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 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 dianmeter. BACKGROUND ART A water-absorbent resin has been

wi dely used in various fields such as hygienic materials such as di sposabl e
di aper and sanitary napkin; horticubggr@ipTiONmterials such as
water-retaining materials for soil @and soil itnprovers; 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, hydrppoaEss FORIPRODIBECTIONIGE i | € graftcopol yners
(Japanese Exam ned Patent 20 Publication No. Sho 49-43395), neutralized

starch-acrylic acid salt REOBSORBING (RERINEPA (g Lai d- Open No. Sho

51-125468), saponified w"‘m‘are—r‘%—c_e‘m—mporﬁfyw ny nmers (Japanese

Pat ents Lai d-Open No. Sho 51- 125468), partially neutralized polyacrylic acid
(Japanese Patent Laid-Open No. Sho 62-172006), and the like. 25 Properties

desired forrpeif(@RFOEPEND resins include a large amount 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-Open 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 cables, 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 An obj ect of the present invention is to provide a process for

produci ng awaid db@bgiticﬁi?%iglp%ferraﬁ%@tiﬁﬁrr&ﬂe?h%h@élﬁ%ilﬁp', ?Rﬁlgnagg%ﬂﬂe of

wat er absorption an high swellability, and being snal icle

di aneter. ThRntesaiitablOYsTd &Rs ARl IhEHké OFSpRiATE A thOfest] RSUGARE 2
wat er - absorbent resin particle conprising subjecting a water-sol uble

et hyl eni cal hjockieinaiai 6 forBRTEL Wﬁeﬁaﬁs‘%ﬂﬁ?eﬁﬂ?ﬁﬁic‘lé‘ﬁ@@ | PRrpe
pol yneri zation, characterized in that the 15 process for producing a

wat er - absor Qﬁ@hngﬁfsw&aa;blgwtﬁn%@nﬁgﬁ QW ellibility, el we‘il?% ?&@n iﬁlagia%ﬁ&feng t he

wat er - sol ubl e et hylenically ‘'unsaturated nononetr to a - step reverse

hase suspepsi| i QN QF: i a
ater oot uph2nfePRIYBe dlil Hdh e oty IOHRIEANOBHEicE thiE Broptiticldt

sur fact ant e @m0l ymeric 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
nmononer containing a water-soluble radical polynerization initiator and

optional Iy gsERiURE OF 9 PQFIO8 agent to the reaction mxture after the
termnati OH%HFWT%W rse phase suspension polynerization in
a state that thesgusdiact dthe PRYeA! ifvRitidn is to provide a process for producing a
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 yneric protective colloid is dissolved in the hydrocarbon-based sol vent,
and subsequently subjecting the m xture to a reverse phase suspension

pol ymeri zation; and (C) post-crosslinking the resulting water-absorbent
resin. 5 BRIEF DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic

expl anatory view of an apparatus for detefrmning a swelling height used in
Exanpl es set forth below. Figure 2 is an el ectron m croscopi ¢ phot ograph
(magni fication: 50) of 10 water-absorbent resin particles obtained in

50y of _war AOSBEGFRREE RIRRR AR BLARTRENE nEOR AT 0D el i o1

BEST MODE F CARRYLNG THE, | NVENTI 15 In the process of the present
Cvent ron,  (PSeeR e BICCaneThr MENES Fontevafs PR RASEERIa rononer 1 <
subjected tao i fi r.st-.st,er#({jever se phase suspension polynerization in a
hydr ocar bon-BSAEE§IZA{IQR sing a water-sol ubl e radical pol ynerization

initiator | he presenc f surfactant and/or, a, polyneric protective

col 1 oi d, an(rl pt i@w%cm,ssﬁﬁﬁmgtatgpﬁgqu?tep%gvgfqr- SAEpe Qgerf‘ﬂ 20 The wat er-sol ubl e
et hyl egi cally unsaturated nononer includes, for instance, (neth)acrylic
acid [Y(nmeth)acryl-" neans "acryl-" or "methacryl-;" hereinafter referred

to the same - Yacr 1 de- 2- et sulfonic acid or an al kal i
netal salt %ﬂ%f@%ﬁhgw lg&lﬁmﬁwmt h) acryl am de, ,
N, N- di et hyl acryl.am de, .2- hydroxyet hyl (neth)acryl ate and 25 nmet hyl ol
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a swelling height used in Examples set forth below.

