used al one or 43 @E.EOH?IQ%IJFI@%C%% Qs dgoredlfsgmuntn?%;{gg %:g%lrcal

pol ymeri zation initiator 1s generally use -16- I n an
1% by mdl , dffsedsothehehaps aif ahauneswltth%pmmmrpaJste@lea t e HBepf The

radi cal pol %@ﬂé@%ﬂ@ Jcﬁ‘éé J_%t 2% 1%;Qt<§<9 &V%%@E:_heéi\gﬂl%n a%sggge/ﬁé)yre]gg%gi S

not preferabl’e because fono zatlon reaction requires a
period of Shavimg, aaadbstmtramillgvaksppetm iprdmaon parrumcﬁieoshapeaa[s anmount

nore than 1% not preferable becau n_abrupt_ pal zation
encti on odTRoREaoRE ViR Rg DAl SRR e8P R A it JP5 e EBRadng
used 10 as a¢n rméomﬁalcyﬂeguﬁaidtaﬂtiﬂkédatﬁmr bRgepher i ttheacaeduss By agent,
such as sodium sulfite, sodjum hydrogen sulfite, ferrous_ sul fate and

L- ascori c SHG@Se] BB55T AHE S5kt o TUHFSTERE Rawing R HHoRES or less

pol yneri zatdﬁpb&ugggctl on varies depending on the presence or absence of a
radi cal pol r| zation initiator and the kind of a radical polynerization
initiator 51The reaction tenperature is generally 20 to 110C, and

preferably 40 to 90C 1ot tREET 01 th 1l Sk aBRAREPTa RRAYHBELE i QRuieagt | on at
a tenperature in this range, t he 20 nononer pol¥ner|zatlon reaction can be

t erm nat ed agdemi ﬁaanbaum%ﬁ%ﬁed@swsmn &habiibrer siBxaapheat ofdier ated in
the nongmer, folygE &i‘éﬂaélfbfo%aéélaﬁe ﬁé’eﬂ? tﬁcﬁﬁﬁé'r}{ai&@‘é%ﬂydﬁ]&e modifie

polynerlzatlo reacti on procee snoot reaction trnme 1s genera? y
0.1to 4 hmlgetM[Len%]malelc anhydrid&renq@emlad palpmsinylenee mdladge

primary par r d l e, by
changi ng th&ed S‘Jd?it ?oﬁg ii%ede%tﬁ%ig? r%@ﬂ%ﬂ% ﬁéﬁr’ﬁ%mr mgrngir%rl zation
reaction usarﬂgdxr:aﬂeemedﬁm E@DMsKethyl@a-wepYbem Henehé&eBPokymeanli,ng

| mpel ] ers, %&%p%ld%@% u%gf’%'.o'a%ﬂeﬁl géf%u ”E%.'a' eéthéﬁenaerl%*a‘ﬁ% Lnpel ler, a

t ur bi ne |rrpe on’|l f1zone

i npel | en (mﬂﬁmdebyoﬁb\lm&aathylm ,pﬁdp@'l)aneanMENByﬂrml er
(produced by, iion? Feawdadusi thesinbil S pRuner g Lapel Lo
general , V\/rpﬂly&almyleﬂé, ethylene-acrylic acid copolymers, ethyl cellulose,
and ethyl hydroxyethyl cellulose. Of these, maleic anhydride-
modified polyethylene, maleic anhydride-modified polypropylene,
25 maleic anhydride-modified ethylene-propylene copolymers, oxidized
polyethylene, and ethylene-acrylic acid copolymers are preferably
used from the viewpoint of dispersion stability of an aqueous
monomer solution. These polymeric dispersions agents can be used
alone or in a combination of two or more.
30 [0046]

The dispersion stabilizer is generally used in an
amount of 0.1 to 5 parts by mass, and preferably 0.2 to 3 parts
by mass based oh 100 parts by mass of the monomer-containing
aqueous solution to keep an excellentldispersion state of the

35 monomer-containing aqueous solution in the petreleum hydrocarbon



sanme kinds of stirring inpellers are used, the higher the rotational speed
of stirring, the smaller the particle size of the resulting primry
particles. [0057] 5The nedian particle size of the primary particles can be
al so adjusted by adding a thickener to the water-soluble ethylenically
unsat ur at ed nononer-cont ai ni ng aqueous sdkdtion to change the viscosity of -
t he aqueous sol ution. Exanples of the thickener include hydroxyet hyl

cel I ul ose, HsReaR}pROpSALED| Whighels IpafeBRyR EIRaNSISE, MeAi WX PR A9l
1 ul . |
cel lul ose, , pol.y: gcéyhir élﬁéyl[%n (eE% at%ﬂa)ﬂ:) cB%Eéégl/:})ﬂdsezLontﬂéusﬁ@ﬁP{ used,

pol yacrylic aci ene g yco pol yacr pol yet ene 1 mne,
dextrin, sodlQ#nlal gi nat e pol yvinyl al cohol, polyvinyl pyrrolidone, and

pol vet hyl ene oxi de. 1 508 alu ol 54 SLANGLSBLEHRA aline] i) "0

are the sane, the h| e Vi e aqueous nono i or, the
| ar ger ®he lqsaradidelrie $f zmecm‘ssalng resultha nr@npmerrmqntpalmmgl equedg)58] As

ment i oned abaqv rredlan rt| | e size.of the 20 primary,particles of
the present® cﬁﬁ&é‘ﬁ?l ﬁ?l OR? W‘F%ﬁa%ff A4 t'f%'ﬁag Jlnljfgr}%{’at i onal speed
of stirri ng::.@issﬂ.liﬁkiln§cdg?érity thhtalyvaetc&reﬁsabubhe aj&edlﬁnineﬁbﬂwr Ltnﬂaﬂthlbﬁt ed
nononer - cont ai ni ng agueous s tion. FF%)OOS ! 25 St e(%m

step 2, an RgPEols @ ‘?H“?’br?o 5?'1"1? E+9R o| SHROUBAR PR A HHY or
unsat ur at edndFRN@BR{méS1 AskIRA Un@atifatdd!igrbupbt samask iudesl eRxdmpIesVBECh the
primary particles are dispersed so as_to cause a pol ynerization reaction of

t he noA8merthe crosspimping agesddipmiade &ispeRsteh (ﬁ?ﬂ%ﬁ?ﬁhﬁ%@%f?ﬁod
t her eby ag@dprﬁ%&%wgs&é}?&yl(%w?%ﬁéﬂeeglgeépe(ﬁﬁd etxamb*ﬂ@ slurry. [0060]

Step 2 may cofnprise a step of "cooling the Slurry obtained in step 1 to
preci pi t at 'Relyethydrnefakieeldi spér e iesnesgineelz@s voafahereln Aarehe

slurry, beféHﬁe%%&wifgr&gr flae “(P%f%)ot M ERE | F;Pé Moy, fﬁ?%%gfblggg&?ge

nmononmer. The cool 1 ng 1enperature artic
usual |y 10 di}yc®dC. tRirefiipilicdpiropans, tgﬂarc@tr@ﬂ;epglmt@mllen@eglmi be

cont 5%, Dl BRI, Tt el llo i et Wpecktlans, suon o S
turbidity. gdl@@skers obtained b8peeadiion Ithe tbeveddrttionedf palyclgwdshs
sol ution Cont %Ingaggrapeed% Ss%!:ﬁ'bése mea;[lh | eQEE&'Aﬁ’d Y& tura g{jd;nononer in
bisacrylamides, such as N,N'-methylenebis(meth)acrylamide; di- or
tri(meth)acrylate esters obtained by reacting a polyepoxide with
20 (meth)acrylic acid; carbamyl esters of di(meth}acrylic acid
obtained by reacting a polyisocyanate, such as
tolylenediisocyanate or hexamethylenediisocyanate, with
hydroxyethyl (meth)acrylate; allylated starch; allylated
cellulose; diallvl phthalate; N,N',N''-triallyl isocyanurate: and
25 divinylbenzene;
[0048]

As the internal crosslinking agent, in addition to the
aforementioned compounds having twe or more polymerizable
unsaturated groups, compounds having two or more cther reactive

30 functional groups can be used. Examples thereof include glycidyl-
group-containing compounds, such as (poly)ethylene glycol
diglycidyl ethers, (poly)propylene glycol diglycidyl ethers, and
(poly)glycerol diglycidyl ethers; (poly)ethylene glycol;
{poly)propylene glycol; (poly)glycerol; pentaerythritol:

35 ethylenediamine; polyethyleneimine; and glycidyl(meth)acrylate.



10 step 2 is carried out in order to agglonerate the primary particles
.obtained by the polynerization in step 1 to obtain a particle size suitable
for use in hygienic materials. [0062] The sanme nononers nentioned as
exanples of the water- 15 soluble ethylenically unsaturated nononmer used in
step 1 can be used as the water-sol ubl e-@s6hyl eni cal |y unsaturated nononer
~in step 2. The type of nononers, degree of neutralization, type of salts
formed by nE¥i49dl i zati on, and concentration of the nonomer in the aqgueous
sol ution may be the HeeinfLid el €l Eigf&%l&étgsd%e%? 0%?} 6o MRS éiglll%\tz)lre

et hyl eni cal | y unsaturated nmononer Jseq in s *M80

pol yneri zatirora icombinétbiomef Wwoaddenbien t he aqueous sol uti on contai ni ng

t he vvater-sliod I]e et hyl eni cal |y unsaturated 25 nononer used in step 2. The
pol yneri zation i'nitiator to be used can be suitably selected fromthe
exanpl es of the pol ymid aabuntd ofhithHeatiatensal dmsstihakod yamsntz attied is

step 1. [0064] T er -sol.ubl e_et hyl enj cal | at uragted noponer., 30 used
oo b GETRER Yy Th o A Ok S A BT D D00 2 PY BOL e dess.
preferabl y gfed en26Re Pedtas RiholRESof N mphoher aldad 120 thos 16€eparbm by
mass, relative to 100 Eartsu%éémass of the water-soluble ethylenically

unsat ur at edthfo Y3sEPOLiRE P 1§ Fiently¥ SRNERE1DY chipoiaSoEP Lo FFRaTE

wat er - absorfienthe’ e8kR1t 1R W2ttt aBloBfeAPREaRhL at € aggl oneration. - 19-

[ 0065] Further, an internal crosslinking agent, a chain
transfd® agitSlland the |ike may be added, if necessary, to the aqueous
sol ution containing t S ékglﬁ h i.Gal -T2 P aiatslelyicly
used in step 2. Usabl‘ﬂez’eggg%tgélcﬁél e geﬁe%‘%(g%gﬁoénsy? eylgég‘gnﬁegi%%%ntl oned
in step 1. ®uge agehain chransdéeysadenh mawe beaaddedoiimtthgempheern step 1.

[0066] Alt h&o‘}%ﬁ?jﬁ F’Q@Xﬁ{d %%?.E%Eoﬁ ?%&é@&e%e@efﬁ W 13 tiguéﬁaer %‘g,@ﬂgﬁr
in step 2 varies egen ing on the radical "polyherrzation inrtiator to be
used, the tianpedet hypobkosphidiesy 2Bibds 11800 olicefeidsl ysddondrr0Elcilhels,
reacti tine is usual fromO0.1 hours to 4 hours. [0067] 15Stirring in
the r eggr seadq_lﬂ’f’?%ea‘gﬁs%%%s]ilg(ﬁ ’

[o052]

The monomer-containing aqueous solution may contain a
radical polymerization initiator. Examples of the radical
polymerization initiator include persulfates, such as potassium

20 persulfate, ammonium persulfate, and sodium persulfate; peroxides
such as, methyl ethyl ketone peroxide, methyl isobutyl ketone
peroxide, di-t-butyl peroxide, t-butyl cumyl peroxide, t-butyl
ﬁeroxyacetate, t-butyl peroxyisobutylate, t-butyl peroxypivalate,
and hydrogen peroxide; and azo compounds, such as 2,2'-azobis(2-

25 amidinopropane )dihydrochloride, 2,2'-azobis[2-(N-
phenylamidino)propane ]dihydrochloride, 2,2'-azobis[2-(N-
allylamidino)propane]dihydrochloride, 2,2'-azobis{2-[1-(2~
hydroxyethyl)-2-imidazoline-2-yl]lpropane}dihydrochloride, 2,2'-
azobis {2-methyl-N-[1,1-bis(hydroxymethyl)-2-

30 hydroxvethyllpropionamide}, 2,2'-azobis[2-methyl-N-(2-
hydroxyethyl)—propidnamide], and 4,4"-azobis(4-cyanovaleric acid).
These radical polymerizatioﬁ initiators can be used alone or in a
combination of two or more.

