SPECI FI CATI ON 'PRCCESS FORPREPARING WATER-"ABSORBENT RESI N

FI ELD OF THE | NVENTI ON The present invention relates to processes
for - preparing a water-absorbent resin and, nore’ particularly, to
processes for preparing a water- absorbent resin by polynerization of a
wat er - sol ubl e et hyl eni ¢ unsaturated nononer. BACKGROUND
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Wat er - absor bent resins have found wide application in the fields of
sanitary materials such as nenstrual articles and di sposabl e diapers,
agricultural materials such as water retention agents and soi

conditioning agents, and industrial materials such as cutoff materials and
anti-dewi ng agents. Particularly, the water-absorbent resins are

advant ageousiyopifRgg in the field of the sanitary naterial s.pcrigp9g6rasd v
known as the water-absorbent resins for use in the aforesaid fields are

lightly crosslinked polynmeric resins. Exanples thereof include starch
type wat er-absorbent resins such as a hydrolyzate of a graf t copol ynmer of
starch and '
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acrylonitrile (Japanese Exami ned Patent Publication No. 49-43395 (1974))
and & neutralized graft copolynmer of starch and acrylic acid (Japanese
Unexam ned Patent Publication No. 51-125468 (1976)), a saponified

copol ymer of vinyl acetate and acrylic acid ester (Japanese Unexam ned
Pat ent Publication No. 52-14689 (1977)), and a partially neutralized

pol yacrylic acid Japanese Unexam ned Patent Publications No.62-172006
(1987), No. 5WQ8Y (1982) and No. 57-21405 (1982)) POTAIPASI0045d S
required for a water-absorbent resin, particularly, in the field of the
sanitary materials include a high water-absorbency, a high water-absorbing
rate, a high gel strength after water absorption, a low content of fine
particles, and a_sharp distribution of particle size. \Were the
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conmpounded with a pulp material to forma water- absorbent material for
the sanitary materials, the water-absorbing rate is an inportant factor
which influences the properties of the water-absorbent material, i.e.,
the reduction in the rel ease anount of once absorbed liquid fromthe

wat er - absorbent material and the increase in the diffusibility of the
absorbed |igigdnbgeg0 i nterior of the water-absorbent materi per/aposnssss
Where a wat er-absorbent resin having a relatively |ow water-absorbing rate
i s .enpl oyed, for exanple, the 2
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resul ti ng water-absorbing material exhibits an excellent |iquid
diffusibility. However, when the water-absorbent material i's
pressed(e.g., when a baby wearing a disposable diaper conprised of such a
wat er - absorbent material sits imrediately after wurination), the rel easé
anount of liquid is increased because the water-absorbent re5|n reqU|res
much time for the |liquid absorption. |In addition, if the |i

rate to the WYONA8¥8or bent material is higher than the wat éB@@Wﬁ

rate of the water-absorbent resin, excess liquid my |eak fromthe

wat er - absorbent material. Where a wat er-absorbent resin having a
relatively high water-absorbing rate i.s enployed for the water- absorbing
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by the water-absorbent resin locally occurs in a portion

of the

wat er- absorbent material to which liquid is supplied, and the

wat er - absorbent resin in that portion swells and gelatinizes to cause

bl ocking. In such a case, the liquid diffusion into the water-absorbent
material is blocked by the gel ati nous wat er-absorbent resin, so that the

liquid is preayeniseég from spreading throughout the water- absirypbénsss

mat eri al .

As

i ncr eased.

3

a result, the release anount of the absorbed liquidis
Therefore, a water-absorbent resin exhibiting
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initially a high water-absorbing rate and thereafter a noderate

wat er-absorbing rate is desirable for a water-absorbent material in order
to.reduce the liquid release amount and increase the liquid diffusibility.
A m xture of a water-absorbent resin conmponent having a high

wat er - absor bi ng rate and a wat er-absorbent resin conponent having a | ow
wat er - absorbing rate may afford a water-absorbent resin having such
properties. 'Pﬂ@”’mr-absorbent resin mxture, however, is PCTAUPIGNI4SS
honogeneous because itis prepared by mixing a plurality of Kkinds of

wat er - absorbent resins having different particle diameters and different
bul k densities. Hence, no practical solution to the aforesaid problem has
been found yet. It is, therefore, an Oﬁé{Ct of the present S
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the reduction in the liquid rel ease anmount and the increase in the liquid
diffusibility. It is another object of the present invention to
prepare a water-absorbent resin ensuring the reduction in the liquid

rel ease anmount and the increase in the |liquid diffusibility, particularly,
for use in sanitary materials. SUMVARY OF THE | NVENTI ON

4 wo 97/19b68 accordance with one aspect of the presenicrapocosass
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i nvention, there is provided a process for preparing a water-absorbent
resin-by polynerization of a water- sol uble ethylenic unsaturated nononer,
whi ch conprises the step of polynerizing the water-soluble ethylenic
unsaturated nmononer in the presence of a water-absorbent resin having a
wat er -absorbing rate different fromthat of a water-absorbent resin
resulting from polynerization of the water-soluble ethylenic unsaturated
monorer. A wW@PUIMN6&Hrbing time of the water-absorbent resPGTAIPIGHASE
present during the polynerization is |ess than 10 seconds or |onger than

20 seconds. In a preferred node of the present invention, the
pol ynerization is perforned by a reversed-phase suspension polynerization
met hod. In accordance with another aspect of the present
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I nvention, there is provided a process for preparing a water-absorbent
resin by polynerization of a water- sol uble ethylenic unsaturated nononer,
whi ch conprises the steps of: preparing an agueous sol ution containing

t he wat er-sol ubl e et hyl eni ¢ unsaturated nononer dissolved therein and a
wat er -.absorbent resin having a water-absorbing rate different fromthat of

a wat er - ah&gg&gﬂksresin resulting frompolynerization of tRer/sp96/03454
5 wat er - sol ubl e et hyl eni ¢ unsat urat ed nononer; addi ng
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the aqueous sol ution to a hydrocarbon sol vent and di spersing the aqueous

sol uti on therein; and heating the hydrocarbon solvent containing the
aqueous sol ution dispersed therein to polynerize the water-soluble

et hyl eni ¢

wat er - absorbing tinme of the water-absorbent

unsaturated nononer contained in the aqueous solution. A
resin contained in the aqueous

solution is less than 10 seconds or |onger than 20 seconds.

accordance wi MO ¥7(I%¥8er anot her aspect. of the present mverﬁqréwm?"ﬁ%?e is

provi ded a process for preparing a water-absorbent resin by polynerization:

of a water-soluble ethylenic unsaturated nmononer, which conprises the

steps of:

addi ng an aqueous sol utiaon contalnlng t he wat er-sol ubl e

et hyl eni ¢ unsat ur at ed

oner to drog oIvent and dis ing the -
aqueous sol ution& t“ﬁéﬁ% & g & Liedin10 0§D 7"
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havi ng a water-absorbing rate different fromthat of a water-absorbent
resinm-resulting from polynerization of the water-soluble ethylenic

unsat urated nononer to the hydrocarbon solvent which contains the agueous
sol ution dispersed therein; and heating the hydrocarbon sol vent contai ning
t he agueous solution and the added water-absorbent resin to polynerize

t he. wat er - soldld7assgghy! eni ¢ unsat ur at ed PCT/JP96/03454 6
nononer contained in the aqueous sol ution. A water- absorbing tinme.of

t he. wat er - absorbent resin added to the
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hydr ocar.bon solvent is |less than 10 seconds or |onger than 20 seconds.

I n aecordance with still another aspect of the present invention, there is
provi ded a process for preparing a water-absorbent resin by polynerization
of .a water-sol uble ethylenic unsaturated nonomer, which

WO 97/19968 _ PCT/IP96/03454
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conprises the steps of: polymerizing the water-sol uble
- WO 97/19968 . PCT/JP96/03454
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et hyl enjc unsaturated nononer to afford a slurry; and further adding the
wat er=~sol ubl e et hyl eni ¢ unsaturated nononer to the slurry, and
polyireri zi ng the added water-soluble ethylenic unsaturated nononer. In at

| east one of the aforesaid steps, the polynerization is allowed to take

. place in the presence of a water- absorbent resin having a water-absorbing
~rate different fromthat of a water-absorbent resin resulting fromthe

pol yneri zat i onwefs7ubssswat er - sol ubl e et hyl enic unsaturated nORIPIG034S4

In accordance with yet another aspect of the present invention, there is
provi ded a process for preparing a water-absorbent resin by polynerization
- of a water-sol uble ethylenic unsaturated nononmer, which conprises the
steps of: polynerizing the water-soluble ethylenic unsaturated nononer to
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adding to the slurry a water-absorbent resin having a water-absorbing rate
different fromthat of a water- absorbent resin resulting fromthe
polyieri zation of the water-soluble ethylenic unsaturated nononer, and
addi ng the water-sol ubl e ethylenic unsaturated nononmer to the slurry, and
pol ymeri zi ng the added water-sol uble ethylenic unsaturated nononer. -

4 n the afor ' cesses according to the 7
b bglﬁw unsat ur at ed moRORBrofUS4 :

present inveniion, a water-soluble ethylenic
polynmerized in the presence of a water-absorbent resin having a
wat er - absorbing rate ' :
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different fromthat of a water-absorbent resin resulting from

pol yneri zati on of the water-soluble ethylenic wunsaturated nononmer. Thus, a
wat er - absorbent resin can be prepared in which there is a conpound of the
two ‘conponents of water-absorbent resin having different water-absorbing
rates, i.e., a conmpound of the water-absorbent resin resulting fromthe
pol yneri zation of the water-sol uble ethylenic unsaturated nononer and the
wat er - absor berwoowsoss present in the polymerization reactionpeygpessasihe
wat er - absorbent resin thus prepared ensures the reduction in the rel ease
amount of liquid as well as the increase in the liquid diffusibility.

A wat er - absorbent resin according to the present invention conprises a
first water-absorbent resin conponent having a water-absorbing tinme of
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seconds, and a second wat er - absorbent resin conponent conpounded with the
first-water-absorbent resin conponent and havi ng a water-absorbing tine of
| ongér than 20 seconds. Si nce the water-absorbent resin contains
the - 8 . first and second

wat er - absor bent resin conponents having different water-absorbing tines

the reducti &IQPPﬁ?%Fe rel ease anount of liquid as well as thﬁcﬁ%&ﬁf‘&? I n

the liquid lity can be ensured.

X 1
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The foregoing and ot her objects and effects will becone apparent fromthe
followm.ng detailed description. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The pol ynerization nethod to be enployed in the
preparation processes of the present invention is not ‘particularly
limted, but any of various known polynerization nethods such as
reversed phase suspension polynerization and aqueous sol ution

pol ymeri zat i owastide enpl oyed. To produce a better effect, ponarsmiossfahe
rever sed- phase suspension polynerization nethod is preferably enpl oyed.
The preparation processes will hereinafter be described on the prem se
that the reversed-phase suspension polynerization nethod i.s enpl oyed.
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The wat.er-sol ubl e ethyl enic unsaturated nononer to be used in the present

I nventi.on is not particularly Ilimted, but any of those generally used for
pol.ynmeri zati on may be enpl oyed. Exanples of specific water-soluble
et hyl eni ¢ unsaturat ed nononer's i ncl ude: 9

~acrylic acid, nmethacrylic acid, 2-acrylam de-2- nethyl propanesul fonic
acid, 2-metRaseyised de-2- methyl propanesul fonic acid, and ap&@ipse/maaks S
(e.g., ammonirum’salts, alkalinetal salts and the |ike) thereof;
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-noni oni ¢. nononers such as acryl am de, nethacrylam de, N,

N-di et hyl acryl am de, 2-hydroxyethyl acrylate, 2- hydroxyet hyl
met.hacryl ate, N-nethylol acrylam de and N-nethylol methacryl am de; and
unsat urated nononers containi ng am no-group such as di et hyl am noet hyl
acryl ate, diethylam noethyl nethacrylate, diethylam nopropyl acryl ate,
di et hyl am nopropyl nethacryl ate, diethyl am nopropyl acrylam de and.

di et hyl am noprwpwtri9pes hacryl am de, and quaternary conpounds pEgIPsEe3454
These wat er-sol ubl e ethyl enic unsaturated nononers may be used either
al one or in conbination. Anong the aforesaid water-sol uble
ethylenic unsaturated nononers, acrylic acid and nethacrylic acid and
al kali salts thereof, acrylanlde met hacryl am de and
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I ndustrial availability. In the present invention, the

wat er - sol ubl e ethylenic unsaturated nononer is typically used in a state
of .an aqueous solution. The concentration of the water-soluble ethylenic
unsat urated nmononer in the aqueous solution is preferably

bet ween 25w % and a saturated concentration. The aqueous sol ution

of the wat 850523)(@@% aet hyl eni ¢ unsaturated nononer is adde%h&g&m““

hydr ocar bon nd di spersed therein for the reversed
suspensi on pol ynerization of the water-soluble
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et hyl eni.c. unsaturated nononer. Usable as the hydrocarbon solvent are

ali phati ¢ hydrocarbon solvents, alicyclic hydrocarbon solvents and
aromati c hydrocarbon solvents. Exanples of specific aliphatic
hydrocar bon sol vents include n-hexane, n-heptane and ligroin. Exanples of
specific alicyclic hydrocarbon solvents include cycl opentane,

nmet hyl cycl opent ane, cycl ohexane and net hyl cycl ohexane. Exanpl es of

speci fi c aronetvomzhyssocar bon sol vents incl udebenzene, tol uenecEPdsMREENE.
Anong t hese hydrocarbon sol vents, n-hexane, n-heptane, cycl ohexane,
toluene and xylene are preferred because they are stable in quality and
avai l able at a | ow cost. The af oresai d hydrocarbon sol vents nay be
used either alone or in conbination. " "Preferably, a surface active.

agent or a pol ynmegk ke iEoisies oo 0id is prelimnarily added to t he o
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~ hydrocarbon solvent: The surface actlve agent and the polyner protectlve

- colloid may be used in-conbjination. . "~ 11 - =
The surface .active agent to be. used |s not part|cularly Ilntted as Iong

‘as the reversed- phase- suspension polynerlzatlon of 't he mater-soluble '

- ethyleni ¢ unsaturated nmononmer can be effectied i'n the: ~aqueous sol uti oh.

Exanpl es of . usabl e surface active agents |ncIude noni oni c. surface. actlve-'flf

- agents 'such as'. sorbitan fatty acid esters, polyglycerln fatty aC|d
este_rs_ sucrose fatty aci d estersspBomlp-lItmiTi@Nty aci d

'PROCESS FOR PREPARING WATER-ABSORBENT RESIN

-FIELD OF THE INVENTION f.
.The present 1nventlon relates to processes forl
t'upreparlng a water absorbent re51n and moreft‘. |
'partlcularly, to processes for.preparlng a mater—lﬂ-“
'habsorbent resin by polymerlzatlon of a water soluble_

T'ethylenlc unsaturated monomer

BACKGROUND OF THE INVENTION
Water absorbent re51ns have found w1de
appllcatlon in. the flelds of sanltarylnaterlals such'asfa
.menstrual artlcles and dlsposable dlapers,” - |
T:agrlcultural materlals such as’ water retentlon agentsf:y
ﬁand 5011 condltlonlng agents,'and 1ndustr1al materlals__'i
jf}such as. cutoff materlals and antlldew1ng agents.ff“f'
;Partlcularly, the hwater absorbent re51ns aretf
fviadvantageously used 1n the f1eld of the sanltary
.f materials.j Generally knownlas the.water absorbent.ih
gore51ns for use ‘in the aforesald flelds ‘are’ llghtly
crossllnked polymerlc reSLnS;E Examples thereof
'f,flnclude starch type water absorbent re51ns suchlas a::fii

_hydrolyzate of a’ graft copolymer of starch and



esters and polyoxyethylenealkyl phenyl ether These ‘noni oni ¢ surface

acti ve. agents::may be ‘used either alone -or in-: conbrnatlon o Exanples
of ‘specific polyner: protectrve col l.oi'ds = i nclude: et'hyl ‘cellulose, -

et hyl hydr oxyet hyl - ceIIquse . -oxidized polyethylene polyethylene nodrfred
wi-th - maleic¢ anhydrrde polybutadrene ‘nodi-fi-ed wi.th mal eic ‘anhydri de, and’
EPDM (ethylene propylene di-ene terpolyner) nodrfred wth nalelc anhydrrde .
" The af or esai-d'nonioni ¢ surface active .agent - and the polyner protective

«col | oi d ”a)icti%(l’éﬁgt'ﬂf@%a{?ah@@e Wi bbb 5 &'Paptf‘éﬁ ]Bi‘&%ﬁatfiéﬁq\tége”t |

such as a fatty acid al t Kyl benzenesul f onat e; y met aurt ne saIt

3 23} fyggfte hiloeneas gl (g%t agghg taf\%é%tfa@hzeﬁ@ %%ﬁ *chl gtttsvﬂ &kher

L - _ gent ol ymer. ctive = ..
e starch and acryllc ac1d (Japanese Unexamlned Patent

"ffﬁPubllcatlon No -51 125468 (1976)),,a saponlfled
ﬂ'copolymer of v1nyl acetate and acryllc a01d esterllh

_;;tJapanese Unexamlned Patent Publlcatlon No. 52 14689;;-Hh |

':__s(l977)), and -a partlally neutrallzed polyacryllc ac1dlﬂ2,égy'h

'jr(Japanese Unexamlned Patent Publlcatlons No 62 172006ﬁrﬂﬁwlu':

it1987), No. 57 158209 (1982) and No 57 21405 (1982))
o Propertlesrequlredforaawater absorbentre51n,aml
iopartloularly, in- the fleld of the sanltary materlals
. 1nclude a hJ.gh water—-ab-sorbency‘,- a h:Lgh water—absorblng'-"
hrate, a hlgh gel strength after water absorptlon, a low,n:-
'content of flne partlcles, and a sharp dlstrlbutlon off

