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Description

Particulate water-absorbing agent with water-absorbing resin

as main component, method for production of the same,

and absorbing articLe

1-0

Technical Field

The present ínventíon rel-ates to a partículate

water-absorbing agent including a water-absorbing resin as a

main component. In particular, it relates to a, particulate

water-absorbing agent fulfíÌling more superior absorption

abílity without generating odor in practical applications as

absorbing articles such as a disposable diaper (hereinafter

referred to as a diaper). r

15

Background Art

At present, as component materials i-n sanítary goods such

as a disposabl-e diaper, a sanitary napkin, an incontinence Padr

and the like, a water-absorbing resin (water-absorbing agent)

20 to absorb body fluid and hydrophilic fibers such as pulp are

widely used. As the water-absorbing resin, for example,

partially neutralized and crosslinked polyacrylic acíd,

hydrolysates of starch-acrylíc acid graft polymer, saponified

vì-ny1 acetate-acrylic acid ester copolymers, .hydrolysates of

25 acrylonitrile copolymers or acrylamide copolymers, Qr
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crosslinked polymers thereof, crosslinked polymers of

cationic monomers, and the Iike are used as main raw material-s .

Íüater-absorption properties suggested to be desired for

the water-absorbing resin have conventionally included hiqh

5 absorption capacity, excellent absorptj-on speed, Iiquid

permeability and gel strength of swol-J-en ge1 in contact wíth

aqueous l-iquid such as bodily fluid, as well as absorbinq amount

for sucking water from a substrate containing aqueous Iíquid.

Accordingl.y, water-absorbing agents adjusted to have specifíc

10 property have been proposed.

Such a water-absorbing resin has been required to have

superior property such as liquid absorption amount, water

absorption speed, gel strength and gel permeability in contact

with aqueous liquid such as body fluid, along with superior

15 water suctj-on force to suck water from a substrate containing

aqueous liquid. Further, as recent trends, water-absorbing

resin powder has been expected to exhibit very narrow particle

size distribution, with hiqh absorption capacity and low

water-extractabJ-es. In addition, high absorbency against

20 pressure or liquid permeability under pressure has essentiaJ-Iy

been required.

For example, there are many patent applications on many

parameters specifying various properties of these

water-absorbing resins, or on measurement methods thereof (US

25 Reissued 32649, UR2267094lr*t US505I259, US5419956, US6087002,
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EpO629441, Ep0707603, Ep0712659, EP1029886, USs462912,

us5453323, u55797893, US61,27 454, US61-84433, US6291335, US

Reíssued 37021, USs140076, US64L42l4B1, USs994440, US64441 44,

us6194531, Epo940148, 8p1153656, EPO605215, US51473431

5 US5149335, 8P0532002, US5601452, US5562646t US5669894,

us61_50582, WOO2/053798, 8p0937739, .rp60158861, JprL241030,

rJ54732968, hio03/095510 and US6388000) .

Írlater-absorbing resins superior in gel strength,

extractabÌes and absorption capacity are proposed in US Reissued

10 32649. A water-absorbing resin superior in liquid permeability

under no pressure, water absorption speed and absorption

capacity is proposed in UR22610948. Technology specifying

specifÍc particl-e size distribution is proposed in US505L2591

US54L9956r US6087002 and EPO629441. l'urther, a

15 water-absorbing resin superìor j-n absorbency against pressure

under various l-oads, or many measurement methods therefore are

al-so proposed, and water-absorbing resins with superior

absorbency against pressure alone or in combination wíth other

property are proposed in 8P0707603, EPO1T2659t 8Pl"029886,

20 us5462972, US5453323, US5797893, US6I2'7 454, US6184433 |

U56297335, US Reíssued 3102L and the líke.

Moreover, water-absorbing resins with superior

resistance to impact that decreases the property are proposed

inUS5140076, US64L421481 andthe 1ike. Awater-absorbingresin

25 with specific powdery dust amount ís proposed in US5994440 and



4

the like, and a water-absorbing resin with less coloring is

proposed in US64447 44 and the Iíke. lVater-absorbing resj-ns

superior in gel durability in an agueous L-ascorbic acid solution

as index of urine resistance or superÍor in water absorption

5 ability are proposed in US6194531 and EP0940148. A

water-absorbing resin with superior air permeability is

proposed in EP1153656. A water-absorbing resin with lower

amount of residual monomers is proposed in EPO6052L5.

Further, in US5147343, USsl-49335, EP0532002, USs601452,

1-0 US55 62646, US5 669894, US6150582 ,WO02/0531'98 and the like'

water-absorbJ-ng resins with specific property are proposed

as suitabl-e to absorbing articles such as a diaper having

specífic property, composition or polymer concentration.

Furthermore, hygíene materials such as a disposabJ-e

1-5 diaper have changed into thinner type, in other words, the

water-absorbing resin concentration tends to be increased in

recent years, and thus, demands for improvement in connection

wíth odors generated from a water-absorbing resin have

increased.

20 Withrespecttoodors, inattemptstoimpartdeodorization

performance to a water-absorbing resin, combinations of a

water-absorbing resj-n and various types of deodorants or

antimicrobial-s have been hitherto proposed. For examPle, a

water -absorbing res in compo sì-t íon compr i s ing a wate r-abs o rbing

25 resj.n and an extract from leaves of Theaceae plant (for example,
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see, JP60158861), and a water-absorbing resin composition

comprising an extract from conj-fer plant and a water-absorbing

resin having a specific performance (for examplef see'

JPIt24l-030) and the l-ike have been known. A technique of

5 agglomeratj-ng a water-absorbing resi-n in a dj-spersion sol-vent

for particle sj-ze controf has been known(US4732968 ) . AIso, in

recent years, a technique focused on acetic acid and propionic

acid which are impurities in acryÌic acid as the odor of

water-absorbing resins vúas proposed (Wo03/09551-0) .

l-0 Additionally, in connection with residua.l- monomer, a technique

focused on B-hydroxy propionic acj-d which ís an impurity ín

acrylic acid salt $¡as also proposed (US6388000).

Many techniques have been proposed as described above,

however, using amount of the water-absorbing resin has increased

15 ín absorbing cores of disposable diapers and the like in recent

years, therefore, the absorbing.cores are trended to have hiqh

water-absorbing resin concentratj-ons (weight ratio of

water-absorbing resin being hiqh), Accordingly, there hlas a

problem that conventional water-absorbing resins have not

20 exhibited sufficient performance for use at high

concentrations, and that also deodorization performance is not

sufficíent at hiqh concentrations. As using amount of

water-absorbing resin has increased, reduction of the amount

of residual monomer has been further required.

25 An ob j ect of the present invent.ion is to provide a
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particulate l¡Iater-absorbing agent comprj.sing a

water-absorbing resin which is suited for practical

applications at high concentrations in absorbing cores such

as a diaper to supply superior absorbíng articlesrand a method

for prod.uction of the Same. More specifícally, as means for

sotving problems (supplying superior absorbing articles) , the

present invention provides a water-absorbì.ng agent whìch has

an additional function and the water-absorbíng agent being

superior in deodorization performance with no odor generated

after swelling, and beíng suited for practical applicatÍons,

and a method for production of the same

Dísclosure of the Invention

Conventionally, attentions have been focused on an odor

of urine in investigations of deodorization performances of

a water-absorbing resin. The present inventors found in the

process of elaborate investigations of deodorization

performances of a v¡ater-absorbing resin aS an additional

function, that water-absorbing resins, particularly

water-absorbing resins obtained by reversed phase suspension

polymerization, themselves have a specific odor, and that the

odor of the water-absorbing resin itself deteriorates the

deodorization performance in practical appl-ications. In

additíon¡ âs an important factor for practical appl-ícat.ions

in a diaper, it was found that specific narrow particle size
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dÍstribution and specific absorption capacity of a

water-absorbing resin and the part,icle shape are of importance .

It was conventionally believed that water-absorbing

resins produced by reversed phase suspension polymerization

include less amount of residual monomer/ however, as a result

of elaborate investigations on cause for a specifi-c odor of

the water-absorbing resin it.sel-f produced by reversed phase

suspensJ,on polymerizatì-on, it was found that the residual

monomer is gienerated and the amount thereof is increased in

fact. In addition¡ âs a result of exploration of cause for

the odor, increase of the amount of residuaL monomer, volatile

organic sol-vent used in the reversed phase suspension

polymerization, and generation of an odor derived from other

impurities in monomer in reversed phase suspension

polymerization \^rere found.

After elaborate j-nvestigations to solve the

problems, it was found that because polymerization, surface

crosslinking, and drying and agglomeration \^rere carried out

in an organic soJ-vent having i-ow boiling points (for example,

cycJ-ohexane having a boiling point of B0.7oC) for the

water-absorbing aqents produced by conventional reversed phase

suspension polymerization, a slíght amount of the organic

solvent remains according to conventional methods for

production and in conventíonal products, and this organic

sol-vent accounts for the odor in practi-cal applications of the

10

15

20

25



I

díaper. According to an aspect of the present j-nvention, the

problerns are resolved for reducing the odor,by controlling

minor components (acetic acid, propionic acid, acrylic acid

dimer and the like) in the monomer, particularly in acrylic acid,

5 without substantially usíng an organic solvent in surface

crosslinking after reversed phase suspension polymerization,

and by heatÍng at high temperature (preferably not lower than

15OoC and not higher than 25OoC) also without substantially using

an organic solvent in agglomeration.

10 Therefore, awater-absorbingagentaccordingtoanaspect

of the present invention is a particulate water-absorbing agent

comprising water-absorbing resin particles as a main component

which are obtained by polymerization of an unsaturatedmonomer

containing ân acid group and/or a salt thereof and which are

15 at least ones of nearly sphericaÌ shapes, aggregates thereof

and aggregates derj-ved from nearly spherícal shapes, and said

water-absorbing agent satisfies the followi-ng (a) , (b) , (c)

and (d) ;

(a) centrifuge retention capacity (CRC) in a

2A physi-ological safine solution being not lower than 32 q/g¡

(b) mass median particle size (D50) being not smaller

than 200 pm and not larger than 400 pm;

(c) ratío of particles having diameter of smaller than

150 pm (defined by sieve classification ) being not l-ower than

25 0 3 by weight and not higher than 53 by weight; and
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(d) content of volatil"e organic compounds as atmospheric

concentration measured by a gas detector tube being not lower

than 0 ppm and not higher than 100 ppm.

The nearly spherical shape referred to herein means a

5 spherical or elliptical particule (incl-uding perfect spherical

particulate shape) without having any angulate corner and having

a ratio of the average major axis and averagie minor axis of

the particle beíng not lower than 1.0 and not higher than 3.0,

with the upper l-imit being preferably 2.0, and more preferably

10 1.5, The aggregate of the nearly spherical shape referred to

hereinmeans parti-cles formed by aggregation of nearly spherì-cal

shapes whj-ch are primary particles to give a shape like bunch

of grapes. Specific examples are illustrated in the electron

micrograph shown 1n Fig. 1 described later. The aggregate

15 derived from nearly spherical shapes referred to herein means

rock-shaped particles, rice qrain-shaped particles and the like

formed by aggregation, fusion and Ìntegration of the nearly

spherical shapes which are primary partj-cles. Specific

examples are i.l-.1-ustrated in electron micrograph shown in Fig.

20 2 and Fig. 3 described Lat,er. In these cases, presence of the

nearl-y spherical shapes which are primary particles can not

be ídentified Ín appearance. As particle shape of a

water-absorbing resin obtained by reversed phase suspension

polymerJ-zation, a shape of particles wíth wrinkles is

25 illustrated in Fig.1-Fig.4 of 'EP51692581,
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(WO92/16565,US5744564). A shape of partlcles with perfect

spherical body is il-lustrated in Fiq.5 of 8P5169258L.

A sausage shape of particles is illustrated in Eig,2 of

US4973632. The water-absorbing resin partícIes of the present

invention are at ,l-east one kind or not less than 2 kinds of

nearly spherical shapes, aggregates thereof and aggregates

derived from nearly sphericaÌ shapes, and may be selected from

them.

1-0 The partj-culate water-absorbing agent referred to

herein means an absorbing and sol-idìfying of an aqueous

liquid, which comprises a water-absorbing resin as a main

component, and contains a small amount of additive or water

as needed. Content of the water-absorbing resin is not

i-5 l-ower than 70% by weight and not higher than l-00å by weight

of the entíre water-absorbing agent, and the Lo$ter limit

thereof is preferably 803' by weight, and more preferably

90% by weight. In the minor component, water is generally

a main component or essential, and in addition thereto,

20 additives described later may be used. The aqueous liquid

is not l-imited to water, but may be any one as long as

it contains water such as e.g., urine, bfood, excrement,

waste liquid, humidity or steam' ice, a mixture of water

and organic solvents or inorganic solvents, rain water

25 and underqround water and the like but not particularly

5
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l-imited thereto. Preferably, the absorbÍng and

solidifying may be used for urine, and particul-arly human

urine.

Also, measurement method of the content of volatÌle

5 organic compounds as atmospheric concentration measured by a

gas detector tube in the above item (d) may be according to

the measurement method (8) described in Examples bel-ow.

A water-absorbing agent (or a water-absorbing resin)

of6.00g is added to the sniffing bag, and odorless air of 1.2

10 L is fed in the sniffing bag. Subsequently, 30 ml- of a 0.90å

by weight aqueous solution of sodium chloride is poured to the

water-absorbing agent in the sniffing bag. The water-absorbing

agent is Left to permit swelling. The sniffing bag is left

to stand in an incubator at 37"C for 60minutes, and subsequently,

15 Left to stand at room temperature for 10 minutes. Then,

atmospheric concentratj-on of vol-atile organi-c compounds is

measured usíng a gas detector tube. In the present invention,

the content of volatile organic compounds is not a content of

volatlle organÌc compounds in a water-absorbing agent. The

20 content of voLatile organic compounds j-s an amount of gas in

the atmo sphere whi ch ì- s speci f ied by a mea suring method ment ioned

Iater. The inventors found that the content of volatile org'anic

compounds specified in the present invention correlates to odor

by a water-absorbing articles in practical applications (i.e.