[0053]

35 The radical polymerization initiator is generally used



pol ynmeri zation nmethod in step 2 is carried out to honogeneously m x the
entire solution. [0068] The nedian particle size of the water-absorbent
resin 20 obtai ned by the above nethod can be suitably adjusted by
controlling the precipitation state of the dispersion stabilizer and the
anount of water-soluble ethylenically ungagturated nononer in step 2
relative to the anmount of water-soluble ethylenically unsaturated nononer
used in stemn An 2BPOOEWPE 0.005 to 1% It @pl2 baged cnprihee tatsl eprayintt ofat i ng

the primary_,particles b ddi .a crossljnking. .agent - cr.assl i nki ng
agent) ther % mgpf)g?rtlﬁ%e%rlinn%gﬁspﬁé?ﬁ"cI ealFagi 3%31 Bﬁéﬁﬁ%‘éldz.atfhofls step
results in Bnitiatogase am dnv@intulésas etlear0©S bDBKI g nibandist o8Opndfeirhble
resul ting | oner ati on, antglr al | ows thed:progucti on of a vvaELer-absqrgen
resin excel SenIGLPI PHIBIFE! 7 ELOS FERChS ORat SF S0 Apt PO% REFIRE P
under | sad, i@, eanabsné PEdditalabolygetiAfHioRgihi t Bittby HaUbf ahsermbes
capacity; and which is suitable for use in hygienic materials. 35 0070]

- 20- than 1&,R¥ Mt sl DAt Frefer L nbrearea ctt AP R cPPOAMTIFASHPR are
exenmplifi edrGi3bancacRest - crossl i nki ng agent. Exanpl es thereof include
di gl yci dyl group-contai ni ng conpounds such as (poly)ethylene glycol

di gl yci dyl A%, (poly)glycerol 5 (poly)glycidyl ether, (poly)propylene

gl ycol diglycidyl ethgle ARAcLPPINHNGEELI ol HiNGEYE E4NYe also used
(pol y) et hyl ene gl ycol; (poly)propylene glycol; (poly)glycerol;
pent aedgt hrag @ redoRypehwesimatdon pbifaidbpre tegather wiidh ahrvediddng O t hese

post- crosslinkin ent Sy s e C i i et
(pol y) propy% érilllié:I 0 ?Cglg%isgcf%/lgﬁ d%fﬁ%ﬁ%’r %%an (%%ﬁl%%‘yy%l‘el%h% %’%ﬁ"ﬁ%
ether are sailifafley asédl-adwegdipoatidr osslinking agents may be used singly,
or in a conpnpation of two or nore. [0071] The post-crosslinking agent is
added in an a L]nt that 15 is usually in the range-of from0.005 to 1 % by
nol , preferably in tlhe aegetbdn ftempe@abhré cobd. the)/moyionet , pslaimefrizetion t he

t ot al nount of .the nmoponer used, from.the viewpoi nt of not | oweri t he
L Dsor paBon Hesiri iy varTon densting 6F N reseiba ok Ssenne 4 mleal g
a crossli nkidigm@ensit Yo ninitd akoi-f a6@ tHe MAAH bf Sa 2th@Evallapelimeridatior t he

various properties described above. [0072] The timng for adding the _
post - cr oss|HHEigGoHgEsRA i sSTHRoTepsELPR uteambeFatPRe t 1%, Jeneradpg 20 to 110°C,

post - cr ossldfKiigra98P1 v | £ addeded n ﬂwgeﬁﬁé 19fe WOHahty 1 to 400 parts
by mass of watér, 25 preferably 5 to 200 parts by nass of water, nore

pr ef er abl y RG-YSTigOtHRR tEeasitipRs 8t of YRMRSTatpEe ot Vid S Y898 pakts by mass

of thezo monomer polymerization reaction can be terminated within an
'appropriate time. In addition, since heat generated in the
monomer polymerization reaction can be easily removed, the
polymerization reaction proceeds smoothly. The reaction time is
generally 0.1 to 4 hours.
25 [0056]

The median particle size of the primary particles
produced in Step 1 can be adjusted, for example, by changing the
rotational speed of stirring during monomer polymerization
reaction using various kinds of stirring impellers. As the

30 stirring impellers, a propeller impeller, a paddle impeller, an
anchor impeller, a turbine impeller, a Phaudler impeller, a
ribbon impeller, a Fullzone impeller (produced by Shinko Pantec
Co., Ltd.)}, a MAXBLEND impeller (produced by Sumitomo Heavy
Industries, Ltd.), and a Super-Mix impeller {produced by Satake

35 Chemical Equipment Mfg., Ltd.} can be used. In general, when the



total anmount of the water-sol uble ethylenically unsaturated nononmer used.
[0073] 30The timng for adding the post-crosslinking agent is selected in
accordance with the anount of water in the water-absorbent resin, whereby

t he wat er-absorbent resin can be nore suitably subjected to crosslinking on
its surface or near its surface, and thelFesulting aggloneration as the

wat er - absorbent 35 resin can be provided with a suitable absorption
property. S&e Kipdg4ef Fiimrdng NpebLRF aredeprhdsthenhigberetian particle

size of t her&}{gt'lﬁﬁxlp%é%{flo%s ’stﬁ..nt:r%ﬁgpcﬁt%,' QlnS1 1 O GHY b%t&ggaléﬂg de

absorption capacity o e water sorbent resin in 5 accordance wth the
above- descrilisedesiitingg frrimedyi pgrtbelgsost crossli nki ng agent. For exanpl e,
it is obser that if the postcrosslinking treatnent is carried out when
the water-a sorﬂent resin has | ow water content, the resulting

wat er - alssor bent resi rrrieemddiam Iisﬁmacaegsdaaeemf diheo ppimany qepadiclgs d4 0075]

When the p rossli nkj is a t he crossli nkl agent may
be added a(s)befta s, aggu% &)Ygﬁaal’fl%r% c&(ﬁngﬁug Jéh F%?F(")ﬁo L?cf *hecessary,
a the hydr opiyhieniealayi unsHurafbd Mondaerusetltasning elguedtis sxaigiloas tof
hydr ophi lic or %anl c 15 solvents _include | ower al cohols such as nethyl

al cohol , etTANIG EBROYISTRSIFHOE Lhe ABIeCHSdSPIehtVBhy EXaMPLRD) of I@@Fones
such as acefiiikeaB8 MRENYde qt:}aﬂo:égem@f cﬁlhﬁro%esuwdf&qdpﬁml c8ti helose,

di oxane, and tet rah}édr of uran es such as N, Ndi net hyl f or manm de;

sul f oxil@es maldWlagedlwkoss, cepbpsvneldhylacelinéose. |nadyacrrdie agidhophilic

organi ¢ sol +S a8y b:?edl:%%iﬁleﬁ%i‘odﬁté Bfp SP?%M il:0BQf, tWo or nore.
Al ternatively, these hydr ophi | i ¢ 'organi ¢ sol vents be used as a i xed

sol vent w tnpl\mttéylel[l@)ogﬂaqcotheppéﬁ@@m@mep@lw@}tmnﬁh gmine, dextrln:

Fo 1800, 1 i TReroarayld e Pl B ey Al B S e S ™70 o
120C. The rt&dar@rtbmlemweoxzsieusaal ggnélraﬂm (Whﬁnhbm ertataongﬂlrspeWOﬁ] After
dryi hoPs. parPaRRcEre HEE oA Lie FRUEIEE chH it RATRE LSRR
[ 0078] monomer solution, the larger the partlcle size of the resultlng
primary particles. \
[0058]
As mentioned above, the median particle size of the
20 primary particles of the present invention can be controlled by
adjusting the rotational speed of stirring or the wviscosity of a
water-soluble ethylenically unsaturated monomer-containing
aqueous solution.
[0059]
25 Step 2
In step 2, an aqueous solution containing a water-
soluble ethylenically unsaturated monomer is added to the slurry
obtained in step 1 in which the primary particles are dispersed
so as to cause a polymerization reaction of the monomer, i.e., a
30 reversed-phase suspension polymerization method, thereby '
agglomerating the primary particles dispersed in the slurry.
[0060]
Step 2 may comprise a step of cooling the slurry
obtained in step 1 to precipitate a portion of the dispersion

35 stabilizer contained in the slurry, before carrying out the



The drying may be carried out under normal pressure or reduced pressure,
and may al so be carried out under a nitrogen 35 streamor the |like in order
to increase the drying efficiency. -22- Wen the drying is carried out
under nornmal pressure, the drying tenperature is preferably 70 to 250C,
nore preferably 80 to 180C, further preféBably 80 to 140C, and still
further preferably 90 to 130C. Further, when the drying is carried out 5
under r educRLYRCEISREEOD (TRACHAPINGT t St MORPTUPRE - | IhEr PRI (regPeratudC, |
nore preferablyg:’BaiPidarP94Rk ted, and is usddfiy s +ePEA! Aed

wat er - absorbent resin of the present invention has an excell ent
f1 ow t hr ougfresri@isatyon aof theedispansiian s¢ebdhizstr igen et cogfgatedbycki ng

phenonenon S 0 5{@; [ S %ap_g Elrlqa%..e Lal is
suitably u é%e%ﬁggﬁgg%s%ﬁgﬂgﬁt%agt%ﬁe. [%Bg#eA%g%r%}e)'n?ﬁ eria é%ld
Absor bet Arigudleobsetvetickb aRdegehurhididyt moher can be usedThe abdfdrinent
mat eri al of th%&éeﬁe{gt I nvention conprises the above-descri bed

St~ FE3Fh 4N

vvater-absortgé d hydrophilic fibers. Exanples of the structure of
t he absorbedoemt eri al i nclude a m xed di spersant obtai ned by m xi ng wat er -

20 absorbent resins apnd hydrophilic fihers to forma honbgeneous
conposition; a sandw rlﬁéﬁ e %T? \ﬁ%ﬁ&ﬁl?lﬁeo’ﬁkfﬂ’efagﬁﬁgﬁgbﬁt‘ﬁr’@gi ns are
sandwi ched dgitsaannkayies afhterdsopiblé Gihiylenscadlyl whsatietod endddbmali €h t he
wat er - absor bent resins and.  hydrophilic fibers are wapped with tissue

paper . PoweiEP, % hE FRESER 5 LRVERISHFT §IALPTETHG dde BTEHRRSE exanpl es.
[ 0081] particles/ObESinkd wgn@ﬁéspémﬁgawsﬁ il -Jisp Bl 8o SyBidIe! ke
fibers, hot” nelt adhesive, and adhesive enul sion may bé added to the
absor bent mardicde phzereitabde APF NRe tife hyAAPRIC dlafieFiadgsS30 property of
t he absorbe[rgofi@a}teri al . [0082] ' ‘
The same monomers mentioned as examples of the water-
15 soluble ethylenically unsaturated monomer used in step 1 can be
used as the water-soluble ethylenically unsaturated monomer in
step 2. The type of monomers, degree of neutralization, type of
salts formed by neutralization, and concentration of the monomer
in the aqueous solution may be the same or different from those
20 of the water-soluble ethylenically unsaturated monomer used in
step 1.
[0063]
A polymerization initiator may be added to the aqueous
solution containing the water-soluble ethylenically unsaturated
25 monomer used in step 2. The polymerization initiator to be used
can be suitably selected from the examples of the polymerization
initiator used for the polymerization in step 1.
[0064]
The water-soluble ethylenically unsaturated monomer
30 used in step 2 is usually added in an amount of 50 to 300 parts
by mass, preferably 100 to 200 parts by mass, more preferably 120
to 160 parts by mass, relative to 100 parts by mass of the water-
soluble ethylenically unsaturated monomer used in step 1, from
the viewpoint of obtaining a water-absorbent resin that forms an

35 appropriate agglomeration.



