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DESCRIPTION
Title of Invention
METHOD FOR PRODUCING WATER ABSORBENT RESIN
PARTICLES
Technical Field
[0001] The present invention relates to a method pooducing
water-absorbent resin particles.
Background Art
[0002] Water-absorbent resin particles have beesd Usr hygienic
materials such as disposable diapers and sanitaigles, for
agricultural and gardening materials such as watarning materials
and soil conditioners, and for industrial materglsh as water blocking
materials for cables, and dew-catchers. In regeats, in addition to
these materials, water-absorbent resin particledamng applied in an
even wider range of fields including animal excre&atment materials
such as pet sheets and dog or cat toilet blendiatprials, portable
toilets, aromatic agents, meat drip absorbing shegtoisturizing
cosmetic formulations, and the like. The perforomanthat is
demanded for water-absorbent resin particles toused for such
purposes includes high water-absorption capacitycelent
water-absorption rate and patrticle size suitedHerpurpose.
[0003] Among these, water-absorbent resins usegugroses such as
special hygiene materials such as adult diapenimence pads,
toilet-training pants and extra-high-absorbent magpkwater blocking
materials for cables, pet sheets, portable tadlietsthe like, are assumed

to be subjected to forceful excretion of relativielgge amounts of body
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fluids. For such purposes, particular attentiors Heeen directed
toward improving absorption capacity (water-absorptcapacity) and
water-absorption rate. Absorption capacity canab@isted by the
amount of water-absorbent resin particles used,water-absorption
rate is wusually based on the characteristic prigsertof the
water-absorbent resin particles. Much research thasefore been
carried out in the past with the aim of achievingcadlent
water-absorption rates for water-absorbent resiticies.

[0004] For example, there is disclosed a methocaguieous liquid
polymerization in which a porous resin obtainedhre presence of a
foaming agent is crosslinked near the surfaceRs¢ent document 1).
[0005] There are also disclosed, a reversed-phasspession
polymerization method wherein an acrylic acid/acrgkid salt aqueous
liquid is suspended in an alicyclic or aliphaticdhgcarbon solvent in
the presence of an HLB 8-12 surfactant, and thdia@cid/acrylic acid
salt is subjected to reversed-phase suspensiommpdBation (see
Patent document 2), and a method of polymerizingaser-soluble
ethylenically unsaturated monomer in the presericgaber-absorbent
resins with different water-absorption rates (saeit document 3).
Citation List

Patent Literature

[0006]

[Patent document 1] International Patent Publicalio. WO97/003114
[Patent document 2] Japanese Unexamined Patent icAfpqh
Publication SHO No. 56-131608

[Patent document 3] Japanese Unexamined Patent icAfqh
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Publication HEI No. 9-151224

Summary of Invention

Technical Problem

[0007] Methods of reducing the particle size of evatbsorbent resin
particles are also commonly employed as methodsniproving the
absorption rates of water-absorbent resin particlé®wever, reducing
the particle size of water-absorbent resin pagiténds to impair their
flowability and interfere with their handling asrpeles. A demand
therefore exists for a method of improving the watesorption rate of
water-absorbent resin particles that still havéable particle size.
[0008] Based on research by the present inveniiolgs been found
that the water-absorbent resin particles disclasdeélatent document 1
have not been satisfactory in terms of both partisize and
water-absorption rate performance. Research bpriésent inventors
has also shown that, although the water-absorbesin rparticles
disclosed in Patent documents 2 and 3 have rdlatenge particle size
and excellent handling ease and water-absorptien tlze hydrocarbon
dispersing medium used during production remainsaasolatile
component inside the resin, and can generate ofter avater
absorption, for example, the odor during use ofgtaduct potentially
impairing the comfort of the user (i.e. the wearern consideration of
the production process environment and from thewptent of
improving the water absorption performance as wellpw residual
volatile component content is desired.

[0009] It is therefore an object of the inventienprovide a method for

producing water-absorbent resin particles with Besehandling ease,
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excellent water-absorption rate, and low residuzlatde component
content.

Solution to Problem

[0010] The present invention relates to a method ppooducing
water-absorbent resin particles, comprising a pelymation step that
includes mixing an oily liquid comprising a hydrolean dispersing
medium and a surfactant, and an aqueous liquid gsimg an aqueous
solvent and a water-soluble ethylenically unsaagramonomer, forming
a suspension comprising the oily liquid and theeaas liquid dispersed
in the oily liquid, and polymerizing the water-sble ethylenically
unsaturated monomer in the suspension.

[0011] The present invention further relates to ethmad for producing
water-absorbent resin particles comprising, in rdea first
polymerization step that includes mixing an oilgulid comprising a
hydrocarbon dispersing medium and a surfactantaanajueous liquid
comprising an aqueous solvent and a water-solultihylemically
unsaturated monomer, forming a suspension comgrisi@ oily liquid
and the aqueous liquid dispersed in the oily ligaitd polymerizing the
water-soluble ethylenically unsaturated monomethm suspension to
obtain a suspension comprising a water-containeigtgd polymer, and
a second polymerization step that includes mixing $uspension at
45°C or higher comprising the water-containing ggglgpolymer, with a
second aqueous liquid comprising an aqueous sohard a
water-soluble ethylenically unsaturated monomed, @olymerizing the
water-soluble ethylenically unsaturated monomethim suspension in

which the second aqueous liquid has been dispersed.
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[0012] The HLB of the surfactant is 6 or greatetn the (first)
polymerization step, during the period from initraixing of the oily
liquid and aqueous liquid until complete mixingtb& entire amounts,
the temperature of the formed suspension is ke & or higher.
[0013] According to this production method, it issgible to obtain
water-absorbent resin particles with excellent hagdease, excellent
water-absorption rate, and low residual volatilenponent content.
[0014] The temperature of the oily liquid to be eulxwith the aqueous
liquid may be 50°C or higher.

[0015] The surfactant may comprise one or more aamgs selected
from the group consisting of sorbitan fatty acitkes polyglycerin fatty
acid esters and sucrose fatty acid esters.

[0016] A suspension comprising such specific stiafas will result in
a more satisfactory state of the W/O reversed-phaspension formed
by the oily liquid (O) as a continuous phase ardatueous liquid (W)
as a discontinuous phase, and will tend to morelyegsoduce
water-absorbent resin particles with the desirempshand the desired
particle size.

[0017] The water-soluble ethylenically unsaturatecbnomer may
comprise one or more compounds selected from tgpgronsisting of
acrylic acid and its salts, methacrylic acid asdsdlts, and acrylamide.
[0018] The hydrocarbon dispersing medium may cosepoine or more
dispersing media selected from the group consisiinG6-8 aliphatic
hydrocarbons and C6-8 alicyclic hydrocarbons.

Advantageous Effects of I nvention

[0019] The water-absorbent resin particles obtaingdhe production
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method of the present invention have excellent maltgorption rate.
In addition, since the water-absorbent resin gdagiobtained by the
production method of the invention have suitablgéaparticle size, the
particles have excellent handling ease and lowduwesi volatile
component content, thereby allowing problems sscbdor after water
absorption to be reduced.

Description of Embodiments

[0020] Preferred embodiments of the invention wibhw be described
in detail. However, the present invention is nohited to the
embodiments described below. All of componentsciilesd in the
present specification may be employed in desiredbooations, such as
are within the scope of the gist of the inventiofror example, the
numerical ranges for each property may be defirmdguthe upper
limits and lower limits for the numerical rangesdebed in the present
specification, or any desired numerical values ctete among the
numerical values listed in the examples, as upptslor lower limits.
[0021] The method for producing water-absorbentinregarticles
according to this embodiment comprises a polymgorastep that
includes mixing an oily liquid comprising a hydrolean dispersing
medium and a surfactant, and an aqueous liquid gsimg an aqueous
solvent and a water-soluble ethylenically unsaagramonomer, forming
a suspension comprising the oily liquid and theeaas liquid dispersed
in the oily liquid, and polymerizing the water-sble ethylenically
unsaturated monomer in the suspension, to obtaisugpension
containing the water-containing gelated polymerhe THLB of the

surfactant is 6 or greater, and during the perrothfinitial mixing of
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the oily liquid and aqueous liquid until completexmg of the entire
amounts, the temperature of the formed suspensitept at 35°C or
higher. In the explanation which follows, this yrokrization step may
be referred to as "the first polymerization stepid this aqueous liquid
may be referred to as "the first aqueous liquid".

[0022] The first aqueous liquid comprises an agseaolvent
containing water, a water-soluble ethylenicallyatnsated monomer, a
radical polymerization initiator, and optionallyn@us additives. The
agqueous solvent is composed mainly of water, amaaif also contain
other hydrophilic solvents.

