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. SPECI·FI¢ATION 

.. PROCE'ss FOR PREPARING WATER,..ABSORBENT RESIN. 

FIELD OF fHE.iNVENTION 

The piesent inverition·relates to process~s for 

preparing· a .water..::absorbent res~n artd,. more 

par~i6ularly, to piocess~s f~r.~~eparing.a wat~r~ 
. . . 

ab,sorbent resin by- po·lyni.erization of a wa ter-solub.le 

. "BACKGR9UND OF THE. INVENTION.· 
. . .· . . . . . 

Wate~-absorbeht resin~ have .found wide 

application in the .fields .of sanitary mate.rials such as. 

menstrual .. a.rticl,es ~nd" 'dis'posable. diapers,,, 

· · agricultural ma t~ri.als. such. as· water retention a·gents · . 

. and ~oil co.nditioning ~gents, and i.ndus·tr;j..'al materials 

such as cutoff 'materials and· a:nti-dewing a"ge~ts··. 

Parti.cu1arly,. the· :water:-absorbe~t·· resins: are 

advantageo.tisly lls~d ·'in ihe fie.Id o·f' .th~ ·sanitary 

•aterials. Genera~ly k~own.~s·the ~it~i-abs~i~en~ 

·resit1s for. use.·1:n· the.afore.s~:.:id tie.ld~·.·ar~· l'ig11.t'ly 

crosslinked polymeric resins. Examples· the~e6f 

·include· starch type wa ter-,absorbent. res.ins .. such a-s . a. 
. ~ . 

hyqro·1yzat.e of a· graft copo).y.riter ·of starch ·and . 
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.. 
acryloni tr iie ( Japailes~ Exam.ined ·p~.tentPublica ti o.n Ne:> .. 

4·9.:,;,·4·.3395 (197.4 )") :a.nd a _.neutr·a:L·i:zed gr.af·t copolymer. of 

.. starch ·and ac~yli.c acid· (J.apanese :unexamined Patent-· 

. Publication No. Sl:-125468 .(1976)) I a saponifi.ed 
.. . .·· ·. : . ·. ·. . ·. . .. 

cop9lymer of vinyi · acetate.· .and. a.c.rylic 'acid ester 
. . . . .. . . 

. ·(Ja~anese. unexamined P,aterit·· Publicatioh Nb .. 52-14689 

(i~77})·, and a p~rti~ll~ n~4~iali~e~ poiy~ciili~·aci~ 

·(Japaneie Unexamihed Paten~ Publication~ No~~~-172b0~ 

. ( 19 8 7 ) , : No . 5 7-l 5 8 2 0 9 ( 19 a· 2J a·nd ·No·~·. 5 7-21405 ( 19 8 2 ) } • 

·.Properties require·d· for.a water'.""apsorbent resin, 

.-pa~ticulaiii~ iri the fi~l~ of tb~ sanitary ~~terials. 

include a high water-a_bsorbency; a high water-absorbing 

rate; a high gel_ stre·ngth af.ter water abs·orption, . ~ low 

coritent of fine pa:rticlE!s., and a sharp distribution of 

partic.le size. W.her,e. the wate·.t:__absorbent resin is 

~comp~unded with a pulp ~ate~~al to for~ a wate~~ 

absorbent. material for the sanitary ma"terials, the 
. . .· . ~ . . 

Wat.er-absorbing rate is an important~ factor which 

infl~ences the properties. of the water..,..absorbent 
. . 

. material, i.e., the .reduCt:!-on in the re·lease am~unt of 
.. . . . .. .· 

onc:e absorbed liquid from the <Water:-absorbe.nt. m.ateri:al 
. . . . . ' ·. . . 

and ·the increase in· the difftisibility 0{
1

~he.~bsorbed 
: . . . . ·. . . .. : 

·liquid into inte~ior.of the w~ter-absorb~nt materi~l.' 

·Where a. water-:-absorbentresinhaving a rEi!latively 

·1c:n.; Wa ter_;;,;abSOrbing rate is employed, f Or exaniple I the . 
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resul~in9 w~~er-a~sarbirig mateiial exhibi~i. an" 

excellent liquid: difftisib.l.lity ~. · :However,·. wheri the 

water-absorbent materi~l is presse.d(e~g., when .a.baby·· 
. . . . . : . . . 

we~ring .a disposable ·diaper.~omprised of such a 

.. ·wa ter..,-absorberit ma te·~1·a1 s:l.17-s imm,ediat.ely after 

·. · · urinc;i.tie>n), the re·l~ase amount of: liquid. is increased .. ·· 

because the water.:..absorbent re:sin reqµires muchti.me for 
. . . . . .·. 

the liquid _·absorption·~ r_n .·addition, ·if the liqul.d 

suppiy :r,-ate to the water-absorbe}lt material is higher . 

. than· the .. water-absorbin·g rate o·f the' water:~ab"s<?rbent 

re~in, excess liquid n\.a.:Y.;leak from the water~ahsO'rberit . "·· 

· - · Whe.re· a w~-t~r-absoi-bent r~sin ha:vlrig a.·re:i.a.tively 
. ·. . . . . . . 

. high . wa ter-:abso,i-t>ing rate :.i.s 'empio.yed for th'e. watE?r.:.. 

. absorbing material, on ~he' o.ther ha·h<;J.·~ liquid a.bsorpti6n 

. by the wa ter-abso.rbent re~in. locally occurs ina po.rt.i<?ri 
. . . . . . . ·. . ·. . . . . . . . : . . . . . . .. · . . . . . 

of the wat~r-absorbe'nt ~a-terial to. which .liquid ·is. 
:..· : . . 

supplied, and the water:-absoi:bent resin in that portion 
. ·.. .. . . .. . . . . . ·.·. . . ·. : .:· 

swells and gela tiriiz~s . t~ . cause bToc~ing. · In such a. 

case, . the liquid diffusi:ori into' the t'lr'ater;_a'bs?·i.bent 

. fuater{al ~s blocked bi the g~latinou~ ·w~t~r~a~sorbe~t 

resin,· so· thcit the liquid is prev.ented from spreading·: 

through.out the wa.te,r-absorb~n"t rit~·'terial .. ·As a ~esul t, 

· the release ,amount· oithe abso~bed. liquid is increased~ 

Theref6re, a ~~tei~abs6r~ent resin exhibitirig · 
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.. ·initial_ly a high w~ter.;;abs:orbi~g rate and tlie:reafter a •. 
. . . . : . . . . . 

mbder~te wate~~abiorbing0_iat~ is de~i~~bi~ i6r.a .. 
. . .. . 

wa ter-absbrbent material, 'in order to. reduce the liquid . 
. . . . . . 

·release -amount arid.incr¢~~e the liqtiid diff~~ibility. 

A. mix.tur.e. of a water;....absorl;>ent re·s-·in. componept having 
· .. ·. 

·. ~ high water,.--absorbing rate and ·awa tel:'.,.;absorbent res·iri" ·· · 
. . ·.. . . . . . . ·.. ·. . .. . ·. . . ·. .·. . . . 

"component "having a lo-W- water-absoibing rate may affo~d. 
•" . 

a water-al:>iorbent ~esin having such properti~s. The 

water-absorbent resin mixture, however, is- less 

homogeneous beca'l,lse it fs. prepared by mixing a plurality 

~of.kinds of wat~r;....a~sorbent ~e~ins havirig diffeient 

partible .diamet~ts an~- diiierent bulk densities. 

He~ce, no p~actical i6lutiori to the ~~o~esaid.pr~ble~ 
. . . 

h~s ~een ~o~rid yet. 

It is, the~ef~re, an obje6t of the present · 

inve~tion to prepare·a.watei~absorbent re~in ensuring 

... · .. the reduction in. the liquid .release amount and tpe 

increase in th~ liq~id tjiiiu~ibility. 
.. . 

It is another object of the p~esent inverition· to 
prepare a wa ter-ab_so.rhent're~iil ens tiring' the r·ect~ction _· . . . . . . . . . . . . . 

· in the liquid rele'ase· amount and ·tne .incre_ase i·n the·· 
. . . . .. ··. . ... ·.. . . . .. . ..... ·.. . 

.' liqU:id diffU.Sibiii'ty I pai:tiCUl.a,r1y I. fO.r USe _-in Sariitaz:y 
t • . • . . 

materials. -· 

s·uMMA.RY. o:r THE· INVENTION · 

.· .. 
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In accordance wiih dri~ aspect ~f :the pre~ent 
. . . . 

inventi~~,- there fs provide~a pro6es·~ fcir ~f~paririg·a 

· water-abs.orbent· resin. by· polyme.r;iza tion of a<wa.ter;:;.. 

solµhie··.et:hylenic unsatu:r-ated_moh~meri' whi'ch co_mprises 

.th~ ·step of· polymeri·zing .. ·.the· .w.a·:ter;~soluble e.thylenic . 

. . · uns"aturated monomer in the presence· of ·a. wa ter-:absorbent 

resin having a wa,ter..;.;absorb_ing.:rat"e diffe_rent from that. 

of i ~ater-abs~~bent r~~in ~e~~ltin~ irom . 
. . . . . 

po1ynierizatiori of. the water-:soluble ethyienic. 

unsaturated.monomer. 

In a prefe.rred ·mode·.ot the present invention, .the·· 

-polyme~ization ls performed b~ a ievers~d~phaie 

suspension polymerizat;.ion method .. 
. . . . . . 