Exanpl es of hydrophilic fibers include cellulose fibers such as
cotton-like pul p obtained fromwood, nechanical pulp, chem cal pulp, and
sem -chem cal pulp; artificial cellulose 35 fibers such as rayon and
acetate; and fibers forned from -23- synthetic resins such as

hydr ophilic-treated pol yam de, pol yesterl2and pol yolef in. [0083] The
absorbent article of the present invention has a 5 structure in which the
above- descri®d labsorbent material is included between a |iquid-perneable

sheet and a |iquid-inRgs bl g, shaetmah 088 fﬁﬁﬁm esaoft | 1 AWrdsper meabl e
sheets include nonmovent¥%§fa§?ics sugﬁ gséaﬁr-t rgug%?%ybé?Qg%ﬁn
bond-t ype, ttemsifezl agemid- tande thaebike mayndbe- agded, &fd nebessake, twhitbd are

made of fi C ' y a r, [0085]
Exanpl es 031 |§§#d??%%%§%£a %gggﬁgﬁqgﬂ%%ﬁﬁﬁgg % sfﬁi%&?&gg%éééé?ﬁil nms made
of a resin wsatuastpdl paidndrensed pih ygiregp 2l eriisabdedageh s icarl behkbeleasd

[ 0086] The type of —absorbent .articl i s not particularl

i ted. REFUSHEFRIP ISR ABPEE0RPA L SBn¢ - arDEERcAIPHE (8 36 PR eni c
mat eri al s siichthas sdins pataintdidapensd Hanrdtedr ¥.napki ns, and i nconti nence
pads; urine-absqrbing materials for pets; materials for civil engineering
and constrLkﬂqqgﬁ such as packing materials; food freshness preservers such

as drip absorbents and thelbhotia Pdlymeaiketl énirdtlackién hoshpardtireabs
materials such as 25 water-retaining naterials for soil, and the |ike.

[0087] 10  the monomey iR ft&p. ZH¥BF behtdenedings of Hdereddfali nventi on shows

effects suGh,i3mesiBhelon 11GHird aR6F B IBOMeldTCLRE depidlcliré C14Bisuiiey used
as an absorbent material because the nedian 30 particle size of the primary
particles 30 d@i 1481 €. prpiegeblyoff t¥e ANE -r afhe TRACEROR nEimeatissuewally

di ffusivityeQf, bi “ﬁguf%fé?'4tﬂ8u£§§i” has absorbed the liquid and swollen,
I s excellent, as described above. -
[0067]
15 Stirring -in the reversed-phase suspension
polymerization methed in step 2 is carried out to homogeneously
mix the entire solution.
[o068]
The median particle size of the water-absorbent resin
20 obtained by the above method can be suitably adjusted by
contrblling the precipitation state of the disperéion stabilizer
and the amount of water-soluble ethylenically unsaturated moncmer
in step 2 relative to the amount of water-soluble ethylenically
unsaturated monomer used in step 1.
25 [0069]

Step 2 may comprise a step of treating the primary
particles by adding a crosslinking agent (post-crosslinking
agent) thereto after the primary particles are agglomerated. This
step results in an increase in the surface crosslinking density

30 of the resulting agglomeration, and allows the productioﬁ of a
water-absorbent resin excellent in various properties such as
water absorption capacity under load, water-absoxrption rate, gel
strength, and liguid absorption capacity; and which is suitable
for use in hygienic materials.

35 [0070]



-24- [0088] The present invention is described in further
detail bel ow based on Exanpl es and Conparative Exanples. However, the
present invention is not limted to these Exanpl es. 5[0089] The
wat er - absor bent resin obtained in each Exanpl e and Conparative Exanple was
evaluated in terns of the nedian particlk20size, water content,

wat er-retention capacity of saline solution, water-absorption rate of

sal i ne sol ution, and gampaunfis chRFHLNGALWO 10T GROTE EBRCHYV: adenai chl ori de

aqueous sol ut | t l:l-Qwisn S 0 Is icle Size>
The parti clgg‘:tosu?%eg%? %&g%r&%fg\ré@a Sor éeHr)\% 8é?ng%assﬁ¥§ﬂgggi %gé(ﬁﬂa's t he nedi an
particl e sikzampildsnthereai incliide| diglyaidydsgrotharonitadnipg cédnpsgnds. 25 g

: h L 1 . . : ,

o th a0 g el gkt Tpt ERRINA R allyoot REGIT GphleRE TKBEE, Pinyherbr ! cant

\r/]vat er - absor(qml_ty)gegbﬂdygba r@:mtd\zﬁl\pd:léﬂ})zgmienhrglmla dig?ytsﬁdtyﬂ:iaa'mtesi, eve
avi ng an openi,ng.o n 509 Mass, or. nor

wat er 9absorfﬁgﬂt@gé¥$ﬁfiﬁ%‘%§% dtlﬁigﬁb‘%’ﬁ P?\é:h?F'S P aertglyg'legeeslj’ﬁoel:nedi an

particl e si@grR1yepropaseredlydioly psDARiIyatiroD; oferfiargshei t¢®y) . Wien | ess

than 50% 25 by mass_ of  the water-absorbent resin passed through the JIS
standard siN1lepREIFBHISN PS&WPFEY%e%E?%nﬁés%aQ‘Fﬁ gdXGsi Mif d:%f’ﬁﬁb??%‘i'l on

of sieves QfrdBlink 2dgents, (;ioly)ethylen(a%lféé‘l didngatdysi @mes havi ng
openi ngs of 425 pm 250 30 pm _180 fm_ 150 pm 106 pm 75 gm and 45 pm
and a A8ceitndy)prapyiene dyweilndégivcidydt esheaer hPPAE ) 86Y°e3093]

(5) 31 SLaMRELE el LbasORED iy, S 900 Ercisbhay 425 pm
agents may be used singly, or in a combination of two or more.
[0071]

The post-crosslinking agent is added in an amount that

15 is usually in the range of from 0.005 to 1 % by mol, preferably
in the range of from 0.01 to 0.5 % by mol, relative to the total
amount of the monomer used, from the viewpoint of not lowering
the absorption capacity of the resulting water-absorbent resin,
and increasing a crosslinking density on its surface or near its

20 surface to enhance the wvarious properties described above.

{00721

The timing for adding the post-~crosslinking agent is
not particularly limited, and the post-crosslinking agent is
added in the presence of usually 1 to 400 parts by mass of water,

25 preferably 5 to 200 parts by mass of water, more preferably 10 to
100 parts by mass of water, relative to 100 parts by mass of the
total amount of the water-soluble ethylenically unsaturated
monomer used.

[0073]

30 The timing for adding the post-crosslinking agent is
selected in accordance with the amount of water in the water-
absorbent resin, whereby the water-absorbent resin can be more
suitably subjected to crosslinking on its surface or near its
surface, and the resulting agglomeration as the water-absorbent

35 resin can be provided with a suitable absorption property.



35 tray were conbined in that order fromthe top. -25- [0094]

The above-nenti oned wat er-absorbent resin were placed on the top sieve of
t he conbi ned sieves, and shaken for 20 m nutes using a Ro-Tap Sieve Shaker
to sort the water-absorbent 5 resin. [0095] After sorting, the nass of the
wat er - absor bent resin remai ning on each-8leve was cal cul ated as the nmass
percentage relative to the total nmass, and the mass percentage was 10

i nt egr at ed i0®7d¢dscendi ng order of particle size. Thereby, the relationship

betieen the sieve oPglifeancaifitdht €0 Alithdeloie (RE hO& dPpa-ReEEEN! a0

of the water-absorbent resin remalnmng on e sieve was p on a
| ogari t hm cipeobé@bthe tpripepyr paByiciamedtti hg poesiilet soonontmplpridleabi ity
paper with a str. ng .to the 50%

aight 15 line. the particle size .correspondi
percentile %fquflﬁealgﬁ?lé% lﬁnegaﬁggég%eO%éC ea‘évg \e/\r/a'sabo Otrrglgﬁgdr%ésl he medi an
particl 8 siaeori@fi8é|witthtttie botreniesciibbdutimingg dort hddiadg ethealpestbent
resin was precisely. weighed o Wa In_a previously I ghed. al um num
foil case (Cﬂi?.ssg)l. e e g‘?’?’é!e@‘a&ﬁi&dr&&$8 Sﬁrﬁﬁér?\%@nq& %B‘? RSt oven
(produced kitoARYANEESY aRiataendnisndaniiald batpaial whe ahtdbXMbsobbeneafter,
the dried sample was_allowed to cool in a desiccator, 25 and the nmass W

(g). of the ZSi8dhAAL EPW IRISIHEARTERE Fhfasedel Bing tederTRRSHERSAE C6ftRnt of
the wat er - ahs@best hi®s i graates! spdRd oRY chpsci@}| owi ng formula: Water
]

contentlo(% = [svxa-vxb]/vxa X 100 [0097
[0075]

When the post-crosslinking agent is added, the post-
crosslinking agent may be added as it is, or added in a form of
an aqueous solution. If necessary, & the hydrophilic organic
solvent may be used as a solvent. Examples of hydrophilic organic

15 solwvents include lower alcohols such as methyl alcohol, ethyl
alcohol, n-propyl alcohol and isopropyl alcohol: ketones such as
acetone and methyl ethyl ketone; ethers such as diethyl ether,
dioxane, and tetrahydrofuran; amides such as N,N-
dimethyiformamide; sulfoxides such as dimethyl sulfoxide; and the

20 like. These hydrophilic organic solvents may be used singly, or
in a combination of two or more. Alternatively, these hydrophilic
organic solvents may be used as a mixed solvent with water.
[0076] |

The reaction temperature in the post-crosslinking

25 treatment is preferably 50 to 250°C, more preferably 60 to 180°C,
further preferably 60 to 140°C, and still further preferably 70
to 120°C. The reaction time is usually from 0.1 hours to 5 hours.
[0077] |

After the post-crosslinking treatment is carried out

30 as described above, drying is performed, and the water-absorbent
resin is thereby cbtained.

[o078]

The drying may be carried out under normal pressure or

reduced pressure, and may also be carried out under a nitrogen

35 stream or the like in order to increase the drying efficiency.