Figure 2 is an electron microscopic photograph (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
(nmeth)acrylate or a quaternary salt thereof; and the |like. Those can be
used alone or in admxture of at |least two kinds. The alkali netal in the
al kali metal salts includes lithium sogiunl 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 kali netal salt thereof, acrylam de, nethacrylam de and

avai el ¢ The G By Baminide RSN (A BRI O Mol o BROSRA [t RRRE
he concent {he CacByiny Ralt el 0 AERERTROR: i BPiosed aldhelhbec ronomor i n
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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
nonobehenate; anionic surfactants such as fatty acid salts,

al kyl benzenesul fonic acid salts, alkyl w@ethyl 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 |ike. Those can be used alone or in

adm xture of at |east two kinds. Anbng them sorbitan fatty acid esters,

pol ygl ycer ohefedddfitracfedretiStoahe sambf; s@e®dsé #tty adiflicdteds isBFtsitg Tty axmgl ycer ol
nonobehenate are preferred. The polyneric protective colloid includes, for

i nstance, egyls, Eslglroi‘;tg@ﬁﬁdenelﬁkﬂMnyh&dlre@%% hertaghiderdll A8RobdlRn%Rs hyl ene

oxi de, maleic an e-nodi fi ed ~ polyet hyl ene, ei ¢ anhydri de-nodi fi ed
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| east two kh{};‘iiﬁj' ; a ]ﬁqﬁﬁ i hd may be
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t he aqueous;rpkWriiRAdRfixft€ ovat EEIS’[%WOEIHB@S. %Ms%meﬁﬁlsbfbﬂﬁﬁiﬁhyra@@q nmonomner

subjected to the first-step reverse phase 20 suspension polynerization. The

nernal cr gastd piyaty @AETatkNRIAENES, Lol BARNRR oflbre Bid ReaplRkdiocr ! ate

esters of polyof as et ene pro
tri met hyl ol Hﬁ?}%ﬁ?ﬁenat@%i’&ﬁfe%rred?m yoxyet hyl ene gl ycol, pol yoxypropyl ene
yg ;

gl ycol and po ycero unsat urat ed pol yesters obtai ned by reacting the
above-rmentioned RYL YAy MELiL pBitective colloid includes, for instance, ethyl cellulose,

10 ethyl hydroxyethyl cellulose, 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 NNN 6 bisacrylam des such as N, N -nethyl enebi sacryl am de; di- or
tri(nmeth)acrylate esters obtained by reacting a pol yepoxide with
(meth)acrylic acid; carbanyl ester of digmeth)acrylic acid obtained by
reacting a polyisocyanate such as tolylene diisocyanate or hexanet hyl ene
dii socyanate with hydroxyethyl (neth)acrylate; a 5 conpound having at | east
two pol ynerizabl e unsaturated groups such as allylated starch, allylated

cel lul ose, @isattylhmpdéshalchtas, NN Nneffyléieblakitlam$Rs ey @i Me@idcrylate
di vi nyl benzene; "conpounds haV|ng at l'east two reactive functional® groups
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functional groups such as isotyanate conpoun 2,4-1 ene
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compounds such as epichlorohydrin, epibromohydrin and
o-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 polynerization, fromthe viewoint of suppressing the
water solubility of the resulting polymer by appropriate crosslinking, and
showi ng sufficient water-absorbent property. The water-sol ubl e radical

pol yneri zation initiator includes, for instance, 5 persulfates such as

pot assi um persul fate, amoni um persul fate and sodi um persulfate; azo

conpounds  sggépensiod polyareiRhtioR-fesmdhe ORaIAENENf suPplevdimciheavatde and
azobi s(cyanoval erate); and the like. Those may be used alone or in

adm xture okoRibilitgastttht vesuktinpol yhitraycippropriate keotihRImeS @hd Bhewiasdi cal
pol ymeri zation initiator can be used as a redox polynerization initiator by

usi ng 10 tog@fﬁ@ént\mgt@r_gbwbémtIﬁopérty.he | i ke. Anbng them potassium
persul fate, ammoni um persul fate and sodi um persul fate are preferable from

the vi ewpoi nt of THeak fer-Sakible/radyc@l P@ryxﬁeﬁhdi_omﬁﬁidtsmnciwé,t fraffanéabi lity.
Usual Iy, the amount of the water-soluble radical polynerization initiator

is preferablpyriAQa&Lch as pobdsHimh Pe@ﬂﬁaﬁ?ﬁﬁlrﬂérﬁﬁﬁf L¥Ife Rl so@ifin01 nol per

