-1- DESCRIPTION Title of Invention: METHOD FOR PRODUCI NG WATER- ABSORBENT
.RESI N Technical Field 5[0001] The present invention relates to a process
for producing a water-absorbent resin. Specifically, the present invention
relates to a water-absorbent resin having a snmall particle size and a
narrow particle size distribution. 10 Bacdkground Art [0002]

WAt er - absorbent resin has been wdely used in various fields, including
hygienic articles, such as disposabl%ﬁsﬁﬁﬁﬁgﬁg N15 and sanitary napkins;

agricul tur 3{‘1&@%?%1‘&0&%1&? AMETHGE 'FOR @Roﬁy@m@ﬁvm@:heﬁ\%@ﬁ@ﬂ:w Rgs@@ent s
and soil conditioners; and industrial materials, such as water-Dbl ocking

agents and agents for preventing dem/condensatlon [ 0003] 20Known types of

wat er - absor E |f&é | ude, for exanple, hydrolysates of
starch- acryﬁ%ﬁ%‘%r? e graQ?t copolymers, neutralized products of

starch-acryl0®0d1graft copol yners, saponified products of vinyl

acetate-acrylic est e cg’ggégﬁgrfnve%gqoﬁog%%éeg % Bob¥ggégs orforpart lally

neutralized acrylic "aci conmpoun sired propertiés for
wat er - absorgreduciegia watehudbsofioente xasphe, Speeifilbeally dtheppapsent es, such
as the anount of .water tion and the water-ahsorption rate, .and a

b
particle 307%F2 l?lﬁﬁejl% %8%5@"’%? SORRENHTGHE REVEPI AHTRdnt resi n.

I n particulpartitDe $iH enidc aahatede parstiehe asi£h siesahbatrdbmpers and
sanltaré napkins, it is necessary to use a water-absorbent resin having a
smal | rticle size and a narrow particle size distribution in order to
exhi bi t satga@kggg@fﬁd/ @ahsorption 35 properties, such as the liquid
perneatlon[%bne re-wet, and -2- dlsper5|b|I|ty [ 0005]

021]

Water-absorbent resin has been widely used in various
fields, including hygienic articles, such as disposable diapers

15v and sanitary napkins; agricultural and horticultural materials,
such as water-retaining agents and soil conditioners; and
industrial materials, such as water-blocking agents and agents
for preventing dew condensation.

[0003]

20 Known types of wéter-absorbent resin include, for
example, hydrolysates of starch-acrylonitrile graft copolymers,
neutralized products of starch-acrylate graft copolymers,
saponified products of vinyl acetate-acrylic ester copolymers,
and crosslinked polymers of partially neutralized acrylic acid

25 compound.

[0004]

Desired properties for water-absorbent resin include,
for example, the absorption properties, such as the amount of
water absorption and the water-absorption rate, and a particle

30 size that is optimal for the use of the water-absorbent resin. In
particular, for hygienic articles, such as disposable diapers and
sanitary napkins, it is necessary to use a water-absorbent resin
having a small particle size and a narrow particle size
distribution in order to exhibit satisfactory absorption

35 properties, such as the liquid permeation time, re-wet, and



Exanpl es of known nethods for producing a water-absorbent resin include an
-aqueous sol ution polynerization nethod 5 and a reversed suspensi on

pol ymeri zation nmethod. In the reversed suspension polynerization method,
the use of a surfactant is necessary. A nethod in which a fatty acid
sorbitan ester, a fatty acid sorbitol ester, or the like is used as the
surfactant is known as a technique that focuses on the surfactant (Patent
10 Literat (HEPEFSiPbld¥er, this nmethod has drawbacks; for exanple, a stable
producti on [@fogwat er - absorbent resin having a small particle size is
difficult and intense adhesion of resin to the wall surface of

pol yneri zati on equi FHEfPlaar PhdvEdiethes i koTo BPIFeAVEHNT 135 [WR368T .
Anot her  pr oglupton: NEddied ilnbmu&é"&b a@B@esgl do Gt idhnt YoRGhr BHARNCmERAS | S

used as a surfactant, is also known (Patent Literature 2). This nethod
shows sbne andppoveyeraed suspedsten \Halymerhzatidie medhedi ofroftheesevensedt he

wal | surfa IEL | i ui durd ng gi’lﬁ%'io i's
prevented;%ﬁﬁ%éeégsnﬁﬁgsgk¥ggégéﬁﬁP%%hggft erq%ﬁiggbgngn%fln tigLSrrethod
since it hascpssatensA meathodsim whirchea patitivclaeidi gerbitan estpalta daktyi ze
distributiagn, .etc...in the resulti.n ter-absoy bent . resin 5 Citation

i st pat enceift efsptadd (5565 it 1Rb O Y B R ThtBl | cati on
No. S56- 13kneénPis 2:tebhpigasecthliexcused fatihd shutfhceaht ofPdtientS61- 087702
30 Sunmmary _qf Inventian Techni cal Pr.obl em [.0008] The mai n
obj oot 181 LAGHRECHnt N VBRI 1 V08 B DR B85 AEapRaisys TP SFABRS g
wat er - absorskabl el sddudtiion bEVEIGLthbr-absosbEPENTsAnh BavYAGra Zaaian et hod

t hrough which a water-absorbent resin having a spall particle size and a
narrow par PeErtece 78L7g dsy ARGl e ARdhanperifiadresigy| of i 6554 ter BBt em

[ 0009] wall suffaciCRiey81{her BhoMRn0 Eh@.@;]&rﬁenﬂ R hgSERbGLURRAL 95 S
conduct ed extensive research and, as a result, found that a water-absorbent
resin havi @§sg&readi | particle size and a narrow

15 [0006]

Another production method, in which a specific fatty
acid sucrose ester is used as a surfactant, is also known (Patent
Literature 2). This method shows some improvement in productivity
since the adhesion of resin to the wall surface of the

20 polymerization equipment during production is prevented; however,
there is room for further improvement in this method since it has
problems, such as a large particle size, a wide particle size

distribution, etc., in the resulting water-absorbent resin.

25 Citation List
Patent Literature
[0007]
PTL 1: Japanese Unexamined Patent Publication No. S56-131608
PTL 2: Japanese Unexamined Patent Publication No. S61-087702
30
Summary of Invention
Technical Problem
[0008]
The main object of the present invention is to provide

35 a process for producing a water-absorbent resin by a reversed



10 particle size distribution can be produced by using a reversed phase
-suspensi on polynerization nethod in the presence of a polyneric dispersion
agent having a wei ght average nol ecul ar wei ght and a nol ecul ar wei ght
distribution within specific ranges. The present invention has been
acconpl i shed based on the above 15 findi483 and wi dely includes the
foll ow ng enbodi nents. [0010] Item 1. A process for producing a
wat er - absorispensaen reelameriizahgon ukgtheod fhreughtwhichobuwatertabsoshentl |y

t t : ! I i I 20
oot 1ol eum MG arEan df SHETd BarHace, MR8 P o B ERl o 4125

pol yneri ¢ dlisgeribiubbomgam be produced. t he pol yneric di spersion agent being
a polynmeric protective colloid having a wei ght average nol ecul ar wei ght
(Mv) of 2,000 to 15,000 and a nol ecul ar wei ght distribution (MV nunber 25
aver age5nol esolatioeitph®Proébben of 3 to 50. [0011] Item 2. The
process for_Qpr Sucing a wat er-absorbent resin according to Item 1, wherein
t he ponneH¥®O§ otective colloid is at | east one nenber selected fromthe

group consisting 30 ™ advhlieie ad\dbovéeoppetfs edneobyesdyt eftfrentBlgi C
anhydri de pol ypro Xlene, and nal ei ¢ _anhydri de- nodi f.1 ed ethglene-propylene
copol ynmers.© ?‘2? extensive researqh ands agpR IHHdessEPERA gPRfu@ ng a

wat er - absorpRaelr-3bséBsdit 2ee@hdhaeidd o tLRALl Phrtdc1ehel gt nadde sidkbagt ant
is at -4- |least one nenber selected fromthe group consisting of fatty

aci d séfr oRETEICLe sSHRI PEFEPyeen| canabeypreduras bgr ¥singoa Ijevereafd. The
process fonHakRdUGEHth S MR LB yASAINERN RetRSE NAGHR" fi-88eid 3P one of

Itenms 1 to 3, wherein the water-sol uble ethylenically unsaturated nononer
is at | eastPodimerbeidispagisionedgéniohaviaggacgidungaveraag méleavdal) acrylic
acids and P t eof n Sq4 . nvant | .