- ipartlcle 51ze. Where the water—absorbent re51njlshh
”compounded w1th a’ pulp materlal to form a water—
7.absorbent materlal for the sanltary materlals,;the )

- 7water absorblng rate is an 1mportant factor whlch |
jlnfluences the. propertles of the water absorbent
..materlal the reductlon 1n the release amount ofbﬁ:'

“ronce absorbed llquld fromtﬂmawater absorbent.materlal.w

' }:and the 1ncrease 1n the dlfoSlblllty of the absorbed_xj
Tillquld 1nto 1nterlor of the water absorbent materlal.f

| Where a water absorbent re31n hav1ng a relatlvely

'lOW'water absorblng rate 1s employed for example, the'



coIIO|d or ‘a n1xture of the surface active. agent and the
12 - . . ‘polyner protective CO||OId s typlcally used in an’ anDunt o
of OIlw%taq 5w % preferably 0.2wt%to 3wt % W th respect to ‘the aqueous. A
"solution-of the water-soluble ethylenic unsaturated nononer. -If the =
~ampunt i s less than 0.1wt %" insufficient emilsification may. result The .
‘use .i-fi- an anmount of greater than 5w % i s unecononi cal, because an effect
to be prioduced is not correspondlng to the: ‘usage. - : coo
resultlng water- absorblng materlal eXhlbltS an.
':mexcellent lquld dlffu51blllty However, whenrthet:.'
t'water absorbent materlal 1s pressed(e g.; whéhﬂa'babyl
"twearlng a dlsposable dlaper comprlsed of such a'
'ﬁfwater absorbent materlal 51ts 1mmed1ately after
'5fur1natlon),_the.release amount of llquld 1s 1ncreasedﬁf;.”
_:becausethevmter absorbentre51nrequ1resmucht1meforf3
'{the llquld absorptlon.d In:addltlon,'lf the llquld
'2.supply rate to the water absorbent materlal is: hlghert,f
t_than the water absorblng rate of the water absorbentff.
=:fre51n,dexcess llquld may leak from the water absorbentﬁ.
;mater1a1.3t° l | - R |
Whereavmter absorbentreslnhav1ngarelatlvelyb%derf?'
”wlhlgh water absorblng rate 1s employed for the water—tjf
";Qrabsorblngmaterlal ontheotherhand llquldabsorptlon'
: bythether absorbentre51nlocallyoccursJJxaportlonddfai”:z
Tof the water absorbent materlal to whlch llquld 1s"
'.lsupplled, and the water. absorbent res:.n J.n that portlon'
:'-swells and gelatlnlzes to cause blocklng. In such af_r
:._case, the lquld dlffu51on 1nto the water absorbent
'fmaterlal is blocked by the gelatlnous water absorbentr;f;="
'g~re51n,'so that the llquld 1s prevented from spreadlngftj
g.throughout the water absorbent.materlal | As a result,r'.f

. the release amount of the absorbed 11qu1d is :anreased

Therefore, ‘a water absorbent re51n exhlbltlng-””

- ; : — i T



.A crossllnklng agent may be optlonally used for _ the polynerlzatlon o
Preferably, the crosslinking agent is- preI|n1nar|Iy added to the aqueous_"
‘sol-ution of . the water-solubl e ethyl efii c unsaturated monomer. - The
crossllnklng agent to be used herei'n" has two or- nore polynerlzabie .
‘unsaturated groups or reactive functional-grougs..: Exanpl es:of specnfic
crosslinking 'agents havi ng two . or nore polynerlzable ‘unsat ur.at ed- groups
‘include di- or triacrylic esters: ‘and di - trlnethacryllc esters of .

. pol yol s suornaeleuhyy enmngucahterpm@sbem@ weote aﬁdrrehfesﬂeﬂ;ate&aee
gl'ycerol .. ~pol yoxyet hyl ene gl ycol, .pol yoxypropyl ené glycol ‘and .- '
polygl ycer@dodéﬂ&&l&r@aeérpdb'sstbrmg)btateedsbydese.aetbn@ Ebe af oresai: d
pol yol's wi-th -an -unsaturated aci d* such as: mal ei ¢ -aci dand fumari-c acid;.

bi sacryl aniygese suahh s @8bNAN m@yiauebmoera/énmdereduceoltﬂé llarquhuc
,esters and di- .or trinethacrylic esters:obtained by - -
-rrelease amount and. 1ncrease the llquld dlffu31b111ty
?A mlxture of a water- absorbent re51n.component hav1ng:?:3
__ :'l-ua hlgh water—-absorblng-rate 'and a water-—'absorb.ent res-J.n.‘.,
'o'component hav1ng a lOW“water absorblng rate may affordfts“'
-baa water absorbent re51n hav1ng such propertles 'aTheh“
:water absorbent re51n mlxture,'however,jls less dt;.i
homogeneous because it lS prepared by m1x1ng a plurallty:
*of.klnds of water—absorbent resxns hav1ng dlfferent“:
partlcle dlameters and dlfferent bulk den51t1es.
."Hence, no practlcal solutlon to. the aforesald problem'
”has been found yet.s':. | i |
| It-ls, therefore,fan object-of the.present
Ernventlon to preoare a water absorbent re51n ensurlngnd
’H;the reductlon 1n the 11qu1d release amount and the
'"1ncrease 1n the lquld dlffu51b111ty
':It is. another object of the present 1nventlon to--'"“
“brepare a.water absorbent re51n ensurlng the reductlona_-'
.tln the llquld release amount and ‘the. 1ncrease in the::
llquld dlffus:l.blllty, partlcularly, for use 1n sanltary ..

-fmaterlals

SUMMARY. OF THE INVENTION - ' =



iéjaj . - reactlng polyepOX|des mnth acryllc acid’ and mnth
met hacrylic. acid, respectively; car banyl di-acryl ate and . carbanyl N
~di et hacryl ate. obtalned by reacting  pol yi socyanates such as tolylene.

dllsocyanate and. . hexanethylene dii socyanate ' with hydroxyethyl acrylate”;_’;fd

. and'w th hydroxyethyl met-hacryl at e, respectlvely,' al:lylated starch,

-allylated cel lul ose; d|a||y|, phthalate N N' N’-trlallyl |socyanurate s

_and d|V|nbeenzene
In accordance w1th one aspect of the present

..1nvent10n, there 1s prov1ded a process for preparlng a

“'”water absorbent re51n by polymerlzatlon of a’ water—-

soluble ethylenlc unsaturated”monomer, whlch comprlsessf:j;fﬁﬂ”

| ythe step of polymerlzlng the water soluble ethylenlcf

'-,unsaturatedmonomerJJlthepresenceofaiwater absorbent.-”

,' _res:.n hav1ng a water absorblng rate dlfferent from that_._'-:' B

of ‘a water absorbent re51n resultlng from
'_polymerlzatlon of the water soluble ethylenlc :

: unsaturated monomer.:

In a preferred mode of the present 1nvent10n, the S

~polymerlzatlon 1s performed by a reversed phase o

' suspen51on polymerlzatlon method

In accordance w1th another aspect of the‘presentff"h

inventlon, there 1s prov;ded;a process.for_preparlng_a- S

watereabsorbent resin:by poIYmeriéationhof a*Water-

, soluble ethylenlc unsaturated.monomer, whlch.comprlses q'°

2the steps of preparlng an aqueous solutlon contalnlng?'
.the water soluble ethylenlc unsaturated monomer
dlssolved thereln and a water absorbent re51n hav1ng a
'water—absorblng rate'dlfferent from that of a water—q
absorbent re51n resultlng from polymerlzatlon of the
water soluble ethylenlc unsaturated monomer, addlng.
hthe aqueous solutlon to a hydrocarbon solvent and

dlsper51ng the aqueous solutlon thereln, and heat:Lng the_-

‘This Sheet Has Been | TH\S SHEET HAS BEEN
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Ahphg t he aforesaid CroSSIinking agents. haVing"tup or nore polynerlzable'
unsat ur at ed groups et hyl ene .glycol dlacrylate et hyl ene ‘gl'ycol

- -di-met hacrylate, dlethylene gl ycol :di acryl at e, 'diet hyl ene’ egcoI

~di'net hacryl at e, ..propyl ene gl ycol- dlacrylate propylene gliycol - :
~di nethacrylate,. polyethyl ene gl ycol: diacrytate, -pol.yet hyl ene. egcoI _
dlnethacrylate dlaIIyI phthal ate --and N, N - nethyleneblsacrylan1de are-.

preferred. ' Exanpl.es of the- crossllnklng agents having two. or nnre_ﬁf:

_reactive fwyﬁroaalrkg:rmupulvurludeowcgi:yntifhgl t1gd h&gue@ywuseauthiad Repoxy:
- conpounds and- i socyanate ‘compounds.. .Among those,. the diglycidyl ether.
~ conpounds dirsperelel rélerein to pvaymesiek we€i fheedi-gyTudyle et her:

'conpounds _include ethylene glycol diglycidyl et her, pol yet hyl ene egcoI
~di 9' yC' dyl. efﬁHTﬁlenﬁfd)pMiWStWr)éqﬁ.d(ihcﬂidﬁiedycontaJ.ned in the aqueous -
'f.solutlon |
In accordanceawith_further'another aspect of the}
'ﬂpresent'inventdon;'theretisfprowidedua.process.for
: preparlng a water absorbent res:.n by polymerlzatron of
- a water soluble ethylenlc unsaturated monomer, wh;ch_'d
comprlses the steps of eaddlng an aqueous solutiond__
qcontalnlng the water soluble ethylenlc unsaturated.
g~monomer "to a hydrocarbon solvent and dlsperSLng the_t[i.f
.7paqueous-solut10n thereln; addlng a'water—absorbent
'fpresln.hav1ng51water absorblng rate dlfferent from’thats5 :
-of a water absorbent re51n resultlng from
polymerlzatlon of the water soluble ethylenlc
bpiunsaturated'monomer.to-the hydrocarbon solvent-whioh?
f”contalns the aqueous solutlon dlspersed thereln,"andd
'pheatlng the hydrocarbon solvent contalnlng the aqueousr'T“
;:solutlon and the added water absorbent re51n to'
'ﬁpolymerlze the water soluble ethylenlclunsaturated :
-monomer contalned 1n the aqueous solutlon.;.f
o In accordance w1th stlll another aspect:of the::a
ﬂpresent 1nventlon, there 1s prov1ded a process for
:preparlng'a water absorbent re51n by’polymerlzatlon of_f;;V;

a water soluble ethylenlc unsaturated monomer, whlch

is Sheet Hasi&eenR laced - 6 :-_ _ TH]S SHEFT HAS BEEN“'
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14 -.l-~_ether polypropylene egcoI dlegCIdyI ‘ether, .glycerol " .

di glyci dyl" et her, ~-and polyglycerol di gl yci dyl.. et her. Annng t'‘hose, ethylene
gl ycol diglycidyl ether is part|cularly preferred... - Exanples of’
speci fi ¢ hal oepoxy conpounds i'nclude-" eplchlorohydrln eplbronnhydrln and
Coan met hyl-epi chl orohydrin: Exanples of specific _|socyanate conpeunds
';anlude 2, 4- tonIene d||socyanate and hexanethylene d||socyanate '

'comprlses the steps of polymerlzlng the water soluble_"

'f'ethylenlc unsaturated monomer to afford a slurry, and,fl" R

-~further addlng the water soluble ethylenlc unsaturated
'=f:monomer to the slurry,. nd polymerlzlng the added
'_water soluble ethylenlc unsaturated monomer.i In at
}least one of the aforesald steps, the polymerlzatlon 1sf
b allowed to take place 1n the presence of a- water—b"h
.j .'absorbent re51n hav1ng a water absorblng rate dlfferent .
.from that of a water absorbent res:.n resultlng from.theli_'-.
l polymerlzatlon of the water soluble ethylenlc o
“unsaturated monomer;_ | | |
In accordance w1th yet another aspect of the..
'-present 1nventlon, there 1s prov1ded a process for
_preparlng a water absorbent res:.n by polymerlzatlon of.'_'
a water soluble ethylenlc unsaturated monomer, whlch.
_comprlses the steps of polymerlzlng the. water soluble_
| ethylenlc unsaturated monomer to afford a slurry, and
faddlng.to the slurry a water absorbent re51n hav1ng a."
' water absorblng rate dlfferent from that of a water—h
yabsorbent re51n resultlng from the polymerlzatlon oft:
the water soluble ethylenlc unsaturated monomer,'andy;
b'addlng the water soluble ethylenlc unsaturatedlnonomer
‘to the slurry, and polymerlzlng the added water soluble._
{ethylenlc unsaturated monomer._ |

In the aforesald processes accordlng to the_ffb



" The aforesaid. crosslinking agent may have tmo;oﬁ'“nore-po{ynefiZabre

unsat ur at ed groups and two or nore reactive functional groups. - . - ~The "~

crossllnk|ng agent is typlcally used i-n-an-. .anount of 0.0Iwm % to 5m¢@6mnth
respect to the water-soluble ethylenlc unsat ur at ed nononer. 1f the
‘anount is l.ess than 0.001wt% the ‘resulting resin has ‘a high : :
mater-solublllty and is hence less functional as -a water-absorbent resin:,
1f the anmount exceeds 5wt% the resultlng resi.n does not exhibit.

- satisfact Orp/re%tnetr fﬁ%@hbiﬂgnpr aPefdE&8-soluble étfl'ﬁfiiéﬁh.cpm yrrerl zation:
ini.tiator is.used in'the  polymerization according to"the present

_invention. uﬂ@ﬁtdﬁ%&éé'm@ﬂdﬁ@f'i@tbwlymbrh%@%'ﬂ& @ﬁeU§%égéhcer%&eram>/'-_
sel ected fromconventional water-solublé. radical polynmerization: |n|t|atorS--

-SUCh aSlﬂ“éﬁﬁéH@k ‘absorbent resin hav1ng a water- absorbing. rate
| | dlfferentfromthatofaawater absorbentreSLnresultlng_:
from polymerlzatlon of the water soluble ethylenlc
”iunsaturatedmonomerr.Thus,avmter absorbentre51ncanr.br'
L be prepared in whlch there 1s a.compound of the. two
incomponents of water absorbent re51n hav1ng dlfferentr
d~water absorblng rates, 1:e':ra compound of theipd
water absorbentre51nresult1ngfromdﬂuapolymerlzatlonh:
_°f the water soluble ethYlenlc unsaturated‘monomer andlbb'
-pthether absorbentre51npresentJJ1thepolymerlzatlonf
i:reactlon system. The water absorbent re51n thus
':b!prepared ensures the reductlon.ln the release amount offfd
hllquld as well as: the 1ncrease in the llquld ;:.
dlffu51blllty | | . o
A water absorbent.reSJ.n accordlng to the p.resent'_._
Llnventlon comprlses a flrst water absorbent re51n
o component:result;ngrfrom.po;ymerlzatlon'of”a.water--
”:soluble ethylenic'unsaturated"monomer aﬁa=alsé¢6nd?[fﬁf
ﬂwater absorbent re51n component havrng a water~;'
'absorblng rate dlfferent from that of the flrst
.nwater absorbent re51n component and compounded w1th
. the flrst water absorbent resrn component-

- Slnce the water absorbent resin contalns the
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-1%]-1~ o persulfate annDnlun1persquate and sodlun1persulfate The"'
radi cal polynerlzatlon initiator. can be used in -conbinationwith a-sulfite-
‘as a redox:type initiator. .~ An oil-soluble radical . polynerlzatlon _
1n|t|ator may al so be. used as the radical . polynerlzatlon initiator. v%ere
such’ an.oi I'-sol ubl e radi cal polynerlzatlon . initiator-is used, the .

- resul ti.ng polyner is generally wat er - sol ubl e, “hence the crossllnklng agent
shoul d be used to prepare the wat-er - absor-bent resin of .the présent . -
|nveM|on fi&stemnﬂysasehdwwahenmabsorbmntrndsmm components o

| 'dhaVlng dlfferent water absorblng rates, the reductlon.'J
. in the release amount of llquld as well as the 1ncreasef1"?
'_1n the llquld dlffu51b111ty can be, ensured

The foreg01ng and other objects and effects w1llz
‘become apparent from the follow1ng detalled

_descrlptlon;

DETAILED DESCRIPTION OF THE INVENTION _ _

The polymerlzatlon method to be: employed 1n the*””T
Tpreparatlon processes of the present 1nventlon is not'
'Tpartlcularly llmlted but any of various known‘”T

"a polymerlzatlon methods such as reversed phase
':suspen51on polymerlzatlon and aqueous solutlon
'f:polymerlzatlon can be’ employedp- To produce a better
'”effect,ThoweVer;.thenreversed—phase suspen51on_' |
;;polymerlzatlon method 1s preferably employed.~. he_'
'preparatlon processes w1ll herelnafter'be descrlbed ons_”
& the premlse that the.reversed phase suspen51on.
'I_polymerlzatlon method 1s.employed ' L
| L The water soluble ethylenlc unsaturatedlnonomerT'
to be used in the present 1nvent:|.on.1s n.ot partJ_cularly
_'llmlted but any of those generally used for
'Ippolymerlzatlon may be employed Examples of spec1f1c_f!qf
"”water soluble ethylenlc unsaturated monomers 1nclude.E_T'

heet Has Been R Muﬂ

T I \II




.polynerlzatlon |n|t|ator are.. benzoyl perokfde and azobisiSbbutyfonffrire,ve'
_The radi cal pol ymerization initiatoris typically used-in an anmpunt of .-
"Q.-005mol % to 1.0nol % with respect to-the water-soluble ethylenlc'

]:unsaturated mononer. If- the amunt is. 1-ess than 0. 005nn|9b nuchtrneg_is.f--'.
~required for the pol yneri zation |f the annunt exceeds 1.OnDL%L“a rapid - .