15 one nol of the water-sol uble ethylenically unsaturated nononer subjected

to the fi rioersﬁtlﬁps;ra%%ﬁq)o%a_§@ueﬁpm,asia%bi@fi-xmihéggyfaﬁe) fromthe
Vi ewpoi nt o shortening the tinme period for the poly i zation reaction and

preventing d‘m,zb%a%rieelaxﬂ_%&bsﬁzdé@ﬂovﬁeﬁ&@gand Tﬁeeniay.dgﬁseer Hﬁﬂ-ﬂ%ﬁ&%@ sol vent

i ncl udes, for ‘instance, aliphatrc¢ 20 hydrdcarbons such as n-hexane,

D! e, S R Y PERCRONS s, % AL SRR
hydrocar bong, i &iARiRGRREAS: cAiPhdGORI Aol PotymeAdatidifidifister byRAf
10 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-heptane and cycl ohexane are preferable fromthe viewoint of
being 25 industrially easily available, stable in quality and i nexpensive. 8
Usual Iy, the anmount of the hydrocarbon-bgsed 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
subjected to the first-step reverse phase suspension polynerization, from

the 5 viewpoi nt afsuaByOitenné\@ftofAhe RPHNBIHAIGAEA soBRet Repregerhblyei0/tof ©
easily control the po1 ynmeri zation tenperature. The first-'step réverse phase
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initiator and optionally an internal crosslinking agent

hydrocar bonyhgReftdssline Pl'frst\l%téﬁ'réfeiﬂerﬂl{hge sgg%ﬁlgtrb%gsedlg@g(})i?gi@,iﬁ%@hef _the

reverse phase suspensi on pol yneri zatl on term ned
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wat er - sol ubl e riadi cal polynerization“initrator. Usua reaction

t enper at ur eﬁlilé}g@ryﬁ{eq,{%gbxtgﬁgg&tﬁpc, and nore preferably 40 to 80C from

t he vi ewpoi rapi dly progressing the reaction, shortening the
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removal of heat of polynerization, an y “carrying out the reacttion.
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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
polymerization 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 nunber of steps is 2 to 3 steps from
the viewpoint of increasing productivityg 9 One of the features of the
present invention resides in that an aquéous sol ution of a water-soluble
“ethylenically unsaturated nononer containing a water-soluble radical

pol ymeri zation initiator and optionally an internal crosslinking agent is

added to a reactiGHe &8 the YERuRds ST thE PeeseRl MvEALiOP Fetdestiiqhit %’Fﬁ(}ur%oﬁgep
suspensi on polynerization in a state that the surfactant and/of the
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the first stepis dissolved int rocar bon- based sol vent, a
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pol ynmeri zati on. \Wen the aq us sol ution of er-solubl e ethylenically
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nking agent Is a to the
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suspensi on polyneri zati ubsequently the m xfure 1's subjec fo a

rever se PhagsoSHARPOSHAR BRINAES bf fiBlbton baBledSatitiphe fRd e ant

and/ or the yneric protective co I'Sso
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above- nenti Q Cteﬁ%%&g?‘ﬁﬁg{?QB%ééﬁup%ng@aﬁ@rgﬁé’?&?%ﬂmne ethylenically

unsat ur at ed nomer . th e Teaction mxture before
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pref efpbl y ﬁ?orfo?néoc%nté{ﬁﬁl% the water-soluble radical polymerization initiator and
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 aqueous 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 polyneric protective colloid is precipitated in the
solvent. Wien the tenperature exceeds 6QC, the polynerization reaction
tends to progress before the aqueous 25 solution of a water-soluble
“ethylenically unsaturated nononer is sufficiently 10 mxed with the

hydr ocar bon- based sol vent. The wat er-sol ubl e radi cal pol ynerization

initiator, Pﬂﬁeh% ﬂﬁhg,(ﬁééh?rgbﬁ_lyﬁgé’@scﬁg&ﬁt and the aqueous solution of a
e [ 'y

wat er - sol ub et hyl eni cdl unsat ur at ed nononer which are added to the

reacti on m xture i WERoh Fdih pBl HhaRd B RARIGN AEIRUARENS! O

pol ynmeri zation is term nate sanme as or d erent fromthose

used duri ngchglihkinglaedhend ﬁféqqsﬁopédg@aﬁéﬂgﬁ itgfgfollﬁﬂieygﬁ?ieﬁf’éah n.