25 as a diaper, especially as a high concentration diaper), and
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completed the present invention'

A second water-absorbing agent of the present

invention is a particulate water-absorbing agent comprising

water-absorbing resin particles aS a main component which are

obtained by polymerization of an unsaturatedmonomer containing

an acid group and/or a salt thereof and whj-ch are at least ones

of nearly spherical shapes, aggregates thereof and aggregates

d.erived from nearly spherical shapes. and said water-absorbing

agent satisfies the following (a), (b) ' (c) and (e);

(a) centrifuge retention capacity (CRC) in a

physíological saline solution being not lower than 32 g/g

(b) mass median particle size (D50) being not smaller

than 200 pm and not larger than 400 Ìrm

' (c) ratio of particles having diameter of smaller than

150 ¡rm(defined by sieve classification ) being not lower than

0 % by weight and not higher than 5% by weíght

(e) content of residual monomer after heating at l-8OoC

for 3 hours being not lower than 0 ppm and not higher than 500

ppm.

A third water-absorbing agent of the present

invention is a particulate water-absorbing agent comprising

agglomerated water-absorbing resin particles as a maín

component which are obtained by reversed phase suspension

polymerization of an unsaturated monomer containing an acid

group and/or a sal-t thereof, and said water-absorbing agent

10
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satisfies the following (a) , (b) , (c) and (d) ;

(a) centrifuge retention capacity (CRC) in a

physiological saLine sol-ution being not lower than 32 g/g¡

(b) mass median particle size (D50) bej-ng not smaller

5 than 200 ¡:m and not larger than 400 pm;

(c) ratio of particl-es having diameter of smaller than

150 ¡rm(defined by sieve cl-assification ) being not Lower than

0 å by weight and not higher than 5å by weight; and

(d) content of volatile organic compounds as atmospheric

1-0 concentration measured by a gas detector tube being not l-ower

than 0 ppm and not higher than 100 ppm.

A fourth water-absorbing agent of the present

invention is a particulate water-absorbing agent comprising

aggÌomerated water-absorbing resin particles as a main

15 component which are obtained by reversed phase suspension

polymerízation of an unsaturated monomer containing an acid

group and,/or a salt thereof, and said water-absorbi-ng agent

satisfies the followìng (a) , (b), (c) and (e) :

(a) centrifuge retention capacity (CRC) in a

20 physiological sal-ine solution being not lower than 32 q/g

(b) mass median particle size (D50) being not smaller

than 200 pm and not larger than 400 pm

(c) ratj-o of particles having diameter of smaller than

150 ¡rm(defined by sieve classification ) being not lower than

25 0 å by weight and not higher than 5% by weight
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(e) content of residual monomer after heating at 18OoC

for 3 hours being not l-ower than 0 ppm and not higher than

500 ppm.

A method for productj-on of the water-absorbj-nÇsagent

of the present invention comprises:

(1) a step of providing acrylic acid having a content

of acetic acid and propioníc acÍd of not higher than 500 ppm,

and a content of acrylic acid dimer of not higher than 1000

ppm;

(2) a step of reversed phase suspension polymerization

of an unsaturated monomer containing the acrylic acid and,/or

a salt thereof as a main component of themonomer in a hydrophobic

organic sofvent,'

( 3 ) a step of adding an aqueous solution of a surface

crosslj-nking agent without including any organic solvent to

cross-linked polymer partícles which are obtaíned by the

polymerization and which satisfy the following (a) , (b) and

(c) :

(a) centrífuge retention capacity (CRC) in a

physiological saline solutj-on being not lower than 32 q/g;

(b) mâss median particle size (D50) being not small-er

than 200 pm and not larger than 400 lrm; and

(c) ratio of particLes having diameter of smal1er than

150 pm beíng not, Iower than 0 ? by weight and not higher than

5å by weight; and

r_0
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(4) a step of surface crosslinking by heating at a

temperature of not lower than 150oC and not higher than 250"C.

According to the water-absorbíng agent of the present

invention, unprecedentedlly comfortable use is enabled

without generatj-on of odor after swelling, and excellent

absorption abilíty ís achieved upon practj-cal applications in

absorbing articles such as a diaper.

Brief Description of the Drawings

Fig. 1 il-Iustrates an electron micrograph showing a

water-absorbing resín formingparticles with a shape l-íke bunch

of grapes through aggregation of nearly spherical shapes which

are primary particles.

Fig. 2 i,l-tustrates an el-ectron mj-croqraph showing a

water-absorbing resin forming rock-shaped particl-es through

aggregation and fusion of nearly spherical shapes which are

primary particles.

Fig. 3 íllustrates an el-ectron micrograph showing a

water-absorbj-ng resin forming rice grain-shaped particles

through aggregation and fusion of nearly spherical shapes which

are primary particles.

Best Mode for Carrying Out the Invention

Raw materials used for the water-absorbing resin and the

water-absorbing agent of the present invention and reaction

1_0

15

20

25
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conditions will be expl-ained below.

(1) A water-absorbing resj-n

A water-absorbing resin of the present invention means

a cïoss-línked polymer which can form hydrogel and is water

5 sweJ-ling and non-dissolvíng in water. For example, water

sweÌling indicates one absorbing large quantity of water in

ion exchanged water, such as essentially 5 times or more or¡/n

weight and preferably 50 to 1000 times, while non-dissolving

in water means one with extractables of not higher than 50?

10 by weight (lower l_imit:O? by weight )and stil1 more, in the

range described later. Measurement methods thereof are

specified in ExamPl-es.

As the water-absorbinq resin in the present ínvention,

to attaín obj ectíves of the present invention, a water-absorbing

15 resin obtained by crosslinking polymerization of an unsaturated

monomer containing an acid group and/or salts thereof (may be

a water-absorbing resin having'a cross-linked and polymerized

structure, and may also be a water-absorbing resin obtained

by a crosslinkÍng reaction with a crossl-inkíng agent following

20 polymerizat,ion of an unsaturated monomer conLaining an acid

gtoup and/or a salt thereof) is essentially used. Preferably'

partialJ-y neutralized polymer of polyacrylic acid obtained by

polymerizing and crosslinking of an unsaturatedmonomer mainly

composed of acrylic acid and/or salts (neutralízed product)

25 thereof is used.
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(2) An unsaturated monomer

As an unsaturatedmonomer composing the water-absorbing

resin (hereinafter, abbreviated simply as a monomer), acrylic

acid and/or a salt thereof is preferably used as a main component .

Further, in order to obtain the water-absorbing agent of the

present invention, it is preferred that acrylic acid is provided

having a content of acetic acid and propionic acid in acrylic

acid being not higher than 500 ppm (lower limit being 0 ppm) '
and acrylic acid dimer content being not higher than 1-000 ppm

(Iower limÍt being 0 ppm). The content of acetic acid and

propionic acid in acrylic acid, and the acrylic acid dj-mer

content are preferably not higher than 500 ppm, more preferably

not higher than 300 ppm, and particularly preferably not higher

than 100 ppm, respectively. The content of acetic acid and

propionic acid being higher than 500 ppm in acrylic acid, and

the acrylic acid dimer contenL being higher than 1-000 ppm may

result in generation of the odor or the residual- monomer'

therefore,. the water-absorbing aqent of the present invention

with less amount of volatil-e organic compounds can not be

obtained.

rn a method for obtainÍng the acrylic acid described

above, oxidizíng conditions for preparing acrylic acid may be

controll-ed, or conditions for distillation and crystallizatj-on

may be strictly controlled to fall within the above range.

Degree of rect i f ication may be re spectively elevated by i-ncrea se

10
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in number of theoretical plates (for example, increase 6 to

20 plates more than before), increase in reflux ratio and the

like when a distillation method is employed as a purification

method, or alternatively, by increase in number of times of

5 crystalJ-ization (for example, increase 3 to 10 times) when a

crystallization method is employed as a purification method.

The distil-lation method and the crystallization method may be

also employed in combinat,ion. Moreover, during storage of the

acrylíc acid following purification, the temperature may be

10 controlled at a low temperature (preferablylO to 25"C,more

preferabJ-yl4 to 23oC) .

In addition, other monomer except for acrylic acid may

be used in combination, and the water-absorbing resin may be

obtained from the other monomer alone. Examples of the monomer

15 which may be additionally used include aqueous or hydrophobic

unsaturated monomers such as methacrylic acid, maleic

anhydride, maleic acid, fumaric acid, crotonic acid, itaconic

acid,- vinlrl sslfon'ì c aci d-,

2- (meth) acrylamide-2-methylpropane sulfonic acid,

20 (meth) acryloxyalkane sulfonic acid and its alkaJ-i metal salts,

ammoníum saIts, N-vinyl-2-pyrrol-idone, N-vinylacetamide,

(meth) acrylamide, N-isopropyl (meth) acryJ-amide'

N, N-dimethyl (meth) acryJ-amide, 2-hydroxyethyl

(meth) acrylate, methoxypolyet.hyleneglycol (meth) acrylate,

25 polyethyleneglycol (meth)acrylate, isobutylene. lauryl
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(met,h) acrylate, and the like. These can be a copolymerization

component,

Vühen monomers other than acrylic acid (saIts) aLe

used in combination, to attain objectives of the present

5 invention, use ratio of the monomer (excJ-uding the

f ol-lowing a crossl-inkable monomer )other than acrylíc acj-d

(salt thereof) is preferably 0 to 303 by mole based on

totaL amount with acrylic acid and salts thereof used as

a main component, more preferably 0 to 10å by mole and

l-0 most pref erably 0 to 5:b by mof e.

When an unsaturated monomer contaj-ning an acid group

is used as a monomer, examples of the sal-t thereof include

alkal"i metal salts, alkaline earthmetal- salts and ammonium

salts. They may be used. in combination.In view of

15 performance, Ìndustrial availability and safety of the

water-absorbing resin obtaíned, sodium saÌts or potassíum

sal-ts are preferable.

Also.- an unsaturated monomer containing an acid group

such as acrylic acid is preferably neutral-ized at the acid

20 gïoup in view of property and pH. Neutral-ization ratio

of the acid group is usuafLy 20 to 100% by mole, Preferably

30 to 95å by mole, and more preferably 40 to B0å by mole.

Neutralization of the acj-d group may be conducted with a monomer

or wíth a polymer, ej-ther of which may be used in combination.

25 (3) A crosslinkable monomer (an internal crossl-inking
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agent)

The water-absorbing resin according to the present

inventj-on is a cross-l-inked polymer and the crosslinkage may

be a self-crosslinked type without using a crossl-inkabl-e

monomer. However, in view of property, it is preferably

obtained by copollrmerization or reaction of th the

above-mentioned monomer or polymer , with a crossJ-inkabl-e

monomer (may be also referred to as an internal crosslinking

agent of the water-absorbing resin) having not less than 2

polymerizalole unsaturated groups or not less than 2 reactabl-e

groups in a mol-ecu.l-e. Being a cross-linked polymer may be also

specified by being non-díssoLvj-ng in water as described above.

Specific examples of these internal crossl-inking agent

include, for exampJ-e, N, N'-methyJ-enebis (meth) acrylamide,

(poly) ethyleneglycol di (meth) acrylate,

(poly) propyleneglycol di (meth) acrylate, trimethylolpropane

tri (meth) acrylate, glycerine tri (meth) acrylate, glycerine

acrylate methacrylate., ethylene oxide modified

trimethylolpropane tri (meth) acrylate, pentaerythrítol

tetra (meth) acrylate, triallyl cyanurate, triallyJ-

isocyanurate, triallyl phosphate, triallylamine,

poly (meth) allyloxyalkane, (poty) ethyJ-eneglycol diglycidyl

ether, glycerol diglycidyl ether, ethyleneglycoJ-,

poJ-yethyleneglycoL, propyleneglycol, glycerine,

pentaerythritol, ethyJ"enedíamine, ethylene carbonate,

10
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propylene carbonater polyethyleneimine, glycidyl

(meth)acrylate, and the like-

These internal crossl-inking agents may be used alone

or in a mixture of two or moïe kinds' aS appropríate. These

5 internal crosslinking agents may be added as a whole into

a reaction system or in portion wise - When at least one

kind or not less than 2 kinds of internal crosslinking

agents are used, in consideratj-on of absorption properties

of the water-absorbing resin or the water-absorbing agent

10 finally obtained, it is preferable to use essentially a

compound having not Iess than two polymerizabl-e unsaturated

groups, in polymerizaLion.

using amount of these internal crosslinking agents

is preferably in the range of 0.001 to 2z by mole based

1-5 on t.he aforementioned monomer (excluding the internal

crosslinking agents), more preferably 0.005 to 0.5%' by

mole, further preferably 0-01- to 0.2% by mole, and

particularly preferably 0.03 to 0=15% by mole. The using

amounts of the ínternal crossl-inking agents l-ess than

20 0.001% bymole and ove x 2%by mole may not provide sufficient

absorption ProPerties .

When crossl-inked structure is introduced inside a polymer

by using the internal crosslinking agent, the internal

crossl-inking agent may be added to a reaction system before,

25 during or after polymerization of the monomer, or after
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neutraJ-ization.

(4) A polymerization solvent

In the present inventíonrin view of property, it is

preferable that the monomer is dissolved in polymerization

solvent (especially water) ,and the monomer in the solution is

polymerized by reversed phase suspension polymerization.