::polynerlzatlon reaction entailing a- danger. may result. .. ' -The .
- polymeri zation tenperature varies dependi hg upon the polynerlzatlon ,
initiator Gebglusechd] methsakhyizd[geil, C2-eadiQeimide; 2pref erabl y--
40[err]C to.80[err]C If the polymerization tenmperature is l'ower: than - -
- 20[err] G ﬂé&ymglmnéemofbmbealcsld,edgemtmcwatantme |294 yrrerl Zatlonf =
. process reqU|res nueh time and is hence . R
T -.3methylpropanesulfon1c ac1d *and alkall salts (e g
hjammonlumsalts alkallmetalsaltsandthellke)thereof,p-Jfﬂ
Tnonronlc monomers such as acrylamlde, methacrylamlde;_r:?
*“N N- dlmethylacrylamlde, 2 hydroxyethyl acrylate,ié;iiifi
'TThydroxyethyl methacrylate, N- methylol acrylamlde and
*TiN methylol methacrylamlde, and unsaturated monomers -
-contalnlng ‘amino- group such as dlethylamlnoethyl
'hdacrylate, dlethylamlnoethyl methacrylate,... |
_diethYlamlnopropyL acrylate, dlethylamlnopropyl
'-'methacrYIate,-dlethylamlnopropyl acrylamlde and
--dlethylamlnopropyl methacrylamlde, and quaternary
gcompounds thereof} hese water soluble ethylenlcl
”unsaturated monomers¢may;be used elther alone or rn-];“
'comblnatlon R ” - | L
| Among the aforesald water soluble.ethylenlci
:unsaturatedmonomers;acryllcac1dandnwthacry11caeldi
:and alkall salts thereof acrylamlde, methacrylamldef
and N N dlmethylacrylamlde are preferred in terms of-
.g 1ndustr1a1 avallablllty | . .
. In the present 1nventlon,.the“wateresoiubie ”h.
ethyienlc unsaturated monomer is typlcally used 1n a

state of an aqueous solutlon The concentratlon.of the'j'

" fwater soluble ethylenlc unsaturated monomer 1n the'

10 .



~~unecononmi cal . I f the polynerlzatlon tenperature |s hlgher than 110[err]C ’
it is difficult to:renove 'polymerization heat to facilitate -the. Lo '
. polynerization.. .The polymer of the ‘wat er-sol.ubl e et hyl'eni c - unsaturated
~ mononer -i.s.generally obtained in a state of ‘a slurry. - - The . -

wat er --absor bent. resin to be present in the 'polynerlzatlon reactlon systenr'ffi
‘has a water-absorbing rate different fromthat of a-water-absorbent resin -

lﬁresultlng from pol ymeri zation of - the water-sol ubl e et hyl eni ¢ unsaturated
. nonomner , |aqueawﬂﬂ&nlaba@ﬂnng pratfeeaghyr krtwverer 2%eh%t hatd of t he.
wat er - absor bent " resin to be prepared. - .- -The mater-absorbent resin to
- be- presentsatﬁhated concentratlon.j R : : :
| | | prhe aqueous solutlon of the.mater.solubleiﬂi
' -_.ethylenlc unsaturated monomer is: added to a hydrocarbon__'
‘solvent and dlspersed thereln for the reversed phase,?:
:quspen51on polymerlzatlon of the water soluble'h
g.ethylenlc unsaturated monomer. Usable as the
- hydrocarbon solvent are allphatlc hydrocarbon
;solvents,_allcycllc hydrocarbon solvents and aromatlcnf
.:fhydrocarbon solvents. Examples of spec1f1c allphatlc-”_}b'
t hydrocarbon solvents 1nclude n hexane,i heptane andh
r.llgroln.. Examples of spec1f1c allcycllc hydrocarbonp:
ﬂsolvents.lnclude cyclopentane,_methylcyclopentane,t:
- cyclohexane and methylcyclohexane._ Examples of. i"”
'"_speclflcaromatlchydrocarbonsolvents1ncludebenxene,5
efftoluene and xylene. Among these hydrocarbon solvents,h
ln hexane, n—heptane, cyclohexane, toluene and xylenedh'f
'?are preferred because they are stable 1n quallty andf;~:c
' favallable at a low cost.;.?dt l b |
| | The aforesald hydrocarbon solvents.may be usedhz“Vf'“
:t-elther alone or 1n comblnatlon.: | B |
| o Preferably, a surface actlve agent or a polymer:
protectlve c01101d ls prellmlnarlly added to the
;hhydrocarbon solvent The surface actlve agent and the;fv

: polymer protectlve c01101d may be used 1n comb1nat10n.-”'3iddf

11



polynerlzatlon reactlon systentls not partlcuiarly Ilntted but any of
varij ous connerCIaIIy avai.l.abl.e ~ water - absor bent reS|ns ‘may be used.
- Exanpl es” of specific- wat er - absor bent' -resi ns i-ncl ude: starch type -
wat er -absor bent. resins such as. a. hydrol yzat e: of a graft copolyner of -

-'star'ch and acrylonitrile and a neutralized graft copol ymer - of starch" andﬁ _ff'

cacrylic acid, a saponified. .copolymer of- vinyl, acetate and’ acryllc acid
‘ester, partlally neutral i zed polyacrylic acid;:a copalymer of - maleic-

“anhydri devand i sobyid efgr fank. aa@ehyzréera@éntheo aperesdd 1t arortsol uble i

et hyl eni ¢ unsaturat-ed nmononer : These wat er- absor bent” resi.ns - nay be used . -
.elther a|0@hrt1cularly llmlted ‘as . longlés the reversed phase -f* g

ﬁ“ suspen51on polymerlzatlon of the water soluble
'Tethylenlc unsaturated monomer can be effected 1n thefl”
'Q aqueous solutlon Examples of usable surface actlve
.:fagents 1nclude nonlonlc surface actlve.agents.such as,l'
“tsorbltan fatty ac1d esters, polyglycerln fatty ac1d
' festers, sucrose fatty ac1d esters, sorbltol fatty ac1dty

'festers and polyoxyethylenealkyl phenyl ether._ These_jf'”

.~non10n1c surface actlve agents may'be used elther alone;=”" S

;of in comblnatlon
. Examples<xfspec1f1cpolymerprotectlvecollolds
.1nclude ethyl cellulose, ethylhydroxyethyl cellulose,rdf“f
.:.sox1dlzed polyethylene, polyethylene modlfled w1th |
:malelc anhydrlde, polybutadlene modlfled with malelc
“ﬂ:anhydrlde, and'EPDM (ethylene propylene dlene ) |
_terpolymer) modified. Wlth malelc anhydrlde
+ The aforesald nonlonlc surface actlve agent and
- the polymer protectlve clollo:Ld may be used :Ln comblnatlon' |
w:Lth an anlonlc surface actlve agent such as a fatty ac1d_
: salt, alkylbenzenesulfonate, alkylmethyltaurlne salt,.
lhpolyoxyethylenealkyl phenyl ether sulfate or |
.:'ipolyoxyethylenealkyl ether sulfonate |
| ' Thesurfaceactlveagent thepolymerprotectlve.

col101d_or_a1m1xture of;the;surface_actlye agent_and”thef



or in conblnatlon Preferably used-as the mater-absorbent re5|n to
- be present in the: polynerlzatlon reaction systemis of the sane type as =
t.he .wat er - absorbent resin resulting fron1 t he. polynerlzatlon of the - -
-_mater-soluble ethylenlc -unsat ur at ed nononer. ‘Exanpl es of . speC|f|c mater—"
absorbent resins to be preferably. used- are’ mater- absor bent resins.
resulting fromreversed-phase ‘suspension. honnpolynerlzatlon or
-'copolynerlzatlon of - wat er-sol ubl e et hyl eni c  unsat urat ed. MoNoners .
“including penymeras ot ewrtinge iy li Lo hdiids t&v-plcally used inan amount

acrylam de- 2- net.hyl'propanesul foni.c-acid, 2-. _
met hacryl aanfdeo Zlmphyﬁcpren&r%es@felﬂle&aa:ﬁlyl Oarzdat% to 3wt%, w:Lth e
.'”respect to the aqueous solutlon of. the water solubleth_
'ﬁeethylenlc unsaturated monomer.-lIf the amount 1s lessg
t_than 0. lwt% '1nsuff1c1ent emu151f1catlon may result
'._The use in an. amount of greater than 5wt% :Ls uneconomlcal,
”fbeCause'an effectyto-be-produced_ls notjcorrespondrng-””
-to the usage;_h | R | BRI | |
| A.crossllnklng agent.may'be optlonally.used forr.j{
gtthe.polymerlzatlon., Preferably, the crossllnklng.
: _f'-agent is prellmlnarlly added to the aqueous solutlon of'
_ﬁthe water soluble ethylenlc unsaturated monomer.lmrhes-f'
;crossllnklng agent to be used hereln has.twojor more'i-
;polymerlzable unsaturated groups or reactlve'”” |
Hfunctlonal groups. Examples of spec1f1c crossllnklngdfi'”:
gyagents hav1ng two or more polymerlzable unsaturated
'7groups 1nclude dl—-or trlacryllc esters and dl—lor L
'htrlmethacryllcestersofpolyolssuchasethyleneglycol fa?J“
.propylene glycol trlmethylolpropane, glycerol |
'ypolyoxyethylene glycol polyoxypropylene glycol and
dhpolyglycerol, unsaturated polyesters obtalned by
' reactlng the aforesald polyols w1th an unsaturated ac:Ld..:.
ysuchasnmlelcac1dandfumar1cac1d blsacrylamldessuch”
'as N, N'—methyleneblsacrylamlde;_dl— or trlacryllc-f.

'esters and dl— or trlmethacryllc esters obtalned by -



aLkaLi_saIts (e.g., ammoni'um sal'tsy aIkaI| netal ‘salts: and the I|ke)
t her eof ;~ noni.oni ¢ nonomers ‘such as _acryl-anide, -met hacryl ani-de, N,
“N—dlnethylacrylanlde 2- hydroxyethyl acryl ate, -.2- hydr oxyet-hyl -
~.methacrylate, N—nethylol acrylam de- and N—nethylol met hacryl ami. de; . g
© am no- cont ai ni ng unsat urated nononers such as dyethylan1noethyl acrylate
‘di ethyl'am noethyl nethacryl ate, - diet hyl am.nopropyl acryl ate, :
di-et’hylam nopropyl nethacryi ate, di.ethyl'am nopropyl . ‘acryl am de- and

~ diethyl ani R @PY h "I $1BGE Ploat dlés - wicth A8k §ILIIAS Ya € QAP @IHMISwi lher eof'.
Among. those, a watér-. ‘absorbent resin conprised of “a -honmopolyner “or .
;COpmlﬁmr methacryllcac1d respectlvgiy,carbamyldlacrylateand}.f
:icarbamyl dlmethacrylate.obtalned by-reactlng o
'fpolylsocyanates such as tolylene dllsocyanate and -
| hexamethylene dllsocyanate w1th hydroxyethyl acrylate
:.and w1th hydroxyethyl methacrylate, respectlvely,
allylated starch,‘allylated'cellulose( diallyl_;.a*
_phthalate,'NLN};N"etrdallylliSOCyanurate;Qand.
'd1v1nylbenzene. R ' “
| ) Among the aforesald crossllnklng.agents hav1ngd
two or more- polymerlzable unsaturated groups, ethylene“
'f-glycol dlacrylate, ethylene glycol dlmethacrylate,_y_
dlethylene glycol dlacrylate, dlethylene glycol |
sldlmethacrylate,propyleneglycoldlacrylate propylenel*
~.glycold1methacrylate polyethyleneglycoldlacrylatefi
-d'polyethylene glycol dlmethacrylate, dlallyl phthalate
o _yand N, N'emethyleneblsacrylamlde are preferred.
| Examples of the crossllnklng agents hav1ng two-
;'or more reactlve functlonal groups 1nclude d1glyc1dyl=-'
:ether compounds/ haloepoxy compounds and 1socyanate:';h'h
:fcompoundsl Amongthose thed1glyc1dylethercompoundsﬁ.u
rfare preferred .
| Examples of spec1f1c dlglycldyl-ether compounds.

:1nclude ethylene glycol d1glyc1dyl ether, polyethylene

-“ngycol dlglyc1dyl ether, propylene glycol dlglycldylft”g”-



of acryllc acrd or nethacrylrc acrd or: an: aIkaI| sal t thereof acrylantdeffifl

“met hacryl am de or: N, N drnethylacrylanrde IS preferred .~ The:

anmount, of .t he wat er - absorbent :resjin to be- present in.the. polynerlzatloh:]"'

- ‘reaction systentls' preferably I'wt %t o 100mt@6 nmore preferably. 5wt % to

50wt % . wi th respect: to.the water-sol uble ethylenic unsaturated nnnoner'to]

:be polynerrzed 1f the amount is |less: than AW % it i s drffrcult to
‘afford the water-absorbent tesin of interest in the present invention.

1t the am@'ﬁh@rpegdaymp%tem gunReST AL galy qirdgesst ney ,r gdyide nod, in.
- addi‘tion," the - pol yneri-zation reaction system-for the reversed ‘phasé.” -

: SUSpenSI on d@i_czjyyerildam I @ﬁhléQCOTEﬁdU@Sil%gyc%&di'laﬁl'gllqlc:tdyl ether

"3 Among those,'ethylene glycol dlglyc1dyl ether is:

'.partlcularly preferred

Examplesrofspec1f1chaloepoxycompounds1ncludeffhf'* |

:eplchlorohydrln,;eplbromohydrln and a—:rﬁ-L'
'imethyleplchlorohydrln.- Examples of spec1f1c
'xlsocyanatecompound51nclude2 4- tolylenedllsocyanateyftﬁﬂ:
]jand hexamethylene dllsocyanate |

The aforesald crossllnklng.agentmmay'have two.orﬁ
:_more polymerlzable unsaturated groups and two or more.p,
:reactlve functlonal droups . o |
N The crossllnklng agent.ls typlcally'used 1n.andffu
amount of 0 001wt% to 5wt% w1th respect to the |
'fwater soluble ethylenlc unsaturated monomer ) If the_ghra
amount 1s'less than 0. OOlwt% the-resultlng resin. hasp'

a hlgh.water.solublllty and.ls hence less functlonal aSg:l
- a water absorbent resin. | If the amount exceeds 5wt

the resultlng resin. does not eXhlblt satlsfactory
.”watgr_absorblng_propertles. | | |

" A'radical Polymerization i'n'itia.tor is used'in the -
'_polymerlzatlonaccordlngtx>thepresent1nventlon f;fhe}_'fg

,radlcal polymerlzatlon 1n1t1ator to be used 15:'

'-preferably selected from conventlonal water soluble

-radlcal polymerlzatlon 1n1t1ators such as potas51um



resuttihg reS}nutends'to bul k. ail The - nethod of allomnng the:”

: uater-absorbent resin to be present. in the polynerlzatlon T-eaction* systent¢,f
" is not- part|cularly limted.  The water-absorbent resinis. -alloved.to be -

present in any of various nethods in the .course of polynerlzatlon of the .
~wat er-sol ubl e ethylenlc unsat'ur.at ed..npnomer .- Nor e specifically, the water- . -
e“absorbent resin is allowed to be. present -in t he aqueous solutlon of the “
wat er-sol ubl e ethyl enj ¢ .unsaturated  nohoner. 'fromthe beginning. _
cAlternati Vplemsﬁheaeweeuﬁnoﬁmhmt penr snﬂ félée\l\ahelr ssdllu.hil epeerc sly[l.cfraltoe

' unsaturated ' 19 . -
' The radlcal polymerlzatlon 1n1t1ator can be used in
‘ comblnatlon w1th a- sulflte as a redox type 1n1t1ator.i
o An 011 soluble radlcal polymerlzatlon.1n1t1ator-
' may also be used as the radlcal polymerlzatlon 1n1t1ator
-~Where such an 011 soluble radlcal polymerlzatlon:l
. 1n1t1ator 1s used the resultlng polymer 1s generallyl
nwater soluble, hence the crossllnklng agent should beh'“'”
sed to prepare the water absorbent re51n of the present"
_:1nventlon;: Preferably used as the oil- soluble radlcal“
'd_polymeriZatlon 1n1t1atorﬂare_benzoyl peroxlderaand
bazoblslsobutyronltrlle.' | B -
| "The radlcal polymerlzatlon 1n1tlator is.
”typlcally'usedljtan.amount.of 0 005m019'to 1 Omol% w1tha
"respect to the water soluble ethylenlc unsaturated |
trmonomer | Iftheamountlslessthano 005mol%.mucht1me-
s:ls requlred for the polymerlzatlon. -If-the amount_fﬁ
”dexceeds l Omol t'a rapld polymerlzatlon reactlon.7
'entalllng a. danger may result | o |
o The polymerlzatlon temperature'varles.dependlngl.?
”j'upon the polymerlzatlon 1n1t1ator to be used, but
typlcally 20°¢C to 110’ c,_ preferably 40° ¢ to 80°C. If
“the Polymerlzatlon temperature 1s lower than 20 C thef*l
dpolymerlzatlon rate is. reduced so that the .

polymerlzatlon process requlres much tlme and 1s hence



mononer is first added t.o the hydrocarbon solvent and d|spersed there|n
and t hen. t he wat er -absorbent resin s added to.the hydrocarbon sol vent .
In accordance Ww'th:the present . |nvent|on the- nater-absorbent resin of:

interest may-be 'prepared by.a -nulti-Sstage pol ymeri zati on. process. . -At- the:;«,.

jflrst"' polynerlzatlon st age, the ‘wat er - sol ubl e et'hyl eni ¢ unsaturated
mononer i s-polymerized. - At the second polynerlzatlon stage,: t:he’

.viat er - sol'ubl e -et hyl eni<¢. - unsaturated nononer'i-s added to a slurry. obtalnedff_l

v by the pohHBEsadMiaal the fiHst Stt%ﬁerﬁﬂdtﬁ.@ﬂﬂfémp%d:atﬁﬂe ¥ s case,”
-the wat er - absorbent .resin nmay-be al? :

- first-stagg werﬂrze?ﬂ' LI teaqtomssxe@isﬂehw tt@ers@mnéi stage

_polynerlzatlo :

._polymerlzatlon heat to fac111tate the polymerlzatlon.

trThe Polymer of the water soluble ethylenlc unsaturatediﬁ~*“'

':ﬁmonomer 1s generally obtalned in a state of a slurry f-'x
- 'b'The water absorbent resrn to be present 1n therff'”

';polymerrzatlon reactlon system has a water absorblngﬁ”t

',rate dlfferent from that of a water absorbent re51n ttyﬁf
resultlng from polymerlzatlon of the water solublend

-tethylenlc unsaturatedlnonomer,rl e_y'a water absorblng;h:'

'urate hlgher or lower than that of the water absorbent; n'
re51n to be prepared |

The water absorbent resin to be present 1n the.