Usual Iy, the anount “of” the water-so e radica ynmerization initiator
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the interna of}frﬂéﬁ dtRJﬁI[ ng agent in the aqueous solution of a water-soluble
et hyl eni cal Fy “unsaturated nononer is at nost preferably 3 parts by weight,
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the second ?f?ﬂlesﬁlcflfe%ﬂyEgﬁltip)ﬁl&f%@iéﬁ%ﬂlﬂlesétﬁ?fenically unsaturated monomer is

10 preferably 0.00001 to 0.02 mol, and more preferably 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 viewpoint 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

ethyl enical ly unsaturated nononer added t the reaction m xture obtained in
the first-step reverse phase suspension polynerization is preferably 30 to
400 parts by weight, 25 and nore preferably 80 to 200 parts by wei ght based
on 100 parts by weight of 11 the water-soluble ethylenically unsaturated
nononer usedhé WatdresdlubktethyleRidall9insitheatvd evd@nidr tdiin eieeHfst-ReEp from
productivity and snoothly carrying out the polynerization reaction. The
reverse phagBe $UsSPssiat ONinetasirey podutavity\hhe bnio@thgrchhﬁmg)@m tagter 5 the
addi ti on of the aqueous solution of a water-soluble ethylenically
unsaturatedlxmpm@ﬁggﬁ@ﬁuﬁa@ﬁahng t he wat er-sol ubl e radi cal pol ynerization
initiator and optionally the internal crosslinking agent to the reaction

m xture obtai ned The feverselpHasé sﬁé@ﬂsfoﬂgﬁlﬁﬁeﬁﬁﬁ%ﬁl MhERERTaPlePOUYATRET! Zat i on
can be carried out under the sane conditions as the above-nenti oned
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t he above-nentioned procedures are carried out in at 1east one step. Next,
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crosslinking agent. Another feature of the pr invention resides in that

the 15 wvat gpiRany RS inte /sl Brd%_@ﬁﬂtiﬂ%@g@f{t foltRe FORYBN TR R A RESSFIRe | S
crosslinked "with a post-crosslinkin gent. The post-crosslinking”agent

i ncludes, f (Hrsi-é‘t%bf%@?&se %h@éessusgéﬁs%ﬁ p@[yni)éﬂz}é@i'oﬁ QHYR cAfe® bl e 1B ycol ,
propyl ene glycol, trinmethyl ol propane, gl'ycerol, polyoxyethyl ene

same conditions as the above-mentioned first-step reverse phase suspension

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 ether, (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)ethylene glycol diglycidyl ether, (poly)propylene glycol diglycidyl
ether and (poly)glycerol diglycidyl ethes; conpounds having at |east two
reactive functional groups such as epihalohydrin conpounds such as

- epi chl orohydrin, epibronmhydrin and a net hyl epi chl or ohydri n; conpounds
having at |east two reactive functional groups 25 such as isocyanate

_conpounds  sygiRo@mndtedah@lid HRE. dhbSOeXPPetiSePMdnb O ABAMXAREIhbeof. Among
di i socyanate; and the like. Those can be used alone or in adm xture thereof.