. In accordance with another· aspect of.· the present·. 

~nvention, there is· provided a p"roces.s for preparin·g. a 

watei'-absorbent r¢sin ·by polymerization of a wate·r-:­

soluble. ethylenic unsatu'rated inonome:r, which comprises 

the steps of: piepa~ing an aque6us solution containing. 

the ~ater-soluble ethylenic.unsaturated monomer. 

dissolved therein ·and a water~abscirbent resin having. a 

wate~-absorbing rat~ dlf fe~ent from that of a water-: 

absorbent resin resulting fiom polymerization of the 

water-soluble ethylenic unsaturated monomer; adding 

the. aqueous solution .. to. ·a hydrocarbon s.olvent and . 
. . . . . 

dispersing the aqueous solution therein; and heating the 
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. . . 

·hydrocarbon. solvent ~ohtairiinq the aqu~ou~ •ol~ti~n 

dispersed therein to polym_eri.ze the water-:-soluble 

. ethylenic urisa tura ted monomer contained ih _the aqueous. 

solution. 

In accordance with further another aspect of the. 
. . 

. . . . . . . . 

present invention~ there is ·provided ~ pro~es~ for 

preparing a water-absorbent resin by polymerization of 

a Wa ter-SOlUble ethyle.hiC UnSattira ted. monomer I . Which 

comprises the steps of: ~ddin~ an aqueous soititt6n 

cont~ining the water-soluble ei~ylenic unsaturated· 

·monomer to a hydrocatbon ~olvent .and dispersing the 

aqueous solution th&rein; ad~ing a w~ter-absorbent 

r·esin having a water~absorbin9 rate d.:i.ffererit.fr9m that 

·of. a water-'ab_sorb~nt .:i:-es.tn ·resulting from 
.. ·. :. 

po·1ymer'.Lzation ·of the···wa.t.er-.soluble. ethylenic· 

unsaturat~d·monomex.to.th~hy~rccatbon solv~nt whitb 

.·. contains the aqueous solution disp_er"sed ther"E;in; and 

J:leating the hy·d'r.ocarbO~· s.olvemt ccinta:ining the aqueous 
. . .· . 

solution and the ·added: water-absorbent resin.'to 

polymerize the ·wate-r--solub"re ethylenic un~aturated. 

m~nom~r contain~d ih ihe aq~~ous ~elution .. 

In. accord~nce wit~ still ariother aspect of the 

.present invention,· there i_s.provide~ a,process· for 

preparing a: water~abs,orbent resin by polymer:i.zation of 
. . 

a water-s61uble ethyleriic unsatur~ted mon9mei, ~hich 

6 THIS SHEET HAS a·EEN · . 
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comprises the steps. of:. polymer,izing the wat~r"'- soluble 

ethylenic· unsatura.ted mononter _to affor~. a siu.:i:-ry; and 
. . . . 

further adding the water..:s_ol.uble ethylenic .u,nsaturated 
. . . .. . . . 

:nio~omer. to the sltirry, : and p<Ylyme.·.rizing the a.dded 

~ater-soltibl~ ethyieni6~unsattirated ~6nom:er~· In ~t 

:le~st one of the af~re~aid step.s, the .polymerization is 

all owe~ to·. take place in the" presence. of a water-

. absorbent·;resin having a water>:: absorbing rate .dif.ferent · 

. from that of a water..:absorbent:i;:esinresµlting f_rom.the·.· 

polymeri~ation of the water-sbl~ble ethyleni~ 

Unsaturated ~onomer. 

In accordance with ·yet another a·spect of the 
.. . . . . 

present inventio~, there.is prpvided a process fo~ 

preparing a: wa ter:'"abs·o-rbent resin by_ polymer.i za .. tion of· 
. . . 

a. wa ter~s·oluble ethylenic urisaturated. monomer' : which 
. . . . 

compris·es ·the steps of: polymerizing th~ .water-soluble 

ethylenic unsaturated monomer :to afford a slur~y; and. 

adding io the ;lurr~ ~.water~absorbent resin having· a 
. . 

water"'.:"a.bsorbing rate different fr~m that. of a water-

absorbent resin restilting from the · pblym~rizati6n of 

the water-s~luble ethylerii~ unsaturated mon~m~r, ~nd 

adding ·the water-soluble ethylenic unsattirated .monomer 

to the slQrry, and polym_e.tizing the· adde_d water-soluble. 

ethylenic unsaturated monomer. 

Itt the a~ores~id proeesses ~ccording to the 
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present i_nvention, a w·ater-'-soluble ethylenic 

-~~saturated monomer is·po~imeriz~d in {he pre~ence of 

a wa~er~abs~rbent resin having a·water~~bsorbing rate 

different .from that of a wa:ter-a:b::rorben.t resin resulting 

.·from. polym.eriza ti on of the water-soluble etnylenic 

unsaturated monom.er. . Thu:s, · ~ wa ter-absor~ent resin c~n 

be prepared in which. there is a compound of the. two 

comportents of water-absorbent resin havin~ tlifferent · 
. ·. : . . ·. . . . •'· . . .. 

water-absorbing rates; i~·e., a c·oinpound of the 

water-absorbent resin restil ting fi:oin the polymer i z_c:i.tion 

of the ·wat~r-soluble ethylenic unsaturated monomer and . 

the. water-absorbent resinpresentcin the polymeri.za:tion ·. 

reaction system~ . The.water~ab~oi~ent resi~ ·thus 

prep.ared ensures the reduction .i.n the release a~ount of 

liquid ~s wel1 as the ificrease in the liqtiid 

diffusibility. 

A water-absorbent .resin accbrding to the present 

invention comptises a .first water~absoi:bent resin 

co~ponent resulti~g·t~om.poly•eii?ati6n of a water­

soluble ethylenic unsaturated monom-er and a second . 

·water-absorbent resin compo~~nt.ha~ing a water~ . 
. . . . 

absoib~ng rate dif f~rent fiom iba{ pf the fir~t 

wa,ter-abso'rbent resin ~.omponent and compounded with. 

the firit water-absorbent resin component·. 

Since the wa ter-absorberit resiri contains· .the 

8 
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first and second water . .:..·absorbent re.sin components 

.having different water-abso::i;-bin9. rates,· the· z:educt,ion 

in the release amount 'of_ 'liquid as well as the increase 

in the liquid 'diffb~ibility can be ensured~ 
. . 

'!'he _for·egoing and otper objects and ·effects wi],.l 

become ·app~rerit fr6m the folio~irig.detailed 

description. 

DET.AILED DESCRIPTION .OF TH.E INVENTION 

The polymerization method to be· employed ·in the · 

preparation processes· of the preserit invention is_ not 

particQlarly limited~, but any.'of var{ous kndwn 
. . . . . . . 

poly~erization methods such a~ reversed-p&ase 
. .· . . 

suspension polym_erizat_iori and aqueous solution 

polymerization c'an ·be employed.· To produce. a better 

effect,· h.oweyer,: the re~ersed~p~ase suspension 
. . . . . 

polymerization method is _preferably employed~ The 

'preparatio~ pr_bcess~s:· -wii'l h.e.~~iri.after be desc'ribed· on 

t:he _premi~.e that· the. re.Versed-phase· suspen~ion . ·. 
·. . . " . .· ... . 

poiyme_.tization methc»d is· empi.oyed~-

·The wat'er-soluble ethylenic u·nsatura t.ed moi{omer · 

to be used in the p~e-sent inventiori' is not particularly 

limited, but any of thbse·_gen~raily .use~ i~r 

polymeriza-tion may b~e· employ-ed. E_xamp.les: of specific 

. water-soluble ethylenic unsaturated inonofuer:i TnciU:de: 

11iii11nr 9 
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: . .. ·. : . .. .. 

meth~l~~6panesulfonic~ac~dj 2-m~thacrylamicte-2-

.·. methylpropa·ne·sul fonic ac.id~. ".and,:. alka:li salts . (e.g. i . 

ammonium salts., aikali metal salts. and ~he l~ke) th~reof.; 

. noni_onic monome:r.s such ~s .. '~c·rylam:i;qe·, methac~ylamlde, 

N, N....,dimethylacrylamide_, · 2~hydroxyethyi· acrylate, ·2"'"" . 

. hydroxyethyl methac:i;-ylate,· .. N-met-hylol acryl-aniide and 
. . . . . : . . 

N"""':rnethylol methacry"i~mide; and.·un.saturate!d '._monomers 

~o~tairiing amino-~rou~ ;uc~ as d~ethylaminoethyl · 

acrylate I diethylaminoethyl methacry1a tE! f. 

diethylaminopropy1· acrylate; .diethylaminopropyl 
. . 

. . . 

methacrylate, diethylamihopro~yl a9ryla~ide and 
. . 

die~tiylamiriopropyl·methacr~lamid~~ and qu~~er~•ry. 

compounds thereof .. ··. Th.ese water-sol.uble ethylenic 

unsattiiated mortomers.may be used either aldoe ~r in 

combination. 

~mong the aforesaid water-so°Iuble ethyien.·ic 

unsaturated monomer_s, acrylic_ acid and methacrylic acid_. 