[0023] Water-soluble ethylenically unsaturated nmeos include
ethylenically unsaturated monomers containing ansare functional
groups selected from the group consisting of cayhaxlfo, amide and
amino groups. Examples of water-soluble ethyldiyicansaturated
monomers include (meth)acrylic acid (hereunder, rylm¢ and
"methacrylic" will be collectively referred to agrieth)acrylic") and its
alkaline salts, 2-(meth)acrylamide-2-methylpropaitfesic acid and its
alkaline salts, (meth)acrylamide, N,N-dimethyl (hjacrylamide,
2-hydroxyethyl ~ (meth)acrylate, N-methylol  (meth)damide,
polyethylene glycol mono(meth)acrylate, N,N-dietinoethyl
(meth)acrylate, N,N-diethylaminopropyl (meth)actgla and
diethylaminopropyl (meth)acrylamide. When the watauble
ethylenically unsaturated monomer contains an aminap, the amino
group may be quaternized. The functional grouphsas carboxyl or
amino group, of the monomer can function as a fanat group

allowing crosslinking during the post-crosslinkisigp described below.
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Such water-soluble ethylenically unsaturated monenmeay be used
alone or in combinations of two or more.

[0024] From the viewpoint of industrial availabylitthe water-soluble
ethylenically unsaturated monomer may include, agrtbe compounds
mentioned above, one or more compounds selected fn@ group
consisting of acrylic acid and its alkaline saftsgthacrylic acid and its
alkaline salts, acrylamide, methacrylamide and
N,N-dimethylacrylamide, or one or more compoundsced from the
group consisting of acrylic acid and its alkaliradts methacrylic acid
and its alkaline salts, and acrylamide. From ti@svpoint of further
increasing safety, the water-soluble ethylenicalgaturated monomer
may include one or more compounds selected frongriigp consisting
of acrylic acid and its alkaline salts, and methlcracid and its
alkaline salts.

[0025] The water-soluble ethylenically unsaturatednomer may be
dissolved in water to prepare a water-soluble ethghlly unsaturated
monomer aqueous liquid, and the aqueous liquid wsedhe first
aqueous liquid. The concentration of the watewtslel ethylenically
unsaturated monomer in the aqueous liquid may kbarrange of 20
wt% to saturation. Also, from the viewpoint of ailsting a satisfactory
state of the W/O reversed-phase suspension arebkuparticle size,
and improving the swelling performance of the aledi
water-absorbent resin particles, the concentradiothe water-soluble
ethylenically unsaturated monomer may be 25-50 vd9e45 wt% or
35-42 wt%.

[0026] When the water-soluble ethylenically unsatiesd monomer has
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an acid group such as (meth)acrylic acid or
2-(meth)acrylamide-2-methylpropanesulfonic acie&y #tid group may
be neutralized with an alkaline neutralizer suchraalkali metal salt, to
form an alkaline salt. The alkaline neutralizerynige an aqueous
liquid of sodium hydroxide, potassium hydroxide @mmonia, for
example. These alkaline neutralizers may eachsbkd alone, or two
or more may be used in combination.

[0027] The degree of neutralization with the alkalineutralizer with
respect to the entire acid may be in the range0ef@ mol%, in the
range of 30-90 mol%, in the range of 50-80 mol%nothe range of
60-78 mol%, from the viewpoint of increasing thenasic pressure of
the obtained water-absorbent resin particles torong the swelling
performance, and suppressing residue of excesbnalkeeutralizer so
as to help avoid safety and other problems.

[0028] The first agqueous liquid may include a ratlipolymerization
initiator.  The radical polymerization initiator spndbe water-soluble.
Examples of radical polymerization initiators indéu persulfuric acid
salts such as potassium persulfate, ammonium peesidnd sodium
persulfate; peroxides such as methyl ethyl ketoemxide, methyl
isobutyl ketone peroxide, di-t-butyl peroxide, tydaumyl peroxide,
t-butyl peroxyacetate, t-butyl peroxyisobutyratéutyl peroxypivalate

and hydrogen peroxide; and azo compounds such as

2,2'-azobis(2-methylpropionamidine) dihydrochloride
2,2'-azobis[2-(N-phenylamidino)propane] dihydroctue,
2,2'-azobis[2-(N-allylamidino)propane] dihydrochtte,

2,2'-azobis{2-[1-(2-hydroxyethyl)-2-imidazolin-2{propane}
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dihydrochloride,
2,2'-azobis{2-methyl-N-[1,1-bis(hydroxymethyl)-2-dirpxyethyl]propi
onamide}, 2,2'-azobis[2-methyl-N-(2-hydroxyethybepionamide] and
4,4'-azobis(4-cyanovaleric  acid). These radicallymerization
initiators may each be used alone, or two or moey fme used in
combination.

[0029] The amount of radical polymerization inibiatused will usually
be 0.005-1 mol with respect to 100 mol of the watduble
ethylenically unsaturated monomer. Using the admolymerization
initiator in an amount of at least 0.005 mol isicédint as this will
eliminate the need for a long time for polymeriaatireaction. An
amount of no greater than 1 mol will tend to preverbrupt
polymerization reaction.

[0030] The radical polymerization initiator may bged in combination
with a reducing agent such as sodium sulfite, sndiydrogen sulfite,
ferrous sulfate or L-ascorbic acid, for use as @oxepolymerization
initiator.

[0031] The first aqueous liquid may also comprisehain transfer
agent to control the water absorption performanck the
water-absorbent resin particles. Examples of saicthain transfer
agent include hypophosphorous acid salts, thiolgolit acids,
secondary alcohols and amines.

[0032] The first aqueous liquid may also comprisevater-soluble
thickener. Examples of water-soluble thickenectude hydroxyalkyl
celluloses such as hydroxyethyl cellulose (HEC) agdroxypropyl

cellulose  (HPC); hydroxyalkylalkyl ~ celluloses  suchas
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hydroxyethylmethyl cellulose, hydroxypropylmethyleliclose and
hydroxyethylethyl cellulose; carboxyalkyl cellulese such as
carboxymethyl cellulose; and carboxyalkylhydroxyl&elluloses such
as carboxymethylhydroxyethyl cellulose. Among &hebere may be
included as water-soluble thickeners one or morepounds selected
from among hydroxyalkyl cellulose, hydroxyalkylalkgellulose and
carboxyalkylhydroxyalkyl cellulose, or hydroxyethyellulose and
hydroxypropyl cellulose. Hydroxyethyl cellulosedahydroxypropyl
cellulose have high solubility in aqueous liquidgre readily exhibit a
thickening effect for aqueous liquids, and allove tfesidual volatile
component content of the water-absorbent resincpestto be further
reduced.

[0033] The first aqueous liquid may also comprisehydrophilic
polymer dispersing agent. Examples of hydrophipolymer
dispersing agents include polyvinyl alcohol (PVA),
polyvinylpyrrolidone (PVP), polyethylene glycol (B, polypropylene
glycol, polyethylene glycol/polypropylene glycol dok copolymer,
polyglycerin, polyoxyethylene glycerin, polyoxypsdene glycerin,
polyoxyethylene/polyoxypropylene glycerin copolymer and
polyoxyethylene sorbitan fatty acid esters. Amdtmgse there may be
included in the hydrophilic polymer dispersing a@geme or more
compounds selected from the group consisting oyvioyl alcohol,
polyvinylpyrrolidone, polyethylene glycol, polyprglene glycol and
polyglycerin. From the viewpoint of reducing thesidual volatile
component content, the hydrophilic polymer dispgysagent may

include polyvinylpyrrolidone or polyvinyl alcohol. These hydrophilic
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polymer dispersing agents may each be used alom&pmr more may
be used in combination.

[0034] The oily liquid comprises mainly a hydroplobliquid
composed of a hydrocarbon dispersing medium, aswfactant. For
reversed-phase suspension polymerization, the bsdvon dispersing
medium may be used as the aqueous liquid dispenmsaagum.

[0035] The HLB of the surfactant may be 6 to 16.heTHLB of the
surfactant may also be 7 to 16, 8 to 12, or 8.50&. If the HLB of
the surfactant is within this range, the conditioh the W/O
reversed-phase suspension will be more satisfachoy the obtained
particles will tend to have more suitable partislee and a superior
water-absorption rate.

[0036] Examples of surfactants include nonionicfattants such as
sorbitan fatty acid esters, (poly)glycerin fattydaesters (where "(poly)"
means the compound with and without the prefix yholsame
hereunder), sucrose fatty acid esters, polyoxyetteysorbitan fatty acid
esters, polyoxyethylene glycerin fatty acid estebitol fatty acid
esters, polyoxyethylene sorbitol fatty acid estpayoxyethylene alkyl
ethers, polyoxyethylene alkyl phenyl ethers, pojeikylene castor oll,

polyoxyethylene hydrogenated castor oil,
alkylallylformaldehyde-condensed polyoxyethylene hees,
polyoxyethylene/polyoxypropylene block copolymer,

polyoxyethylene/polyoxypropylalkyl ethers, and pelylene glycol
fatty acid esters; and anionic surfactants suchfaty acid salts,
alkylbenzenesulfonic acid salts, alkylmethyltaurinacid salts,

polyoxyethylene alkyl phenyl ether sulfates, polyethylene alkyl

12
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ether sulfonates, polyoxyethylene alkyl ether phasps, and
polyoxyethylene alkyl allyl ether phosphates. Amothese, the
surfactant may include one or more compounds seldobm the group
consisting of sorbitan fatty acid esters, polygtytéatty acid esters and
sucrose fatty acid esters, from the viewpoint séisfactory state of the
WI/O reversed-phase suspension, more easily obgasuitable size for
the water-absorbent resin particles, and industnalilability. From
the viewpoint of improved performance of the ol¢dinvater-absorbent
resin particles, the surfactant may include a sambfatty acid ester.
These surfactants may each be used alone, or twm@ may be used
In combination.