Among  t hemehéhhath§raie @il e digliyeidye eeher, T |gg516 vy efler db1gtyrel Ay
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pol ypropy! eggolgtisPbthesl fly&hgien ’ ¥eHleY ' j1J¥é]1 ether are
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5 parts by weight, and nore preterabl wel ght based on

100 payts byxuEidhteftivatvia 16k t@ﬁ?gfhttuﬁg_ the water-sol uble ethylenically
unsat urat ed nononer subjécted to the polynerization. Wen the anount of the

10 post - crossl I nktHagrAgiEflofite h@é@e-?ﬁ%ﬂoﬁcﬂ)éoﬁ%rb?slmkig%%ﬁt i?g?&gra@%rl?ot he

parts by weight of the water-soluble et nically un at ed nono
becomes. 1o ol > Bat R RS ahitudrE L enitly W0 SRaR, D MCIERFORelEi 1€ ©
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vat er gabsor ?)%Qit-crrogﬁhﬁ(il\{‘é Egeﬁtng 188%han 0.01 parts by weight based on 100 parts by

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 post- crosslinking agent in the
presence of water. The anmpunt of water n the water-absorbent resinis
m xed with the post-crosslinking agent differs dependi ng upon the kinds,
“particle dianmeter and water content of the water- absorbent resin. Usually,
the amount is preferably 5 to 100 parts by weight, 25 nore preferably 8 to

50 parts by t}%ight paddl &Y E?O g?ﬁ@ Rgrvf’%gféf@ the 10tal %P‘A’E}ﬁp@f the Qﬁet-?&g}ﬁg ght

based on 100 parts by weig t anount e water-solu
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When the water-absorbent resin is mixed with the post-crosslinking agent,
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 such 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. Wen the reaction tenperature is |ess
20 than 30C, the crosslinking reaction isyless 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
tends to be deconposed. The reaction tine cannot be absolutely determ ned

since the ey mifutks, Md piefdrfB1§ T@PRIE PN the reaction tenperature,
t he kinds and the anmount of the” 25 crosslinking agent, the kinds of the

solvent and the ITKg, ti@ates-db38blehy rekid ]?ariiéle, MR e Présd ?ﬁlveﬁﬁ%n% eferably 5

to 200 m nutes. Thus, the water-absorbent resin particle of the present
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250 myys as p\ésfe¥al§l§91|()| to 100 um. Each of the amount of water absorption, the swelling
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 pum 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 deodorizing agent or a bactericidal agent
may be further added to the wat er-absorbqgt resin particle of the present 20
i nvention as occasion demands. The anount of the additive differs dependi ng
‘upon the application of the water-absorbent resin particle, the kinds of
the additive and the |ike. The anbunt is 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 the total amount of the water-soluble 25 ethylenically unsaturated
nonomer subjeet t he polynerization. 15 EXAMPLES The present invention
will be des%g%gﬂﬁgﬁe specifically hereinbel ow by neans of Exanples and
Compar ati ve Exa i t i Hm . ‘i {,0
”pfﬁﬁs%rg%ﬁtgggénxg}dﬁ \%ﬂi’b@%g%é}lﬂe‘d%&é %@SEK%EW ng?émb@l‘(ﬁ%
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only to these Exanp e 1 An enneyer T a volu of

500 nL ' 38 ' | uti
of acryl | o ancayret IkdiipiE afd Clolbiag IR Exginples, Wil ML AThe ATHAR S i
hydr oxtde "‘ﬁﬁe?é?ﬁ’ AHRRVURE td s Eaidils i ce-cooling to neutralize 75% by

nmol of acrylfic acid, to gl vg an aqueou solution of acrylic acid-partially
neutral i zed salt product having a nononmer concentration of 38% by wei ght.
To the resulting agqueous solution of acrylic acid-partially neutralized
salt were a qn 21 ng (53 nol) of ethylene glycol 15 diglycidyl ether as an
i nternal cross rng agent and 92 ng (0.34 mmol ) of potassium persul fate

as a radical pol yqg rlijrl_"e%ﬁe%r 3Lk hg\r?fﬁrg’a et ﬁ(f(ﬁlw&aé'\@l’?arged with 92 g
(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 pmol) 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
volunme of 2 liters, equipped with a stirrer, a two-step paddl e bl ade, a
reflux 20 condenser, a dropping funnel ang 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 by M tsubishi-Kagaku Foods Corporation under the
trade nane of S-370, HLB: 3.0) was added thereto as a surfactant to

di ssol ve i n MnfteRt wASkefdl 350 0anduBpanded WP 8EiAINY. STHE Sntbi@Nopicust ed to
35C. Thereafter, the aqueous 25 nononer solution (@) for the first-step
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suspended wi th stirring. The internal of the systemwas replaced with
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first-step reverse phase suspension polynerization. Next, separately from