Monomer concentration in the aqueous solution (hereinafter

referred to as a monomer aqueous Sol-ution) rwhen an aqueous

solution of the monomer is prepared, is determíned by

temperature of the aqueous solution or by the types of the

monomer and not especially limitedrhoweverrpreferably 10 to

70? by weight,and further preferably 20 to 60å by weight.when

aqueous solutionpolymerizationis carriedout, asolventother

than water may al-so be used, if necessary, a solvent type used

in combination is not, especíally limited.

(5) A potymerízation initiator

An inÍtiator used in pollzmerj-zation of the monomer to

obtain the water-absorbing resin used in the present invention

includes a radical polymerization initiator such as potassium

persulfate, ammonium persul-fate, sodíum persulfate, potassium

peracetate, sodium peracetate, potassium percarbonate, sodium

percarbonate, tert-butyl hydroperoxide, hydroqen peroxide or

2,2' -azobis (2-amidinopropane) dihydrochloride; or a

photopol)rmerization ínitiator such as Z-hydroxy-2-methyl
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-1-phenylpropane-L-one. They may be used for polymerization

initíation by redox or ultraviolet rays. Using amount of the

polymerization initiator ís, in view of property, 0.001 Eo 2t

by mole, preferabty 0.01- to 0.13 by mole (based on total

5 monomers). ûühen the using amount of the polymerization

initiator is less than 0,001-8 by mole, unreacted residual

monomers increase, while, rdhen the amount of the polymerízation

initiator j-s over 24 by mole, polymerization control becomes

difficult and thus not preferable.

10 (6) A polymerization method

When the monomer is polymerized in order to obtain the

water-absorbing agent of the present inventíon, reversed phase

suspension polymerization can be employed in which an aqueous

soluti-on of this monomer is dispersed in a hydrophobic organic

15 solvent that is inert to polymerization in the presence of a

dispersant to allow for polymerization. Thís polymerizatíon

method. is described in, for exampJ-e, US4093176, US4361323,

us44 4626L, US4683274, US5185413rUS5244735, USs998553,

US6573330 and the like. Monomers, crosslinking

20 agents, solvents , initiators and the like exemplified in these

polymerizatÍon methods may be also employed in the present

invention.

The reversed phase suspension polymerization is a

polymerì-zatíon method in which an aqueous solution of a

25 polymerizable monomer is suspended or emulsified in a
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hydrophobic organic sol-vent to all-ow the monomer to be

dispersed. Illustrative examples of the surfactant

(US6458896) or dispersant for allowing the monomer to be

dispersed include e.9., aníonic surfactants, nonionic

5 surfactants (US2003-l-53887) , cationic surfactants, amphoteric

surfactants and the l-ike. Usable surfactant is exemplified in

, for examle, US6l-07358.

Specific examples of the anionic surfactant whích

may be used include fatty acíd sodium such as mixed fatty

1-0 acid sodíum soap and sodium stearate; hÌgher alcohol sodium

sulfate, sodium alkylsulfate, alkyJ- benzene sulfonate and the

like. ExampJ-es of the nonionic surfactant include

polyoxyethylene alkyl ether such as polyoxyethyJ-ene higher

alcohol ether, sorbitan fatty acid esters, glycerol fatty acid

15 esters and the 1ike. Exampl-es of the cationic surfactant and

amphoteríc surfactant include alkylamines, aÌkylbetaine and

the like. Additionally, examples of other díspersant include

ethyl cellulose, hydroxyethyl cellulose and the like.

Using amount of these surfactants or díspersants may

20 be selected as appropriate depending on kind of the

polymerization, In general, the using amount is preferably

0.1 to 30 parts by weight, and more preferably 0.3 to 5 parts

by weíqht based on i-00 parts by weight of entire monomer

components including the polymerizabfe monomer and the

25 crossl-ínkablemonomer. ALso, usingamountof thesedíspersants
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or surfactants may be 0.001 to 10? by weight' and preferably

0.001 to 1å by weight based on the organic solvent described

Later.

The organic solvent (dispersion sol-vent) f or use in

the teversed phase suspension polymerization may be any one

as long as it, is fundamentally hardly soluble in water, and

is inert to pollmerization. Examples of the organic solvent

inctude aliphatic hydrocarbons such as n-pentane, n-hexane,

n-heptane and n-octane, alicyclic hydrocarbons such as

cyclohexane and methyl cyclohexane, aromatic hydrocarbons such

as benzene, toLuene and xylene, and the like. Among them,

preferable examples of the solvent in view of stability of

industrial obtention , quality and the like include n-hexane,

n-heptane and cyclohexane. Using amount of these hydrophobic

sol-vents may be 0.5 to 10 parts by weight, and preferably 0.6

to 5 parts by weight based on 1 part by weight of the aqueous

solutíon containing the polymerizable monomer.

(7) Addition of a chain transfer agent

In the present j-nvention, a chain transfer agent may be

used in polymerization. By polymerization in the presence of

an aqueous chaín transfer agent in addítion to the unsaturated

monomer, internal crosslinking agent and polymerization

initiator, and when the water-absorbing resin thus obtained

is used as the water-absorbing agent of the present inventíon,

an absorbing' core u/ith high absorbing abilíty and superior
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stabitity to urine can be obtained.

The aqueous chain transfer agent used for polymerization

in the present invention is not especial-Iy Iimited as J-ong as

it dissolves in water or an aqueous ethylenic unsaturated

monomer, and examples of the agient incl-ude thiols, thiolates,

secondary alcohols, amínes, hypophosphites and the like-

Specific examples incl-ude mercaptoethanol' mercaptopropanol,

dodecylmercaptan, thioglycols, thiomalic acid,

3-mercaptopropionic acid, isopropanol, sodium hypophosphite,

formic acid and salts thereof. Although one kind or not l-ess

than 2 kinds selected from the group can be used, in view of

the effect, a hypophosphite such as sodium hypophosphite is

preferably used. Using amount of the aqueous chain transfer

agent depends on kind of the aqueous chain transfer agent and

concentration of a monomer aqueous solution, however, is 0.001

to 1-% by mole, and preferably 0.005 to 0.3t by mole based on

total monomers.

(8 ) Drlzing

After conducting reversed phase suspension

polymerization according to the method of the present inventíon,

depend.ing on the water con|ent fol-lowing the polymerization,

the resul-ting hydrated gel-Iike polymer is further dried to

put into use as the water-absorbing resj-n. The drying method

is not partícularly limited but any kno$tn drying method can

be used, for exampJ-e, a variety of method such aS a method by

1-0
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azeotropic dehydration in a hydrophobic organic soi-vent used

in polymerization, or coÍrmon forced draft furnace, dryer under

reduced pressure, microwave dryer, high humidity drying using

high temperature steam or the like may be employed after

5 filtration of the hydrated geJ--Iike polymer so that intended

water content is attained. Preferably the method by

azeotropic dehydration is used.Water content of the

water-absorbing resin used in the present invention (defined

by amount of water included in the water-absorbing

10 resin/measured based on loss on drying at 1B0oC for 3 hours)

is not particularly limited, however, it is selected so as to

provide powder exhibiting fluidity even at room temperature

in view of property of the resuJ-ting water-absorbíng agent,

and powder state with water content of more preferably 0.2 to

15 308 by weight, further preferabfy 0.3 to 1-58 by weight, and

part,icularly preferably 0.5 to 10% by weight.

(9) Washing with lower-boiling point organ-i-c sol-vent

When a water-absorbing resin is produced b1z reversed phase

suspension polymerization, polymerization v/as conducted using

20 an organíc solvent such as n-hexane, n-heptane or cyclohexane,

fol]owed by surface crosslínking, drying and agglomeration as

d.escrj-bed above. Therefore, there exists a problem i-nvolving

presence of a slight amount of the organic solvent in

conventional methods for production and commercially available

25 products. The particulate water-absorbing agent can be obtained
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by means of the second production method(i.e' washing with

lower-boiling point organic solvent) .

In order to reduce the amount of residual- org.anic

solvent, a method in which |he hydrated geI-1ike poJ-ymer obtained

as described above is washed with an organic solvent or an

inorganic solvent having a l-ower-boiling point may be used.

This lower-boiling point organic solvent has a boiJ-ing point

of, for example, preferabJ-y not fower than 0"C and not higher

than J\oC, and more preferably not lower than 30"C and not higher

than 50oC. Among them, acetone, dimethyl ether, methylene

chl-oride and the like are preferred. Specifically, after

fÍltrating the hydrated gel-like polymer, it may be washed with

the lower-boi-l-ing point organic solvent described above, and

dried by the hot air drying or the like. This washing may be

carried out after the drying treatment . Al-ternatively, without

oî in combination with washing in this manner, the organic

sol-vent may be removed in surface crosslinking treatment by

hea-ting at hiqh temperature described later (the first

productionmethod:heat treatment) . Usingamount of the sol-vent

for washing may be usually 0.5 to 1-00 parts by weight, and

preferably 1 to 10 parts by weight ,more preferabJ-y 2 to 5 parts

by weight loased on 1 part by weight the water-absorbing resin.

The temperature may be not lower than the room temperature and

not higher than the boilng point.

(10) Cl-assification and particle sj-ze control, and
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absorption capacity control-

A water-absorbing resin (cross-Iinked polymer) of the

present ínvention is adjusted preferabty to have specific

part,icle size as powder to obtain the water-absorbing agent

of the present invention. When the particl-e size is out of

range described below, performance aS a diaper can be hardly

achíeved. Particl-e size may be adjusted, when crosslinked

polymer is produced by reversed phase suspension

polymerization, by dispersion polymerization in particulate

state and distribution drying, however, it may be adjusted to

have a specific particl-e size by agglomeratíng.Also,it may be

adjusted to have a speci-fic particl-e size by pulverizing and

classifícation after drYing.

Particle diameter of t,he water-absorbíng resin

(cross-linked polymer) particLe of the present invention is

usually controlled to being not smaller than 180 ¡rm and not

Ìarger than 420tt.m as mass medían partícle size (D50), with

the l.ower Limit being preferably 200 pm., more preferably 225'¡.

ffr, and particularly preferabLy 250 pm, whiLe the upper limit

being preferably a00 pm, more preferably 380 ¡¡*, andparticularly

preferably 350 pm; and. ratio of particles with diameter of

smaÌler than 150 pm and/or particles with diameter of larger

than 850 pm is controlled to be 0 to 58 by weight, preferably

0 to 2% by weight, and more preferabfy 0 to 1å by r¡¡eight in

order to obtain the water-absorbing agent of the present
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invention.

Bul.k density (specified by JIS K-3362(1'998) ) of the

water-absorbing resin of the present ínvention is adjusted to

be in the range of preferably 0.40 to 0.90 9/mL, and more

preferably 0.50 to 0. B0 g/mL to obtain the water-absorbing agent

of the present invention. Ratio of particles with diameter

of 150 to 600 ¡¿m ís preferably 90 to 100å by weight, more

preferabfy 95 to 100å by weight, and further more preferably

98 to 100å by weight in whole particles. Logarithmic standard

deviatíon (o6) of particl-e size dístribution is controlled to

be preferably 0.20 to 0.50, more preferably 0.20 to 0.45, and

particularly preferably 0.2A Eo 0.40. When the partj-cle síze

is out of range, the ability of watertight i-s not achieved upon

practical- applications in absorbing articles such as a diaper.

Although the water-absorbing resin obtained in the

present invention as described above is adjusted to fall within

the aforementioned particle size, centrifuge retention

ca-pa.city in a physiological saline solution before the surface

crosslinking 1s preferably controlled to fal1 within the range

of not l-ower than 32 g/g, with the lower limit being more

preferabfy 35 q/9, more preferably 40 g/9, and particularly

preferabfy 45 g/9, while the upper limit being more preferably

70 g/g, more preferably 65 g/9, and particularly preferably

60 q/g. ûühen centrifuge retention capacity is out of range,

improving of he property is not achieved after surface
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crosslinking.Consequently ra diaper with superior property

may not be obtained. Control of the absorption capacity may

be perfected by controlJ-ing the polymerization conditions such

as the internal crosslinking agent, and drying conditions.

5 (11) Surface crosslinking treatment (may be merel-y

referred to as surface crossl-inking)

A water-absorbing resín used in the water-absorbing agent

of the present invention may be one obtained by the crosslinking

polymerization and drying (or partial drying), and

1-O pulverization and classification as needed, followedby further

subjecting the surface to a crosslinking (secondary

crosslinking) treatment.

Although there exist a variety of crosslinking agents

which may be used for subjecting the surface to crosslinking,

15 in view of the property, a polyhydric alcohol- compound, an epoxy

compound, a polyvalent amine compound or a condensate thereof

with a haloepoxy CompoUnd, an oxazol-ine compound, a mono-, di-,

or polyoxa.zolidinone compound,. a polyvalent metal salt., âo

alkylene carbonate compound or the like has been generally used.

20 The surface crosslinking agents which may be used in the present

invention are exemplified specifically, in us6228930,

US607!976, v56254990 and the like. Exampl-es thereof include

e.g., polyhydric alcohol compounds such as mono-, di- or

pol-yethylenegÌycol, propyleneglycol, 1,3-propanedioJ-,

25 dipropyleneglyco.l- ' 2 , 3 ,4 -trimethyl-1 , 3-pentanediol '
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glycerin, 2-butene-l, 4-diol, L, A-butanediol,

1¡ 3-butanediot, 1-, 5-pentanediol, 1, 6-hexanediol,

I,2-cyclohexanedimethanol and the líke; epoxy compounds such

as mono-, di- or polyethyleneglycol diglycidyl ether, glycidol

5 and the like ì oxazolidinone compounds such as 2-oxazoLidinone;

alkylene carbonate compounds such as ethylene carbonate, and

the Iike, but not particularly l-imited thereto. To maximize

effects of the present invention, it is preferable to

essentially use a polyhydric alcohol among these surface

10 crosslinking agents. A polyhydrJ-c alcohol having carbon atoms

of.2 to IO, and preferably carbon atoms of 3 to B may be used.

