1 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF WATER- ABSORBI NG RESI N PARTI CLES 5
TECHNI CAL FI ELD The present invention relates to a process for producing a
wat er - absorbent resin particle. Mre spekifically, the present invention
Jelates to a process for producing a water-absorbent resin particle having
a |large amount of water 10 absorption and high swellability, and being small

in a particle dianmeter. BACKGROUND A - absor bent resin has been

wi dely used in various fields such @T_S@mlﬂ mat eri al s such as di sposabl e
di aper and sanitary napkin; horticultural 15 materials such as
water-retaining materials for soil and soil inprovers; and industrial and

construction materials such
dewfall preventing materi al

) ,A for cables and
S0 sin, there have been
known, for instance, hygr | e graftcopol ymers
(Japanese Exam ned Pat en L 23), neutralized
starch-acrylic acid salt graftcopol yrrers (Japanese Pat ent Lai d- Qpen No. Sho
51- 1255168) saponified vinyl acetate-acrylic ester copolyners (Japanese
Pat ent Lai d-Open Sho 51- 125468), partially neutralized polyacrylic acid
(Japanese Pﬁ%ﬂﬁéﬂ-_@g@b. Sho 62-172006), and the |ike. 25 Properties
desired for water-absorbent resins_include a | arge anount of 2

The present invention relates to a process for producing a water-absorbent

resin particle. More specifically, the present invention relates to a process for
producing a water-absorbent resin particle having a large amount of water

10 absorption and high swellability, and being small in a particle diameter.

BACKGROUND ART

A water-absorbent resin has been widely used in various fields such as
hygienic materials such as disposable diaper and sanitary napkin; horticultural
15 materials such as water-retaining materials for soil and soil improvers; and
industrial and construction materials such as water blocking materials for cables
and dewfall preventing materials.
As the water-absorbent resin, there have been known, for instance,
hydrolysates of starch-acrylonitrile graftcopolymers (Japanese Examined Patent
20 Publication No. Sho 49-43395), neutralized starch-acrylic acid salt
graftcopolymers (Japanese Patent Laid-Opén No. Sho 51-125468), saponified
vinyl acetate-acrylic ester copolymers (Japanese Patent Laid-Open No. Sho 51-
125468), partially neutralized polyacrylic acid (Japanese Patent Laid-Open No.
Sho 62-172006), and the like.

25 Properties desired for water-absorbent resins include a large amount of



wat er absorption, high water absorption rate, high swellability, optinal
particle dianeter suitable for its uses and the |ike. Especially, in the
resin for water blocking materials for Qables, a water-absorbent resin
.particle having a | arge anmount of water absorption and high swellability,
and being small in a particle 5 dianeter has been desired. However, it is
difficult to enhance these properties at the sane tine. DI SCLOSURE OF
| NVENTI ON Awatdyj absprption;, héglpwetszabsomptientratenhigh sweellabilitiydeptamat paticde f or
producing a 10 water-absorbent resin particle having a Iar?e anount of
wat er absor didmetensuitable §or itsveses apdithe ﬁke.aﬁdpmalhjg inrthe tesimicr wateti cl e
di aneter. The present invention relates to a process for producing a
wat er - absor btaeking sxiterigls for eablesc a nat¢rsabsgriantresin iparficle haviag-slargh| e
ethylenically unsaturated nonomer to a reverse phase suspension
pol yner i zat amount hfwatarebserpdionandidgh swellabilipy, anddeing smptldd agparticle
wat er - absorbent resin particle conprises the steps of: (A subjecting the
wat er -5ol ubdeaneethyhambecal desingds daweresdit mpdidfienlt toeshdnice sheseqirepertiesat se
phase suspensi on polynerization in a hydrocarbon-based solvent using a
wat er - sol ubkle samk timde. pol yneri zation initiator in the presence of a
surfactant and/or a polyneric protective colloid, and optionally an internal
20 crosslinking agent; (B) carrying out at |east one step of the procedures
of addi ng an aqueous solution of a water-soluble ethylenically unsaturated
mononer conDdBAILIQSEHREMIIE AINMVENBI@N adi cal pol yneri zation initiator and
optionally an internal crosslinking agent to the reaction mxture after the
termnation of tHAm dbjesttofsthe préssnt mventien phtagmroyidepepricoss foolpyodudingtai on i n
a state that the surfactant and/or the 3

10 water-absorbent resin particle having a large amount of water absorption and

high swellability, and being small in a particle diameter.

The present invention relates to a process for producing a water-absorbent
resin particle comprising subjecting a water-soluble ethylenically unsaturated
monomer to a reverse phase suspension polymerization, characterized in that the

15 process for producing a water-absorbent resin particle comprises the steps of:
(A) subjecting the water-soluble ethylenically unsaturated monomer to a first-
step reverse phase suspension polymerization in a hydrocarbon-based solvent
using a water-soluble radical polymerization initiator in the presence of a
surfactant and/or a polymeric protective colloid, and optionally an internal

20 crosslinking agent;

(B) carrying out at least one step of the procedures of adding an aqueous
solution of a water-soluble ethylenically unsaturated monomer containing a
water-soluble radical polymerization initiator and optionally an internal
crosslinking agent to the reaction mixture after the termination of the first-step

25 reverse phase suspension polymerization in a state that the surfactant and/or the



pol ynmeric protective colloid is dissolved in the hydrocarbon-based sol vent,
and subsequently subjecting the m xture to a reverse phase suspensi on

pol ymeri zation; and (C) post-crosslinkingthe resulting water-absorbent
.resin. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic

expl anatory view of an apparatus for determning a swelling height used in
Exanpl es set forth below. Figure 2 is an el ectron m croscopi c phot ograph

-(magni fi cat :gm ymefk fbtectife u@nsfdlafasssbneatm RS h?dx%ﬁl‘lioﬁl-l%%e@%%ﬂﬁ(hﬂn
Exanple 1. Figure 3 | s an el ectron mcroscopi ¢ photograph (negnification:

50) of wat Eslil’o %hd}_rﬁh%tﬁé‘hhkﬁir@% 8 By ds8 stgpEmicy | ve Exanple 1.
BEST MODE FOR CA THE I NVENTION 15 In the process of the present

i nvention, fjg] ﬁ,erlgaﬁ\@; -@fpdsol ubl e ethylenically unsaturated nononer is
subjected to a first- step reverse phase suspension polynerization in a

hydr ocar bon- (@)5 ecbo%%i’(%@hﬂ]éﬁlgrtﬁe Fe RS waRiribksrieaflicsal. pol ymeri zation
initiator in the presence of "a surfactant and/or a polyneric protective
colloig, and optionally an internal crosslinking agent. 20 The water-sol uble
et hyl eni cal I y unsaturated monomer includes, for i nstance, (meth)acrylic

aci d [ (met RREY DESTRIPTION OF “IHE DREWIRGY! ;" hereinafter referred

to the sane], Z-(net h)acryl am de- Z- net hyl propanesul fonic acid or an alkali

netal salt there W@( ﬂ% t
N, N- di met hyl acr yﬁfé%uwigﬁ%@cf?%?yet PP?}I t‘f1})§v<';1,c(£f3r/$l ag%ﬁgir%i gdg‘dl\ék‘?er;g%lﬁi/nlg

(met h) acryi andviling Hefitht @564 B ERRPidiiROfHIBIBRAL ed mononers 4

Figure 2 is an electron microscopic phetograph (magnification: 50) of
10 water-absorbent resin particles obtained in Example 1.
Figure 3 is an electron microscopic photograph (magnification: 50) of

water-absorbent resin particles obtained in Comparative Example 1.

BEST MODE FOR CARRYING OUT THE INVENTION

15 In the process of the present invention, first, a water-soluble ethylenically
unsaturated monomer is subjected to a first-step reverse phase suspension
polymerization in a hydrocarbon-based solvent using a water-soluble radical
polymerization initiator in the presence of a surfactant and/or a polymeric
protective colloid, and optionally an internal crosslinking agent.