the above, an Erlqegey&parhledpfrohfiticibode Vsl Eﬂﬁnﬁkgeﬁﬂ%@heﬁ}‘m ASofliaE ged Wi th
92 g (1.02 nol) of a 80% by wei ght aqueous solutidn of acryfic acid, and
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dropwi se thereto wwth ice-coolingto neutralize 75% by 1o of acrylic acid,

to give an afurpiitc 30Uh@146/0 61 ¥DIDBLY ARt bfad YolBuL sadnpPd  sal!
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yco yci dyl er as~an i1 nter crosslinki ng
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poI yI’T'EI’I zation nitiat or; nd the m xture was as” an aqueous nonomner
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After the term™mation rst-step reverse p pensi on
10 aqueous solution of acrylic acid-partially neutralized salt were added 9.2 mg

(53 umol) 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 ynmeri zati on was added dropwise to the internal of the systemin a state
that 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,
the tenperature was raised to 70C to carry out a second step reverse phase

suspensi on pé%wl@ﬁé T @l aaglyé‘[giz%t}fei‘%ats%ﬂﬂb@ﬂteat . %&‘? crrB %iﬁgggchg

suspensi on polynmerizatio m xt ure was al n, ere

wat er was r r 0° t nater.
Thereafter, %‘g@vfﬁ'ggt% Sé1H?lrlr('r%r% ?égﬁg)é%s ﬁlﬁﬁgﬁg%cgﬁg% Zﬂ] et her was
added t her et c§ehcd OEQS 6f Q3% t %?&lmkfﬁ chtPcﬁiStn ﬁ(ﬁﬂﬁﬁé ?H(!Fgfﬁger

reacti on was carrie at 80C hours 1nth r’ese

rater, e tt“@si%t?ﬂs"v%ﬁk‘?‘?ﬂnﬂﬁi?%"@@g.°€€ PRSI L or e oyt em

were ther mal e absor bent

resin partic m croscopi ¢ photograph of the resulting
wat er - gbsor b?iebﬁtarbe;ﬁgg?sﬁﬁggﬁt{l cles (magnification: 50) is shown in Figure 2.

Exanple 2 10 The %E cept
that the am)untg eg{rﬁﬁ?ﬁ%c%?o@ﬁ(ﬁl{sﬁtl Pﬁg?é%ee}r%:% %%fr%{ee?ggg@hgug%nononer
solution (a) ey nsi on pol ynmerizati on was
changed frorrr1eSi.!)lol%lrht’]l%fg@l %foctdﬁo 1 418%0%8@%}1%\&@0% hat the anount of the
internal crosslinking agent for the aqueous nononer solution (b) for the
second-step 15 reverse phase suspension polynerization was changed from 9. 2

Mg (53 mol) ]tE)?ample 2
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 umol) to
18.4 mg (106 umol), and that the amount of the post-crosslinking agent was
changed from 368 mg (2.11 mmol) to 36.8 mg (211 umol) 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 ng (211 nol) in Exanple 1, to give
194.8 g of water-absorbent resin particles. 20 Exanple 3 The sanme procedures
as in Exanple 1 were carried out except Hgat the anount of the
post-crosslinking agent in Exanple 1 was Changed from368 ng (2.11 nol) to
221 nmg (1.27 nol), to give 193.0 g of water-absorbent resin particles. 25
18 Exanple 4 The sane procedures as in Exanple 1 were carried out except
that the a gp fythe internal crosslinking agent for the aqueous nononer
solution (a) or the first-step reverse phase suspension pol ynerizati on was

changed from 5 9:’?&%rﬁ§§é¢§yd¥1{)%s%[s?ig'ﬁ,§ia 1é %ngfefgoéa)rrie& gﬁt ?){cgﬁt?}g? ] of the

internal crosslinking a he aqueous nonoirer s or the
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reverse phase suspension polymerization was changed from 9.2 mg (53 pmol) to