30 <Water-retention capacity of saline solution > 500 g of 0.9%
by mass sodi um chl ori de aqueous sol ution (physiol ogi cal saline) was wei ghed
out in a 500-nL beaker. 2.0 g of water-absorbent resin was dispersed
therein while stirring the solution at 600 r/mn so as not to form | unps.
The solution was 35 left to stand for 302Btnutes in a stirred state to
sufficiently -26- swell the water-absorbent resin. Subsequently, the

sol ution wahepoheddrying dsc cershedi Codesnnpmerl MFesgore 1 Jhendryigax 200
mm(H)), a r t er band.
The cotton Q\%ggggghl%%t g%ﬁrﬁbﬂﬁlfdr)n%oa?gﬁﬁgl \rlliﬁéré%ﬁ% éra osrr (gr oduced
by Kokusan J(B@ C, Lfdrthqm ahederabibped0 te JLZQ)CseQ.nQ @tpxlddﬂoetmmentrl f ugal
force of 167 ( h hydra . CcOt 0 i ni ng
swol | en geI v(\a/a%rgrrggg d{?'?l%ov‘eane%gr%%gie:dﬁ?lg&mégler Eej%)ggggdlt'év)vlr}:t %g‘ta&a i ng

t he wat &r - aimlelrbeaﬂucmlpremrmctet, hthersly iy teppafattire dsppyefetdbdly 68g when
10 wet was ,ne fed. The retent ci.ty.was cal cul ated by the follow ng
for nul a: 3?’8 gt JPF PrELSEE t’%’ -g(? alglbng solution (gig) =
[V‘tV‘d](g)/nm;s;gqf t he wat er - absor bent reS| n (g) [0098] 15 <Water-Absorption
Rate of Saline Solution > i s test wa% carried_ out |naroom

whose tenperat ure was€o ﬁpPﬁl'?]%aJtr@dZS’éteE@bW gTBFLin % HrogFesgnt

sal i ne was MWRieaheen Ohds idh @xR01 8kt berkerhratich SprBiERali, Cafdi titsban (8
mT x 30 mMm w thout a ring) was_placed therein. The beaker was 20 immersed

in a cdfist éﬁtWEnﬁEr%@Weﬁe%aP#cw PhenemeRA WeRperad 13 aRas

adj ust ed 1 QgeQuefrt mm&lhe ﬁ%kaﬁfso%anelﬁée&le& 4 BesApedialy Gsali {d &n
bar, and a vortex was forned in the physiological saline at a rotation
speed of o6GPsorhent &bkdlguently, 2.0 0.002 g of the water-absorbent resin
was then 25[ :é kIy added to the beaker; and, using a stopwatch, the tine
period (seconds) froma point of addition of the water-absorbent resin to a
poi nt of convergence Aifscarbentt Mxterialhaentli dpserbontf drsioks ofedbered as the
absor pt | on %ngfl ,pgn er-absorbent resin. [0099] 30 <Fl ow Through Rate
of O. 6 ori de Aqueous Solution > (a) Preparation of

Synt het| c Uri ne The absoE’bemtssilanmb.lloof diehe( 2rgpendniydrrguisnsodi um

sul fate (2 cal ci 019 esi.um.chl ori d 0.23 g), 35
amoni um dl%@ FO5 &R %H)at e §%b%(} q')aézﬁﬁoggﬁ?ﬁ% ﬁ)?%r og%"lrﬁ - 27-
phosphat e( Qly]ﬂ*oghllﬂdﬂdfibais I Imhmﬂiar of qtise )sumicturkaof dthe) absbrbént

cont ai ner, and Qorlrpl et eI di ssol ée& in the di water. Distilled water

was furt heratggEat 2 HEe h?P%a&ﬁeo %ajfrh BSELIE Y& Ton to 1

L. 5 20 absorbent resins and hydrophilic fibers to form a homogeneous

composition; a sandwich structure in which the water-absorbent
resins are sandwiched between layered hydrophilic fibers; and a
structure in which the water-absorbent resins and hydrophilic
fibers are wrapped with tissue paper. However, the present

25 invention is not limited to these examples.
[0081]

Adhesive binders such as thermal-fusible synthetic
fibers, hot melt adhesive, and adhesive emulsion may be added to
the absorbent material in order to improve the shape-retaining

30 property of the absorbent material.
[0082]

Examples of hydrophilic fibers include cellulose
fibers such as cotton-like pulp obtained from wood, mechanical
pulp, chemical pulp, and semi-chemical pulp; artificial cellulose

35 fibers such as rayon and acetate; and fibers formed from



(b) Installation of measuring device The neasuring device used shows in
Figure 1. In the device, a glass tube for static pressure adjustnment 12 was
inserted into the tank 11, and a | ower end of the glass tube 12 was

di sposed so 10 that 0.69% by mass sodi um chl ori de aqueous solution 13 was
positioned 5 cm higher than a bottom of -BBe swelling gel 25 in the cylinder
22. 0.69% by mass sodi um chl ori de aqueous solution 13 contained in the tank
11 was supptynddetdct Restys i fitddy a3 hydzophiliciizgaged upelyamidey pedresier, A
col | ecting &ﬂ@éﬁh Eiefpnfor 15 collecting liquid having passed through the
gel layer was |sgose under the cylinder 22, and the collecting container
33 was pl aceW&¥ an even bal ance 34. An inside dianeter of the cylinder 22

was 6 cm and No. 400 gt ai_nl t gauze_( ' S Mas aced on
a bottom of a | ower 6%} F@ﬁggﬁegﬁé%gﬁggél?ﬁdé%gg%%gﬁﬁﬁoﬁﬁv%ﬁ}%%% gﬁgéilomed
liquid 5o psissicttireudmh wiaichprihel dbodveriasdrdved gosdrbentomabteplsY ds-t ype

wei ght 21, an lass filter .24 having high permeabj i was provided on
the bot tom HidrBsh B5Fraen & naarAl vt BerborEomt o WAEEal |1 ng gel
di d not entmipdrimeabléeshwedie 23. 25 (c) Measurenent of Fl ow Through Rate 0.9
g of mater-ﬁPsorbent resin was honogeneously placed in a cylindrical

contai ner 2 PQ§Hd t he wat er-absorbent resin was swelled in synthetic urine

for 60 m nutes under BQmipiekeas et @iikE peifeM1e’ shéekBainthedehonkevan ng a

gel layer 25. Next, under increased pressure of 2.07 KPa, a 0.69% by nass
sodi uml@nl draFd Cchq e s2s AlR-tHRoUgh Ve | &RER ?%%xrgwephehswaeﬁogér
layer 25 fr eﬁ}bh@Q&lé}lplﬁ%qu-Q:%Eanén@yﬁ{é)iﬁﬁE', CutP{ @5 HHeC mihk Che COWets

position 0.69% by mass sodi um chl ori de 35 aqueous solution 13 to 5 cm

hi gher t harfufhh@st Bed e thiH@enewe PP ivigropyAgneg efn® Polyeasterecyl i nder 22. The
mass of th dbg@%%)by mass sodi um chl ori de aqueous solution 13 that flowed
into a collecting container 33 through the gel layer 25 within 10 m nutes
fromthe start of fl @siampleascohebisnish iapetihealileowheritsuimckedee([ g/ 10 5

el SREHERIELESAR 8 ARG 6F £, RO IPIREAG Bl 10 250
polypropylene, and polyvinyl chloride.
[0086]

The type of absorbent articles is not particularly

limited. Representative examples of absorbent articles include
20 hygienic materials such as disposal diapers, sanitary napkins,

and incontinence pads:; urine-absorbing materials for pets:

materials for civil engineering and construction such as packing

materials; food freshness preservers such as drip absorbents and

refrigerants; agricultural and horticultural materials such as
25 water-retaining materials for soil, and the like.

[0087]

The water-absorbent resin of the present invention
shows effects such as a high liquid permeaticn time and a small
re-wet when used as an absorbent material because the median

30 particle size of the primary particles is suitable and the flow-
through rate, which indicates the diffusivity of ligquid after the
resin has absorbed the liquid and swollen, is excellent, as

described above.

35 EXAMPLES



~having an internal dianmeter of 110 mm equipped with a ref |ux condenser, a
dropping funnel, a nitrogen gas inlet tube, and a stirring inpeller having
2 sets of four pitched paddle Inpellers (a inpeller diameter of 50 mm as a
stirrer was provided. This 15 flask was charged with 340 g of n-heptane,
and 0.92 g of a sucrose stearate having-aA-HLB of 3 (produced by

M t subi shi Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of
a mal ei ¢ antBRBSlde- nodi fi ed et hyl ene- propyl ene copol yner (produced by

Mtsui Chemicals, |nGpe Hred@x: LILARMNE 1WA &5 asled-12R4! PR AlfthelNBetail
tenperature was raised t0 80C under stirring to dissolve the surfactant,

and t her eafhediow hased| on iEx¥empdescand ipmparsyive [ Exeoplesepdiciteyey, Bhe00-m
Er | enneyer charsie i EFI(% 1 f. .80% by mass acrylic
acid aqueodi]4 SO 5;/\?%‘6 an ?’fg.&%ggj’?o fg/ot yt{r?réssésn%%a@%&gﬂm hydr oxi de
aqueous>5sol G was added dropw se thereto under external cooling to
neutralize 75 % by . Thereafter, 0.1 (0 - ). 0 0 I

persul fate as a radimgﬂ © B’SE?H@?‘?@%{{?E& %ﬁlgﬂg a?bgalan %JI.IZ(L’?T(%] (thég'éygn%fd) of
30 N, W et lodngraehit $ae rExaanplde was avaivdiednah tenss|dihkihegmaedesr pastéchelded

Tt 0 AN S Bhteg, oL, RSB By UGS ORI 4 P L

insi de of tweeryabestpesors WafteCoLnéd M ecbaaeiony EhaniflLongeroutheraaét er,
the flask was immersed in a water bath at 70C to rai se the tenperature, and

the fi A8t - Qe 58FyREMISH iSOHLRs R1eTide) agUECRd rSRNtHORUPESTRS ol | owed by

cooling to fNaBtiggPeEiddL, thereby obtaining polynerized liquid slurry
for the first step. (Note that this polynerized slurry was subjected to

azeot ropi ¢ GG | ati on of water and n-heptane using an oil bath at 120C to

distill of f RY:wnBhefid: tdige9ut side of the system Subsequently,
n- hept ane 10 was evaporated, and the slurry was dried. The resulting

spherical prinmary parkiecpesthate ssinsdiofntharvatgr- absprbent 1mepEignivps
S tely, 500- = | et 1.43
eparahgly.a y%ﬁeas O HediaheBIEKELLL |A%K MRS AOALARG AL! goléﬁ%fsng (

nol ) of "809 mass acrylic aci d aqueous sol uti on, 7% by
mass sodi ummhedsortberdsacgpecisisdl ui.8h gast adaphdnspaibica H&egussainder

external cogling | A€ 0 i rLe Q. 59 nmol )
of pot assi %pﬁe%r‘s#?%ﬁgé%?dgz)r gélgcra'{%%lp%lrg%rrgr ﬂzlg%f%gnﬁﬁeﬁﬁt?la% grgaén% %2.9 ny
(0. 08 Mol )watferNabsonedmty |maseini.sacryl ami de as an internal crosslinking
agent were ﬁﬂ]%gﬂ thereto and di ssol ved, thereby 20 preparing an aqueous
nononer sol for the second step. [0103] After the rotation
speed @b the stirrer s abbesgaentionedO8tet ratsaentheesnsiwiereohll deed

systemwas cooled to 24C, the entire a nt of agueous nononer saol ution for
t%e second '@ &FsRathoeu &e&?os%hﬁgﬁoﬁ%&yﬁzéavﬁjﬁlﬁ% CPFORY ?%rz#hémfi r st

step, and tyfid BRRAByY Ofiadd &S Wb athds Wateel 8Psddbdrapraeefl phaddeani t rogen.
Thereafter, the flask was again imersed in a water bath_at 70C to raise

t he tenper dithoughahet hES SEEONGTre: 85 sy MeA{ 7R PRt d&r Pl Rt for 30

m nutes. 3QLLEALA using a combAhheioh her $AeQBd- 6 e PO! WABH | Zld @Ran iR
tenperature was raised using an oil bath at 125C, and the slurry was

subj ec28d thy maest PEptlee (atem-ERePEReR Raaldr PaAted-Hupughethe HStill of f
222 g of walel,da@qt BEeuT SiHle nRfii EREpSYSIAD Wikt 6vas measured using a

combination of sieves of (B).
[0092]

(A} JIS standard sieves having openings of 425 uym, 250

30 um, 180 um, 150 pm, 106 pm, 75 ym, and 45 pm, and a receiving

tray were combined in that order from the top.
[0093]

(B) JIS standard sieves having openings of 850 um, 600
pm, 500 pm, 425 um, 300 pm, 250 pm, and 150 pm, and a receiving

35 tray were combined in that order from the top.