The product%\%(% ﬁgr%gaés% %?lﬁqﬁg%rggg@?yi%l\%%ﬁﬁgﬁlg{‘Ivtb)ws g‘v?%%gé?g%g%r Sht
resi n havi Mpeapsesent pavientlionshae et acoampbishedr baskd en zEheliabbvebut i on

bosori 567 PipRERGUGEE WiNRG Bl BIELS She! BoTHSPEIY HBoBShHTES ! 221! On et hod.
[0010]

Item 1. A process for producing a water-absorbent resin
comprising subjecting a water-soluble ethylenically unsaturated
monomer to reversed phase suspension polymerization in a

20 petroleum hydrocarbon dispersion medium containing a surfactant
and a polymeric dispersion agent,

the polymeric dispersion agent being a polymeric
protective colloid having a weight average molecular weight (Mw)
of 2,000 to 15,000 and a molecular weight distribution (Mw/number

25 average molecular weight (Mn)) of 3 to 50.
[0011]

Item 2. The process for producing a water-absorbent
resin according to Item 1, wherein the polymeric protective
colloid is at least one member selected from the group consisting

30 of maleic anhydride-modified polyethylene, maleic anhydride
polypropylene, and maleic anhydride-modified ethylene-propylene
copolymers.

[0012]
Item 3. The process for producing a water-absorbent

35 resin according to Item 1 or 2, wherein the surfactant is at



The production process for producing a water-absorbent 20 resin of the
present invention is such that a water-soluble ethylenically unsaturated
nononer i s subjected to reversed phase suspension polynerization in a
pet rol eum hydr ocar bon di spersi on nmedi um containing a surfactant and a
pol yneric di spersion agent to form a wat-er-absorbent resin, wherein a
pol yneric protective 25 colloid having a wei ght average nol ecul ar wei ght
(My) of 2, de@stoons, mabem@edeqbe@cinom thei gheurlicomsisting of Matiunbetrd

I ' 5Q_i I [
G Sporsi on SEtere ¥t HRb R vheR T Rkl S B PSS O (M and

nunber averl@®$d3dol ecul ar wei ght (Wnh) of the polyneric protective colloid

were neasured using g4y gh LEIPSLALULS el SLIEALLOD VTRl agranh, [0017]

35By using a polyneric pro € COo ving aweig average

nol ecul ar weisjht a¢bbydinmattos ahy séne ot Ieembol et (B iwherdin atlge waltke -

di spersion stabilit f t.he ter-sol ubl e ethyl eni.cal ly.unsaturated nonomner
B bet 1 ol SBHPHS o Bl S oS P ST G et BT 5 R, APSS paih Femhe:
reversed suysfeaseantionp dhergibapt casisrtiigdor P alelry1ié hecimy wagri c
protective cqlloid satisfies the condition of a weight average nol ecul ar

wei ght  ( MYS3AtEhEReX$RE + ange of 2,000 to 10, 000. [0018] Having a wei ght
average nol ecul ar wei ght of 2,000 or 10 nore can prevent the resulting

wat er - absorbent resin frombeing fine particles, and having a wei ght

aver agéOnol ebdyantagecyst E6feqts oo I8veptid can prevent the particle size of
the resul tipgiwqt er - absorbent resin from becom ng unduly large. [0019]
15Using a polyneric protective colloid satisfying the aforenentioned range
of ol ecul ar wei ght ThiesProBuetion MMacegabef HheePagsenrsd| tranfiiionepghewy Vh))
makes it p i _ c . - o] i ayi r

particle sgg&gkgt%ﬁﬁﬁﬁ gSrgé er%ﬁ]’@?gt %‘gg{)%l a%?rll%% Qp%%?%c%f(?/% (E:]%ﬁ%“l’ d
sati sfi es tast20leosidie idhstofibatihon doubear easihtpridkicefibusing a aeyersdd 5 t o
45. [ 0020] . Lng. | ecul ar wei ght distribution to 3 or
greate?? a§ﬁ§PSP§él%&?égﬁ%&§g§?%$£§vﬁﬁﬁﬁé smal | particle size can be stably
produced. By setting the nolecul ar weight distribution 25 to 50 or |ess,

t he result%pgcmatﬁr-abﬁfgp%g .res'g can be prevented from having a w de
particle siZ& R s ot Fﬁﬂ%& The present invention nmakes

it possibl goobaspr oduce a wat er-absorbent resin having a small particle size
and a narrow

The production process for producing a water-absorbent

20 resin of the present invention is such that a water-soluble
ethylenically unsaturated monomer is subjected to reversed phase
suspension polymerization in a petroleum hydrocarbon dispersion
medium containing a surfactant and a polymeric dispersion agent
to form a water-absorbent resin, wherein a polymeric protective

25 colloid having a weight average molecular weight (Mw) of 2,000 to
15,000 and a molecular weight distribution (Mw/number average
molecular weight (Mn)) of 3 to 50 is used as the polymeric
dispersion agent.

[0016]

30 The weight average molecular weight (Mw) and number
average molecular weight (Mn) of the polymeric protective colloid
were measured using a high temperature gel permeation
chromatograph.

[0017]

35 . By using a polymeric protective colloid having a weight



30 particle size distribution enploying a reversed suspensi on '

pol yneri zati on nmethod by satisfying the conditions of the aforenentioned

ranges of the weight average nol ecul ar wei ght and nol ecul ar wei ght

di stribution. [0022] 35The polymneric protective colloid used in the

production -6- process of the present i-mention is not particularly

limted, and usabl e exanples thereof include naleic anhydride-nodified

pol yet hyl ermverage enclentiydr weighmodiMw)e dhpdl sqricgfilesn&he nathairec-specified

anhydri de-nodi fi ed ethyl ene-propyl.ene. coppl yners, nalei

Anhydr | de- FBPr cPEHAEERERDT Ry BR e e TePBOMSRer ) mal ei c

anhydr i de- mtiyilerilcgiolyy hmisatdueated aidnpheneinmed getronbydr hyleraapbbyner s,

et hyl ene- prapyl ene- mal ej.c_anhydri de .copol rs,. .butadi ene-mal ei ¢ anhydri de

copol yrrer o BPRERSat RSt ot b TAITBRBNA L 18 £ SHETRCL GBS RELER et hy)

cel I ul ose, pblynadi 2dtidn hedhedyetrhukesablyl ane. pdieherid IprdREEEiRE Ot ecti ve

col |l oids may _be used al one or in a caonbination of two or nore. [0023]

O these, RLePEdFHAFEIgS- hBai FoeH tHOPyef Y I HEGP thaveraga MR G 8T nodi f i ed

pol ypr opyl gaeghenfvphBithiantiériddfre b2 50604 i&A 19t Bybene- propyl ene

copolynmers, are preferably used as a polyneric protective colloid fromthe

vi ewpoi nt dPORBR& dispersion stability of a water-soluble ethylenically

unsat urat ed nononer y 4 EW% i rd 8Chhye,col | oid

used is 20 not parti ca&’ﬁg%l% %;%te %#ﬂ%p%%r?&?%ng%%%ﬁtﬁg'gg?l%]icd IS

generalfPy ooze can prevepdnthef réeswWsing Baper-tabdprbentsresin fuomf bedigy 0. 1

to 3 parts | af i t 0. pa R f S..kNn_Qrder

to maintai ﬁgéﬁ xc%:{(flee%i’ éﬁgplgar%ﬁl&%sgv %i ‘gﬁ%f t%q%a{né?g%%?%g%ﬁhk of

et hyl eni callbyOQ@sart Uregtse danopoereenti thaSpaheiqle rsdlzeunt hlte aseuianng

di spersion nedium and to _gbtain a dispersion effect that corresponds to
W%?S]df al rnrom %SB %

t he anount t resin WAt ers 1?3% gr%?hylenically
unsat ur at eqoomapner used in the production process of the present invention

is not_30 particular]y limte and usapl e exa s.Lnclude (neth)acrylic
hoi 0 (Forern aoryi UsiAg ke PRSP BBy TP it et baig: HGor 1. )
and salts tiferenéntibrciirhhgsr ¥t awi¢eular MsivHpaRRPESEE faNi (Swaaindband
salts thereof; noniagnic _nononmers, such as (neth)acryl am de,

N, N- dt met hFVERBER)BRYSAVARF gBeight 3(34“H))d?'6]§%t3fﬁ/lp€ﬁ'§¥m%cﬁ/lpﬁoél}me a

N- et hyl ol (aeeh) assoriiitdees #h thavifig BOhYBESY IRA®igh¥Coze distribution.
nono( met h) acryl at e; am no-group-contai ni ng unsaturated nononers, such as

N, N- di et hy PERF o645/ thee PR} MBeIAGEEOIRCIIWR IThIC4Ri ABhESHiAY FBeh) acryl at e,

di et hyb@m peRaLEY B3 1) ABLYLEAANGe13RY QUSESIRASNC PARGE WIS 5 thhgs eof .
These wat er-sol ubl e ethylenically unSaturated nononers Tay be used al one or

in a conbi #8028h of two or nore. [0026] Among these, acrylic
acid, salts thereof g.neLhagtylife 3ohdeuf@: Liildhe" 80k er A MilAMd8s or

met hacryl am de, N, N
greater, a water-absorbent resin having a small particle size can

be stably produced. By setting the molecular weight distribution
25 to 50 or less, the resulting water-absorbent resin can be

prevented from having a wide particle size distribution.