[0037] From the viewpoint of stabilizing the statd the W/O
reversed-phase suspension, and using an efficiemdura for a
suspension-stabilizing effect, the amount of suwaiatc used may be
0.1-5 parts by weight, 0.2-3 parts by weight or-®.garts by weight
with respect to 100 parts by weight as the totahefaqueous solvent,
the water-soluble ethylenically unsaturated monentee radical
polymerization initiator and additives such asdhain transfer agent.
[0038] In order to stabilize the state of the W/@varsed-phase
suspension, the oily liquid may include a hydropbolpolymer
dispersing agent. By using a surfactant and adpjdibic polymer
dispersing agent in combination, it is possiblefudher stabilize the
state of the W/O reversed-phase suspension. Erarmphydrophobic
polymer dispersing agents include maleic anhydmdelified
polyethylene, maleic anhydride-modified polypropyde maleic

anhydride-modified ethylene-propylene copolymer, lena
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anhydride-modified EPDM (ethylene-propylene-dienerpolymer),
maleic anhydride-modified polybutadiene, ethylerede@ anhydride
copolymer, ethylene-propylene-maleic  anhydride toper,
butadiene-maleic anhydride copolymer, oxidized etilylene,
ethylene-acrylic acid copolymer, ethylcellulose attylhydroxyethyl
cellulose. Among these, from the viewpoint of digbof the W/O
reversed-phase suspension, the hydrophobic polgispersing agent
may include one or more selected from the grougsistng of maleic
anhydride-modified  polyethylene, maleic  anhydridedified
polypropylene, maleic anhydride-modified ethylemegylene
copolymer, oxidized polyethylene and ethylene-acrgtid copolymer.
These hydrophobic polymer dispersing agents maly baaised alone,
or two or more may be used in combination.

[0039] The amount of hydrophobic polymer dispersaiggnt used may
be 0.1-5 parts by weight, 0.2-3 parts by weigh®.dr2 parts by weight
with respect to 100 parts by weight as the totahefaqueous solvent,
the water-soluble ethylenically unsaturated monentee radical
polymerization initiator and additives.

[0040] Examples of hydrocarbon dispersing medialughe chain
aliphatic hydrocarbons such as n-hexane, n-hep@unegthylhexane,
3-methylhexane, 2,3-dimethylpentane, 3-ethylpentand n-octane;
alicyclic hydrocarbons such as cyclohexane, metlcldhexane,
cyclopentane, methylcyclopentane, trans-1,2-dimejiclopentane,
cis-1,3-dimethylcyclopentane and trans-1,3-dimeygtbpentane; and
aromatic hydrocarbons such as benzene, toluenex@ade. These

hydrocarbon dispersing media may each be used,atort@o or more
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may be used in combination. The hydrocarbon dsspgmedia may
include one or more compounds selected from thapgomnsisting of
C6-8 chain aliphatic hydrocarbons and C6-8 alicytlydrocarbons.
From the viewpoint of a satisfactory state of théOWeversed-phase
suspension, easily obtaining a suitable particlee siof the
water-absorbent resin particle for excellent wateserption rate,
industrial availability, and stabilized qualityetiydrocarbon dispersing
medium may include n-heptane, cyclohexane, or bomom the same
viewpoint, a mixture of hydrocarbon dispersing raediay be used,
such as the commercially available product EXXSOgpthne
(containing 75-85% n-heptane and isomeric hydramasb product of
ExxonMobil).

[0041] From the viewpoint of removing sufficientlpmerization heat
and facilitating control of the polymerization teemgture, the amount of
hydrocarbon dispersing medium used may be 50-688 ps weight,
70-550 parts by weight or 100-450 parts by weigthil) respect to 100
parts by weight of the water-soluble ethylenicalhsaturated monomer
in the first aqueous liquid. If the amount of hyclrbon dispersing
medium used is at least 50 parts by weight, it teiid to be easier to
control the polymerization temperature. If the amtoof hydrocarbon
dispersing medium used is no greater than 650 pgrteeight, the
polymerization productivity will tend to be imprayeand economy will
increase.

[0042] One feature of the production method of #nsbodiment is that
in a polymerization step in which a water-solubléhykenically

unsaturated monomer is subjected to reversed-plzaspension
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polymerization in a hydrocarbon dispersing mediarthe presence of a
surfactant with an HLB of 6 or greater, the temperis specified for
forming the suspension of the aqueous liquid of weder-soluble
ethylenically unsaturated monomer dispersed in Hyelrocarbon
dispersing medium.

[0043] The temperature of the oily liquid beforeraxkure with the first
aqueous liquid may be 50°C or higher, 50°C to 11&%C to 100°C,
60°C to 90°C or 65°C to 85°C. By adjusting theydiquid to this
temperature range before mixing, it is possibleeasily maintain the
temperature of the suspension to a temperaturb°@ 8r higher during
the period from initial mixing of the oily liquid #h the first aqueous
liquid, until complete mixing of the entire amountsThe temperature
of the first aqueous liquid before admixture witte toily liquid will
usually be about 5°C to 30°C.

[0044] If the temperatures of the oily liquid arie ffirst aqueous liquid
before mixing are adjusted so that the temperatfithe suspension is
35°C or higher at the point at which mixing of thidy liquid and the
first aqueous liquid has been completed (hereuater referred to as
"upon suspension"), the temperature of the suspensill generally
remain at 35°C or higher from the time of initialxtare of the oily
liquid with the first aqueous liquid until complat@xture of their entire
amounts. The temperature of the suspension magjeat 35°C or
higher, or at any of the temperatures specifiedvaetluring the period
from complete mixing of the entire amounts of thig bquid and the
first aqueous liquid, until the suspension is he&be polymerization of

the water-soluble ethylenically unsaturated monomer
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[0045] The temperature of the suspension upon sggpe of the first
aqueous liquid may be 35°C to 100°C, 40°C to 9@F&C to 80°C or
50°C to 75°C. By limiting the temperature uponp&rsion to this
range, it is possible to efficiently reduce thadeal volatile component
content.

[0046] While not every aspect is known regarding thechanism by
which the residual volatile component content adkiced by specifying
the temperature upon suspension, it is believed iti@easing the
temperature of the suspended mixture (suspensargxample, further
activates the suspended state and makes mononmetdrm the W/O
reversed-phase suspension smaller, and inhibiteatosn of O/W/O
moieties in which the hydrocarbon dispersing medsienclosed in the
monomer droplets.

[0047] The polymerization temperature during regdrphase
suspension polymerization (the suspension tempejatwill differ
depending on the type of water-soluble radical pm&gization initiator
used, and therefore cannot be specified for alexasUsually, the
reaction temperature may be 20°C to 110°C or 40°@0fC, from the
viewpoint of promoting rapid polymerization and geaing the
polymerization time, while also simplifying remowail polymerization
heat and allowing a smooth reaction to take pladde polymerization
time will normally be about 0.5 to 4 hours.

[0048] Polymerization of the water-soluble ethytally unsaturated
monomer as described above produces a particulater-aontaining
gelated polymer. In most cases, the obtained palym

(water-containing gelated polymer) may be obtaimedarious forms
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such as spherical, granular, crushed, pointed-stagaty-balls-shaped,
or agglomerated forms thereof, but from the viewpof increasing the
specific surface area and water-absorption ratéhfsrembodiment, the
water-containing gelated polymer may be granulargm@nular with
numerous protrusions on the surface.

[0049] After obtaining the water-containing gelageymer by the first
polymerization step, water-absorbent resin padioi@y be obtained via
post-crosslinking as described below, and if neogssan agueous
liquid containing a water-soluble ethylenically ahgated monomer
may be further added to the suspension after tise golymerization
step, for further reversed-phase suspension poiyatiEem (second
polymerization step). Conducting reversed-phasespesusion
polymerization several times can accomplish furttegfuction in the
residual volatile component content. After theosetpolymerization
step, reversed-phase suspension polymerizationb@agpeated in the
same manner. The number of times that reverseskphlaspension
polymerization is repeated may be 2 or more, and Ipea2 or 3 from
the viewpoint of increasing productivity while remiog the residual
volatile component content.