35 refluxing n-heptane. Thereafter, 3.97 g (0.64 nmmol) of a 2% by -30-
mass aqueous sol ution of ethylene glycol diglycidyl ether was added
thereto, and the m xture was mai ntained at 80C for 2 hours. Subsequently,

n- hept ane was evaporated, and the slurry was dried, thereby obtaining 230.2
g of water-absorbent resin (A) in the 5-28rm of aggl onerati on of spheri cal
particles. The water-absorbent resin had a nedian particle size of 386 pm
and a wat er[@®dtlent of 8.2% Table 1 shows the neasurenment results of each

property. [0105] Exanple 2ol0TiSARPLALEHUiRbehl REMPLRLL Praced, .,

repeat ed except that the rotation speed of the stirrer
was changednt dhg00op/ sieve tdfetbbycothiziad sderds, Byl shakkanefor atfsor bent

changedrt $hB00op! sia . . s cfor @sor ber
par 1ol b A% PRI 2 ARPEREERLN Brhet 185 4%, (B8 hhcfiunsbiRelit 1Y

resin had arawmsdi.an particle size of 415 mand a water content of 7.3%
Table 1 sho tége nmeasurenment results of each property. [0106] Exanple 3
20The sane [\35?’8 dure as in Exanple 2 was repeated except that the anmount of

dehydration by refl wam@grsbepimge thlk! fhst hef sErROREteEesbyibeirr réadin on was
changed to 217 g, thereby obtaining 232.9 g of wat %%absorbent resin (C) in
the form ofPSIGPERAEr A i BIFtoFigPReVET 12 fef s Thee 3RS MBeTLsIH A% ¢l es had

a 25 nmedi anIftivel o Sie 1¥ftal3fady) AR thRemded Qerrles®RBENMad €SI N had a
medi an particle size of 424 pmand a water content of 10.0% Tabl'e 1 shows

the rreé_@ur mbeorpEsd] 1R dysceadhng  ofiat L Pﬁbﬂl%ﬁrﬁl-e W%R?Z-Ehe
cylindri Calre[l%'f%@hgﬂif) PBretpP 2h8bs foifd %&Jénﬁﬁ%' &% dhel BhebgRhtdl YmhLer of
110 mm equl pped wth a ref [ux condenser, a dropping funnel, a nitrogen
gas inlet tafobgheamdsa prigentage| apethe watgr-ahsrpstls refinonemginiggedn

Dol PO Fiee sl 5L Lol Yt anigi St gipdes ghoviceo

connecting the plots on the probability paper with a straight

15 1line, the particle size corresponding to the 50% percentile of
the integrated mass percentage was obtained as the median
particle size.
[0096]
{Water Content>

20 About 2 g of the water-absorbent resin was precisely
weighed out (Wa (g)) in a previously weighed aluminum foil case
{No. 8). The above sample was dried for 2 hours in a hot air oven
{(produced by ADVANTEC) set at an internal temperature of 105°C.
Thereafter, the dried sample was allowed to cool in a desiccator,

25 and the mass Wb (g) of the dried water-absorbent resin was
determined. The water content of the water-absorbent resin was
calculated by the following formula:

Water content (%) = [Wa—Wb]/Wa x 100

[0097]

30 <Water-retention capacity of saline solution >

500 g of 0.9% by mass sodium chloride agueous solution

(physiological saline) was weighed out in a 500-mL beaker. 2.0 g
of water-absorbent resin was dispersed therein while stirring the
solution at 600 r/min so as not to form lumps. The solution was

35 left to stand for 30 minutes in a stirred state te sufficiently



-31- sucrose stearate having an HLB of 3 (produced by M tsubi shi Kagaku
Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a nmaleic

anhydri de-nodi fi ed et hyl ene-propyl ene copol ynmer (produced by Mt sui

Chem cals, Inc., Hi -wax 1105A) were added 5 thereto. The tenperature was
raised to 80C under stirring to dissolve2éhe surfactant, and thereafter the
solution was cooled to 50C. [0108] Separately, a 500-m, Erlenneyer flask
was char gedwsililhthe @@tgr(absmbﬁbt)mﬁimo%tﬁgsamtém ythe spdivdignueasus

sol ution, apg 14649 b y@Glt o e ugau ' was
added dropw se er eto uncﬁgtréljeé?gaﬁé? coo#%é IS% )r?e(ﬁt rlglglrz?ug %’S% %?borr@f‘
Thereafter (m)92agdoth¢1ytm;m:y@ﬁhylczélﬁhﬁl costoprioal oed t!,tyeSumtrormerbma

Chem cal s ﬂ?ée co":t(%o V\é%'gs gs %ioe?v%lagggr?or 11%18 %or a %1 mol ) of

pot assi um peal’nsulf as ar Frzation’ini 9.2 mg (0.06
mmol ) ob Ndéhydmatby| gmedivwedr p’ya]%ldmas Can, |nt@rnquo@ua$shwntkemgHagem

dded t t t d-di ed,. t b
ol ut ron 11k e ProdecSingeraanbian Force e LERR " Tnd e MONSE peea

of the stirdferhat A6RPIFr4tEA cotchien ehdd conab Nhg OfwdlJIER0 48 1 Pa Mfasaekdt i on
for the first step was added to the separable flask, and the inside of the

syst em was 3§ FPEPeRTPSEIHES ¥esdTapearad twrlﬁﬁgﬁt gL ga gy Watelr | ask 25

was ImmrS%bgo&ban%Bf@élrbatﬁaatthQ%é@ WR( gg bhet e Ryt BbLromth t}ﬁen
first-step polymerization was carried out for 30 minutes, followe

cool i ngOt o WedoWaSeHpRS YTl ¢ The cralifftaBnRarapari o Maferriedlatedy by E‘P‘Hr ry

for the fll’]? Q‘,ﬁq £k 4:hat this polymerized slurry was subjected to
azeotropic distillation of 30 water and n-heptane using an oil bath at 120C

to distill #eteonretemitieon copanbtyeisisgdine soiution d6/ gbubselrent |y,
n- hept ane "Vfdﬁ ézﬂﬁggtgp t}%”%attgﬁ-éﬂa fﬁén‘@a%g{.ﬁe The resulting spheri cal
ad a I 1

prinmary par an particle size o pm) Separately,
anot her SOCI{I@BBEErI ennmeyer flask vvas 35 charged with 128.8 g (1.43 nol) of

80% by Ss ryl ic_aci ge soI nd 159.0 g of 27% by nass
oty Rt A @ i ot R ARG Pl

sodi um Sorit e ropwi'se thereto under external
cooling to neutraliz&his %eby mud: .cdiirdedabterin G ¥oop ¢hosd tremperabére

(0. 05 ol 1+351 SRR ShERA L Agb aticPy anPlES o P8 AEGPRGFoHTdos PPk

agent wer e waddedighed bt ti;m andodimb Masxdr,t had ed ymayredc BYitteraaeo(s
nonomer sol ution_for the second steg 0113% After the rot atl on.speed of
the stirretag SRaMBedtioHy & 5689}/ ged nEPsufdinge OF g

cool ed2ph0 ZkmerkBa £fta reorTRMR tohpAEHIRESS wHBEH B4 t150landl @ﬂefpiqdlhe second
step was added to the polynmerized |iquid slurry for the first step, and t he

insi de of tHFEWSFETER RS SISEPEnte E'T@plza!?ed 1%i"tth APRer BeRrer TREr B
the flask wgs +Rgajnlghd¥es S84 rir@rap¥et endat RodtedOfas formed in the

physiological saline at a rotation speed of 600 r/min.
Subsequently, 2.0 + 0.002 g of the water-absorbent resin was then
25 quickly added to the beaker: and, using a stopwatch, the time
period (seconds) from a point of addition of the water-absorbent
resin to a point of convergence of a vortex on the liquid surface
was measured as the absorption rate of the water-absorbent resin.
[0099]
30 <Flow-Through Rate of 0.69% by Mass Sodium Chloride Agqueous
Solution >
{a) Preparation of Synthefic Urine
Potassium chloride (2 g), anhydrous sodium sulfate (2
g), calcium chloride (0.19 g), magnesium chloride (0.23 g},

35 ammonium dihydrogen phosphate (0.85 g), ammonium monohydrogen



15 to raise the tenperature, and the second-step pol ynerization was carried
out for 30 mnutes. [0111] After the second-step

pol ymeri zation, the tenperature was raised using an oil bath at 125C, and
the slurry was 20 subjected to azeotropic distillation of water and
n-heptane to distill off 222 g of water -@-the outside of the systemwhile
refl uxi ng n-heptane. Thereafter, 97 g (0.46 mmol) of a 2% by nass aqueous

sol ution ofPhasPirEREOgIS DI @ngl %ﬁPy-"rle@t WateRabtd ctrde #erRePb2¢Rd dfdat he
m xture wasy, r@lg’%‘aﬁh@fd &ala %ﬁpﬁ@%efy hPsdivéa BYbERAWERELY 18- ‘Qﬁﬁf‘”e was

evapor at ed, an slurry was dried, thereby obtalning 231.3

wat er - absorerttiliedi wafey Wéﬁi ﬁm;th@r mflﬂedaggl afAiuslt |‘f@|¢ cbfntgpmcrlw of
particles. gmae ﬁéa,_p @e& by esip had a median particle size of 434 um
and a water comt 0 “shows the neasurenent results of each

propert . 30[0112] Exanple 5 The sane procedure as in Exanple 4 was
repeated ex p t ha rotation_spee the stirrer for the first step
was changedﬁﬁ §66a§}%F‘”éﬁﬁgPﬁa?u¥¥h§(ﬁ%¥}ﬁF of dehydration by 35 ref

| uxi ng n- heptr'naan@aigzﬁfmghaesmc@mhai @;Ihoprél eFigakl an MasSthe &%mechanged
to 213 g, t ereb |n| 232.8 t er-absorhent resin

For m of Cagdfati SEPSrEST Stat: BPEG FEBE IR T MR SIBSF S gonad a
medi an par tiyd @adkz€1 0farkBG NEwe2Nend heE Wakeglads oarhRN 2l #85 NaiEsbsdnBedi an
particle size of 458 pm5 and a water_ content of 10.0% Table 1 shows the

neasur éfentthads §- £8% ?Yé‘éﬁ,ﬁ? SPEHEPt LI LI PIRIAH OB HFRB 32 Sr ocedur e

as_in Exanpléyivivaad’ $RaRtBgnR¥CeRin 18 Yotdbmt b8 1 3§vde@.'11ﬁge §&h ofs tije
stirrer for the first step was changed to 400 r/mn, there obt ai ni ng

234.2 g of Whe evlipdenriini0-68%i By (Mg wodpem @ﬂlﬁ@deaggu@ﬁﬁs 23916tk ien
spheri cal tdoﬁltﬁinea- h&gus | RhYi PR tv&% %%pBi‘ﬂe&‘ B dirrh Fggiﬁa& & Sk4ig Of

250 pm an the water- ent resin a nedi an part e sl ze
an L-shaped tube having cock 14. A collecting container 33 for

15 collecting liquid having passed through the gel layer was
disposed under the cylinder 22, and the collecting container 33
was placed on an even balance 34. An inside diameter of the
cylinder 22 was 6 cm, and No.400 stainless metal gauze (38um in
mesh) 26 was placed on a bottom of a lower portion of the

20 cylinder 22. A hole 23 which allowed liquid to pass through was
provided on a lower portion of a piston-type weight 21, and a
glass filter 24 having high permeability was provided on the
bottom thereof so that the water-absorbent resin or the swelling
gel did not enter into the hole 23.