~nd aikali salta thereof, acrylamide, me~hacry!a~ide 
. ·. 

and N,N-dimeth~lacrylamide a~e ~ref~rred in ter~s ot 

indu~trial availability.· 

In the pr~sent .invention, the ~~ter-soluble 

ethylenic unsaturated monomer i~ typ~cally use~ in a· 

state of' an aqueous solution .. The concentration ·of t:tie 

water~solUble ~th~lenic unsatutated monomer ·in the 
. . 
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~queou~ sdlution. ~s.preferably between. 25wt% and a 
. . . . . . : . 

saturated con~entrati~n: 

The aqueous iol~tion·of the water~solubie 

ethylenic unsaturated :monomer :i,s added to a hydrocarbon 
. . ·. . . . . . . ·. . . . : ,, .. ·. . . . . 

solvent and dispe·rs_ed _there·.:j..·n for. the_ revei:sed~phase 
. . 

suspension polymeriza~ion of ihe water-~~lubl~ ·· 
. . . . . . . : 

ethyl~nic.unsaturat~d m6n~mer. Usable as'the 

hydrocarbon solverit a~e· aliphatic hydroc~rbon .. 

. solvents, alicycl.:j.c hydroca:rbon· solven.ts ·arid aromatic· 

.. hydrocarbon solvents .. ··Exa~ples of spe6ific alr'phat.:j_c. 

hydiocarbo~ solvent~"inclu~e n-h~xarie,· n-~eptane ~nd 

1igroin. Examples of spedific· ~licycllc hydrocarbon 

. solvents .include cyclopentane; m.ethylcyciope:h:tane, 
. . 

. ..· . 

cyclohexane and.methylcycto~e~ane. 
. : . 

Examp_les o_f 
. . . 

speci-fic aioma.tic.hydrocarbon.sol_vents,: incll:ide benzene, · ·. 
. . . . . · ... 

• · toluene and xy_lene. . Ai:n·ong these llydrocarbon solve.nt~, 
.· . . . . . . . . ·. . . . . ,. . ·. . ~. . 

n~heiane, n-h-eptarie, cyclohexane (: toluene. and xylene 

~r~ prefer~ed ~eta~~e =t~ey ~~e-stabl~ in ~µalitY and 

•~ailable ~t a iow co~t~ 

The. aforesaid. h·ydroc_arbon solvents. may be used 

either alone o~in tom~inat~on. 

·Preferabty, a surfac~~acti~e ~gent or a poly~er. 
. . 

pro-tective colloid is preliminarily added ·to the 

hydrocarbo:h ·s6lvep.t, The_ surface acti.ve agent and·. th.e · .. 
. . 

poly1ner pro·tective colloid may ·pe used in combin,a"t:.i"on. 
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.'The su.rface .ac.tiv.e age~t· t~ be ·used. is nQt· · 
. . . •. ~ 

... particularly limited, -as ];_o.ng as. the "reve_rs:ed-phase · 

. s·u_spension" polymeriza~fon. of the water.;.sol~ble 
. . 

.ethyleniq unsaturated- mo.nomer c·an· be effect~d iil. ·the 
. . . . . . . . . . .. . ,• : : . 

aq~eous ~olution~~-E~amples.of usabl~ surf~ce active 
. . . 
-igent~ include nonion~c s~~fa¢e active'agent~. such··as 

. . 

soibitan fatty ~cid ~iters, polyglycerin ~att:,y·a6id 

est:,ers, sucr_ose fatty aci.d. est.~:rs, soibitol fatty a:cid 

esters and ··polyoxyethylenealkyl_ phenyl eth~r ~ These. 

nonionic surface a6tive agents :ma:y be used either alone 

. or in c6mbinati6n. 

Examples of specifi·c polymer protective colloids 

include· ethyl cellulos·e, ethyihydroxyethyl cellulose, 

oxidi z.ed polyethylen.e, . polyet_hylerie ·modified with 

~aleic anhydride, polybut~di~ne modified with malei~ 

anhydride, ~nd EPDM (ethylene-propyl~ne-diene 

terpolymer) modified with maleic .· anhyd~ide . 

Th~ afor~Saidnon~onic sur~~ce active agent and 

the polymer protectiv·e.c·olloid may he used in combination 

with an anionic surf~ce _a,cti~e· agent sucn as a fatty acfd 

sa:lt, alkylbenz~nesulfonate, alkylmethyltaurine •alt, 

· _polyoxyethylenea.J.kyr ,phenyl ether·· sulfate . or 
' . . 

.polyoxyethylenealkyl ether suifonate. 
. . . . . . . 

The surface active ~gent, the polymer protective. 
. . 

colloid or a mixture of tpe surfac.e active agent aD:d ·the 
... · 
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. . 

· polymer protective colloid is typi.caliy us.ed.in an amo.unt 

·.of O.lwt% to 5wt%, ~re.ferably ·~~·2wt% to 3.wt%·, with. 

· ·· respect to the aqueous solution· of . the water-soluble 

ethylenic unsa..turated monomer. If the amount is less 

~han O.lwtt, iniuf1icient ~~ul~it~catioti ~ay resu1t.~ 
. . . . . . ~ . . . 

The use in an amount of. grea.ter.:than 5wt% is uneconomical,·.· 
.. · . 

··because· an ef feet ~o be pr.oduc~d is not c::orresporiding · 

to the usage. 

A ·cross linking -ag·ent may }:)e optionally used/ ·for. 

the· polyme.rizatioh-.. Pref.erably, the crosstinki.ng · 

·age·nt is pteliminarily'added to.·the aque'ous solution of 
. . . ~ . . . . 

. ·the water-soluble ethyienic · utisaturated_ monomer.. The-· 

cros~liriking agent:to he used herein has twd. or more 
.· . . ·. . .' .. 

polymerizable ~nsaturated groups_ o·~ reactiv,e 

functional groups, Example~ of s~ecific cros~linking 

agents having two 6~.moie. p61y~e~i~abl~ unsatuiated 
. . . .. .... 

groups include di- or tria·cryl-ic esters ~rid. di~ or 
~ . . . . . 

.. trimethacrylic esters of polyols such as: ethylene glycol,. 

propyl.ene glycol,. trimethyloipropane; · glycerol. 

polyoxyethylene glycol, polyoxyprop_y1ene giyco.l and 

polyglyc~rol; uns~tur~ted polyesters. obtaine.d by 
. .. . ~ . 

. reacting the aforesaid polyols with an unsattir~ted acid .• 
. . . . . .· . . .· . . . . 

such as maieic acid.arid fumaric acid; bi~acrylainides s.uch 

as N,N'~methylenel:>isacrylamide; di~ or triacrylic 
. . . '· . . . 

~$ters and di- or trime~ha~rylic este~i o~taine4 by 
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reacting polyepoxid~·s -with ·acrylic· acid arid with·· 

methacrylic acid, respectively.;. car.bamyl diac.tyla te,and .. 

·.carbamyl ~imet:ha~rylate:. ~btained by· reacting __ .··, 

_poly{socyanates s~ch ~~·toiylene diiio~yana~~ and 

hexamethylene diisocyanate: with ·hydroxyethyi acrylate: 
. . . . . ' . . ., . . . . . ·.· . . 

and with,hydroxyet~yl me~hacrylat~,.resp~ctively; 
. . 

allylated starch, allylated cellulose, dia.lly'l. 

phthalate, N,.N'~N"-tria~lyl iso~yanurate, .and 

. . 

divinylbenzene .. 

Among. the aforesaid crossl.inking a.gents. having.· 
: . . .. . ·. _· . . . .. . ·. . . . ·. 

two or· more polymerizable unsa tU:ra ted groups,: ethylene 

g~ycol 4iacrylat~, ethyletje glycol dimethacrylate, 
. . . ·. 

dieth~iene glycol d~a~rylate, ~iethylene glycol 

dimethacryla te, propylene g"lycol diacryla te, pr.opyl~ne 

glycol dimethacrylate,. po:)._y·e:thylene gl.ycol diacrylate, ., 
.' . . . . . . . 

polyethylene glyc"ol dimethacryiate, -diallyl phthala te 
. . . . . . 

and N,N'-methylenebisac~ylami~e are prefe~red .. 

Examplei 6f th~ crosslinkirig agent~ haVin~ two 

or more. reactive ;functional groups include diglycidyl 

ethe·r . compounds,. haloep"~xy c:oinpounds . and i's ocyariate . 

compounds. Among· t·~ose ,: tlle diglycidyl ether compou~ds 

are p.referred. 
·: ... 

. . . ·. . . . . . ~ 

· Exa.mp-les ··o:f s.peCific diglycidyl ether com.pounds 

i_nclude· ethyl~rie glycol dig:~ycidyl e.ther,··pol·_yethylene 

·glycql diglycidyl.etherj pro~ylene,glytol· d~gtycidYl. 
. . . . . . 

14 



. . . 

ether, polypropylene glycol diglycidyl ether,· glycerol 

diglycidyl .ethe~, ahd po~ygl~cerol dig~_¥cidyT ether. 

Among thos·e, ethyl.ene . glycol .d.ig~ycidyl ether· is .. 

. particular·ly pre.fer red·~ · ·· 

· Exalt).ples o f,·spec.:!-f i.c :tial'oepoxy c.ompound.~ :tnclude. 

·. epi~hlorohydr in, .. epibroinohydr itl. ~nd a -

: methylepichloroJ;lydrin ... Exampl~s of specif.ic 

.· isot:y.anate compounds includ.e 2 i 4-tolylene d:i,.lsocyanate ·. ·· . 

and hexa~et~yfene~d~i$~Cyanate. · 
. . . . 

