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1 DESCRIPTIONS PROCESS FOR PRODUCTION OF
WATER-ABSORBENT RESIN 5 Technical Field [0001] The present
invention relates to a process for produgtion of a water-absorbent resin,
and a water- absorbent resin prepared thereby. More particularly, the 10
present invention relates to a method for obtaining a water-absorbent
resin with reduced odor in a process for production of a water-absorbent
resin by reversed-phase suspensigtpalymeszation, and the
water-absorbent resin prepared thereby. i5 Background Art 0002]
Water-absorbent resins are widely used for hygienic materials such as
disposable diapers and sanitary napkins, 20 daily commodities such as
net shedt8Caid indtistriat Rratefals Sich asifdter bloekinghaterais ol
cables. The hygienic materials such as disposable diapers and sanitary
napkins generally comprise a top sheet, a back sheet, a hot melt

adhesive, gn glas_tLi material, a water 25 absorbent resin, pulp fiber, and
LeCanica le . . .
the'like, and a number of synthetic resins and reforming agents are used

‘ﬂ%@iﬁ PCT/JP2007/059066 2 Thus the hygienic materials have some
odor originating from

The present invention relates to a process for
production of a water-absorbent resin, and a water-
absorbent resin prepared thereby. More particularly, the
present invention relates to a method for cbtaining a
water-absorbent resin with reduced cdor in a process for
production of a water-absorbent resin by reversed-phase
suspension polymerization, and the water-absocorbent resin

prepared thereby.

Backgreund Art
[0002]

Water—-absorbent resins are widely used for hygilenic
materials such as disposable diapers and sanitary napkins,
daily commcdities such as pet sheets, and industrial
materials such as water blocking materials for cables.

The hygienic materials such as disposable diapers and
sanitary napkins generally comprise a top sheet, a back
sheet, a hdt melt adhesive, an elastic material, a water-
absorbent resin, pulp fiber, and the like, and a number of

synthetic resins and reforming agents are used therein.
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the raw material components. Since these hygienic materials are worn on
a human body, the odor makes those who wear them uncomfortable even
if it is subtle, and 5 therefore it is desired to develop an odor-free material.
Among the constituents of the hygienic materials, the water-absorbent
resin has a subtle odor originating from the substances used in the
production process, and since the odor tends to diffuse upon absorbing
water, itis 10-epnsidered a be deskahleto reduce thecadarr {6Q03ting from
Known water-absorbent resins used for the hygienic materials include, for
exampie] arpartially-heatratized: product of polyaciydie acid; alseutralized
product of a 15 starch-acrylic acid graft polymer, a hydrolysate of a starch
BRARGHIf S gPafEcHiIYmer, & s&pdrified product ot iRyl mekes those
acetate-acrylic acid ester copolymer, and the, like. [0004] 20 As the

BEceEEF0r prodlictiBh OF-SAEH fiehFafere Absorbert reSin” AN aduectia®

olymerization method, a.reversed-phase suspension polymerization _ .
RO, And he. ke a7 khown bt i 6 £4se of he water-absorbert >

resin prepayed by the reversed:nhase suspgnsion 25 polymerization. - < - tre

method, in which polymerization is performed by suspending a

waterrsolublepanemet i a dispersion JBETHRZ007/059066-3: imediums om
a major cause of the odor is considered to
the substances used in the production process, and since
the odor tends to diffuse upon absorbing water, it is
considered to be desirable to recduce the odor.
(00033

Known water-absorbent resins used for the hygilenic
materials include, for example, a partially-neutralized
product of polyacrylic acid, a neutralized product of a
starch~acrylic aclid graft polymer, a hydrolysate of a
starch~acrvlonitrile graft copolymer, a saponified product
of & vinyl acetate-acrylic acld ester copolymer, and the
like.
[0004]

hs the process for preducticon of such the water-
absorbent resin, an aquecus polymerirzation method, &
reversed-phase suspension polymerization method, and the
like are known, but in the case of the water-absorbent
resin prepared by the reversed-phase suspension
polymerization method, in which polymerization is performed

by suspending a water-soluble monomer in a dispersion

PCT/JP2007/055066
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originate from the dispersion medium. 0005] Known conventional arts for
producing the water- 5 absorbent resin by the reversed-phase suspension
polymerization method include a methogd of polymerizing an
a,Q-unsaturated carboxylic acid and the aqueous alkali metal salt solution
thereof in a petroleum hydrocarbon solvent using a radical polymerization
initiator in the 10 presence/non-presence of a crosslinking agent, in which
rée Sticrosedatty cid estersis usedtas=a pratective calloid agent! (See
Patent Document 1), and a method of polymerizing an a,(3-unsaturated
catsokylic acitrand 826% bywwsightor higtheraqueous alkali metal salt
solution thereof in a 15 petroleum hydrocarbon solvent using a radical
b%%ﬁﬁérization initiator in the presence/non-presence of a crosslinking
agent, in which a polyglycerol fatty acid _ester with an HLB of 2-16 is used

as a sOMPEUEN{(e& “Patent Doctifent 25 it 1H&8E produttion 2=~

é%cﬁhon:&l)oeq{%s 9%9 S%On ngtyfot g O:P er\?g %%telao —th%ds%r’ gﬂ%}%@ Sst{lgnresunant
water-absorbent resins'were not those with'low enough odor. Patent

%)7 1: Japanese Yngxamined Ratent Bublication (Kokah No: 6175 an

702 25 Patent Document 2: Japanese Unexamined Patent Publication

£Kekai) No: 62=PEed/IR200/4959066:4 1172008 the aqueous alkali

metal salt solution thereof in a petroleum hydrocarbon
solvent using a radical polymerization initiator in the
presence/non-presence of a crosslinking agent, in which a
sucrose fatty acid ester is used as a protective colloid
agent {see Patent Document 1), and a method of peclymerizing
an o, B-unsaturated carboxylic acid and a 25% by weilght or
higher agueous alkali metal salt solution thereof in a
petroleum hydrocarbon solvent using a radical
polymerization initiator in the presence/non-presence of a
crosslinking agent, in which a polyglycercl fatty acid
ester with an HLB of 2-16 is used as a surfactant (ses
Patent Document 2), but these production technologies did
not focus on reduction of odor, and thus the resultant
water—absorbent resins were not those with low enough odor.
Patent Document 1:

Japanese Unexamined Patent Publication (Kokai} No. 61-
87702
Patent Document 2:

Japanese Unexanmined Patent Publication (Kokai) No. 62~

PCT/JP2007/059066
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Disclosure of the Invention [0006] 5 An object of the present invention is
to provide a process for production of a water-absorbent resin in which
odor upon absorbing water is reduced, %nd the water- absorbent resin
prepared thereby. [0007] 10 Conventional reversed-phase suspension
polymerization is performed by adding an aqueous monomer solution to a
dispersion medium in which a surfactant is dissolved, followed by
tispersing droplets of the aqueous monomer solution under stirring.
However, the water-absorbent 15 resin prepared by such the
polymerization method had odor originating from the dispersion medium
when it absorbed water. [0008] Since a petroleum hydrocarbon with a
boilingpoitofo20 80ao 308 isigeherally used as the dispersion medium
in the production of the water-absorbent resin by a reversed- phase
%@l@ﬁéﬁsion polymerization method, it was considered that odor could be

reduced by gg'régthe;esgn at a QLgh %eryg%rature higher t%an the boiling
ISPETr?

i J
point SFthe dispersidin 25 Meditim: However. it was found that ‘odor could”

TEARS e oy el oonep) EETUPEONTISE00R o o
cdor upon absorbing water is reduced, and the water-
absorbent resin prepared thereby,.
[0007]

Conventional reversed-phase Suspension polymerization
is performed by adding an agueous monomer sclution to a
dispersion medium in which a surfactant is dissolved,
followed by dispersing droplets of the agueous monomer
solution under stirring. However, the water-absorbent
resin prepared by such the polymerization method had odor
originating from the dispersion medium when it absorbed
water.
o008}

Since a petroleum hydrocarbon with a boiling point of
80 to 130°C is generally used as the dispersion medium 1in
the production of the water-absorbent resin by a reversed-
phase suspension polymerization method, it was considered
that odor could be reduced by dryving the resin at a high
temperature higher than the boiling point of the dispersion
medium. However, it was found that odor could not be

reduced enough by a heat treatment.

PCT/JP2007/059066



10

15

20

25

water-absorbent resin prepared by the reversed-phase suspension
polymerization method failed in reducing odor by 5 heating, and have

found that a small amount of the disperSSion medium is confined in the
particles of the water-absorbent resin. The present inventors have
intensively studied how to prevent the dispersion medium from being
confined in the 10 particles of the water-absorbent resin, and have found
tlmato @ water-absorbent resin with extremely low odor originating from the
dispersion medium, when it absorbs water, is obtained by a

reversét-phase sespensior polynsefizations methcticamprisiag dispersingh e
an aqueous monomer solution in 15 a dispersion medium to which no
waHactant hasbeen addedn dudifpastrfattahtihd thevesakahtemalSion

to disperse the monomer further, and polymerizing, which led to the
TORMIEONSF the pfdsent Taverition™ f0d10] 20 THhats thelfidsentd odor by
invention relates to a process for production of a water-absorbent resin by
%ﬁ 81'%%{%%@1 aavr\}gier-@s‘(%%b eogfhyletrﬁgaﬁ Iyau nssr%ﬁ}r%tegﬁmr)ﬁlonr?on?gr t%the

Iquersed-phase suspension polymerization, comurisingthe fallawing,, ¢

steps of: 25 (A) adding an aqueous solution of water-soluble ethylenically
Hpsaturated menemerto.a petroleum PCT/JP2007/059066 6

hydrocarbon dispersion medium to disperse the aqueous solution in the
dispersine mediddt;t inventors have intensively studied how to
prevent the dispersion medium from being confined in the
particles of the water-absorbent resin, and have found that
a water-absorbent resin with extremely low odor originating
from the dispersion medium, when it absorbs water, is
obtained by a reversed-phase suspensicn polymerization
method comprising dispersing an agueous monomer solution in
a disgpersion medium to which no surfactant has been added,
adding a surfactant to the resultant emulsion to disperse
the monomer further, and polymerizing, which led to the
completion of the present invention.
(00103

That 1s, the present invention relates to
a process for production of a water-absorbent resin by
subijecting a water-soluble ethylenically unsaturated
monomer to reversed-phase suspensicon pcolymerization,
comprising the fcllowing steps of:
(A} adding an agquecus scluticon of water-soluble

ethylenically unsaturated monomer to a petroleum

PCT/JP2007/059066
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(B) adding a surfactant to the emulsion to further disperse the monomer
in the emulsion, and 5 (C) performing the reversed-phase suspension
polymerization using a water-soluble ragdical polymerization initiator,
optionally in the presence of an internal-crosslinking agent. [0011] 10
The process for production of present invention enables the production of
a water-absorbent resin with extremely low odor when it absorbs water.
Best Mode-ton Carping ©ubthenkwention c15[003 2} kethetproeess:fot
production of the present invention, the first step is to add an agueous
solutiohawf watet-rsoluble etydemoaliyeginsaturated monomer to a
petroleum hydrocarbon dispersion medium to disperse the aqueous 20
$Bluti®AGA Bive dispBFsie T hietiurh (stepS(A ERdifiplesOf tHe ther disperse
water-soluble ethylenically unsaturated monomer used in the present
erfiGh G dde TmEREMBFEHAVIAG an“déd group, such as (meth)acrylic
acid [(methacrylc’ denotes both porylic: and methaavlic', 25 andite.. . o

i applies heréinaftér], 5—(meﬁ1e)ac y amide2- r%e%hy]”prop nesultonic
acid and maleic acidand the salts: PGT/1P2007/059066 7. theref; . ¢ o -
nonionic unsaturated monomers such as’ (méth)acrylamide, N,N-dlmethyf
(pethiaerylamide, 21 bygroxyethyl(meth)acrylate-and N-rmethwdali nking
agent.
[GO11]

The process for production of present inventicn

enables the production of a water-absorbent resin with

extremely low odor when it abscorbs water.

Best Mode for Carrving Out the Invention
[00i2)

In the process for production of the present invention,
the first step is to add an aguecus solution oi water-
soluble ethylenically unsaturated monomer to a petroleum
hydrocarbon dispersion medium to disperse the agueous
solution in the dispersion medium (step (A)).