[0021]

The present invention makes it possible to produce a

water-absorbent resin having a small particle size and a narrow
30 particle size distribution employing a reversed suspension

polymerization method by satisfying the conditions of the

aforementioned ranges of the weight average molecular weight and

molecular weight distribution.

[0022]

35 The polymeric protective colloid used in the production



10 di net hyl acryl am de, and the |ike are preferably used as a water-sol uble
et hyl eni cal |l y unsaturated nononer because they are easily avail abl e
industrially. The use of acrylic acid, salts thereof, nethacrylic acid,
salts thereof, etc., is nore preferable. [0027] 15The aforenenti oned

wat er - sol ubl e et hyl eni cally unsat ur at ed -fononers may be used in the form of
an aqueous solution_in order to nore effectively disperse themin a

pet r ol eum WMFECEEAr Boithe PFreserbnimelitien s mardispdashy peimdited. and

pol ymer i zatjsan1 BetRath1 e nePBEE M iAaR mAl e i &t dFRRADRba1 Fidde aqueous
mononmer solution is not particularly limted, and’it is preferably 20% by

mass to a Plyethetensndadeist a@mydnmeempﬂefwhmo}mom e, Mpledass, and
even nore 5 ] h sol ubl e

et hyl eni ca%ggﬁgg%ﬁ?ﬁae ggogori%elgggmpkgg%% cac%ﬁ’ r@ gﬁbe[g%%%r

(et h) abr ylainbyécidieﬂno@fledeﬁ:mucwufmﬁede Qrmlte}iepldapaﬁetmqjlryneraci d, the
acid group e tralizing
agent. The "5 afglan%% gﬁjﬁge% %lﬁgg%% ret%§§ ggl y :inc{ted and 30
usabl e exaramhydrldhermﬁohynehsdeeﬂmﬂmmpsopyllemadbml &nhydmieteal corrpounds

such as sodi u dI‘OXI d ot assi um roxi de, gnd ammoni a,. These

al kal i ne né’ﬁPP ?r'%g b&‘g@ﬁﬁ ngra g% ?@g}}g{b‘#{e coorpo Srﬁom%&ﬁegn of two
or nore. [ @32gbtRpildiee d%@h@&eﬁé a@bymai bzal i epolfymeirs , t BEhPL ick1guoups, - 8-
with the al kaline neutralizi n ent i's not artlcul arly limted, and is

gener atPy #99 8thvh MEP=YEIED Jp]r’-’é‘PéPab 3% BRI YBETIL LT RACHYEm t he
vi ewpoi nt Q:Bl!LBQdi@Qﬁdj\%et ﬁ%easal?éﬂé? d¥ @8SHI Sorfirddte ohest! twdBbr more.

wat er - absorbent resin to increase the absorption 5 property, and not
causi ng any%8P34dvantages in safety or the like due to the presence of an

excess al kal i ne neulgealehekB9 RARdHc &99&91@%&%&@%@1&&3&%@ the

producti on process of the present invention is not particularly [inited,
and exanpl é@lﬁgctmwlqenmpdél@m@ PAypirepy tengyr fanét maleiguanhydridecr ose

fatty id er. id
ester s?g ?ggg‘% QTDLQ.1 e sor %%i attyggch:?'ggééstgr%f iﬁ'l[a?éoxye{ ﬁltfteéngg

gl ycer ol f@ptlymar,ml W1VGOc@11@d ffaomythe iviieapodng, of othe disphysEore
sor bi t ol te 5

pol yoxyet htBRstiE T RGBT KR L EIR A YheSHIEL g monomer.

pol yoxyet hybeaél cur ed castor oil, aIkyIaIIyIfornaIdehyde condensed

pol yoxyet hyl ene eth X | en Iene | ners
pol yoxyet hyl ene pol %ﬁyﬁg Xf‘) éqfek Egﬁ e gjlr @I gg
aci d esoer aptapaiytigilandsy dm;.téaal k'yé g:bmmacaprdeectm yxmxyeidnyisene
fatty acid am de pol yoxyet hyl ene al kyl a nes phosp I’IC ester
pol ycxyet h?PBﬁﬁa:;]r% %it Fr\érg AR Hh & pﬂo&a §C%f ¥ I3y E ﬁw ene
al kyl al | yl p@éhéf&bl}ﬂ' lege tousf pﬁf’@eﬂtb“y mgsbﬁelmdr@lt@neoorp&ﬂsab@omas@atI on
of two or nore, '\‘“{ rr%flr]s t hese, fromthe viewoint of the

a

di sper si on©&t B¢ | %Pﬁﬁie’éo"l%ﬂlaén@?h%laéhleé‘éﬁell}eﬂﬁs‘gt’t‘iﬁeé:tséﬂnrmnorrer

in a petrolsedfe *’WﬂrﬂfeﬁH&Q@rd%D@Eﬁé Qinyeehidal iy ensseuphtéa Sﬁ&foﬂé@ imtty
acid ester, a pon | ycerol fatty acid ester, and the like 30 as a
sur f ac2ant the IB‘F‘é‘f &ydrooay ‘}lon dispersioniedifunangds te @Wf act ant
used is nOR;RREEs LM Jeebck Eh&@dcoﬂfés%ﬂ% o i RhiduAtags&xcel | ent

di spersion state of the water-soluble ethylenically unsaturated nononer in
t he [0025]

The water-soluble ethylenically unsaturated monomer
used in the production process of the present invention is not
30 particularly limited, and usable examples include (meth)acrylic
acid (herein “acryl” and “methacryl” collectively refer to
“{meth)acryl:") and salts thereof; 2-(meth)acrylamide-2-
methylpropanesulfonic acid and salts thereof; nonionic monomers,
such as (meth)acrylamide, N,N-dimethyl(meth)acrylamide, 2-
35 hydroxyethyl(meth)acrylate, N-methylol(meth)acrylamide, and



35 petrol eum hydrocarbon di spersion nedium and to obtain a -9- dispersion
effect that corresponds to the anount used, the anobunt of the surfactant is
generally 0.05 to 5 parts by mass, and 0.1 to 3 parts by mass relative to
100 parts by nmass of the nononers. [0033] 5The petrol eum hydrocar bon

di spersion nediumused in the present invVention is not particularly
limted, and_exanpl es thereof include aliphatic hydrocarbons, such as

n- hexane, medpekhelens cdygad mepr metly) arrylale c pRipe - ayeMRTIAEABIng uch as
cycl opent ang s RELYd & WonBREPE ANSucH: Ks! RNRX@NGhyARRMi A8e fRY DY Cycl ohexane;
and aromati c hydrocarbons, such as benzene, toluene, and xyl ene. These

pet r ol eum Hyrgtbeagmontdi. s PeNsdbpthid@minepresy aekbddcaybake.or in a

conbi nati ony. : 9%[ hese, -h&;ﬂt and

cycl ohexaneralgﬁ:%&%%mg{og%ﬁ}gél(@gused:r%a{rlﬂgébe rol ur%ngﬁry}%fr]%car %ﬁﬁgfsper si on
medi um BecdbheeeoficyITwmse gatelysehdilleakltbylemicllyabhgatytaitsd monomerss i ty,
and i nexpensivg, FLOMbLAGVEEVDOIN oh;Lhe; GATe 133 ap sxarpl e of a

combi nat i ofi8f "t he abéve, Xsor 'ﬁ\/lcﬁep ane F Otd 18 Bonhere al | y avail abl e