The aforesai.d cros·s1inking agent may haV.e twc;:> or 

more polymeriz~~l~un~aturated grpup~ and.two·or more 

reactive functional groups.·. 

Tlle crosslinking agent is typically us·ed in· an 

amount of ·o.001wt·% to Swt% wi,'th respect to .. th~·. 

~ater~soluble ethylenic.uris~turated mon6me~. · If. the 
. . 

amount is less than o.061wt~~ the ~esulting iesirt.h~s. 

a high water...,. solubility and· is bence less functi.onal as 
. . . . . 

a water-absorbent resin. If the amount. exce.eds 5wt%; 

the resulting res.in does not eX:hibi t satisfactory 

water~absorbing properties. 

A radical polymerization.in.itiato~ is used in the 

. polymerization acc.ording to the p·resent .fnv'entio.n~ . The 

.radical p~iy~erizatio~ in~tiat6r t9 ~e tised is 

preferab.ly selected from conventional wat.er-soluble 

radical polymerization ihitiators such as pota~~~tim 

15 
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persulfate_, · ammon.tum::per~;ulfate a·nd s·od_iu.m perslilfat:.e. 

The radical polyttteri,za ti on initiator. can be. QSeQ in 
. . . 

combination with .a .sulfite as a redo·x-type ini tia to:r; ~ 

An oil-soluble.radicai p~lymerization initiator 
. . . .· ... · . . ·. . 

may also be used as the radical p9;t.ym~rization initia.tor. 
. . . . . . . . . ' . . ' 

Where such an oii-soluble .ta.dical polyineri;!:ation 

initi~tor is used, the r$sultin~ p~lymer· ~s_generally 

water~soluble, henca the·crossli~kin~ agent should be 

. used to prepare the water-absorbent resin of the. present 

invention~ Preferably used a.s. the .oil-solU.ble :radical·· 

polymerization initiator.are benzoyl peroxide, ahd 

azobisisobutyronitriie~ 

The radical polymerization initiator· is 

typic.ally used in a.n amount o~ 0. oo·s~ol% -~o J.·. Om61% .. wi th. 

respect "t~ the wa:t~r:,,so~uble- .. ~thylenic. unsatur-a,ted··. 

monomer. ·rf the amount isles~· tpan 0. 005mol%·, much tlme. 

:is' r:equired ·tor th.e polymerizati·on. If the: amount 
. : . . .. 

. e:xceeds 1.:omo1%, a ·rap.id· polymeriiation reacti.on 
. . . . . 

. . 

entailing a danger may result; 

The poly~erization t~mperature _var·i~s depe.nding· 

upon the polynieri~atic>n .initiator to be used, but 
. . . . . .. · ·.· ·. . . . . 

typically. 20· c to 11o·c, · prefe.rably 40° c to ao· c. :tt· 

··the polymerization temperat'l.l~e is lower ·than 20·· c, the. 

polym_erizatioil rate ·.is. reduced, so ·th~t ·the 

polymerization process requir~s much time and· is- hence· 

16 



. . 

:un'economical.· If the po_l¥meri.zatl.o:ri temperature.is 
. . 

hi~her than llO~C~ it"i~ difflcuit to: remove·.· 

polymerizatio:n heaf to. facilitate the· polymerizati·on·. 

, The polymer. of the·. w~t~r.;._:soiub;I.e ethylenic. unsaturated ·· .· 

. monom~r is generally o~t .. airied in a state qf :a slurry. 

The. water~abso~be.nt resin. to be· present. iri. th~ 

polymer~zation .reac·tion system h~~ 'a water..:.. absorb.in~ . 
. . .. : . . . . 

ra tE?. different from that of. a water-absorbent ,resin 

res~l~ing from p~lymerization ot t~e w~t~r~soluble 
.· . . ·.· . . . . ·. : . . .· 

ethylenic unsaturated monomer, i. e _., ·a wa ter-:-abs'orbirtg. ·. 

rate higher or lower tha·n that 0 f the. wa ter-absorb.ent . 

re~in to be prepared~ 

The water-~bsdibent·re~in to be pre~ent in.the 

polymer.i:z:ation ·reaction·. system .i~. ribt partictilai'.ly · 
. . . ·. .. . .. . 

limited, but any of. var~ous commercially available 

water~absorbent iesi~s may be used. E~amples ·of 

specific water-absorbent r~sins include stardh type 

water-absorbent resins such as a hydrol.yzate of a graft 

copolymer of starch and acrylonitrile and a ·neutraltzed 

graft copolymer of starch a·nd acrylic acid, a saponi,fied · 

copolymer of vinyl.acetate ~nd acrylic acid ester,. 
·. . 

.··partially neutralized polyacrylic acid, a. copolyll).er of 
. . . 

· .. maleic anhydride and isobutylene, ·and a .. Polymer of the 

~foresaid wat.er-solubie ethylenic unsaturated monomer. 

These water~absorberit r~sins.ma~ be.used either alone 

17 



, . 

~r in combinatiori. 

Preferably used as thewater:-absorbent ~esin to 

be present in the. polymerization reaction system is of 
.. . :_ . . . ·. . 

the same type as the wa ter.:..a·bsorbent resin r·esul t_ing frq~. 
. . . . •, · .. 

the pol~ni.e;ization of the water-~ol~ble ethylenic 
. . . . .· .. . .· . 

unsaturated mc;>nom~r ... ·.Exampl_e_s of. spec_i~ic water~ 

absorbent resins to be p~efe~abl~ u~ed are ~ater-· 
. . 

absoibent r~sins ~esultin~·fi6• reve~sed.:..ph~se · 

s.uspension homopolymeriza_tion or· cc;>p~lymeriza,tion of 

watei:-soluble. ethylenic unsaturated monomers 

.tncluding _acrylic acid·; methacrylic. acid~ ·2- · · 

acryiamide-2-methylpr~p~ne~ulfbnit aGid, 2-

~e~hac~yla~ide-2~~eth~lpro~an~~u~fonic aci4~ and 
. .. 

a.lka~i ·sal.ts ( e ~·_g_.,. animoniu:rn sal. ts' alkali metal saits· 
. . .. :' . . . . . 

. and the l·ike·) thereof; non.ionic mono·mers _such as 

ac_rylarnide; _metha~ry1·ani.:fcte, N,N--ctim'ethylacr.ylamide~ · 

2-hyd~roxyethyl acrY:late··, -:2"""nydroxy.ethyl· methacryl,ate; 

N~met~yiol acr~l~mide· and ~~methy~ol ~eth~~~yl~mide; 

amino...,containing unsa t_ura ted ni."onomers such _as 
. . . . . ' 

diethylaminoethyl acr.yla te,. diethyla~inoethyl 

m~~hacrylate, diethylafuin¢pro~yl acryl~te; 
. : . . . ,· . .· .- . .· ·. 

_ diethylaminopropyl methacr"Yla te, · diethylaininopr6pyl 
. . . . . . ·. 

·acrylamide and diethyla;minop:ropyl methacrylamide, ariq-: 

qua ternary compounds thereof. Among those, a _water­

absorbent resin comprised of a homopolymer or copolymer 
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. .~.:~. ·. 

.· .. · 

. . 

of ac_rylic acid· or metha:cryl-ic . aci_d or an . alkaii. sa;J._ t 

thereof, acryiamide, methac,iyiamide or Ni:N-. 

dimethylacrylamide · is.· preferred~ 

The amount bf the water-absorb~nt ~esin to be 

present in the polymerization readtion system· .is 
. . .. . " 

pre.fer~bly 1wt% ·to.100wt%; 
0

.mo~e pr~ferably Swt% .1:0 50wt% ·. 

~ith respect_to the.water~s6luble ethylenid 

unsaturated monomer to· be polymerized. If fhe'a~ount' 
. . 

is less than lwt%, it is difficult to afford _the 

water-absorberit resin of interest in the ~resent 

invention. If the amount exceeds 100wt%! an 

unec6nomical process may resti~t and, in· addition, the 

polymerization reaction syst¢m for. the. ·re_versed-phase". 

·suspension polymerization becomes unstable, so that .the 

resrilting resin tends ~o bulk~ 
,. .· . ·. . . . 

_The method of allow.ing the water_:.absorbent res.in. 

to be. present in the polymerizatior:i reaction system is' . 

. not particul.arly limi1:~d. The water--absorbent r~sin:is 

allowed to be. present· in any .of va:r.ious methods in. the 

~ourse: of polymeriz·ation of the. water.,.soluble ethyl:eriic 

unsaturat~d monomer. M~re specifically, the wat•r-· 
. . . . 

absorbent resin· is allo'llJ~d to .be present i"n· the aque.ous. 
. . . . . . . . . . .. ·· . 

soluiion of the water~sOluble ethyleriic un•atui~t~d 

m6n_omer from the beginni"ng. ·A.1tei-na ti vely, the .aqu.eous 

s_olution O:f the wa tei.-solubl.e. etliyl_e:nic ·urisatura te.d 
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. . 

~onome~ is fi~st·added to the.hydro6atb6n sQlverit arid 

dispersed th~rein, ·and then the ~ater-absorbent·ie~ih 

is added to the~hyd~oc~rhon ~ol~ent. 
. . . 

. . . . - . ·, : . 