Examples of the water-scluble ethylenically
unsaturated monomer used in the present invention include
monomers having an acid group, such as (meth)acrylic acid
[“{meth)acrylic” denotes both “acrylic” and “methacryiic”,
and the same applies hereinafter], 2-(meth)acrylamide-Z-

methylpropanesulfonic acid and maleic acid and the salts

PCT/JP2007/0590¢6
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(meth)acrylamide; and amino group-containing unsaturated 5 monomers
such as diethylaminoethyl (meth)acrylate and diethylaminopropyl
(meth)acrylate, and the quaternarized compounds thereof. These
compounds can be used alone or in combination by mixing 2 or more
thereof. [0013] 10 Examples of the alkaline compound to be used at the
time when the monomer having an acid group is neutralized to form a salt

ncludeslithiumsodium, PasSsium:, BMMEBIHR.COMBREUNIS; and the like.
[0014] 15 Preferred water-soluble ethylenically unsaturated monomers
inctude) @meth)acrylic:acidl anethesalts thereof hand (méth)acrylaniide, in
view of industrial availability. The monomer concentration of an aqueous
Bulition ot Water-sokible ethylenicalyaursatirassd menomer is from 20%
20 by mass to the saturation concentration. [0015] When the monomer
GG 'didcid YroGis is RéutralZed e the preterred neutrafshtion dediéé i$c
from 30 to 90% by mot of the acid group in the water-soluble_ethylenically
B ARERTa Bl RORGMEt ot 15 IGUBTRT et that Mie T Riaf# Ao debfee

(210080 1Ny 406 b 1o, fiecape 1e FLCLIP2097Eh0000 1t 28l r 2o

group S not under thé neutralization” degree, and thus

thewater-absorptian gapacity becomesow, dtis not preferreddhatithge or in
neutralization degree exceeds

combination by mixing Z or more therect.

t0013]

Examples of the alkaline compound to be used at the
time when the moncmer having an acid group 1is neutralized
to form a salt include lithium, sodium, potassium, ammonium
compounds, and the like.

[(0014]

Preferred water-soluble ethylenically unsaturated

- monomers include (meth)acrylic acid and the salts thereof,

and (meth)acrylamide, in view of industrial availability.

The monomer concentration of an aquecus sclution of
water—-soluble ethylenically unsaturated monomer is from Z0%
by mass to the saturation concentration.

FG015]

When the monomer having an acld group is neutralized,
the preferred neutralization degree is from 30 to 920% by
mol of the acid group in the water-soluble ethylenically
unsaturated monomer. It is not preferred that the

neutralization degree is lowsr than 30% by mol, because the

BCT/JP2007/059066
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90% by mot, because when the monomer is used for hygienic 5 materials,

there is a possibility that problems may occur in its safety and the like.

The aqueous solution of a water-solublg;ethylenically unsaturated

monomer may contain a chain transfer agent, thickener and the like, if it

is needed. 10 [0016] Examples of the chain transfer agent include

compounds such as thiols, thiol acids, secondary alcohols,

Hypaphasphereuys aeidn phosphaseus aeidy add theilike. tThesecutralization

compounds can be used alone, or in combination of 2 15 or more thereof.

{807 cExampleshofthé tkickerier inclbde catboxymetiy cddllnlssezomes  low.

hydroxyethyl cellulose, hydroxypropyl cellulose, methylcellulose,

polyethylérie giRsE ﬁé%cmétac?@@a @@%aﬁéﬁz@atpﬂ%uéﬁ@free exceeds

lyacrylic acid, polyacrylamide, and the like. [0018] Examples of the

g@t’ro}%ﬁrﬁlﬂ drocansot Gset irtha™ 6réSRRPhvention 48 fe didpefsic S7iC
dium for reve rsed 25 phase suspen: i0 m rlzatl include

ali Qthatlc %ydro?érbons hgavm Bt68°car oﬁ %{)meé tich Bais fthexa e,

E’IQT{%PZQQZ/Q;}?OQQQ gﬂ@pﬁq& 2-methylhexane, 3-methylhexane and

n-octane; alicyclic hydrocarbons having 6 to 8 carbon atoms, such as
cyclohexane; metbykcyciopentane and methylcyclohexane; ethylenically

cCCcur

unsaturated monomer may contain a c¢haln transfer agent,
thickener and the like, if it is needed.
[G018]

Examples of the chain transfer agent include compounds
such as thicols, thicl acids, seccondary alcchols,
hypophosphorous acid, phosphorous acid, and the like.

These compounds can be used alone, or in combination of 2
or more thereof.
[G017]

Examples of the thickener include carboxzymethyl
cellulose, hydroxvethyl cellulose, hydroxypropyl cellulose,
methylcellulcose, polyethylene glycel, polyacrylic acid, a
neutralized product of polvacryvlic acid, pelyacrylamide,
and the like.

[0018]

Examples of the petrocleum hydrocarbon used in the
present invention as the dispersion medium for reversed-
phase suspension polymerization include aliphatic

hydrocarbons having 6 to 8 carbon atoms, such as n-hexane,

PCT/JP2007/053066
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and aromatic hydrocarbons such as benzene, toluene and 5 xylene.

[0019] Among these, it is preferred to use a dispersion medium selected
from at least one of the aliphatic hydrocgarbons or alicyclic hydrocarbons
having 6 or 7 carbon 10 atoms, or a mixture thereof, in view of industrial
availability and cost. [0020] The amount of the dispersion medium to be
used is preferably from 50 to 600 parts by mass, more preferably 15 from
BOre40fmartsbymasg: ane further preterably fron b0 t0.200:padts bye ;
mass, based on 100 parts by mass of the aqueous solution of
waterysdlublerethylenallp uasaturdated monontercsincetheeamosnt such as
enables uniform dispersion of the the aqueous solution of water-soluble
etyledieallr 20 uRsaturdted YRCRUTRES 2nd fasiftates Eontrolof g exane;
polymerization temperature. [0021] In the process for production of the

présett ifvehtion " FERABF proteréd résuitts OBEiReE whenthExgyuetts

25 solution of water-soluble ethylenically unsaturated monomer is added
t&' afd Gispersed in the petroleum hydrocarbon PCT/JP2007/059066 10
ggeg);[ﬁion medium in the presence of a polymeric dispersion agent.

]

Among these, it is preferred to use a dispersion
medium selected from at least one ¢f the aliphatic
hydrocarbons or alicyclic hydrocarbons having 6 or 7 carbon
atoms, or a mixture thereof, in view of industrial
availability and cost.

[0020]

The amount of the dispersion medium te be used is
preferably from 50 to 600 parts by mass, more preferably
from 50 to 400 parts by mass, and further preferably from
50 to 200 parts by mass, based on 100 parts by mass of the
agqueous solution of water-soluble ethylenically unsaturated
monomer, since the amount enables uniform dispersion of the
the aqueous solution of water-scluble ethylenically
unsaturated monomer, and facilitates control of the
polymerization temperature.

F00211

In the process for preduction of the present invention,
a further preferred result 1s obtained when the agueous
solution of water~soluble ethylenically unsaturated monomer

is added to and dispersed in the petroleum hydrocarbon

PCT/JP2007/0580¢66
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It is preferred to select a polymeric dispersion agent 5 which can be

dissolved or dispersed in the above petroleum hydrocarbon dispersion
medium as the polymeric dispersion agjeﬁt used in the present invention,

and that with an average molecular weight of 20,000 or less, preferably
10,000 or less, and more preferably 5,000 or less, is 10 exemplified.

Specific examples of the polymeric dispersion agent include malefic
anbyeride modifiet pelyethylane, gnaleisarhygfide medifiedric dispersion
polypropylene, maleic anhydride modified ethylene-propylene copolymer,
mdeic anhydride- ethylene copolymer, malefic anhydride-propylene
copolymer, 15 maleic anhydride-ethylene-propylene copolymer,

boRethylene, polypropylene, ethylene-propylene copolymer, oxidized
polyethylene, oxidized polypropylene, ethylene-acrylic acid copolymer,

ethyl cﬁ‘ful@e,%ﬁﬁﬁw yethyFEIfiffdse? arhydreds maldifateasion agent
polybutadiene, anhydrous maleinated 20 EPDM

B e o Re ot Gap miory RRATRE IS, [ORF2e] ARTEng fekL oo
itis preferred fo use at least ong. selegted fram the group.cansisting of, ; .,
maleic anhydride modified polyethylene, maleic anhydride moditied 25
Relypropylene, malejc.anhydride:medified ethylene-pronylene .copglymer,
maleic anhydride-ethylene copolymer, maleic PCT/JP2007/059066 11
anbydride-propyleniescopelymiee, naeiognhydride-ethyeneppropylenel v
copolymer, polyethylene, polypropylene, ethylene- propylene copolymer,
biidized polyéthylenezand oxidizedreferably 5,000 or less, is

exemplified. Specific examples of the polymeric dispersion
agent include maleic anhydride modified polyethylene,
malelc anhydride modified polypropvlens, maleic anhydride
modified ethylene-propvisne copolymer, malelc anhydride-
ethylene copolymer, maleic anhydride-propylene copolymer,

malelc anhydride-ethylene-propylene copolymer, polyethylene,

.polypropylene, ethylene-propylene copolymer, oxidized

polyethylene, oxidized polypropylene, ethylene-acrylic acild
copolymer, ethyl celluiose, ethylhydroxyethyl cellulose,
anhydrous maleinated polybutadiene, anhydrous maleinated
EPDM (ethylene/preopylene/diene terpolymer), and the like.
[0023]

Among these, it is preferred to use at least one
selected from the group consisting of maleic anhydride
medified polyethylene, maleic anhydride modified
polypropylense, maleic anhydride modified ethvlene-propylene

copolymer, maleic anhydride-ethylene copolymer, maleic

PCT/JP2007/059%066
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polypropylene. 5 [0024] The amount of the polymeric dispersion agent to

be used is preferably from O to 5 parts by mass, more preferably from

0.01 to 3 parts by mass, and further preferably from 0.05 to 2 parts by

mass, based on 100 parts 10 by mass of the aqueous solution of

water-soluble ethylenically unsaturated monomer. It is not preferred that

the amount of the polymeric dispersion agent to be added exceeds 5

Parts Y. Mass, 1SINGE i islessweonamicalmiQe2b} 1edn ihe precessHol ene -
production of the present invention, a surfactant is added to the emulsion
preparednr theoabovenstep (A)ltofurtherdisperseithe aguedeas solutiohiofene -
water- soluble ethylenically unsaturated monomer in the petroleum
hydFacaben dispersiolt medirh{sepd BYR DoctXamples ot e Stifadant
used in the step (B) include nonionic surfactants such as sorbitan fatty

Bieid st Yp&ijéxyethylene sorbitan fatty acid ester, polyglycerin fatty
E@iﬂﬁsﬁter’ polyoxyethylene glycerin fatty acid ester, sucrose fatty acid

ef, sorbitol fatty 25 acid ester, polyoxyethylene sorbitol fatty acid ester,

polyoxyethylene alkyl ether, polyoxyethylene alkylphenyl,, -qent o be
PCT/JP2007/059066 12 ether, polyoxyethylene castor oll,

polyexyethylene-hardened: castor ail, atkyjallylformaldehyde capdensed
polyoxyethylene ether, polyoxyethylene polyoxypropylene
preferably from 0.01 to 3 parts by mass, and further
preferably from 0.05 to 2 parts by mass, based on 100 parts
by mass of the acgueous solution of water-soluble
ethylenically unsaturated monomer. It 1is not preferred
that the amount of the polymeric dispersion agent to be
added excseds 5 parts by mass, since it is less economical.
(06251

In the process for production of the present invention,
a surfactant is added to the emulsion prepared in the above
step {(A) to further disperse the agueocus solution of water-
soluble ethylenically unsaturated mecnomer in the petroleum
hydrocarbon dispersicn medium {step (B)).