20 The water-soluble ethylenically unsaturated monomer includes, for
instance, (meth)acrylic acid [“(meth)acryl-” means “acryl-” or “methacryl-;”
hereinafter referred to the same], 2-(meth)acrylamide-2-methylpropanesulfonic
acid or an alkali metal salt thereof; nonionic monomers such as
(meth)acrylamide, N,N-dimethylacrylamide, 2-hydroxyethyl (meth)acrylate and

25 N-methylol (meth)acrylamide; amino group-containing unsaturated monomers



such as di et hyl am noet hyl (nmeth)acrylate and di et hyl am nopr opyl
(meth)acrylate or a quaternary salt thereof; and the |like. Those can be
used alone or in admxture of at |east #wwo kinds. The alkali netal in the

.al kali netal salts includes lithium sodium potassiumand the like. 5

Anong the water-soluble ethylenically unsaturated nononers, preferred ones
are acrylic acid or an alkali netal salt thereof, nethacrylic acid or an
-al kal i met suchsad diethydamiroethyd (pietinadeylateant akiethylamiisepropy! (meth)acrylate
N, N-di met hyl acryl am de, fromthe viewpoint of being industrially easily
avai |l abl e. rrhequ&uemarwalmh@eef;mpdéheﬁm Whose aambaueed alomeragrincan be
usual ly used 10 in the formof an aqueous solution. It is preferable that
t he concent admixsnreodf atHeast aodiindso| T alkelimp¢tehincthiclajkalhswtalsalted nononer in
the aqueous solution of the water-soluble ethylenically unsaturated nononer
i s 25% by waichidestlishianngsodiumnepotasgowmeandrthe lidke. When t he wat er - sol ubl e
ethyl enically unsaturated nononer to be used 15 contains an acidi c group,
the ad d group mAyndng theuvatat-sakablergthiyleaicalllykmisatureted mondmeiss ppafefred abl e
that the degree of neutralization by the alkali netal is within a range of
10 t o 100% byesnart aofylidwcidor dngllalipmetal isal¢ theatef, neathadrytic acid/dean elkialiy
unsat ur at ed nononer before the neutralization, fromthe viewpoint of
i ncr easi ng metalsalt thereef sworyd amide, watthacryteidp tandriN Nrdemethyldeeylaaside s i ng
wat er - absorbent resin 20 particle, and not causing any di sadvantages in
safety and from thekaewpeint of bhing indesteialy cafilypavalabdss al kali netal . The
al kali metal includes lithium sodium potassiumand the |Iike. Anong them
sodi um and pot asTheiwmateresqlulelt etlaylbpicallin@nsatnfaded arinonmerlcadéde, usuatlyiused ance,
noni oni ¢ surfactants such as sorbitan fatty acid esters, (poly)glycerol
fattylOaci d mstherforn 'of palagntonesolatibmt It it pecferabde ffat Whecenden&ratiorfoif the pol y"
I's included and the case where the prefix is not included;

water-soluble ethylenically unsaturated monomer in the aqueous solution of the

water-soluble ethylenically unsaturated monomer is 25% by weight to a saturated
concentration.
When the water-soluble ethylenically unsaturated monomer to be used
15 contains an acidic group, the acid group may be neutralized with an alkali metal.
It is preferable that the degree of neutralization by the alkali metal is within a
range of 10 to 100% by mol of the acid group of the water-soluble ethylenically
unsaturated monomer before the neutralization, from the viewpoint of increasing
osmotic pressure and water absorption rate of the resulting water-absorbent resin
20 particle, and not causing any disadvantages in safety and the like due to the
presence of an excess alkali metal. The alkali metal includes lithium, sodium,
potassium and the like. Among them, sodium and potassium are preferable.
The surfactant includes, for instance, nonionic surfactants such as sorbitan
fatty acid esters, (poly)glycerol fatty acid esters [“(poly)” means both the case

25 where the prefix “poly” is included and the case where the prefix is not included;



5 hereinafter referred to the sane], sucrose fatty acid esters, sorbitol
fatty acid esters, polyoxyethylene al kyl phenyl ethers and hexagl ycerol
monobehenate; anionic surfactants such & fatty acid salts,

.al kyl benzenesul fonic acid salts, alkyl nethyl tauric acid salts,

pol yoxyet hyl ene al kyl phenyl ether sulfate esters and 5 pol yoxyet hyl ene al kyl
ether sulfonic acid salts; and the_like. Those can be used alone or in

-admi xt ure oferginaliergetersgd 1o the samadrsugrose daty aeidisistesn soabitg) fay acidest er s,

pol ygl ycerol fatty_ acid esters ucrose fatty acid_esters and hexagl ycer ol
monobehenat &S%&F% pehémeﬂad@nerﬁlkyglahgnyi ethers)agd E@sag}}écee@l mengbehemattdes, for

I nstance, ethyl .cellulose, 10 ethyl .hydroxyethyl cell ul qse,. polyethy|ene
oxi de, mal elRBIOMKFefacianissYCh iaﬁgattwlgié@m |aﬁﬁébewne$lef%ﬁ9@ﬂi sk i ed
pol ybut adi ene, . nmal ei c aphydride- nodifjed EPDM (et hyl ene/ propyl ene/ di ene

t er pol ymer ) mathyk fauriciacid sahisopalyexyethyleng adylphenid etherisplfategsiers@adof  at

| east two kinds. The surfactant and the polyneric protective colloid nay be
used al one ®Plyoryethydenaalkyl ather siHianic agid Stai'lié; gk thgdikentThosg/cen bersed
polyneric protective caolloid is preferably 0.1 to 5 parts by weight, and
nore pref er 2ANg @ ip admixtusg of ot wsm@hﬂds-bégwg)wem@oﬁat%éﬂy aged ght of

t he aqueous solution of the water-soluble ethylenically unsaturated nonomner
subj ect ed t 6SteHs ppiygycerpbintiveasid estersh a@@omf%ém ssters gul Baxaglycerolon. The

i nternal crosslinking agent includes, for instance, di- or tri(meth)acrylate

esters of p&rgnsibshenatp asgpreferjedne gl ycol , propyl ene glycol,
e e B Sl Solocai ol e e
abovel-orrent ! (c):tnheyclj hg)lglrgxoyletlgltcgllﬁlnose, polyethylene oxide, maleic anhydride-modified
polyethylene, maleic anhydride-modified polybutadiene, maleic anhydride-
modified EPDM (ethylene/propylene/diene terpolymer) and the like. Those can
be used alone or in admixture of at least two kinds.
The surfactant and the polymeric protective colloid may be used alone or
15 together.

The amount of the surfactant and/or the polymeric protective colloid is
preferably 0.1 to 5 parts by weight, and more preferably 0.2 to 3 parts by weight
based on 100 parts by weight of the aqueous solution of the water-soluble
ethylenically unsaturated monomer subjected to the first-step reverse phase

20 suspension polymerization.
| The internal crosslinking agent includes, for instance, di- or tri(meth)acrylate
esters of polyols such as ethylene glycol, propylene glycol, trimethylolpropane,
glycerol, polyoxyethylene glycol, polyoxypropylene glycol and polyglycerol;

unsaturated polyesters obtained by reacting the above-mentioned polyol with an

25 unsaturated acid such as maleic acid or fumaric acid; bisacrylamides such as N,N’-



25 unsaturated acid such as maleic acid or fumaric acid; bisacrylam des such

as NN 6 bisacrylam des such as N, N -net hyl enebi sacryl am de;

di - or

tri(nmeth)acrylate esters obtained by re&cting a pol yepoxide with

-(meth)acrylic acid;

carbanyl ester of di(meth)acrylic acid obtained by

reacting a polyisocyanate such as tolylene diisocyanate or hexanet hyl ene
Vi an at | east

“two pol yrer PRAA SRR Bed ol s ekt B e )

acI¥fate| at ed

[ | ul , dial |yl ht late, NN ,N'-trjallyl i t d
di vi nyl benzE51Ers Ayl hasensting s palyapexide Wit (metya it ARmY ISt ps
h di i dyl t d h . | ) t hyl | . di gl i dyl
Strar . o SoPt MR e TROHRET bE Feaing oty ishey et S gigiyene & V¢! Y

di gl ycidyl et.her; 10 c oun havi,ng at | east reagtive functioaonal
G oubs. StichOUSOYANBESD A KB RUGR L SRrana igh bRt (et B SRy dr i n

ohydr.i.n; conpounds .h

st two react

and a5 nmet hXI eBi ch(llglr 10 [ ng at le Ve d
functifonal CYTBARRd BaRiEAt ledst £y pofym ¢ HBsaturated groups suehyps pllylate

di i t d ..h t.hyl NolN! te: i d

S esmS: e D RICTENRS S UL, S RE RGBT o

3- butyl - 3- . t h |, 3-nethyl -3 t t.h | ,.3-ethyl -3- t
ot hantl  andA3BIDgREts famippunds P el IGALMAeachive funetiogal BePPeauch cc

at nar, pr opgh SRy Eeshenranpenedh Sihis posibater S avayht el

Ctnar . polyrolAroPylnEEftach e Sene] cuRtard (PayiaiHaehdRcidyls

thiile are

preferabl e because,of their. excellent .reactivity at lowte ratures. The

amount0 of tﬁ@npﬂ%ﬁiwwega&anﬁhmgeacagéﬁnq@nafwééw a3 haloepoy parts by
I ght, f bly 0.0 to. 3 parts,_ b I ght, d f bl

Wl g m)rgox?l{)gur? sasuc as ep(i)c lo?ohyd%%[ e&brglm\(l)\ﬁ;rgrqn ang na even nore preterably

a-methylepichlorohydrin; compounds having at least two reactive functional

groups such as isocyanate compounds such as 2,4-tolylene diisocyanate and

hexamethylene diisocyanate; oxetane compounds such as 3-methyl-3-oxetane

15 methanol, 3-ethyl-3-oxetane methanol, 3-butyl-3-oxetane methanol,

3-methyl-3-oxetane ethanol, 3-ethyl-3-oxetane ethanol and 3-butyl-3-oxetane

ethanol; and the like. Those can be used alone or in admixture thereof. Among

them, ethylene glycol diglycidyl ether, propylene glycol diglycidyl ether, glycerol

diglycidyl ether, polyethylene glycol diglycidyl ether, polypropylene glycol

20 diglycidyl ether, polyglycerol diglycidyl ether and N,N’-methylenebisacrylamide

are preferable because of their excellent reactivity at low temperatures.