[0050] Specifically, the suspension containing twater-containing
gelated polymer obtained after polymerization ine thfirst
polymerization step is cooled if necessary, foustipent to 45°C or
higher, or 50°C to 100°C, 55°C to 90°C, 60°C to@®t 65°C to 80°C.
Next, the suspension containing the water-contgigelated polymer is
mixed with the second aqueous liquid containinga@neous solvent, a

water-soluble ethylenically unsaturated monomer #ndecessary a
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radical polymerization initiator, and the seconduemps liquid is
dispersed dropwise. In the second polymerizatidep,s the
temperature of the suspension, when the suspermsintaining the
water-containing gelated polymer and the total amhaf the second
aqueous liquid have been completely mixed, may 35€ 3or higher,
40°C to 90°C, 45°C to 85°C, 50°C to 80°C or 53°C7&°C. By
limiting the range for the temperature of the saspmn before, or
before and after, the suspension containing therveaintaining gelated
polymer and the second aqueous liquid are mixeds possible to
efficiently reduce the residual volatiie componemuntent of the
obtained water-absorbent resin particles.

[0051] The water-soluble ethylenically unsaturatetbnomer and
radical polymerization initiator in the second apu® liquid may
employ the same types of compounds, in amountseisdame ranges, as
described above for the first aqueous liquid. Tingt and second
aqueous liquids may comprise the same monomers athdr
components, or they may comprise different mononserd other
components.

[0052] In the second polymerization step, the watduble
ethylenically unsaturated monomer may be presenthe second
aqueous liquid in such an amount for, for exam@250 parts by
weight, 40-200 parts by weight or 60-150 parts leyght with respect
to 100 parts by weight of the water-soluble ethially unsaturated
monomer in the first aqueous liquid. If the amoaohtwater-soluble
ethylenically unsaturated monomer used in the skagueous liquid is

at least 20 parts by weight, the residual volatdenponent content of
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the obtained water-absorbent resin particles veiidt to be further
reduced, and if the amount used is no greater2barparts by weight,
it will be possible to avoid excessive increaséhm particle size of the
obtained water-absorbent resin particles.

[0053] From the viewpoint of increasing productyyithe concentration
of the water-soluble ethylenically unsaturated nmeoin the second
aqueous liquid for the second polymerization stegy roe at least 1
wt%, 2-25 wt%, 3-20 wt% or 4-15 wt% higher than tlencentration
during the first polymerization step, based onfttital of the aqueous
solvent, the water-soluble ethylenically unsatwatmonomer, the
radical polymerization initiator and additives.

[0054] A water-containing gelated polymer is proeldicby the first
polymerization step. Before the second polymenonrastep, there may
also be provided an intermediate crosslinking stepwhich the

water-containing gelated polymer is crosslinked. ntedimediate
crosslinking of the water-containing gelated polyngeaccomplished,
for example, by mixing the water-containing gelapsdymer with the

intermediate crosslinking agent specified belowd dmeating the
mixture.

[0055] The intermediate crosslinking agent hasrectional group that
can react with a functional group in the water-blduethylenically

unsaturated monomer (for example, a carboxyl gnouthe case of
acrylic acid), and it may be a water-soluble conmmbu Examples of
intermediate crosslinking agents include polyolshswas ethylene
glycol, propylene glycol, 1,4-butanediol, trimetbidropane, glycerin,

polyoxyethylene glycol, polyoxypropylene glycol ammblyglycerin;
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compounds with two or more epoxy groups such asy)gbylene
glycol diglycidyl ether, (poly)propylene glycol dygidyl ether and
(poly)glycerin diglycidyl ether; haloepoxy compowndsuch as
epichlorohydrin, epibromohydrin  and a-methylepichlorohydrin;
compounds with two or more isocyanate groups swch,4-tolylene
diisocyanate and hexamethylene diisocyanate; ogetampounds such
as 3-methyl-3-oxetanemethanol, 3-ethyl-3-oxetankamet,
3-butyl-3-oxetanemethanol, 3-methyl-3-oxetaneethano
3-ethyl-3-oxetaneethanol and 3-butyl-3-oxetaneathanoxazoline
compounds such as 1,2-ethylene bisoxazoline; catbooompounds
such as ethylene carbonate; and hydroxyalkylanogepounds such as
bis[N,N-di(3-hydroxyethyl)Jadipamide. = Of these, the intermézlia
crosslinking agent may include a compound haviniipénmolecule two
or more functional groups that can react with fioral groups of the
water-soluble ethylenically unsaturated monomemuchScompounds
include the polyols, compounds with two or more »>gp@roups,
haloepoxy compounds and compounds with two or n&weyanate
groups. These may each be used alone or in cotitnaaf two or
more.

[0056] From the viewpoint of excellent reactivitihe intermediate
crosslinking agent may also include a compound Wb or more
epoxy groups. Among compounds with two or morexgpgroups,
from the viewpoint of high solubility in water arsatisfactory handling
ease as intermediate crosslinking agents, there beaysed ethylene
glycol diglycidyl ether, propylene glycol diglycitlyether, glycerin
diglycidyl ether, polyethylene glycol diglycidyl letr and polyglycerol
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glycidyl ether. From the viewpoint of improving n@us aspects of
performance of the obtained water-absorbent rearticfes, the

compound with two or more epoxy groups may inclattg/lene glycol

diglycidyl ether, propylene glycol diglycidyl ether both.

[0057] The content of the intermediate crosslinkiagent may be
0.0001-0.03 mol, 0.0005-0.02 mol or 0.001-0.015,math respect to
100 mol of the water-soluble ethylenically unsatiedanonomer used to
produce the water-containing gelated polymer. h# mixing amount
of the intermediate crosslinking agent is at 1€a8001 mol, absorption
of the water-soluble ethylenically unsaturated nmeoin the second
aqueous liquid into the water-containing gelatedymper after the

intermediate crosslinking step will tend to be bited, and decline in
the water-absorption rate and swelling performandé tend to be

minimized. If the mixing amount of the intermediatrosslinking

agent is no greater than 0.03 mol, decline in tregemabsorption
capacity of the water-absorbent resin particle Xgessive crosslinking
will tend to be inhibited. The reaction temperattor the intermediate
crosslinking reaction may be 60°C or higher, omeetn 70°C and the
boiling point temperature of the hydrocarbon dispgy medium in the
first polymerization. The reaction time for the tammediate

crosslinking reaction will differ depending on theaction temperature
and the type and mixing amount of the intermedtabsslinking agent,
and therefore cannot be specified for all cases,ubually it may be

1-200 minutes, 5-100 minutes or 10-60 minutes.

[0058] The polymerization conducted after mixinge tisuspension

comprising the water-containing gelated polymer aoi®d after
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polymerization by the first polymerization, and tBecond aqueous
liquid comprising the aqueous solvent and the wsaérble
ethylenically unsaturated monomer, may be carrigduoder the same
conditions as the first polymerization. Polymetima of the
water-soluble ethylenically unsaturated monomerdascribed above
further produces a particulate water-containingaigel polymer. In
most cases, the obtained polymer (water-contaiglgted polymer)
may be obtained in various forms such as sphegeahular, crushed,
pointed-sugar-candy-balls-shaped, or agglomerateaist thereof, but
from the viewpoint of increasing the specific sudaarea and
water-absorption rate for this embodiment, the weadataining gelated
polymer may be granular, or granular with numenaudgrusions on the
surface.

[0059] In the case that the reversed-phase suspepsiymerization is
carried out two or more times via the second polyzagon step as
described above, productivity of the water-absarlpesin particles can
be increased. More surprisingly, it is possibledtastically reduce
residual volatile component content in the obtaineater-absorbent
resin particles.

[0060] While the mechanism by which residual vddattomponent
content is reduced by conducting a second polym@ugoiz is not fully
understood, it is conjectured that, since the weatetaining gelated
polymer obtained by the first polymerization is g@et during the
second polymerization, this stabilizes separatimh @alescence of the
aqueous liquid droplets in the W/O reversed-phaspension system,

l.e. it reduces the frequency of encapsulation e hydrocarbon
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dispersing medium by the aqueous liquid dropletewthe aqueous
liquid droplets impact each other, and inhibitsviation of an O/W/O
structure.

[0061] The method for producing water-absorbentinresarticles
according to this embodiment may further comprigmst-crosslinking
step in which the water-containing gelated polyotgained by the final
polymerization step described above is crosslinkéthe method for
producing water-absorbent resin particles accortbripis embodiment
may also comprise, before the aforementioned posstinking step, a
primary drying step in which the weight percentagewater in the
water-containing gelated polymer (water conterthefwater-containing
gelated polymer) is adjusted to, for example, 20-08%, where 100
wt% is the content of components (the polymer sotidtent) derived
from the water-soluble ethylenically unsaturatednomer composing
the water-containing gelated polymer.

[0062] There are no particular restrictions on thethod of drying in
the primary drying step, and for example, there imaynentioned (a) a
method of externally heating the dispersion of teter-containing
gelated polymer in the oily liquid (hydrocarbonmissing medium) for
reflux of the hydrocarbon dispersing medium by &zgxc distillation,
to remove water, (b) a method of removing the wabataining gelated
polymer by decantation and performing reduced pressrying, and (c)
a method of filtering out the water-containing gethpolymer with a
filter and performing reduced pressure drying. et (a) may be
used for convenience of the production process.

[0063] If the water-containing gelated polymer @egul to a water
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content of 20-130 wt% is subjected to crosslinkjpgst-crosslinking)
as described above, water-absorbent resin partsstasmore excellent
water absorption performance will be obtained.