25
(c) Measurement of Flow-Through Rate

0.9 g of water-absorbent resin was homogeneously
placed in a cylindrical container 20, and the water-absorbent
resin was swelled in synthetic urine for 60 minutes under

30 increased pressure of 2,07 KPa, thereby forming a gel layer 25.
Next, under increased pressure of 2,07 KPa, a 0.69% by mass
sodium chloride agueous solution 13 was flowed through the
swollen gel layer 25 from a tank 11 at constant hydrostatic
pressure which could position 0.69% by mass sodium chloride

35 aqueous solution 13 to 5 cm higher than a bottom of the swelling



15 of 470 pmand a water content of 7.2% Table 1 shows the neasurenent
results of each property. [0114] Conparative Exanple 1 The sane procedure
as in Exanple 1 was repeated except 20 that the rotation speed of the
stirrer for the first step was changed to 500 r/mn and that the anount of
dehydration by ref |uxing n-heptane aftek8the second-step pol ynerization
was changed to 230 g, thereby obtaining 229.6 of wat er-absorbent resin
(O in the 9% #ooinablif STHARCEEN2%f JIPRePRIRICH AN O €23 DB mAss pedimn y
particles haflo2iABIAGRe® Hodlie18h 283 Hha¥0rPohe@Nhild@ WBL ELa@RRPr bent
resin had a nedian particle size of 364 pmand a water content of 7.0%
Tabl e 1 showertaieeneds ufhaaugh thsugek l@vezaeh wildper 1@ miogutes 3em the
Conparativ e r [ ¢ t ed
oxcopt  hat' LY DESTyaLty YAEImBhra R Rhe PLOVATR AR MEte(GHAD <
changed5t o ig5@tesi) n Jhe mhasurdrernwast cafridehpwtattonodyy tresipeuatvce

n- hept ane foertot-QSoéjacond-step pol ynmeri zati on was 35 changed to 213 g,

t her eby obtaining~227.6 g of water-absorbent -34- resin (H) in the form of
aggl oneration of spherical particles. The primary particles had a nmedi an
particle Sig[zfﬁ\@f 280 m and the water-absorbent resin had a nedian particle
size of 51 dd a water content of 6.9% Table 1 shows the measurenent 5

resul ts of maapiproperty. [0116] Conparative Exanple 3 The sane
procedure as in Exanple 2 was, repeated except that the anpunt _of
dehydr &Pi on by ref | d&itg F¥h LafPEpdr bRt toged. s5RATRM S T38F%neri zati on

was changethdvand38n dinttd¥eiabYiiahbeeRi ¥ 1431w, Jedii pRiceiri BRSO REN N €Si n
(I') in the formof aggloneration of spherical particles. The primary
particl es FAHRAENREEHI o PPHegetynnel ofa PIGTAFER RS HE1R&t ErbebsBdbent

resin had ayiediay PRdIIEe nakERg0% 4G Prafdud MRiGleaC PREETE Qfped1426
(a impeller diameter of 50 mm) as a stirrer was provided. This
15 flask was charged with 340 g of n-heptane, and 0.92 g of a
sucrose stearate having an HLB of 3 (produced by Mitsubishi-
Kagaku Foods Corporation, Ryotoe sugar ester 5-370) and 0.92 g of
a maleic anhydride-modified ethylene-propvlene copolymer
(produced by Mitsui Chemicals, Inc., Hi-wax 1105A) were added
20 thereto. The temperature was raised to 8§0°C under stirring to
dissolve the surfactant, and thereafter the solution was cooled
to 50°C.
[0101}
Separately, a 500-mL Erlenmeyer flask was charged with
25 92 g (1.02 mol) of 80% by mass acrylic acid aqueous solution, and
146.0 g of 21% by mass of sodium hydroxide aqueous solution was
added dropwise thereto under external cooling to neutralize 75 %
by mol.- Thereafter, 0.11 g (0.41 mmol) of potassium persulfate as
a radical polymerization initiator and 9.2 mg (0.06 mmol) of
30 N,N'-methylenebisacrylamide as an internal crosslinking agent
were added thereto and dissolved, thereby preparing an agqueous
monomer solution for the first step.
[0102]
Setting the rotation speed of the stirrer at 350 r/min,

35 the entire amount of aqueous monomer solution for the first step



15 Table 1 shows the neasurenent results of each property. [0117]
Conparati ve Exanple 4 The sanme procedure as in Exanple 5 was
repeat ed except that the anmount of dehydration by ref |uxing n-heptane
after the 20 second-step polynerization was changed to 233 g, thereby
obtaining 233.4 g of water-absorbent reskf-(J) in the formof aggloneration
of spherical particles. The prinaryﬂparticles had a nedi an particle size of

230 m and Wase agdedr topthy iseparabke flask . aanddikm ipwidecPE She svstem4s m
cach prapery ar o B foptaead e e e S oF b7 mary
particl es (Was ivmersed etredt walier dpaidi tat @P° €atd neais@ theohemprature,
Mater-abSCNéH& %ﬂeréiﬁbéﬁsé%ﬂ bgfymerization was carried out for 30 minutes,

5 followed by cooling to room temperature, thereby obtaining
polymerized liquid slurry for the first step. (Note that this
pelymerized slurry was subjected to azeotropic distillation of
water and n-heptane using an oil bath at 120°C to distill off
only water to the outside of the system. Subseguently. n-heptane

10 was evaporated, and the slurry was dried. The resulting spherical
primary particles had a median particle size of 110 pm.)

Separately, another 500-mL Erlenmeyer flask was
charged with 128.8 g {(1.43 mol) of 80% by mass acrylic acid
aqueous solution, and 159.0 g of 27% by mass sodium hydroxide

15 aqueous solution was added dropwise thereto under external
cooling to neutralize 75 %2 by mol. Thereafter, 0.16 g (0.59 mmol)
of potassium persulfate as a radical polymerization initiator and
12.9 mg (0.08 mmol) of N,N'-methylenebisacrylamide as an internal
crosslinking agent were added thereto and dissolved, thereby

20 preparing an agueous monomer scolution for the second step.

[0103]

After the rotation speed of the stirrer was changed to
1,000 r/min and the inside of the system was cooled to 24°C, the
entire amount of agueous monomer solution for the second step was

25 added to the polymerized liquid slurry for the first step, and
the inside of the system was sufficiently replaced with nitrogen.
Thereafter, the flask was again immersed in a water bath at 70°C
to raise the temperature, and the second-step polymerization was
carried out for 30 minutes.

30 [0104]

After the second-step polymerization, the temperature
was raised using an oil bath at 125°C, and the slurry was
subjected to azeotropic distillation of water and n-heptane to
distill off 222 g of water to the outside of the system while

35 refluxing n-heptane. Thereafter, 3.97 g (0.64 mmol) of a 2% by



solution (second) flewthrough rate of 0.69% by mass sodi um chl ori de
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mass agueous solution of ethylene glycol diglycidyl ether was
added thereto, and the mixture was maintained at 80°C for 2 hours.
Subsequently, n-heptane was evaporated, and the slurry was dried,
thereby obtaining 230.2 g of water-absorbent resin (A) in the

5 form of agglomeration of spherical particles. The water-absorbent

resin had a median particle size of 386 ym and a water content of
8.2%. Table 1 shows the measurement results of each property.
[0105]
Example 2

10 The same procedure as in Example 1 was repeated except
that the rotation speed of the stirrer for the first step was
changed to 300 r/min, thereby obtaining 233.5 g of water-
absorbent resin (B) in the form of agglomeration of spherical
particles. The primary particles had a median particle size of

15 130 um, and the water-absorbent resin had a median particle size
of 415 um and a water content of 7.3%. Table 1 shows the
measurement results of each property.
[0106]
Example 3

20 The same procedure as in Example 2 was repeated except
that the amount of dehydration by refluxing n-heptane after the
second-step polymerization was changed to 217 g, thereby
obtaining 232.9 g of water-absorbent resin (C) in the form of
agglomeration of spherical particles. The primary particles had a

25 median particle size of 130 um, and the water-absorbent resin had
a median particle size of 424 um and a water content of 10.0%.
Table 1 shows the measurement results of each property.
[0107]
Example 4

30 A 2-L cylindrical round-bettomed separable flask
having an internal diameter of 110 mm, equipped with a reflux
condenser, a dropping funnel, a nitrogen gas inlet tube, and a
stirring impeller having 2 sets of four pitched paddle impellers
{(a impeller diameter of 50 mm) as a stirrer was provided. This

35 flask was charged with 340 g of n-heptane, and 0.92 g of a
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sucrose stearate having an HLB of 3 (produced by Mitsubishi-
Kagaku Foods Corporation, Ryoto sugar ester $-370) and 0.92 g of
a maleic anhydride-modified ethylene-propylene copolymer
(produced by Mitsui Chemicals, Inc., Hi-wax 1105A) were added
thereto. The temperature was raised tc 80°C under stirring to
dissolve the surfactant, and thereafter the solution was cooled
to 50°C. |
[0108]

Separately, a 500-mlL Erlenmeyer flask was charged with
92 g {1.02 mol) of 80% by mass acrylic acid aqueous solution, and
146.0 g of 21% by mass sodium hydroxide aqueous solution was
added dropwise thereto ﬁnder external cooling to neutralize 75 %
by mol. Thereafter, 0.92 g of hydroxyethylcellulose (produced by
Sumitomo Seika Chemicals Co., Ltd., HEC AW-15F) as a thickener,
0.11 g (0.41 mmol) of potassium persulfate as a radical
polymerization initiator and 9.2 mg (0.06 mmol) of N,N'-
methylenebisacrylamide as an internal crosslinking agent were
added thereto to and dissolved,  thereby preparing an agueous
monomer solution for the first step.
[0109]

Setting the rotation speed of the stirrer at 600 r/min,
the entire amount of aqueous monomer solution for the first step
was added to the seﬁarable flask, and the inside of the system
was sufficiently replaced with nitrogen. Thereafter, the flask
was. immersed in a water bath at 70°C to raise the temperature,
and the first-step polymerization was carried out for 30 minutes,
followed by cooling to room temperature, thereby obtaining
polymerized liquid slurry for the first step. (Note that this
polymerized slurry was subjected to azeotropic distillation of
water and n-heptane using an oil bath at 120°C to distill off
only water to the outside of the system. Subsequently, n-heptane
was evaporated, and the slurry was dried. The resulting spherical
primary particles had a median particle size of 160 jm.)