(produced hpoEgkonMobil Co., Ltd.: 20 containing 75-85% by mass n- hept ane

and isonmers) are preferab used. 035] . The unt . of petrol eum

hydr ocar bon di sper si8f"fe ?ﬁﬁusagéjygécn% 1y SBALES 5???9%“?%&?05%&‘7 s

general ly 2@ifp $Q0:2%heeebs, byciAsmiany peefairghbynid@) pavts by mass

relative to 100 to 550 partsu%/ mass _of the nononmer in order to easily
dhghso

rel eas&0t h&iRekRY qTariamiged Lier RERAMTEHCERBLY TR ¢ ¥BRRT 0l the
reaction tgepabdd Wihy1RnkBg1 ILUSstRdrsvedansiddPokbyaBEs ZaldORArRl 85851,
30[0036] In the production process of the present invention, generally 10
to 200 par P¥abjabissndushaiellys GBeduse|f PFEYLLC 100 hased thythereotof the
petrol eum budpcAFboN fligpessi A 1Ry Wen thenappupteQlragater is |ess
than 10 parts by 'nass, the 35 efficiency of industrial” production will be
poor, thus[@8BRYhg it -10- undesirable from an economical point of view.
When t anount of e _ SP vernsely affects

t he di Q%ersion stat\g@%f Efﬁ%&g\%&gpﬁgglﬁ éefe;t%ﬁ%g%i %E lyéafﬁr?%éﬁgrat ed
nononer, amdséberatEsiimonpyevatnay dgsosbdnin ride Hommyofiaamwe aguedusndul y | ar ge

particle Sgéfutlégxgg order to more effectively disperse them in a

petroleum hydrocarbon dispersion medium in the reversed
suspension polymerization method. The concentration of the

20 monomer in the agqueous monomer solution is not particularly
limited, and it is preferably 20% by mass to a saturated
concentration, more preferably 25 to 70% by mass, and even more
preferably 30 to 55% by mass.

[0028] ‘

25 When the water-soluble ethylenically unsaturated
monomer contains an acid group such as (meth)acrylic acid or 2-
(meth)acrylamide-2-methylpropanesulfonic acid, the acid group may
be neutralized in advance with an alkaline neutralizing agent.
The alkaline neutralizing agent is not particularly limited, and

30 usable examples thereof include aqueous solutions of alkali metal’
compounds such as sodium hydroxide and potassium hydroxide, and
ammonia. These alkaline neutralizing agents may be used alone or
in a combination of two or more.

[0029]

35 The degree of neutralization of all the acid groups



In the production process of the present invention, a crosslinking agent
may be added, if necessary, when the water-soluble ethylenically

unsat urated nononer is subjected to 10 reversed phase suspension

pol ynmeri zation. There is no particular limtation to the crosslinking
agent, and conpounds having two or nore-gel yneri zabl e unsaturated groups
can be used. Exanples of the crosslinking agent include di- or

tri-(nmeth)#ith see aadiseonepbrabixinguatens a0y earyienaTivydsmited this
speci fi cat 20, 1%5%?“/' enﬁ&“?beﬂﬁ ﬂid’%g'SFrys?lSﬂ £-fd‘ @@r%}/foio tookbestyyel y

refer to "(poly) e glyco propyl ene glyco

trinmet hyl omodopaem, the y@@mpplpblq@ﬂy@mgsgm @eymmotpgl poessyrep o etlee

gl ycol , Qeéﬁglc%lg qctee Bﬁs @ﬁfﬂr%tsq.g po! %& e%r a#' 55156““ ng the
poryo suc

above- nentione an unsaturate aC| eic acid and
f umar i c5 acipdtppbrsuc raridamodesausin any mw&mﬁgdmehnséaﬁem aar yhamdes di -

tri t t t b d b t d
(et 1) acr Ve 561 B0 SRSENOR "Bkl S7sPoe: SRt 1R PyRr A LEr P BoRRhed by
reacting a[poByusocyanate such as 25 tonIenedllsocyanate or

hexanet h Ienediisoc ate, with h net_h late; all Iated
star ch; ;Ilylated c FB§53'5?31¥?98 ?h %1 Odﬂl)c 'EFQQQﬂSI9¥

i socyanur apgesantl diveantibhensenst ddi@38hi20lyn aediceagnate el@mples
aforenentloned conpounds having two or nore polymerizabl e unsaturated

gr oupsiOcotPstifes INGANS the BPRIRRE SuREactanict iSWEDT AR cTiTeae §RbtHs can

be used as abhg est&ass) 'p'%ﬁ'y@ﬁlyé&?dﬂ FAXFRELS ég}_%rr%()f sbPSitHle fatty acid
gl yci dyl - groupcont ai ni ng ngoun s, such as (pol y)eth | ene gl yco?
Y

di gl yci dyl esseéﬁhé?%lyoe%rzp e%w%tgny%ttmuagqlﬁcpa €r$thers, and -11-
(pol y) gl YCBho oﬁy@eﬁgﬁe%' g®yEEESE ﬁé%%z%@i&%s@é‘%s xsetltéioq}axe)tgr 2py4 ene

glycol; (poly)glycerol; péntaerythritdol; ethylenedi am ne;
polyethyleﬁétﬁrﬁeIPQ%M@XQBVth9mQrﬁﬂﬂﬁﬂ&@lyf@ﬁty aﬁm§568t¢n%.slll1k|ng agent s

can be o2 n r

Among. Fhos Bty SR iytcelalfb Sl Polrobf¥iinell’ Sucriiihy others.
gl ycol di gpp&yd:y;keiémm capbdy ) qily.c podyoxiyetihydietye! catré@regstor oil,

N, N - nethyl I r r.ahl 0 us the crasslinki ng
agent becauggg?%%ﬁh%@%gggﬁ On‘r%ljéeg’és% ?vllg ? yyo}?’e%g ign lréerrft ure. [0040]

I n order tpoé?éxyathﬁﬂenerpoﬂgmxyﬂnbpgﬂéaetblﬂckImaponymersnklng agent it IS

ferabl e that t | t d d to.the wat
Gt hy! o caPPy ORISR aPRDRGEP NG GLBE q0grey PoLyotyTorg glihalnt of

the crassl| faktioacige rRisteseq aFkyDigl@bbices ﬁlﬂ\i—)aJJ]-dym gedcoraendammeuener ally 0
to 1 %by nol, and 2 referabl é 0. 0001 to relative to the

t ot al armuﬁf’lﬂ?xﬁi@ neREtY RG] AMiAs, q}ysoﬁ‘ﬁ’ﬁ Eﬁ?ﬁ‘? ViKY ABiReE he
absor pt i onpReePRstic estbrkher Wb Biox3Reaybend d418§11Neth8P42]land phosphoric

esters of polyoxyethylene alkylallyl ethers. These surfactants
may be used alone or in a combination of two or more.
25 [0031]
Of these, from the viewpoint of the dispersion
stability of a water-soluble ethylenically unsaturated monomer in
a petroleum hydrocarbon dispersion medium, the use of a sucrose
fatty acid ester, a polyglycerol fatty acid ester, and the like
30 as a surfactant is preferable. '
[0032]
The amount of the surfactant used is not particularly
limited. In order to maintain an excellent dispersion state of
the water-soluble ethylenically unsaturated monomer in the

35 petroleum hydrocarbon dispersion medium, and to obtain a



The addition of the crosslinking agent can be freely 25 determ ned because

‘the absorption properties of the water-absorbent resin may al so be

controlled by subjecting the surface and area near the surface of the

wat er - absorbent resin to cross-linking in any step fromafter nononer

pol ymeri zation to drying. [0043] 30ln tRkRe-production process of the present

i nvention, the reaction of the reversed suspension polynerization nmethod is

usual |y peﬁﬁépﬁEGiQBieﬁfe@tr&Uﬁte@oqnﬂspnaﬂ$zt@iﬁhﬁ emeunht wsed . THbeeahgunio

particul ar a %l_g h o YRETr n d anpl es

t her eof |nc u egpgel?]gfth tt Is g&h 5bp a%&s%fj pgrgsb eraEs%r gﬁmam(r)\ieitjm

per sul f at e, toafdpants thy peussurém*el,ve 1921 0pepardtisd by, mass hofasthee mopbmetsy |

ket one per ig met hyl isobutyl ketone peroxide, di-t-butyl peroxide,

t - butyl cuﬁ{?lo gér oxi de, t-butyl peroxyacetate, t-butyl peroxyisobutyl ate,

t-butyl speroxypi val athe, patdolyui ¢geropatrivon i spardied mediyrowsdd, is whe as 5

2,2'-azobis 2-anidinooropane d|h drochloride, .. .