Examples of the surfactant used in the step (B)
include nonionic surfactants such as sorbitan fatty acid
ester, polyoxyethvlene sorbitan fatty acid ester,
polyglycerin fatty aclid ester, pcolyoxyethylene glycerin
fatty acid ester, sucrose fatty acid ester, sorbitol fatty
acid ester, polyoxyethylene sorbitol fatty acid ester,

polyoxyethyvlene alkyl ether, polyoxyethylene alkylphenyl

PCT/JP2007/058066
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alkyl ether, polyethylene glycol fatty acid ester, alkyl 5 glucoside, N-alkyl
gluconamide, polyoxyethylene fatty acid amide and polyoxyethylene
alkylamine; and anionic surfactants sugh,as fatty acid salts, alkylbenzene
sulfonate, alkylmethyl taurate, polyoxyethylene alkylphenyl ether sulfate,
polyoxyethylene alkyl ether sulfate, 10 polyoxyethylene alkyl ether sulfonic
acid and the salts thereof, polyoxyethylene alkylphenyl ether phosphoric
@acick: anddbe salts thereot endqaalyexyethylene alkybethet iphosphorie rdened
acid and the salts thereof. The surfactants can be used alone or in
coribimatiohLef twbrorimoéreythefeofnd 50026} Among tiesedsurfactants, at
least one selected from the group consisting of polyglycerin fatty acid
BRterO%sIRIds LAt atlid édter HAY SoMbItaN Al BRI EStBF 8y PrcTRi 8
view of a dispersion stability of the agueous 20 solution of water-soluble

Epienit AP ansattraf&d morigher % dmotiht 8f the strfattdit 1o ek Y1
used in the step (B) is preferabl qfﬁrgﬂmﬂ%Ol to 5 parts mass, aq(ja ore_ .
TS ror 0D s e e G sty hac by 2019

referably from parts by mass, based bn y mass

1he agueous salution of waterssluble 25 ethylenically ungaturated

monomer. It is not preferred that the amount of the surfactant to be added

is less than (RCEIP2004/059066 13- 0:0% parts by mass) sicedhe

dispersion stability of the aqueous monomer solution becomes low, while

this fioh preferetithattherarmountiexceedsboparts:py masssincarit ky iphenyl
ether sulfate, polyoxyvethylene alkyl ether sulfate,
polyvoxyethylilene alkyl ether sulfonic acid and the salts
thereof, polyoxyethylene alkylphenyl ether phosphoric acid
and the salts thereof, and polyoxyethylene alkyl ether
phosphoric acid and the salts therecf. The surfactants can
be used alone cor in combination of two oi more thereof.
[0026]

Among these surfactants, at least one selected from
the group consisting of polygiyvcerin fatty acid ester,
sucrose fatty acid ester and sorbitan fatty acid ester is
preferred, in view of a dispersion stability of the agueous
solution of water-soluble ethylenically unsaturated moncomer.

The amount of the surfactant to be used in the step
(B} is preferably from 0.01 to 5 parts by mass, and more
preferably froem 0.05 to 3 parts by mass, bkased con 100 parts
by mass of the aguecus solution of water-scluble

ethylenically unsaturated menomer. It is not preferred

that the amount of the surfactant to be added is less than

PCT/JP2007/059066
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is less economical. 5 [0027] The form of the surfactant to be added in the
step (B) is not particularly limited, but it is preferred to use after diluting
or dissolving the surfactant in a small amount of the dispersion medium
thereby bringing about the 10 dispersion stability in a short time. Also, the
above-mentioned polymeric dispersion agent may be added in the step
(B), in addition to the surfactant. [0028] When the polymeric dispersion
@agent is:addedtogathes , 15 withdhe isarfactant tbe amaumni it beaddetl the
thereof is preferably from .0 to 5 parts by mass, more preferably from
&0keto 8 parsdyanass -andiforthee preferabhefrom @05 etoi parts byt
mass, based on 100 parts by mass of the aqueous solution of
Wtéresdltible dthylehicallp Bfsatrae e ZoimonoRTef. I8 ifnotfréferre o 1t
that the amount of the polymeric dispersion agent to be added exceeds 5
PArs BY° nfasY 58LAGES it is less economical. It is also preferred to use
E lymeric dispersion agent in a state that the dispersion agent has

een dissolved or dispersed in a small 25 amount of the dispersion

medium, undeg fipat in adyance. therey, bringing about dispersion, stability, g
in a short time. PCT/JP2007/059066 14 [0029] In the process for

preoductiop of the:present inventierd thergversed-phase suspension, use
polymerization is performed

after diiluting or dissolving the surfactant in a small
amount of the dispersion medium thereby bringing about the
dispersion stability in a short time.

Also, the above-mentioned polymeric dispersion agent
may be added in the step (B), in addition to the surfactant.
[0028]

When the peolymeric dispersion agent 1s added together
with the surfactant, the amount to be added therecf is
preferably from 0 to 5 parts by mass, more preferably from
0.01 to 3 parts by mass, and further preferably from 0.05
fo 2 parts by mass, based on 100 parts by mass of the
aquecus solution of water-sclubkle ethylenicaliy unsaturated
menomer. It is not preferred that the amcunt of the
polymeric dispersion agent to be added excseds 5 parts by
mass because it is less economical. It is also preferred
to use the polymeric dispersion agent in a state that the

dispersion agent has been dissclved cor dispersed in a small

amount of the dispersion medium under heat in advance

thereby bringing about dispersion stability in a short time.

PCT/JP2007/059066
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on the emulsion prepared in the above step (B) optionally 5 in the

presence of aninternal-crosslinking agent, using a water-soluble radical
polymerization initiator to obtain a watej-absorbent resin (step (C)).
Examples of the water-soluble radical polymerization initiator include
persulfates such as potassium persulfate, 10 ammonium persulfate and
sodium persulfate; peroxides such as hydrogen-peroxide; and azo
conmpwunds such as 2,2'- azobis(2-amidinopropane) dihydrochloride,
2,2'-azobis[N-(2- carboxyethyl)-2-methylpropionediamine] tetrahydrate,

2,2'- dzobisE -imino4-pyrrdlidino2>mettiylpropane ) 1§ dinyerschiorde and 1on,
2,2'-azobis[2-methyl-N-(2- hydroxyethyl)-propioneamide]. 0030] Among
s el potassiin Persiifate SfmoARIMm Perstifate, 2séditm perstfdtecrmed
and 2,2'-azobis(2-amidinopropane) 20 dihydrochloride are Preferred, in

Viewr B afditabiity And “Faifding . THe WateASSIUBleTatkal poly e atign 1Y

initiator may_be used as a redox polymerization initiator together with a .
18d0Cig BOEAEh S sifte A Sech b st 78 [0U31] THE amfouhtgte ®

the waterzsaluble radigal palymerization PGT/IP2007/059066. 15 inifiatar: .,

to be used is generally from 0.01 parts to 1 part by mass, based on 100
pars byJnass-pithe water-soluble. ethylenically unsaturated monomer. It

is not preferred

Examples of the water-solubkle radical pelymerization
initiator include persulfates such as potassium persulfate,
ammonium persulfate and sodium persulfate; peroxides such
as hvdrogen peroxide; and azo compounds such as 2,27 -
azobis (Z-amidincpropane) dihydrochloride, 2,2 -azobis[N-{Z-
carbozyvethyl)-2-methylpropionediamine] tetrahydrate, 2,2'~-
azobis(l-imino-l-pyrrolidino~-Z2-methylpropane) |
dihydrochloride and 2,2"-azobils[2~-methyl-N-(Z2-
hydroxyethyl)~propioneamide] .
[0030]

Among these, potassium persulfate, ammonium persulfate,
sodium persulfate and 2,2’ =-azobls (2-amidincpropane)
dihydrochloride are preferred, in view of availlability and
handling.

The water~scluble radical polymerization initiator may
be used as a redox polymerization initiator together with a
reducing agent such as sulfite and ascorbic acid.
[0031]

The amount of the water-soluble radical pceclymerization

PCT/JP2007/05%06¢6
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that the amount is less than 0.01 parts by mass, since the 5

polymerization degree becomes low, while it is not preferred that it

exceeds i part by mass, since an abrupt, polymerization reaction occurs.
0032] The timing when the water-soluble radical 10 polymerization

initiator is added is not particularly limited, but it is preferred to add the
initiator in advance to the aqueous solution of water-soluble ethylenically
unpsatusated menemen {0033% -if &xamples of therinteroal-gresslinking 1 part
agent to be used, if it is needed, include polyols such as (poly)ethylene
olycokpoly) derotesboildy Cages with e dhwithout fhe Hprefie ok ipodyy] ande
the same applies hereinafter], 1,4- butanediol, glycerin and trimethylol
propake bRl 20 unsatErated esters BavIFRI2 or moreé vinyPgravipslerred
prepared by reaction of polyols with unsaturated acids such as acrylic
atftand metfsthjiic A8dhigacrylfnides Stckagts by mass, since the
N,N'-methylenebisacrylamide; polyglycidyl compounds having 2 or more
RIS B SUH 46 (5ol BSTaReCgly 651 25 BN Eich T ether 0~

%g%@&%@é&”%%@oh‘?{‘gw&dé’% ginet, Apo)abeerD AOVEIHLENEE anrupe

oly)giycerin triglycidyl PCT/h ther, (poly)propylene
$B99h@®yg%(EWhetP@g and pobyglyeerol polyglycidyl ether, and the like.
[

hese internal-crosslinking agents can be used alone or in
0G32)

The timing when the water-scluble radical
polymerizetion initiator is added is not particularly
limited, but it is preferred to add the initiator in
advance to the agueous solution of water~soluble
ethylenically unsaturated monomer,

[0033]

Examples of the internal-crosslinking agent to be used,
if it is needed, include polyols such as (polyjethylene
glycol [{poly} denotes both cases with and without the
prefix of “poly”, and the same applies hereinafter], 1,4-
butanediol, glycerin and trimethyvliol propane; poly-
unsaturated esters having Z or more vinyl groups, prepared
by reaction of polyvols with unsaturated acids such as
acrylic acid and methacrylic acid; bisacrylamides such as
N,N’-methylenebisacrylamide; polyglycidyl compounds having
2 or more glycidyl groups such as (pely)ethyvlene glycol
diglycidyl ether, (poly)ethylene glycol triglycidyl ether,

(polyyglycerin diglycidyl ether, (peclylglycerin triglycidyl

PCT/JP2007/05%066
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combination of two or more thereof. 5 [0034] The amount of the internal
crosslinking agent to be added is preferably from 0O to 3 parts by mass,
more preferably from 0 to 1 part by ma S; and further preferably from
0.001 to 0.1 parts by mass, based on 100 parts by mass 10 of the
water-soluble ethylenically unsaturated monomer. It is not preferred that
the amount to be added exceeds 3 parts by mass, since the crosslinkage

isclorned axsessivelypand the watgs-abserptiom capacity deelirgs t0o]
much. It is preferred to use the internal-crosslinking agent 15 in a way

that ithasl beerr added 1o/ theyaqueplsssatution efrwaterssalutle. These
ethylenically unsaturated monomer in advance. [0035] The reaction

terhperatdredop pedformiingthe seversed-aphase suspénsibpne or in
polymerization cannot be determined 20 generally in the present

fivERtion tdifde tvaliss depdiititg 6A € Rihd and amount of the
pg%/merization initiator to be used, but the temperature is preferably from
2010 dlbOC, and more preferably from 40 to 90C. It is not preferred that

the reacfion temperature islawer 25 than 20C, since the polymerization
dogron Doy SENES WHICie B0t Bt ed AT SHos ThOCE Bines b

anBETHIP2007/039066, 1% ;abrupt polymerization reaction Occyrs:

[0036; In the present invention, the reversed-phase

preferably from 0 fteo 1 part by mass, and further preferably
from 0.001 to 0.1 parts by mass, based on 100 parts by mass
of the water-soluble ethvylenically unsaturated monomer. It
is not preferred that the amount to be added exceeds 3
parts by mass, since the crosslinkage 1s formed excessively
and tﬁe water-absorption capacity declines tooc much.