In acco_rdance ·with the _p:r:esent inventioll., the. 

w-·ater:...abso . .tbe.nt re-~:dn o,t·: interest may be prepared by a 

inul ti-stage· polyme'rization pr,ocess. At the f.irst ·· 
. . ~ . . . . . . . . 

,polymerization st~ge, ··the water~soltib~~ ~thyleni¢ 

uns·a"t.urated monomer· is polymer1ze.d. At. the second··.· 

polymerization stage, ·.the w~te~-~olu,hle et~yleili.c · 

unsaturated mo.nC>mer ·is ar::lded to a slurry obtained by the 

. po_ly.merization at the first stag·e, and polymerized .. In 

this case, the·. wate.r-absoib~nt "resin may be allowed to 

be present either in the fi~st'-stage poiymer{zation. 
. . 

reaction system o~ in the s_econd-stage po1ylneri_zation. 
. . . . . 

reaction system o_r, a.l ternati vely, in both o·f the _fir:st"."" 
. . . . . . ~ . . 

and second~stage polymerization reaction sys1:~m$~. 

·Th~. water'""absoi~ent r~sin prep~red by ihe 

preparat·ion process of the: pie sent· invention is a · 

compound 6f a water~absorbent resin component having a 

higher.water-absorbing rate and a water.-absor.beht resin·. 

component hivill.g a lower water-absorbing rate .. Th~ 
: . . . 

. .·.· ·. . ·. : . . 

· water-absorbent resiri containin~ the water~absorbent · 
. . .. 

resin coniporients having different water-ab:?orbing rates 
. . . 

does not t~ke a partieula~ form, but 6an b& in any of 

various fo+ms such -as powde·ry, gr.anular, spherical and 
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.·' 

scale· forms .. 

In the water~absOrl:>ent.resin prepared by the· 

prepa;ration process ·or the p;resent inv-entiori:, the resin 
. . .. . . 

. : . :. . : ·. ·. 

component having the higher ~ate~-absorp~ion r~te :-

~r~ferably of feis a water-absorbing time -o~ less than 

10 seconds, more preferably .iess than 5 seconds~. If the 

water-absorbing time ~s riot less than·10,seconds,. the 
. . .. 

. . . . : .· .. 

resulting water-:- absorbent resin. does not --ex:hibi t a 

. .. ' . . . . . . . . 

satisfactory initial water-absbrbency-~ On the other 
. . . . 

hand~ the ~esin 6omp~nent having the iower wate~--
. .· . . . .· . . . . 

aJ:>sorbing rate preferably offers a water,.-abs.orbing time 

··.of longer tll:an 20 sec;:onds, more' preferably longer than 

30 seconds. ·.If the water..;.absorbing time is not longer 

·than 20 seconds, the wa1;:.er-'-absbrbing rate is Sci h.fgh:that 
. . . . . . . 

. . . . ... . . . . 

the' r-esul ting ·wate·r-ab'sorbent resin is gel a t.tnized, and_ -
. . 

tehd:s to cause blockin·g; Th-e.iefore, ·.if the tw·o-

wat~~-~bso.ibent ~e~in· com~otie~~s o~ th~ piesent 
. . . . . . . ' . . . . 

wa~~r-absoib~ni·res{ri: do-~~t safisfy t~e-a~ci~e~aid 

.ieq~irements for th~ water~absorb':i_ng _time-, it is 

diff'icult for. the wa ter.....:absorbent resin to. ensure th'e 

reduction ·in the amount of liqu.id -r_eleasetj. as we.11 as 

the increas~ in the liq~id~diffusibility. 

It is noted that the term "wa ter--absorbing. rate" 

:i,s herein :meant by the' time required f_b'r lg of a .. -
. . . . 

water-absorbent resi.-n· to ·cpmpletely absorb 25ml of a 
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.0 ~ 9 % saline· sol u t.1.o.n . wlt·h., stir:ri.n·g. . The .water~ 

. abs or.bing rate ca"ri be. determined in the .fo_llowing manne_r .. 

:Firs:t, 25ml of the 0. ~%:saline :solution is poured into 

a so~~l beaker contain~n.g·a r6tator,having~~ le~gth ~~ 

', 2 Omm arid a d."iameter of 7mm "'·I and 'then 1. Og of the 
. . . . . ·. . . . 

w~ter~~bsorbent resin is ·added to ~he s~line. solution 
. . ·. . . . 

with stirring at a rotation ~pee_d of 500.rpm by me·ans of 
.. · .· 

a·-magrietic Stirre~. ·the Water-absobirig r~te i~ . 

determined·b~ me~sur~ng the elap~ed :time befor~ it is 

visually: c6niirmed that.the~e is· ~o fr~e ~atez .in the 

· bea.ker . 

. As described above, th~ water-abs6rbent resin 

prepared by tne preparation pr·ocess. of. ·_the present 
' ' . 

invention is a compound of a pll,lrality of water-ab~or"be~t 
. . . . . . . . . 

resin ~omponents having ~ifferent w~ter~absorbing 

rates .. ~heiefo~e~ a,witer-~bsorbent ma~er.l.al, for 

'example, a sanita.r:y_material such as a menstrua,l· art.icle .· 

or .·a disposable diaper· whicJ::i employs the present 

water-absorbent resin cari be imparted w.i th a homogeneous 

. water~ahsorbing ·propert,y,' unlike. a' case where a: 
. . . . 

water-absorbent resiri mixture prepared by. simply 
. . ·.. . . . . . . 

·. . .· . ·. 

mixing a plu~ality·of ~ateF~•bsorbent resin bavin~ 

different water;-absorbingrates is employed. Thus, the 
. . 

!'resent iriven:tion can impart t):le wa te.r:-absorbent resin· . 

. with superior water~absorbing prop~rties which· is 
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. di.fficult to be achieved by. th,e Co11ventional water­

absorbent resins~ T~at is, the ~at~r-abso~bent ~esiri 
. .· . . . . '· . .·: . . . . . . 

according to the present invention.ensures the reduct.ion 
. . 

. in the release amo_u.nt" of "the liquid as wel-l •as the 

increas·e • in the liquid ·ctiffusibili ty. ··More 
. . . . 

:~pecificaliy, a wat~i-absorbent material produc~d by 

sprea~ing the wa~er~absorbent re~in·of the p~esent 
- . . . . '· 

invention in a" pulp materiai can r:apidly .absorp liquid 

~~d. ext"ens.ively di,ffuse .·the ·abs.drbed, liqµ_id there.in .. 

Ther~f ore, :even if the stipply r_a te .of the liq·uid is .high,.• 

· .. the supplied l.iqtiid hardly. leaks~ 

The.·wat~r-absorberi~ resiri acco~ding to the 

·present irtvention.· can ~e us~d in a wide range. .. o.f .· · 

·application fields in_cluqin.g··sani ta.r·y m~ ter.i~l~ S!Uch as 

.menstru.ai articl~s arid di~spos·able diapers, agricul turai. 

materials· such as water· retention agents and soil . . . . . . . . . 

cond.itioning agent~, ·and industrial materials such as 

ctitoff.materiais arid.anti~de~~rig.·~gent~i but. is 

·part.icuiarl¥ suit~ble for ~~~ ~anitar~ m•ter.ials~ 

The present invention will hereinafter be 

described in greater detail by way· of eX:ampl.es there·of ·~ 
. . .· . . . . . . ·. . 

.. In the foliowing description, Exa.mpl.es a,re. set forth in· 
. .· . . . . 

. . . . ,. ·. .· . . .· 

.conjunction with cor~es~onding ~omparative Eiample~, .. . . . 

which each prec~de Exampl~s: for eas~ understanding. 

Comparative Example 1 · 
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Firs·t; 550mi ·of n-'heptane was. put in a: i-liter 

four-necked round flask.provided with a stirrer, a reflux 

·condenser, a dropping funnel ~n~ a nitrogeri g•a 
. . . : 

introduction tube. Then, 0. 97g of sorbitan.monOlaurate 

·(s~rface ~ctiVe agent ~ONION LP~20R av~ilab!e fr~m 

Nippon Yushi Co.) having an· HLB of 8. 6 was added to the 

solvent and, dispersed therein. -The·solut.ion was once 

heated up to so· c to dissolve the surf.ace active agent. 

ther~in, and then cooled to-~O~C .. 

In turn, 92g of an 80wt% acrylic acid aqueous 

solution was prepared in a 500-mlErlenin.eyer's flask, 

and 152. 6g of a 20. lwt% sodium hydro.Xi<ie aqueous· solution 
. .. . . : . . ; 

. was added thereto drop by drop for 75mol% neutralization 

in an ice bath to afford an ·aqueous solution of partial!; 

neutralized acrylic acid. Then, ·O.llg of potassium 

:perstilfate was added to the partially neutrali~ed 

. .acrylic icid aqueou~ ·solution and dis~olved therein . 

.. The aque'ous solution. contained in th~ 500"-ml 

_Erlenmeyer's flask was all· added t.o the solutiqp in the· 

· :eour:--.11-e.cked ro·und. :f:lask, · apd· dispersed :therein. ··After 

the .atmos'ppere-.of the reaction system ·was replaced with 
. . 

nitrogen g~s, thexeaction syste~ was heated up io 70 

c, at· whic)i polymeri_za tio_h· was all.owed· to proceed for 

3 hours. Th~n, water and Ii-heptane were distilled off, 

·and. the resulting product. was -dried~· Thus 1 . 9·7. 2g of a 
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water-absorbent -resin.· was obtained. · .. The· water-· 
. . 

a]::>sorbing time· of the. water-absorbent res.in" thus 

oB~ai~ed vas 3 seconds. 