35 asobi DESSERBHUIGARITCH 1) B BATELARR I Hithtede, and. exanples

2, 21- azobi Stbarébhl inﬁlainedhmebﬁé@mu@hébbaﬁmféﬂ @uclCas 2n AHexameh)i 5€2- [ 1- (2-

hydroxyet )-2-imdazoline-2- prop ane)dlhydrochlorlde 2,2

azobi s( 2- rré@ﬁ;‘}ﬁn?xk [A-OCh5Ne( h Ry | 5’ 20Y g PIABRGREPRAS plsHﬁpoﬁ%lm de),

2,21-azobi %%%1%&%&4* e thPY &Y Spofint¥hd ; i Heahde] an@nd

4, 4" -azobi s anoval eric acid). These ra i cal polymerization initiators

can bel@sefdethpheyerohiaxageeoand rﬁaﬁqﬂ@ﬁl& hydgrearbepse. spodn/as bEBERBE anpunt

of the radi Y i n vard t i limted,

and is gengggilflggb %g%x?gallgm%lglgénéo%ter g‘?%eﬂto tgﬁ]ergt&gtaaéﬂa&rng&%? of the

nmononer. \Wieditme mdm usedt dtoneadircdh potgmmimationonfi twa iaxt oeres | ess

than 0. 005 ‘¥,hy t he pol ynerization reaction takes too long, and is

thus not 2 ges rable When the anmount of the radical polynerization

initiator exceeds 10% lthese| ,n-drexameuph- lpfem;amri aatli cycl@destanenavecur s, and

i's thu 5 ot d Si raﬁ%)us 0045 Jheetra |cal ‘2‘?" msrﬂo%a |one]gn.i()t11i at gr. can al so

be use ° 25 5? FPR PG RTGTht oget erPW 117 et ng

agent, sucbeaausedihay saﬂef |ehellyoalirméb,mr aganssrtlélltye sftableusn sqidldte,

and L-ascorbi.c.acid. 0046¥ I n the roduct% rocess of _the presef

i nventi on, *FRet BRI Pon Tep A dFEPst: e PERY - S fEhSrppLe of

pol yneri zaki esmbEidibrdEcBHE &ovid)e Ekykpo1TM Heqdjaﬁaal Fpeignes i zation

initiator used, and |spg_nerally 20 to 110C,_and_preferably 40 to 90C. Wen
TR

t he reacti Sﬁm%ﬁ"b’eq]zftyu aidaplgeirrodysed ey hef? zathtéh irat e becones

sl ow ?112161 Peb} B l7®18t5@k§§ h&$s 32 hkpBane Matd B.%ombrﬁy%ﬁﬂpi@fbfably
undesi r abl e. V\hen e reaction -13-
used

[0035]

The amount of petroleum hydrocarbon dispersion medium
used is not particularly limited, and is generally 50 to 600
25 parts by mass and preferably 100 parts by mass relative to 100 to
550 parts by mass of the monomer in order to easily release the
heat generated during polymerization and to readily control the
reaction temperature in the reversed suspension polymerization
process.
30 [0036]
In the production process of the present invention,
generally 10 to 200 parts by mass of water is used relative to
100 parts by mass of the petroleum hydrocarbon dispersion medium.
When the amount of water is less than 10 parts by mass, the

35 efficiency of industrial production will be poor, thus making it



tenperature is higher than 110C, it becones difficult to rel ease the heat
generated in the polynerization, so there are difficulties in achieving a
snooth reaction. The reaction tine is generally 0.1 to 4 hours. 5[0047]
After the polynerization reaction has conpleted in the manner descri bed
above, water and the dispersion nediumat@-renoved therefromand the water
content in the resulting water-absorbent resin is appropriately adjusted in
a dryi ng stuadegiraple Mfyam Ra. epgrPmiGads PosE ohyigw. udthemthe amead@fi zer ,
and an antijg.cr.opj , f he ' he

applicati orﬁ&ﬁgo%féer(ﬁ%%t grggg%% lgewﬁt%'rggi n o t%iqggégggg% ceJCht|c(5}r ocess of 15
t he presentdiisperaionreiphecod| the eatexr-gailfiblenethydepicaldy yaatiuchtedi ze

di stributi nd ei" Oaﬁci) .131‘e3 r@%gl?{ﬁg %a%@!rya&sgrﬁe%tz r}asix\hﬁ%( tlna%e an . .
wat er - absorbent résin i s uSed, Tor- exanpl e, as an absorbe matertal, it is
not preber alndalyolamee |[prrddcparsindes in a | arge anount because the

absor bent g@togr]bal after 20 conpression becones partially rigid. It is also
not preferabl o use small particles in a | arge anount, because the
particles are |ikel yid aheopeodiciidmiptoadsordienhenpiresent , iraratiohf i m ty
is inpaired. Therefore, the water-ab orbené resin used jn an absorbent
material prEPEPLLRS A 29 A PFBWH A9 e 15 BRCOASATYat FIRBTt Fih WAtAT ot her
words, a srhlbi8i éaiylidni caedyeensdtdtbliChéndiiere id stibljbdtédo The
uniformty degree_can be neasured by the nmethods used in the Exanpl es
descri bRd BeVEhse®t iR SUSPEDeLY) polymerizatigfe Jhexenis|pR fantdRuiar
described ijanfuatieh Qetdlel cPBLOWM MaSRd a8BnEX A %‘é)_ﬂ?@%&?%i@&b‘ ¥F¥o or
Exanpl es. However, the present inventionis not limted to thesé Exanpl es.
[ 0050] 35THerghpetyRemizabdgatnsgturated greursy|can de used: dfikampiles phrticl e

si ze, and ‘t@ief 8£8§§J¥irﬁsg{ge%ﬁ8§t Pﬂ(%(\ﬁeedii—zgr driﬁt-r(in!%%'t) 28rPlakPCliters
wat er - absor bent resin obtained in Exanples and Conparative Exanpl es were
eval uat ed lof peivigls muahealsodpotx)e tiivietdebglynvel J[HG05h]s Aspetidticetii@apaci ty

of Sal ipe SQl.ut] 50 Of % T@ss ] lori eous
sol uti %ﬁ (p%;‘/)g#’%%]f%nﬁ gleI‘:P%e g% u%tgg’}gr\}\%/s%l g eggg%égﬁ'ﬁ% d&ieggﬁ 0-
mL beaker. “2p6ly)efhyianer gigsol bent(podyi) propyleatiesgdiyced,t herein 10 in such
a manner that u |l en | unp s_not. observed.. The solution was left to
Stand or oMY RIEEpedil, BREeAd, BOTTE R Bl Y e

wat er - absopbepbxymsopylehee gtgabntandf( pbhe ) drdearole nashtttatedd] t hr ough a

JI S-standard_si eve haying a eni ng .of gm whose: nmass had. been
Thasur od | RoLioSTeEs Oy ungd, PRoE %0, fRe eV Ren TiRRed Tt Hadofi it
degr eegor elaat iMeat @rdted etz osuckings maflbié cadidnrhd fulnhaic Sdailag for 30
mnutes so_as to filter out excess water, The mass Wb %gz’&of the sieve

havi ng wat &LSaEEslERitesye SUPRei b MiadetByicnehts (Fedhy) sy gh- or
capacity oftr$améfe) a%&?itait@neﬂfeérﬁleitﬂﬁifh@adb Yréé&i%%aﬁobb%ﬂ&iﬁ@r WUt

Absorption capacity of saline solution g:g/g :JV\b
(meth)acrylic acid; carbamyl esters of di(meth)acrylic acid

obtained by reacting a polyisocyanate, such as

25 tolylenediisocyanate or hexamethylenediisocyanate, with
hydroxyethyl (meth)acrylate; allylated starch; allylated
cellulose; diallyl phthalate; N,N',N''-triallyl isocyanurate; and
divinylbenzene.