It is preferred to use the internal~crosslinking agent
in a way that it has been added to the agueocus sclution of
water-scluble ethylenicaily unsaturated monomer in advance.
[0035]

The reaction temperature for performing the reversed-
prhase suspension polymerizaticon cannot be determined
generally in the present inventicon, since it varies
depending on the kind and amount of the polymerization
initiator to be used, but the temperature is preferably
from 20 te 100°C, and more preferably from 40 to 90°C. It
is not preferred that the reaction temperature is lower
than 20°C, since the polymerization degree may decline,

while it 1s not preferred that it exceeds 100°C, since an

PCT/JP2007/059066
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suspension polymerization may be performed at the second 5 stage, after
adding the water-soluble ethylenically unsaturated monomer to the
polymerization reaction suspension that completed the step (C). In the
case where the reversed-phase suspension polymerization is performed
in 2 stages, the polymerization reaction suspension is 10 cooled until the
surfactant reaches a precipitation state after completion of the first stage,
apgidben the water: seluble.ethylenically unsaturated monomer is added
in the second stage to obtain particles in a form that the polymerized
paptictds at the first stage are agglomerated. 15 This is preferred because
this method allows particles in a size suitable for an application to
hygienfd'mateials f° PetobtairRdt The antdimt of tie watkrrsohitle
ethylenically unsaturated monomer to be added at the second stage is

DoPrefeTably fFom 5H%6 S0 Parts By hass, BAd horepteferabiy front 166

to 200 parts by mass, based on 100 parts ss of.the water-soluble
S TcAly Shog et mORoRar St LS Tl br Hiing

Pronsr.agglomerated padicles. a5 Ingidentally, when the reversedsphase

suspension polymerization is performed’in 2 stages, the above

PGH/AR2007/059Q66 18nmentioned steps(Ad @andcstep (Bhareperfarmedimere
during the polymerization at the first stage. [0037]

the reversed-phase suspension polymerization is performed
in 2 stages, the polymerizaticn reaction suspension 1s
cooled until the surfactant reaches a precipitation state
after completion of the first stage, and then the water-
soluble ethylenically unsaturated monomer is added in the
second stage To obtain particles in a form that the
polymerized particles at the first stage are agglomerated.
This is preferred because this method allows particles in a
size suitable for an application to hygienlc materials to
be obtained.

The amount ©of the water-soluble ethylenically
unsaturated monomer to be added at the second stage is
preferably from 50 to 300 parts by mass, and more
preferably from 100 to 200 parts by mass, based on 100
parts by mass of the water-soluble ethylenically
unsaturated monomer at the first stage, in view of
obtaining proper agglomerated particles.

Incidentally, when the reversed-phase suspension

polymerization is performed in 2 stages, the above

PCT/JP20CT7/055066
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In the present invention, a post-crosslinking reaction 5 on a surface layer

of the particles of the water-absorbent resin may be performed out by
adding a post-crosslinking agent having 2 or more functional groups,

which has reactivity to the functional groups originating from the
water-soluble ethylenically unsaturated monomer, to the 10

water-absorbent resin prepared in the steps (A) through (C)by the
aforementioned methad. Ehe pesterosslinkingon cthéparticle surface the
layer of the water-absorbent resin enhances various performances such

as water-absorption acapacity inmder prgssuee, water-absorption rate and

gel 15 strength, and provides performances suitable for application to
h{§ienic materials. [0038] The post-crosslinking agent used for the post-
crosslinking reaction is not particularly limited, as long 20 as itis ableto
react with thRSuREtioHaEE group dhgirating FFonT e wafetsoidbigd reaction

ethylenic%llly uns%turated ?onomer us%d }‘: ré@e gglygneriz‘,?atlign.

%&a?np?éis of the poas¥-%"FosOs inﬁfﬁ% fgae% o be Used inc}fﬁde poﬁ/jél_sagusc roent

as ﬁ'i‘y'%%? alycol, propylene glyepl, 25 1 d:butanediol, timethylal ; 1y 5 g

propane, glycerin, po.yoxyethylene glycol, polyoxypropylene glycol and
PLHIP2004/959066, 19pelyglycerin; ;palyalycidyl compaunds:-suchas

(poly)ethylene glycol diglycidyl ether, (poly)ethylene glycol triglycidyl

ether; (pely)glycerin diglycidyltetber; (paly)ghycerinriginating from the
water-soluble ethylenically unsaturated monomer, to the
water-absorbent resin prepared in the steps (A) through
(Cyby the daforementioned method. The post-crosslinking on
the particle surface layer of the water-absorbent resin
enhances various performances such as water-absorption
capacity under pressure, water-absorption rate and gel
strength, and provides performances suitable for
application to hyglenic materials.

[0038]

The post-crosslinking agent used for the post-
crosslinking reaction 1s not particularly limited, as long
as it is able to react with the functional groups
originating from the water-scluble ethylenically
unsaturated monomer used for the peolymerization.

Examples of the post-crosslinking agent to be used
include polyols such as ethylene glycol, propylene glycol,
I,4~butanediol, trimethylol propane, g¢lycerin,

polyexvethylene glycol, polyoxypropylene glycol and

PCT/JP2007/059066
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triglycidyl ether, (poly)propylene glycol polyglycidyl 5 ether and
(poly)glycerol polyglycidyl ether; haloepoxy compounds such as
epichlorohydrin, epibromohydrin and a- methylepichlorohydrin;
compounds having 2 or more reactive functional groups such as
isocyanate compounds including 2,4-tolylene diisocyanate and
hexamethylene diisocyanate; 10 oxetane compounds such as

BSemethyl-3=0xetane aiethanal; 3vethyb3:oxetate methanod, (poly)ethylene
3-butyl-3-oxetane methanol, 3- methyl-3-oxetane ethanol,
Blethyl-3-dketanelethaneidrt 3- Hutyl-3-oxetanecethanoly orazdlines Lycidyl
compounds such as 1,2- ethylenebisoxazoline;carbonate compounds

0Bk As ethyléne I5iRBoRate: TheSE Bdt-GrbaslinkingPagents nigFbeé i
used _alone or in combination of 2 or more thereqgf. Among these,

EB%k%?dﬂ%m%%ﬁas su@ﬁ‘]a%f Wﬁ%e‘%ﬁ}&&% 5@&?&%8&%@%

)eth | riglycidyl.eth | diglycid 20.,
BTk Mg ek (o remyne dyest By BayTeher

éaﬂgegmy%%ehpoggg'gg@gh%@?wslp{ﬁferrsgimﬁwhqf@&ﬁ"%td a-

reactivity. [0039] The amount of the post-crosslinking agent to be added
<21 preferably fromn0.91:t9 5 payts by massnand more preferably fromctive

0.02 to 3 parts by mass, based on 100 parts PCT/JP2007/059066 20 by
massta totallameuntof the waterssalublevethylenicaltyumsatisrated:1uding
monomer used for the polymerization. 0040]

2,4-tolylene diisocyanate and hexamethylene diisocyanate;
oxetane compounds such as 3-methyl-3-oxetane methanol, 3-
ethyl-3-oxetane methanol, 3-butyl-3-oxetane methanol, 3-
methyl-3-oxetane ethancl, 3-ethyl-3-oxetane ethanol and 3-
butyl-3-oxetane ethancl; oxazcline compounds such as 1,Z-
ethvlenebisoxazoline;carbonate compounds such as ethylene
carbonate. These post-crosslinking agents may be used
alone or in combination of 2 or more thereof.

AZmong these, polyglycidyl compounds such as
(poly)ethylene glycol diglycidyl ether, (poly)ethylene
glycol triglycidyl ether, (polylglycerin diglycidyl ether,
fpoly)glycerin triglycecidyl ether, (pcly)prepyiene glycol
polyglycidyl ether and (polylglycerol polyglycidyl ether
are preferred, in view of excellent reactivity.

[0G39]
The amount of the post-crosslinking agent to be added

is preferably from 0.01 to 5 parts by mass, and more

preferably from 0.02 to 3 parts by mass, based on 100 parts

PCT/JP2007/059066
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It is not preferred that the amount of the post 5 crosslinking agent to be
added is less than 0.01 parts by mass, since it fails to enhance various
capacity such as the water-absorption acity under pressure, water-
absorption rate and gel strength of the resultant resin, while it is not
preferred to exceed 5 parts by mass, since 10 it results in excessively low
water-absorption capacity. [0041] When the post-crosslinking agent is
reddedsit may:be Added-asit iogr initbe derne of-an agueeus sakitioniefkinl y
the form of a solution dissolved in a hydrophilic organic 15 solvent, if it is
needed.rExamiptesrofthe hydrophilicr organigsdlyertrincladé dower
alcohols such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl
aldohdl and propylene glycol; ketones such as acetone and methyl ethyl
ketone; ethers such as diethyl ether, dioxane and 20 tetrahydrofuran;

amides sudf¥ a8 NENEFRERRVIRIMERTide - REIFGHIAES Sudt as UimemyF

sulfoxide, and the like. These hydrgphilic organic solvents may be used
aIOTR-Or P CBbRATSN of 2 GFmBTEhares, [0043] F5-Tnd iming of > °F

adino the post osslikigg agent e, poLparticulad I as ong as it -

is adde POT/JP completion of the polymerization. It

{srreferred that the post.erosslinking reagtion is performed in g.drying
process after polymerization in the presence of water in a range of
absorption rate and gel strength of the resultant resin,
while it is not preferred to exceed 5 parts by mass, since
it results in excessively low water-absorption capacity.
[G041]

When the post-crossiinking agent 1s added, it may be
added as 1t is or in the form of an aguecus sclution, or in
the form of a solution disscolved in a hydrophilic crganic
solvent, if it is needed. Examples of the hydrophilic
organic solvent include lower alcohols such as methyl
alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcchol
and propyiene glyceol; ketones such as acetone and methyl
ethyl ketone; ethers such as diethyl ether, dioxane and
tetrahydrofuran; amides such as N,N-dimethylformamide;
sulfoxides such as dimethyl sulfoxide, and the like. These
hydrophilic organic solwvents may be used alone or in
combination of Z or more thereof.

[0042]
The timing of adding the post-crosslinking agent is

not particularly limited as long as it 1s added after

PCT/JP2007/052066
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1 part to 200 parts by mass, more preferably of 5 to 100 5 parts by mass,

. and most preferably of 10 to 50 parts by mass, based on 100 parts by

mass of the water-absorbent resin. Thus, by adjusting the water content

at the time of adding the post-crosslinking agent, post-crosslinkage is

formed more properly on the particle surface layer of the 10

water-absorbent resin, and excellent water-absorption capacity can be
aftaines: {0043} FThe terpparaturein $hd past-crosslinking-eegetiords that the
preferably from 50 to 250C, more preferably from 60 to 15 180C, further
preferably frohi 66 10 440€3 and prost spreterablfesm 120 to IROC.MA theocess
present invention, the drying process may be performed under ambient
DESSTre of Y8RUCeIréssurel of ‘EveR il Aftrofen@thfospheretintange o=
order to enhance the 20 drying procedure efficiency. When the drging

Précess i Spertdrmiti Urider ambigft presstre: e ity terfperatdrd id 7°

referably from 70 to 250C, more preferably from_80 to ,180C, further
B Cteratty 10 80 18 TA0EC Anc st prelerant rom 50 %o 130 Iy i
£ase of feduced 25 pregsure, the diying temperatyre is, preferaply. from.6Q
to 100C, and more preferably from 70 to 90C. PCT/JP2007/059066 22

Themater eantent of thewater-ahsorhent fesie afterdrying: is:20%10s leSsie of
in view of providing fluidity, and preferably 10% or less in general.

adding the post-crosslinking agent, post-crosslinkage 1s
formed more properly on the particle surface layer of the
water—-absorbent resin, and excellent water-absorption
capacity can be attained.

[0043]

The temperature in the post-crosslinking reaction is
preferably from 50 to 250°C, more preferably from 60 to
180°C, further preferably from 60 to 140°C, and most
preferably from 70 to 120°C,

In the present invention, the drying process may be
verformed under ambient pressure or reduced pressure, or
even under nitrogen atmosphere in order to enhance the
dryving procedure efficlency. When the drying process is
performed under ambient pressure, the drying temperature is
preferably from 70 to 250°C, more preferably from 80 to
180°C, further preferably from 80 tc 140°C, and most
preferably from 50 to 130°C. In the case of reduced
pressure, the drying temperature is preferably from €0 to

100°C, and more preferably from 70 to 90°C.

PCT/JP2007/059066
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[0044] 5 The median patrticle size of the water-absorbent resin thus
prepared is preferably from 10 to 300 pm, more preferably from 30 to 200
pm, and further preferably from 50 to 15Q@ pm, when the reversed-phase
suspension polymerization is performed in one stage. It is not 10

preferred that the median particle size of the water- absorbent resin is 10

um or less, since dust is generated when the water-absorbent resin is
handletd}; while the mediar: rparticie sSize ef:300-prl-erdpoEamis Notsin after
preferred, since the suspension stability in the polymerization reaction

‘Arayils becomedowr [0@45], The shape of theowater<absorident resinthusnd

prepared varies depending on the kind of surfactant or dispersion
Fietihehab be uskd, bat gefiérally i §pisericat or amorphous 20 with lots
of irreqularities. It is preferred to apply the method described in the
E)Pé]s% %application to the spherical particles, since it reduces odor
originating from.. the dispersion medium effectively. 25 Examples, [004
TS0 TTEE5080 25 Hest e brbent iuendoR oAb RS et
detall helaw byway of Examples, byt fepresgntigvaRipn. it nplliaited
to the following Examples. [0047]

preferably from 30 to 200 um, and further preferably from

Ggesin
n

50 to 150 um, when the reversed-phase suspension
polymerization is performed in one stage. It is not
preferred that the median particle size of the water-
absorbent resin is 10 um or less, since dust is generated
when the water-absorbent resin is handled, while the medlan
particle size of 300 gm or more is not preferred, since the
suspension stabllity in the polymerization reactiocn may
become low.