Using amount of the surface crosslinking agent is

generally 0.001 to 10 parts by weight, and preferably 0.01 to

5 parts by weight based on 100 parts by weight of the

l-5 water-absorbing resin. fn the present invention, it is

preferred that water as a main component, particularly water

aLone is used as a solvent j-n the surface crosslinking. Amount

of water used as the solvent may fall within the range of 0.5

to 2O parts by weight, and preferably 0.5 to 1-0 parts by weight

2Q based on 100 parts by weight of the water-absorbing resin.

Although an organic solvent can be used in combination, residual

sol-vent must be noted. Using amount of the sol-vent may be not

higher than 0.5 part by weight, and preferably not higher than

0.1 part by weight, more preferabJ-y not higher than 0 part by

25 weight based on 1 part by weight the water.
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In the present invention, among a variety of mixing

methods, preferable method is premixing of a surface

crosslinking agent with water as needed, followed by spraying

or drop-wise addition of the aqueous solution to the

5 water-absorbing resin, and the spraying method is more

preferable. Average particl-e diameter of the droplet to be

sprayed ís preferably 1_ to 300 pm, and more preferabJ-y 2 to

200 pm.

The water-absorbing resin after míxing with the surface

10 crosslinking agent is preferably subjected to a heat treatment.

Conditions for carrying out the heat treatment may be:

temperature of the water-absorbing resín or heat medium

temperature bei-ng usually not l-ower than 60"C and not higher

than 28OoC, with the lower limit beíng preferably 100oc, and

1-5 more preferably 1-50oC, and the upper limit being preferably

250"C, and more preferabl-y 240oC; and heating time being

pref erably 1 minute or longer and 2 hours or l-ess, more pref erabl-y

10 minutes or longer and l- hour or less,,further preferabfy 15

minutes or longer and 45 minutes or Iess.

20 In order to obtain the water-absorbing agent of the

present invention, suitably, a J-arge amount of dispersion

soJ-vent is not used aS in conventional reversed phase, but a

heat treatment at high temperature wj-thout subst.ant.iall-y using

a dispersion sol-vent ís preferred upon the surface crosslinking

25 treatment according to the present invention. In other words,
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because water-absorbing resins according to conventional-

reversed phase polymerization were obtained by dispersion in

an organic solvent folLowed by polymerization and surfâce

cross.l-inking, it was found that dispersion solvent was easy

to remain.

According to the present inventj-on, a htater-absorbj-ng

agent (first water-absorbing agent) in which a volatile organic

material is not substantially present is obtained through

heating the water-absorbing resj-n at high temperature (for

example, not lower than 150oC and not higher than 250oC) , wj-thout

using a dispersion solvent for the water-absorbing resin or

an organic solvent for the surface crosslinking agent.

Moreover, content of the acrytic acid dimer in the raw material

is extremely slight as described above, and this dimer is

decomposed into monomers during heating. Therefore, a

water-absorbing agent (second water-absorbing agent) enabling

suppression of increase in generation of the residual monomer

throu-oh the fol-Iowing heating can be obtained. Heating at high

temperature according to the present inventj-on is preferred

because it leads to removal of volatile organic compounds, and

reductj-on of the amount of residual- monomer which may be

increased due to heat.

l\2) Agglomeration

fn order to obtain the water-absorbing agent of the present

invention, agg'lomeration is carríed out during or after
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polymerizatj-on. Agglomeration resul-ts in production of a

water-absorbing agent which is further superior in water

absorption speed and particle síze, and is suited for practical

applications e.g., ãs a diaper. Method of agg]-omeration is

not particularly limited in its procedure as long as multiple

polymerized particles are bound to form a large particle.

Agglomeration by reversed phase suspension, mole specifically,

aggregation during reversed phase pollmerizatj-on

(8P0695762, US4732968) or two step polymerization (EPO801646lr ,

or revelsed phase agglomeration by adding an inactíve inorganic

substance following polymerization (US4732968) may be carried

out. Owing to the agglomeratj-on, a water-absorbing agent that

is more suited for practical appLications in a diaper can be

obtained.

The agglomeration method by reversed phase suspension

as described above can be also employed in the present

invention. However, because a problem of t.he odor due to the

residual dispersion solvent was found in agglomeration by

reversed phase suspension, an agglomeration method in whích

any dispersion solvent is not used in the present invention.

In other words, ân agglomeration method which has not been

conventionally employed so ofLen for reversed phase suspension

polymerization, more specifically, a method in which

waLer-absorbing resin particles dried and f ílt,rated folÌowì,ng

polymerizatj-on are agglomerated using water ís suitably

1_0
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employed in the present invention.

Accordingly, to obtain a particulate water-absorbj.ng

agent of the present invention, more preferably, the

agglomeration step comprises heating with keeping the water

5 content of not lower than 1-? by weight and not hígher than 10å

by weíght,' and crush as needed, after subjecting the

water-absorbing resin to the surface crosslinking treatment.

Thus, the water-absorbing agent can be adj usted to have specific

partlcle síze as powder.

10 Vlater to be added to the water-absorbing resin may

contain other addítíves such as chelating agents described

l-ater, components made from plants, antímícrobiaLs, aqueous

polymers, inorqanic saltsretc. Content of them falls within

the range of 0.001 to 50å by weight as a concentration in an

15 aqueous solution.

In order to obtain the particulate water-absorbing agent

of the present invention, particle díameter is usually

controll ed to fall w'ithin na-rroT¡¡ ra-nge of not smaLler than 200

pm and not larger than 400 pm, with the lower limit being

20 preferabLy 225 lrm, and more preferably 250 ¡rm, while the upper

limit being preferably 380 pm, and more preferably 350 pm, as

mass medían particle size (D50) of the particul-ate

water-absorbing agent. In addition, ratio of particles with

diameter of lower than 150 pm ( definedby sieve classification ) is

25 controll-ed to be not l-ower than 0 ? by weight and not higher
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than 5å by weight, with the upper lÍmít being preferabLy 2e"

by weight, and more preferably 1-? by weight'

Mass median particle size of the particulate

water-absorbing agent obtained in agglomeration step of the

5 present invention j-s controLLed to be larger by preferably 5

to 30å, more preferabLy 1 Lo 25%, and still mole preferably

9 lo 20å than mass median particle size of the water-absorbing

resin (cross-linked polymer) particles of the present

invention.

10 fn the particulate water-absorbing agent of the present

invention, agglomerated particles account for 1-0å by wej-ght

or more and 1003 by weight or less, with the lower limit being

preferably 30% by weight, and more preferably 50% by weight

in entire water-absorbing agent.

l-5 Additionally, in order to obtain the particuLate

water-absorbing agent of the present invention, its bulk density

(specífied by,IIS K-3362(1998)) is adjusted to be in the range

¡f prefera-bl12 0.40 to 0.9Q g/mL, and more preferabfy 0-50 to

0.80 g/mL. Further, the particul-ate water-absorbing agent of

2Q the present invention is produced to have ratio of particles

with diameter of 1-50 to 600pm is preferably 90 to 1003 by weight,

more preferably 95 to 100? byweight, and furthermorepreferably

98 to 1-00å by weight in whole particles. Logarithmic standard

deviatj.on (oÇ) of particle size distribution is controlled to

25 be preferably 0.20 to 0.50, more preferably 0.20 to 0.45' and



38

particularly preferably 0.20 to 0.40.

In the present invention, agglomeratíng is preferably

performed by a method for spraying or drop-wise addition of

water or an aqueous solution dissol-ved with other addj-tives

5 components to the water-absorbíng resin, and a spraying method

is more preferable. Droplet size to be sprayed is, as volume

averagie particle diameter, preferably j-n the rang.e of 0.1 to

300 Fil¡ and more preferably in the range of 0 - 1 to 2OO pm.

As agglomeratÍng equipment used in agglomeration, those

1O havíng strong mixing force are preferable. Suitabl-e examples

of the agglomerating equipment ínclude e.9., a cylinder type

mixer, a double wall conj-cal- mj-xer, a high speed agitation type

mixer, a v-shapedmj-xer, a ribbon type mixer/ a screw typemixer,

a double-arm kneader, a crashing type kneader, a rotation type

15 mixer, an air-flow type mixer, a turbuLtzer, a batch type Lödige

mixer, a continuous type Lödige mixer and the like.

For promoting the agglomeration and reducing the

amounf- of resì cl-ual organic mâ-terials, the water-absorbing

resin after mixíng with water or the aqueous sol-ution is

20 preferably subjected to a heat treatment. Heat treatment is

performed, in view of agglomerating ratio or agglomerating

strength, while maintaining water content (specified by weight

loss in dryinq at 1B0oC for 3 hours) to be 1to 10% by wej-ght,

more preferabLy 2 to B? by weight and further preferably 2.5

25 to 6% by weight. Heating medium such as hot air can be used
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j-n heating, and heating temperature (temperature of heating

medÍum or temperature of material) is preferably in the range

of 40 to L20"C, more preferably in the range of 50 to l-00oc.

Heating time is preferably in the range of 1 minute to 2 hours.

5 A suj-table combination example of heating temperature and

heatíng time is 60oC for 0.1 to 1-.5 hour, and 100"C for 0 . 1 to

l- hour. Heating and the addition of water may be carried out

by the same equipment or by separate equipment. Also, heatíng

maybe carríedout with stirring orwhile standing still- (without

10 stirring), as long as temperature or water content can be

controlled, but hardening (to give Loose block shape) byheating

whil-e standing still (without stirring) is pref erabl-e.

Preferably, ín heating, curing may be performed by heating the

water-absorbíng resin added with water after heaping up of

15 approximately 1 to 1-00 cffi, more preferably 5 to 80 cfr, and

partícularlypreferably l-0 to 70 cm. Ahardenedwater-absorbíng

resin is then pulverized, and preferably classified to obtain

intended- agglomerate of the present invention.

fn the agglomeration accordíng to the present invention,

20 because curing by heating is carried out after providing water

alone or water as a main component (60 to 100å) for use as a

binder, an absorbing core can be obtaíned which is not only

safe but excellent because the agglomerate can be appropriately

destroyed in practÍcal applications, and mass median particle

25 size can be controlled to fall within the range according to
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the present invention, even though the size is reduced by

impact.

(13) Addition of chel-ating agent

To the water-absorbing agent of the present invention,

5 a chelating agent, 1n particular, a polyvaJ-ent carboxytic acid

and salts thereof can be formulated.

The chelating agent which may be used in the

water-absorbing agent of the present inventj-on is

preferably a chelating agent with high ion blocking ability

10 or chelating ability for Fe or Cu, specifical-Iy, a chel-ating

agent with stability constant for Fe ion of not lower than

10, preferably not lower than 20. The chelating agent is

further preferably an aminopolyvalent carboxylic acid and

saLts thereof, and particularly preferably an

l-5 aminocarboxylíc acid with not l-ess than 3 carboxyl groups,

preferably not l-ess than 4 carboxyl groups'more preferably

not l-ess than 5 carboxyl groups, whil-e thê upper limit being

polymer, usually not more than 100 carboxyl groups

,þîêferably not more than 20 carboxyl groups, and salts

20 thereof.

Specific examples of these polyvalent carboxyli-c

acids include diethylenetriamíne pentaacetic acid,

triethylenetetramine hexaacetic acid,

cyclohexane- I, 2-diamíne tetraacetic acid, N-hydroxyethyl

25 et.hylenediamine triacetic acid, ethyleneglycol
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diethylether diamine tetraacetic acid, ethylenediamine

tetra propionic acetic acid, N-alkyL-N'-carboxymethyl

aspartic acid,

N-alkenyl-N'-carboxymethyl aspartic acid and al-kal-ine

5 metal salts thereof;a1kal-íne earth metal salts ammonium

salts or amine sal-ts thereof . Among these,

diethylenetriamine pentaacetic acid,

triethylenetetramine hexaacetic acid, N-hydroxyethyl

ethylenediamine triacetic acid and salts thereof are most

10 preferable.

Using amount of the chel-ating agent, in particular, the

amino polyvalent carboxylic acid is as smal-I as generally 0 . 00001

to 1-0 parts by weight based on 100 parts by weight of the

water-absorbing resin, a maín component, preferably 0.0001 to

15 1 part by weight, and more preferably 0.01- to 0.5 part by weight.

The us j-ng amount over 10 parts by weight is not only uneconomical-

due to failure to achieve enough effect relative to using amount

buL also poses a problem of redu,cíng a-krsorpt'ion ca.pâ.city a-nd-

the Iike. On the other hand, the using amount less than 0.00001

20 part by weight does not provide sufficient addítion effect.

(14) Other additives

fn the present invention, the following (A) components

made from plants, (B) polyvalent metal salts of organic acids,

(C) inorganic fine particles (including (D) composite hydrated

25 oxides) may be also added as minor components in addition to
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the chelatÍng agent, by which various functions can be imparted

to the waLer-absorbing resin of the present invention.

Although using amount of these additives (A) to (D) and (E)

may vary depending on the obj ectives and functíon to be imparted,

5 exemplary amount of adding one of them is in the range of 0

to l-0 parts by weight, preferably 0.001 to 5 parts by we j-ght,

and more preferably 0.002 t,o 3 parts by weight based on 1-00

parts by weight of the water-absorbi-ng resin. In general, the

amount less than 0.001 part byweight does not provide sufficÍent

10 effect or additional function, while the amount over 10 parts

by weight may not achieve effect to meet with the added amount,

or may deteriorate absorbing performance.