The amount of the internal crosslinking agent is preferably at most 3 parts

by weight, more preferably 0.001 to 3 parts by weight, and even more preferably

0.001 to 1 part by weight based on 100 parts by weight of the water-soluble

25 ethylenically unsaturated monomer subjected to the first-step reverse phase



0.001 to 1 part by weight based on 100 parts by weight of the water-soluble
25 ethylenically unsaturated nononmer subjected to the first-step reverse
phase 7 suspension pol ymerization, fromthe viewpoint of suppressing the
.water solubility of the resulting polyner by appropriate crosslinking, and
showi ng sufficient water-absorbent property. The water-sol ubl e radical

pol ymeri zation i nltiatlor inc*.ude ftﬁr . nstanﬁef 5 gﬁeﬁrisu fates such as
pot assi um pePSRATERTEPO Y METEAIAM f;SSQ‘P’s FVIEEPOIIRGT SRS HIYRht e; azo
conmpounds such,as, 2, 2" -azohj.s(2-am di,nopr opane di;hydrochl.ori de and
220b1 51 cyandoutiafos e TEREE BoRMG B RYREPRAY st Bke 3y Sbotng ;
adm xture of J east th k';t?ndé. | n_addition, the water-soluble radical
pol yrer i zat iSYRIFIRTE VG ADRAReBEPIOPERY as a redox pol yrerization initiator by
using to together, wWth a sulfite.or the |i.ke. Anong the ofassi um
ot 0l fat o anmeFHeNP B eI faticH] polurtiedtinet Bhatat WenybphERBsERFe: 1 om
the viewpoint of_  being easily.availabl e and excellent . in storage stability.
Usuial 13, "t hePCETHUEAIES Brcias POURRsim Sarybiate, ARUmeatTLBESHAE A SO, 1 | at or
is preferably 0.00001 to 0.02 nol a %rmr . preferably 0.001 to 0.01 nol
bor "1 one. BEFSRIS ORI SithaS2 eRbisk RS OGRBIARAEY ed nonorer
subj ected to,.1h irst-step reyerse phase suspensjon.polynmerizatign, from
the vi ewpoi rq‘ﬁﬂﬁocé'ﬁ%@ﬁpﬁﬁogﬁchHﬁﬁﬁ@ﬁ?eb&nacSﬁe ﬁk% P%Wz@t‘i‘%’ reaction
and preventi vi.gorous pol yneri zation, reactiqn.. The hydroca n- based
20 vent | ncIARnesST I ulTe Al B 1 iakingS 40 nditiota PisoNeleSBeIBIE THF ane,
n- heptane and ligroin;, alicycl ig ?%jdrocar ons . such as %{QI opent ane,
met hyl cycl o;p@fmﬁ@%atha\/wtwe G#fbDe upf 34 FRACKRIIBMERIZARON MitalgRRY USIng
hydr ogar bons sugh as benﬁene, ol yene, and | ene; and the Like. Those
0 together with a sulfite or the like. Among them, potassium persulfate,
ammonium persulfate and sodium persulfate are preferable from the viewpoint of
being easily available and excellent in storage stability.
Usually, the amount of the water-soluble radical polymerization initiator
is preferably 0.00001 to 0.02 mol, and more preferably 0.001 to 0.01 mol per
15 one mol of the water-soluble ethylenically unsaturated monomer subjected to the

first-step reverse phase suspension polymerization, from the viewpoint of

shortening the time period for the polymerization reaction and preventing

vigorous polymerization reaction.

The hydrocarbon-based solvent includes, for instance, aliphatic
20 hydrocarbons such as n-hexane, n-heptane and ligroin; alicyclic hydrocarbons

such as cyclopentane, methylcyclopentane, cyclohexane and methylcyclohexane;

aromatic hydrocarbons such as benzene, toluene and xylene; and the like. Those

may be used alone or in admixture of at least two kinds. Among them, n-hexane,

n-heptane and cyclohexane are preferable from the viewpoint of being

25 industrially easily available, stable in quality and inexpensive.



may be used alone or in adm xture of at |east two kinds. Anong them

n- hexane, n- hept ane and cycl ohexane are preferable fromthe viewpoint of
being 25 industrially easily available, gtable in quality and i nexpensive. 8
_Usual Iy, the anmount of the hydrocarbon-based solvent is preferably 50 to

600 parts by weight, and nore preferably 100 to 550 parts by wei ght based on
100 parts by weight of the water-soluble ethylenically unsaturated nononer
.subj ect ed t o t he UsuaBy,theemount of $he hydrocarbonghased solvpnt igrprefezatiliy &0, tof r om
the 5 viewpoi nt of renoving heat of polynerization, and being likely to

easi | y cont 600 partadypueight; mindanorsrpretarglely 4i00rto S50rparfsi bysweight basel/en se phase
suspensi on polynerization can be carried out by heating an aqueous sol ution
of a wat er - 300 patte bytwigighhot thiel watensalublea¢thyleniaatlymmsatuzated miamdmert  and/ or a
pol ymeric protective colloid, a water-soluble 10 radi cal polynerization
initiator asubjopteddndhé firsirstéptesersal phasosuspensionpolymatizationg from the

hydr ocar bon- based solvent with stirring. The reaction tenperature of the
rever se phasievepapeoicarnving heatrofzzlymerizatzom and beirhlEkélytte legsithe centroIne d
since the reaction tenperature differs depending upon the kinds of the

wat er - sol ubthe palgimesizatioh yermepémtitreon initiator. Usually, the 15 reaction
tenperature is preferably 20 to 110C, and nore preferably 40 to 80C from

t he vi ewpoi nt of Thafirsf-step rexgprses phasg subgenseacpolymerization ean bg catried out

pol ynmeri zation tinme, being econom cally advantageous, being sinple in the
renmoval of bpdieatifig pnlayoesussaiution ofinevateresafl bly eclayleyically ansatutated eact i on.
The reaction time period is usually 0.5 to 4 hours. 20 Thus, the reaction
m xture in wonomdrhe shifactantsimdjor & pelyseericipiotettivercolloid, \wwiter-adluble i s
termnated is subjected to a second- or subsequent-step reverse

10 radical polymerization initiator and optionally an internal crosslinking agent in a

hydrocarbon-based solvent with stirring.

The reaction temperature of the reverse phase suspension polymerization
cannot be absolutely determined since the reaction temperature differs depending
upon the kinds of the water-soluble radical polymerization initiator. Usually, the

15 reaction temperature is preferably 20° to 110°C, and more preferably 40° to 80°C
from the viewpoint of rapidly progressing the reaction, shortening the
polymerization time, being economically advantageous, being simple in the
removal of heat of polymerization, and smoothly carrying out the reaction. The
reaction time period is usually 0.5 to 4 hours.

20 Thus, the reaction mixture in which the first-step reverse suspension
polymeﬁzation is terminated is subjected to a second- or subsequent-step reverse
phase suspension polymerization.