[0045]

The shape of the water-abscrbent resin thus prepared
variles depending on the kind of surfactant or dispersion
medium to be used, but generally is spherical or amcrphous
with lots of irregularities. It is preferred to apply the
method described in the present application to the
spherical particles, since it reduces odor originating from

the dispersion medium effectively.

Examples

[0046]

PCT/JP2007/059066
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5 Example 1 92.0 g of 80% by weight acrylic acid was placed in a 500 mL
Erlenmeyer flask, and 102.2 g of 30% by weight sodium hydroxide was
added dropwise into the flask while extg@ally cooling the flask thereby
performing 10 neutralization. 0.11 g of potassium persulfate, 8.3 mg of
ethylene glycol diglycidyi ether and 43.6 g of ion exchanged water were
added thereto to prepare an aqueous solution of water-soluble
ethylenjeally, unsaiurated sronomer= 384 grofu-heptasedssa petseleunn
hydrocarbon 15 dispersion medium was placed in a 2 L five-neck
dytirdricabeoomd bottemyflask équippecewith laustirtérgrefluxseoridenseention
and nitrogen gas inlet tube and heated, to which all of the aqueous
selutioh of Watérsoltibletéthylenichity Junsaturated mdnomer was added
using a funnel, and the 20 mixture was stirred at an internal temperature
Bpﬁgéffor 10 minutes (step (A)). [0048] Next, 0.92 g of sucrose fatty acid
ester Mits%bishi- Kagaku Foods Corp., trade name: 5-370) as a
StifEaRt was 25 dissolved in 8.28 g of n-heptane under heat, which was

placedgg%e gbg\fe é%n%?roq\pég E@%Wé@ﬁ%’%‘@id was placed in a
PCT/JP2007/059066 24 thereby dispersing the aqueous solution of

watersolublegthylenicatly unsatuyratedsmonomer {step {B)) [0049] sHhen,
after the atmosphere inside the system was fully
sodium hydroxide was added dropwise into the flask while
externally cocling the flask thereby performing
neutralization. 0.11 g of potassium persulfate, 8.3 mg of
ethylene glycol diglycidyl ether and 43.6 g of ion-
exchanged water were added thereto to prepare an agueous
solution of water—-scluble ethylenically unsaturated moﬁomex.

334 g of n-heptane as a petroleum hydrocarbon
dispersion medium was placed in a 2 1 five-neck cylindrical
round bottom flask equipped with a stirrer, reflux
condenser and nitrogen gas inlet tube and heated, to which
all of the aguecus solution of water-soluble ethylenically
unsaturated moncomer was added using a funnel, and the
mixture was stirred at an internal temperature of 40°C for
10 minutes {step (A)).
[0048]

Next, 0.92 g of sucrcse fatty acid ester (Mitsubishi-
Kagaku Foods Corp., trade name: 3-370) as a surfactant was
dissclved in 8.28 g ¢f n-heptane under heat, which was

placed in the above round bottom flask using a funnel

PCT/JP2007/0592066
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5 replaced with nitrogen gas while the internal temperature of the round
bottom flask containing the above emulsion was retained at 40C, the
round bottom flask was then heated in ater bath at 70C for 1 hour
thereby performing a polymerization reaction (step (C)). 10 After the
polymerization reaction, the reaction product was heated in an oil bath at
120C, and subjected to azeotropic distillation thereby removing 114 g of

waterepif the systes while xefluxing Bheptaneito: ebiainra debydrated ub 1o
polymer. 15 Then, the polymer was heated in the oil bath at 120C to

terhove nsheptane and avater off thensystem-by( slistiflatién,)and dried

under a nitrogen atmosphere to obtain 93 g of a water-absorbent resin.

ThE Hedian particle size was 127 um, the absorption capacity of 20
physiological saline was 60 g/g, and the water content was 2% in the
resultaft'®atersdbsdFbéftTesin [OU50F Bxaiplé AR ByuBBaS EBIUdA of U1 1Y

water-soluple ethylenically 25 unsaturated monomer was prepared in the

SaRe AN AT EXARTHIE 15PCT/IPa007I050066 25 (334 § o P === -4 7
n-heptane as a petraleum hydrocarbon dispersion medium was placedin ..
%”carr rounaqﬁ (%J

a2 [ Tive-heck cy indr oftom flask e ipped with a stirrer,

reflux. condenser @ad nitrogen gas inleftube and neated, 10 WHEh, heated in

a water bath at 70°C for 1 hour thereby performing a
volymerization reaction {step (C)}).

After the polymerization reaction, the reaction
product was heated in an oil bath at 120°C, and subjected
to azeotropic distillation thereby removing 114 g of water
off the system while réfluxing n-heptane to obtain a
dehvydrated polymer.

Then, the polymer was heated in the oil bath at 120°C
to remove n-heptane and water off the system by
distillation, and dried under a nitrogen atmosphere to
obtain 93 g of a water-absorbent resin. The madian
particle size was 127 um, the absorpftion capacity of
rhysiclogical saline was 60 g/g, and the water content was
2% in the resultant water-absorbent resin.

[0050]
Exampie 2

An agquecus solution of water-scluble ethylenically

unsaturated monomer was prepared in the same manner as in

Example 1.

PCT/JP2007/058066
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5 all of above the aqueous solution of water-soluble ethylenically
unsaturated monomer was added using a funnel, and the mixture was
stirred at an internal temperature of 40C for 10 minutes (step (A)). [0051]
10 Next, 0.92 g of sucrose fatty acid ester (Mitsubishi- Kagaku Foods
Corp., trade name: S-370) as a surfactant was dissolved in 8.28 g of
n-heptane under heat, 0.92 g of maleic anhydride modified polyethylene
(MitsuixChemicals trc.-frade name: Hiyax 1406A)as apalymeren
dispersion 15 agent was dissolved in 8.28 g of n-heptane under heat, and
dotpsolations werd added to thezalsoveirouad bottofm flask arsingeg funmit ica l
thereby dispersing the aqueous solution of water-soluble ethylenically
yRsatlratet Tasndree (ste (B P $0052] 20 Fheit: aftef the AfMesphere
inside the system was fully replaced with nitrogen gas while the interna’

temperatie ofthe’rountBotons flask d6ritainiiy the dbSerétisicrPwss L oF

I'it ined at 40C, the round bottom flask was threT? hea{ed in qwogaer bath
at 70C for' L hotr thereBy pettorming a 25 polymerization réaction (step

%%})gﬁgﬁri%ﬁ Y'E%Qé%%%e_efasg“%nt&%e@a%%% Ffal/AP2007/059068 . ; |

roduct was heated in an oil bath at 120C, and subjected to
gzeotropic distillation thereby remeoving114.g ot water.off the.systemure of

while refluxing n-heptane to obtain a dehydrated polymer. 4.6 g of a 2%
agueoussolutionOfutes (step (AR} .
[0G51]

Next, 0.9%22 ¢ cof sucrcse fatty acid ester (Mitsubishi-
Kagaku Foods Corp., trade name: $-370) as a surfactant was
dissclved in 8.28 g of n-heptane under heat, 0.%2 g of
maleic anhydride modified polyethylene (Mitsui Chemicals
inc., trade name: Hiwax 11035%A) as a polvmeric dispersiocn
agent was dissolved in 8.28 g of n-heptane under heat, and
both soiutions were added to the above round bottom flask
using. a funnel thereby dispersing the agueous solution of

by

water-scluble ethylenically unsaturated monomer {step (B)}.
[0052]

Then, after the atmospherse inside the system was fully
replaced with nitrogen gas while the internal temperature
of the round bottom flask containing the above emulsion was
retained at 40°C, the round boettom flask was then heated in
a water bath at 70°C fLor 1 hour thereby performing a

polymerization reaction {step {(C)).

After the polymerization reacticn, the reaction

PCT/JPZ007/059066
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5 ethylene glycol diglycidyl ether was added to the resultant dehydrated
polymer as a post-crosslinking agent, and a post-crosslinking reaction

was performed at 80C for 2 hours. [0053] 10 Then, the polymer was

heated in the oil bath at 120C to remove n-heptane and water off the
system by distillation, and dried under nitrogen atmosphere to obtain 94

g of a water-absorbent resin. The median particle size was 96 pm, the
absarptionycapakity ok physiological saline- 15 wasi54gly, anddhe watercted
content was 3% in the resultant water-absorbent resin. [0054] Example 3
92.0: gof 809 by weigtitidchyliciacid Westplaged fv@v20iSO0mMLYy of water
Erlenmeyer flask, and 102.2 g of 30% by weight sodium hydroxide was
atifleddropwisedatorthé frasksvith stirfiig whife Exefndlly coolifgthe

flask thereby performing neutralization. 0.11 g of potassium Eersulfate,

BEHIY 6 Bthyfée/Gicol diglytidyi thef and 43%'G 6t fort 2 Exeh&nged
RS R e e g s SEMEN e
&4 J023k334 9,01 rheprane gs pohetioleun Jiydiagarbon dseereion:
medium, was placed in a 2 L five-neck cylindrical round bottom flask
ﬁ@HHW@Qd@Hl@§HH§§ reaction was performed at 80°C for 2
hours.

[0053]

Then, the polymer was heated in the oil bath at 120°C
to remove n-heptane and water off the system by
distillation, and dried under nitrogen atmosphere to cbtain
94 g of a water-absorbent resin. The median particle size
was 96 um, the absorption capacity of physiological saline
was 54 g/g, and the water content was 3% in the resultant
water-absorpbent resin.

[0054]
Example 3

92.0 g of 80% by weight acrylic acid was placed in a
500mL Erlenmeyer flask, and 102.2 g of 30% by weight sodium
hydroxide was added dropwise into the flask with stirring

while externally cooling the flask thereby performing

1 g of potassium persulfate, 8.3 mg of

et

neutralization. 0.
ethylene glycol diglycidyl ether and 4£3.6 g of ion-
exchanged water were added therefo Lo prepare an aguecus

solution of water-soluble ethylenically unsaturated monomer.

PCT/JP2007/05%086¢6
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5 reflux condenser and nitrogen gas inlet tube, to which 0.92 g of maleic
anhydride modified polyethylene (Mitsui Chemicals Inc., trade name:
Hiwax 1105A) as a polymeric dispersiop-agent was added and dissolved
-under heat, followed by adding all of the aqueous solution of water 10
soluble ethylenically unsaturated monomer using a funnel, and the
mixture was stirred at an internal temperature of 40C for 10 minutes (step
(A)) 5[0056] Next, 0.92 g of sucrose fatty acid ester (Mitsubishi- 15
Kagaku Foods Corp., trade name: S-370) as a surfactant was dissolved in
8.28 g oF A-heptdneruhdertheat, which was raddedrtoltrel abowe 'round
bottom flask using a funnel thereby dispersing the agueous solution of
Watsredolible sthyleicalljtisatiratstl mondmer {stép (B))*20Then,
after the atmosphere inside the system was fully replaced with nitrogen
YS Witk thé nteriHi ternpélaitive” of e fERGBTtONT fdsk Cortaiming ©
the.above emuylsion was_retaingd at 40C, the round baqttgm flask was.then

S 5 witar Bath T 70 for LROuRreby BeHforming a 28 "hicA 0.2

polymerizalon reagton.(oep (C)). 10057 PCT/I2007/059068 26, Afte

e polymerization reaction, 95 g of a water absorbent resin was obtained
itheisame manney as.in Jexample: 2 qihe median-particle size;was:obr : c

pm, the absorption capacity of physiological saline was 55 g/g, and
dispersion agent was added and dissolved under heat,
followed by adding all of the aguecus solution cf water-
scluble ethylenically unsaturated monomer using a funnel,
and the mixture was stirred at an internal temperature of
40°C for 10 minutes (step [(A)).