(A) Components made from plants

A water-absorbing agent of the present ínvention can be

15 added with a component made from a plant in the amount described

above to fulfiIl deodorízation effect. The component made from

a plant to be used in the present invention is preferably at

l-east one com-pound selecLed- from pollzphenol ,- fl.a-vone,-

derivatives thereof and caffeine. It ís further preferable

20 that the componentmade fromplant is at least one kindof compound

sel-ected from tannin, tannic acid, stachyurus praecox, gal-l

or gallic acid.

Plants containing the component made from a plant to be

used in the present invention include, for example, Theaceae

25 plant such as camellia, Hikasaki plant and Sprague; Gramineae
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5

pl-ant such as rice pì-ant, sasa-bamboo, bamboo, corn, wheat

and the l-ike; and Rubiaceae plant such as coffee.

Form of the components made from a planl to be used

in the present invention includes plant extract (essential

oit), plant itself (p1ant-ground powder), plant resÍdue

or extract residue as by-products generated in production

processes from plant processing industry or foods

processíng industry, however, not particularly Limited

thereto. The above-mentioned components made from a plant

are exemplified in EPl-352921 ,tJ52004-48955 and the 1ike.

(B) A polyval-ent metal- sal-t

To a water-absorbing agent of the present invention

may be added a polyvalent metal salt, in partícular, a

polyval-ent metal salt of organic acids in the amount

described above to improve powder fluidity, and to prevent

blocking in moisture absorptj-on.

A polyvalent metal salt of an organic acid used and a

method for mixing the polyvalent met,a-l ,salt a.re exem.plíf igal

in WO2004-69936, and examples of the polyvalent metal- salt of

organic acids used in the present invention, having carbon atoms

of not l-ess than 7 in a mo]-ecule i-nclude meta-l- sal-ts other than

alkali metal sal-ts of fatty acid, pet.roleum acid or polymeric

acid, .

Illustrative examples of the organic acid composing

the polyval-ent metaL salt of an organíc acíd incl-ude long

10
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chain or branched fatty acids such as caproic acid, octylic

acid, octynoic acid, decanoic acid, Iauric acid, myristic

acid, palmitic acid, oleic acid, stearic acid and the Iike;

petroleum acids such as benzoi-c acid, myristícínic acid,

5 naphtheníc acid, naphthoíc acid, naphthoxyacetic acid and

the like; polymeríc acids such as poly (meth) acrylic acid,

polysulfonic acid, and the 1ike. The organic acid

pref erably has a carboxyl group in a mo-l-ecule. More

preferabfy, the organic acid may be a fatty acid such as

10 caproic acj-d, octylic acid, octynoic acid, decanoic acj-d,

Iauric acid, myristic acid, palmitic acid, oì-eic acid,

stearíc acid, tâIlow acid or hydrogenated fatty acid of

castor oil or the Like. Stil-1 more preferably the organic

acíd may be a fatty acid without an unsaturated bond in

15 a mo1ecule, for example, caproic acid, octylic acid,

decanoic acid, l-aurj-c acid, ilyristic acid, palmitic acid

or stearlc acid. Most preferably, the organic acid may

be a long chain type fatty acid having not }ess than t2

carbon atoms in a molecul-e, without an unsaturated bond

20 in a molecul-e such as laul-ic acid, myristic acid, palmi-tic

acid or stearíc acíd.

(C) An inorganic fine particle

To a water-absorbing agent of the present invention may

be added an inorganic fine particl-e, inparticular, an ínorganic

25 fine particle of non-dissol-ving in water to prevent blocking
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in moisture absorption. Specific exampl-es of inorganic powder

to be used in the present invention include e. g. , metal oxides

such as silicon di-oxide, titanium oxide and the 1Íke; silica

acid (sílicate salt) such as natural zeol-ite, synthetic zeolite

5 andthe like; kaolin, talc, clay, bentonite, andthe Ìike. Among

these, silicon dioxide and silica acid (silicate salt) are more

preferabl-e and sÍlícon dÍoxide and sílica acid (sílicate salt)

with average particle díameter, measured by a coulter counter

method, of 0.00L to 2O0 Fm are further preferable. The

10 deodorizatj-on abiJ-ity can be achieved by above-mentioned

zeolite. Amass ratio of the SiO2 andA12O3 in zeolite ís preferably

1 : 1-100,more preferablyl- : 2"10 .

(D) A composite hydrated oxlde

To a water-absorbing agent of the present j,nvention may

15 be added a composite hydrated oxide containing zinc and silicon

or zinc and al-uminum (for example, exemplif ied in.Tapanese Patent

Appl"ication No. 2003-280373) to add superior blocking ratio

after moisture absorptíon (powder fluidity after the

water-absorbj-ng resin or the water-absorbing agent absorbs

20 moisture) and further superior deodorization performance.

(E) A reducj-ng qgent

In a water-absorbing agent of the present invention may

be preferably used a reducing agent, still more an inorganic

reducing agent, and particularly a reducing agent contaíning

25 sulfur or containíng oxygen to prevent odor or coloring.
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Examples of the reducing agent to be used ínclude sulfurous

acid (sulfite) or sulfurous acid (hydrogen sulfíte) and the

like exempli-fied in US4863989.

(F) Others

Other additives'such as an antimicrobialr êû aqueous

polymer, a water ínsoluble polymer, water, an organic fine

particle, and the líke may be added arbítrarily' as long as

the water-absorbing agent of the present invention can be

particularly obtained.

(15) A particulate water-absorbing agent of the present

invention

The particulate water-absorbing agent can be obtained

by means of the first production method (i.e. heat treatment),

the second production method (i.e. washlng with lower-boiling

point solvent), and so on. By the new water-absorbing agent,

the problems of the present invention are solved. With the

conventional water-absorbing resin and absorbing articles

(especial'l,v çli¿-pers).. there b¡as a prohlem in practicaf

applications as a diaper (especially as a diaper with hiqh

water-absorbing resin concentration) that rewet amount in a

diaper was Ìarge, though many parameters of the water-absorbing

resin were controlled. Moreover, it was a problem in certain

instances that deodorization effect and reduction of the amount

of residual monomers were insuffícient' consequently a diaper

wj-th superJ-or property may not be obtained. To solve the
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above-mentíoned problems (i.e. to provide water-absorbing

articl-es which erere suited for practical appl.icatj-ons) in the

present invention, the present inventors gave at,tention to

content of the volatile organic compounds and/or the amount

5 of residual monomer after heating in a water-absorbing agent

(water-absorbing resin), which have conventionally not been

focused, as means for solving the problems. The present

inventors have also found that a ne$, water-absorbl-ng agent solves

the above-mentioned problems by controlling particle size,

10 absorption capacity, moreover conLent of the volatile organic

compounds and/or the amount of residual monomer after heating

in the water-absorbing agent.

That is, the i,¡ater-absorloing agent of the present

invention is:

15 a particuLate water-absorbing agent comprising

water-absorbing resin partícles as a main component which are

obtained by polymerization of an unsaLurated monomer containing

an acíd _oroup and/or a salt thereof and whích are at l-east ones

of nearly spherical shapes, aggregates thereof and aggregat.es

20 derived from nearly spherical shapes, and said water-absorbing

agent satisfies the following (a) , (b) , (c) and (d) ;

(a) centrifuge retention capacity (CRC) in a

physiological saline solution being not Lower than 32 g/g¡

(b) mass median particle size (D50) being not smaller

25 than 200 trrm and not larger than 400 pm;
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(c) ratio of particles having diameter of smaller than

150 pm being not l-ower than 0 % by weight and not higher than

5? by weight; and

(d) content of volatile organic compounds as atmospheric

5 concentration measured by a gas detector tube being not lower

than 0 ppm and not higher than 100 ppm.

The water-absorbing agent of the present inventÍon is:

a particulate water-absorbing agent comprisj-ng a

water-absorbing resin particles as a main component which are

1-0 obtainedbypolymerization of an unsaturatedmonomer containing

an acid group and/or a salt thereof and which are at least ones

of nealy spherical shapes, aggregates thereof and aggregates

derived from nearly spherical shapes, and the water-absorbing

agent satisfies the following (a), (b) , (c) and (e) ;

15 (a) centrifuge retention capacity (CRC) in a

physiological sal-ine solution being not lower than 32 g/q

(b) mass median particle size (D50) being not smaller

than 200 pm and not larger than 400 pm

(c) ratio of particles having diameter of smaller than

20 150 pm being not lower than 0 å by weight and not higher than

5? by weight

(e) content of residual monomer after heating at l-80"C

for 3 hours being not lob/er than 0 ppm and not higher than 500

ppm.

25 The water-absorbing agent of the present inventíon is:
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a particulate water-absorbing agent comprising

agglomerated water-absorbj-ng resin particles as a main

component which are obtained by reversed phase suspension

polymerizatíon of an unsaturated monomer containing an acid

5 group and,/or a salt thereof, and the water-absorbing agent

satisfies the following (a), (b) ' (c) and (d) ;

(a) centrifuge retention capacíty (CRC) in a

physiologÍcal saline solution being not lower than 32 g/g;

(b) mass median particle size (D50) being not srnaller

1-0 than 200 pm and not larger than 400 Fm;

(c) ratio of partic-l-es having diameter of smaller than

150 pm being'not l-ower than 0 % by weight and not higher than

5å by weight; and

(d) content of volatile organic compounds as atmospheric

15 concentration measured by a gas detector tube being not J-ower

than 0 ppm and not higher than l-00 ppm.

The water-absorbing agent of the present invention is:

a particulate water-absorbing agent comprisin=c

agglomerated water-absorbing resin particJ-es as a main

20 component which are obtained by reversed phase suspension

polymerization of an unsaturated monomer containing an acíd

group and/or a salt thereof, and the water-absorbing agent

satisfies the foIlowÍng (a) , (b) , (c) and (e) :

(a) centrifuge retention capacíty (CRC) in a

25 physíological saline solution being not lower than 32 g/g
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(b) mass median particle size (D50) being not smaller

than 200 pm and not larger than 400 Fm

(c) ratÍo of particles having diameter of small-er than

150 pm being not lower than 0 å by weight and not higher than

5A by weight

(e) content of residual monomer after heating at l-8QoC

for 3 hours being not lower than 0 ppm and not higher than 500

ppm.

A water-absorbing agent of the present invention is

control-l-ed to have (b) mass median particle size (D50 )

of usually being not smaller than 200 ¡rm and not larger

than 400 pm, with the -l-ower limit being preferabLy 225p,m, and

partìcularly preferabLy 25Q Fmr while the upper limit being

preferably 380 Pîì, and particularly preferabJ-y 350 Fm. In

addition, (c) ratio of particl-es with diameter of smaller

than 150 trrm is control-led to be not lower than 0 å by weight

and not higher than 5å by weíght, vtìth the upper l-imit being

preferabllz 3Z by weíght, more preferabl-y 2e" by weight' and

particularly preferably tZ by weight. Particle size

adjustment is preferably carried out before surface

crosslinking, however, it may be adjusted by pulverizíng

, classification and agglomerating after surface

crosslinking t.o give specific particle size. When mass

median parti-cle size is especially less than 200 pm and ratio

of particles with diameter of smaller than 150 pm is larger
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than 5% by weight, a problem in connection with handling

characteristics, partj-cularly dust may be raised. Also,

when it is used in absorbing articles such as a diaper,

leakage from the top sheet could possibly occur. When mass

median particle síze is especially more than 400 pm, excellent

absorpti-on speed can not be achievedrthus, high property

can not be obtained upon practical applications in absorbing

artic.l-es such as a diaper.

The (a) centrífuge retention capacity (CRC) of the

present invention may be not smal-l-er than 32 g/q, with

the lower limit being more preferably 35 g/g, stiII more

preferably 40 g/et and particularJ-y preferably 45 g/9,

while the upper limit being more preferably 70 g/9, stilI

more preferably 65 g/9, and partícularly preferably 60

g/q. When the absorption capacity is smatler than 32 g/g,

hiqh property can not be obtained 1n a diaper appfication.

The (d) content of volatile organJ-c compounds as

atmospheric concentration measured by a gas detector tube of

the present invention is 0 ppm to 100 pp*, with the upper limit

being preferably 50 ppm, more preferabLy 20 pp*, and still more

preferably 5 ppm. This content means a content of volatíIe

organic compounds in sealed aír (atmospheric concentration)

as determined by a measurement method of content of volatile

organic compounds described later in Example (8). ülhen the

content of volatile organic compounds is higher than 100 ppm'

10
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odor of the organic compounds is generated in a diaper

applicatì-on, and thus, not only sense of discomfort is caused,

but deodorj-zation performance is deteriorated. Accordingly,

high property can not be obtained. The volatile organic

5 compounds means an orqani-c solvent having boiling point at

ordinary pressure of not higher than 15OoC, preferably boiJ-ing

point of 65 to 145oC, more preferably 75 to l-30oC, andparticularly

preferablyB0 toI25oC. Ingeneral, itmaybe anyorganic solvent

used in manufacture, and examples thereof include e.9., the

10 dispersion solvents essentially used in reversed phase

polymerizaLi-on, organic solvents may be used in the surface

crosslinking as needed, as well as acetic acid, propionic acid,

acrylic acid dimer and the like which are impurities of the

monomer. It was found that remaining of these substances in

15 a slight amount account for odor of the water-absorbing agent

or j-nhibition of deodorization effect. Thus, these problems

were dissolved by the present invention.

Accordino to the nresent invention, (e) content of the

residual *ono*.t after n..arrrn the water-absorbing agent at

20 180"C for additional 3 hours is not .l-ower than 0 ppm and not

higher than 500 ppm, with the upper limit being preferably 300

ppm, and more preferably 100 ppm. The content of the residual

monomer after heating for 3 hours of being higher than 500 ppm

is not preferred. Because decomposition and the l-ike of the

25 acrylic acid dimer may be caused during practical- appJ-ications
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(especially during practical applications under high

temperature), or with additional- reforming or treatment,

leading to generation and increase of residual monomer, and

to generation of an odor derived from the residual monomer/

5 even though inítial content of residual monomer is l-ow.