In the present invention, the reverse phase suspension polymerization is
carried out in plural steps of at least two steps, and it is preferable that the

25 number of steps is 2 to 3 steps from the viewpoint of increasing productivity.



phase suspension polynerization. In the present invention, the reverse phase
suspension polynerization is carried out in plural steps of at |east two
steps, and it is preferable that the 25 Bunber of steps is 2 to 3 steps from
.the viewpoint of increasing productivity. 9 One of the features of the
present invention resides in that an aqueous solution of a water-soluble
ethyl enically unsaturated nmononer containing a water-soluble radical
.pol yneri zati on i fneicfithe featuresfithe prasontainventien residesdn dhatlanraqueguaigent i s
added to a reaction mxture after the termnation of the first 5 step
suspensi on palujinnof agvaterrsphuble ethylenicallyrunsatiraigdimenemer eordaiming Ae
polymeric protective colloid contained in the reaction mxture obtained in
the first swaerrolublegadicelpolymerizetipy initiatoraod -opsionally enrternaland
subsequently the m xture is subjected to a reverse phase suspension
pol yrer i zat Fiosslinking aghet isadded $0 8 seaationrmixture afterdhe tyminateoncohthedinstal | y
unsaturated 10 nononer containing the water-soluble radical polynerization
initi & or asi@p suppansical polyntesizationimalstate that thekirfactanfaamd/arshe ernct he
reaction mxture after the termnation of the first-step reverse phase
suspensi on puiteetive crdloid ontainedsimithe geastionymixterembtained in thesfitst stepds to a
reverse phase suspension polynerization, the state that the surfactant
and/ or the giskglvediiw ther bydrocarsbenedursedsolviest, dnd subsegtiently the mixture is
hydr ocar bon- based sol vent can be produced by controlling the tenperature of
t he reacti osubjectedte abreverse phassti suspensiom palymsrizationt i on of t he
above- nenti oned aqueous solution of a water-soluble ethylenically
unsat ur at ed nonoNéien thetaquedes salupien af avesten$oluble athplenicallynsaturatedef or e
addition and after addition of the aqueous sol ution of water-soluble
et hyl1®ni cal mpnomeatcontaimngahe matemsolubleaagicef polybhieyization iniGAM@r andd nor e
preferably 40 to 50C. Wen

optionally the internal crosslinking agent is added to the reaction mixture after the

termination of the first-step reverse phase suspension polymerization and
subsequently the mixture is subjected to a reverse phase suspension polymerization,
the state that the surfactant and/or the polymeric protective colloid is dissolved in
15 the hydrocarbon-based solvent can be produced by controlling the temperature of
the reaction mixture before addition and after addition of the above-mentioned
aqueous solution of a water-soluble ethylenically unsaturated monomer.
Both the temperatures of the reaction mixture before addition and after
addition of the aqueous solution of water-soluble ethylenically unsaturated
20 monomer are preferably 30° to 60°C, and more preferably 40° to 50°C. When
the temperature during the addition of the aquéous solution of a water-soluble
ethylenically unsaturated monomer is less than 30°C, the surfactant and/or the
polymeric protective colloid is precipitated in the solvent. When the temperature
exceeds 60°C, the polymerization reaction tends to progress before the aqueous

25 solution of a water-soluble ethylenically unsaturated monomer is sufficiently



the tenperature during the addition of the aqueous solution of a

wat er-soluble ethylenically unsaturated nononer is |less than 30C, the
surfactant and/or the polynmeric protectie colloid is precipitated in the
.solvent. When the tenperature exceeds 60C, the polynerization reaction
tends to progress before the aqueous 25 solution of a water-soluble

et hyl enical ly unsaturated nmononer is sufficiently 10 m xed with the

‘hydr ocar bon Thixed it thedridroqarbondrased salvemt e radi cal pol ymeri zati on
initiator, the internal crosslinking agent and the aqueous solution of a
wat er - sol ubl e et MilicefateEisplable raslical pal waerigationdnitigos thexinderaghied to t he
reaction mxture in which the first 5 step reverse phase suspensi on

pol yner i zat icepssligkingragenhard) thesgquseus selutanef agvater-seliublecethplenicadly t hose
used during the first-step reverse phase suspensjon _polynerjzation

Usual |y, thansgigtaied sronomeryghich asoaddaddorthe reaptiopgnixtere inavhish thefigstat or

I n the aqueous solution of a water-soluble ethylenically unsaturated nononer
is 105 pref stepoieyerse phase suspension pelymerizationgs serpriaatedabay be throsame a9 01 nol
per one nol of the water-soluble ethylenically unsaturated nononer subjected
to each of ofdiffersabfrommthose ubedduang theolissirstepagveisa phaspsuspensiant he

vi ewpoi nt of shortening the time period for the polynerization reaction and
preventing @ehuperizgisinyneri zati on reaction. 15 In addition, the amunt of
the internal crosslinking agent in the aqueous solution of a water-sol uble
et hyl eni cal | y undisualls; the amoiorief thewatersotuble sadicdrpalymesizptzon titigtorei ght
and nore preferably 0.001 to 1 part by weight based on 100 parts by wei ght
of the wat ein $he abicoussolationiofa weterseluble ethglenicablyomsaturatsdgneremeniseach of
t he second and subsequent pol ynerization steps

10 preferably 0.00001 to 0.02 mol, and more prerf)erhbly 0.001 to 0.01 mol per one
mol of the water-soluble ethylenically unsaturated monomer subjected to each of
the second and subsequent polymerization steps, from the viewpoint of
shortening the time period for the polymerization reaction and preventing abrupt
polymerization reaction.

15 In addition, the amount of the internal crosslinking agent in the aqueous
solution of a water-soluble ethylenically unsaturated monomer is at most
preferably 3 parts by weight, and more preferably 0.001 to 1 part by weight
based on 100 parts by weight of the water-soluble ethylenically unsaturated
monomer subjected to each of the second and subsequent polymerization steps,

20 from the viewpoint of suppressing the water solubility of the resulting polymer
by appropriate crosslinking, and showing sufficient water-absorbent property.

The amount of the aqueous solution of a water-soluble ethylenically
unsaturated monomer added to the reaction mixture obtained in the first-step
reverse phase suspension polymerization is preferably 30 to 400 parts by weight,

25 and more preferably 80 to 200 parts by weight based on 100 parts by weight of



20 fromthe viewpoi nt of suppressing the water solubility of the resulting
pol ymer by appropriate crosslinking, and show ng sufficient water-absorbent
property. The anount of the aqueous solution of a water-soluble
.ethylenically unsaturated nononmer added to the reaction m xture obtained in
the first-step reverse phase suspension polynerization is preferably 30 to
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reverse phase._suspensi on pol ynmerization which is carried out after 5 the
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10 polymerization.

As mentioned above, the above-mentioned procedures are carried out in
at least one step.

Next, the resulting water-absorbent resin is post-crosslinked with a post-
crosslinking agent. Another feature of the present invention resides in that the

15 water-absorbent resin obtained by the above-mentioned process is crosslinked
with a post-crosslinking agent.

The post-crosslinking agent includes, for instance, diols, triols or polyols such
as ethylene glycol, propylene glycol, trimethylolpropane, glycerol, polyoxyethylene
glycol, polyoxypropylene glycol and polyglycerol; compounds having at least two

20 reactive functional groups such as diglycidyl ether compounds such as (poly)ethylene
glycol diglycidyl ethef, (poly)propylene glycol diglycidyl ether and (poly)glycerol
diglycidyl ether; compounds having at least two reactive functional groups such as
epihalohydrin compounds such as epichlorohydrin, epibromohydrin and o-

methylepichlorohydrin; compounds having at least two reactive functional groups

25 such as isocyanate compounds such as 2,4-tolylene diisocyanate and hexamethylene



gl ycol, pol yoxypropyl ene glycol and pol ygl ycerol; conpounds having at |east
two 20 reactive functional groups such as diglycidyl ether conpounds such as
(pol y)ethyl ene glycol diglycidyl ether, 1Zpoly)propyl ene glycol diglycidyl
.ether and (poly)glycerol di gl yci dyl ether; compounds having at |east two
reactive functional groups such as epihal ohydrin conmpounds such as
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wat er - absorbent. resin with the post. .
weight of the water-soluble ethylenically unsaturated monomer, the amount of

water absorption of the resulting water-absorbent resin particle becomes too high
so that the gel strength tends to be weakened. When the amount exceeds 5 parts
by weight based on 100 parts by weight of the water-soluble ethylenically

15 unsaturated monomer, crosslinking becomes excessive, so that sufficient water
absorption is not exhibited and whereby the swelling height tends to be lowered.

The post-crosslinking of the water-absorbent resin with the post-
crosslinking agent is carried out after the termination of the final-step reverse
phase suspension polymerization.