[(0058]

Next, 0.92 g of sucrose fatty acid ester (Mitsubishi-
Kagaku Foods Corp., trade name: 5-370) as a surfactant was
dissolved in 8.28 g of n-heptane under heat, which was
added to the above round bottom f£lask using a funnel
thereby dispersing the agueous solution of water-soluble
ethylenically unsaturated monomer {(step (B)).

Then, after the atmosphere inside the system was fully
replaced with nitrogen gas while the internal temperature
of the round bottom flask containing the above emulsion was
retained at 40°C, the round bottom flask was then heated in
a water bath at 70°C for 1 hour thereby performing a
polymerization reaction (step {C)).

(00577

PCT/JP2007/059066



10

15

20

25

5 the water content was 3% in the resultant water-absorbent resin. [0058]
Example 4 94 g of a water-absorbent resin was obtained in the 10 same
manner as in Example 3, except for using 0.92 g of oxidized polyethylene
(Mitsui Chemicals Inc., trade name: Hiwax 4052E) instead of 0.92 g of
maleic anhydride modified polyethylene as a polymeric dispersion agent.
The median patrticle size was 60 pm, the absorption capacity of 15
physiokatyieal saline wasb6:glgz anddhe watercdantentiasy 296 irtheater-
resultant water-absorbent resin. [0059] Example 5 96 g of a
wWater-absorbentrasimwas dbtained in the R0sapemanmenas ims in

Example 3, except for using 0.92 g of oxidized polyethylene (Mitsui
Bremcalsinc., TadeTRIe  HRFEE A0S SEPinsteadict 0262 dofmatéic

anhydride modified polyethylene as a polymeric dispersion a in th
Ay iy ot 16 557 SR AleIC Anyride s mbdfidly "

ethylene Mlt UI Chemlca de name: J:||W X111 5A)_ ly. nt
D e e b Cr AP EB0bO0 R 36 ot e%%v.ghg

yées%rfactant, as the polymeric dispersion agent in the step (B). The
median particle size was 63 um, the absorption capacity of physiological
sakingyas 56 g/g, and the water content was 2% in the resultant water

Example 4

94 g of a water-absorbent resin was obtained in the
same manner as in Example 3, except for using 0.82 g of
oxlidized poiyethyieﬁe (Mitsui Chemicals Inc., trade name:
Hiwax 4052E) instead of 0.%2 g of maleic anhydride modified
polyethylene as a polymeric dispersion agent. The median
particle size was 60 um, the absorption capacity of
physiological saline was 56 g/g, and the water content was

% in the resultant water-absorbent resin.
[0059]
Example &

96 g of a water-absorbent resin was obtalned in the
same manner as in Example 3, except for using 0.9%2 g of
oxidized polyethylene (Mitsui Chemicals Inc., tradse name:
Hiwax 4052E) instead of 0.92 g of maleic anhydride modified
polyethylene as a polymeric dispersion agent in the step
{A), and adding a solution of 0.92 g of maleic anhydride
modified polyethylene (Mitsui Chemicals Inc., trade name:

Hiwax 1105A) dissolved in £.28 g of n-heptane under heat,

=
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5 absorbent resin.. [0060] Example 6 95 g of a water-absorbent resin
was obtained in the same manner as in Example 2, except for using a
solution of 10 1.84 g of decaglyceryl pentastearate (Nikko Chemical Co.
Ltd., trade name: Decaglyn 5-S) dissolved in 8.28 g of n- heptane under
heat as a surfactant instead of 0.92 g of sucrose fatty acid ester in
Example 3. The median particle size was 86 pm, the absorption capacity
©of physislogicat 1 Stsaline was=25 gig: Anddhe watercontent: wasi 2% irthecn
resultant water-absorbent resin. [0061] Example 7 92.0 g of 80% by
wvpight aicrylichacid was placed inra 20:600 anl. Edenmeyer flasie amgs ©3 um,
1102.2 g of 30% by weight sodium hydroxide was added dropwise into
theeflasiowith tatiring avrile éxternally coshigLtreiffask therebyepedermifgd /9
neutralization. 0.11 g of potassium persulfate, 8.3 mg of
AN'-methylenésbisaciyiarhide %ha 4%%6 tHFofioR 25%‘%&%5[%@% Katstwere

dded thereto to prepare an aqueous solution of water-soluble
%ﬂﬂ?&ﬁ%&iﬁ/ unsatlirated monomer. PCT/JP2007/059066 30 352 g of
%colgt%c]axane as a petroleum hydrocarbon dispersion medium was place in
a 2 L tive-neck cylindrical round bottom flask equipped with a stirrer,
fefli, candenser and nitrogen gas inlet tube, to which 0.92 g of

95 g of a water-absorbent resin was obtained in the
same manner as in Example 2, except for using a solution of
1.84 ¢ of decaglyceryl pentastearate (Nikko Chemical Co.
Ltd., trade name: Decaglyn 5—Sf dissolved in 8.28 g of n-
heptane under heat as a surfactant instead of 0.92 g of
sucrose fatty acld ester in Example 3. The median particle
size was 86 um, the absorption capacity of physiclogical
saline was 55 g/g, and the water content was 2% in the
resultant water-absorbent resin. |
[0C6l]

Example 7

82.0 g of 80% by weight acrylic acid was placed in a
500 mL Erlenmeyer flask, and 102.2 g cof 30% by weight
sodium hydroxide was added dropwise into the flask with
stirring while externally ccoling the flask thereby
performing neutralization. 0.11 g of potassium persulfate,
8.3 mg of N,N’-methylenebisacrylamide and 43.6 g of ion-
exchanged water were added thereto Lo prepare an agueous

solution of water-soluble sthylenically unsaturated monomer.

PCT/JP2007/05%066
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5 maleic anhydride modified polyethylene (Mitsui Chemicals Inc., trade
name: Hiwax 1105A) as a polymeric dispersion agent was added and
dissolved under heat, following by addigg all of the aqueous solution of
water-soluble ethylenically unsaturated monomer using a funnel, and the
10 mixture was stirred at an internal temperature of 40C for 10 minutes
(step (A)). [0062] Next, 0.92 g of sucrose fatty acid ester (Mitsubishi-
Kagakg Fpogls Corpy dragie=name: 5-378) ps arstrfagtam ywasta rbon
dissolved in 8.28 g of cyclohexane under heat, which was added to the
abeye raund:bottormftaskasingla funnel theteby dispersingtheaguenusical
solution of water-soluble ethylenically unsaturated monomer (step (B)).
fo083} 2 TThen, aftérthe atmbsplereiaside ahé Systeni-was Fdliy1x

replaced with nitrogen gas while the internal temperature of the round

potteR sk comamingithedbovdemiisivh was Fetaited’at-46C thas 9 ©f
round, bottom flask was then heated in. a water bath at 7QC far 1_hour.
e B B T oh T e YR (gL ca s
T/IP 7/05 31 After th erization.r lon,:the t] Lon
glr%d'u’ct %v(%a%sdhge agtgi% %n' an Jé%%ét hfg%%%gh 5 én d(EL s%ggg%%q to]:"]aéE eg (%%o%ng

distillation.thexeby remaying 1149 ofwater oft the-systemqhile reflyxing
cyclohexane to obtain a

adding all of the agueous solution of water-scluble
ethylenically unsaturated monomer using a funnel, and the
mixture was stirred at an internal temperature of 40°C for
10 minutes (step (&A)}).

[0062]

Next, 0.92 g of sucrose fatty acid ester (Mitsubishi-
Kagaku Foods Corp., trade name: $-370) as a surfactant was
dissoclved in 8.28 g of cyclohexane under heat, which was
added to the above round bottom flask using a funnel
thereby dispersing the aguecus solution of water-soluble
ethylenically unsaturated moncmer (step (B)).

[0063]

Then, after the atmosphere inside the system was fully
replaced with nitrogen gas while the internal temperature
of the round bottom flask containing the above emulsion was
retained at 40°C, the round bottom flask was then heated in
a water bath at 70°C for 1 hour thereby performing a
polymerization reaction (step (C}}).

[0064]

PCT/JP2007/058066



5 dehydrated polymer. 4.6 g of a 2% aqueous solution of ethylene glycol
diglycidyl ether as a crosslinking agent was added to the resultant .
dehydrated polymer, and a crosslinking,reaction was performed at 75C

for 2 hours. [00651 10 Then, the polymer was heated in the oil bath at

120C to remove cyclohexane and water off the system by distillation, and
dried under nitrogen atmosphere to obtain 97 g of a water-absorbent

resin. e mediareparticiersize »was 303 mahe absprption capacity of
physiological saline 15 was 49 g/g, and the water content was 6% in the
resultant water-absarbént resim. [0066[- Exhmple 8 206lynterizatiohjected
reaction suspension that completed 20 the polymerization reaction up to

e stepqEy arite sarhelmbnheras il Example s Was definet‘agthet water
pQLymerization reaction suspension at the first stage, and the temperature

Wak cobfefdt525E. Separatdly 188 Yof 8% By wéight actyRCatidvas

S.placed in a 500 mL Erlenmeyer flask, an29142.9 of 30% by, weight
BT AR MAE Sddod Glophics 1o the TabEo s Zord-1E9Mhs

PGIJIR %%{9?%%@6 §Eg‘ﬁ‘_’lﬂ}9f&i&fhnge‘@ﬁié%eétgr%a'_'élﬁ%g@@ﬁ&%ﬁ%ﬁ gent

thereby performing neutralization. 0.15 g of potassium persulfate, 11

mo-of-ethylene glygol diglycidyl ethersand, 4671 af gistilled waterwere
added thereto to prepare an aqueous

crosslinking reaction was performed at 75°C for 2 hours.
[0065]

Then, the polymer was heated in the oil bath at 120°C
to remove cyclohexane and water off the system by
distillation, and dried under nitrogen atmosphere to cbtain
97 g cf a water-absorbent resin. The median particle size
was 103 um, the absorption capacity of physiclogical saline
was 49 g/g, and the water content was €% in the resultant
water-absorbent resin.

[006¢]
Example 8

A polymerization reaction suspenslion that completed
the polymerization reaction up to the step (C) in the same
manner as in Ezxample 3 was defined as the polymerization
reaction suspensicn at the first stage, and the temperature
was cooled at 25°C.

Separately, 128.8 ¢ of 80% by weight acrylic aclid was
placed in a 500 mL Erlenmeyer flask, and 142.8 g of 30% by

welght sodium hydroxide was added dropwise into the flask
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5 solution of water-soluble ethylenically unsaturated monomer at the

second stage. 0067] After the agueous monomer solution at the second

stage was added to the above polymerization reaction suspension 10 at

the first stage and the atmosphere inside the system was replaced with
nitrogen gas, the system was heated in a water bath at 70C for 1 hour

thereby performing the reversed-phase suspension polymerization at the
seeonds stage. kb Aftenthepolynetization-teaction, theseactionk producihy
was heated in an oil bath at 120C, and subjected to azeotropic distillation
trreréby reémoving 255:g ot wiater off the $ystemowhite refluxingonsbeptanefate,
in the round bottom flask to obtain a dehydrated polymer. 8.2 g of a 2%

Db dyuesus Sokitioh oiethylens glycal diblyeidyy ether a8 Tr6sslifkingd ©F
agent was added to the resultant dehydrated polymer, and the

SroSshinkifg ré&ctioh Was pefoftfied Bt VO for PhéthsPoossf 25 fh&r S

the reaction mixture was heated in the oil bath at 120C to remove _ |
ARG Al WG of TG Spanrby PaTBA00YIOSEE G od monomer

distillation, gggn%iegtg%%qr nitrogen atmosphere to obtain 232 g of a

water-absorbent resin in a form of agglomerated spherical particles. The
ian particle size was 335 pm, the absorption capacity of physiological
saline was 53 g/qg,
After the agqueous meonomer solution at the second stage

was added to the above polymerization reaction suspension
at the first stage and the atmosphere inside the system was
replaced with nitrogen gas, The system was heated in a
water bath at 70°C for 1 hour thereby performing the
reversed-phase suspension polymerization at the second
stage.

After the polymerization reaction, the reaction
product was heated in an oil bath at 120°C, and subjected
to azeotropic distillation thereby remcving 255 g of water
off the system while refluxing n-heptane in the round
bottom flask to cbtain a dehydrated poiymer. 8.2 g of a 2%
aqueous solution of ethviene glycol diglycidyl ether as a
crosslinking agent was added to the resultant dehydrated
polymer, and the crosslinking reasction was performed at
80°C for 2 hours.