Example 1....:a· 
. . . 

First, SSOml of n~heptane'was put in:~ ~-li~¢r 

four.:.ne.cked round flask-provided with a sti~re.r, .a reflux. 

condenser, a dropping fun~~l and a nittoge~ gas 

intr.oduction·tube .. Then.; O. 97g o:f sorbi tan_monola\lrate . 

(s~rface act~ve agent NONION tP-20R ~vailabie from. 
. . . . .; . 

Nippon Yushi Co.) having ·an HLB of 8. 6 was added to the 
. .· .· : .· . . :· 

·solvent and dispersed th~reiri. The srilution was orice. 

h~ated up io so:c to dissolve t&e surfa~e active ~gent 

therein, and t~en cool~d to 30°C. 

In turri 1 92~ ot ~n 80Wt% acrjiic acid fa~Ueou~ 

·solution w~s prep~red in.a 500-ml Erlenmeyer's fla~k, 
. . . . . . . . . . · .. 

. . 

and 152. 6g of a 2 0. lwt% sodium hydro.xide aqueous solution 
. . 

. was added thereto drop by drop for 75mol% neutralization 

in an ice bath. Then,· O. llg of potass-ium pe.isulfate was 
.. . . . . 

. ,. . . . 
. . . . 

added. to the resulting solution arid·dissolve<:i the.rein.·· 

To a ·partially neutral"ized acrylic acid aqueotis sol.ution. 

thus obtained was added 18. 4g of a water-absorl:>ent resiri 

(polymer of partially.neutralized polyacrylic acid 

available under the tr.ade name of "AQUAKEEP" from 

Sumitomo Seika Chemicals Co.) havin·g a wa te~-absorbing 

time of 45 seconds.· 
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. : ... 

•. The soluti~i:1contained in the 5.00-ml Erlenmeyer's. 

flask was:all added to the solution in the four-~~cked 

round flask, .and dispersed ther~in. After the 

atmosphere of the reac.tion ~ystem was. replaced with 

nitrogen gas, the r~action systek was heated up to 70° 

C, at~hich polymerizatioi was allo~ed t~ proceed for 

3 hours·. Then, water and n-heptanewere distilled off, 

. and the resulting product was .. dried. ThUsJ 115.7g af 

a compounded water-absorbel)t resin was· obtained~. 

· Example 1:-b 

. In the same manner as in Comparative Example.i, 

the partially neutralized acr.ylic acid aqueous solution 

in the grlenmeyer's flasK was a~ded t6 £he solu~ion 
. . . 

containing· the sur~ace active.· agent dissolyed therein 
. . . . . . •' : 

in ·the four.:....necked·round flask,. and dispersed therein. 

To the resulting solution mixture ·was added· 4 6. Og of a· 

water-absorbent resin (polyme~ of partially n·eutra1iz:ed 

. polya·crylic. acid, availablE;?. Under the trade name· of .. 
. .·. . 

.. nAQUAKEEP" f.tom ·sumi to.mo Seika c°h~micals Co. f havin:g a 
. . . . . 

water-~bs6rbing ti~e of 45 ~econd~. Thereaf~~r, ·the 

polymeriza.tion and subs.equent st.eps ·we.re carried out in. 

.the same manner as in Example 1-a. Thtis,. 144~5g. of.a 

compounded water-ab~orbent· resin was obtained. 

Com~ar~tive E~ample 2 

First, 55ciml of n-heptane was put in a 1-liter 
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four-necked round flask: provided with ·a stirrer", a reflux. 

~ondenser, ~ droppin~_funnel ~nd ·a-riitrog~n:gas 

introduction. tube. : Theri, 1. 38g of hex.aglyceryl 
. . . . . 

monobehenylate ·(surface active agent NONION GV-106 
. . 

_available fiom Nippbn Yushi Co.) haVing an HLB of 13.1 
. - . 

was added to the solvent, and dispersed therein: The 

solution was once heateq up to 50°C.to dissolve the 
. . . 

surface active ~gent tberein, -and then ~ool~d to 3b" 

c. 
. : .. . . . ·.· 

. : . . . . 

In turn, 92g of an 80wt%. acrylic. acid aqueous 

solution was prepared in a 500-ml Erlenmeyer's flask, 

and 152. 6g of a 20. lwt% sodium hydroxide aqueous solution 

was added thereto ~rop_bydrop ·for 75mol% neutraliza.tion 

in an ice bath. Then, O.llg of potassium persulfate·and 

0.019g of· ethylerie gly~ol diglycidyl ether as a. 

crosslinking agent were adde.dto the resulting solution, 

and .diisolved therein. ~hus, a partially neutralized 

. . 

acrylic acid aqueous Solution wa~ prepared. 

The aqueous solution contained in the 500-ml 

Erlenmeyer's flask was ail added to the solution in the 
. . ·, . '· .: . .. . .. ·.· . .. . 

·four-necked round· flask, and dispersed therein. After 

·the atmosphere of the re.action system was replaced. witQ 

nitrogen gas.,. the reaction system was hea·ted up to 70° 
. . : . . . . .· 

.. c, ··at which ·polymerizat~on wa_s. allowed to proceed. for 
., . . . : : .. ·. . 

3· hours. Then, water and n-heptane were dist_i11·ed off, 

27 .. 



. . 

·and the resu·lting .P·roduct' was dried. Thus, 98 .3.g· of a 

· water-absorben,t. resin was -obtained~ ... The· water-

ab.orbing .time of the wi~er:--abso~~ent resin. thus 

obta~ned was 48 se~ohds. 

Ex.ampie 2 

In the same manner as ~n~co~par~tive E~ample 2i 

the partially neutralized acrylic acid aq\.leous s.Olution 

1n ·the Erlenmeyer's flas·~. was added to the· sol.ution 

containing the surface· active agent dissolved therein 

in the fou.r-neck~d round flask, and dispersed the:rein~ 

To the resulting solutiori mixture was added 9.29 of·a 

.. water-absorbent resin (polymer of P.artially neutralized 
. . . 

~olyacrylic ·acid available under the tr~de nami of 
. . . '• 

. "AQUAKEEP" from Sumitomo ·s~ika · chem.icals c(). }· having a 
. . . . 

water~absorbing time of 2 s~conds. Thereafter, the 
. : . . . 

polyme.rization and subsequent ·steps were carried out in . 

the same manner as in Comparative Example· 2. Thu,s, 

> 

106.0g of a compounded water:--absorbent resin was 

obtaine.d. 

Cpm~~rat~ve Example 3 

First, SSOml of ·n-hepta.ne was· put in a 1-liter 

four-n~cked round flask provided with a stirr·er, a r~f lux 

condenser~ a dropping £unne1 and a nitrogen gas 

introd~cti6n tube. ~hen, 1.38g o.f hexa~l~~eryl 

.monobehenylate (surface active· agent NONION Gv...:to6 
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~vailabl~ from Nippon Yu~hi'~o.) haviri~ an PLB of 13~1 

was added to the solvent, and dispersed, the·:r::eiri. The · 

solution was on6e he~ted up to 50°C to dissolve the 

.surtace active agent thereiri~ ·and then cobled.to 30° 

c .. 
. : ·. 

' ' .. 

In turn, 92g of an 80~t% acrylic ac~d aqueous 
. . . . . . . . . 

solution was pre~aied in·a- 500-~l Erlenmeyer'~ fiask,· 

and 152. 6gof a 20. lwt% sodium hydro~ide aqueous solution· 

· was ad,ded there.to drop by drop tor 75mol% neutralization· 
. . . . . ~ . . 

in an ice bath. Then~ 0. ll·g of ~Otassium per sulfate and 

O. Ol9g of eth.ylene glycol diglycidyl ether as a 

· crosslinking agent were adQ.ed to the resulting solution, 

· .. ·.and di.ssolved therein .. Thus,. a partially neutral·i~·ed. 
. . . . .. . . . . 

acrylic .·acid aqueous· solution· was ·prepared. 

The aqueous solutiori ~ontai~e~ ifi the 50Q~ml · 

Erlenmeyer's flask was ·all ~dded t'o the sol'\.ltion in the 
.· .. . . . · .... 

. . four-necked round flask, and dispersed th.erein .. After 

:the atmosphere of the re~ctio.n system was. replaced with 

ni~rogen gas, the reactidri syste~was heated~p~to 70~ 

c:, at which first:--'stage polymerization was allowed to 

prdceed for 3 hours. 

A p6lymer slur~y:resultihg from the fiist~stage 

· polymeriza.tion was 6ooled to 20° c, and.· then a part,ially 

neutralized- acrylic acid ~queous ~ol~tion piepared in . . . . . 
~ . . . 

·the aforesaid manner ~as add~d thereto drop by_d~op·in 

29 



the same aniO-\l,nt as used in the fi~St'""stag_e p~lyineri.za tiop ~. 

·After the atmosphere ·6.f the.r~acti6n ~yste~wa~ fully 

replaced with Iii trogen gas .for 3 0 minutes' the reaction 
. . 

··system was heated up to 70° c., at whi_ch -second-stagt?. 

polymeriza t.io!l was allowed to proceed for. 3 liour.s. Then, 

water and n-heptane were distilled off' and the resulting 

product-was dried. Thus, 196~5g of a wate~-absoiberit 
.· . 

resin wa5 obtained. The water-absorbing fime of the 

resin thus obtained ~as .5~ seconds. 