In conventional reversed phase suspension

polymerization of water-absorbing agents, as described above,

polymerj-zation and surface crosslinking, drying and

agglomeration have been carried out in lower-boiJ-ing point

10 organic sol-vent (for example, cyclohexane having boiling point

of 80.7"C) . Thus, it was found that a slight amounL of organic

solvent remaíns according to conventional methods for

production and in commercially availabl-e products and the like,

and that the residual organic solvent causes the odor in

15 practical applications as a diaper. According to the present

invention, such problems can be resolved by not substantially

using organic solvent in surface crosslinking and agglomeration

after reversed phase polymerization, and by heating at high

temperature (preferably not lower than 150oC and not higher

20 than 25O"Cl, while controlling mínor components in the

monomer, particularly in acrylic acid (acetic acid, propionic

acid, acrylic acid dimer and the like).

(16) Other properties of a particulale water-absorbing

agent of the present invention

25 (f) ParticLes with dj-ameter of 150 to 600 pm; (g)
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T,ogarithmic standard deviation

Bul-k density (specified by ,IIS K-3362(1998)) of a

water-alosorbing agent of the present invention is adjusted to

bepreferablyinthe rangeof 0.40 to 0 .90 g/ml andmorepreferably

5 0.50 to 0. B0 g/mI. Ratio of (f) particles wíth diameter between

150 and 600 pm is preferably 90 to 1-00tà by weight based on total

particl-es, more preferably 95 to 100? by weight, and further

preferably 9B to 10 0? byweight . Logarithmic standard deviation

(o6) of particle size distribution (g) is in the range of

10 preferably 0.20 to 0.50, more preferably 0.20 to 0.45, and

particularly preferably 0.20 to 0.40. When particles without

this range are used in a diaper, superior property may not be

obtained. Because the waLer-absorbing agent of the present

invention has narrov¿ particJ-e size distributj-on, handlíng

15 characteristics (in particular, feeding characteristics )

are favorable, and superior water absorptíon speed is

provided. Therefore, when it is used as an absorbing article,

superior J-iquid diffusibility Ís also achieved.

(h) Absorbency against pressure

20 A water-absorbing agent of the present invention has

absorbency against pressure at 1.9 kPa (under l-oad) in a 0.90?

by weight aqueous sodium chl-oride solution of preferably not

l-ower than 20 q/q, more preferably not lower than 25 g/9, still

more preferably not lower than 30 g/g, and particularly

25 preferably not lower than 35 g/9. When the absorbency against
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pressure is lower than 20 g/9, effect of the present invention

may not be exerted. The upper limit is not particularly

limited, however, approximately 60 g/g will be enough as the

case may be, in view of elevation of the cost due to difficuJ-ty

5 in production.

(i) Blocking ratio after moisture absorption

A water-absorbing agent of the present invention is

superior j-n powder handling characteristics due to having low

blocking ratio after moisture absorption described later in

10 Example. Bl-ocking ratio af ter moisture absorption ì-s pref erably

0 to 30% by weight, more preferabJ-y 0 to 20e"by weight, further

preferably 0 to 10% by weight and particularly preferably 0

to 5%' by weight. Blocking ratío after moisture absorption over

30% by weight provides a problem such as difficulty 1n production

15 of a diaper and the like, for example, owing to poor powder

fluidity. The bl-ockj-ng ratio after moisture absorption f a1líng

within the above ranqe can be attained by using the additives.

(j) Increased extractab.l-es by deterioration

Increased extractables by deterioration of the present

20 invention is usually 0 to 158 by wei-ght, more preferably 0 to

10å by weight, and still- more preferably 0 to 5å by weight.

Vfhen increased extractab]-es by deterj-oration is over 15% by

weight, stabil-ity of the water-absorbíng agent against urine

becomes insufficient and enough absorption abílÍty cannot be

25 fulf il-Ied in long perÍod pract.ical application of the absorbing
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coïe.

(k) Increased ratio of extractabl-es by deterioration

fncreased ratj-o of extractables by deterioration of the

present invention is usually l- to 4 times, preferably 1, Lo 2

5 times, more preferably l- to 1.5 times, and particularly

pref erably 1- to 1.3 times. ûrlhen increased ratio of extractables

by deterioration is over 3 times, stabil-ity of the

water-absorbJ-ng agent against urine becomes insuffj-cient and

enough absorption ability cannot be fulfilled in long period

10 practical application of the absorbing core.

(1) Absorption speed with vortex method

Absorption speed of the water-absorbing agent of the

present invention is shorter than 60 seconds, preferably 1 to

55 seconds and more preferabLy 2 to 50 seconds. A

15 water-absorbing agent with absorption speed over 60 seconds

may not fulfill- sufficient absorption ability when it used in

absorbing cores such as a diaper.

(17) Shape of the particulate water-absorbing agient of

the present invention

20 rn general, particl-e shape of the water-absorbing resin

(particul-ate water-absorbing agent) of the present invention

obt,ainedby reversed phase suspension pollmerizatÍon exhibits

nearly sphericai- shape, aggregated shape thereof, or aggregated

shape derived from nearly spherical shapes, depending on the

25 polymerization mechanism. This particle shape can be readily
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distinguished from irregular shape (pulverized shape or

crushed shape ) of the water-absorbing resin obtained by general

aqueous polymerization. Fig, 1 íllustrates an electron

microg.raph showing a water-absorbing resin forming particles

with a shape like bunch of grapes through aggregation of nearly

spherical shapes which are primary particles . Others, particles

with wrinkles, particles with a perfect spherical body and

particles with a sausage shape are exemplified. Fí9. 2

ill-ustrates an electron micrograph showing a water-absorbing

resin forming rock-shaped particles through aggreqation and

fusion of nearJ-y spherical shapes which are primary particles.

rig. 3 illustrates an eLectron micrograph showing a

water-absorbing resin forminq ríce grain-shaped particles

through aggregation and fusion of nearly spherical shapes whj-ch

are primary particl-es. The water-absorbing resin obtained by

reversed phase suspension polymerizatíon has high bulk density

of 0.9 g/ml, ín comparison with water-absorbing resins of

irregular shape owing to the particle shape thereof . Theref ore.,

it is advantageous in regard to transportation of the

water-absorbing resin and in reduction in thickness of the

absorbing core. Moreover, because of large surface area of

the aggregates of nearl-y spherical shapes or aggregates derived

from nearly spherical shapes, comparatively high liquid

absorption speed can be attained. Therefore, it is advantageous

in prevention of liquíd leakage and skin irritation when used
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in absorbing cores such as a diaper.

(18) An absorbing artj-cl-e

Applications of the particulate water-absorbing agent

of the present invention are not especiaÌIy limited, however,

the water-absorbing agent is used preferably in an absorbing

core and an absorbing article.

The absorbíng core of the present invention is

obtained using the particulate water-absorbing agent.

The absorbing core in the present invention means an

absorbíng material formed using the particul-ate

water-absorbing agent and hydrophil-ic fibers as main

components. Content of the water-absorbing agent (core

concentration) in the absorbing core of the present

invention, based on total weight of the water-absorbing

aq'ent and hydrophil-ic fibers is preferably not lo\^ter than

20 and not higher than 100% by weight, with the lower limit

being more preferably 30å by weight, and particularly

preferably 403 by weight.

Furtherr âû absorbing article of the present

invention is equipped with the absorbing core of the present

invention, a surface sheet with fiquid permeabilíty and

a back sheet wíth liquid non-permeability.

Absorbing articles of the present invention, in

partícular, a disposable diaper for a child, a disposable

diaper for an adult or a sanitary napkin can be fabricated

15
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by, for example. preparing the absorbing core (absorbing

substrate) through blending or sandwiching fiber

substrates and the water-absorbing agent, followed by

sandwiching the absorbing core between the substrate with

liquid permeabíl-ity (the surface sheet) and the substrate

with liquid non-permeabÍlity (the back sheet) and mounting

of elastic parts, diffusion layersr prêssure sensitive

adhesive tapes, and t.he 1íke, if necessary. Such absorbíng

core is subjected to compression molding to have density

of 0.06 to 0.50 q/cc and basj-s weight ín the range of 0.01

to O. 2Og/cmz. Illustrative exampJ-es of the f iber substrate

to be used incl-ude hydrophilic fibers, such as e.9., ground

wood pu1p, er cotton Iinters , ctossl-j-nked celJ-ulosic

fibers, rayon fibers, cotton fibers, wool fibers, acetate

fíbers, vinylon fibers, and the like. Preferably they are

used as airl-ied.

A water-absorbing agent of the present invention is

one exhibiting superior absorption properties. Specific

examples of such absorbing article include sanitary goods

starting froma disposable diaper for an adult, whose growth

is significant recently, a diaper for a child, a sanj-tary

napkinr so to speak a pad for incontinence, and the Iike,

but not limited thereto. Because a water-absorbing agent

present ín an absorbing articl-e of the present invention

provides less rewet amount and signifícant dry feel-ing,
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loads of person wearing such goods and nursing staffs

can be significantly reduced.

Examples

5 The present invention wilI be elucidated specifically

with the following Examples and Comparative Examples below,

without being Iimited to the following Exampì-es. VarÌous

performances of a water-absorbing resin, a particulate

water-absorbing agent (herej-nafter, referred to as

l-0 water-absorbing agent) and an absorbing article u/ere measured

by the foflowing methods. In the following description

of the measurement method, explanation will be made for

cases in which a property of a water-absorbing agent is

measured. trlectrical equipment ûras always used under

L5 conditions of 100 V and 60 Hz in Examples. In addition,

the water-absorbing resin, the water-absorbing agent and the

absorbing article were used under conditions of 25oC + 2"C

and 509 RH (relative humídity), unLess particul-arly

specified. An aqueous solution of 0.90% by weight of

20 sodium chloride was used as a physiological saline

soLution.

V{hen moisture is absorbed by the water-absorbing agent

(water-absorbing resin), measurement is carried out after

drying under reduced pressure (for example, for about l-6 hrs

25 at 60 to 80oC), âs appropriate, to equilibrium moisture
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content (2 to 8% by weight, about 5i5 by weight) of the

water-absorbing agent (water-absorbing resin). When a

water-absorbing agent (water-absorbing resin), a diaper, or

a water-absorbing agent (a water-absorbing resin) taken out

5 of a diaper on the market which may absorb moist,ure on

distribution is used in a comparison test, comparison may

be made after drying under reduced pressure (for example,

for about 16 hrs at 60 to 8OoC) as appropriate to eguilibrium

moisture content (2 to B%' by weight, about 5å by weight)

10 of the water-absorbì-ng agent (water-absorbing resin) .

(1) Centrifuge Retention Capacity (CRC) for a

physiological saline solution (an aqueous solution of 0.90%'

by weight of sodium chlorÍde)

A water-absorbing agent of 0.24 g was uniformly put in

15 a bag (60 mm x 85 mm) made of unwoven fabric and ímmersed in

a physiological saline solution controlled at 25 + 2"C. The

bag containing the water-absorbing agent was taken out of the

saline solution after 30 minutes and subjected to dewatering

for 3 minutes at 250 G (250 x 9.81 m/sec2) using a centrifuge

20 (ModeI H-L22 small sLze centrj-fuge made by Kokusan Corporatíon)

and then weighed to determine weight V{2 (g) . ûüeight W1 (g) of

the bag then Ì¡¿as measured after similar operatíon without using

any water-absorbing agent. Centrifuge Retention Capacity

(g/g) was calculated from the weights !ti1 and W2 according to

25 the foÌlowing formula,
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Centrj-fuge Retention Capacity (g/g) : { (weight W2 (q)

- weight W1 (ø) Ì /weight of water-absorbing agent (g) 1-

(2) Absorbency Against Pressure at 1. 9 kPa (AAP 1.9

kPa) in a physiological sal-ine sofution

A water-absorbing agent of 0.900 g was uniformly

scattered on a 400-Mesh wire mesh made of stainless steel

(mesh size: 38 pm) welded to the bottom end face of a plastic

support cylinder with inner diameter of 60 mm. A piston

(cover plate), which has outer diameter a little small-er

than 60 mm, forms no gap against t,he inner surface of the

support cylinder and can move up and down smoothly, was

mounted on the water-absorbing agent. Total- weight tü¡ (g)

of the support cylinder, the water-absorbíng agent and

the piston r¡ras measured. A Ioad adjusted weíght to press

the water-absorbing agent uniformly at 1. 9 kPa including

the weì-ght of the piston was mounted on the piston, thereby

completing a set of measuríng apparatus. A glass fil-ter

(mesh size: 40-5Opm ) with, diameter of 90 mm and thickness

of 5 mm was placed in a Petri dish with diameter of 150

mm and a physiological salíne sol-ution controlled at 25

! 2o C was poured up to the same l-evel as the upper surface

of the gÌass filter. A sheet of filter paper with diameter

of 9 cm (No.2 from Toyo Roshi Kaisha l,t,d. ) was placed on

the surface of the glass filter to be entirely wetted,

and then excess solution over the wetted filter paper !ùas
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removed.

The set of the measuring apparatus l¡tas placed on

the wetted filter paper and the liquid was absorbed wíth

the water-absorbing agent under load. The liquid level

lvas kept constant by adding the liquíd when the liquid

surface became lower than the upper surface of the glass

filt,er. The set of the measuring apparatus was Iifted up

after an hour and weight Wa (q) (the total weight of the

support cylinder, the swollen water-absorbing agent and

the piston) excluding the load was measured agaÌn. The

absorbency against pressure (g/g) was calculated from the

weights W3 and lrlq according to the following formu.l-a.