20 It is preferable that the water-absorbent resin is mixed with the post-
crosslinking agent in the presence of water. The amount of Water when the
water-absorbent resin is mixed with the post-crosslinking agent differs
depending upon the kinds, particle diameter and water content of the water-
absorbent resin. Usually, the amount is preferably 5 to 100 parts by weight,

25 more preferably 8 to 50 parts by weight, and even more preferably 10 to 40 parts



crosslinking agent is carried out after the termnation of the final-step
reverse phase suspension polynerization. 20 It is preferable that the

wat er - absorbent resin is mxed with the pdst- crosslinking agent in the
.presence of water. The anount of water when the water-absorbent resin is
m xed with the post-crosslinking agent differs dependi ng upon the kinds,
particle dianeter and water content of the water- absorbent resin. Usually,
t he armpunt by yeighébassdyors10Q paiebpayaightsf the tefal ampenief the atereselyble 8 to
50 parts by weight, and even nore preferably 10 to 40 parts 13 by wei ght
based on 106thderisally upsatyratedmoneamer subjecieddarthe pelymerizasioar -1 ahgive-

et hyl eni cal | y upsat urated nononmer subjected to the_polynerization. The
above- nent insgripnEdmmeuniiof water meamnthettptal aoant efwatar contaipedduringthe ned
during the polynerization reaction and water used as occasi on demands when
the post 5 PobwneripMiciyreageon and wadkratsed as ogeasion demandowhen thepost-

post -crosslinking reaction can be nore favorably progressed by controlling
t he andbunt ¢frosstinkingggent if added- t he wat er - absorbent resin with the
post-crosslinking agent. Wien the water-absorbent resin is mxed with the
post - cr ossl i nki ng\sdessribed above,the pegireiosdinkingreastien cew he merg favorably as a
sol vent as occasi on demands. The hydrophilic organic sol vent includes, for
i nstance, | pwegreasesdnorentselling dke amonyt ofawaien svhengnixing thecwhtsr-abgohespy |

al cohol and isopropyl alcohol; _ketones such as acetone and nethyl ethyl
ketone; et heesin svishhthespast-srosslinkingeagent.di oxane and tetrahydrof uran; am des
such as N, N-di net hyl f ormam de; 15 sul foxi des such as di met hyl sul foxide; and
the like. Those e tha waterabsedbent resimisaaised (witle thsf pest-cresstinkingmgeinhds .

10 a hydrophilic organic solvent may be used as a solvent as occasion demands.

The hydrophilic organic solvent includes, for instance, 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-dimethylformamide;

15 sulfoxides suéh as dimethyl sulfoxide; and the like. Those can be used alone or
in admixture of at least two kinds.

When the water-absorbent resin is subjected to a crosslinking reaction
with the post-crosslinking agent, the reaction temperature is preferably 30° to
170°C, and more preferably 40° to 150°C. When the reaction temperature is less

20 than 30°C, the crosslinking reaction is less likely to progress, so that excess time
| tends to be required for the crosslinking reaction. When the reaction temperature
exceeds 170°C, the resulting water-absorbent resin tends to be decomposed.

The reaction time cannot be absolutely determined since the reaction time
differs depending upon the reaction temperature, the kinds and the amount of the

25 crosslinking agent, the kinds of the solvent and the like, and is usually 1 to



When the wat er-absorbent resin is subjected to a crosslinking reaction wth
the post-crosslinking agent, the reaction tenperature is preferably 30 to
170C, and nore preferably 40 to 150C. Whé#a the reaction tenperature is |ess
.20 than 30C, the crosslinking reaction is less likely to progress, so that
excess time tends to be required for the crosslinking reaction. Wen the
reaction tenperature exceeds 170C, the resulting water-absorbent resin
stends to be 390uvimsesand preferatdy Oitor200i minuiesanot be absol utely determ ned
since the reaction tine differs depending upon the reaction tenperature,
the kinds and t helTaspthetwater-ahsorbest @sms@artlﬁlgiquhegmppt inyenlipmiks of the
solvent and the like, and is usually 1 to 14 300 mnutes, and preferably 5
to 200 ni nutobtaingthy§incerthe weates-abspshant sefin padicle has an amoust of watasr esent
invention is obtained. Since the water-absorbent resin particle has an
anount of wabserptignsd 300 torB(Sk g penl gofdhe wateseabsorhend resimen swieldingdisightbent
resin, a swelling height 5 of at least 5 mmafter 60 seconds fromthe
begi nnf ng ofof waleast 3 pamrafter 60 sgaondmfromvibe bgginmang pf Watetiabserptiongindian t o 190
gm the water-absorbent resin particle has a |large anount of water
absor pti on, amexigepaeti¢lagiameter ahd0no JA0wan cthe arater-phsosbentrrasio. partiele has
wat er - absorbent resin particle has an average particle dianmeter of
pref erabl y adargs arooumhofrwater pbssirptiam| high swelalidioy and high waten absomptiog
preferably 10 to 100 m Each of the anobunt of water absorption, the swelling
hei ght and tate. dhheragierqahseibehtredinapasticle hias an avarage partioledtiametdarodd
according to the determ nation nethod described in Exanples set forth
bel ow. The patferabdpdOrtbd®0 ummsmorpprafermbly b ta he0 pnesendt evienvmatei on is in the
form of a particle, and particles thensel ves are not aggregated with each
ot her10 The ptéfecabdy d0tto d00pemt iHalchofbe amguptof watee abisanptivay theswedling east
250 mis as very snall

height and the average particle diameter is a value when determined according to

the determination method described in Examples set forth below.

The water-absorbent resin particle of the present invention is in the form

of a particle, and particles themselves are not aggregated with each other. The

15 content of particles having particle diameters of at least 250 um is as very small
as at most 5% by weight. Therefore, the water-absorbent resin particle can be
suitably used as a water blocking material for cable and the like.

An additive such as a lubricant, a deodorizing agent or a bactericidal agent
may be further added to the water-absorbent resin particle of the present

20 invention as occasion demands.

The amount of the additive differs depending upon the application of the
water-absorbent resin particle, the kinds of the additive and the like. The amount
is preferably 0.001 to 10 parts by weight, and more preferably 0.01 to 5 parts by
weight based on 100 parts by weight of the total amount of the water-soluble

25 ethylenically unsaturated monomer subjected to the polymerization.



as at nost 5% by weight. Therefore, the water-absorbent resin particle can
be suitably used as a water bl ocking material for cable and the |ike. An
additive such as a lubricant, a deodorizilfhg agent or a bactericidal agent
.may be further added to the water-absorbent resin particle of the present
I nvention as occasi on demands. The anmount of the additive differs depending
upon the application of the water-absorbent resin particle, the kinds of
sthe additive and the like. The amount s preferably 0.001 to 10 parts by
wei ght, and nore preferably 0.01 to 5 parts by weight based on 100 parts by
wei ght of tﬁﬁéﬁbigLﬁﬁnDunt of the water-soluble 25 ethylenically unsaturated
nononer subjected to the polynerization. 15 EXAMPLES  The present invention
wi Il be descri bedhempresensdavention will bedescribed mensyspreificallpheminbgpwsbyand
Conpar ative Exanples, without intending to Ilimt the 5 present invention
only to thesecamsnifixamplescanthCompargtiver Examples, withewkintendingytalivnt thee of 500
m. was charged with 92 g 1.02 nol) of a 80% by wei ght aqueous sol ution of
acryl iT aci @resgatiinvgstion gnkyf togthesEzampdesby wei ght of an aqueous sodi um
hydr oxi de was added dropwi se thereto with ice-cooling to neutralize 75% by
mol of acrylic acid, to give an aqueous solution of acrylic acid-partially
neutralized salt product having a nononmer concentration of 38% by wei ght.
To the resulBxampledueous sol ution of acrylic acid-partially neutralized
salt were added 9.2 ng (53 pnol) of ethylene %chol 15 diglycidyl ether as
an internal crosdén Erenmeyereflaskahaving arvglyroc od Shdwmnl, veds chargeabwithi2 g
persul fate as a radical polynerization initiator, and the m xture was

(1.02 mol) of a 80% by weight aqueous solution of acrylic acid, and 146.0 g of a

10 21.0% by weight of an aqueous sodium hydroxide was added dropwise thereto
with ice-cooling to neutralize 75% by mol of acrylic acid, to give an aqueous
solution of acrylic acid-partially neutralized salt product having a monomer
concentration of 38% by weight. To the resulting aqueous solution of acrylic
acid-partially neutralized salt were added 9.2 mg (53 umol) of ethylene glycol

15 diglycidyl ether as an internal crosslinking agent and 92 mg (0.34 mmol) of
potassium persulfate as a radical polymerization initiator, and the mixture was
used as an aqueous monomer solution (a) for a first-step polymerization.