Example 3 

The polymeriz.ation proc·ess was performed in 

substantially .the same manner as 'in Comparative Example 

3, except that 18 .. 4g of a water-:-absorbent resin (polymer 

of p~rtially neutralized polyacr~iic acid ava~lable 
. . . . . 

·under the trade name of· "AQUA~EEP" from· Sumitomo Seika 

. Chemicals Co.) having a wa ter-absorbirig time of 2 ~econds 

was preliminarily added to the partially neutralized 

-acrylic resin a~ueous solutiori to be u~ed in t~e· 

·:second-stage polymerization~ .. Thus~ 212~2g of a 

·compounded water-absorbent resin was obtained .. · 

Eva_lua ti on 

. The· amount of water abs6rbed, ~nitial water-
. ' . . . . . . 

absorbing time, water-:-absorbipg_ time, release amount .6.f 
. ~ . . . 
. . . . 

water and longitudin~l di~fu~ion exp~nse ·of· w~ter-

_ absorbent resins prepared in.Examples 1to·3 and 
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Comparative Examples 1 to 3 were measured in the 

following manner for eValuation of the resins. The 

resrilts are showri in Table 1. 

·(1) -Water absorption amount (g/g) 
. . ' . . . . . . . . 

A rotator and 200Il\l ·o:f a 0. 9% .saline solut,ion ·werE;! 
. . . . . . , 

put in a.300-ml beaker~·a~d 1.0g.·of a.water-•bsorbent · 

·.resin W·~S added thereto" w.ith. stirring b"y means of a 

·. mag:netic stirrer.·. After the s~l·u_tion.· was stirred· for 
. ., . . . . . .. 

1 hour, the swollen water-.absorbent .. resin _was filtered· 

by ~eans of a 2oo~mesh wire gauze and weighed· £6r 

de~erminati6n of the a*oun€ 6f water absorbed (g) per 
. . 

gram of the wate~-absorbent re~in.; 

( 2) Initial w~ ter-absorbing tlnre ·. 

A. rotator· having· a· length of 2 Omm and· a diameter 
. . 

of 7mm </>· and lOml of a O·. 9% saline solution were put iil 
, . . 

a 50-ml beaker. Then, 1.-0g of a water~~bsorbent iesin 
. . 

was added thereto with stitring·at ~ rotatio~ ~peed -0f. 

SOOrpm·by means.of.a magnet~c stirr~i, and t~e el~p~ed 
. . : ·-: 

time before·· it was visually' conf irmeq that there was n.o 

tree water was. measured. 

(3) Wat~r~absorbing time 

The water-absorbing time was ~easureq in .the 

manner pr~viousl~ mentioned. 

(4) Release amount and lorigitudinal diffusion 

expanse 
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First, Sg of a w•ter~abs6tbent iesin was 

uniformly spread on .a .cut pulp sheet having dimensions 

of 40c;:mX 14cm and a un.;it weight of aog/m2
, ·and then 

another cut pulp she~t having t~e sa~e dimensions· ~rid 

weight was over la-id thereon: .. ·Next, the- combined ·pulp · 

sheets thus formed were presf)ed with a lo.ad of 2kg/cm2
, 

thereby a water-ab~orb~nt material was prepare~. 

Subsequently, 150ml of a ·1. 6% saline solution was poured 

around the center of the wate_r..:..absorbent mate~ial within 

1 minutes, and the water-absorbent material was a;l-lowed 

to stand for· 5 minutes~ The:r:i, a pile of. 2 O cut f LL ter 

paper sheets (Toyo filter paper .:No~ 2) having dimenf)ions 

of .lOcmXlOcm:were plac;:ed·on the center of the 

water-absorbent material, and·~ 3.5kg wei~ht {ha~ing a 

bottom a.rea of ·ioC:mx iocm) was placed on the filer pa:per 

sheets to i·mpose a load th,~ieon for 3 minutes. The amount 
. ·. .· 

. . . . 

of the saline solution a:Osorbed by the filter paper 
. . . . .. 

~beets was fu~as~red for deter~in~tiori 6f the teie~~e 

· amount~ The long.itud.inal·expanse of°-the sa.iine solution· 

absorbed·. and .diffused in. the wa:ter-absoibent material 
. . . . . . . '· . . . . . . . 

was meas~red· for determination of th~ longitudinal 

.·diffusion expanse. 
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Ta:b1e·1 

·Amount .Initia.1 water- Re;Lease i.ong.i.tud.i.na.1 
.. 

of wa.ter water·.:. absorbing .amount · diffusiqn 

absorbed absor:t:>ing. time (g). expanse 

(g/g) tim~(sec) c.-ec) .(cm) 
.. 

. . 

Ex.1-a 67 2 18 1.5 22 
Ex.1-b 65 5 25 1.3 24. 
Ex.2 63. 7. 35 0.5 28 

. Ex.3 62. 8 A2 . 0.2 .. 29 
Com·.Ex~l 72 1. 3 15. 2. 15 
Com~ Ex·. 2 61 18 48 5. 5 30 
Com.Ex.3 63· 29 57 6.2 ..:~2 

The present invention can be. embodied i:n various 

forms without departin~ fiom the spirit and p~incipal 

featu~es of the present inventioti. ·rherefore, the 

aforementioned embodiments a.re merely illustrative of 

· the invention in every aspect, and not limi ta ti ve of the 

same. The scope of the present invention is defined by 
. . . 

the appended claims, and is not restricted by the 
. . 

description herein set forth. Further, var·ious changes· 

and modifications to be made· wi.thin the scope. of the 

appended· claim~ and equivalents thereof aie to fall 

·within ~he scope of the present inventiori; 

33 



11111111111111 11111 11111111111 
* C L M S * 

· CLAIMS 

-. REPLACED SHEETS SG .. 

[J Description : p·aged .. =.-.. to page(!; .. :: ••• ;· 

iZ(Ciaim(s) ·: paged .~A to paged .4.\... 
a Drawiilg(s) : paged .. ";.: ... to_paged .. ;7: .. ~·· 
[J Abstract : paged.;::-... topaged.~~:::.~ .. 

·. 1. A process for preparing a wa ter.,...absorbent resin .. 

by polymerization of a water...,soluble ethylenic 

unsaturated monomer, comp.ri:sing tbe step of: 

pol"Y:merizing t:he .. wa t~r"'.'"soluble ethylenic 

unsaturated monomer in the presence of a water-absorbent 

resin having a water-absorbing_ rate differe~t fromthat · 

of ·a .water-.absorberit. resin resulting from_·.· 

polym.erization ·of the water-soluble ethylen·i~ 

. . . 

2.- A p:r:ocess .as set forth in claim 1, wherein the 

wa t~r-soluble ethylenic :unsaturated monomer is .at ieast 
. . . ;· . . 

one selected from the group consisting _of acrylic acid, 

methacrylic acid, an alkali salt o.f acrylic ·a4:id, an 

alkali salt of methicrylic acid, acryla~ide, 

me~hacrylamide and N,N-dimethy1acr~lamide~. 

3. A. proces~ as set. forth i·n clai~ 1, ·wh~rei_n the 

~olymerization is performed bj a re~ersed-phase 

suspension polymerization method. 

4a A ~rocess a~ set for~h in claim 1, wherein the 

amount of the water-absorbent resin to be present during 
. .. . . . . 

. . 

the polymerization is lwt% to 100wt% with respect to the. 

water~s6luble ethyl~nic unsaturated. m~nomer. 

5. A process as set forth in claim 4 I wherein the. 
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water-absorbent resin to be pres~nt duririg the 

polymerization is at least one selected from the gro_up 

:consisting of a hydrolyz~te 9f a graft copo1y~er of 

. starch and acrylonitrile, a neutra~ized graft copolymer .· 

of star~h and acrylic acid, a saponified c~polymer o~ 

vinyl atetate an4·acrylic acid ester, ~artially 

neutrali~ed polyacryi{c acid~ a copolymer 6f maleic. 
·, 

anhydride and isobutylene, . and· a polymer of a wa·ter-

soltible ethylenic unsatu~ated.~on6m~r. 

6. A process as set forth in claim 5, ·wherein the 

polymer of the water-s~luble ethylefiic unsaturated 

monomer is at lea~t one selected fro~ homop~iymers and 

--.copolymers of monomer~ selected from th~ group . 

·consisting of acrylic acid, methacrylic acid, an alkali 
. . . 

· .·salt of acrylic acid, an alkali.salt of methacrylic acid, 

acryla~ide, methacrylamide and N,N-

dimethylacryla.mide. 

~,... ·· A process. as. set. forth in claim 4; wherein. the . 

water-absorbent·· resin. t:e>·. he pres.ent duri.ng the· 

polym~rization is of· the same type as the water--absorbent 
. . ·. . . . . ·, . .· . . .. 

resin resulting from the polymerization of the·· 

:water-soluble ethylen{c unsaturat~d ~ono~er. 
. . . . 

8. A, process for prep·ar.ing a water:-absortjen.t resin 

by polymerizati~h .6f: a wate~-,-soiuble et.hyJ.enic 

.unsaturated mbnomer, ~omprising the step~ of:· 

11if11~1r 
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pre~aring an aqri~~u5 solution.6bntaining the 

· water..:...5·01ubJe ethyl.enic uns~t.u:rated monomer_:d..;Lssolv:.ed 

thereiri and.a water-ab~orb~nt resin having~ ~~ter-. 

apsorbing rate di_fferenf from that hf a ·water-apso·rbent · 

res:in resulting ·from polymeriza.tiori of the water-
. . 