[0038]

30 In addition to the aforementioned compounds having two
or more polymerizable unsaturated groups, compounds having two or
more other reactive functional groups can be used as the

- crosslinking agent. Examples thereof include glycidyl-group-
containing éompounds, such as (poly)ethylene glycol diglycidyl

35 ethers, (poly)propylene glycol diglycidyl ethers, and



(g)/ mass of the water-absorbent resin(g) [0052] Median Particle Size

250. 25 g of anorphous silica (Degussa Japan, Sipernat 200) was m xed as a
| ubricant with 50 g of a water-absorbent resin to obtain a water-absorbent
resin for measurement. Jl Sstandard sieves having openings of 500 gm 250
gm 180 gm 150 gm 106 gm 75 gm and 3BLgm and a receiving tray were
conbined in 30 that order. The above-nenti oned water-absorbent resin was

pl aced on t(Relydplecenad digdyehdleethers20(prliedbylena@yRd-Tap Si eve
Shaker. [0 Af 10 Sheyl .+slaki ng, the
3§§gy&gf%5¥%ine ?%gﬁ?l, ¢?31y9§%2§5f81, g%h%gé ﬁﬁﬁfﬂl.

mass of th SO resin-r I ni ng each” st eve was cal cul at ed
as -15- t le¢hyhenediomioe: agelyethytleneimbne heandtgdlycidys(meiid acrylabss

per cent age i in i.ng o f _particle sj . eby,
Phe rol at: ahaerChSaERIn aG805E Wl He NSS! MorBbh: S NehBunfRESsy” e
mass pes cerifageo obr tverenat er - absorbent 5 resin remaining on the sieve was
pl otted on 3 é garithnic probability paper. By connecting the plots on the
probabilitJ B g rr wth a straight line, the particle size corresponding to

t he 50% percentil e @mohbeth&segr(@ods)sthglary eapaledigbydielyilinetdhass t he
medi an particle size. 10[0054]_ Uniform.t ree of Partjcle Size

Di stri but | dRoLly)propylene| glyg r@%ﬂl’:éﬂﬁxtgﬁ?e%e Rggygﬁimil e size, a
particle sigagiy&idyX @thesBoNdi MY-rctnyhendbi KerRaBaeaki e Qirdfeeabnyegr at ed

mass percentage and a particle. size (X2) corresponding 15 to the 84.1%
per cenl?| e UgLdt a2 tha SFrEFLNRIRS guente ?W%@E@ngﬁw nFedlertd t he

uni form ty dagfeei MRRtORt dbRetedPerdterbol | owing formula. Uniformty degree
= X1/ X2 20Specifically, when the particle size distribution is narrow, the

uniformity [884Pke is close to 1, whereas when the particle size
distribution is broad, o | f AT r i [ 0055] 25
Wei ght Aver age wb|ecu|8r85@?3%t,fﬁﬁnéﬁgﬁgﬁgﬁﬁﬁg‘%@FZ%fﬁ?ﬁﬂ1 iéﬁ?, and

‘Mol ecul ar Wepghlinkigtg ielgentonit is preferdbhke idiaghttheveresgplimiisguagentnei ght
(Mv) a n a | .0 . Of ' tive
ol o B2 uSBqemaBL e the Ru et Snuiieiltny IOt Ay SnBOL MRS R ENEY

cal cul at e &Bhd asédcul ar wei ght distribution (Mv M1). The neasurenent was
conduct ed Héhng a high-tenperature gel perneation chromatograph under the
condi ti ons 4 }ibed bel ow. Table 1 shows the results. "Device:

HLC- 8121GPC/ HT ( Det aeoamodth) of the crosslinking agent used is not

particularly limited, and is generally 0 to 1 % by mol, and

20 preferably 0.0001 to 0.5 % by mol relative to the total amount of
the monomers used in order to sufficiently improve the absorption
properties of the water-absorbent resin.

[0042]
The addition of the crosslinking agent can be freely

25 determined because the absorption properties of the water-
absorbent resin may also be controlled by subjecting the surface
and area near the surface of the water-absorbent resin to cross-
linking in any step from after monomer polymerization to drying.
[0043]

30 In the production process of the present invention, the
reaction of the reversed suspension polymerization method is
usually performed using a radical polymerization initiator. There
is no particular limitation to the radical polymerization
initiator, and examples thereof include persulfates, such as

35 potassium persulfate, ammonium persulfate, and sodium persulfate;



35" Col um: TSKgel GVHHR- H(20) HT + G2000HHR(20)HT x two colums (7.8 -16-
mm D x 30 am produced by TOSO Corporation) Eluent: D butyl hydroxytol uene
was added to HPLC- grade 1,2,4,- trichlorobenzene (produced by Wako Pure
Chem cal Industries, Ltd.) as a stabilizer (0.05 parts by mass of 5

di butyl hydr oxyt ol uene relative to 100 pat&s by mass of 1,2, 4, -

trichl orobenzene) Flow rate: 1.0 ni/mn Detection condition: polarity (-)
| nj ecti on REEQHFEdes., Fuah By weLhvh qdvdekatone pPeraxide. Jpathsnh tiseputynt ure:

40C [ 0056] \EAbhe perdrmnenl e YetONipadbRi A0S RS BimyE! SHloxtYle EDer

aver age nol ecul ar” wei ght 'vn Mol ecul ar wel ght
butyl peroxyacetate, t-butyl peroxyisobutylate, t-butyl
peroxypivalate, and hydrogen peroxide; and azo compounds, such as

5 2,2’ -azobis(2-amidinopropane)dihydrochloride, 2,2'-azobis[2-(N-

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

10 hydroxyethyl]propionamide}, 2,2'-azobis[2-methyl-N-(2-
hydroxyethyl)-propionamide], and 4,4'-azobis(4-cyanovaleric acid).
These radical polymerization initiators can be used alone or in a
combination of two or more.

[0044]

15 The amount of the radical polymerization initiator used
is not particularly limited, and is generally 0.005 to 1 % by mol
relative to the total amount of the monomer. When the amount of
the radical polymerization initiator is less than 0.005 % by mol,
the polymerization reaction takes too long, and is thus not

20 desirable. When the amount of the radical polymerization
initiator exceeds 1 % by mol, an abrupt polymerization reaction
occurs, and is thus not desirable.

[0045]
The radical polymerization initiator can also be used

25 as a redox polymerization initiator together with a reducing
agent, such as sodium sulfite, sodium hydrogen sulfite, ferrous
sulfate, and L-ascorbic acid.

[0046]
In the production process of the present invention, the

30 reaction temperature of the reversed suspension polymerization
method depends on the type of radical polymerization initiator
used, and is generally 20 to 110°C, and preferably 40 to 90°C.
When the reaction temperature is lower than 20°C, the
polymerization rate becomes slow and polymerization takes too

35 1long, making it economically undesirable. When the reaction



di stribution MV Mh Pol yneric protective colloid A Mleic anhydri de-
-nodi fied ethyl ene- propyl ene copol yner 5619 561 10.0 Pol yneric protective
colloid B Ml ei ¢ anhydri de- nodified polyethyl ene 8274 668 12.4 Pol yneric

protective colloid C Ml eic anhydride- nodified
-13-

temperature is higher than 110°C, it becomes difficult to release
the heat generated in the polymerization, so there are
difficulties in achieving a smooth reaction. The reaction time is
generally 0.1 to 4 hours.

5 [0047]

After the polymerization reaction has completed in the
manner described above, water and the dispersion medium are
removed therefrom and the water content in the resulting water-
absorbent resin is appropriately adjusted in a drying step or the-

10 1like. Additives, such as a lubricant, a deodorizer, and an
antimicrobial agent, may be further added according to the
application.

[0048]

The water-absorbent resin obtained by the process of

15 the present invention generally has a uniformity degree of
particle size distribution of 1.0 to 2.3 and preferably 1.0 to
2.1. When the water-absorbent resin is used, for example, as an
absorbent material, it is not preferable to use large particles
in a large amount because the absorbent material after

20 compression becomes partially rigid. It is also not preferable to
use small particles in a large amount, because the particles are
likely to move in a thin absorbent material, and uniformity is
impaired. Therefore, the water-absorbent resin used in an
absorbent material preferably has a narrow particle size

25 distribution, in other words, a small uniformity degree of
particle size distribution. The uniformity degree can be measured

by the methods used in the Examples described below.

Examples
30 [0049]

The present invention is described in further detail
below based on Examples and Comparative Examples. However, the
present invention is not limited to these Examples.

[0050]
35 The absorption capacity of saline solution, median



pol yet hyl ene 4036 92 43.9 Pol yneric protective colloid D Low nol ecul ar

pol yet hyl ene 1783 645 2.8 Polyneric protective colloid E Pol ar

pol yet hyl ene

wax 3106 57 54.5 Polymeric protective colloid F Ml eic anhydride- nodified

-14-

particle size, and uniformity degree of particle size

distribution of each water-absorbent resin obtained in Examples

and Comparative Examples were evaluated by using the methods

explained below.
5 [0051]
Absorption Capacity of Saline Solution

500 g of 0.9 % by mass sodium chloride aqueous solution

(physiological saline solution) was weighed and placed in a 500-

mL beaker. 2.0 g of water-absorbent resin was dispersed therein

10 in such a manner that unswollen lump was not observed. The

solution was left to stand for 60 minutes in a stirred state to

sufficiently swell the water-absorbent resin. The contents of the

beaker were filtered through a JIS-standard sieve having an

opening of 75 um whose mass Wa (g) had been measured in advance.