[G068]
Then, the reaction mixture was heated in the oil bath

at 120°C to remove n-heptane and water off the system by
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5 and the water content was 3% in the resultant water- absorbent resin.
[0069] Comparative Example 1 92.0 g of 80% by weight acrylic acid was
placed in a 10 500 mL Erlenmeyer flas fnd 102.2 g of 30% by weight
sodium hydroxide was added dropwise into the flask with stirring while
externally cooling the flask thereby performing neutralization. 0.11 g of
potassium persulfate, 8.3 mg of ethylene glycol diglycidyl ether and 43.6
giof dbiionexchanged water-were-added.thereloda psepayedie aguesushbtain
solution of water-soluble ethylenically unsaturated monomer. [0070] 342
y3f nzheptane wstepetrdleunvhydrocarbon 2thdispérsion medium Wassrated
placed in a 2 L five-neck cylindrical round bottom flask equipped with a
stifrer ¥efiux eohdénsersand Airegea GasiinleRiibec tewhIckE). 92y of25 pm,
sucrose fatty acid ester (Mitsubishi-Kagaku Foods Corp., trade name:
507 HREH Blhrfactantasd 92 §bf Riaidié 25%htyaifidé tddified@s °3 9/9.

olyethylene (Mitsui Chemicals Inc., trade name: HiWﬁ)gEll.OSA as a
i e P S
g%sggyggnupdgé Qje]gt‘at internal temperature of 80C, and then all of the
above aqueous solution of water-soluble ethylenically unsaturated

er was added to the dispersion medium in the presence of the

surfactant

Comparative Example 1

92.0 g of 80% by weight acrylic acld was placed in a
500 mL Eflenmeyer flask, and 102.2 g of 30% by welght
sodium hydrexide was added dropwise into the flask with
stirring while externally cooiing the flask thereby
pmerforming neutralization. 0.11 g <f potassium persulfate,
2.3 mg of ethylene glycol diglycidyl ether and 43.6 g of
ion—exchanged water were added Thereto To prepare an
aqueous solution of water-soluble ethylenically unsaturated
monomar.

[0070G]

3472 g of n-heptane as a petreocleum hydrocarbon
dispersion medium was placed in a 2 L five-neck cylindrical
round bottom flask eguipped with a stirrer, reflux
condenser and nitrogen gas inlet tube, to which 0.92Z2 g of
sucrose fatty acld ester (Mitsubishi-Kagaku foods Ceorp.,
trade name: S5-370) as a surfactant and 0.92 g of maleic

anhydride modified polyethyvlene (Mitsui Chemicals Inc.,

trade name: Hiwax 1103A) as & polymeric dispersion agent
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5 using a funnel, the atmosphere in the system was fully replaced with
nitrogen gas while retaining the internal temperature of the round bottom
flask containing the above emulsion at4QC, and the emulsion was heated

in a water bath at 70C for 1 hour to perform a polymerization 10 reaction.

[00711 After the polymerization reaction, 95 g of a water absorbent resin

was obtained in the same manner as in. Example 2. The median particle
Bize=Was 894 rhed:Dsaksorption: capacity=ef physiolegiealrsaline smas=32 ture
g/g, and the water content was 2% in the resultant water-absorbent

ésifi )[004 2; :Comparative Example @ 20097 g ofawater-absorientresin

was obtained in the same manner as in Comparative Example 1, except
fGragsing CIL B2 brofidetagRieef pentasiéarate” MNikRKo Theafiedl ¢S Lafded
trade name: Decaglyn 5-S) as a surfactant instead of 0.92 g of sucrose

Fatty-a6id Estérs The tedian pafticlé 2578zé" was Y05m Sthe alfsorpitforf © -4 7

capacity of physialogical_saline was 52 g/g, and the water content
GOt PhImo00 TOoa00E o ettt waler St oont Fah LY

10973] Gomparative, Example, 3.Lhe yatarzabsorbent jesinprepareddn the
same manner
temperature of the round bottom flask containing the above
emulsion at 40°C, and the emulsion was heated in a water
bath at 70°C for 1 hour to perform a polymerization
reaction,
160711

After the polymerization reaction, 95 g of a water-
absorbent resin was obtained in the same manner zs in
Example 2. The median particle size was 5% um, the

absorption capacity of physiclogical saline was 52 g/g, and

the water content was 2% in the resultant water-absocrbent

.resin.

[0072]
Comparative Example 2

97 g of a water-absorbent resin was obtained in the
same manner as in Comparative Example 1, except for using
1.84 g of decaglyceryl pentastearate (Nikke Chemical Co.
Ltd., trade name: Decaglyn 5-38) as a surfactant instead of
0.92 g of sucrose fatty acid ester. The median particle
size was 90 um, the absorpticn capacity of physiological

saline was 52 g/g, and the water content was 3% in the
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5 as in Comparative Example 2 was uniformly spread in a stainless plate,
and heated by a hot air drier at 180C for 3 hours. The median particle
size was 89 pm, the absorption capacitg§f physiological saline was 55
g/g, and the water content was 0% in the resultant water-absorbent 10
resin. [0074] Comparative Example 4 92.0 g of 80% by weight acrylic acid
was placed in a 500 mL Erlenmeyer flask, and 102.2 g of 30% by weight
15 ss00ium hydsaxdde wiasadsed:-drepwise. into the flask with stirring while
externally cooling the flask thereby performing neutralization. 0.11 g of
potassjum persulfate, 8.3 mg of N,N'-methylenebisacrylamide and 43.6 g
of ion- exchanged water were added thereto to prepare an aqueous 20
Seltienof Wete E&6liblecetAylenically unsaturated monomer. [0075] 360
g of cyclohexane as a petroleum hydrocarbon dispersion medium was
placedlii% 2 & fRe-ietkcyhfdicd Sfothddtiont sk Bqlipped With §2nner
stirrer, reflux 25 condenser andlnitr gen gas inl%t tube, to Whichcp.QZ g of
dicrose 1Y a5ic dotér (VTaUbishi-KaGaku EboRe Cor, “FLoac 21 =

PCU. ﬂﬁ’%@@{ﬁ?%@%@ 36, trade name:,9:320),a5.2 syrfagiant.and 0956 0f ¢,

maleic anhydride modified polyethylené (Mitsui Chemicals Inc., trade
pame; Hiwax-41054) as A PQlymeric dispersian.agent yverg added and

dissolved under heat, and then all of the

absorption capacity of physiclegical saline was 55 g/g, and
the water content was 0% in the resultant water-absorbent
resin.

[0074]

Comparative Example 4

92.0 g of 80% by weight acryiic acid was placed in a
500 mL Erlenmever flask, and 102.2 g of 30% by weight
sedium hydroxide was added dreopwise into the flask with
stirring while externally cooling the flask thereby
performing neutralization. 0.11 g of potassium persulfate,
8.3 mg of N,N'-methylenebisacrylamide and 43.6 g of icn-~
exchanged water were added thereto to prepare-an agueous
soluticon of water-soluble ethvlenically unsaturated mondmer.
[0075]

360 g of cyclohexane as a petroleum hyvdrocarbon
dispersion medium was placed in a 2 L five-neck cylindrical
round bottom flask equipped with a stirrer, reflux
condenser and nitrogen gas inlet tubese, to which 0,92 g of

sucrcse fatty acid ester (Mitsubishi-Kagaku Foods Corp.,
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5 above aqueous solution of water-soluble ethylenically unsaturated
monomer was added to the dispersion medium in the presence of the
surfactant using a funnel, the atmosph%;g in the system was fully
replaced with nitrogen gas while retaining the internal temperature at
40C, and 10 then the emulsion was heated in a water bath at 70C for 1
hour thereby performing a polymerization reaction. [0076] After the
polymerization reactian, 960 af a water- ebserbent resin was ataingdda c
the same manner as in 15 Example 7. The median patrticle size was 110
&y thier 1alesanptiont capagity lof phiysiblogical $atise wasH48ng/gz And Ithe . ,
water content was 7% in the resultant water-absorbent resin. [0077] 20
Thedrediafipartidle sizel wWatér corfterit aTd-GEGIT 56nsbry REstof the agent
water-absorbent-resins prepared in the respective Examﬁles and

Cohipdraiiie Examples’were 8Galtiftet® by Hé methGdsMiastrated Betow

078] 25 (Median particle size) 50 g of the water-absorhent resin
e 3P20071059066 37 15 SIAHAIA SERB T 3 Sue

dieved with'a “PCT

Opening,0f. 290 p,, Ihe median particle,size. was measired Using.ay; ., ;5
combination of sieves (A) when 50% by weight or more of the resin

passed- dhraugh the sigve apening,(yhile using @ combinatian of o
atmosphere in the system was fully replaced with nitrogen
gas while retaining the internal temperature at 40°C, and
then the emulsion was heated in a water bath at 70°C for 1
hour thereby performing a polymerization reaction.

[0076&]

After the polymerizatiqn reaction, 96 g of a water-
abscrbent resin was obtained in the same manner as in
Example 7. The median particle size was 110 um, the
absorption capacity of physiclogical saline was 48 g/g, and
the water content was 7% In the resultant water-absorbent
resin.

[GCT77]

The median particle size, water content and odor
sensory test of the water-absorbent resins prepared in the
respective Examples and Comparative Examples were evaluated
by the methods illustrated below.

[0078]
(Median particle size)

50 g of the water-absorbent resin was sieved with a
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5 sieves (B) when 50% by weight or more of the resin remained on the
sieve. (A) JIS standard sieves were stacked downward as follows;
beginning with a sieve with a sieve openjipg of 425 pm at the top, followed
by a sieve with a sieve opening of 10 250 pm, a sieve with a sieve

opening of 180 pm, a sieve with a sieve opening of 150 pm, a sieve with

a sieve opening of 106 pm, a sieve with a sieve opening of 75 pm, a
Sieyeswith a:sievesapening 0f 45 pm: and@ rayetiorgden (B} IS standarte
sieves were stacked downward as 15 follows; beginning with a sieve with
assieveopening of 8501 pm atabhentep, foliewed by mosieve withiansieven of
opening of 600 pm, a sieve with a sieve opening of 500 pm, a sieve with
asieies opéning ot 425 im ba sievéWith & 5iever Bpering ot 300, #assed
sieve with a sieve opening of 250 pm, 20 a sieve with a sieve opening of

§BHPI And ity Y 6rddr SALOE! 55 YlofthE WeEr-abSSTBERT ST Was ©

laced on the sieve at the top, and classified for 20 minutes using a low _.
EAe4/oE ekt Fibohinb. D701 25 ARGF (b Giv lasscinon ne "
weight of the water-absorbent resin remaining on the respective sieves

PCT/JP2007/059066 38 was calculated in terms of weight percent based
on the tetal weight-of {esingthe; vajues were integratedhinerder, fram dhe

resins with a smaller particle size, and threby the relations between the
sieveapeningsganthintegratioh a sieve with a sieve opening of 425
um at the top, followed by a sieve with a sieve opening of
250 um, a sieve with a sieve opening of 180 um, a sieve
with a sieve opening of 150 um, a sieve with a sieve
opening of 106 um, a sieve with a sieve opening of 75 um, a
sieve with a sieve opening of 45 um and a'tray in order.

(B) JIS standard sieves were stacked downward as
follows; beginning with a sieve with a sieve opening of 830
pm at the top, followed by a sieve with & sieve opening of
600 um, a sieve with a sleve opening of 500 pm, a sieve
with a sieve opening of 425 um, & sieve with a sieve
opening of 300 pm, a sieve with a sieve opening of 250 um,
a sieve with & sieve opening of 150 um and a tray in order.

Ebout 50 g of the water-absorbent resin was placed on
the sieve at the top, and classified for 20 minutes using a
low tap-type shaking machine.