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 pmol), 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 aqueous nononer solution (b) for the second-step
reverse phase suspension polynerization was changed from9.2 ng (53 nol) to
36.8 ng (211 nol), and that the anmount of the post-crosslinking agent was 20
changed from 368 ng (2.11 mmol) to 184 ng%£1 06 mvol ) in Exanple 1, to give
196.6 g of water-absorbent resin particl Exanpl e 6 The sane procedures as
in Exanple 1 were carried out except that the 25 anmount of the internal
crosslinking agent for the aqueous nnnoner solution (a) 19 for the
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t enper ature 3@ HHE-3 Sqr entresin Rarigless he internal of the systemis
sufficiently repl aced with nitrogen gas. Subsequently the tenperature was
raised to 70C to carry out a second-step

Comparative Example 1

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 (magnification: 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 croscopi ¢ photograph of the resulting

wat er - absorbent resin particles (magnification: 50) is shown in Figure 3.
As is evident fromthe conparison of the,particles of the water-absorbent
resin particles obtained in Exanple 1 shg in Figure 2 and the particles of
‘the water-absorbent resin particles obtained in Conparative Exanple 1 shown
in 25 Figure 3, it can be seen that the water-absorbent resin particles

obtained in
t hensel ves,
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ctéd to various kinds of tests
The results are shown in Table 1. (1) Anount of Water
n a beaker having a volunme of 2000 nlL, 0.5 g of water-absorbent
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In a beaker having a volume of 2000 mL, 0.5 g of water-absorbent resin
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
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.

(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

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



[ Arount of Water Absorption (g/g)] = (W - Wa) + 0.5. 20 (2) Wwater
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 previously placed, the solution tenperature
was controlled to 25C, and the solution s stirred at a rotational speed
of 600 rpm 25 using a stirrer chip (Iengg : 30 mMm dianmeter: 8 mm. Two
grans of water 21 absorbent resin particles were added to the beaker with
stirring. Atine period was neasured until vortex of a liquid surface due
to gelationaBE
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havi ng an openi ng. of 106 gm (150 nesh), a sieve having an opening of 75 gm
(200 nesh), a S%ﬁpgw T ing an opening of 45 gm (350 nesh), and a receivVing
tray re conbined in order fromthe top. About 100 g of the

wat er -absorbent resin particles were placed on an uppernost sieve, and

shaken for mnutes with 15 rotat| and i ng shaker_ machi ne. Next,
the rel ati ofehi pAvbERRATIERPBRPHbESpfat of BRI RRnE RAGHE of o
wei ght percent agf)igrggt‘%}snﬁggee%?ngt Egoﬂn?\/e were plotted on a logarithmc

JIS standard sieves, a sieve having an opening of 500 um (32 mesh), a
sieve having an opening of 355 pm (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 pm (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
particle 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 renmaining on each sieve as a wei ght percentage to an entire
anount, and 20 accunul ati ng the wei ght percentages in order, starting from
those having smaller particle dianeters 2A particle dianeter correspondi ng
to a 50% cunul ati ve weight percentage i% defined as an average particle

di aneter by joining the plots on the probability paper in a straight |ine.
In addition, the weights of the water-absorbent resin particles not passing
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absor ption was ermne an apparatus for determ ning swelling
height. Its schematic explanatory viewis shown in Figure 1. An apparatus X
for determning a swelling height shown in Figure 1 conprises a device 1

for 1Q msasggri)i ngS@V&Hﬂé@%ﬁﬁ; ance, a concave-shaped circular cup 2 (height:

30 mMm~ inn di aneters , a convex-shaped circular cylinder 3 nade
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change in di sI%np ca I%)1e.det rmined in .units ofnm by |aser beam The
Concave- shaBBI Ts o RematinespregeFy viche it s ALEERG L., &7 SRATRES of forne
wat er - absor Hgg[rmrinel%ig% spv%ﬂiinglheefgh%asﬂo&% iﬂrﬂifgl(l)rreq Xomprises a device 1 for
10 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
15 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 that a90 g load can be evenly applied to water-absorbent
20 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

25 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. The anpbunt 0.2 g of a sanple
(wat er - absorbent resin particles 5) is iformy distributed in a
concave-shaped circular cup 2, and a nonwoven fabric 4 is placed thereon. A
convex-shaped circular cylinder 3 is nounted gently on the nonwoven fabric
4 and positioned so that a | aser beam 6 froma sensor of a 25 device 1 for
measuring a i .St _ i ; | i nder.
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height.
Table 1
Ex. No. Amountof  Swelling Height Water Average Content of Particles
Water (mm) Absorption Particle = Having Particle
Absorption Rate Diameter Diameters
(g/e) (seconds) (um)  Exceeding 250 um
60 sec 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