15 The sieve was inclined at an angle of about 30 degrees relative

to the horizon, and left to stand in that state for 30 minutes so

as to filter out excess water. The mass Wb (g) of the sieve

having water-absorbing gel therein was measured, and the

absorption capacity of saline solution was determined by the

20 following formula.

Absorption capacity of saline solution (g/g) = [Wb-Wal]
(g)/ mass of the water-absorbent resin(g)
[0052]
Median Particle Size
25 0.25 g of amorphous silica (Degussa Japan, Sipernat

200) was mixed as a lubricant with 50 g of a water-absorbent

resin to obtain a water-absorbent resin for measurement.

JIS-

standard sieves having openings of 500 pm, 250 pym, 180 pm, 150 um,

106 ym, 75 um, and 38 um, and a receiving tray were combined in

30 that order. The above-mentioned water-absorbent resin was placed

on the top sieve, and shaken for 20 minutes using a Ro-Tap Sieve

Shaker.
[0053]

After performing sieving by shaking, the mass of the

35 water-absorbent resin remaining on each sieve was calculated as



pol yet hyl ene 18168 1211 15.0 15[0057] Exanple 1 A2L
cylindrical round-bottoned separable flask equipped with a stirrer, two
pitched paddle inpeller, a ref |ux condenser, a dropping funnel, and a
nitrogen gas inlet tube was 20 provided. 286 g of n-heptane and 0.92 g of a
sucrose stearate having an HLB of 3 (probarced by M tsubishi-Kagaku Foods
-17- Corporation, Ryoto sugar ester S—37g% were put into thirs flask, and
0.092 g of th6l paes iRexsemtage velaliveoita Bhe pratdic8gspy ad stie wAsHi cal s,
nc.. M -vaeré2dfle Wit aAdBHrANA] 0 aedBend AIPYIAkY 8¢ Wis-i2hsed; 49, 60C
while stirring to dissolve the surfactant and pol ymeri'c protective

col | oi d A Thgrebwf tlére relatienshin metyepnt the sieyecopering arsothe[ 0058] 92

g of 80 % | | | u [ ) )| t into
an Erl enmeyrOpraLes BOHE bE 6L il B BeREN (B she BecdlahahEbeRt

sodi um Hydresiideremnpigunyg vl the osieness waddplotheshwnse Llbgamithmicder ext er nal
cooling to_ne alize t solytion 75 % 0 of f.assSi um

per sul fatepf: 85%&1 rrtl}f )pa STa rﬁi’di%&[‘%&%&?%ggg %ﬁ Cl’l?li]‘ijhleg nggﬁl a7 ng of
N, N - met hphpeaebwsecray lsaradght OL{ife ,nrhk) pastsoiec sizel cokrexpoangidnty were 15
added, thereby eparing.an agueous noner_sol ution. [0059] Th ot
Srount of - the 0k e Re P S A RaRAL S die 4t PE et Rt dFe SPERE The
m xture wagskepé mddizbCpandisuspen@dad whil e being stirred. After
substantialhﬁéreplacing the 20 inside of the systemw th nitrogen, the
flask Ws i fled in a water bath at 65C to raise the tenperature, and

reversed phaggif+aReySHegra® | oM®airE 81O N514RS pRetL-obwethbd or 30 m nutes.
After the conpletion of the polynerization reaction, the result slurry was

subj ected to the azd®t thpi Bepwramenit PHnthy Modlap BAUICMeftiare 25 using an
oi | bath aP?l-gn@lé Gidiestkhh bfrQiHondiRbelo Hhd NS .98t se S 1 1NBeSYEd €M

Subsequent -heptane wasS evaporated To dry the result slurry, obtaining
95. 4 g of vategraksdmesst percentadralend 2 paohkclehsieab¥? korregberdufg each

properjy Ot Weh&rg ANSOLRGRLNE LR O RhA! Mg 3HPRALs percentage were

determined, and the uniformity degree was obtained by the

following formula.

Uniformity degree = X1/X2

20 Specifically, when the particle size distribution is
narrow, the uniformity degree is close to 1, whereas when the
particle size distribution is broad, the uniformity degree is
greater than 1.

[0055]

25 Weight Average Molecular Weight, Number Average Molecular Weight,

and Molecular Weight Distribution

The weight average molecular weight (Mw) and number
average molecular weight (Mn) of the polymeric protective
colloids used in Examples and Comparative Examples were measured

30 to calculate the molecular weight distribution (Mw/Mn). The
measurement was conducted using a high-temperature gel permeation
chromatograph under the conditions described below. Table 1 shows
the results.

* Device: HLC-8121GPC/HT (Detector: RI)
35 * Column: TSKgel GMHHR-H(20)HT + G2000HHR(20)HT x two columns (7.8



Exarrpl e 2 The sane procedure as in Exanple 1 was repeated except

-that polyneric protective colloid B (produced by Honeyw | |nternational
Inc., A-0575A) was used instead of polyneric 35 protective colloid A
obtaining 95.6 g of water-absorbent resin. -18- Table 2 shows the neasured

results of each property of water-absorbkdt resin obtained. [0061] Exanple
3 5The sane procedure as in Exanple 1 was repeated except that polyneric
prot ect i ve ™8P 8i 30 M pPFRGEEsd phy A5 Correrataion)ndust ri es, Ltd., SANWAX

E310) was us i-nst Mﬁ/ i t i o] i \ t he yunt  of
t he pol yner %gglfd;%t ?\%gug%f' ol d&}\};/atlgggﬁg%ge ta\ga(‘%az{él’;‘?ﬁ%c@t%g‘%enm'%% g of
wat er - 10 drdchberpbenzene (preduced dwoWake Hurs £hemdgal eEpdustryeseach
proper ty - Ofy,c4a} Chs AP SAREA LS| 8, PP LArRE doy A2 LeCompar ati ve Exanpl e 1
The sane procedure as 1 n Exanple 3 S repeat ed except 15 that polyneric
pr ot ect bve didutplaydrqywteoduend bglaviveuito Chedringalts, bynwass HE Ma2.,410P) was
used instead.; ic.\protective colloid C, obtaining 96.0 g of
mter-abso%%éﬁ%l%éqér@e?%gl e 2 shows the neasured results of each property
of wat er - absprd¥eateesino ottt mized. 20[ 0063] Conparative Exanple 2

The same procedure as in_Exanple 3 was repeated except that polyneric
protective cottesItdoR FBP‘&HH:‘E‘E‘ Wi@r%ﬂ:?a it/ Li conax PED522) was used

i nstead of pPphjeBvios PoLuRE! v @l l oid 25 C, obtaining 95.5 g of

wat er - absorbent resin. Table 2 shows the neasured results of each property
of wat &f- abse? R tEBBPRabEST 1@ C[ 0064] Conparative Exanple 3 30The sane
procedur e asgydtdaXdeRpEratyBsS: ePeat ed except that polyneric protective
colloid F ggr oduced by Sanyo Chem cal Industries, Ltd., YOUMEX 2000) was
used i nst ed898%1 pol yneric protective colloid C, obtaining 95.7 g of

wat er - absorplgng { esi n.

Weight Number

Molecular
average average .
molecular | molecular weight
Components . . distribution
weight weight
Mw Mn Mw/Mn
Polymeric Maleic anhydride-
protective modified ethylene- 5619 561 10.0
colloid A propylene copolymer
Polymeric Maleic anhydride-
protective modified 8274 668 12.4
colloid B polyethylene
Polymeric Maleic anhydride-
protective modified 4036 92 43.9
colloid C polyethylene i
Polymeric
protective L°o"’l'“$clfcl‘;lna: 1783 645 2.8
colloid D polyethy
Polymeric
protective | [OLaF pc;’laifthylene 3106 57 54.5
colloid E
Polymeric Maleic anhydride-
protective modified 18168 1211 15.0
colloid F polyethylene
15 [0057]
Example 1

A 2 L cylindrical round-bottomed separable flask
equipped with a stirrer, two pitched paddle impeller, a reflux
condenser, a dropping funnel, and a nitrogen gas inlet tube was

20 provided. 286 g of n-heptane and 0.92 g of a sucrose stearate

having an HLB of 3 (produced by Mitsubishi-Kagaku Foods



Tabl e 2 shows the neasured results of each property of water- 35 absorbent
resin obtained. -19- [0065] Table 2 Physiol ogical saline solution
absorption capacity [g/g] Median particle size [pn] Uniformty Degree X1
[M X2 [um] X1/ X2 Exanple 1 60 165

10

15

20

25

30

35

-17-

Corporation, Ryoto sugar ester S-370) were put into this flask,
and 0.092 g of polymeric protective colloid A (produced by Mitsui
Chemicals, Inc., Hi-wax 2203A) was added thereto. The temperature
was raised to 80°C while stirring to dissolve the surfactant and
polymeric protective colloid A. Thereafter, the resulting
solution was cooled to 50°C.