'polymerlzatlon reactlon system 1s notlpartlcularly
'llmlted but any of various. commercrally avallablelaé
water absorbent re51ns.may be used Examples of

't_spec1f1c water- absorbent resrns 1nc1ude starch type't'

: water absorbent re51ns such as a hydrolyzate of a graft a
copolymer of starch.and acrylonltrlle andaineutrallzed:.
graft copolymer of starch and acryllc ac:Ld "a saponlfled :

"copolymer of Vlnyl acetate and acryllc a01d ester,"

“[partlallynneutrallzed.polyacryllc acld,fa;copolymer of;y

'G:maleic'anhydride'andtisobutyiene;;and-a poiymer;of the

.;aforesaldvmter solubleethylenlcunsaturatedmonomer.t

”]These water absorbent re51ns may be used elther alone.“v

1T

owed to -be.present. either in. the: ,,---7*;



'.reactlon systemor, alternativel'y, in both of the first- ' and second-stage
pol ymeri zati-on: . reaction systens. . - .~ The mater-absorbent resin prepared
by the . preparation - process of the present invention is a ' conpound of a- -

wat er - absor bent
wat er - absor bent .
- wat er - absor bent

resi.n conponent havrng a higher- mater-absorblng rate.and a
resin- conponent having a lower water-absorbing rate.. The. .
resin contai'hing the water-absorbent resin conponents_'

havi ng different mater-absorblng rates does not take-a particular form:
-but can medfrﬁﬂydambyﬁa@mﬁhforns such as pomderyL granular spherrcm
_ 20 '

-and

Preferably used as the water absorbent re51n to -

-_be present in the polymerlzatlon reactlon system 1s of -

thesametypeasthevmter absorbentre51nresult1ngfrom'

m,the polymerlzatlon of the water soluble ethylenlcrfi"

TJunsaturated monomer. Examples of spec1f1c water—7

5_absorbent re51ns to be preferably used are waterf

. absorbent re51ns resultlng from reversed phase-“ '

"suspen51on homopolymerlzatlon or copolymerlzatlon_of*

'water soluble ethylenlc unsaturated monomers

"1nclud1ng'acry11c ac1d” methacryllc.ac1da_2—g

'u_acrylamlde 2 methylpropanesulfonlc ac1d 2-

hzmethacrylamlde 2 methylpropanesulfonlc ac1d andrd

"”alkall salts (e g ammonlum salts,-alkall metal salts*

_cand the llke) thereof, non;onlc monomers Such as

;_'acrylamlde,'methacrylamlde, ‘N, N- dlmethylacrylamlde,i""”

- 2 hydroxyethyl acrylate, 2 hydroxyethyl methacrylate,'f'5f

- N- methylol acrylamlde and N methylol methacrylamlde, 'Lh..:

amlno contalnlng unsaturated monomers such as

'ﬁ;:dlethylamlnoethyl acrylate, dlethylamlnoethyl_"

methacrylate, dlethylamlnopropyl acrylate,f

fddlethylamlnopropyl methacrylate, dlethylamlnopropyl B

r~acrylam1de and d1ethy1am1nopropyl methacrylamlde, andi":

quaternary compounds thereof _ Among those, a_waterf

absorbent resin comprised of a homopolymer or copolymer -

. 18



scale forns ' . Ins the mater-absorbent resrn prepared by the ft;_ i
-pr epar at i on process of 'the present invention, the resin conponent havrng

- the hi-gher water - absorptron rate preferably offers a water - absorbrng t|ne_f.-

“of less than 10 seconds, nore preferably 1ess than 5.seconds.. |f the .-
wat-er-absorbing tine is not |ess:than 10 seconds,: the . resulting . — -
wat'er - absor bent . resi n. does nat exhibit ‘a satrsfactory initial

'mater-absorbency ~ On the other . hand,. the resin component having t he Iower_~"

wat er- absof baagytldte pettevabine ohiersy la ovas ed dakaordn ngltkraﬂm :malltonger
“than 20 seconds, 'nore preferably longer than 30 secords.” If the . - -
~wat er - absortlhétgebrfrre aeryatan{rntrger metﬁmancigiemomle otrhm,vmt er-absorbing -
rate is so high that the resulting water-absorbent resrn |s gelatrnrzed
‘and o dlmethylacrylamlde is’ preferredf o :
| The amount of the water absorbent re51nlto bebr:”
present in the polymerlzatlon.reactlon system rs. -
hrfpreferablylwt%to]ﬁOwt% morepreferably5wt%1u>50wt%e7”:
-fw1th respect to the- water soluble ethylenlc
i unsaturated monomer to be polymerlzed : If the amount”_f*;h
1s.lesshthanzlwt% 1t 1s dlfflcult to afford the'l |
water—absorbent'resln of 1nterest in the:presentrf
-inventiont If'the amount-exdeeds lOth%ﬁuan
5unecbnomicai'proeess-mayfresult'and'-infaddftion; the
-'.polymerlzatlon reactlon system for the reversed phaseﬁ
"suspen51on polymerlzatlon becomes unstable so that the _
resultlng resin tends to bulk. . |
| The method of allow1ng the water absorbent re51n ) -
"if:_to be. present in the polymerlzatlon reactlon system 1ste.
f,notpartlcularlyllmlted Thewater absorbentre51nls
.'“allowed to be present in any of varlous methods in, the:
'."__course of polymerlzatlon of the water soluble ethylenlc
wunsaturated-monomer 'More spec1f1cally,_the water—“'p
"':-absorbent re51n 1s ailowed.to be present 1n the aqueousrpp
.7_solut10n of the water soluble ethylenlc unsaturated.p .
'fmonomerfromthekmglnnlng -Alternatlvely,theaqueous3

solutlon of the water soluble ethylenlc unsaturated



-;téhds‘tO'cause bl ocki ng. Therefore, if the t#wo  water-absorbent resin =~
conponents of the present water-absorbent: resin do not satlsfy t he -

-aforesaid requirenents for the mater-absorblng time, it dlfflcult for

t he meterfabsorbent resin to ensure-the reduction:in the annunt of I|qU|d

rel eased as. well- as. ‘the increase in the. I|qU|d dlffu5|b|I|ty S I
‘is noted that the tern1_meter absorblng rate” i-s herein neant by the ti.me

' reqU|red for 1g of a 'meter-abSOrbeht resin to conpletely absorb 25nm . of a _
21 monomer 1s flrst added to. the hydrocarbon solvent and

2dlspersed thereln, and then the water absorbent re51n:
':.1s added to the hydrocarbon solvent
'l'_In accordance Wlth the present-lnyentlon, thei
' water absorbent re51n of 1nterest may be prepared by ;df}
'fmultl stage polymerlzatlon process.d At the f1rst
'apolymerlzatlon stage, the water soluble ethylenlc;{
o inunsaturated monomer 1s polymerlzed | At the second
.rpolymerlzatlon stage, the water soluble ethylenlc
unsaturated monomer lS added to a slurry obtalned by t.he_
'fpolymerlzatlorlat the flrst stage, andgpolymerlzed 1-Inf1
'thls case,_the water absorbent re51n may be allowed to:'
“"be - present elther in- the flrst stage polymerlzatlon
V_reactlon system or in the second stage polymerlzatlon,g'f””
'reactlon system or, alternatlvely, 1n both of the fJ.rst—
3aand second stage polymerlzatlon reactlon systems.-rd:
The water absorbent re51n prepared by the fh'
.-preparatlon process of the present 1nventlon is A‘f;
_compound of a water absorbent re51n component hav1ng a'
h1ghebwater—absorb1ngrateandeawater—absorbentresln;fif-“
component hav1ng a lower water- absorblng rate. lfheﬁ
Hwater absorbent resin contalnlng the water absorbent:
:re51ncomponentshav1ngd1fferentwater absorblngrates
does not take a partlcular form, but. can be in any of?

. varlous_forms such~as;powdery, granular, spherlcal and_

.20 -



0.-9% sal ine solution wth,. stirring “The water- absorblng rate-can be

. determned in the- follomnng manner. - First, 25m . of the 0.9%saline .
"solution is poured into ~a 50-ni beaker contalnlng a rotator haV|ng a. -
~ l-ength-of 20nmm and a di ameter ‘of 7nm [err], and then .1.0g of the- b--V_ T
'.mater-absorbent resinis added to the. sallne solutlon W th stlrrlng at a _-"
Crotation speed of . 500rpn1by means of.. a: nagnetlc stlrrer " The. :
~Wwat er - absor.bi ng rate is .deternined by measur i-ng t he. elapsed tinme before |t
~is visual lsxgpaf ifigmast hat there is no free water in the  beaker.

~As described above, . the:watef-absorbent resin. prepared:by the preparatlo
. process:- of the preiwﬂthenWQMHthbSO&hHﬁmouednﬁ preparadtpyofthe -

mater-absorbent resi.n .conponents. haV|ng different water-absorbing :rates I
- Therefore, ﬁré‘ﬁh%&ﬁb@ﬁrﬁﬁﬂbe% @rﬂ @he i)(iﬁesent 1nventlon, the resin .
| ' component hav1ng the hlgher water absorptlon rate e _'fu
: preferably offers a water absorblng tlme of less than
) 10 seconds, more preferably less than 5 seconds .. If the".
- water- absorblng tlme is not less than 10 seconds,.the“. |
f‘resultlng water absorbent resin. does not eXhlblt a {
7;1 satlsfactory 1n1t1al water absorbency.u On the other.p;_y'
'H_hand the re51n component hav1ng the lower water—” l %
“labsorblngratepmeferablyoffersaawater absorblngtlmehl:'y,
T:Of longer than 20 seconds, more preferably longer than:
_.30 seconds. If the water absorblng tlme 1s not longerf' t;\,"
.:‘than 20 seconds the. water absorblng rate is so hJ_gh that | . | \
-the resultlng water absorbent re51n is gelatlnlzed andf.":
tends to ‘cause blocklng‘ Therefore, 1f the two
ater absorbent re51n components of the presentl
'f:water.absorbent re51n do.not satlsfy the aforesald--w.
g;reQulrements for the water absorblng tlme,.lt 1s tb
pdlfflcult for the water absorbent re51n to ensure thel::“
-l;_reductlon in- the amount of llquld released as well asfil
“nthe increase in the llquld dlffuslblllty |
It is noted that the term “water absorblng rate ;o
n’fls hereln meant by the t1me requlred for lg of a.

f_water absorbent resin to completely absorb 25ml of a .
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exanple a sanitary material such as a menstrual . arficlé or a dlsposable L

di aper -whi.ch_enpl oys 't he -present . water- absorbent resin-can be.. I nparted.
- with .a honogeneous wat er - absorbi.ng prOperty,'unllke a case where.a . -
. wat er-absorbent resin mxture prepared by sinply .nmixing-a-plurality of:
_mater—absorbent resin:having. different mater-absorblng rates: |senployed
- Thus, the. present-inventi.on can i-mpart the meter-absorbent reS|n__mAth
superi or. meter-absorblng properties mhlch is. . L
-[2___ _QO 99‘sallne solutlon w1th stlrang The water—y;ffh'
'- __'.absorblng rate can be determlned in the follow:Lng manner - 3
stFlrst 25ml of the 0 9% sallne.solutlon 1s poured 1ntoh1fs
da 50 ml beaker contalnlng a rotator hav1ng a length ofoih
:h{ZOmm and a dlameter.of 7mm.¢, and then l Og of theph
-:water absorbent re51n is added to the sallne solutlonhe":"
hb,w1th stlrrlng at a rotatlon speed of 500rpm by means of_-
h.a magnetlc stlrrer The water absoblng rate is
"f.determlned by measurlng the elapsed tlme before 1t is
‘ v1sually conflrmed that there 1s no free water in the:--““
{beaker-' | | | E | |
- As descrlbed aboye,' the water absorbent re51n}_h
prepared by the preparatlon process of the present
o 1nvent:Lon 1s a compound of a plurallty of water- absorbent. o
'_resrn components hav1ng dlfferent water absorblng.
erates._ Therefore,-a water absorbent materlal 'forf'
xample, a sanltary materlal such as a menstrual artJ.cle
g or a dlsposable dlaper whlch employs the present
'-water absorbent res:Ln can be 1mparted w1th a homogeneou.s |
:water absorblng property,,unllke a:case where ar
'w:water absorbent re51n mlxture prepared by 51mply
_hm1x1ng a plurallty of water absorbent re51n hav1ng
";dlfferentwater absorblngrate51semployed Thus,the_;

present 1nventlon can 1mpart the water absorbent re51nf

ﬂw1th superlor water absorblng propertles whlch ‘is



.dffficuft to be achi eved by the'conventional matef- absorbent resins..
~That i's; ‘the water- absorbent resin -according. to the present |nvent|on
~ensures the reduction ‘in the" rel'ease amount of the Iiquid as well as the

‘increase inthe liquid di ffusibility.. Mre speC|f|caIIy, a’ mater-absorbent{s-f

‘mat er i-al” produced by spreading the wat er - absor-bent resin of 't he' present'
invention in a pulp material. can rapidly absorb liquid “and extensively . .= .
di ffuse the absorbed liquid therein. = Théerefore, - even-if.:t hesupply rate of
thelqu|ddxiﬁlghlttt@ b@p@chﬂeVe@Mhyhahd3cdmmkstlonal walleer- L
‘wat er - absorbent resin according tothe present inventioncan be used in a
"W de. rangeadfsoabpntcaiesmnsl el dhdtcisdi rt@esamtaryamﬂcerbehs: JuEdins .
" nmenstrual articles and di sposabl e di'apers agricultural- materials such as-
- wat er- reteatomrdgmg toatnhesp)rése@dntneartngnaeg;estm,esabﬁel ndds:tcrtzad)n
naterlals such as
' ' 1n the release amount of the llquld as well as the
thncrease 1n the llquld dlffu51b111ty 'More.'
"qspec1f1cally, -a water absorbent materlal produced by
}spreadlng the water absorbent re51n of the present
ulnventlon in a pulp materlal can rapldly absorb llquld
- and exten51vely dlffuse the absorbed llquld thereln.ﬁ'
Therefore even lf the supply rate of the llqu:Ld is hlgh SR
'Tathe supplled llquld hardly leaks
The water absorbent re31n accordlng to the
'hpresent 1nventlon can be used in a w1de range of .
: _"_'aple.catJ.on flelds 1nclud1ng sanltary materlals such as-_ S
':}fmenstrualartlclesanddlsposabledlapers agrlculturaluf'
hmaterlals such as’ water retentlon agents and sorl
”{'condltlonlng agents, and 1ndustr1al materlals such as”:f'
.';cutoff materlals and antl dew1ng agents, but ‘is
fpartlcularly sultable for the sanltary materlals
The present 1nventlon w1ll herelnafter be-:'
| .'descrlbed in greater deta:l.l by way of examples thereof
. In the follow1ng descrlptlon,,Examples are set forth 1n

.conjunctlon w1th correspondlng Comparatlve Examples,'

”whlch each precede Examples for easy understandlng

'-Comparatlve Example 1
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' cutoff naterlals and antl-demnng agents but s . partlcularly SU|tabIe for-
‘the sanltary materials.. = The present- inventlon wi 1l <hereinafter be
described i-n greater detail by way of exanples thereof. In-the follomnng
-descrlptlon ‘Exanpl es are set forth’ in conj uncti.on W th: correspondlng

. Conparative Exanples, mhlch each precede Exanples for. easy understandlng =lfﬂ’