[0064] The post-crosslinking agent used for poesslinking may be
one which has a functional group that can readt witunctional group
in the water-soluble ethylenically unsaturated nmeno (for example, a
carboxyl group in the case of acrylic acid), andniay be a
water-soluble compound. Examples of post-crossimkagents
include polyols such as ethylene glycol, propylergycol,
1,4-butanediol, trimethylolpropane, glycerin, polyethylene glycol,
polyoxypropylene glycol and polyglycerin; compoundgh two or
more epoxy groups such as (poly)ethylene glycolydidyl ether,
(poly)propylene glycol diglycidyl ether and (polyygerin diglycidyl
ether; haloepoxy compounds such as epichlorohydpriyromohydrin
and a-methylepichlorohydrin; compounds with two or masecyanate
groups such as 24-tolylene diisocyanate and hexgieae
diisocyanate; oxetane compounds such as 3-metbyke@nemethanol,
3-ethyl-3-oxetanemethanol, 3-butyl-3-oxetanemethano
3-methyl-3-oxetaneethanol, 3-ethyl-3-oxetaneethanol and
3-butyl-3-oxetaneethanol; oxazoline compounds saghl,2-ethylene
bisoxazoline; carbonate compounds such as ethytansonate; and
hydroxyalkylamide compounds such as
bis[N,N-di(3-hydroxyethyl)Jadipamide. Of these, the
post-crosslinking agent may include a compoundrigain the molecule
two or more functional groups that can react withctional groups of

the water-soluble ethylenically unsaturated monomer Such
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compounds include the polyols, compounds with twanore epoxy
groups, haloepoxy compounds and compounds with dwaomore
Isocyanate groups. These may each be used alanecombinations
of two or more.

[0065] From the viewpoint of excellent reactivitge post-crosslinking
agent may also include a compound with two or nepexy groups.
From the viewpoint of high solubility in water asdtisfactory handling
ease as a post-crosslinking agent, compounds wihot more epoxy
groups may include ethylene glycol diglycidyl ethgropylene glycol
diglycidyl ether, glycerin diglycidyl ether, polystiene glycol
diglycidyl ether and polyglycerol glycidyl etherFrom the viewpoint
of improving various aspects of performance of thbtained
water-absorbent resin particles, the compound tmithor more epoxy
groups may include ethylene glycol diglycidyl ethgropylene glycol
diglycidyl ether, or both.

[0066] The content of the post-crosslinking ageayrne 0.0001-1 mol,
0.0005-0.5 mol, 0.001-0.1 mol or 0.005-0.05 mokhwespect to 100
mol of the water-soluble ethylenically unsaturatednomer used to
produce the water-containing gelated polymer. héfpost-crosslinking
agent content is at least 0.0001 mol, a crosslgleffect will be
exhibited, and the water-absorption rate of theewabsorbent resin
particles will tend to be further improved withale water-absorbent
resin particle surfaces becoming viscous upon ahbsar of water,
while if it is no greater than 1 mol, the crossiimk will not be
excessive, and water-absorption capacity of theematisorbent resin

particles will tend to be further increased.
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[0067] Mixture of the water-containing gelated puobr and the
post-crosslinking agent can be accomplished afigrsting the water
content of the water-containing gelated polymerat®pecific range
(primary drying step). By thus controlling the ematcontent of the
water-containing gelated polymer at the time of tome of the
water-containing gelated polymer and the post-tirdgsg agent, it is
possible to more favorably promote the post-croksig reaction.
[0068] The water content of the water-containindatgel polymer in
the post-crosslinking step may be 20-130 wt%, 25-0t%, 30-90
wt%, 35-80 wt% or 40-70 wt%. If the water conteot the
water-containing gelated polymer is within the afoentioned range, it
will be possible to shorten the primary drying seamd increase the
production efficiency while further improving theater absorption
performance by the post-crosslinking reaction.

[0069] The water content of the water-containin¢gatgel polymer can
be determined by: -calculating the amount of water the
water-containing gelated polymer by adding the amhaf water used
as necessary when mixing the intermediate crosstnkgent or the
post-crosslinking agent to the value (the amounthef water in the
primary drying gel) obtained by subtracting theeexally extracted
amount of water by the primary drying step from @éneount of water in
the aqueous liquid before polymerization in theirenpolymerization
step; then calculating the proportion of the amoohtwater in the
water-containing gelated polymer with respect te tiveight of
components derived from the water-soluble ethykdlyicunsaturated

monomer composing the water-containing gelatedrpety
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[0070] The weight of the components derived frora Water-soluble
ethylenically unsaturated monomer composing theem@intaining
gelated polymer is determined by calculation aslieeretical polymer
solid fraction, from the total weight of the watmiuble ethylenically
unsaturated monomer used for polymerization reactio

[0071] During mixing the water-containing gelatedlymer and
post-crosslinking agent, water or a hydrophilioreat may be added as
a solvent to dissolve the post-crosslinking agentjniformly disperse
the post-crosslinking agent. Examples of hydroplsiblvents include
lower alcohols such as methyl alcohol, ethyl al¢otwod isopropyl
alcohol, ketones such as acetone and methyl ethghk, ethers such as
dioxane and tetrahydrofuran, amides such as N,Ndfthyiformamide,
and sulfoxides such as dimethyl sulfoxide. Theseesnts may each
be used alone, or two or more may be used in catibmas necessary.
[0072] The weight ratio of the amount of water e fprimary drying
gel and the amount of solvent to be added may W&046D:40,
99:1-70:30, 98:2-80:20 or 98:2-90:10, from the \pewunt of reasonably
shortening the drying step for increased econonthe@fprocess, while
uniformly dispersing the post-crosslinking agent.

[0073] The reaction temperature of the post-crokslg reaction may
be 60°C or higher, 70°C to 200°C or 80°C to 150°@. reaction
temperature of 60°C or higher will tend to promothe
post-crosslinking reaction and eliminate the newdektra time for the
reaction, while a reaction temperature of no highan 200°C will tend
to inhibit deterioration of the obtained water-atbemt resin particles

and decline in the water absorption performance.
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[0074] The reaction time for the post-crosslinkigction will differ
depending on the reaction temperature and theagdemixing amount
of the post-crosslinking agent, and therefore cabeaospecified for all
cases, but usually it may be 1-300 minutes, orG+hutes.

[0075] The method for producing water-absorbentinregarticles
according to this embodiment may comprise a seecgndiging step,
after the post-crosslinking reaction, in which @yesuch as heat is
externally applied to remove the water and hydiomardispersing
medium by distillation. Such secondary drying wind to vyield
water-absorbent resin particles with an excellentdbility.

[0076] There are no particular restrictions onnmethod for secondary
drying, and for example, there may be mentioneda(anethod of
distilling a mixture of the resin particles aftergp-crosslinking reaction,
dispersed in the oily liquid (hydrocarbon dispegsimedium), to
simultaneously remove the water and hydrocarbopedssng medium,
(b) a method of removing the resin particles by atéation and
performing reduced pressure drying, and (c) a naetfdfiltering out
the resin particles with a filter and performinglueed pressure drying.
Among these, method (a) may be used for conveniesfcehe
production steps.

[0077] The production method according to the presambodiment
can yield water-absorbent resin particles accortinthe embodiment
described below. The water-absorbent resin pestitiave suitable
particle size, excellent water-absorption rate, wd residual volatile
component content.

[0078] The median particle size of the water-absotlresin particles
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may be 100-60Qum. With such a median particle size, it will be
possible to keep satisfactory handling ease dupirmgluction of the
absorbent, and to design a thin absorbent. Theamgzhrticle size
may be 110-50Qm, 120-40Qum or 130-35Qum. The median particle
size is measured by the method described belothéoexamples.
[0079] The water-absorption rate of the water-adibsior resin particle
for physiological saline may be 1-20 seconds. hé# water-absorbent
resin particles have such an excellent water-ahsarpate, it will be
possible to prevent fluid leakage when the watesedlent resin
particles are used in an absorbent article, wabekimg material or the
like. The water-absorption rate may be 1-15 segpf8ell0 seconds,
2-8 seconds or 2-6 seconds. The water-absormiens measured by
the method described below for the examples.

[0080] The residual volatile component contentha tvater-absorbent
resin particles may be no greater than 1.5 wt% thdfwater-absorbent
resin particles have such a low residual volatdengonent content, it
will be possible to inhibit generation of odor whitye water-absorbent
resin particles have absorbed water, thereby impgoecomfort for
wearers of the absorbent article. The residuahtitel component
content may be no greater than 1.3 wt%, 0.001-1%2,.01-1.0 wt%,
or 0.1-0.6 wt%.

[0081] There are no particular restrictions on thater-absorption
capacity of physiological saline of the water-absoit resin particles,
but it can be made larger from the viewpoint of réasing the
absorption capacity of the absorbent article. T¥eer-absorption

capacity of physiological saline of the water-absot resin particle
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may be 30-90 g/g, 35-80 g/g, 45-75 g/g, 50-70 g/h5-65 g/g. The
water-absorption capacity of physiological salisemeasured by the
method described below for the examples.