4 550 13 20 8 86 <1 5600 14 19 8 77 <1 6 500 13 21 6 60 < 1 Conp. 760 7
>28 45 340 81 Ex. 1 10 It can be seen fromthe results shown in Table 1
that all of the water- absorbent resin particles obtained in Exanples 1 to 6
have | arge anounts of water absorption gﬂp high swellability, and are snal
in particle dianmeters. On the other han t he wat er - absorbent resin
.particles obtained in Conparative Exanple 1 have large particle dianeters
and del ayed water absorption rate. 15 INDUSTRIAL APPLICABILITY 24 The
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used as industrial and construction materials such as water blocking materials for

cables.



absorbent resin particle conprises the steps of (A) subjecting the

wat er - sol ubl e ethyl enically unsaturated nononer to a firststep reverse
phase suspensi on polynmerization in a hydrocarbon-based sol vent using a

wat er - sol ubl e radical polymnerization iggtiator 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
addi ng an aqueous solution consistingGLAIMStially of a water-sol uble

et hyl eni cal | y unsaturated nononmer, a water- soluble radical polynerization
initiator which is the sane one as that used in the first- step reverse
phase suspensi on pol ynerization, and optionally an internal 15 crosslinking
agent to the reaciirausstiottptbéuciigt £ kvatepabdoptsetit hesin partiole dohgpriing subjsttg a
reverse phase suspension polynerization in a state that the surfactant

and/ or the patydBRiblCethlemitAlg ubsseursel hdindmestoti esaba/slithsé n t he
hydr ocar bon- based sol vent, and subsequently subjecting the mxture to a

rever $e phaggeatsd PoFhRAz ALY BRiricaiztd i tabehe?Procéss POPodikdgsd waki-ng t he
resul ting water-absorbent resin, wherein the water-absorbent resin particle

has an averﬁggmgaﬁkﬁgb@ﬁ@@@&ﬁ%ﬁ%sqﬁsh@gaﬁlo to 190 mand particles
t hensel ves are not aggregate with each other.. 2. The process according to

claiml, wherei nub&indast wateessihble kiBnRABNIns48ALdiHoddier t6h Edsttlp reversat
| east one nenber selected fromthe group consisting of ethylene glycol

di gl yci dyl ﬁ&a@@rsuspgﬁs@cﬂy lbeRgetbeal indi BldGtAYdn-BisBErsolvdhty G8AEIa WhteHiglBlEi dy|
et her, polyethyl ene glycol diglycidyl ether, polypropyl ene glycol 26

di gl yci dyl ﬁggg@ogggﬁgghﬁghﬁggﬁgimgbggﬁgquL ether. 3. The process according
toclaim1 or 2, viherein in the step (C) the water- absorbent resin is
post - g 0ssl,fkQcht! Ind /R BT FSIGRER ProMethRr chilbidN afd 06 HonRMly Ant Ghternal
crosslinking agent;
(B)  catrying out at least one step of the procedures of adding an aqueous solution
consisting essentially of a water-soluble ethylenically unsaturated monomer, a water-
soluble radical polymerization initiator which is the same one as that used in the first-
step tevetse phase suspension polymerization, and optionally an internal
15 crosslinking agent to the reaction mixture after the termination of the fitst-step revetse
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 teverse phase suspension polymerization; and

20 (C)  post-crosslinking the resulting water-absorbent resin, wherein the water-absorbent
resin particle has an average particle diameter of from 10 to 190 pum and particles

themselves are not aggregate with each other..

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



5 100 parts by wei ght based on 100 parts by wei ght of the water-soluble

et hyl eni cally unsaturated nononer being subjected to the pol ynerization. 4.
A wat er - absorbent resin particle obtained by the process according to any
one of clains 1 to 3, wherein the wateryqbsorbent resin particle has an
anount of 10 water absorption of 300 to 800 g/g, a swelling height of at

|l east 5 mMm after 60 seconds fromthe begi nning of water absorption, and an
average particle diameter of from10 to 190 m

diglycidyl ether and polyglycerol diglycidyl ether.

3. 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 um.