On the other hand, a five-neck cylindrical round bottomed flask having a
volume of 2 liters, equipped with a stirrer, a two-step paddle blade, a reflux

20 condenser, a dropping funnel and a nitrogen gas inlet tube was charged with
340 g (500 mL) of n-heptane, and 0.92 g of a sucrose fatty acid ester |
(manufactured by Mitsubishi-Kagaku Foods Corporation under the trade name of
S-370, HLB: 3.0) was added thereto as a surfactant to dissolve in n-heptane, and
the internal temperature was then adjusted to 35°C. Thereafter, the aqueous

25 monomer solution (a) for the first-step polymerization was added thereto, and the



used as an aqueous nononer solution (a) for a first-step polynerization. On
the other hand, a five-neck cylindrical round bottoned flask having a
volume of 2 liters, equipped with a stird®er, a two-step paddl e bl ade, a
.reflux 20 condenser, a dropping funnel and a nitrogen gas inlet tube was
charged with 340 g (500 nL) of n-heptane, and 0.92 g of a sucrose fatty

acid ester (manufactured M tsubi shi - Kagaku, Foods_Cor poration under the
trade name SRIXtuge3yes kegigt gé.éﬂ)anaégsmwge WS Rga The RAFTALARE ¢ o

di ssol ve i n n-heptane, .and tge,i nt er nal t&ﬁ{)erature was tﬁgen adjuysted to
35C. Ther eafY8iem Was repjaess Withnitiageihess, 3Bl the GMRexytufowas enrraisstgr ep
pol yneri zatiBg was added thereto, and the 16 m xture was kept at 35C and
suspended wi’/OhCdpicary Rt arfigst-siopdevense phaserwispeRsieR RPIRETIZH0Rced wi t h

nitrogen gas, and_the tenperature was then raised to 7/QC{o carry out a
first-step rever ’ﬁh%?é’@%ﬁlré’pé&%l the a BY%»r?BrErifH’cm%Yﬁr ﬂ@ék&‘,ﬁvg%ﬁ"é]t“&eyo# rom

t he above, Erl enneyer f| as aving a volune of 5 500 nL was charged with
92 g (.02 %@P)m&was @m@w@ ng (é@@é@ 0? 3180% by W@ggh%qgﬂorlé sglutigh and
146.0 g of a_21.0% by m@fht of an agueous sodi um hydroxi de_was added
dr opwi se t h&f aceylig adid; oD g a d1.R&uby Weaght of sanaqueaps soditmacr yi i ¢ aci d,
to give an aqueous solution of acrylic acid-partially neutralized salt
product havhygrexide Masedded deepwisa thastoowitb dos-ggoling tgnreutrpbize /6% by mneli ng 10
aqueous sol ution of acrylic acid-partially neutralized salt were added 9.2
ng (53 nol Pf agrylicagid.dacive 9B anuenus spdutinn ofagiplic asidpartiakl x pavtralized
crosslinking agent and 92 ng (0.34 nmmol) of potassiumpersulfate as a
radi cal pol yakProduct havingy monogier caneentrasion; oft3f% byakcigh dT'a thearesalingous
mononer solution (b) for a second-step reverse phase suspensi on
pol yntl} i zat agueousssolgties of peryligagidpartighy sreutralizad salk wetesasdded\fe? sg phase
suspensi on S ) o

(53 pmol) of ethylene glycol diglycidyl ether as an internal crosslinking agent

and 92 mg (0.34 mmol) of potassium persulfate as a radical polymerization

initiator, and the mixture was used as an aqueous monomer solution (b) for a

second-step reverse phase suspension polymerization.

15 After the termination of the first-step reverse phase suspension

polymerization, the polymerization slurry was cooled to 50°C, and the aqueous

monomer solution (b) for the second-step reverse phase suspension

polymerization was added dropwise to the internal of the system in a state that

the surfactant is dissolved. The internal of the system was sufficiently replaced

20 with nitrogen gas, and at the same time the mixture was stirred for 30 minutes
with keeping the temperature at 50°C. Thereafter, the temperature was raised to
70°C to carry out a second-step reverse phase suspension polymerization.
After the termination of the reverse phase suspension polymerization, the
mixture was heated again, whereby 250 g of water was removed from an

25 azeotropic mixture of n-heptane and water. Thereafter, 368 mg (2.11 mmol) of



pol yneri zation, the polynerization slurry was cooled to 50C, and the aqueous
nmononmer solution (b) for the second-step reverse phase suspension
pol yneri zati on was added dropwi se to theilfnternal of the systemin a state
Jgthat the surfactant is dissolved. The internal of the system was
sufficiently replaced 20 with nitrogen gas, and at the sane tine the m xture
was stirred for 30 mnutes wth keeping the tenperature at 50C. Thereafter,
¢ he t enper atethndenaglycal diglycidyl ethér was added/therdto as agustdrasshpking\agent phase
suspensi on pol ynerization. After the term nation of the reverse phase
suspensi on pobanpost-rassstinkingheactionwas eamies it at 80°@dar B houreinghy 250 g of
wat er was renoved froman 25 azeotropic m xture of n-heptane and water.
Ther eaf t er, ps&@naog of 25 Elofrwale)y. Afftel The tiogklinlanglrgaiongndieptimtydndewhter was
added thereto as a post-crosslinking agent, and a post-crosslinking
reacti on wasn the sysézn ovare dheratdlyf distiledoff; therebyt givingl 8kdrgef whteds g of
wat er. After the crosslinking reaction, n-heptane and water in the system
wer e tHher nalabyorbent ieisinephrtitles. t her eby giving 191.1 g of water 5 absorbent
resin particles. The el ectron mcroscopi c photograph of the resulting
wat er - absor bent Thesslectpoar micioscofiophotidgraptt ofthe B&)lting vediemabsonbdritgur e 2.
Exanple 2 10 The sane procedures as in Exanple 1 were carried out except
t hat the aurmiﬂtpafticléﬁ?nilgltiﬁtﬂl&bn:(ﬁﬁ)sisblilmkililgF'@&BtZ.for t he agueous nononer
solution (a) for the first-step reverse phase suspensi on polynerization was
changed from 9.2 ng (53 nol) to 18.4 ng (106 nol), that the anmpbunt of the
internal crosslinking agent for the aqueous nononer solution (b) for the
second- st ep Exkaniplg@r se phase suspension pol ynmeri zation was changed from 9.2
ng (53 nol) to

10 The same procedures as in Example 1 were carried out except that the

amount of the internal crosslinking agent for the aqueous monomer solution (a)
for the first-step reverse phase suspension polymerization was changed from
9.2 mg (53 pmol) to 18.4 mg (106 umol), that the amount of the internal
crosslinking agent for the aqueous monomer solution (b) for the second-step

15 reverse phase suspension polymerization was changed from 9.2 mg (53 pmol) to
18.4 mg (106 pmol), and that the amount of the post-crosslinking agent was
changed frbm 368 mg (2.11 mmol) to 36.8 mg (211 pmol) in Example 1, to give

194.8 g of water-absorbent resin particles.

20 Example 3

The same procedures as in Example 1 were-carried out except that the
amount of the post-crosslinking agent in Example 1 was changed from 368 mg
(2.11 pmol) to 221 mg (1.27 umol), to give 193.0 g of water-absorbent resin
particles.

25



18.4 ng (106 nol), and that the anount of the post-crosslinking agent was
changed from368 ng (2.11 mmol) to 36.8 (211 nol) in Exanple 1, to give
194.8 g of water-absorbent resin particld8. 20 Exanple 3 The sanme procedures
.as in Exanple 1 were carried out except that the anpunt of the
post-crosslinking agent in Exanple 1 was changed from368 ng (2.11 nol) to
221 ng (1.27.nol), to give 193.0 g of water-absorbent resin particles. 25
18 Exanpl e procedures as in Exanple 1 were carried out except
that the anmount Qf the internal crosslinking agent for the aqueouys nononer
solution (a) forlRhiame pracedyres asdy Example, 4 werg capishowhexseptihat theat i on was
changed from5 9.2 nﬁ 53 utnol) taq 36.8 211 nol), that th? anount of
t he i nt er nalameymof the kntemal grasslinlgpg agentfor s aquesus maonaspgr soleon ) f or
t he second-ste .ever se phase_ suspensiqn pol ynerizati on was changed from
9.2 ngy (53 rieFhe érstﬁpgrewgrsepba% yspentian pREFME izatigRoliat Changeddrom
post - crosslinking agent was_. _changed from 368 ng (2.11 mmol) to 184 ng (1.06
mol ) $n Exahdmes (03 paol) tpe36.8 mpid wmel), ihat the amevniintheidternalparti cl es.
Exanpl e 5 The sanme, proceduyres as in Exanple 1 were carried out except that
the amount SesmKingagsnt0r e Jgueoymagomge selution (bhiordhe secpndnsieBner
solution (a) 15 for the first-step reverse phase suspension pol ynerization
was changed IEY®is¢ hasasgjispensian pplecrzmtionas chiengad fjom Q%m&&é wmolide of
t he internal

12.9 mg (74 pumol), and that the amount of the post-crosslinking agent was

changed from 368 mg (2.11 mmol) to 184 mg (1.06 mmol) in Example 1, to give

10 189.3 g of water-absorbent resin particles.