[007¢2]
After the sieve classification, the weighit of the

water-absorbent resin remaining on the respective sieves

PCT/JP2007/059066



5 values of the weight percentage of the water-absorbent resin remaining
on the sieve were plotted on a logarithmic- probability paper. The plots on
the probability paper were connected Wétgl a straight line, and the particle
size corresponding to integrated weight percent of 50% by weight 10 was
defined as the median particle size. [0080] (Water content) About 2.5 g of
the water-absorbent resin was weighed accurately (Xg), and after drying

ak 302G withia hetairnl5 driekfor 2 heurghthegweigbtef thedfiedon the
water-absorbent resin was measured (Yg), and then the water content
wasa calealated by the: following-equationid¥atee centent X=X #X] X 100 rder
[0081] 20 (Absorption capacity of physiological saline) 500 g of a 0.9%
a0 13'Soltifi6R of sHditfn ehlbride Vs PREEd i a SOPML IFeakeF WithoY
a3 cm-Iong bar and while stirring with a magnetic stirrer, 2.0 g of the

waert ab8orbent rédit Wt wéighed atliratély TAGPand Atded t6 25 2he 7
beaker sucg:p tlggl‘éno unS\A/gIIen lump is left, and then thebmixtu e was

&irréd &t & rate '6f 600 Fpm o1 T RoUr PCTIIP2007/055066 39 Gel was
filtered out by 3,J13,standard.sigve, which.is 20 gmyin diameter Wi & Sieve, ; . -

opening of 38 um, eéxcessive water contained in the gel remaining on the
sieveyvas) eughly deained with g fluerine resinbogrd, apd ther e aper were
connected with a straight line, and the particle size
corresponding to integrated weight percent of 50% by weight
was defined as the median particle size.

[CO8O]

{(Water content)

About 2.5 g of the water-absorbent resin was welghed
accurately (Xg), and after drying at 105°C with & hot aizx
drier for Z hours, the weight of the dried water-absorbent
raesin was measured {(Y¥g), and then the water content was
calculated by the following eguation.

Water content (%) = [(X - Y)/X] = 100
[(0081]
{Absorption capacity of physiclogical saline)

500 g of a C.9% agueous solution of sodium chioride
was placed in a 300 ml beaker with a 3 cm-~long bar and
while stirring with a magnetic stirrer, 2.0 g of the water-
absorbent resin was welghed accurately (Ag) and added to
the beaker such that no unswollen lump is left, and then

the mixture was stirred at a rate of 600 rpm for 1 hour.
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5 sieve was tilted and left for 30 minutes for further draining. The weight

of the gel remaining on the sieve (Bg) was weighed, and the absorption
capacity of physiological saline was calgylated by the following equation.

10 Absorption capacity of physiological saline (g/g) = B/A [0082] (Odor
sensory test) Odor of the water-absorbent resin originating from the
dispersion medium upon swelling was compared by the 15 following
method20.Q:0:0f10.9%: by Mass:salipneat 2bC wasplaeed yradd40wnbch is
glass bottle with a lid (mayonnaise bottle), and stirred with a 3 cm-long
bar.c4:0 grofihemwater-absonbent sésinavasaddeditoctheGlasshottle @ls 1 ve
tightly sealed. The odor originating from the dispersion 20 medium in the
ghdssIhottie Wab determinel Dydfive Fanelistst itactbrdafce Wit ¢hea s
six-level odor intensity indication method shown below, and evaluated by

T friehin vHiGe. T0083T Tabfe 1125 PETIIPLT07T059066740 *Sik-IEveEn 1@
Evaluation criteria. gyaluatiop 5. Yery Srafig 9dor, 4 2rang 0l ¢ ne
draining. The weight of the gel remaining on the sleve
(Bg) was weighed, and the absorption capacity of
physiclogical saline was calculated by the following
egquation.

Absorption capacity of physioclogical saline (g/g) = B/A
[oogz]

{Odor =ensory test)

Odor of the water~absorbent resin originating from the
dispersion medium upon swelling was compared by the
following method. 20.0 g of 0.9% by mass saline at 25°C
was placed in & 140 ml glass bottle with a lid (mayonnailse
bottle), and stirred with a 3 cm-long bar. 4.0 g of the
water-absorbent resin was added to the glass bottle and
tightly sealed. The odor originating from the dispersion
medium in the glass bottle'was determined by five panelists
in accordance with the six-level odor intensity indication
method shown below, and evaluated by the mean value.

[0083]

Table 1
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3 Easily recognized odor 2 Slight odor, oder of what is recognized 1 Very
slight odor which is detected with difficulty O No odor [0084] The odor
sensory test results of the water- absorbg t resin prepared in Examples 1
to 8 and Comparative Examples |to 4 are shown in Table 2. 5 [0085]

Table 2 Median Absorption Odor sensory test Samp |

nanuﬂpranarnv

of (Fvaluatinn hv medium size nh

_ e Dispersion
ysiological panelists)

11el

[p ni];é‘allrﬁév Tg)n/g]

n+nnn

1.14.0 l:\lr\m

AED Ewﬁ&\aefaagﬁafxaﬂweﬂaHeptane 1276022221

Innn

I_ L] S
f\f\R A =

=

L L.U LT_AdITI

'ﬁL "y S'EJKOYIQ OdLI

=24 O OO0

le 3 Heptane 56 55 1

J.UUU%LI- EXdllLé(E%dﬂgpb%f&%OUOOIJ.UUUUU

2 Example 5 Heptane

65050 LUUUUU.

FEeXaiiple-bddeptane dpoo 111

Cyclohexane 103
0 0.0 Comparativ

9152 258, L8 bxasppie8dep
pideptane:5352 3 3 3 3 3 3.0 Exd

Heptang 90 52 3 3

3 B3=3'3 810 dExapwle Fnich is
detected with difficulty

0

No oder

(00847

100.8 Example 7
tane 335530000
ample 1 Comparative

The odor sensory test results of the water-absorbent

resin prepared in Examples 1 to 8 and Comparative Examples

1 to 4 are shown in Table 2.

[0085]

Table 2

Median Absorption Odor senscry test
\ Dispersicn particle capacity of {Evaluation by
Sample . . . . N
~ medium size physiclogical panelisis)
fum] saline [g/g] Al B{.C| D] E|Average

Example 1 Heptane 127 60 212|221 1.8
Examnple 2 Heptane 96 54 1 1 1 1 1 1.0
Example 3 Heptane 56 55 111+ 0]040 0.4
Example 4 Heptane 60 56 1 0 0 0 G 6.2
Examplie 5 Heptane 63 56 16|00 |0 G.2-
Example 6 Heptane 86 55 1 1 1 1 0 0.8
Example 7 Cyclohexane 103 45 2tz 2tz 1.8
Example 8 Heptane 335 53 000700 0.0
Comparative - N a - .
Example 1 .Aeptanu 59 52 3 3 3 3 3 3.0
Comparative - E

Example 2 Heptane 50 52 3 3 313 3 3.0
Comparative Heptane 89 55 321313131 3.0
Example 3
Comparative | oo hexane 110 48 4l aialafal 4.0
Example 4

As 1s shown in Table 2, 1t is obvious that odor

originating from the dispersion medium of the water-

absorbent resin prepared by the production process of the

present invention is iower,

in the compari

same kind of dispersion media.
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Comparative Example 3 Heptane 89 553 3 3 3 3 3.0 Comparative C
clohexane 11048444414 4.0 Example 4y As is shown in Table 2, itis
obvious that odor originating from the dispersion medium of the water-
absorbent resin prepared by the production process of the 10 present
invention is lower, in the comparisons among the same kind of dispersion
media. PCT/JP2007/059066 41 CLAIMS 1. A process for production of a
water-absorbent resin by subjecting-a water-soluble ethylenically
unsaturated 5 monomer to reversed-phase suspension polymerization,
comprising the following steps of: (A) adding an aqueous solution of
water-soluble ethylenically unsaturated monomer to a petroleum
hydrodarlser dispersion medidas disperse the'ageeous EP setation figsin by
the dispersion medium, (B) adding a surfactant to the emulsion to further
HPEPSE HtRE noriGhErinthe Erdsibh End (CF Bertdimiing Hherated
reversed- phase sus?Oens% %/merlzatlon usmg a vyater soluble radlcal

TR Tzation iftiStor %uy 7 e SreRBnES of Aig - - 22

érg)tr(?rnaj crossllgkglng ag%%tw %péocessgor production of a

Watgr absor%ent resin accor&jrgl;g to CI%Im 1, wherein the aqueous solution

9&} adding an agqueous soluticn of water-soluble
ethylenically unsaturated monomer to a petroleum
hydrocarbon dispersion medium to disperse the agueous
solution in the dispersion medium,

(B) adding a surfactant teo the emulsion to further disperse
the monomef in the emulsion, and

(C} performing the reversed-phase suspension polymerization
using a water-scluble radical polymerization initiator
optionally in the presence of an internal-crosslinking

agent.

2. The process for production of a water-absorbent resin

according to claim 1, wherein the agueous solution of
ethylenically unsaturated monomer is added to and dispersed
in the petrcleum hydrocarbon dispersion medium in the

presence of a polymeric dispersion agent in the step (4).

3. The process for production of a water-absorbent resin
according to claim 1 or 2, wherein a polymeric dispersion

agent is further added together with the surfactant in the

PCT/JP2007/059066
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20 ethylenically unsaturated monomer is added to and dispersed in the
petroleum hydrocarbon dispersion medium in the presence of a polymeric
dispersion agent in the step (A). 3. The,process for production of a
water-absorbent resin 25 according to claim 1 or 2, wherein a polymeric
dispersion agent is further added together with the surfactant in the
PCT/JP2007/059066 42 step (B) 4. The process for production of a
sater-absarbents resin according to any one of claims 1 to 3, wherein the
water- 5 absorbent resin prepared by the steps (A) through (C) is
subjected to post-crosslinking using a post-crosslinking agent. 5. The
process for production of a water-absorbent resin 10 according to any ‘
bne of Ligints P 4 swhereirr e stifactan® fs At 184St one?Selectedfrom €517
the group consisting of polyglycerin fatty acid ester, sucrose fatty acid
LStérdnd SorbRtar fatty>acid 5ter: 1587 The Process'iBF prodt {65 oY at=r -
ater-absaorbent resin according to any one of claims 2 t0.5, wherein.the.
B disparin BShOE otk DS sSiocray o M gioch. Tef®as
gopsisting of maleic anhydrde modified, polystlyleng,Jogleicaphydride: -
modified polypropylene, 20 maleic anhydride maodified ethylene-propylene
£9palymer, maleic anhydride-ethylene copolymer, maleic anhydride-
propylene copolymer, maleic anhydride-ethylene-propylene copolymer,
polyethylene, polypropylene, ethylene-propylene '

5. The process for production of a water-absorbent resin
according to any one of claims 1 to 4, wherein the
surfactant is at lesast one selected from the group
consisting of'polygiycerin fatty acid ester, sucrose fatty

acid ester and sorbitan fatty acid ester.

6. The process for producticn of a water-absorbent resin
according to any one of claims 2 to 5, wherein the
polymeric dispersion agent 1s at least one selected from
the group consisting of maleic anhydride modified
polyethylene, maleic anhydride modified polypropylene,
maleic anhydride modified ethylene-propylene copolymer,
maleic anhydride-ethylene copolymer, maleic anhydride-
propylene copolymer, maleic anhydride-ethylene-propylene

copolymer, polyethylene, polypropylene, ethylene-propylene

copolymer, oxidized polyethylene and oxidized polypropylene.

7. The process for production of a water-absorbent resin

PCT/JP2007/058066
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copolymer, oxidized polyethylene and oxidized polypropylene. 25 7. The
process for production of a water-absorbent resin PCT/JP2007/059066

43 according to any one of claims 1 to g,3wherein the water- soluble
ethylenically unsaturated monomer is at least one selected from the

group consisting of acrylic acid and salts thereof, methacrylic acid and

salts thereof, and 5 acrylamide. 8. The process for production of a
weter-ahsarbent resin aseorsling-tozamsone obclajmsdded; whereinthee r -
petroleum hydrocarbon dispersion medium is at least one 10 selected
fromitheegreupcomsistiag of aliplatio: hydratarborgrand akicyktic Least one
hydrocarbons having 6 to 7 carbon atoms. 9. A water-absorbent resin
prdpeted by theprodictivho 1B preeesssaccotding té ahy ohe of eldinisE

to 8. PCT/JP2007/059066 ) i
salts thereof, methacrylic acid and salts thereof, and

acrylamide,

8. The process for production of a water-absorbent resin
according to any one of claims 1 tec 7, wherein the
petreoleum hydrocarbon dispersion medium is at least one
selected from the group consisting of aliphatic
hydrocarbong and alicyclic hydrocarbons having 6 to 7

carbon atoms.

9. A water-absorbent resin prepared by the production

process according to any one of claims 1 to 8.
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