Conpar ative Exanple 1 ' - 23
First, 550n1 of n- hept ane was put in a 1- I|ter '_, L R
. : First,; 550ml of n- heptane was. put 1n a. l llter o
. ‘;i'_four .necked round flask prov:Lded w:Lth a stlrrer ‘a reflux
"condenser, a- dropplng funnel and a.. nltrogen.gas . |
. 1ntroduct1‘on tube. _ Then, 0 97g of sorbltan monolaurate"--:'-
(surface actlve agent NONION LP ZOR avallable from
-Nlppon Yushl Co ) hav1ng an HLB of 8. 6 was added to thenh
'msolvent and dlspersed thereln. The solutlon was once .
heated up to 50°¢C to dlssolve the surface actlve agentf
therefn, and then cooled to - 30 C. | | N |
In turn, 92g of an 80wt% acryllc acld aqueous.
E 'solution'was prepared-ln-a 500—ml Erlenmeyer s flask ?
.and152 Ggofatzo lwt sod1umhydrox1deaqueoussolutlon
'_ was added thereto drop by drop for 75mol% neutrallzatlon'
in an ice bath to afford an aqueous solutlon of partlally' :
hneutrallzed acryllc‘ac1d Then, O llg of pota551um
'fpersulfate was added to the partlally neutrallzed
Jacryllc ac1d aqueous solutlon and dlssolved thereln.:
| The aqueous solutlon contalned in the 500 ml
'T_Erlenmeyer s flask was all added to the solutlon 1n the-”
.fgfour necked round flask and dlspersed thereln Afterfr;
”ﬂ the atmosphere of the reactlon systentwas replaced.w1th_f
'"'nrtrogen gas, the reactlon system was heated up to 70
C, at whlch polymerlzatlon was allowed to proceed for
lféihoursf. Then, water and:n heptane were-dlstllled off

”and the resultlng product was drled _ Thus, 97 Zg of a
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f our -necked round flaskprovidedw tha stirrer, a.reflux .condenser,. a
droppi-ng funnel and a nitrogen gas introduction tube. -Then, 0. 97g of
sprbitan monol auraté (sufface active agent -NONt ON LP-20R avallabie from
“Ni ppon- Yushi .Co.) having an HLB of 8.6 was added to the ' sol vent and

di'spersed therein. The solution was once heated up to 50[err]Cto dlssolve.-7

the surface active agent- therein, and then cooled to 30[err}C: ”*5-_ I'n -
“turn, 92g of an 80wt % acrylic aC|d aqueous * solution was prepared in.a -
- 500-mM Erl emeyerabddeisknt andsilh2wag cbbtaifeldd % Bhdi watwdroxi de

- aqueous solutlon was added thereto drop by drop for 75mol % neutral i zati on- S

~in an-ice: Iaaistbfbmfg‘ of fiman caffuelpE s wad et + ab sefripanti aldsin néhtrsal i zed
_ acryllc ‘acid. - Then, 0.11g of- pot.assi.um . persulfate was ‘added to the -

-partially wﬂggheaed,qagcaylgecc@ﬁug .aqueous. sol ution and. di ssol'ved
t'her ein. .~ - The ‘aqueous solutlon contalned in the 500 m '

_Example l1-a
o Flrst 550ml of n- heptane waslbut in. a.l llterd
B ,four lnecked round flask prov1ded w1th a stlrrer .a reflux‘_
'condenser,-a dronplng funnel and a nltrogen gas
"::Lntroductlon tube Then, O 97g of sorbltan monolaurate’_. E
ﬁ*y(surface actlve agent NONION LP 20R avallable from
'_Nlppon Yushi Co ) hav:Lng an’ HLB of 8 . 6. wWas added to the
“solvent and dlspersed thereln The solutlon was oncej'
-_heated up to 50 .C to dlssolve the surface actlve agent:1
_.thereln,.and then cooled to 30° C | |
| - In turn, 92g of an. 80wt9 acryllc ac1d aqueous
'bsolutlon was prepared in a 500 ml Erlenmeyer s. flask,_ift
-:and152 6gof2120 1wt%sodlumhydronldeaqueoussolutlon’
.' was added thereto drop by drop for 75mol% neutrallzatlon'.'..
in an 1ce bath Then, 0 1lg of potass:Lum persulfate was - "
| added to the resultlng solutlon and dlssolved thereln S
To a partlally neutrallzed acryllc ac1d aqueous solutlon_'-
thus obtalned was added 18 4g of a water absorbent resln-;.
(polymer of partlally neutrallzed polyacryllc a01d_:;
; _"ava;.la_bl_e _und_er the tr,ade .name of “A_QUAKEEP"_. from_
Sumitoﬁo'SeihaechemiealssCo,)ahaylng;aywatereabsorbiné_

- timesof.45_seconds,'
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Erlenneyer s flask was al | added to the solutlon in the tour-neCked.POUnd~

~flask,. and. dlspersed therein. After the atnosphere of the reaction systenrf-

mas'téplaced Wi th -nitrogen gas, the reaction’ systentmas heated up ‘to 70
C, at -which polynerization was allowed. to prooceed for "3:hours. - Then
wat er. and n- heptane were distilled off,  and the. resultlng product mas
dried. Thus, 97.2g of ‘a. ' _ - 24 .
--mater-absorbent resin was obtalned The mater-' absorbi ng tine of the
wat er - absor bent r €Bha Stdnllutlon contalned in'the 500 ml Erlenmeyer s
'tfflask was ‘all added to the solutlon 1n the four necked
bjround flask and dlspersed thereln. After the
_atmosphere of the reactlon system was: replaced w1th
f-nltrogen gas, the-reactlon system.was-heated up to 70
'C, at. Wthh polymerlzatlon was allowed to proceed for"
3yhours;r Then, water and.n heptane were dlstllled off

. and the resultlng;product was,drled.e Thus,'115 7g of_f

-~ a compounded Water—absorbent'resinjwaSTobtained;u

aExalee_lrb'
" In theﬂsameVmanner_as-ln Comparatiye Example:lr
'thepartiallyneutraliiedacrylicaCidaqueoussblution{
-fln the Erlenmeyer s flask was added to the solutlon )
;contalnlng the surface actlve agent dlssolved thereln;
'i_ln_the=fourfnecked roundvflask and dlspersed thereln.i
To the resultingpsolutlonhmiXturejwas-added 46.Qg of_af'
bwater—absorbentreSin(polymerofpartiallyneutrallZedyh=
'.polyacryllc'ac1d avallable under the trade name of'
'3]i“AQUAKEEP" from Sumltomo Selka Chemlcals Co ) hav1ng apa*”
.b-water absorblng tlme of 45 seconds.' Thereafter, ‘the
”3polymerlzatlon and subsequent steps were carrled out 1np
"_.the-same manner as 1n Example“l—a"j Thus,,144.5g.ofraQ

'compounded water absorbent re51n was obtalned

. Comparatlve Example 2

_zrlrst,_SSlesof n—heptane_was'put.inﬂa_l—liter"'
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obt ai ned was 3 seconds Exarrpl e lra - F| rst 550m of . n hept ane was
put in’a 1 l'i.ter - four-neckedround flaskprOV|dedmntha sti-rrer, a-refl ux
“condenser,  ‘a dr-oppi ng.funnel ‘and ‘a"ni trogen .gas - i ntroductj-on tube“ Theh,
0. 97g of sorbitannonol aurate (surface active agent ‘NONI ON LP: 20R -
avai l.abl e. from’ N ppon Yushi ‘Co.) -having an HLB of 8.6 was added to the
sol vent and di spersed therei-n, "The sol uti-on-was once heated up to” :
50[err] C to dissolve the. 'surface active: agent therein, and then cooled to
‘30[ err] C. .four-necled trsund ¥ ok m@ﬁ)we%amltyﬂacsmﬂeaquemesfluxol ution:
“was -prepared in a 500-ni Erl'enmeyer”s flask, - and 152. 6g of.a 20.. 1w %:

‘sodi um hy @énd ga saaue OHS AW pPI1 87 . fumseaddemmenemmg@n hy\sdrop for —_—
75nn|@6neutrallzat|on in.anice bath. -Then, 0.11g of potassium:. . -
perSU|fatqn®§oductlon tube Then, 1. 38g of: hexaglyceryl
e .'monobehenylate (surface actlve agent NONION GV 106
yavallable from Nlppon Yushl Co ) hav1ng an HLB- of 13. 1fl:t
rwas added to the solvent, ‘and dlspersed thereln 'The-"'
'solutlon was - once heated uplto 50 c. to.dlssolve the_,”-
;surface_actlve agent_thereln,_and then cooled to 30
. , _ S
Tn.turn, §Zg:of;an Bbwt%nacrylic-acid;aqueous;
'solutlon was prepared in a 500 ml Erlenmeyer s flask
and152 6gofa120 lwt%sod1umhydrox1deaqueoussolutlon
..'was added thereto drop by drop for 75mol neutral:Lza.tJ.on
in a.n.lce.bath..- Then, 0. 11g of pota551um persulfate and |
' 0. 019g of ethylene glycol dlglyc1dyl ether as a.. |
.crossllnklngagentwereaddadtotheresultlngsolutlon,
1and dlssolved thereln Thus, a. partlally neutrallzedl_'
_Lacryllc ac1d aqueous solutlon was prepared
The aqueous solutlon contalned in the 500 ml
';Erlenmeyer s flask was all added to the solutlon 1n.thed::
'four necked round flask, and dlspersed thereln After .
}the atmosphere of the reactlon systenlwas replacedhwith
'-;.nltrogen gas, the reactlon system was heated up to 70
f.C, at whlch polymerlzatlon was allowed to proceed foryiﬂ

fi3,hours. Then, water and.n heptane were dlstllled.off



added to the resultlng sol ution and dissol ved: thereln . To a partlally
neutrali.zed acrylic.acid aqueous solutlon thus obtai ned was added .18. 49"

of a-water-absorbent resin- (pol yrer of partlally neutral i zed pol yacrylic »

-acid - avail abl e under ‘the trade nane: of "AQUAKEEP" from Sumtono Selka
Chen1cals -Co. ) haV|ng a mater-absorblng time of 45 seconds. . -
25 : - The sol uti-on contained in the 500-nm Erlenneyer s'
~ flask was al | added to the solution in the- four-necked - round flask, and .- -
'dlspersedahMHﬁha reAUMﬂlm@Eproduct was drled. Thus, 98.3g of'a L
water absorbent re51n was obtalned The water—.i
kabsorblng tlme of the water absorbent re51n.thus
“_obta1ned was 48_seconds; . . |
sExample 2 S |
. .In the same manner-as in- Comparatlve Example.z
thepartlallyneutrallzedacryllcac1dadueoussolutlonf
"'1n the Erlenmeyer s flask was added to” the solutlon
'ufcontalnlng the surface actlve.agent dlssolved thereln
in the four necked round flask and dlspersed thereln.
 To. the resultlng solutlon mlxture was ‘"added 9 2g.of ai
. water- absorbentre51n(polymerofpartlallyneutrallzed
Jpolyacryllc ac1d avallable under the. trade name of
j“AQUAKEEP" from Sumltomo Selka Chemlcals Co ) hav1ng a
Fwater absorblng tlme of 2 seconds.. Thereafter,'thepu'
:polymerlzatlon.and subsequent steps were’ carrled.out iﬁf o
- the same manner as in Comparatlve Example 2. Thus;f
106 Og of a compounded water absorbent re51n was -
'obtalned | | | L |
aComparatlve Example 3
| First, 550ml of nlheptane was- put in a l llter
-four necked round flask prov1ded w1th a stlrrer a reflux_
ncondenser, a dropplng funnel.and aunltrogen gas
'flntroductlon tube.. Théh; 1. 38g of hexaglycerylff

*,monobehenylate (surface actlve agent NONION GV 106
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afnosphere“of t he reaCfion'systen1uas repl aced with nitkogeh gas,- the
reaction systemwas heated up to 70[err] .. C, .at which polynerization was"

“al-lowed to proceed for 3 hours. Then, water and n- heptane were dIStI||ed;: -

of f,- -and the resultlng product was dried. Thus, 115.7g of  a conpounded

mater-absorbent resin° was obtained. - Exanple 1- b' " I'n the sane nanneer'

‘as in Conparative Exanple ‘1, the partlally neutralized acryllc acid -
agueous solution 'in the Erl enneyer-s flask was added:to-the solution
cont ai ni ngaxtdmélawﬂf@cf:remt NipEgentushisaoed Hidrelaignan MIBe fous-necked -
round flask, and dispetsed therein. To the resulting solution mxture was -
added 46. Gep of addemhtites- aheo@nﬁWenesHﬁd@anspenﬁe@atheddﬁhneuThaI|zed
pol'yacrylic acid avai'l abl e under ‘the trade name of "AQUAKEEP" from
Sumi t oo, ?sedkat@mmﬁalss oGQ:e) Hawtrai aup to 50 C to dlssolve the
'h.surface actlve_agent thereln, and then cooled to- 30
e | | o
‘In turn, 92g of7an édmti.acrylicﬁacid:aqueous'_
.solutlon was prepared in-a 500 ml Erlenmeyer s flask |
'-and152 6gof5120 lwt%sod1umhydrox1deaqueoussolutlon"
'-',.was added thereto drop by drop for 75mol% neutrallzatlon-'_":_
' --..._'J.n. an 1ce bath Then, 0 1lg of potass:.um persulfate and B
pO 019g of ethylene glycol dlglyc1dyl ether as a
-{crossllnklngagentwereaddedtotheresultlngsolutlon,
“r{and dlssolved thereln ' Thus, a partlally neutrallzedfh
f'acryllc ac1d aqueous solutlon was prepared. |
The aqueous solutlon contalned in the 500 ml
B TErlenmeyer s flask was all added to the solutlon in- the
j-four necked round flask, and dlspersed thereln -Afterg-f
the atmosphere of the reactlon systemﬁwas replaced w1th."f
.a.nltrogen gas, the reactlon system was heated up to 70
.dyg-at Wthh flrst stage polymerlzatlon was allowed to
- pproceed for 3 hours o L | o
| y A.polymer slurry resultlng from the flrst stage~u'h
'.polymerlzatlon was cooled to 20 c, and then a partJ_ally L o

: neutrallzed acryllc ac1d aqueous solutlon prepared lnf

;'the aforesald manner was added thereto drop by drop 1nl_p:'

29



wat er - absor bi ng time of 45 seconds. - Thereafter, the po[yneriZatioh'and-
. subsequent steps were carried out i.n t he same manner as’'in- Exanple 1- a. '
Thus,: 144.59g of.a conpounded mater-absorbent ‘resi.n-"was .obt'ai ned.
Cbnparatlve Exanple 2 - First, 550ni of n hept.ane was:put in. a
1-liter = ' 260 f our - necked round -

' flaskprOV|dedMAtha stlrrer a ref[Ux condenser, a dropp|ng funnel .and a'fif"“'

.nltrogen gas _|ntroduct|on t ube.. - Then, 1. 38g of - hexaglyceryl R
S the same amount as used in- the fJ.rst stage polymerlzatlon. e

";After the atmosphere of the reactlon system was fully
replaced.w1th.n1trogen gas for 30:m1nutes, the reactlon,l:
ﬁsystem was: heated up to 70 C, at whlch second stage
.'_polymerlzatlon was allowed to proceed for 3 hours . Then,-j_ _
: waterandn heptaneweredlstllledoff andtheresultlng:}d
'_-productwwas_drledg Thus, 196 5g of a. water absorbentrf
resin was'obtained . The water absorblng tlme of the..
re51n thus obtalned was 57 seconds |
_;Example 3
The.polymerlzatlon process was performed 1n
| substantlally the same manner as ‘in Comparatlve Example- :
3,exceptthat18 4gofaawater absorbentre51n(polymer
of partlally neutrallzed polyacryllc ac1d avallable__t
'under the trade name of “AQUAKEEP" from Sumltomo Selkazl
',Chemlcals Co ) hav:Lng a. water absorblng tlme of 2 seconds
was prellmlnarlly added to the partlally neutrallzedl
Vacryllc resin aqueous solutlon to be used 1n the
"-ﬁsecond stage polymerlzatlon.h Thus, 212 2g of a
'.?compounded water- absorbent re51n was obtalned
f:EValuatlon |
| . The amount of water absorbed ”initiaf:wateré_
fabsorblngtlme water absorblngtlme releaseamountofl_'
' water and longltudlnal dlffu51on expanse of water—.