~oluble e~hylenic u~satu~a€ed monomer; 
. . . . . . 

ad.ding the aqueous so.lution to a· hydr.ocarbon 

solve"rit and dispersing· the.aqueous s61uti.on therein;" and 

heating the hydrocarbon solv·erit cont~inin:g the·· 

aqueou~ solution disp~r~ed t~erei~ tb polymeii~e the 

water-soluble ethylenic unsaturated ~onome~ cont~ined 

in the ~queous sol~ti~n. · 

9. A process as :set forth, in claim 8,. where.in at least 

one. of a surface active agent and a polymer protective 

colloid is p~eliminar:f iy added to the hydr~caibon 

solvent. 

10. '!\.process as set forth in claim 8, wherein the. 

amoun:t of the w'ater-absbrben~ ·resin contained· in the 

aquebus soiutiori.is lwt~ t~ 100wt%·with iespect to the 

w~ter-soluble ethylenic unsaturate~ m6~omer. 

11 ... ·A process as s~t forth in 6laim 10, wherein the 

water-absorbent resin contained in_ the aqueous solution 

is at least one selected fr9m the ~roup consis~ing ~f 

a h.ydrolyzate of a graft cop.olymer .of starch and 
. . ·. :. . . 

. acrylonitriie I a neutralized graft Copolymer Qf Starch 
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. . .. . . ' 
. . 

and acrylic acid, ci sapbnifie'd copolymer of vinyl ac.~tate 
.. · . .. . . . ·. . ·.: . . . 

and cicrylic acid ester, p~it~~lly neutrali2ed 

polyacrylic acid, a copoiymer of maleic anhydride and 

· isobutylerie, and a polymer of a wate.r'-sol\J,ble ethylep.ic 

unsaturated ·monomer .. 
. . 

12. A proc.ess as set :forth ·in .ciaim 11., whe:re·in the 
. . . . . ~ . 

. .· . . . .. 

polymer· of the· wate:r~sol~k>ie ethyleni.c u1.1satura,ted . · 

monomer is .at leas~ one sel~cted from·homopol~m~rs and 
. ·. . . . . . 

. copolymers .of mohom~rs selected .from the gr6up 

consisting of acrylic acid, methacrylic aciO., an. al.kali 
. . . . . . . 

· sa.:Ltof a.crylic acid, an alkali sait of niethacrylic acid, 
. . . ' 

acryla~ide, methacrylamide and N,N-

· · di.methylacr.ylamide .. 

. 13. A process ·as set forth in claim 10, wherein· the 

·w~t.er-absorbent resin contained·:i,,n the aqu.eous s.o~ution. 

is of the. same type as the'~ater-abs~rbent ~esin 
. . 

resulti"ng from the polymerizat.ion of· the water...,..soluble ·· 

. . . 

e~hylenic. unsaturated monomer. 

14. A process as set forth i·n claim 8, wherein the 

aqueous solution further ·contains ~ cross·linking agent. 

15. A process as set forth in claim 14., wherein the 

amount of the crosslihkin.g agent to .be u·sed is 0 .. 00lwt% 
. . . . 

£0 5wt% with respect to the wat~r~soluble ethylenic 

unsaturated motiomer. 

16. · ·A process for preparing a water-absorbent res.in 
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by polymerization o·f a. water-soll;lble ethyienic 

uns a tura:tec:i monom.er, comprising the steps of: 
. . . 

adding an aqueous so~ution coritain~n~ the 
. . ... ' . . ·. · .. ·. 

wat~r-solubl~ ethylenic unsat~r~t~d monomer to a 
. . . . . . . . . 

hydrocarbon solvent andd.i.spers"ing the aqueous solution 

therein; 

adding a water-absorbent resin.· having a 

water-absorbing rate different·fr6m that df a ~at~r­

absorbent resin resulting from polymeri~ation.of the 

water-soluble ethylenic unsaturated mohomer to the 

hydrocarbon solvent which contains the aqueous solution 

dispersed therein; arid 

he~ting the hydrocarbon sol~ent:containing the. 
. . . . . ~ . . 

. . . 

aqu,eo~s solution and the added wa ter-·absorbent resin to 

p~lym~ri~e th~ ·water-soluble eth~lenic uns~turated 

monom~r contained in the aqueo~s.soiut~6n. 
. . 

17.. A pr~~ess as set forth in claim 16, ·wherein ~t 

· .. least on~ of a 'surface active· agent and ·a polymer 
. . . : 

protective cqlloi.d is pr~liminarily added to .the 

hydroc~rbon ~olveni~ 

18. A p~ocess as set forth in claim 16, wherei~ the· 
. . 

. . . 

a~ount of the watei-absorbent re~in added· to th~ . 

.. hydiocarboh ~olvenb is lwt% to 10bwt% with respect t? 

. the water-soluble ethylenic unsaturated·monomer. 
. . . . . . 

19·. A process .as set. forth. in claim. 18, wherein tne 
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water-absorbent resin .added to the hydrocarbon solvent 

i~ ~t least 6ne selected from ·the group consisting of 

a hydrolyzate of a graft. copolymer of s~arch and 
. .. 

acrylonitrile,· a neutraLized graft copolymer of starch.·· 

an~ acryiic.:acid, a saponi:f ied copolymer of vinyl ace.tate. 

a~d aciylic acid ~ster, partiaily ri~utralized' 

polyacrylic acid, a C<?pOlymer of ~aleic anhydride· and . 

. · isol:>utylene, and.a. poiyme~ of a wa..ter-'s.o.luble ethylenic 

unsaturated mon9mer. 

20. A proc;ess as set forth in claim 19 1 wherei·n :the 

polymer o·f the water-soluble ethyl,enic unsaturated 

monomer is at least one selected from homop9lymers and 
... 

copolymers of monomers sel~cted from the g-r~up 

consisting of acrylic acid, .methacrylic: acid, an alkali 
. .. 

salt of acryl;ic acid, an alka.li ~al:t of methacrylic acid, 

acrylamide, methacrylamide and N,N­

dimethylacrylamide. 
. . . 

21. A process a~ set forth ~n c1aim 18~ whereiri the 

water-absorbent resin added to the hydroc"arbon solvent 

is of the same type as the water-absorbent resin 

resulting from the polymerization of the water-'soluble 

e~hylenic unsatuiated monomer. 

22. A process as set forth .in claim 16 I. wherein the 

aqueous sol~tion containing the water-soluble 

ethyl~nic unsaturated monomer further contains a 

39 



..... ·. 

I /Jlllli llllll llll///l/l II /11/ 
C L H S * 

crosslinking agent.-

23. A process as set forih i~_claim 22, wher~iri_tbe 

amount of the crosslinking agent to be used is_ 0. OO.lwt% 

to 5wt% with respect to the water-soluble ethylenic 

unsaturated mono~er. 

24. A process for preparing a water-absorbent resin 

by ~olymerization of a water~solu~le ethylenic 

urisat~rated ~onomer, ~omprising the steps of: 

polymerizing the water~soluble ethylenic 

~nsaturated monomer to afford ·a slurry; and 

further adding the w~ter-soluble ethylenic 
. . -

unsaturated monomer to the slurry,. and polymerizing the 

added wat~r~soluble ethylenic unsaturated monomer, 

wher-ein, in at least one.of the afo_resaid-steps, 
- . . 

the. polymerization is - allowed to· take- place in tbe 

presence of a water-absorbent tesiri having a ~ater­

absorbing ra'te.different from that of-a water-.,absorbent_ 

--res_in resulting' from the polyme_riza tion._ of - the 

water-soluble ethylenic un~aiurated monomer~ 

25. A process for preparing a water~abs~rb~nt ~esin 

by polymerization of a water-soluble_ethylenic 

unsaturated monomei, comprising the. steps _of~ 

polymerizing the wate~~soluble ethylenic 

unsaturated monomer to afford a slurry; and 

adding to the slurry the water-soluble eth-ylenic 
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unsaturated monomer preliminarily mixed w~t~ .a 

wa ter-absor.bent resin having . a wa ter-=absorbing. rate 

different fro·m that of a water-absorbent resin resulting 
. . 

from .the polymerization of the water-soluble ethylenic 

unsaturated monomer~ and polymerizing th~ ~dded 

wate~-soluble ethylenic·urisaturated mono~ei. 

2 6. ·A wa ter-=absorbent resin prepared by a process. as 

recited in.clai~ 1. 

. 27 •• A water-absorbent resin prepared by a process as 

~ecited in claim 8. 

2 8. Awa ter-absorbent resin prepared by a process as 

recited .in claim 16. · 

2 9. A water-absorbent ~es in prepared by a PJ:'OCess as 

recited in claim 24. 

30. A water-absorbent resin prepared by a.process as 

recited in claim 25. 

31~· A water-absorbent resin comprising: 

a first ~ater~absorbent resin component 

resulting from polymeri~ation of a water-~oluble 

ethylenic unsa~urated ~onomer; and 

a second water-absorbent.resin component 

compounded .with the first water-absorbent resin 

componen~ and having· a water-absorbing rate diffe~ent 

from that of the first water-absorbent resin component. 
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