[0082] Water-absorbent resin particles obtained tlhhy method for

producing water-absorbent resin particles accordimgthe present
embodiment may contain additives such as a heistags stabilizer,

antioxidant, anti-bacterial agent or the like, depeg on the purpose.
The amount of such additives will differ dependmg the purpose of
use of the water-absorbent resin particles, thestygf additives, and
other factors, but it may be 0.001-10 parts by Wgi@.01-5 parts by
weight or 0.1-2 parts by weight with respect to padts by weight of
the water-absorbent resin particles.

EXAMPLES

[0083] The invention will now be explained in modetail by the

following examples, with the understanding that theention is not

restricted only to these examples.

[0084]

[Example 1]

There was prepared a round-bottom cylindrical sdpar flask

(hereunder referred to as "round bottom flask™hvaih inner diameter
of 100 mm, equipped with a reflux condenser, dnegpunnel, nitrogen
gas inlet tube, and a stirring blade with 4 slamaddle blades (fluorine
resin-coated surfaces) with 50 mm blade diameterswo levels.

After adding 660 mL of n-heptane as a hydrocarhepedsing medium
into the round bottom flask, 1.10 g of sorbitan wlanrate (trade name:
NONION LP-20R by NOF Corp., HLB: 8.6) was addedhasurfactant,
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the mixture was heated to 70°C, and the surfaetastdissolved in the
n-heptane to prepare an oily liquid.

[0085] Separately, in a 300 mL-internal volume lerakere was added
92 g (1.03 mol) of an 80.5 wt% acrylic acid aquesofution as a
water-soluble ethylenically unsaturated monomerhe T&crylic acid
aqueous solution was cooled in ice water whileragldi47.7 g of a 20.9
wt% sodium hydroxide aqueous solution dropwisehi® beaker, for
neutralization of 75 mol% of the acrylic acid. e®.10 g (0.00037
mol) of potassium persulfate was added as a wateble radical
polymerization initiator to the beaker and dissdivi® prepare an
aqueous liquid. The polymer solid content of thh@eous liquid was
91 g, and the amount of water was 148.6 g.

[0086] The rotational speed of the stirrer was 7@, and the total
amount of the aqueous liquid was added to theligilyd in the round
bottom flask at 70°C. The temperature of the sudpe mixture
(suspension) upon completion of the addition wasC47 After
exchanging the internal system with nitrogen for r@thutes while
maintaining the same temperature, the round botftask was
immersed in a water bath at 70°C to raise the teatype, and
polymerization reaction was conducted for 1 hour dbtain a
water-containing gelated polymer.

[0087] Next, an oil bath at 120°C was used to rémsetemperature of
the system, and the water and n-heptane were apawatity distilled to
remove 111.7 g of water out of the system undéuxedf the n-heptane
(primary drying step). Next, 4.14 g (0.00048 nadlp 2 wt% ethylene

glycol diglycidyl ether aqueous solution was addext a
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post-crosslinking agent to the round bottom flaskpbtain a mixture
comprising the post-crosslinking agent. The amafnivater in the
round bottom flask at this time was 40.9 g, andatmunt of water in
the water-containing gelated polymer after the prym drying
(post-crosslinking) was 45 wt%.  After preparinge thmixture
comprising the post-crosslinking agent, it was kaptapproximately
80°C for 2 hours for further crosslinking of theteracontaining gelated
polymer (post-crosslinking step).

[0088] The n-heptane was then distilled off at 120for drying
(secondary drying step) to obtain 88.2 g of granwater-absorbent
resin particles.

[0089]

[Example 2]

An oily liquid was prepared with the same compositas Example 1,
with increase of the temperature in the round Ipotfask to 75°C to
dissolve the surfactant in the n-heptane. Thel tataount of the
aqueous liquid was added to the oily liquid kept7&fC, and the
temperature of the suspended mixture upon completidhe addition
was 55°C. The procedure was otherwise carriecheum Example 1,
to obtain 89.1 g of granular water-absorbent rpaiticles.

[0090]

[Example 3]

There was prepared a round-bottom cylindrical sdpar flask
(hereunder referred to as "round bottom flask™hveih inner diameter
of 100 mm, equipped with a reflux condenser, dnegpunnel, nitrogen

gas inlet tube, and a stirring blade (fluorinemesvated surfaces) with 4
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slanted paddle blades with 50 mm blade diametarswo levels.
After adding 530 mL of n-heptane as a hydrocarhepedsing medium
into the round bottom flask, 1.65 g of sorbitan wlanrate (trade name:
NONION LP-20R by NOF Corp., HLB: 8.6) was addedhasurfactant,
the mixture was heated to 72°C, and the surfaetastdissolved in the
n-heptane to prepare an oily liquid.

[0091] Separately, in a 300 mL-internal volume lerakere was added
92 g (1.03 mol) of an 80.5 wt% acrylic acid aquesofution as a
water-soluble ethylenically unsaturated monomerhe T&crylic acid
aqueous solution was cooled in ice water whileragldi47.6 g of a 20.9
wt% sodium hydroxide aqueous solution dropwisehi® tbeaker, for
neutralization of 75 mol% of the acrylic acid. Ne®.10 g (0.00037
mol) of potassium persulfate was added as a wateble radical
polymerization initiator to the beaker and dissdite prepare a first
aqueous liquid. The polymer solid content of tinst faqueous liquid
was 91.0 g, and the amount of water was 148.5 g.

[0092] The rotational speed of the stirrer was §0®, and the total
amount of the first agueous liquid was added todihe liquid in the
round bottom flask at 72°C. The temperature of #Huspended
mixture upon completion of the addition was 51°@fter exchanging
the internal system with nitrogen gas for 30 misutd the same
temperature, the round bottom flask was immersed vmater bath at
70°C to raise the temperature, and polymerizatieaction was
conducted for 1 hour to obtain a water-containiaggd polymer (first
polymerization step). After polymerization, 1.240Qy00014 mol) of a
2 wt% ethylene glycol diglycidyl ether aqueous $solu was added as
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an intermediate crosslinking agent and crosslinknegction was
conducted at 75°C for 30 minutes (intermediatestiadang step).
[0093] Next, in a 300 mL beaker separate from its polymerization
step there was added 92 g (1.03 mol) of an 80.5 wat¥lic acid
agueous solution as a water-soluble ethylenicalaturated monomer.
The acrylic acid agueous liquid was cooled in icenr while adding
114.7 g of a 26.9 wt% sodium hydroxide aqueoustisoiudropwise to
the beaker, for neutralization of 75 mol% of theyhc acid. Next,
0.10 g (0.00037 mol) of potassium persulfate wasleddas a
water-soluble radical polymerization initiator tdet beaker and
dissolved to prepare a second aqueous liquid. [Adlgmer solid
content of the second aqueous liquid was 91.0 d,the amount of
water was 115.9 g.

[0094] The suspension after completion of the dmddag reaction by
the intermediate crosslinking agent was cooledQtC7while stirring
with a stirrer rotational speed set to 1000 rpmhe Total amount of the
second aqueous liquid was added dropwise into thwed round
bottom flask. The temperature of the suspensianugompletion of
the dropwise addition was 55°C, and the internastesy was
subsequently exchanged with nitrogen gas for 30utes while
maintaining the same temperature in the systeme réand bottom
flask was immersed in a water bath at 70°C to rthie¢emperature, and
then polymerization reaction was conducted for lurhgsecond
polymerization step) to obtain a water-containietpted polymer.
[0095] The round bottom flask was immersed in adrpaih at 120°C to

raise the temperature of the suspension compriesgvater-containing
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gelated polymer obtained in the second polymeomastep, and the
water and n-heptane were azeotropically distileedeimove 208.6 g of
water out of the system under reflux of n-heptamem@ary drying step).
Next, 8.28 g (0.00095 mol) of a 2 wt% ethylene glydiglycidyl ether
aqueous solution was added as a post-crosslinkjegtao the round
bottom flask, to obtain a mixture comprising thestorosslinking
agent. The water content in the round bottom flaiskhis time was
63.9 g, and the amount of water in the water-camtgigelated polymer
after the primary drying (post-crosslinking) was 88%. After
preparing the mixture comprising the post-crosstigkagent, it was
kept at approximately 80°C for 2 hours (post-croksig step).

[0096] The n-heptane was then distilled off at I20for drying
(secondary drying step) to obtain 191.1 g of granwater-absorbent
resin particles.