Separately, another 500-mL Erlenmeyer flask was

charged with 128.8 g (1.43 mol) of 80% by mass acrylic acid



200 811 Conparative EXanple 3 180 31.6 94 82 Conparati.ve EXanple 4 230 32.4
154 100 [0119] 5As is clear from Table 1, the water-absorbent resins in
Exanples 1 to 6 have appropriate water-retention capacity of saline
solution and water-absorption rate of saline solution, and provide an
excellent flowthrough rate of 0.69% by-f@ss sodi um chl ori de aqueous

sol ution. 10[0120] On the other hand, of the Conparative

Exanpl es, t3dRleeHe FCHahHITHt g ERANDIS o) 20foke madsreodiparkydrassdrave a
smal | medi apnfadhh! 6Bl ge widS adled Wddiifise! Biodd ViiiepuBh LatA Of 0. 69%
by mass sodi'Um chl ori de aqueous sol uti on was é?om1an [ he
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sol uti oA wds.Pamty boit08 menol) of N,N'-methylenebisacrylamide as an internal

crosslinking agent were added theretce to and dissolved, thereby
preparing an aqueous monomer solution for the second step.
[0110]
After the rotation speed of the stirrer was changed to
10 1,000 r/min and the inside of the system was cooled to 21°C, the
entire amount of agqueocus monomer solution for the second step was
added to the polymerized liquid slurry for the first step, and
the inside of the system was sufficiently replaced with nitrogen.
Thereafter, the flask was again immersed in a water bath at 70°C
15 +to raise the temperature, and the second-step polymerization was
carried out for 30 minutes.
[0111]
After the second-step polymerization, the temperature
was raised using an oil bath at 125°C, and the slurry was
20 subjected to azeotropic distillation of water and n-heptane to
distill off 222 g of water to the outside of the system while
refluxing n-heptane., Thereafter, 3.97 g (0.46 mmol) of a 2% by
mass aqueous solution of ethylene glycol diglycidyl ether was
added thereto, and the mixture was maintained at 80°C for 2 hours.
25 Subsequently, n-heptane was evaporated, and the slurry was dried,
thereby obtaining 231.3 g of water-absorbent resin (D) in the
form of agglomeration of spherical particles. The water-absorbent
resin had a median particle size of 434 um and a water content of
7.9%. Table 1 shows the measurement results of each property;
30 [0112] |
Example 5
The same procedure as in Example 4 was repeated except
that the rotation speed of the stirrer for the first step was
changed to 500 r/min and that the amount of dehydration by

35 refluxing n-heptane after the second-step polymerization was



wat er - absorption rate of saline solution was slow. The ones 20 (Conparative
Exanpl es 3 and 4) whose prinmary particles have a noderate nedi an particle

si ze and a hi gh physi ol ogi cal saline absorption rate water-retention
capacity of saline solution were as follows: the flowthrough rate of 0.69%
by mass sodi um chl ori de aqueous sol uti on38as fast. 25[0121] - 36-

Next, absorbent materials and absorbent articles were prepared using the
wat er - abs ordh@mgetlesp n3l pist-aithegebyn taisias 23103 & efdvabepaghaarbentxanpl es

1to 4. 5 | 0 . A
Sbt i med 1 T RE] 0 the form of Cadtlineldb1dRICE ANROLERD pdSHIeT)

m xer. The mwmﬂngy rpaattiicd egabad pa almdaonpar’smﬂea paper of 123) 40 endx 12
cmin size., %”%g@%e%é%?gﬁ&%@ﬂn tﬂa?ds%em%?&ﬁ i%gstegfzéaé? 35% ﬁﬁnze and

wei ght was placed over ue paper in an manner orma
sheet, &nd dnik acwater cdentwas po as.edTainberl ahlowadtbé rﬂéi.-fsdrﬁmeﬁ’or 30
seconds, theregﬁ jﬁ.ai ni ng an absorbent material. The resulting absorbent
mat eri al §uwPt et &ht4h- pol yet hyl ene air-through porous

| i qui d- per medll3g sheet 40 cmx 15 12 cmin size and 20 g/nR2 in basis

wei ght, and, a g gt hyl ene non-perneabl e sheet having the sane size and
wei ght , M@’ 6bPai ni ng an absorbent article that uses the absorbent

nat er i al Exanpl e 8 ZfhEhgaink Opeshddure! aEXaii:emp1408 w&PeRA e CeRtegthat

t he wat er-absorbent resin (B) obtained in Exanple 2 was used, thereby
obt ai nitAg dhadbibebErtativresPardpl Hhe SHABFE o e FArehattaRs @85St he

sane. 25 Exapplea 96%@%&%%@&@@%5%&@%4@p@abfdwge@@m that the

wat er - absor bent” resin (C) obtained in Exa was uSed, thereby obtaining
an absor berbsegbent aresimd (dn absbhl%éﬁqrﬂapﬂfu égelfemate@esof hephetikeal 30

the vt o - BSZ5AELeE , ShF B ROE R G e R £inCatan BEPOTRT T 11!
obt ai ni ng a%oabmormwhmmrteakahwmtamememdairmedh-enSEarttmleuseset he
sane. 15 of 470 um and a water content of 7.2%. Table 1 shows the
measurement results of each property. '
[0114]
Comparative Example 1
The same procedure as in Example 1 was repeated except

20 that the rotation speed of the stirrer for the first step was
changed to 500 r/min and that the amount of dehydration by
refluxing n-heptane after the second-step polymerization was
changed to 230 g, thereby obtaining 229.6 g of water-absorbent
resin {G) in the form df agglomeration of spherical particles.

25 The primary particles had a median particle size of 90 pm, and
the water-absorbent resin had a median particle size of 364 pm
and a water content of 7.0%. Table 1 shows the measurement
results of each property.

[0115]
30 Comparative Example 2
The same procedure as in Example 4 was repeated except
that the rotation speed of the stirrer for the first step was
changed tc 350 r/min and that the amount of dehydration by
refluxing n-heptane after the second-step polymerization was

35 changed to 213 g, thereby obtaining 227.6 g of water-absorbent



-37- Exanple 11 The procedure of Exanple 7 was repeated except that the

wat er - absorbent resin (E) obtained in Exanple 5 was used, 5 thereby
obt ai ni ng an absorbent naterial and an absorbent article that uses the
sane. Exanple 12 The procedure of Exanple 7 was repeated except that 10 the
wat er - absorbent resin (F) obtained in Exaaple 6 was used, thereby obtaining
an absorbent material and an absorbent article that uses the sane.

Conpar at i veresdaniHg &n 18®h&fpmooddagel eergtinp| of Snkericepepaediabesept t hat

the wat or - asorhant. {65l LB ORLAT 16 iLCRIDR 211 V8 BXBDb Bo L eylised.

t her eby obtaining an” absorbent nma and“an absorbent "artrclet uses
t he sane. ZtheCompiarasbsertemnplesif had a median fametjlec sdaecobf5Bxanpl e 7

was repeated exce that th ter-absqrbent. resin obt ai ned in
Corpar ot v iPeeb SntqiE. 42 BLaf2o TaBEE ot R kS R Cer  al and
an absosbentemrittiscbe &heth pixgerihe sane. 25 Conparative Exanple 7

The procedu[[)qe of Exanple 7 was repeated except that the water-absorbent
resin (I) o Hdded in Conpar ati ve Exanple 3 was used, thereby obtaining an

absor bent mangydralid8de2dnpi@ absorbent article that uses the sane.
Conpar ati ve Exanple 8 The procedure of Exanple 7 was repeated
except that the wat er™$hSGFEeRFOFEHLE €F) iIBpFHaHIE 2nvesnperentareerseripl e 4

-38- was Us@fht ther 8RYudPIGH RcRgdRat BhS PP eRE1HRIKY fhedtdnanaARsORgNt
article that uses the sane.

10 second-step polymerization was changed to 230 g, thereby
obtaining 231.7 g of.water-absorbent resin (I) in the form of
agglomeration of spherical particles. The primary particles had a
median particle size of 130 um, and the water-absorbent resin had
a median particle size of 420 uym and a water content of 6.4%.

15 Table 1 shows the measurement results of each property.

[0117] |
Comparative Example 4

The same procedure as in Example 5 was repeated except
that the amount of dehydration by refluxing n-heptane after the

20 second-step polymerization was changed to 233 g, thereby
obtaining 233.4 g of water-absofbent resin (J) in the form of
agglomeration of spherical particles. The primary particles had a
median particle size of 230 um, and the water-absorbent resin had
a median particle size of 448 pm and a water content of 5.4%.

25 Table 1 shows the measurement results of each property.

30

35



[0122] The absorbent articles obtained above were evaluated 5 foll ow ng the
nmet hods descri bed bel ow. Table 2 shows the results. [0123] <Eval uation of
Absorbent Article> (a) Preparation of Artificial Uine Sodiumchloride (60
g), calciumchloride dihydrate (1.8 g), 10 nagnesium chl ori de hexahydrate
(3.6 g), and distilled water (g. s.) werB5placed in a 10-L container, and
conpletely dissolved. Next, 15 g of 1% by nmass

pol y( oxyet Hylldgd) i sooctyl phenyl et er aqueous sol ution was added to the
solution, and disti II t was further added thereto to adjust the total
mass of the aqueous 1 so on to 6,000 g. Subsequently, the solution was
colored with a small am)unt of Bl ue No. 1, tlhereby prepafi N, muglnf!at(%l al
urine. (b) [Liquid Pey reddn orFitienphater-retention | Wapercappdrpiges (@59%01)( Alggjggdlchavi ng
an inside dj aneter of sFeChmPRAEYp| ab®A-HRAF tlh éa*éé’t‘itsé?’méf t bR oahs apbent
article, and 50 nL 20 of ¥ i cj & )ﬁél%LS p(§ 8" nt o thesawdibinder |at
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artificial Urd:Bg D conpl eigel y dj Sappear 11 agm { ne.4@y| i Nd€r was ggeasur eq as
a first |iquisgesperaepnt ontdel ne(seconds)e. NeXt, theicylinder was:stenpved,
and the absjordents Aarficlelifas stbred 3¢ is. [At 30725 mnutes apd?260 m nutes

after the staFtesfithe fiP® pouring Bf* the lartifi®ial utine tHe cylinder
was pl aced @EFRE Sape podi%i-on-as—tHe S i+siltimeZand—the sane“’"m“m*' re
Exgmple & DR c g8 L L3 Vi 3 + 1o
LI LIUII LT 11Ic \Dw\;UIIUD/ T

was carried 2ie o oz asure—thne——T gt t—p¢e > r
second and thzlyxmaletj mes. TH& total ti % n saconds®f theifirst 1[’*6 30 tHird

n
pr ocedur es meeseeragar ded aggt he tptal Jsigqui d [per meadsi on tine. (cs)n Amount| of
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t he measur émeftefs the |i&i d pey meat¥dn time, abdét 80 sheets & 10 cn?
filter paperconlroser=npss hag been neasyred 1 n advapge ((Wf 35 (g)s about| 70
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t he absorbdmll&iti cl e, and a 5-kg vvei ght having a bottom area of 10 amx 10
cm was gl aced on the I i,ed f
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sallnevgolutlon and water-absorption rate of saline solution, and
provide an excellent flow-through rate of 0.69%% by mass sodium
chloride aqueous solution.

10 [0120]

On the other hand, of the Comparative Examples, the
one (Comparative Example 1) whose primary particles have a small
median particle size was as follows: the flow-through rate of
0.69% by mass sodium chloride agueous solution was slow and the

15 water-absorption rate of saline solution was fast. The one
(Comparative Example 2) whose primary particles have a large
median particle size was as follows: the flow-through rate of
0.69% by mass scdium chlioride aqueous solution was fast but the
water-absorption rate of saline solution was slow. The ones

20 (Comparative Examples 3 and 4) whose primary particles have a
moderate median particle size and a high physiological saline
absorption rate water-retention capacity of saline solution were
as follows: the flow-through rate of 0.69% by mass sodium
chloride aqueous solution was fast.

25 [0121]



(d) Expansion Length Wthin 5 mnutes after the conpletion of
t he neasurenent of the anmpbunt of re-wet, the dinension of the 10

| ongi t udi nal expansion (cm of each absorbent article into which the
artificial urine was perneated was nmeasured. Note that the deci mal point
was rounded off to the nearest whole nurBér. [0124] [Table 2] Resin Used

Liquid Perneation Tinme (Seconds) Amount of Re-wet (g) Expansion Length (cm
1 2 3 total Next, absorbent materials and absorbent articles were

prepared using the water-absorbent resins obtained in Examples 1

to 6 and Comparative Examples 1 to 4.