'.absorbent resins prepared 1n Examples l°'to’ 3 and S
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monobehenyl ate (surface active agent NONION GV-106 available from N ppon -~

_ Yushi ‘Cp.) having an HLB of 13.1 was added to the sol vent, and dispersed-

~therein,  The solution was once heated up to 50[err] C to di ssolve the -
~surface active agent therein, and then cooled-to 30 C. “:In turn, 92g of

~an 80wt % acryllc aci d aqueous ‘solution was" prepared I-n- a 500- n1 -
Erlenneyer s .flask, _and 152. 6g of a' 20. 1mﬂ@6sod|un1hydrOX|de aqueous

sol ution was added thereto drop by drop for 75ml % neutralization in anff:’

“i.ce bath. cOﬁhﬁﬂraﬁaiﬁg miap@ﬂ355|hntpeﬁbuﬁéaben&ndsuﬂeﬂlgglothethyIene
gl yeol diglycidyl ether as a crosslinking agent were added to the =

resultingfeqlwong medndirs il wedvhlerethon Bfusthe pastinmsly ﬁ@ﬁrallzed: |

. acrylic.acid aqueous solution was prepared. . The aqueous soluti-on -
COﬂtalHEdﬂesuPESSW}eﬂshEWnﬂimyeauiéIhsk waseﬂl added to ‘the sol ution

in the
- :(l)h~ Water absorptlon amount (g/g)
| A rotator and 200ml of a O 9% sallne solutlon were :
-lput 1n a 300 ml beaker, and l Og of ‘a. water absorbent”
"ere51n was added thereto w1th stlrrlng by means of a’ .f
'ﬂimagnetlc.stlrrer | After the solutlon was stlrred for:_-:
1 hour, the swollen water absorbent re51n was fllteredi-s-"u
;by means’ of a 200 mesh w1re gauze and welghed for
L:determlnatlon of the amount of water absorbed fg) ber;
ffgram of the water absorbent resrn | o
_(25 ;: Inltlal water absorblng tlme
| | A rotator hav1ng a length of ZOmm-and.a dlameter_:--tf
fof 7mm ¢ and.lOml of a 0 9 sallne solutlon were put 1nf
.a 50 ml beaker _ Then, 1 Og of a water absorbent re51n_
was added thereto w1th stlrrlng at a’ rotatlon speed of_
:500rpm by means ‘of .a magnetlc stlrrer, and the elapsed"'
'ltlme before 1t was v1sually conflrmed that there was no”:ﬁ'
ffree,water was.measured. . |
(3) : Water absorblng tlme
. The water absorblng tlme was measured in the'
manner prev1ously mentloned | |
(4)=}; Release amount and longltudlnal drffu51onj

expanse
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four-necked round flask and - drspersed therern After the: athosphere'of,
. the reactron systenrmas replaced wth nitrogen gas, - the reaction.system.

was “heated up to 70 C, at which polynerization was allomed to proceed for
3 hours. Then, water and  n- hept ane were..distilled- off

27 - and the resulting: product was dri ed: Thus 98 39 of " ‘a.
wat er - absor bent  resin- was obtained. The water- absorbrng trne of - the
- wat er- absorbent resin thus obt ai ned-was " 48 seconds.. :

' Flrst, 5g of a water absorbent re51n was_

h: unlformly spread on a cut pulp sheet hav1ng dlmen51ons:5
of 40cm><14cm and a unlt welght of 80g/m ,_and then _
-another cut pulp sheet hav1ng the same dlmen51ons and~i
welght was overlald thereon. Next the- comblned pulp-;

"rsheets thus formed were pressed with a load of 2kg/cm r
thereby a water absorbent materlal was prepared |

: _Subsequently, 150ml of a 1 6% sallne solutlon was poured.
aroundthecenterofthevmter absorbentmater1alw1th1np

N l.m:r.nutes, and the water. absorbent materJ_al was allowed.
'to stand for 5 mlnutes. Then, a plle of 20 cut fllter' :
Jpaper sheets (Toyo fllter'paper'No 2) hav1ng'd1men51on5'

”f_:of 10cm)<10cm were. placed on the center of.the
;water absorbent materlal and a 3. Skg welght (hav1ng a
'r:bottom.area of 10cm)<10cm) was. placed.on'the fller paperi _jp?
- sheets to :meose a load thereon for 3 mlnutes . The amount c

- of the sallne solutlon absorbed by the fllter paper o
.sheets was measured for determlnatlon of the release.'

"5amount Thelongltudlnalexpanseofthesallnesolutlonilf?
absorbed and dlffused 1n the water absorbent materlal

was measured for determlnatlon of the longltudlnal

}dlffuslon expansen
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_Exanple 2

thepartlally neutral ized acrylic acid aqueous :solution
Eﬁlenneyer 'sflask :was added to the solution
active agent .di ssol ved therein

-dlspersed

wat er - absor bent
"avai | able :undet the trade nane.of .

Chemi cal s.
t he-- pol
manner. as
mater-abs

In the same manner - as in Cbnparatlve Exanple 2

i.n the - L
contalnlng the :surface

: ‘i.n-the four-necked round flask, and- K
- To the resulting solution m.xture was added 9. 29 of a
reS|n (pol.yner: of -partially neutralized.
-+ " AQUAKEEP"” f rom Sumi't omo -Sei ka -

therein..

Co.) hav1ng a meter-absofhbMptlne of 2 seconds Ther eaf.ter;
ARG : . - R tRe—GRNE
i n -Conpar, 1u§ater106tﬁfhﬂhs& daéepeitmtgal| - -
Drbent r eqbs , tie arGerpangt | vendetplle diffusion |
' absorbed abs‘_o:r'b_:i.ng. - time o). ' ‘expanse .
(g/g)  |time(sec) | (see)- S © gem)
Ex.l-a 67 2 18 1.5 22
Ex.1-b 65 "5 25 1.3 24
Ex,2 63 — 9 - . 35 0.5 28
-Ex.3 .62, 8. - 42 0.2 - 29
“ICom.Ex.1}] 72 o1 -3 - 15.2 | 15
.- |com.Ex.2] - 61 - 18 - 48 . 5.5 . 30
~{Com.Ex.3] 63 ©29 57 6.2 - 32

The preséent invention can be embodied in various

" forms Withouthdeparting fromithe'spirit and pfincipal"

features of the present'invention.

Therefore,cthe- g

aforementloned embodlments are merely 1llustrat1ve of

the J.nventlon in every aspect, and not llmltatlve of the -

same '

]descrlptlonherelnsetforth

_the appended clalms,

The scope of the present 1nventlon 1s deflned byt_
and 1s not restrlcted by the

fFurther VarlouschangeSt,

| and modlflcatlons to be made w1th1n the scope of the-

'fappended clalms and equlvalents thereof are to fall

37w1th1n the scope of-the present,lnventlon;'

33"

pol yacrylic aC|d"”



First, 550n1 of n- heptane was put inal-liter _four!neéked round.

, fIaskprovrded—wrtha—etfeeer a reflux .condenser, a dropping funnef

nitrogen
'nbhobeh
'_avallabl
sol vent,
50[err]

30[err]

1. A process for preparlng a water absorbent re51nn

and:af

on tube. Then, 1.38g Qf hexaglyceryl - :
m, EC_t ive agent NONI ON GV-{L06° REPEACED SHEETS
hi Co.) having an HLB jof 13.1  was_ adged.to t he

t8 paged

and_dlspersed therein., The solution: @#ﬁﬂ?“ﬁbaﬁ%ﬁ

SG .

Cto dissolve the surface active agent @) anEPEFﬁeﬂ B(BF‘%QS‘ t'o
' : .CLAIMS g8 Drawmg(s) : paged ... to paged ..;‘.'.‘..,..

- D Abs‘,'a"‘ : Paged .to paged .....

by polymerlzatlon of a water soluble ethylenlc :

:funsaturated monomer, comprlslng the step of

polymerlzlng the water soluble ethylenlc

funsaturatedmonomerJJ1thepresenceof51water absorbent

" res:Ln haVJ.ng a water absorblng rate dlfferent from that-::-'

'hpolymerlzatlon of the water soluble ethylenlc}”

',2.; o A process as set forth 1n clalm l 'Wherein thef

. water solubleethylenlcunsaturatedmonomerJj;atleast

of. a water absorbent re51n resultlng from

'unsaturated monomer.

one selected from.the group con51st1ng of acryllc ac1d d_i

"methacryl;c ac1d, an alkall salt of acryllc ac1d -anh[:

ralkali salt of methacryllc-ac1d -acrylamlde,

1-methacrylam1de and N, 'N- dlmethylacrylamlde..7

':3.:g A process as set forth in clalm 1 whereln the; h.fi

polymerlzatlon is. performed by a reversed phase

'.suspen51on polymerlzatlon method
4. A process as set forth in- clalm 1 -Wherein-the-

amount of the water absorbent res:l.n to be present durlng '

‘the polymerlzatlon is. 1wt% to 100wt% w:Lth respect to the : _.

water soluble ethylenlc unsaturated monomer.

5. t A process as’ set forth in clalm 4 whereln theh-
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|l N

. t
,prepared N 50 nneyer s flask, .and 152. 6g of a 20.1wt% sodium . -°
hydroerm“ ﬂlt“ Ll on ‘was added thereto drop by drop. for 76mol % - - -
i

“er, Jlu 2g-of ‘an 80mt96acry|rc acid aqueous. solution was : -

‘neutral e bath. _Then, 0. 11g-of potassi um persul fate and -
0.019g of ethylene gl ycol drglycrdyl ether as a.. crosslrnkrng agent wer e

~added to the resulting solution, “and di ssol'ved therein. Thus La partrally ;f'

neutral i zed | acrylic.aci d aqueous solution. was prepared - .. “The - - -
‘aqueous sofartéer akmbabeert ireshe 300-bé ph‘:rdsaem’eyelmmﬁ¢ashewas al'l' -added
to the solutionin the four-necked round flask, and dispersed therein, — -
After thealgnephezetobn Hes raaadteamtsyaEemewaescteal geedh WHe gnbuipogen .-

gas, t he reaction system was heated up to 70[err]- C, at which first- stage_'fﬂ

polymﬂrzaomslwminwlowemthwdpbmyﬁﬁké0b£3amwraft copolymer of
o | .'starch and acrylonltrlle a neutrallzed graft copolymer_ :'; B
:of.starch and acrylic. ac1d a.saponlfled_copolymer of_'
-v1nyl acetate and acryllc acid ester, partiallyvf
neutrallzed polyacryllc ac1d _a copolymer of maleich
'anhydrlde and 1sobutylene, and a polymer of a waterj‘
ffsoluble ethylenlc unsaturated monomer -
HG.-._.-A process as setvforth-ln cla1m-5 whereln the
jpolymer of the water soluble ethylenlc unsaturated
.'monomer is at least one selected from homopolymers and .
,rcopolymers of monomers selected from the groupd_.
ﬂfconsisting'ofﬁacrylic acidq;methacrYllcfacid,ﬁan.alkalif
salt -of_.acry.li-c.ac:'L-.d '.a-n.'a.l'kali salt of methacfr’yli'cl_é_cid,
acrylamide, methacrylamlde and N, N-
jdlmethylacrylamlde
."E37;}'; A process as. set-forth.ln clalm 4 'whéféiﬁlehé*;_f*
atwater absorbent re51n to be present durlng the f!;: |
b_polymerlzatlonlsofthesametypeasthewater absorbent%
resin resultlng from ‘the polymerlzatlon of the'u
_;water soluble ethylenlc unsaturated monomer.e
B; 15_ A process for preparlng'a water absorbent reSan
_aby polymerlzatlon of a water soluble ethylenlc -

'gfunsaturated monomer, comprlslng the steps of

Sheet Has Been Re laced
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_ A p0|yner siuruy resttting fromthe first-stage polynerlzatlon was cooled

to. 20' a partialty neutralized acrylic acid aqueous
_solut l ﬁﬂthe aforesald manner: was added thereto drop by drop
29, . .. the sane.anpunt .as used in:

"the flrst stagepolynerlzatlon After the at nosphere of the reaction systenril.

was. ful ly. . replaced wi th.nitrogen: gas" for 30 m nutes, ‘the reaction. systém '
was ‘heat:ed up to 70[err]C., at which second-stage:" polynerlzatlon was -
allomed to. pTOCEQQrEQQﬁiﬁ@Uéﬁ adW@Bus solutlon contalnlng the
o water soluble ethylenlc unsaturated monomer dlssolved
';thereln and a water absorbent re51n hav1ng a water—.f
: _.j_'_absorblng rate dlfferent from that of a water absorbent-' '
”re51n resultlng from polymerlzatlon of the water— e
'ﬁ'soluble ethylenlc unsaturated monomer, | |
'addlng the aqueous solutlon to a hfdrocarbonip
_soluentanddlsper51ngtheaqueoussolutlonthereln,andl
L heatlng the hydrocarbon solvent contalnlng thela'*
;;_agueous solutlon dlspersed thereln to polymerlze the:
?water soluble ethylenlc unsaturated monomer contalned'“
hln the aqueous solutlon." |
:-9 . Aprocess as set forth in cla1m 8 whereln at least
.one of a surface actlve agent and a polymer protectlve?
c01101d is prellmlnarlly added to the hydrocarbon"'h
'-osolVent: | | | o |
10.° A process as set forthllnlclalm 8 whereinlthei
amount of the water absorbent re51n contalned 1n thevl”'
u_aqueous solutlon 1s 1wt% to lOOwt% w1th respect to the:
water- soluble ethylenlc unsaturated monomer. |
."]-__1...-._j A process as set forthlln clalm 10 wherern the
water absorbentre51nconta1nedJJ1theaqueoussolutlon_”'
.. is | at least one selected from the group conSLStlng off
;a hydrolyzate of a graft copolymer of starch and |

'facrylonltrlle, a neutrallzed graft copolymer of starch'-

This Sheet Has Been R,
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pmater andﬂ%dﬂﬂﬁ4uermie_glstlIled of f, and- t he resul ting . product mas

dried. 96. 59 of a mater-absorbent resi n-was obtai ned. The g S
_ -Water-ab m# u,’m,l””"r resin thus obtained was .57 seconds . Exanpl e
' | on process was perforned in. substantlally the -
sane manner as |n Cb fparati.ve - Exanpl e 3,  except that 18.4g of a I

‘wat er -absorbent resin (polymer -of partially neutralized polyacryllo aC|d
avail abl'e under the trade name of "AQUAKEEP" .from Sunitonp Seika

Cheni cal SGad abawiNYc @ obd e 8BpeThI AYeti GBPOL yi e odds nylaa cpitel t &i narily

added to the partially neutralized- acrylic resin aqueous solution to be
-used. i n. t Bed sggerd-isd agelaolelgmérzatpmlaf[nqs naﬁﬁxmmziea corrpounded

mater-absorbent resin was obtained. . -Eval tUation . _
polyacryllc ac1d a copolymer of malelc anhydrlde and
' ) 'J.sobutylene, and a polyme_r.of a wa_-ter—sol_uble .ethyl_en_lc_: .
unsaturated monomer.. | : |
12. o A process as set forth in clalm 1ll wherein'the
zzpolymer of the water soluble ethylenlc unsaturated L
imonomer.ls at least one selected from homopolymers and'
Hcopolymers of.monomers selected from the group - |
_ -cons:.stlng of acryl:Lc ac:Ld .methacryllc ac1d an aikall _
':'-.salt of acryllc ac:Ld an alkal:L salt of methacryllc ac1d,
acrylamlde, methacrylamlde and N N—
:;dlmethylacrylamlde.
fi3,hﬁn A process as set forth in clalm 10 whereinfthe.
fwater absorbentre51nconta1ned311theaqueoussolutlonf,*“'
-tls of the same type as the water absorbent re51n
-3g“result1ng from the polymerlzatlon of the water soluble":
'ethylenlc unsaturated monomer |
'l4fp” A process as set forth in: cialm 8 whereln the=
'aqueoussolutlonfurthercontalnsaicrossllnklngagent-f-7'
--f15 A process as set forth 1n clalm 14 whereln thep‘t'
amount of the crossllnklng agent to be used is- 0 001wt9"
;to 5wt% w1th respect to the water soluble ethylenlc

_-unsaturated monomer

- 16. A process for preparlng'a water absorbent re51n__'
This Sheet Has Been Reﬂlaced ' :
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THe ‘anount of W&t eF absorbed, i niti al mater-' absorblng time, o - e
.mater-abs?"m“n se anount of water and Iongltudlnal diffusion - -
.ex,panse off g ”mt”ag ﬁF resins prepar ed in Exanpl es: I to.3 and - -

Conpar Exanples -to 3 were measur eéd i n the follomnngs-l-7
a.nanner for evaluati-on -of the resins. The results are shown in Table 1.

(1) -~ Water absorption anmount (g/g) o Arotator and- 200n1 of - a
0. 9%al i ne-sol ution. were . ' o
by polymerlzatlon of a. water soluble ethylenlc;_-'
.;_unsaturated monomer,icomprlslng the steps of° h
addlng an aqueous solutlon contalnlng the
hwater soluble ethylenlc unsaturated monomer to a
-hydrocarbonsolventanddlsperslngtheaqueoussolutron'
Ztherein; - N | o | |
E adding”a water absorbent.resrn hav1ng a_“
water- absorblng rate dlfferent from that of a water—?“
absorbent resrn resultlng from polymerlzatlon.of the
' water soluble ethylenlc unsaturated monomer to the_h‘
.'hydrocarbon solvent th.ch contalns the aqueouslsolutlon |
ddlspersed thereln; and' |
| | heatlng the hydrocarbon soluent contalnlng the::
'-aqueous solutlon.and.the added&water absorbent re51n to o
'tpolymerlze the water- soluble ethylenlc unsaturated |
,monomer contalned 1n.the aqueous solutlon.
i7f, .A process as set forth ln clalm ‘16, wherein'at-
mleast one of a surface.actlve agent and ‘a polymer'-
protectlve c01101d is prellmlnarlly added to the
fphydrocarbon.solvent; .
. 1s. '; A process'as:set'forth'in claim lG'hwherein'thef
: amount of the water absorbent.reSLn added to. the.
r”fhydrocarbon solvent is 1wt9 to 100wt% w1th respect tomeﬁ
.the ‘water- soluble ethylenlc unsaturated monomer,.