[0058]

92 g of. 80 2 by mass an acrylic acid aqueous solution
(1.02 mol) was put into an Erlenmeyer flask (500-ml capacity),
and 146.0 g of 21 % by mass sodium hydroxide agqueous solution was
added dropwise thereto under external cooling to neutralize the
solution to 75 % by mol. 0.11 g of potassium persulfate (0.4l
mmol) as a radical polymerization initiator and 9.2 mg of N,N’-
methylenebisacrylamide (0.06 mmol) as an crosslinking agent were
added, thereby preparing an agqueous monomer solution.

[0059]

The total amount of the aqueous monomer solution was
put into a separable flask. The mixture was kept at 35°C and
suspended while being stirred. After substantially replacing the
inside of the system with nitrogen, the flask was immersed in a
water bath at 65°C to raise the temperature, and reversed phase
suspension polymerization was performed for 30 minutes. After the
completion of the polymerization reaction, the result siurry'was
subjected to the 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 to
dry the result slurry, obtaining 95.4 g of water-absorbent resin.
Table 2 shows the measured results of each property of water-
absorbent resin obtained.

[0060]
Example 2

The same procedure as in Example 1 was repeated except
that polymeric protective colloid B (produced by Honeywll
International Inc., A-C575A) was used instead of polymeric

protective colloid A, obtaining 95.6 g of water-absorbent resin.



198 127 1.56 Exanple 2 63 154 205 113 1,81 Exanple 3 59 160 211 112 1.88
Conparative Exanple 1 63 57* 87 31 2.81 Conparative Exanple 2 66

-18-

Table 2 shows the measured results of each property of water-
absorbent resin obtained.
[0061]
Example 3
5 The same procedure as in Example 1 was repeated except
| that polymeric protective colloid C (produced by Sanyo Chemical
Industries, Ltd., SANWAX E310) was used instead of polymeric
protective colloid A and the amount of the polymer protective
colloid was changed to 0.28 g, obtaining 95.2 g of water-
10 absorbent resin. Table 2 shows the measured results of each
property of water-absorbent resin obtained.
[0062]
Comparative Example 1
The same procedure as in Example 3 was repeated except
15 that polymeric protective colloid D (produced by Mitsui Chemicals,
Inc., Hi-wax 110P) was used instead of polymeric protective
colloid C, obtaining 96.0 g of water-absorbent resin. Table 2
shows the measured results of each property of water-absorbent
resin obtained.
20 [0063]
Comparative Example 2
The same procedure as in Example 3 was repeated except
that polymeric protective colloid E (produced by Clariant,
Licowax PED522) was used instead of polymeric protective colloid
25 C, obtaining 95.5 g of water-absorbent resin. Table 2 shows the
measured results of each property of water-absorbent resin
obtained.
[0064]
Comparative Example 3
30 The same procedure as in Example 3 was repeated except
that polymeric protective colloid F (produced by Sanyo Chemical
Industries, Ltd., YOUMEX 2000) was used instead of polymeric
protective colloid C, obtaining 95.7 g of water-absorbent resin.
Table 2 shows the measured results of each property of water-

35 absorbent resin obtained.



198 278 84 3.31 Conparative Exanple 3 60 279 335 139 2.41 *:

aggl onerate was observed.

t he wat er - absor bent
appropriately small

di stri bution.

[ 0067]

[ 0066]

As

Parti al
is clear from Tabl e 2,

resins 5 obtained in Exanples 1 to 3 had an
medi an particle size and a narrow particle size

In contrast,

pol ynmeric protective colloids had a wei ght average nol ecul ar

| ess than 20066land a nol ecul ar wei ght distribution of

t he medi an particle size becane unduly smal |
and the reversed pha:p Qu:ppncinn

(Oorrparatl_\i%

particle s
pol yneri za
protective
(Conpar at i
t he pol yne
exceedi ng

unduly I ar

5

10

15

le 1),

iStribution was w de

I n thel®onparative Exanpl es,

when t he

10 wei ght of
| ess than 3

tlon was uns?&ﬁ?@hxﬁﬁﬂning padikh al | aggl onmerate. \Wen the poly
colloid 15 ??$f Jpn@BulamaWBbght di stri baifomitexegadi ng 50
e Exanpl d 2 g@v rti ¢l e sizze d|stribution became wide. W
f protectlve co had |a I ght egutar —werght
15000 (Cgmp aLaLE&E_Exan¥ 5 £ dpal -zgéﬁgga
[ Examplp oL d ai s 60 165 198 127 1.56
Example 2 63 154 205 113 1.81
Example 3 59 160 211 112 1.88
Comparative *

Example 1 63 57 87 31 2.81
Comparative

Example 2 66 198 278 84 3.31
Comparative

Example 3 60 279 335 139 2.41

*: Partial agglomerate was observed.

[0066]

As is clear from Table 2, the water-absorbent resins

obtained in Examples 1 to 3 had an appropriately small median

particle size and a narrow particle size distribution.

[0067]

In contrast,

in the Comparative Examples, when the

polymeric protective colloids had a weight average molecular

weight of less than 2,000 and a molecular weight distribution of

less than 3 (Comparative Example 1),

the median particle size

became unduly small, the particle size distribution was wide, and

the reversed phase suspension polymerization was unstable,

forming partial agglomerate.

When the polymer protective colloid

had a molecular weight distribution exceeding 50 (Comparative

Example 2),

the particle size distribution became wide.

When the

polymer protective colloid had a weight average molecular weight

exceeding 15,000 (Comparative Example 3),

size became unduly large.

the median particle

t he
mer
en

ne



[Aaim1l] A process for producing a water-absorbent resin
~conprising subjecting a water-soluble ethylenically unsaturated 5 nononer
to reversed phase suspension polynerization in a petrol eum hydrocarbon

di spersi on nmedi um contai ning a surfactant and a pol yneri c di spersion agent,
the pol ynmeric dispersion agent being a p#yneric protective colloid having
a wei ght average nol ecul ar weight (My 10 of 2,000 to 15,000 and a

nol ecul ar wei ght distribution (Mv nunb®&tadl®r age nol ecul ar wei ght (Mh)) of
3 to 50. [Caim?2] Tkaapmoggss for producing a water-absorbent resin 15
according to claim1, wherein the polyneric protective colloid is at |east
one menber sel ect ed & PSRCERE RO RFOLYAENS 13 pter-ARPereenn FEdinde- nodi fi ed

pol yet hyl e%%mpgg%]ﬂg AR g Qg%&&%;:ﬁ%&%?ﬂfe éﬂ?&l@ah%ﬂfnhwth@sté@di fied

et hyl ene- propy e copolyners. 2 e process for
produci hg @monamer - th yevieasedr pRase FISPLeUshon trelymgrizatien 2in vherei n t he

sur f act ant pieirgie&ﬁq-ﬁm}dr%ggr HB%:‘:S g%lsqghexﬂecﬁgﬁnéoﬂ%agﬁglgg &%ﬁ'}%{;k%g% of

fatty aci d“sucrose esters an ycero y acl ers. i m 4]
The processnfloa polynexiiogdispeteioralagenbent resin according to any one of

claims 1 to 3, wherein the water-soluble ethylenically unﬁgur t.ed nononer
Is at | east one men%z‘te ggﬁglg?zézdc SPFSﬁ%?%ea%ern%ulggggﬂsias?? ge(J): ©
(et h) acr ylpretactife avd 19dlit Rathwy epfweight average molecular weight (Mw)

10 of 2,000 to 15,000 and a molecular weight distribution (Mw/number

average molecular weight (Mn)) of 3 to 50.

[Claim 2]
The process for producing a water-absorbent resin
15 according to claim 1, wherein the polymeric protective colloid is
at least one member selected from the group consisting of maleic
anhydride-modified polyethylene, maleic anhydride polypropylene,
and maleic anhydride-modified ethylene-propylene copolymers.

20 [Claim 3]

The process for producing a water-absorbent resin
according to claim 1 or 2, wherein the surfactant is at least one
member selected from the group consisting of fatty acid sucrose
esters and polyglycerol fatty acid esters.

25

[Claim 4]

The process for producing a water-absorbent resin
according to any one of claims 1 to 3, wherein the water-soluble
ethylenically unsaturated monomer is at least one member selected

30 from the group consisting of (meth)acrylic acids and salts

thereof.