5 Example 7
10 g of the water-absorbent resin (A) obtained in

Example 1 and 10 g of crushed pulp were dry-blended using a mixer.
The resulting mixture was sprayed on tissue paper (1 g} 40 cm x
12 cm in size. Subsequently, another tissue paper having the same

10  size and weight was placed over the tissue paper in an overlapped
manner to form a sheet, and the entire sheet was pressed under a
load of 196 kPa for 30 seconds, thereby obtaining an absorbent
material. The resulting absorbent material was sandwiched between
a polyethylene air-through porous liquid-permeable sheet 40 cm x

15 12 cm in size and 20 g/m° in basis weight, and a polyethylene non-
permeable sheet having the same size and weight, thereby

obtaining an absorbent article that uses the absorbent material.

Example 8

20 The procedure of Example 7 was repeated except that
the water-absorbent resin {B)} obtained in Example 2 was used,
thereby obtaining an absorbent material and an absorbent article

that uses the same.

25 Example 9
The procedure of Example 7 was repeated except that
the water-absorbent resin (C) obtained in Example 3 was used,
thereby obtaining an absorbent material and an absorbent article
that uses the same.
30
Example 10
The procedure of Example 7 was repeated except that
the water-absorbent resin (D) obtéined in Example 4 was used,
thereby obtaining an absorbent material and an absorbent article

35 that uses the same.



Exanple 7 A 20 17 22 59 26.2 19 Exanple 8 B 21 17 19 27 25.9 20 Exanple 9 C
20 16 17 53 25.4

-37-

Example 11
The procedure of Example 7 was repeated except that
the water-absorbent resin (E) obtained in Example 5 was used,
5 thereby obtaining an absorbent material and an absorbent article

that uses the same.

Example 12
The procedure of Example 7 was repeated except that
10 the water-absorbent resin tF) obtained in Example 6 was used,
thereby obtaining an absorbent material and an absorbent article

that uses the same.

Comparative Example 5

15 The procedure of Example 7 was repeated except that
the water-absorbent resin (G) obtained in Comparative Example 1
was used, thereby obtaining an absorbent material and an

absorbent article that uses the same.

20 Comparative Example 6
The procedure of Example 7 was repeated except that
the water-absorbent resin (H) obtained in Comparative Example 2
was used, thereby obtaining an absorbent material and an
absorbent article that uses the same.
25
Comparative Example 7
The procedure of Example 7 was repeated except that
the water-absorbent resin (I) obtained in Comparative Example 3
was used, thereby obtaining an absorbent material and an

30 absorbent article that uses the same.

Comparative Example 8
The procedure of Example 7 was repeated except that

the water-absorbent resin (J) obtained in Comparative Example 4
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was used, thereby obtaining an absorbent material and an
absorbent article that uses the same.
[0122]
The absorbent articles obtained above were evaluated
5 following the methods described below. Table 2 shows the results.
[0123]
<Evaluation of Absorbent Article’
(a) Preparation of Artificial Urine
Sodium chloride (60 g), calcium chloride dihydrate (1.8 g},
10 magnesium chloride hexahydrate (3.6 g), and distilled water
(g.s.) were placed in a 10-L container, and completely dissolved.
Next, 15 g of 1% by mass poly{oxyethylene)isooctylphenyleter
aqueous solution was added to the solution, and distilled water
was further added thereto to adjust the total mass of the aqueous
15 solution to 6,000 g. Subsequently, the solution was colored with
a small amount of Blue No. 1, thereby preparing artificial urine.
(b) Liquid Permeation time
A cylindrical cylinder having an inside diameter of 3
cm was placed near the center of the absorbent article, and 50 mL
20 of artificial urine was poured into the cylinder at once. At the
same time, using a stopwatch, the time taken for the artificial
urine to completely disappear from the cylinder was measured as a
first liquid permeation time(seconds). Next, the cylinder was
removed, and the absorbent article was stored as is. At 30
25 minutes and 60 minutes after the start of the first pouring of
the artificial urine, the c¢ylinder was placed at the same
"position as the first time, and the same procedure was carried
out to measure the ligquid permeation time (seconds) for the
second and third times. The total time in seconds of the first to
30 third procedures was regarded as the total liquid permeation time.
(c) Amount of Re-wet
After the elapse of 60 minutes from the completion of
the measurement of the liquid permeation time, about 80 sheets of
10 cm’ filter paper whose mass had been measured in advance ((We

35 (g), about 70 g) were placed near the position for pouring the
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artificial urine on the absorbent article, and a 5-kg weight
having a bottom area of 10 em x 10 cm was placed on the filter
paper. After the load was applied for 5 minutes, the mass of
filter paper (WEf (g)) was measured, and the increased mass was
5 regarded as the amount of re-wet(g).
Amount of re-wet of the liquid (g) = WE-We
(d)} Expansion Length
Within 5 minutes after the completion of the
measurement of the amount of re-wet, the dimension of the
10 longitudinal expansion (cm) of each absorbent article into which
the artificial urine was permeated was measured. Ncte that the

decimal point was rounded off to the nearest whole number.

[0124]
[Table 2]
Resi Liquid Permeation Time Amount of Expansion
esin (Seconds) . Re-wet Length
Used

1 2 3 total (g} (cm)
Example 7 A 20 17 22 59 26.2 19
Example 8§ B 21 17 19 27 25.9 20
Example 9 C 20 | 16 17 53 25.4 21
Example 10 J3] 21 16 18 55 26 20
Example 11 E 21 14 16 52 27.1 22
Example 12 F 21 13 15 50 29.8 24
Comparative G 21 17 27 65 26.5 18
Example 5
Comparative H 21 12 16 50 35.9 24
Example 6
Comparative I 21 18 29 69 29.3 17
Example 7
comparative: J 20 17 28 66 32.4 17
Example 8

15

[0125]

As is clear from Table 2, the absorbent articles of
Examples 7 to 12 that respectively use the water-absorbent resins
{A) to (F), which are excellent in the water-retention capacity

20 of saline solution, water-absorption rate of saline solution, and



69 29.3 17 Conparative Exanmple 8 J 20 17 28 66 32.4 17 15 [0125] As is
clear from Table 2, the absorbent articles of Exanples 7 to 12 that
respectively use the water-absorbent resins (A to (F), which are
excellent in the water-retention capacity 20 of saline solution,

wat er - absorption rate of saline solutiongoand -40- flowthrough rate of
0. 69% by mass sodi um chl ori de aqueous sol ution, have a short |iquid

per neati on ﬁJiqmetandughs:rmiel ofe0wed? K0 12BE Spdilme cmtﬂme*rldbaa@;emfs t he

Corar e SR IBh o %, SRS LR R B B, At Hichel2ee
fl owt hr ouglo2atle of 0.69% by mass sodi um chl ori de aqueous sol ution, and
Lhe ones, (Comparat v, IR Eked 20 She DAL Gtk idibes, e
5 ones (Comparative Examples 5 and 6} that have poor properties in
terms of water-absorption rate of saline solution and flow-
through rate of 0.69% by mass sodium chloride agqueous solution,
and the ones (Comparative Examples 7 and 8) that are high in the
water-retention capacity of saline solution and poor in the
10 property of flow-through rate of 0.69% bf mass sodium chloride
aqueous scolution due to unsuitable median particle size of the
primary particles, resulted in absorbent articles having poor
properties in terms of ligquid permeation time and amount of re-
wet.
15
Industrial Applicability
[0127]
The water-absorbent resin of the present invention
provides an excellent flow-through property, and can be suitably
20 used for absorbent materials and absorbent articles that use the

same, in particular, for hygienic materials.

Reference Symbol List

[0128]
25 11 Tank
12 Glass tube for static pressure adjustment
13 | 0.69% by mass sodium chloride agueous sclution
.14 L-shaped tube having a cock
15 Cock
30 20 Cylindrical container
21 Piston-type weight
22 Cylinder
23 Hole
24 ' Glass filter

35 25 Swollen gel



10 property of flowthrough rate of 0.69% by mass sodi um chl ori de aqueous
solution due to unsuitable nedian particle size of the primary particles,
resulted in absorbent articles having poor properties in terns of liquid
permeation tinme and anount of re-wet. 15 Industrial Applicability [0127]
The wat er - absorbent resin of the present4inventi on provides an excell ent
fl owthrough property, and can be suitably 20 used for absorbent naterials
and absorbettt articl etaihdesaseetdde wame, in particular, for hygienic
naterials.&ﬁpferencefiégggl List [0128] 25 11Tank 12d ass tube for static
pressure adjustnment . 69% by mass sodi um chl ori de aqueous sol ution

14L- shaped 32ube havi rSppportckodixCock 30 20Cyl i ndrical contai ner
21Piston-t¥£§ meightcéégélinder 23Hal e_24d ass filter 35 25Swol | en gel
26St ai nl ess et al gua fﬁﬁﬂ%é?”gfgﬂﬁﬁort board 33Col | ecti ng Cont ai ner

5 34 Even balance



5 34Even bal ance -42- CLAIMS [C aim 1] A wat er - absor bent resin
formed by agglonerating primary particles according to a reversed-phase
suspensi on pol ynerization 5 nmethod, the primary particles being obtai ned by
pol yneri zing at |east one water-soluble ethylenically unsaturated nononer
in the presence of a dispersion stabiliz&k-according to a reversed-phase
suspensi on polynerization nethod, the primary particles having a nedi an
particle size of 100 to 250 pm and t heLhB{®r - absorbent 10 resin having a
wat er-retention capq%h%&moi saline solution of 30 gig or less. [Caim 2]
The wat er - absorbent résin aécording to claim1, wherein 15 the
wat er - absor bent r esiin wadsraabsovbenr aeghinr foemed By ca¥glomeprat ing qeii nAry
00_g/10

chl ori de aqueoqus. sol uti on .of i r . i . .

The v o BEHELRS Paidihilly £80a0EeYemdhRRsR s I8y HoTlbization

wat er - absomla¢hbd; esha basmaryapartidiser Mding obteioéd shyi polpmdritzing aft 45
to 180 secqnds, [Claim4] The ter-absorbent resin according to any .one of
Do Clai o 18R t3OTRAMRE S0 e PSR S S tuE AR chitorisk. . 108,
sel ect ed f pR@skbhBe 06O UD CIHIRIrSt bAJsBAb LIRS actatdindcidl £Hetegsedbhase

pol ygl ycerol fatty acid esters. [Claim5] 30The water-absorbent resin
accor di ng tOISREDSHR RPlwerizationmatheghe e, RIFEARY: PRTELPIRT Having a
ethyl eni Ca!ﬂeﬁiﬁﬂsg%f%%f% BPROTBE h§oatol 935t yANe MRSk SRlteclafsdrimct he
group consi sting (meth)acrylic acid and a salt thereof. -43-

An absbPbemesiat BaVing t havakinfiateasign hgapapihv iof Fegdpeafgliwion of 30
vat er - absorfyent,r gséd according to any one of claims 1 to 5.

[Claim 2]
The water-absorbent resin according to claim 1, wherein
15 the water-absorbent resin has a flow-through rate of 0.69% by

mass sodium chloride aqueous solution of 200 g/10 minutes or more.

[Claim 31 _
The water-absorbent resin according to claim 1 or 2,
20 wherein the water-absorbent resin has a water-absorption rate of

saline solution of 45 to 180 seconds.

[Claim 4]
The water-absorbent resin according to any one of
25 c¢laims 1 to 3, wherein a dispersion stabilizer is at least one
member selected from the group consisting of sucrose fatty acid

esters and polyglycerol fatty acid esters.

[Claim 5]
30 The water-absorbent resin according to any one of
claims 1 to 4, wherein the water-soluble ethylenically
unsaturated monomer is at least one member selected from the

group consisting of (meth)acrylic acid and a salt thereof.

35 [Claim 6]



5[ aim 7] An absorbent article including the absorbent
‘material according to claim6 between a |iquid-perneabl e sheet and a
| i qui d-i nmper meabl e sheet .

-473-
An absorbent material that comprises a hydrophilic

fiber and the water-absorbent resin according to any one of

claims 1 to 5.

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

liquid-impermeable sheet.