;19; ' A process as set forth in clalm 18 whereln the-'

Thls Sheet H
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A . i . ] - .
put in a _beaker, and 1. 0g of a .water absor bent’ resin was added :
theret stlrrln means of a- magnetic stirrer. -After the solution
was st /M the swol | en water-absorbent- resin was filtered by

‘means df a e gauze:and wei ghed for deteéerm nation of the _
amount. of wat er” d (g) per -gramof the wat.er - absot bent resin.. (2) _
.IthLaI_mater-absorblng time - A totator having a |-engt h of 20nn1and'f
a diianeter -of -7nm{[err] and 10nm of a 0.9%.saline solution were put in -a
50-m beahmrter?la@soﬁbégtoﬁ:easmtaaidadsbob‘ehte ‘hgsino canboadgded témtet 0
wth.stirring at- a rotation speed of 500rpm by nmeans of a magnetlc - I
stirrer, dx dtelelapseashet sed daf @de firomashe | g nallpy comé iLsedh g haf there
was no free water was nmeasured. (3) Water-absorbing time - . The’
wat er - abSdﬂhﬁ@rbmyzmee mﬁﬁnwgdamttcmpolymer of starch and
ffacrylonltrlle, a neutrallzed graft copolymer of starch-ﬂ
ndacryllcac1d asaponlfledcopolymerofv1nylacetateh.'.
-_and acryllc ac1d ester, partlally neutrallzed
_polyacryllc ac1d, a’ copolymer of malelc anhydrlde andld-
"'1sobutylene, and a polymer of a water soluble ethylenlc-: L
unsaturated_monomer. |
. 20. A.process as set-forth in'claim'197'whéreinithe
'polymer of the water soluble ethylenlc unsaturated
- monomer is at least one. selected from homopolymers and
'~.copolymers of monomers selected from the group o
con51st1ng'of acryllc ac1d. methacryllc ac1d an.alkallp""
salt of acryllc acid, an alkall salt of methacryllc ac1d
,acrylamlde,'methacrylamlde and N, N—
-dlmethylacrylamlde
'-21. A process a's set forth in clalm 18, whereln the:_"
water- absorbent re31n added to the hydrocarbon solvent'
is of the same. type as the water absorbent re51n
_resultlng from the polymerlzatlon of the water soluble
ethylenlc unsaturated monomer.
22 . A process as- set forth in clalm 16 _Wherein'the L
.aqueous solutlon contalnlng ‘the water- soluble
ethylenlc unsaturated monomer further contalns a'
~__-;_,;;;;_;_—;5
Has Been RTlaced
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hanner preV| (4) _ Release anount and Iongltudlnal

d|ffu5|on o _ 31 . o
Fprst, ;"Emmg,ﬂﬂm”mr resin.was uni forrﬂy spread on a. cut |OuI p
sheet haV|ng Ic 40ch14cn1and a unit weight of 80g/nferr], and
then -another cut pulp Sheet havi ng the sane di nensions and wei ght mas

~.overlaid thereon. - ‘Next, the conblned pulp sheets thus forned were pressed
:wnth a | oad of 2kg/cn{err] - R .

crossllnklng agent

23. A process as set forth 1n clalm 22 .wheréin the
amount of the crossllnklng agent.to be used is 0. OOlwt%'
.to Swt% ‘with respect to. the water soluble ethylenlc-'
.unsaturated monomer, |
J24, : A.prooess'for:preparlnéfa waterfabsorbent:resin
ﬂbyfpolymerization'of a'wateresoluble ethylenicr
unsaturateddmonomer,:oompriSing the steps off
’-polymerizing thetwater4soluble.ethylenlob.
1unsaturated'monomer'to'afford:a slurry;. and
| further adding the water- soluble ethylenlc
-_unsaturated;monomer t0'the slurry, and@polymerlzlng'the
'added water soluble ethylenlc unsaturated monomery
whereln, in at least one. of the aforesald steps;lf
the polymerlzatlon is allowed to take place in the.::
'presence of a water absorbent fesin hav1ng a water-"
-absorblng rate dlfferent from that of. a water absorbent_'__
-ﬂre51n resultlng from.the'polymerlzatlon of the
water- soluble ethylenlc unsaturated monomer. :
_.25,“_ A process.for.preparlng ‘a water absorbent resin
bynpolymerization of a water—soluble,ethylenLC“
unsaturated monomer,-oomprising'thersteps_of:tp
:polymeriZing'the water;SOluble:ethylenio
unsaturated monomer to afford a slurry, and-; -

addlng to the slurry the water soluble ethylenlc "
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tﬁereby a mater-absorbent naterlal Mas.prepafed.- Subsequenfiy, 150m of a-
1~ 6% sﬂ“lmm“)mﬂ Imm MS poured around the:center of the water-absorbent.
nateri tes, and the water-absaorbent material was allowed:
to stand for 5 Mntes. Then, a pile of 20-cut filter paper sheets (Toyo'
filter paper No.2) having dinensions of- 10cmX10cm were pl aced on the
center of the water-absorbent . naterial, and a 3. 5kg" melght (havi-ng.a . -
bot t om area of - 10cmX 10cn) was placed on.the filer paper ~sheets to inpose -
a | oad t hameontfies td nmbassmefrhprarlmmtnantl1tynen3at~dnmstdh uai on absor bed : -
.by the filter paper  sheets was neasured:for determ nation of the rel ease
anount . W@ténngdsﬂhmahtemmﬁmn hhuﬂmgsalw&texﬁabsmrbz@goMaﬁhand _
di ff.used in the water-absorbent material was neasured for:deternination of-
the | ongi tddi fek e ndi firou ﬁha@(p&@ﬁrater absorbent res:Ln resultlng
afrom the polymerlzatlon of the water soluble ethylenlc"'
- unsaturated monomer,; and polymerlzlng the added
“water- soluble ethylenlc unsaturated monomer
26. . CA water—.absorbent res:Ln prepared by a processl_as_'
recited in claim 1. |
27. A water_—absorb_ent resin prepared by a process as
rec1ted in clalm 8.
28. A water absorbent re_sj_.n pre'par"ed b'y a process as
recited.in_claim;l6.
29. A water—absorbent r.es'in_pr._ep.ared by a 'p_roce_s_s as
recited in claim 24.
' 30. A water-absorbent resin prepared by _a.pr'_oloess_' as-
recited in'claim 25-'
'31. . A water- absorbent re51n comprlslng
:a first water absorbent re51n component
dresulting;from polymerlzatlon ofpa water—solubleb
: ethylenic'unsaturatedamonomerf and
a second watereabsorbent"resin component-
‘compounded with the flrst water absorbent re51n

'component and hav1ng a water absorblng rate dlfferent

: from.that of‘the flrst:water absorbent re51n.component -

\
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ABSTRACT

A process for preparing a'watereabsorbent resin

is prov1ded which enables the water- absorbent resin to

ensure the reductlonJJ1the release amount oflllquld.and

-1the'1ncrease 1n the llqu1d'dlffu51bllltY' In the

preparatlon process, the3water—ab50rbent re51n is-

prepared by polymerlzatlon of a water soluble ethylenlc'

:unsaturated monomer. The polymerlzatlon of the

water- soluble ethylenlc unsaturatedlnonomer is allowed

to take place in the presence of a water- absorbent res:Ln

. _ ' _ Table 1 . Ampount  Initial .
water5 Rel ease Longi t udi nal ot viat er  wat er - ~absorbing anount
.dkf fusion: absorbed absorbing. tine (g) . expanse-

(g/g) tine(sec) (sec) Ex.1l-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 - 42 0.2

29 ComEx.1 . .72 1 3 15.2. ... 15 . - '

having a water absorblng rate dlfferent from that of a

-water—absorbent resin resultlng fronlpolymerlzatlon of
the water-soluble ethylenic_unsaturated.monomer-“ In a
preferred mode, the polymerlzatlon is performed by a

reversed -phase suspension polymerlzatlon method.

‘THIS SHEET. HAS BEEN '
' REPLACED ;
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Ex.2 61 18 48 5.5 30 Co @a
29 g e o= . The pr esent m%
enbogied vys T3 WS‘GI’IOU'[ departing fromthe spirit aﬂaugrl nci pal
f eat Lrge e ‘hee Wrﬁ?ﬁ?ﬁa@p Theyef ore,  bhmtinaé sieefe D iNovaRBer 2000
embofi Trertt'S M(8) o R -itp | Rgged Je of the invention in every aspect, and
not | i AVing(s) gpagerd-.- 4 naged The scope of the present |nvent|on I's defrned
by %%Mded%&dmmmg nqt restricted by the
set forth Further, various changes and m)dlflcatlons t Il m”m
the SGDHFEOOFLR!ECEHHD. dedG| ai s tagnchifgui val ent's t her eof arec t
wi t hrn venti on.
1. A process for preparing a water—absorbent resin
by polymerization of a water-soluble ethylenic
unsaturated monomer, comprising the step of:
polymerizing the water—-soluble ethylenic
unsaturated monomer in the presence of a wat_er—absorbent
— resin having a water-absorbing rate different from that
of a water—-absorbent resin resulting from polymerizatién__....
of the water-soluble ethﬁ?énic unsaturated monomer,
wherein, a water—-absorbing time of the
water—-absorbent resin to be present during the
polymerization is less than 10 secoﬁds or longer than 20
seconds. -
2. A process as set forth in claim 1, wherein the
wéter—soluble ethylenic unsaturated monomer is at least
'K/' one selected from the group consisting of acrylic acid,

methacrylic acid, analkali salt of acrylicacid, analkali’

salt of methacrylic acid
N,N-dimethylacrylamide.

3.

A process as set forth in claim 1,

, acrylamide, methacrylamide and

wherein the

polymerization is performed by a reversed-phase

suspension polymerization method.

4.

of the water—-absorbent

Aprocessas set forthinclaiml, wherein the amount

resin to be present during the

This is the replacament sheet

Date: .J/“\}QQ



33 \G‘ﬁﬂs\ L1 A process for preparing a

wat er-absﬂmmmu by poI ynmerization of a water-soluble ethylenic
unsat ur at H"il sing the step of

-35- Substitute sheet — 1 November 2000

polymerization is 1lwt% to 100wt% with respect to the
water—-soluble ethylenic unsaturated monomer.
5. A process as set forth in claim 4, wherein the
'water-absorbent resin to be present during the
polymerization is at.least one selected from the group
coné'isting of a hydrolyzate of a graft copolymer of starch
andacrylonitrile,aneutralizedgraftcopolymerofstarch
and acrylic acid, a saponified copolymer of vinyl acetate
andacrylicacidester,partiallyneutralizedpolyacrylic”"
acid, a copolymer of maleic anhydride and isobutylene,
énd a polymer of a water—-soluble ethylenic unsaturated
monomer.
6. A process as set fofth in claim 5, wherein the
polymer of the water-soluble ethylenic unsaturated
monomer is at least one selected from ﬁomopolymers and
_co-éolymers; .of monomers selected from the group donsistin-g'"
kj' of aérylic apid, methécrylic acid, an alkali salt of
acrylic acid, an alkali salt of methacrylic acid,
acrylamide, methacrylamide and N,N-dimethylacrylamide.
7. A process as set forth in claim 4, wherein the
water-absorbent resin to be present during the
polymerization is of the same type as the water-absorbent
resin resulting from the polymerization of the

water-soluble ethylenic unsaturated monomer.

8. A process for preparing a water—-absorbent resin

This is the replacement sheet
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pol yner i jlﬂi,iﬂt he wat er-sol ubl e et hyl eni ¢ unsat urated nononer in the

. presence Mmm’ m”mlfent resin having a water-absorbing rate
differen of a water-absorbent resin resulting from

pol ymer i zati 6n " S off the water- solypl e et hyg&gﬁﬁmgaummwnmanr
wherein, a water-absorbing tinme of .the wat er - absorbent resin to be

present during the pol yrreri zation is less than 10 seconds or | onger
t han 20 seconds. A process as set forth in claiml,

mgrggre&%dpf’}é’r‘ﬁﬂégt“’% u(p%e e%’g)élegnlscowg?_lgurqu@lgﬁggrrer is at |east

4 ol | fgroup consisting of acrylic acid met hacrylic
acid, an al kalisalt r sgkt. of nethacrylic
aci d, acr‘wgﬁtalrate h%‘%?l am ije&)ﬁlgr%'ré laAé{aJﬁlhe met hy‘lggcr yl am de. Y

3. A process }Sr}ezﬁérg.ﬂgf %‘lﬂagae&ﬁ@bmsl’sd’mfbﬂ tc,Jla‘fi'ltaJ.nJ.nngﬁl'yeEﬂ?r' zation -

I's perforned by erse

water—soluble ethylenic unsaturated monomer'dissolyed

therein and a water—absorbent resin having a

water—absorbing rate different from that of a

water—-absorbent resin resulting from polymerization of
(O the water—soluble ethylenic unsaturated ﬁonomer;

adaing the aqueous solution to a hydrocarbon

solvent and dispersing the agqueous solution therein; and

heating the hydrocarbon solvent containing the
agqueous solution dispersed theréin to polymerize the
water—solubleethylenicunsaturatednmnomeréontainedin
ﬁhe aqueous solution, |

wherein, a water-absorbing time of the

water—absorbent resin contained in the aqueous solution

- is less than 10 seconds or longer than 20 seconds.

9. A process as set forth in claim 8, wl_'lerein at least
one of a surface active agent and a polymer protective
colloidispreliminarilyaddedtothehydrocarbonsqlvent.
10. Aprocessassetforthinclaims,whereintheamount.
6f the water—absorbent resin'contained in the agqueous
solution is lwt% to 100wt% with respect to the
~water—soiuble ethYlenic unsaturated monomer.

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

This is ihe replacement sheetl
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suspensmn——porl'—yﬁe*r—r—zat—n—eﬁ—ﬁet hod. - 4. A processas set for thin

claim 1, of the water-absorbent resin to be present.
during th ]mj !, - 35- polymerization is Iw%to
100wt % wi wat er - g8| ubl e

b heb'LSANGYEhSE 2000
nononer . : A process as set forth I n e;‘Ihiab}é{rln E, ergﬁﬁ t he

wat er-absorbent resin to be present during the pol yneri zation is at
| east one selected fromthe group consisting of a hydrolyzate of a

ggg;fyﬁgfo% §i§ﬁ£ g%%q resif“ggg{ ER”'tEhﬁ%he 5%3&5&%'589u% ¥
is at least one selected from the group consisting of a
hydrolyzate of a graft copolymer of starch and

acrylonitrile, a neutralized graft copolymer of starch
and acrylic acid, a salxponif.ied copolymer of vinyl acetate
andacrylicacidester,partiallyneutralizedpolyacrylic
acid, a copolymer of.maleic anhydride and isobutylene,

and a polymer of a water-soluble ethylenic unsaturated

monomer.

-

12. A process as set forth in claim 11, wherein the
polymer of the water-soluble ethylenic unsaturated
monomer is at least one selected from homopolymers apd
_copolymersofnmnomersselectaﬂfrmnthegroupconsisting
§f acrylic acid, ﬁethacrylic acid, an alkali salt of
acrylic acid, an alkali salt of methacrylic acid,
aéfylamidg, methacrylamide and N,N—dimethyiacrylamidé;
k/' 13. A process as set forth in claim 10, wherein the
water—absorbent resin contained in the aqueous solution
is of the same type as the water- absorbent resin resultlng |
from the'polymerization of the water—-soluble ethylenic
unsaturated monomer.
14. A process as set forth in claim 8, wherein the
agqueous solution further contains a crosslinking agent.
15. A process as set forth in claim 14, wherein the

amount of the crosslinking agent to be used is 0.00lwt%

This is the rep\acement sheet



and acr ytH-e—acid, _a saponified copol ymer of vinyl acetate and acrylic
aci d ester| Eartlally neutral i zedpol yacrylic acid, a copol yner of

mal ei ¢ a er'mﬂm'wmrt%ﬁgremr and a pol yner of a water-soluble

ethyl cold] SHHRAQEARECS] N6Verkisti 200G N
claimb5, wherei h the s+ pol ymer of tl%e water-sol ubl e e? hyl enlec

unsat ur at ed nononer is at | east one selected from honopol yners and
copol ynmers of nonomers selected fromthe group consisting of acrylic acid,

22%222;5::% gfld% %Qéﬂlggéefgktgg:th wa ey é%?@ﬁi , Ahl &Rl salt of

hacr i"am de  an
N, N- di rreth Iacr‘yl am %emo o A process as set forth in claimi4,
mhFreln_t ter-a sorBent resin to be present during the
pol ymeri zat onls of th Ly t sQrent n
resul ting rom t h3 BoPyner oﬁge?%rtl%\,\? ‘%&g?e%- sol u?)legtetrhe;SﬁEN C

unsaturat%g m)nfymern.zatlon of a water-soluble ethylenic
unsaturated monomer, comprising the steps of:
adding an aqueous solution containing the
water—-soluble ethylenic unsaturated monomer to a

o/ hydrocarbon solvent and dispersing the aqueous solution

therein;’

adding a wafer—absorbent resin having a
water—-absorbing rate different from_that of a
water-absorbent resin resulting from polymerization of
the water-soluble ethylenic unsaturated monomer to the
hydrocarbon solvent which contains the agqueous solution
dispersed therein; and

| he;ting the hydrocarbon solvent containing ﬁﬁé
U/ aqueous solution and the added water—-absorbent resin to
polymerize the water-soluble ethylenic unsaturated
monomer contained in the aqueous solution,

whe:ein, a water—absorbing time of the

water—absorbent resin added to the hydrocarbon solvent

is less than 10 seconds or longer than 20 seconds.

17. Aprocess as set forth inclaim 16, wherein at least
one of a surface active agent and a polymer protective

colloidispreliminarily added to the hydrocarbonsolvent.
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8. A pT‘OCEsLs—f—ef-ﬁiLepaMQ a Water-absorﬁ_bent resin

- 36- | on of a water-soluble ethylenic unsat ur at ed
. monormer @ﬂ Hﬂ& ps of : prepari ng an aqueous sol ution
contai ni ng I e et hyl eni ¢cgginsat ur a,GeitiieIRdEeL 1%%%00

therein and a water-absorbent resin having a water-absorbing rat
different fromthat of a water-absorbent resin resulting from
pol ynmeri zati on of the water-sol uble ethylenic unsaturated nononer;

adding thegaducoug SELULIN 10 2 DVHLOWN BAD < 38Kes AWhdbeRsy Y the
- amount of the water-absorbent resin added to .the
hydrocarbon solvent is 1lwt% to 100wt% with respect to the
water-soluble ethylenic unsaturated monomer.