AbsorbencyAgainst Pressure (g/q): {weightW¿ (g) -weight

w3 (ø) Ì /weight of water-absorbing agent (g)

(3) Mass median particle síze (D50), logarithmic

standard devìation (oCl and percentage by weight of particles

less than 150 pm in diameter

A water-absorbing agent rÁrâs subjected to sieve

classification using JTS standard sieves(JIS Z-BB0l--1 (2000) )

having mesh opening size of 850 Fil, 7I0 Ëil, 600 Ffr, 500 Fffi,

425pm, 300 1u.m, 212pm, 150 Fm, 106 pm and 45 1rm, andpercentage

by weight of particles less than 1-50 pm in diameter was measured,

while oversize percentages R at each particle síze htere plotted

on a logarithmíc probability paper. Particle size

corresponding to R: 508 by weÍght was thus determlned as mass
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median particle size (D50). Logarithmic standard deviation

(o() is represented by the following formula, wherein small-er

value of o( means narrowel particle-sj-ze distribution.

o( : 0.5 x In (Xz /Xù

(wherein Xr and X2 are particle diameters for R: 84.I2 by weight

and R : 15.9å by weight, respectively)

Eor sieve classification, a water-absorbing agent

of 10.00 q is charged into each of the JIS standard mesh

sieves (The IIDA TESTING SIEVE: inner diameter of 80 mm)

and sieved for classification for 5 minutes usíng a Ro-tap

type sieve shaker (Model ES-65 sieve shaker from fida

Seisakusho Co., Ltd.).

Mass median particle size (D50) means particle

diameter for a standard sieve, corresponding to 503 by

weight based on the whole particles' Íthen síeving is carried

out by standard sieves with particul-ar meshes as described

in US505L259 and the like.

(.4) Extractable polYmer

First of all-, prepâratíon for measurement of extractable

poJ-ymer r'/ill be described. A pH electrode was calibrated with

buffer solutions of pH 4.0, pH 7.0 and pH 1-0.0. A physiological

sal-ine solution of 50 ml, prepared beforehand for a blank Lest,

was poured into a 100 ml glass beaker and added in dropwise

with a 0.1 mol/L aqueous solution of sodium hydroxide untj-l

pH 10, while stirring with a stirrer chíp with length of 30
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nrm, to determj-ne titration amount Vu¡ (ml) of the aqueous

solution of sodium hydroxide for a blank test. The saline

solution was further added in dropwise with a 0. i- moI/L aqueous

solution of hydrochloric acíd until pH 2.1, while stirring,

to determine titration amount V¡u (ml) of hydrochLoric acid for

a blank test.

A physiological sal.ine solution of. 200 ml' prepared

beforehand, was poured into a 250 mI polypropyJ-ene cup

withal-idandaddedwithl'0g (: m(g) ) of awater-absorbing

agent obtained in Examples or Comparatíve Examples to be

described l-ater. The saline solution was then stirred hlith

a stirrer with length of 30 mm and diameter of I mm at

500 t 50 rpm for one hour or 16 hours to extracL extractabl-e

polymer. After stirring for one hour or 16 hours, the

saline solution was f iltrated with a f iJ-ter paper (No. 2,

made by Toyo Roshi Kaisha Ltd., retaining particle size

of 5 ¡r,m according to JIS P 3S0I (1-995) ) to obtain a f il-trate.

Thus obtained filtrate of 20 ml- (recorded as F (mI))

vras poured into a 100 ml glass beaker and added with a

physiological saline solution to obtain 50 mJ- of a f il,trate

for titration. When thus obtained filtrate is Iess than

20 ilI, the total amount of thus obtained fil-trate utas

recorded as F (ml) and added with a 0.90Íà by weight agueous

solution of sodíum chloride to obtain 50 ml of a fi-l-trate

for titration.
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subsequently, the filtrate for titration was added

in dropwise with a 0.1 mol/L aqueous solution of sodium

hydroxide, while stirring with a cylinder-type stÍrrer

with length of 30 mm and diameter of B mm until pH 10,

5 to determine titration amount Va (mI) of the aqueous

solution of sodium hydroxide. The fíltrate was further

added in dropwise with a 0.1- moL/L aqueous solution of

hydrochloric acid, while stirring, until pH 2 -f , to

determíne titration amount V¡ (ml) of the aqueous sol-ution

10 of hydrochloric acid. Extractable polymer content (3) j-s

calculated by the following formula.

Extractable polymer content (å) : { (!{" + V{u) /m} x 100

Vüherein W" (g) is relative weight of units having

an acid g-roup in extractable polymer included in a

15 water-absorbing agent, and [,t15 (g) is relative weight of

units having a carboxylate group neutralized by an alkal-i

metal in extractable polymer included in the

water-absorbing agent. Each of them is calculated by the

fol-l-owing formulae.

20 Wa (g) : Nâ x 12 x 200/E

Ws (g) N¡ x 94 x 200/E

Wherein the value 72 is weight per 1 mole of a

repetition unit in polyacrylic acid, and when a monomer

with an acid group other than acrylic acid is copolymerized,

25 the value is altered to averag'e weight of a repetition
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unit including such a monomer. The value 94 is weight

per 1 mole of a repetition unit in polysodium acrylate

and it is alteredr äs appropriate, when a monomer having

an acid group other than acrylic acid is copolymerized,

5 or when potassJ-um, Iithium or the l-ike is used instead

of sodium as an al-kali metal- salt.

Nu (mo1) is number of moles of an acid group of extractable

poJ-ymer in a filtrate and N¡ (mol) is number of moles of a

carboxylate giroup, neutralized by an alkal-i metal, of

10 extractable polymer in the fittrate. Each of them ís calculated

by the following formulae.

Na (mol) = { (Vu - Va¡) /1000} x 0.1

N¡ (mol) : N1 - Na

Wherein N1 (mol) is number of total moles of extractable

15 polymer in a fil-trate to be measured and j-s calcul-ated by the

foJ-Iowíng f ormula.

N1 (mol) : { (Vo - Vu¡) /1000} x 0.1-

The contents of extractable pollzmer determined b1z the

above formulae were differentiated as extractable polymer

20 content for one hour (å) on a fiLtrate obtained by stirring

a physiological saline solution for one hour, and extractabl-e

polymer content for 16 hours (3) on a filtrate obtained by

stirring a physiological saline solution for 1-6 hours.

(5) Evaluation of resistance to urine

25 A physiological saline solution prepared beforehand was
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ad.ded with L-ascorbic acid to gíve 0.053 by weight so as to

obtain mimicked artificial urine for deterioration test.

Specifically, 0.50 g of L-ascorbic acid was dissolved in 999.5

g of a physiological saline solution to prepare mimicked

5 artificial urine for deterioration test.

Mimicked artificial urine for deterioratíon test of 25

ml was poured into a 250 ml polypropylene cup with a lid and

added with 1 . 0 g of a water-absorbing agent obtained in Example s

or Comparative Examples to be described later to form swollen

10 gel. After the cup was sealed with the lid' the swollen gel

was left for standing in atmosphere of 3-loc for 16 hours.

After 16 hours I L7 5 mI of the physiological saline solution

was added and then extractable polymer after deterioration was

extracted from the hydrated gel by stirring for one hour

15 similarly as in the previous item (4) with a cylinder-type

stirrer with length of 30 mm and diameter of I mm.

After extraction by stirring for one hour, the saline

solution was fÍl-trated and pH-titrated by the same method as

in theprevlous item (4 ) todetermine extractabl-e poÌymer content

20 after deterioratíon Exr(3 by weight) using the same formulae

as in the previous item (4) . To compare absolute amount of

i-ncreased extractable polymer content by deterioration, for

evaluation of resistance to urine, increased extractables by

deterioration (å by weight) was calculated by the following

25 formula.
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rncreased extractabl-es by deterioration (? by weight)

= Exr - Exz

wherein Bxz is extractable polymer content for one hour (3 by

weight) .

To compare extractable polymer content formed by

deterioration with extractable polymer cont'ent before

deterioration, for evaluating resistance to urine, increased

ratio of extractables by deterioration (quotient) was

cal-culated by the following f ormula.

Increased ratio of extractables by deterioration : Exr

/gxz

(6) EvaLuation of absorption speed (vortex method)

To a 0 .gO% by weight. aqueous solution of sodium chloride

(physiological saline solution) prepared previously of 1000

parts by weight was added O.O2 part by weight of a bril-Iiant

blue-FCE, a food addítive, and kept at 30oC. The physiological

sal-ine sol-ution of 50 mI was poured into a l-00 ml beaker and

a-d-ded with 2. A qof a- water-absorbÍng agent obtained in Examples

or Comparatíve Examples to be descrj-bed later, whí1e

stirring at 600 rpm with a cylinder-type stirrer with length

of 40 mm and d.iameter of 8 mm, to measure absorption speed

(second). Absorption speed (second) bIaS measured in terms of

time required for the test liquid to completely cover the stirrer

chip as the water-absorbíng agent absorbs the physiological

saline solution, which was measured wit'h end point determined25
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accoxd.i-ng to the standard described in JIS K7 224 (t996 ) "Testing

method for water absorption speed of super absorbent resins

Description".

(7) Blocking ratj-o (Fluídity) after moist'ure

5 absorption (8 by weight)

A particulate water-absorbing agent of 2 g described later

was uniformly scattered on the bottom of an al-uminum cup with

diameter of 52 mm and height of 22 mm and quickly put in a

humidity-controll-abl-e incubator ( PLATIOOUS LUCIFER PL-?G from

l-0 ESIEC Corp. ) controlled beforehand aL 25"C and 90å relative

humidity, and l-eft for standing for 60 minutes. The

moisture-absorbed water-absorbj-ng agent was then transferred

to a JIS standard sieve with diameter of 7.5 cm and 2000 lrm

of mesh open . When the moisture-absorbed water-absorbing agent

L5 rÂras adhered to al-uminum cup too rígidly to do sor the

moisture-absorbed water-absorbing agent accompanied by

blocking should be detached from the cup and transferred to

the sieve very carefully not to destrolz the block. The

transferred water-absorbi-ng agent to the sieve was immediately

20 sieved for I seconds using a síeve shaker (IIDA SIEVE SHAKER,

TYPE: ES-65, SER. No. 050]) . lfeight vÛs (g) of the oversize

water-absorbing agent left on the sieve and weight W6 (q) of

the undersize water-absorbing agent passed through the sieve

vrere measured. Blocking ratio after moj-sture absorption (å

25 by weight) was calculated by the following formula. The l-ower
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blocking ratio after moisture absorption means the

water-absorbing agent that is more superior in fl-uidity after

moisture absorptíon, with improved powder handling nature.

Blockì-ng ratio after moisture absorption (%' by weight)

5 : {weíght W5 (g)/(weight Vrl5 (q) * weight W5 (q) ) } x 1"00

(B) Content of volatíle organic compounds (ppm)

A water-absorbing resin of 6.009 was uniformly spread

in a glass Petri dish (Code: 305-07, externa1 diameter x height

: !20 mm x 2 5 mm, described in GENERAL CATALOGUE A-1000 (published

10 in 2003) published by SOGO LABORATORY GLASS IdORKS CO., LTD).

Then, the water-absorbíng agent was covered by one piece of

breathable and tiquid permeable heat,l-on paper (Nangoku PuIp

Technical Corporation, type: GSP-22) cut into circul-ar

(diameter: 116mm) . WhenheatlonpapercannoLbeused, nonwoven

15 fabric may be substituted. Circumference of the heatlon paper

(or nonwoven fabric) was fixed on inner wall- of the gJ-ass Petri

dish with a tape (10 mm x 10 mm) at three sites. One edge of

a 3 f- sniffing bag (manufactured by OMI ODORATR SERVICE

Corporation) was opened, and after pl-acing the glass Petri dish

20 incfudíng the spread water-absorbing resin therein, opened part

of, the sniffing bag was closed with an adhesive tape not to

leave any space. After depressuri-zi-ng j-nside of the sniffing

bag once f rom a gJ-ass tube attached Lo the snif f ing bug, odorl-ess

air of I.2L was fed therein, and subsequently, 30 mI of a 0.90?

25 by weight aqueous solution of sodj-um chloride (physlological
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saline solution) adjusted to a temperature of 25 + 2oC was

poured at once to the dish in the sniffing bug, white preventíng

contamination of the ambient, air, using a glass funnel connected

to a Tefl-on (regj-stered trade name) tube. Then, the

5 water-absorblng agent was uniformly swollen, and the bag was

sealed hermetically wj-th a silicon rubber stopper. The bag

was left to stand in an incubator at 37oC to permit swelling.

After J-eaving to stand in an incubator at 37"C for 60 minutes,

the bag was taken out, and subsequently was left to stand at

10 room temperature ( 20 Eo 30"C) . After leaving to stand at room

temperature for J-0 minutes, the silicon rubber stopper was

removed, and atmospheric concentration \^¡as measured using a

gas sampler (manufactured by Gastec Corporation, GV-100S) and

a qas detector tube (manufactured by Gastec Corporation, No.

15 702L) whire preventing contamination of the ambient air,

Distance between tip of the gas detector tube and the swollen

water-absorbing agent was kept to be 5 to 10 cm during the time

period from initiation to termination of the measurement.

Measurement using the gas sampler and gas detector tube was

20 carried out according to the method specified for the gas

detector tube. Thus determíned atmospheric concentration was

defined as voLatile organic compounds content (ppm) . fn this

measurement method, as the case may be, the gas detector tube

may execute detection to result in change of color even though

25 similar operation is conduct,ed using a physiological saline
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soLution alone without using a water-absorbing agent. In such

a case, correction was performed by subtracting a blank value

detect,ed in the indicator range yielded when a physiological

sal-j-ne solution alone was used (detection limit: 10 ppm) .