[0097]

[Comparative Example 1]

There was prepared a round-bottom cylindrical sdpar flask
(hereunder referred to as "round bottom flask™hvaih inner diameter
of 100 mm, equipped with a reflux condenser, dnegpunnel, nitrogen
gas inlet tube, and a stirring blade (fluorine mesvated surface) with
four slanted paddle blades with 50 mm blade diarsete two levels.
After adding 660 mL of n-heptane as a hydrocarlkiepetsing medium
into the round bottom flask, 1.10 g of sorbitan wlaarate (trade name:
NONION LP-20R by NOF Corp., HLB: 8.6) was addedhasurfactant,
the mixture was heated to 45°C, and the surfaetastdissolved in the

n-heptane to prepare an oily liquid.
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[0098] Separately, 92 g (1.03 mol) of an 80.5 witykc acid aqueous
solution was added as a water-soluble ethylenicalhsaturated
monomer to a beaker with an internal volume of 30, and the
acrylic acid aqueous solution was cooled in iceewathile adding
147.7 g of a 20.9 wt% sodium hydroxide aqueoustisoiudropwise to
the beaker, for neutralization of 75 mol% of theyhc acid. Next,
0.10 g (0.00037 mol) of potassium persulfate wasleddas a
water-soluble radical polymerization initiator tdet beaker and
dissolved to prepare an aqueous liquid. The palysokd content of
the aqueous liquid was 91 g, and the amount ofrweads 148.6 g.
[0099] The rotational speed of the stirrer was 7@, and the total
amount of the aqueous liquid was added to theligilyd in the round
bottom flask at 45°C. The temperature of the sousipa upon
completion of the addition was 33°C. After exchaggthe internal
system with nitrogen for 30 minutes, the round drottflask was
immersed in a water bath at 70°C to raise the temye, and
polymerization reaction was conducted for 1 hour dbtain a
water-containing gelated polymer.

[0100] Next, an oil bath at 120°C was used to ré#isetemperature in
the system, and the water and n-heptane were apéawatty distilled to
remove 127.6 g of water out of the system undéuxedff the n-heptane
(primary drying step). Next, 5.52 g (0.00063 nudlp 2 wt% ethylene
glycol diglycidyl ether aqueous solution was addext a
post-crosslinking agent to the round bottom flaskpbtain a mixture
comprising the post-crosslinking agent. The amafnivater in the

round bottom flask at this time was 26.3 g, andatmunt of water in
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the water-containing gelated polymer after the prym drying
(post-crosslinking) was 29 wt%.  After preparinge thmixture
comprising the post-crosslinking agent, it was kaptapproximately
80°C for 2 hours (post-crosslinking step).

[0101] The n-heptane was then distilled off at I20for drying
(secondary drying step) to obtain 87.4 g of granwater-absorbent
resin particles.

[0102]

[Comparative Example 2]

After adding 92 g (1.02 mol) of an 80 wt% acryl@daaqueous solution
as a water-soluble ethylenically unsaturated momdamean Erlenmeyer
flask with an internal volume of 500 mL, the aarydicid was cooled in
ice water and stirred while adding 146.0 g of a \&2t®6 sodium
hydroxide aqueous solution dropwise to the Erlerenefjask, for
neutralization of 75 mol% of the acrylic acid, teepare an acrylic acid
partial neutralized salt solution with a monomenasntration of 38
wt%. To the obtained acrylic acid partial neuadl salt solution there
were added 18.4 mg (106 micromoles) of ethyleneajlgiglycidyl
ether as an internal crosslinking agent and 92 rhgoaiassium
persulfate as a radical polymerization initiatorptepare a first aqueous
liquid.

[0103] To a 5-necked cylindrical round bottom flaskh an internal
volume of 2 L, equipped with a stirrer having aef2dl paddle blade, a
thermometer, a reflux condenser, a dropping fuanel a nitrogen gas
inlet tube (hereunder referred to as "round botftask"), there were

added 340 g (500 mL) of n-heptane as a hydrocautispersing
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medium and 0.92 g of a sucrose fatty acid estad¢tname: S-370 by
Mitsubishi-Kagaku Foods Corp., HLB value: 3.0) asuafactant, and
after heating to dissolution in the n-heptane, ititernal temperature
was adjusted to 50°C to obtain an oily liquid. To&l amount of the
first agueous liquid was added to this oily liquithe mixture was
suspended while maintaining a temperature of 503€ sirring, and
after thorough nitrogen-exchange of the internateay, a water bath at
70°C was used for 2 hours of polymerization reactiffirst
polymerization step).

[0104] After adding 92 g (1.02 mol) of an 80 wt%\dic acid agueous
solution as a water-soluble ethylenically unsaggamonomer to a
separate Erlenmeyer flask with an internal volunie5@ mL, the
acrylic acid aqueous solution was externally coal&th ice water and
stirred while adding 146.0 g of a 21 wt% sodium royxile aqueous
solution dropwise to the Erlenmeyer flask, for melization of 75
mol% of the acrylic acid, to prepare an acrylicdapartial neutralized
salt solution with a monomer concentration of 380wt To the
obtained acrylic acid partial neutralized salt solu there were added
18.4 mg (106 micromoles) of ethylene glycol digtiydi ether as an
internal crosslinking agent and 92 mg of potasspensulfate as a
radical polymerization initiator, to prepare a sstaqueous liquid.
[0105] After completion of the first polymerizatiatep, the suspension
was cooled to 50°C while stirring, and the totaloamt of the second
aqueous liquid was added dropwise to a cooled flagkthe surfactant
in the dissolved state. The internal system wabseguently

exchanged with nitrogen gas for 30 minutes whileintamning a
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temperature of 50°C and stirring. The round bottflask was
immersed in a water bath at 70°C to raise the temtye, and then
polymerization reaction was conducted for 1.5 housecond
polymerization step) to obtain a water-containietpted polymer.
[0106] The round bottom flask was immersed in arpath at 120°C to
raise the temperature of the suspension comprikgvater-containing
gelated polymer obtained in the second polymeomastep, and the
water and n-heptane were azeotropically distilledemove 250 g of
water out of the system under reflux of n-heptaram@ary drying step).
Next, 110 mg (0.00063 mol) of an ethylene glycajlytidyl ether
aqueous solution was added as a post-crosslinkjegtao the round
bottom flask, to obtain a mixture comprising thestorosslinking
agent. The amount of water in the water-contaigieigted polymer at
this time was 25 wt%. After preparing the mixtwwemprising the
post-crosslinking agent, it was kept at approximga8@°C for 2 hours
(post-crosslinking step).

[0107] The n-heptane was then distilled off at I20for drying
(secondary drying step) to obtain 188.3 g of sglaénvater-absorbent
resin particles.

[0108]

<Evaluation>

The water-absorbent resin particles obtained in ¢kamples and
comparative examples were evaluated in the follgwimanner. The
evaluation results are shown in Table 2.

[0109]

(1) Residual volatile component content
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(a) Calibration curve plot

The hydrocarbon dispersing media used in the exsn@nd
comparative examples, dimethylformamide (DMF) and2@ wt%
phosphoric acid aqueous solution were prepared seadable glass
container. In order to minimize error due to wdiladtion during the
measurement, these were cooled for use where aggess

[0110] First, 0.15 g of the hydrocarbon dispersingdium was
precisely weighed out into a graduated flask witB0® mL internal
volume, and then DMF was added to a total of 20Q toLprepare
standard solution 1. Next, standard solution 1 prasisely measured
out to 10 mL with a whole pipette into a graduafledk with a 20 mL
internal volume, and DMF was added to a total of rAQ, for
half-dilution of standard solution 1 to preparensi@d solution 2.

[0111] In the same manner, standard solution 2 khad&diluted to
obtain standard solution 3, standard solution 3 edisdiluted to obtain
standard solution 4, and standard solution 4 w#sdhated to obtain
standard solution 5.

[0112] Standard solution 1 was added in an amotidt mL to a vial
with a 20 mL internal volume (VZH-20CR-100, produdt SMI-Lab
Ltd.), and then 5 mL of a 25 wt% phosphoric acidesmys solution was
further added. Septum rubber and an aluminum cape wsed to
rapidly seal the vial, and the vial was shakenlfaninute for mixing.
The same procedure was carried out for standardiaus 2 to 5, to
prepare calibration curve solutions.

[0113] After shaking and stirring of the vial whiteating at 110°C for

2 hours, 1 mL of the gas phase portion was injedted a gas
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chromatograph, and a chromatogram was obtainedafch calibration
curve solution. A calibration curve was plottedngsthe mass of the
hydrocarbon dispersing medium that had been pigcigeighed out
when preparing the calibration curve solution, #relpeak area of the
chromatogram. When more than one peak was obsdorethe
hydrocarbon dispersing medium, the peak areas swarened to plot
the calibration curve.

[0114]

(b) Measurement of residual volatile component eont

DMF and a 25 wt% phosphoric acid agueous solutierewprepared.
A 0.10 g portion of each of the water-absorbentrparticles obtained
in the examples and comparative examples was wetigaeinto a vial
with a 20 mL internal volume. To the vial thererev@dded 4 mL of
the DMF and 5 mL of the 25 wt% phosphoric acid agsesolution.
Septum rubber and an aluminum cap were used tdlysgeal the vial,
and the vial was shaken for 1 minute for mixing.fteA shaking and
mixing of the vial while heating at 110°C for 2 meul mL of the gas
phase portion was injected into a gas chromatogregid a
chromatogram was obtained.

[0115] Based on the peak area of the obtained cimgram and the
plotted calibration curve, the amount of hydrocarbdspersing medium
in the water-absorbent resin particles (precisedhyghed 0.10 g portion)
was calculated, and the value per 1 g of waterr@lksb resin particles
was recorded as the residual volatile componertecdwt%).