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

is at least one seleéted from the group consisting of a
hydrolyzate of a graft copolymer of starch and

acryloniﬁfile, a neutralized graft copolymer of starch _

and acrylic acid, a saponified copolymer of vinyl acetate
andac;ylicacidester,partiallyneutralizedpolyacrylic
acid, a copolymer of maleic anhydride and isobutylene,
and a polymer of a water—soluble ethylenic unsaturated
monomer.
20. A process as set forth in claim 19, wherein_fhe
pdiymer of_the water-soluble ethylenic unsaturated
YR monomer is at ieast one selectea from homopolymers and
copolymers of monomers selected from the group consisting
of acrylic acid, ﬁethacrylic acid, an alkali salt of
acrylic acid, an alkali salt of methacrylic ac1d
acrylamide, methacrylamide and N,N?dimethylacrylamide.
21. A process as set forth in claim 18, whérein the
water—-absorbent resin added to the hydrocarbon solvent
is of the.same type as the water—-absorbent resj.n resulting

from the polymerization of the water-soluble ethylenic

This is the replacement sheet
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heat i ng tm\hydu%nt cont ai ni ng the aqueous sol ution di spersed
therein t nerize

ter-sol ubl e ethyl eni ¢ unsaturated nononer

c?ntﬁined solutlon wherein, a water-absorbing tine
o] e wa |n cont ai ne |n the A S -
than 10 seconds 'or L ors 4 Sﬁt&éﬁﬁﬂésh%@ﬂ | NeRemhat J00g:

than 20 secon : A process as set forth in
claim8, wherein at |east one of a surface active agent and a pol yner

2Lotective co}loid i sprelimnarilyaddedto the hydrocarbon solvent. 10.
rocessas set orth| clai nB, wherein the anount of the water-absorbent
resin coMBPAEYLAFSHm2BIBSF solution is 1w %to 100wt % with respect to

T8 el o E R O TR B, weEETER S
aqueous solutioncontaining the water—-soluble ethylenic
unsaturated monomer further contains a crosslinking
agent.

- 23. A process as set forth in claim 22, wherein the
amount of the crosslinkiné agent to be used is 0.001lwt%
KQ to 5wt% with respect to the water—-soluble ethylenic

unsaturated monomer.

24, A proceSs for preparing a water-absorbent resih
by polymerization of a wate?—soluble ethylenic
. unsaturated monomer, comprising the steps of: 
polymerizing the water—soluble ethylenic
unsaturated monomer to afford a_slurry; and -
further adding the water-soluble ethylenic
uaeaturatee.monomer to the slufry, and polymerizing tﬂe
U/ added waﬁerfsoluble ethylenic unsaturated monomer,
| wherein, in at least one of the aforesaid steps,
the polymerizationis allowed to takeplace in the presence
of a water—-absorbent resin having a water—absorbing rate
different from that of a water—absorbent resin resulting
from the polymerization of the water—soluble ethylenic
unsaturated monomer..
25. A process for preparing a water-absorbent resin

by polymerization of a water-soluble ethylenic

‘This is the replacement sheet
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-37-

I : mater- resin contalned in the aqueous solutlon s at
east o

Copoly
starch and -aoy

acrylonltrlle a neutralized graft copol yner of

Eﬁ@ from the group consisting of a hydrolyzate of a graft
Yln a saponi fi ed4gopol ynegyifid dhékt 2L RbRérber2000

acrylic acid ester, paFtlaIIy neutralized polyacrylic acid, a copolyner of
med ei ¢ anhydri de and i sobutylene, and a polyner of a mater-soluble

et hyl eni ¢ unsaturated nononer. 12. A process as set forth in claim 11,
wherein the

at

o1 e BB O e el Bl £ BT e st 0 ronorer
polymerizing the water-soluble ethylenic
unsaturated monomer to afford a-slurry;_and
adding to the slurry the water-soluble ethylenic
unsaturated monomer preliminarily mixed with a
water—absorbent resin having a water-absorbing rate

different from that of a water—absorbent resin resulting

\— from the polymerization of the water-soluble ethylenic

unsaturatéd monomer, and polymerizing the added

-

water-soluble ethylenic unsaturated monomer.

26. A water—-absorbent resin prepared by a process as

recited in claim 1.

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

recited in claim 8.

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

recited iﬂ_claim 1l6.

W 29. A water-absorbent resin prepared by a process 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 water—absorbent resin component having a

water—absorbing time of less than ten seconds; and

a second water—absorbent resin component

compoundedwiththefirstwater—absorbentresincdmponent

‘This is the replacement sheet
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'cc')po'l lyrrerscm\(\n'rmae&mt ed fromthe group consisting of acrylic acid,
nmet hacryl i ” an al salt of acrylic acid, an alkali salt of
rret hacryl Im ﬁw’ Qz, met hacryl am de and N, N-di met hyl acryl am de.

a

A pfbces th in clai m_39. ~wher egybstifie: sheetl-e1 Nabentid? 2000
re5| n cont ai ned |n "the eous solution is of the sane type as the

- wat er-absorbent resin resulting fromthe polynerization of the
wat er - sol ubl e et hyl enic unsaturated nononer. 14. A process as set forth

0. claim By Ber el 0t 08 AUIC0NS o SULUHPN Tl Y LORLBINS a1 965! I NKi Ng
agent . ; unt of

t he cross seglélnr}psfigent to be used is 0.001wt %

~ This is the replacement sheet
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- 38- to 5wt % with respect to the water-sol uble et hﬂ?}a@i 4)&)@\»5@ ur at ed
nononer. 16. ‘A process for preparing a water-absorbent ' by =
pol yneri zation of a water-soluble ethylenic unsaturatedt' ner, '

conprising the steps of: addi'ng an a§ubstifsite sheet or2Q Gabrvany 29Qhe
wat er - sol ubl e et hyl eni ¢ unsaturated nononer to a hydrocarbon solvent and

di spersing the agueqys sot&tH8Rcd RF€hNone aspecfddiENd e ok &5eaksor bent
resin having a water-absorbing rate different fromthat of a '

wat er - absor by e heidh | oewb FeNg sf quaxmia&eai BRbicls Dff ok e rupbdrimel abl e
et hyl eni ¢ unsaturated nonomer to the hydrocarbon solvent which contains
the aqueous $otHFL-QhsdhSERES @@ SiNENSY NpoARtherization of a water-
soluble ethylenic unSaﬁurated monomer, which comprises
’ ‘the étep of polymerizing the water-soluble ethylenic
unsaturated mon_bmer in the presence of a water-—absorben_t
' resin having a water-absorbing rate different from that

- of a water-absorbent resin resulting from

polymerization of the water-soluble ethylenic

unsaturated monomer.

_In,ajpreferredxnode of the present invention, the-
polymériZétibn is perférmed by a.reversed—phase
suspension polymerization method.

| In accordance with another aspect of the present
invenﬁion, fhere is proéided a process for prepariné a
water—absorbenf resin by polymerization of a wgter— |
soluble efhylenic.unsaturated monomer, which compriseé
the steps of: preparing an agueous solution containing
the wafer-soluble ethylenic unsaturated monomer
dissolved'thereih.and a water-absorbent resin'having a
wateréébsorbing rate different from that of a water—

absorbent resin resulting from polymerization of theh

REPLAGEMENT SHEET
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Heating'the hydr ocar bon sol vent containing the 'aqueous solution and the
added wat er - absorbent resin to polynerize the water-soluble ethylenic

unsaturated nononer contained in the agueous sol ution, wherein, a
wat er - absorbing tinme of the water-absorbent Subsmmntadﬂedt +@0 Febh.sadv (mebon--
solvent is |less than 10 seconds or |onger than 20 seconds. A

process as SELrLartiyify ol aLiientier ShOadly LSk nBABe ,degago fge_acti ve

agent and a po yner ectrve 'S pre I'm narily ad

hydrocarbon,églvgaP eous solutlon:¥% a hyﬁ%ocarﬁﬁgr98§$%ﬁ§ sfik forth in

ckaim 16, wherein
dispersing the aqueous solution therein; and heating the

‘hydrocarbon solvent containing the agqueous sQlution
. dispersed therein to polymerize the water-soluble
ethYlenic ‘'unsaturated monomer contained in the aqueous

solution

In accordance with further another aspect of the
preSent in&ention, there is provided a process for
preparing a wafer—abéorbent resin by polymerization of -
é water-soluble ethylenic unsaturated monomer, which
comprises the stéps_of: aading an aqueous solution
containing the WaterFsblublé”ethylenic.unsaturatgd
monomer to a hydrocarbon solvent aﬁdldispersing the

aqueous so_lution therein; adding a water-absorbent resin
havingla wéter—absorbing rate different from that
of a water—absérbent'resin rééulting from
polymerization_of the water—-soluble ethylenic
~unsaturated monomer fo'the hydrocarbon solvent whiéh
contains the équeous solution dispersed therein; and
heétinglthe hydfocarbon solvent containing the aqueous
solution and the added water-absorbent resin to

polymefize the water-soluble ethylenic unsaturated
REPLACEMENT SHEET
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anount of the water-absorbent resin added to.the hydrocarbon solvent is
. Iw%to 100wt % w th respect to the water-soluble ethylenic unsaturated
nononer. 19. A process as set forth i-n claim 18, wherein the:

wat er - absorbent resin added to the hydrocar bSaobstitutesheet s 200 Febamry 2001
selected fromthe gr0up consisting of a hydrolyzate of a graft copol ynmer

of starch ang,ahed ol %iﬁedal'}fa”éﬂé" éﬁ%&f@féoiee@aﬂmr L@ﬁm@ ‘and

copol ymer

acryl|c aC| ) a sapo
aci dester, L L
anhydri de a '

unsat ur at ed ;
the pol ynmer™

| east one sai&_ég&hﬁuﬂglhonnpolyners and

'In accordance with still another aspect of the

| ny acetate anda 1 C

present invention, there is provided a process f£or
preparing a water-absorbent resin by polymerization of

a water-soluble ethylenic unsaturated monomer, which

| R REPLACEMENT SHEET]
20 FEB 2001




copol ymers of nononers selected fromthe group consisting of acryllc aci d,
met hacrylic acid, an alkali salt of..;dacrylic acid, an alkali salt of

nmet hacrylic acid, acrylam de, nethacrylanrde and N, N-di met hyl acryl am de.
21. A process as set forth in claim 18, whSubstitutésheest-c20 &Fobruarg2001 .
resin added to the hydrocarbon solvent is of the sanme type as the -

wat er - absor benle &5t N heewWtlildl, 4T REtE1e 91 YBRE! é%tﬂﬂbﬂict he

-wat er - sol ubl & et hyl eni c

unsat.ur at ed WNHHEﬁratéa mor{omd PCESS pd 3§ﬁ§ri?éhh'd1fH@Jﬁ}é§eﬂME”5?n the

agueous sol ution containing the water-s et hylenic
a water- absorbent resin having a water- absorbing rate

different from that of a wa_ter—absorbent resin resulting
_from'polymerization of the water-soluble ethY}enic
unsaturated monomer. Thus, a water—absorbent resin'can
.be prepared in which there is a cqmpound of the two
compon;nts of ‘water-absorbent résin having different
water—-absorbing fateé, i.e., a coﬁpound of the
waterFabsorbent reéin reSulting_from the polymerization
. of the watér—soluble ethylenic unsaturated monomer and
the w#tef*absorbent resin present in the polymerization
reaction system. The water—-absorbent resin thus
preﬁared ensuies the reduc¢tion in_the'release amount of
liquid as.well as the increaée'in'the liquid
diffusibility. |

A water—absorbent resin according to the present

invention comprises a first water-absorbent resin

Since the water-absorbent resin contains the

 [REPLACEMENT SHEET
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unsaturated nmononer further contains a crosslinking agent - 23. A
process as set forth in claim?22, wherein the anount of the crossllnklng
agent to be used is 0.001wt % to 5wt% with respect to the water-sol uble
et hyl eni.c unsaturated nononer. 24. A pr oSabstitute sheepar2(§ebruary 2001
wat er - absorbent resin by polynerization of a water-soluble ethylenic

unsaturated FRRQIEryy §OUBLLHI G4 H8rShBRS Hent res1nFEB ﬁsﬁeﬁﬂglthe

wat er - sol ubl e ethylenic unsaturated nononer to afford a slurry; and

furth ddi | | d
ur ther - addi ggvtytr}r@%tfte%%n%gaattut\s@&b $95°LMRBE0 PPROFBEL 11

skurry, and I zing the ded water-s Yl eni ¢ unsat urated

monomner, in th@‘ireqehdsénaxﬂfb h%a%tf qQignPiatde wloresa @h%t ﬁ%reaége

polynerlzatlon i's all owe aEe pl'ace 1'h the presence o0

wat er - absorbgﬂtEH%”fh&ﬁ!ﬂn%f%ﬁﬁgfﬁl§g%ww%iﬂ bal @nsured. '
The foreg01ng and other objects and effects will

become  apparent from the following detailed

‘description.

DETAILED DESCRIPTION OF THE INVENTION:

The pelymerization method to be empioyed in the
prepa:atiea processes of the present invention'is ﬂot
particularly limited, but any of various known
polymerization methods such as reversed-phase
suspensioh.polymerization and aqueoﬁs SOlution
polymerization can.be'employed. To preduce a bettef'
effect, however, the reverSed—phase suspension
'pelymerization method is preferably employed.'.The
preparatlon processes will hereinafter be described on.
the premise that the reversed -phase suspen51on
polymerization method is employed.

- The water—soiuble ethylenic unsaturated moﬁomer
" to be.used in the present inventien is not particularly
limited, but any of those generally used for
polymerization'may be employed Examples of specific L

water- soluble ethylenlc unsaturated monomers 1nclude

' REPLACEMENT SHEET
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different fromthat of a water-absorbent resin resulting fromthe

pol yneri zation of the water-soluble:ethyleni-c , unsaturated nononer. 25.

A process for preparing a water-absorbent resin by pol ynerization of a

- water-sol ubl e ethylenic Substitute sheet =20-February 2001

i unsat urated nonomer, conprising the steps of: pol ymeri zi ng the

- wat er-sol uble ethylenic unsaturated Hggqqa*xfo_afford a slurry; and
adding to the slurry the water-soluble ethylenic unsaturated nononer

prel'imnarily nmxed with a water-absorbent resin having a water-absor bi ng

rate . - ' :

‘A procéSs for preparing a wate#—absorbent fesin
.is pfoviﬁgd which enébies tﬁe water-absorbent reéin to
enSuré the reductioh_in the release amount of liguid and
'fhé inéréase in the.liquid diffusibility. Iﬁ the.
preparétion process, tﬁe water—absorbent resin is
preparéd by polymerization of a Watér—solﬁble éthylenic
un§aturated monoﬁer. The polymerization of the
. water-soluble ethylenic'ﬁnsaturated monomer is allowed
to take pléde in the ﬁresence of a water-absorbent resin
having a water-absorbing rate different from that of a

. water—absorbent resin resulting from polymerization of

the water-soluble ethylenic unsaturated monomer. A __

polymerization is performed by a reversed-phase

suspension polymerization method.

REPLAGENENT SHEET.
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different fromthat of a water-absorbent
pol yrer'i zati on of t he water-sol ubj e, et:hyl-eni.c
polydferi zi ng the added wat er-sol ubl e et hyl eni'c unsat ur

resin resulting

fromthe
unsat ur at ed nononer,

A wat er - absorbent resin prepared by a process as recited
A wat er - absorbent resin prepared by @ mpuessSSudgm recited i p‘m | m 8
A wat er - bent resin prepared by = moc;ss&asyﬁ reci ted i arm 16.
A wat er - bent resi nﬁaww% X4t H:mH;I ai m 24.
A wat er - absorbent resin prepared by a process as reC| I n-claim25.
A wat er —abhsorhent..resin r-nrrnnvclnn. a first wafpr-ahanbent re5|n
conponentykiifie an ERAWES WO097/19968
COSF 291/00, 2/32, 2/44, 265/02, 220/06 | Al
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21) ERILGES " PCT/IP96/03454 | (74) fREA

| (54)Title:

(22) EREMEA 1996411 325 H(25.11.96)
@30) EEHT—»

R T-71337752 1995411 A30H (30.11.95) JP

/
(71) HEA CRERR IR ToOBER
Mt 2 -
(SUMITOMO SEIKA CHEMICALS CO., LTD.)JP/IP] ../
T675-01 SeHIRIey RS HEET & 73468 10> 1 Hyogo, (JP)
) RAE . BIV

(75) RAE /IHBA CREICSWTDH)

BBk IE A (FUNIKAKE, Masato)[JP/JP] '

MM NAWATA, Yasuhiro)[JP/IP}

BT (SHIRAKAWA, Magoto)[JP/JP)
5 —(Y AMAMORI, Masakazu)[JP/JP]

AP F(YOSHINAKA, Shioko)[JP/IP]

et sF BNAKAMURA, Morio)[JP/IP]

T672 SERERTHIBE AR IEE
EX{LHR S SB28FTHPI Hyogo, (JP)

=2 T)

#FE+ BHEZEJICHIKAWA, Tsunehiko)
T530 ABAFRRRTTLEKRIZRATI T H 158255
AFRELHMHEIPE Osaka, (JP)

(81) #8EE  CON,KR,G,)1S, BXM4¥3F (AT, BE, CH, DE,
DK, ES, FI, FR, GB, GR, IE;#f,, LU, MC, NL, PT, SE).
AR

EBTMZEAL R

CHRROAEH  BoRIEMIRORE Fik

(57) Abstract
' A process for preparing a water-absorbent resin, which can reduce the amount of back flow of a lxquxd 1o be absorbed and, at the same
time, can enhance the diffusibility of the liquid to be absorbed. The process eompnses conducting the polymerization of a water-soluble
ethylenically unsaturated monomer in the presence of a water-ebserbent resin having a watcr absorption ratc different from that of the
water-absorbent resin prepared by the polymerization of the above monomer. Accordlng to a preferred embodiment, the polymerization is

carried out by reversed phase suspensron polymerization.

PROCESS FOR PREPARING WATER-ABSORBENT RESIN _




wat er - absorbing time of
wat er - absor bent

| ess than ten seconds; and a a second

resi n conmponent

conpéundedwi t ht hefi r st wat er - absor bent r esi nconponent
and having a water-absorbing tinme of |onger than 20 seconds.
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