Example 5

The same procedures as in Example 1 were carried out except that the
amount of the internal crosslinking agent for the aqueous monomer solution (a)
15 for the first-step reverse phase suspension polymerization was changed from
9.2 mg (53 umol) to 36.8 mg (211 pumol), that the amount of the internal
crosslinking agent for the aqueous monomer solution (b) for the second-step
reverse phase suspension polymerization was changed from 9.2 mg (53 pmol) to
36.8 mg (211 pmol), and that the amount of the post-crosslinking agent was
20 changed from 368 mg (2.11 mmol) to 184 mg (1.06 mmol) in Example 1, to give

196.6 g of water-absorbent resin particles.

Example 6

The same procedures as in Example 1 were carried out except that the

25 amount of the internal crosslinking agent for the aqueous monomer solution (a)



crosslinking agent for the agueous nononer solution (b) for the second-step
reverse phase suspension pol ynerization was changed from9.2 ng (53 nol) to
36.8 ng (211 nol), and that the anount ofl9% he post-crosslinking agent was 20
.changed from368 ng (2.11 mvol) to 184 ng (1.06 nmol) in Exanple 1, to give
196.6 g of water-absorbent resin particles. Exanple 6 The sane procedures as
in Exanple 1 were carried out except that the 25 appunt of the internal
trossl i nki ndoadnfirstisien reyersgRhase SHPSBHER Pobymerizaiqnayag ohangedifrem
first-step reverse_ phase suspension pol ynerization was changed from 9.2 ny
(53 mol) to %@ mg (P pmsd) Wolé)“ mgléloé)lﬁﬁloé)rﬁiﬁtth@ﬂmpﬁét phtheripternalcr ossl i nki ng
agent for the aqueous nonagner solution (b) for  the second-step . reverse
phase susperf3pgshinking agent fax therpansgue mengewr sektion (b) fry the seeandrstep 5 18. 4
ng (106 nol), and that the anpbunt of the post-crosslinking agent was

changed fr orfeR&rse plageosuspensipn polymarization waschangey from Qxﬁgmg ©3wmob tgi ve
188. 3 g of water-absorbent resin particles. Conparative Exanple 1 10 The
sane p? ocedul8e4 mg (106 wmahppad thatdhe amannt efithg poskesplinkingtagant was t he

termnation of the first-step reverse suspension polynerization in Exanple
1, the pol yhangedfioon368 mg &-%mragblt@d 15@33@4 e hinuBsamplech dongive

sol ution (bl) for the second-step reverse suspension polynerization was
added dr opwil$8.3 g oftyatesgbsashentresinqragticles.nat t he surfactant is precipitated
out, and the m xture was 15 stirred for 30 minutes with keeping the
tenperature at 23C, and at the sane tine the internal of the systemis
sufficiently replaced with nitrogen gas. Subsequently the tenperature was
raised to 7 a le Isecond- st ep

10 The same procedures as in Example 1 were carried out except that after
the termination of the first-step reverse suspension polymerization in Example 1,
the polymerization slurry was cooled to 23°C. The aqueous monomer solution
(b) for the second-step reverse suspension polymerization was added dropwise to
the system in a state that the surfactant is precipitated out, and the mixture was

15 stirred for 30 minutes with keeping the temperature at 23°C, and at the same time
the internal of the system is sufficiently replaced with nitrogen gas.
Subsequently the temperature was raised to 70°C to carry out a second-step
reverse phase suspension polymerization, to give 188.5 g of water-absorbent
resin particles.

20 The electron microscopic photograph of the resulting water-absorbent
resin particles (magnificaﬁon: 50) is shown in Figure 3.

As is evident from the comparison of the particles of the water-absorbent
resin particles obtained in Example 1 shown in Figure 2 and the particles of the
water-absorbent resin particles obtained in Comparative Example 1 shown in

25 Figure 3, it can be seen that the water-absorbent resin particles obtained in



reverse phase suspension polynerization, to give 188.5 g of water-absorbent
resin particles. 20 The el ectron m croscgpi c photograph of the resulting
wat er - absorbent resin particles (magnif? ation: 50) is shown in Figure 3.
As is evident fromthe conparison of the particles of the water-absorbent
resin particles obtained in Exanple 1 shown in Figure 2 and the particles of
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di aneters. Next, the water-absorbent resin particles obtained in each of
Exanpl es 5 and Conparative Exanple were subjected to various kinds of tests
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of which weight Wa (g) was previously determ ned, and the filtered sieve
was allowed to stand for 15 30 mnutes in a state so that the sieve was
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10 particles were dispersed in 1500 g of ion-exchanged water, and the dispersion
was stirred for 30 minutes to sufficiently swell the resin particles. Ion-

exchanged water containing the swelled gel was filtered with a standard sieve
having an opening of 38 um (400 mesh), the standard sieve of which weight Wa
(g) was previously determined, and the filtered sieve was allowed to stand for
15 30 minutes in a state so that the sieve was tilted at a tilt angle of about 30 degrees
to the horizontal to remove excess water from the swelled gel. Thereafter, the
weight Wb (g) of the sieve containing the swelled gel was determined, and the
amount of water absorption (g/g) was calculated from the formula:
[Amount of Water Absorption (g/g)] = (Wb — Wa) + 0.5.
20
(2) Water Absorption Rate
In a beaker having a volume of 100 mL, 50 g of 0.9% by weight
physiological saline was previously placed, the solution temperature was
controlled to 25°C, and the solution was stirred at a rotational speed of 600 rpm

25 using a stirrer chip (length: 30 mm, diameter: 8 mm). Two grams of water-



[ Anrount of Water Absorption (g/g)] = (W - Wa) = 0.5. 20 (2) Water

Absorption Rate In a beaker having a volune of 100 nm., 50 g of 0.9% by

wei ght physi ol ogi cal saline was previoudly placed, the solution tenperature

was controlled to 25C, and the solution was stirred at a rotational speed

of 600 rpm 25 using a stirrer chip (length: 30 nm dianeter: 8 mj. Two
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si eve having,an openi npg of 355 gm (42 nesh), a sieve having an openi ng of
10 250 gm (%BSWP@HP,MQF-si eve having an opening of 180 pm (80 nesh), a sieve

havi ng. an openi ng of 106 pm (150 nesh), a sieve having an opening of 75 m
(200 rrcésh), a sieve having an opening of 45 m (350 nmesh), and a receiving

et br - absor baht  Aerag® Bishicle radin o CRuel ShParhpsteiint Figidee and

shaken for 20 mputes wih a . 15 tating and tappi ng shaker machi ne. Next,
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sieve having an opening of 355 yum (42 mesh), a sieve having an opening of
10 250 pm (60 mesh), a sieve having an opening of 180 um (80 mesh), a sieve
having an opening of 106 pm (150 mesh), a sieve having an opening of 75 um
(200 mesh), a sieve having an opening of 45 um (350 mesh), and a receiving tray
were combined in order from the top. About 100 g of the water-absorbent resin
particles were placed on an uppermost sieve, and shaken for 20 minutes with a
15 rotating and tapping shaker machine.
Next, the relationships between the opening of the sieve and an integral of
a weight percentage remaining on the sieve were plotted on a logarithmic
probability paper by calculating the weight of the water-absorbent resin particles
remaining on each sieve as a weight percentage to an entire amount, and
20 accumulating the weight percentages in order, starting from those having smaller
pﬁrticle diameters. A particle diameter corresponding to a 50% cumulative
weight percentage is defined as an average particle diameter by joining the plots
on the probability paper in a straight line.
In addition, the weights of the water-absorbent resin particles not passing

25 through a sieve having an opening of 500 um (32 mesh) and a sieve having an



probability paper by cal culating the weight of the water-absorbent resin

particles

remai ni ng on each sieve as a weight percentage to an entire

amount, and 20 accunul ating the wei ght p& centages in order, starting from
.those having smaller particle dianeters. A particle dianeter correspondi ng
to a 50% cunul ati ve weight percentage is defined as an average particle
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dEBding 250 m 5 (4) Swelling Height The

swel ling height after 60 seconds and 10 mnutes fromthe beginning of water
absorption was determ ned with an apparatus for determ ning swelling

hei ght_.
for deternf
for 10 nmeasuring novi ng
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fromplastic, (outer dianeter: 79 nmm_ communi cating

30 mMm

‘ﬁchegatic effl natory viewis shown in Figure 1. An apparatus X
i ngoWetirg Herghthei ght shown in Figure 1 conprises a device 1
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tsye.lhrmhﬁﬁiﬂ, afferfhsesonds and 40 aunytasdromythe heginningrade
ores 7 having. a
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wat er - absorbent resin particles can be uniformy
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measuring a moving distance, a concave-shaped circular cup 2 (height: 30 mm,
inner diameter: 80 mm), a convex-shaped circular cylinder 3 made from plastic
(outer diameter: 79 mm, communicating pores 7 having a diameter of 2 mm
being provided on a contact surface with the water-absorbent resin particles in
number of 60) and a nonwoven fabric 4. The apparatus X for determining a
swelling height is provided so that the change in distance can be determined in
units of mm by laser beam 6. The concave-shaped circular cup 2 is provided so
that a given amount of the water-absorbent resin particles can be uniformly
distributed. The convex-shaped circular cylinder 3 is placed on top of the
nonwoven fabric 4 so thata90 g load can be evenly applied to water-absorbent
resin particles 5.