[0116] The following conditions were used for tresghromatography.
Apparatus: GC-2014 (Shimadzu Corp.)
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Headspace autosampler: HT200H (Hamilton Company)

Filler: Squalane 25% Shimalite (NAW)(101)

80-100 mesh

Column: 3.2 mmp x 2.1 m

Column temperature: 80°C

Inlet temperature: 180°C

Detector temperature: 180°C

Detector: FID

Carrier gas: M

Vial heating temperature: 110°C

Syringe preset temperature: 130°C

[0117]

(2) Odor sensory test (6-level Odor Intensity latiizn Method)

The odor derived from the hydrocarbon dispersingdiom upon
swelling of the water-absorbent resin particles waaluated by the
following method. After adding 20.0 g of 0.9 wt%lise solution at
25°C to a sealable glass bottle with an internduwe of 140 mL
(mayonnaise bottle), a stirring bar with a lengtt3 @m was added and
the contents were stirred. A 2.0 g portion of watesorbent resin
particles was added to the glass bottle, and itseased. The odor of
the hydrocarbon dispersing medium in the glasdebaias judged by 5
analysts based on the evaluation criteria listedlable 1, and the

average value was recorded as the odor evaluasuits.
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[0118] [Table 1]

6-Level criteria Evaluation

5 Intense odor

4 Strong odor

3 Easily perceivable odor

2 Identifiable but weak order
1 Barely perceivable odor

0 Odorless
[0119]

(3) Water-absorption capacity of physiological sal{g/qg)
The absorption of physiological saline was evallidig the following
method. After mixing 500 g of 0.9 wt% saline smatand 2.0 g of
water-absorbent resin particles, the mixture wagedt at room
temperature for 60 minutes. A JIS Z 8801-1 stathdaeve, with a
weight of Wa (g) and a mesh size of i, was used to filter the liquid
mixture. The filtered product was allowed to stamdthe sieve for 30
minutes, with the sieve tilted at an inclinatiorgkenof about 30 degrees
with respect to the horizontal. The total weighth® water-absorbent
resin particles after absorbing and the sieve Whw@s measured, and
the water-absorption capacity was calculated bydhawing formula.
Water-absorption capacity of physiological saline
(Wb-Wa)/2.0
[0120]
(4) Water-absorption rate of physiological salised)
Measurement of the water-absorption rate was cdaduin a room
controlled to 25°C+1°C. A 50 +0.1 g portion of giglogical saline
pre-adjusted to a temperature of 25 +0.2°C by artbbath was stirred

with a magnetic stirrer bar (8 mnx 30 mm, ringless) to generate a
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vortex, at a rotational speed of 600 rpm. A 2.008@ g portion of
water-absorbent resin particles was added at andeet physiological
saline, and the time from addition of the wateresbent resin particles
until convergence of the vortex on the liquid soefésec) was measured
and recorded as the water-absorption rate of therva#dsorbent resin
particles.

[0121]

(5) Median particle size

With 100 g of water-absorbent resin particles theas mixed 0.5 g of
amorphous silica (trade name: Sipernat 200, prooiubegussa Japan)
as a lubricant. The water-absorbent resin pastichere passed
through a JIS Z 8801-1 standard sieve with a meghod 250um, and
the median particle size was measured using siewabioation (A)
below when the amount remaining on the sieve wasaat 50 wt% of
the total, or using sieve combination (B) below witevas less than 50
wt%.

(A) JIS standard sieves were combined in the foligworder from the
top: a sieve with a mesh size of 850, a sieve with a mesh size of 600
um, a sieve with a mesh size of 500, a sieve with a mesh size of 425
um, a sieve with a mesh size of 300, a sieve with a mesh size of 250
um, a sieve with a mesh size of 150 and a pan.

(B) JIS standard sieves were combined in the fafigvorder from the
top: a sieve with a mesh size of 428, a sieve with a mesh size of 250
um, a sieve with a mesh size of 180, a sieve with a mesh size of 150
um, a sieve with a mesh size of 106, a sieve with a mesh size of 75

um, a sieve with a mesh size of g and a pan.
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[0122] The water-absorbent resin particles werecqua on the

uppermost sieve of the combination, and classifigcshaking for 20

minutes using a Ro-Tap shaker.

[0123] After classifying, the weight of the watdysarbent resin
particles remaining on each sieve was calculatesl @ercentage of the
total weight, and by integrating in order from tlaegest particle size,
the relationship between sieve opening and theiated value for the
percentage of water-absorbent resin particles rengpon the sieve was
plotted on logarithmic probability paper. By conteg the plots on

the probability paper with a straight line, thetjude size corresponding
to 50 wt% integrated weight percentage was dete&unas the median
particle size.

[0124]

(6) Handling ease

The powder handling ease of the water-absorbeimt pegticles was
visually evaluated by 5 analysts, on the followingteria. The

evaluation selected by at least 3 analysts wasdedoas the powder
handling ease of the water-absorbent resin pasticle

Good: Low dusting. Suitable flowability, facilitaty procedures for
dosaging and cleaning.

Poor: High dusting. Low flowability, hampering pexlures for

dosaging and cleaning.

[0125] The evaluation results and the polymerizatonditions in each
of the examples and comparative examples are sumedan Table 2.

In the table, the temperature "upon suspension” the first

polymerization step and second polymerization seghe temperature
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of the reaction mixture upon addition of the toahount of the

monomer aqueous liquid.
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[0127] As seen in Table 2, the water-absorbentrpatticles obtained
in Examples 1 to 3 all exhibited excellent watesabption performance
including water-absorption rate, while also havsugtable particle size,
and also had low residual volatile component cdnte®n the other
hand, the water-absorbent resin particles obtainethe comparative
examples were inadequate in terms of these perfa@sa

Industrial Applicability

[0128] Water-absorbent resin particles obtained thg production
method of this embodiment may be suitably usedvareety of fields,
including hygiene materials such as paper diagarstary products and
pet sheets, water-retaining material, agricultaral gardening materials
such as soil conditioners, water blocking materfatselectric power
and communication cables, and industrial materigisch as
condensation-proof materials, and they may be reosgably used in
fields including special hygiene materials such adult diapers,
incontinence pads, toilet-training pants and ekigl-absorbent
napkins, water blocking materials for cables, petess, portable toilets,
and the like.
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CLAIMS

1. A method for producing water-absorbent resin tigas,

comprising a polymerization step that includes ngxian oily liquid

comprising a hydrocarbon dispersing medium andriacant, and an
aqueous liquid comprising an aqueous solvent ansager-soluble
ethylenically unsaturated monomer, forming a susie@ncomprising
the oily liquid and the aqueous liquid dispersedhia oily liquid, and
polymerizing the water-soluble ethylenically unsatad monomer in
the suspension,

wherein the surfactant has an HLB of 6 or greaied,

the temperature of the suspension is kept at 3&°@igher
during the period from initial mixing of the oilyguid and the aqueous
liquid until complete mixing of the entire amounts.

2. A method for producing water-absorbent resin tigas
comprising, in order,

a first polymerization step that includes mixing @ily liquid
comprising a hydrocarbon dispersing medium andriacant, and an
aqueous liquid comprising an aqueous solvent ansager-soluble
ethylenically unsaturated monomer, forming a susie@ncomprising
the oily liquid and the aqueous liquid dispersedhia oily liquid, and
polymerizing the water-soluble ethylenically unsatad monomer in
the suspension to obtain a suspension comprisingtar-containing
gelated polymer, and

a second polymerization step that includes mixitige
suspension at 45°C or higher comprising the watatatning gelated

polymer, and a second aqueous liquid comprisin@areous solvent
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and a water-soluble ethylenically unsaturated marpmand
polymerizing the water-soluble ethylenically unsatad monomer in
the suspension in which the second aqueous liqasdken dispersed,

wherein the surfactant has an HLB of 6 or greated,

the temperature of the suspension is kept at 3&°@igher
during the period from initial mixing of the oilyguid and the aqueous
liquid until complete mixing of the entire amounts.
3. The method for producing water-absorbent resantigles
according to claim 1 or 2, wherein the temperatidithe oily liquid that
is to be mixed with the aqueous liquid is 50°C ighkr.
4. The method for producing water-absorbent resamtigles
according to any one of claims 1 to 3, whereindingactant includes at
least one compound selected from the group comgisfi sorbitan fatty
acid esters, polyglycerin fatty acid esters andasecfatty acid esters.
5. The method for producing water-absorbent resamtigles
according to any one of claims 1 to 4, wherein teger-soluble
ethylenically unsaturated monomer includes at least compound
selected from the group consisting of acrylic aedd its salts,
methacrylic acid and its salts, and acrylamide.
6. The method for producing water-absorbent resantigles
according to any one of claims 1 to 5, wherein thy&rocarbon
dispersing medium includes at least one dispersmegium selected
from the group consisting of C6-8 aliphatic hydmbcas and C6-8

alicyclic hydrocarbons.
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