The amount 0.2 g of a sample (wéter-absorbent resin particles 5) is
uniformly distributed in a concave-shaped circular cup 2, and a nonwoven fabric
4 is placed thereon. A convex-shaped circular cylinder 3 is mounted gently on
the nonwoven fabric 4 and positioned so that a laser beam 6 from a sensor of a

device 1 for measuring a moving distance reaches a central portion of the



di stributed. The convex-shaped circular cylinder 3 is placed on top of the
nonwoven fabric 4 so that a 90 g | oad can be evenly applied to
wat er - absorbent 20 resin particles 5. TA® amount 0.2 g of a sanple
. (wat er-absorbent resin particles 5) is wuniformy distributed in a
concave-shaped circular cup 2, and a nonwoven fabric 4 is placed thereon. A
convex-shaped_ circular cylinder 3 is nmounted gently on the nonwoven fabric
-4 and posi t icyHaders Onerhundradand,thiyty grams elolonzexchangnd wates previgslyce 1 f or
measuring a noving distance reaches a central portion of the 23 cylinder.
One- hundr ed amtngﬁwzq/ Gwasintgrduced intpdhe aorenvizsheped cuonlansnp 2, aeg ast ed t o
20C was introduced into the concave-shaped circular cup 2, and a distance
by whi ch t hdigartedyy whighetheqonvex-shapsd ¢iFadar cylindepddspushed epidue i swel i ng
of the water-absorbent resin particles 5 is determ ned. The noving 5
di st ances ofSweHigohthexvaipapheprbentdasiapagiclpndds detesmingd. cbhesmeyits and
after 10 mnutes fromthe beqi nning of water absorption are defined as a
swel lifhg héigjpnces pighecanysx-shapedegnlar 6ylinges 3 atter 6dsependyandaftayer age
Content of Particles Water(mm AbsorptionParticl]eHaving Particle .
Absor pt i onRADdminates: isem) thedegningphyates abserpfionjars delinedhas 2 sweping

height.
Table 1
Ex. No. Amount of  Swelling Height Water Average Content of Particles
Water (mm) Absorption Particle = Having Particle
Absorption Rate Diameter Diameters
(8/8) (seconds) (um)  Exceeding 250 pm
60sec 10 min (% by weight)
1 360 6 12 7 57 <1
2 700 7 13 8 54 <1
3 490 10 16 7 65 <1
4 550 13 20 8 86 <1
5 600 14 19 8 77 <1
6 500 13 21 6 60 <1
Comp. 760 7 >28 45 340 81
Ex. 1
10 It can be seen from the results shown in Table 1 that all of the water-

absorbent resin particles obtained in Examples 1 to 6 have large amounts of
water absorption and high swellability, and are small in particle diameters. On
the other hand, the water-absorbent resin particles obtained in Comparative
Example 1 have large particle diameters and delayed water absorption rate.

15
INDUSTRIAL APPLICABILITY




60 secl0 m n(% by wei ght) 1360612757< 1 2700713854< 1 34901016765< 1
45501320886< 1 56001419877< 1 65001321660< 1 Conp. 7607>284534081 Ex. 1 10
It can be seen fromthe results shown in2fable 1 that all of the water-
.absorbent resin particles obtained in Exanples 1 to 6 have |arge anmounts of
wat er absorption and high swellability, and are small in particle dianeters.
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used as industrial and construction materials such as water blocking materials for

cables.



25 CLAIMS 1. A process for producing a water-absorbent resin particle
conprising subjecting a water-soluble ethylenically unsaturated nononer to
a reverse phase 5 suspension pol ynerizat2on, characterized in that the
.process for producing a water-absorbent resin particle conprises the steps
of : (A) subjecting the water-soluble ethylenically unsaturated nononer to a
-first- step reverse phase suspension polynerization in a hydrocarbon-based
+sol vent using a water-sol uble radi caELp%]Mﬁeri zation initiator in the
presence of a 10 surfactant and/or a polyneric protective colloid, and
optionally an internal crosslinking agent; (B) carrying out at |east one
step of the procedures of adding an aqueous solution of a water-soluble

et hyl eni cal Ly unédepiocesseior mﬂlmg g avater-ahsogbent rosin particle gbmprising cal

pol ynerization initiator and optionally an internal 15 crosslinking agent to
t he react i osubjesding @ wateresoluble etleylenically ansatirated nfonomerdo @peverse phase phase
suspension polynerization in a state that the surfactant and/or the

pol ymér i ¢ psuspensiongolyneuzations charasteirized in thatike pyadess forippadicinga sol vent
and subsequently subjecting the mxture to a reverse phase suspension

pol yner i zat Water-absdrtzat (Sjn pasiclccamptisesdhagtepsefr esul ting wat er - absor bent

resin. 2. The process according to claim1l, wherein the post-crosslinking
agent used(An t subjecterg (lﬁ)w&tsr-a@lubka&hym&acaﬁb’rtmsatmeﬂedanmbmcnm 4 fiestgr oup
consisting of ethylene glycol diglycidyl ether, propylene glycol diglycidyl
et her, gl ycseplre&Sselphasgeciudpensiorhpolynmsizatiohyih arhydgdogarbon-asgd/sildent et her,

pol ypropyl ene gl ycol 26

using a water-soluble radical polymerization initiator in the presence of a

10 surfactant and/or a polymeric protective colloid, and optionally an internal
crosslinking agent;
(B) carrying out at least one step of the procedures of adding an aqueous
solution of a water-soluble ethylenically unsaturated monomer containing a
water-soluble radical polymerization initiator and optionally an internal

15 crosslinking agent to the reaction mixture after the termination of the first-step
reverse phase suspension polymerization in a state that the surfactant and/or the
polymeric protective colloid is dissolved in the hydrocarbon-based solvent, and
subsequently subjecting the mixture to a reverse phase suspension
polymerization; and

20 (C)  post-crosslinking the resulting water-absorbent resin.

2. The process according to claim 1, wherein the post-crosslinking agent
used in the step (C) is at least one member selected from the group consisting of
ethylene glycol diglycidyl ether, propylene glycol diglycidyl ether, glycerol

25 diglycidyl ether, polyethylene glycol diglycidyl ether, polypropylene glycol



di gl ycidyl ether and pol yglycerol diglycidyl ether. 3. The process according
toclaiml or 2, wherein in the step (C the water- absorbent resin is
post-crosslinked in the presence of wate26 in an anount of 5 to 5 100 parts
_by weight based on 100 parts by weight of the water-soluble ethylenically
unsat ur at ed nononer being subjected to the polynerization. 4. A

-wat er - absorbent resin particle obtained by the process according to any one
-of clai ms 1diglyadyleiberand polygleaceol-diglysidyd etheresi n particl e has an anount

of 10 water absorption of 300 to 800 g/g, a swelling height of at |least 5 mm
after 60 seconds fromthe beginning of water absorption, and an average

particle diameter of from10 to 190 m o
The process according to claim 1 or 2, wherein in the step (C) the water-

absorbent resin is post-crosslinked in the presence of water in an amount of 5 to
5 100 parts by weight based on 100 parts by weight of the water-soluble

ethylenically unsaturated monomer being subjected to the polymerization.

4. A water-absorbent resin particle obtained by the process according to any

one of claims 1 to 3, wherein the water-absorbent resin particle has an amount of
10 water absorption of 300 to 800 g/g, a swelling height of at least 5 mm after

60 seconds from the beginning of water absorption, and an average particle

diameter of from 10 to 190 pm.