5 (9) Eval-uation of an absorbing core performance (Rewet

amounts after 10 minutes)

An absorbing core was prepared using a water-absorbing

agent obt.aíned in Examples or Comparative Examples

descri-bed later and subjected to a rewet test ín order to

1-0 evaluate performance as an absorbì-ng core.

To begin with, a method for preparation of an absorbing

core for evaluatíon is shbwn below.

A water-absorbing agent to be described later of 1 part

byweight and crushedwood pulp of 2 parts Ìryweight were subj ected

L5 to dry mixing using a mixer. Thus obtained míxture was spread

on a wíre screen of,400-Mesh (mesh size: 38 ¡un) to form a web

with diameter of 90 mm. The web hras pressed under pressure of

l-96.14 kPa (.2 kgf /cm2) for l minute to obtain an absorbing core

for evafuation with basís weight of 0.05 g/cm2,

20 Subsequently, a method for evaluation of rewet amount

after 10 minutes is shown below. The absorbing core for

evaluation was placed on the bottom of a Petri dish wíth inner

diameter of 90 mm made of stainless steel (SUS) , and non\,roven

fabric with diameter of 90 mm was placed thereon. Then, 30

25 ml- of the mimicked artificial uri-ne for deterioration test which
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had been prepared previously, used in the above item (5);

evaluation of resistance to urine, was then poured over the

nonr¡roven fabric and subj ected to absorption f or 10 minutes under

conditions of no load. ThereafÈer, 30 sheets of fil-ter paper

5 with diameter of 90 mm (No. 2 from Toyo Roshí Kaisha Ltd. ),

whose totaL weight (Ilfz (g) ) was measured bef orehand, $/ere placed,

and a piston and a load (total weight of the píston and load

being 20 kg) with diameter of 90 mm hrere placed on the filter

paper so as to press uniformly the absorbing core/ the nonwoven

10 and the fil-ter paper. The filter papers r^rere made to absorb

rewet liquid, while pressÍng for 5 minutes. The 30 sheets of

the filter paper were then wei-ghed (Vüe (g)) to caLcuLate rewet

amount after 10 minutes.

Rewet amount after 10 minutes (g) = WB (g) - W7 (q)

15 (10) Amount of residual monomer

A waLer-absorbing agent of 1.000 g was dj-spersed in 200

mI of a physiological saline solution, which was stirred with

amagnetic stj-rrer (500 rpm) for thour.- andthe resultino swollen

gel was fiLtrated through a fil-ter (0.45 pm), The amount

20 of residual monomer was quantitatively determined by analyzing

thus obtained filtrate on liquid chromatography (HPLC).

Measurement was carried out by a specific measurement method

according to Measurement method of the amount of residual monomer

of superabsorbent materiaJ-s (edana RESIDUAL MONOMERS 410 .2-02)

25 recommended by EUROPEAN DISPOSABLES AND NONWOVENS ASSOCIATION
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(EDANA) .

lProduction Example of acrylÍc acid 1-l

Commercially available acrylic acÍd (contaínLng2000 ppm

acrylic acid dimer, 500 ppm acetic acid and 500 pPm propionic

acíd) was supplied into column the bottom of a high boilíng

point impuritíes-separating column having 50 dual-flow

perforated plates,and then distilLed in a reflux ratio of l-

to remove maleic acid and a dimmer of acrylic acid (acrylic

acid dímer) and crystalized. AccordínglY' acrylic acid

(containing 20 ppm acrylic acid dimer, 50 ppm acetic acid and

50 ppm propionic acid) was obtained.

IProduction Example of acrylic acid 2]

Commercially available acryJ-ic acid (contain:-nq 2000 ppm

acrytic acid dimer, 500 ppm acetic acid and 500 ppm propionic

acid) was supplied into column the bottom of a high boiling

point impuríties-separating column having 20 dual-fl-ow

perforated plates.and.then distilled in a reflux ratio of l-

to remove maleic acid and a dimmer of acrylic acid (acrylic

acid dimer) and crystalÍzed. Accordinglv, acrylic acid

(contaíning 20 ppm acrylic acid dimmer,500 ppm acetlc acid and

500 ppm propionic acid) was obtained.

IProduction of aqueous so]-ut,ion of sodium acryl'atel

Acrylic acid in an amount of 1390 g was neutralized with

482 sodlum hydroxide according to Example 9 in US521'0298 at

20 Lo 4OoC to obtain 100 3 by mol- neutralized sodium acrylate

1_0
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at the concentration of 3'7 % by weight.

IExample 1- ]

Into a 2^L four-neck separable flask equipped with a

stirrer, a reflux condenser, a thermometer, an inlet tube for

nitrogen gas and a dropping funnel was charged 1.0 L of

cycÌohexane, and thereto was added 3.8 g of sucrose fatty acid

ester (manufactured by DAI-ICHI KOGYO SEIYAKU CO.rLTD.,

DK-ester F-50, HLB : 6) as a dispersant which was dissolved

therein. Díssol-ved oxygen was degassed by bubbling nj-trogen

gas. In another flask, 84.6 g of sodÍum acrylate that is a

neutral-ized product of acrylic acid of Production Example 1,

2I.6 g of acrylic acid of Production Example I and 0.016 g of

N, N'-methylenebisacryÌamide hrere dissolved in L91 g of ion

exchangedwater, andthereln was dissol-ved 0.4 q of hydroxyethyl

ce.l-Ìul-ose (manufactured by Daicel Chemical Industries, Ltd.,

HEC-DaiceI EP-850) to prepare an aquêous solution of monomer

having monomer concentration of 35å by weight. To this aqueous

sol-ution of m-onomer wa-s a-d,d-ed. 0=1-5 g of potassium- persul fate

which was dissolved therein. Thereafter, dissolved oxygen i^ras

degassed by bubbling nitrogen gas. Then the aqueous solution

of monomer in this ffask was added to the separable fl-ask to

alfow for dispersion by stirring. Thereafter, polymerization

reaction was initíated by raising the bath temperature to 60oC,

followed by keeping this temperature for 2 hours. After

completing the polymerizat,ion, water included in the hydrated

1_0
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gel r¡ias removed by azeotropic dehydration with cyclohexane,

foll-owed by filtration, drying under reduced pressure at 8OoC

to obtain spherícal polymer powder. Thus resul-ting polymer

powder had water content of 5.6%.

With 100 parts by weight of the polymer was mixed 3.53

parts by weight of a surface crossl-inking agent consisting of

0.5 part by weight of propyleneglycol, 0.03 part by weight of

ethyleneglycol diglycidyt ether, 0.3 part by weight of

11 4-butanediol and 2.7 parts by weight of water. The mixture

was subjected to a heat treatment at 2t0"C for 45 min. After

surface crosslinking, 3 parts by weight of water was further

added to the mixture, which was heated hermetically at 60oC

for 30 minutes. Agglomerated partícul-ate water-absorbing

agent. (1) was obtainedby classification for 850 pm. Centrifuge

retention capacity, absorbency agaínst pressure at l-.9 kPa,

particle size distribution, mass median particle sÍze (D50),

logarithmic standard deviation (o() and percentage by weight

of parti cl es ha-rring d-ì.a-m,eter of sma-l.l er tha.n 1-50 pm, exLractable

polymer, evaluation of resistance to urine, absorption speed,

bl-ocking ratio after moisture absorption, content of volatile

organic compound, and the amount of residual monomer after

heating at 18OoC for 3 hours of thus obtained particulate

water-absorbing agent (1) are shown in Table 1 and Table 2.

fComparative Example 1-]

Into a 2-L four-neck separable flask equipped with a

10
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stirrer, a refl-ux condenser, a thermometer, an inlet t.ube

nitrogen gas and a droppíng funnel was charged 1.0 L of

cyclohexane, and thereto was added 3.8 g of sucrose fatty acid

ester (manufactured by DAI-ICHI KOGYO SEIYAKU CO.,LTD.'

5 DK-est,er F-50, HLB : 6) as a dispersant which was dissolved

therein. Dissol-ved oxygen was degassed by bubbling nitrogen

gas. Separately in another flask, 84.6 g of sodj-um acrylate

that is a neutralized product of commercially available acrylíc

acid (containing 2000 ppm acrylic acid dimer, 500 ppm acetic

10 acid and 500 ppm propionic acid) | 21,.6 g of commercially

available acryJ-ic acid and 0.01-6 g of

N,N'-methylenebisacrylamide hlere dissolved in 797 g of ion

exchang'ed water, and therein was dissolved 0. 4 g of hydroxyethyl

cellulose (manufactured by Daj-cel Chemical Industries, Ltd.,

l-5 HEC-Daicel EP-850) to prepare an agueous solution of monomer

havíngmonomer concentratj-on of 358 byweight. To this aqueous

solution of monomer was added 0.15 g of potassium persulfate

which r¡¡as d-i ssol r,red. therern. Thereafter., díssolved oxygen was

degassed by bubbling nitrogen gas. Then the aqueous sol-ution

20 of monomer ín this flask was added to the saparable flask to

all-ow for dispersion by stirring. Thereafter, polymerizat,ion

reaction was inj-tiated by raising the bath temperature to 60oC,

followed by keeping this temperature for 2 hours. After

completing the polymerization, water was removed from the

25 hydrated gel-like polymer by azeotropic dehydration.
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After adding 85.0 mg of ethyleneglycol díglycidyl ether

as a surface crosslinkÍng agent to dehydrated hydrated geI-1íke

polymer, surface crosslinking treatment was carried out by

keepíng bath at 80oC for 2 hours. After agglomeration by

5 reversed phase suspension (organic solvent: cyclohexane), the

mixture was filtrated, fol-Iowed by drying under reduced pressure

at 80oC to obtain a comparative particulate water-absorbing

agent (1) . Resul-ts of eval-uation of thus obtained comparative

particulate water-absorbing agent (1) in a similar manner to

L0 Example 1 are shown in Table 1 andTabl-e 2. The amount of residual

monomer before heating in Comparative Example 1 was 50 ppm.

[Example 2]

To 100 parts by weÍght of the parti-culate water-absorbing

agent (1) obtained in Example l- was added and mixed (dry bl-ended)

15 0.3 part by weight of fine partículate silicon díoxide

(manufactured by NIPPON AEROSIL CO., LTD. ' AEROSIL @ 200 (mean

particle size of primary particles: 72 nm) ) to obtain a

particulate water-absorbi ng a-qenL 1,2). Results of evaluation

of thus obtaj-ned particulate water-absorbing agent (2) in a

20 similar manner to Example 1 are shown in Table 1 and Table 2.

fExample 3 ]

vüith 100 parts by weight of the particul-ate

water-absorbing agent (1) obtained in Example 1 was mixed by

spraying 2 parts by weight of an aqueous solution comprislng

25 diethylenetriamine pentaacetatic acid agueous solution and a
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1-5å by weight aqueous solution of extract from plant leaves

of Theaceae plant (Trade Name: FS-8OMO, Supplier: Shiraimatu

Shj-nyaku Co., Ltd., Address: 37-1 Ugawa, Minakuchi-Cho,

Kouka-Gun, Shiga-Ken, ,Japan) (amount of each component being

5 adjusted so that diethylenetriamine pentaacetatic acid and the

15å by weight aqueous solution of extract from plant leaves

of Theaceae plant became 50 ppm by weight and 0.1% by weight

by weight relative to the water-absorbing agent (1),

respectively) . The resultant mixture \¡Ias cured at 60"C for 1

10 hour, and thereto was then added and mixed (dry blended) 0.3

part by weight of fine particulate calcium stearate

(manufactured by Kanto Chemíca1 Co., Inc. ) to obtain a

particul-ate water-absorbing agent (3) . Results of evaluation

of thus obtained particulate water-absorbing agent (3) in a

15 similar manner to Example l- are shown in Table L and Table 2.

lExample 4l

To evaluate an absorbing core performance of the

water-absorbing a-gent (1) obtained in Example 1., an absorbing

core for evaluation (1) wäs prepared according to the method

20 for eval-uation of an absorbing: core performance in the above

item (9), to measure rewet amount after 10 min. Results are

shown in Table 3.

[Examp1es 5 and 6]

The same procedures as ín Example 4 were repeated except

25 for using the partj-cul-ate water-absorbing agents 12) and (3)
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obtained in Examples 2 and 3 instead of.the particulate

water-absorbing agent (1) used in Example 4, to obtain

absorbingcores forevaluation (2) and (3) , respectively. Rewet

amounts of thus obtained absorbing cores for evaluation (2)

5 and (3) hrere measured. The results are shown in Table 3.

lComparative Example 2l

The same procedures as in ExampJe 4 were repeated except

for usj-ng the comparatíve particulate water-absorbing agent

(1) obtained Comparatíve Example 1 instead of the particul-ate

10 water-absorbing agent (1) used in Example 4, to obtaín a

comparative absorbing core for evaluation (1). Rewet amount

of thus obtained comparative absorbing core for eval-uation (1)

vras measured. The results are shown in Table 3.

fComparatÍve Example 3]

15 The same procedures as in Exampl-e l- were repeated except

for using the acrylic acíd obtained in Production Example 2

instead of the acrytic acid obtained in Production Example L,

neutral i zLng the a-crylic acid. to obtain sodium acrylate,

followed by polymerization similarl-y to Example 1. Results

20 from thus obtained comparative particul-ate water-absorbj-ng

agent (3) are shown in TabLe 1 and Table 2.

[ComparatÍve Example 4]

The same procedures as in Example l- were repeated except

for using the commercially avail-ab1e acrylic acíd directly,

25 whj-ch was neutralized to obtain sodium acrylate, followed by
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polymerizalion simil-arly to Example 1-. Results from thus

obtained comparaÈive particulate water-absorbing agent (4)

are shown in Tabl-e l- and Table 2.

5
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5

A partículate water-absorbing agent of the present

invention does not contain a volatile organic compound as shown

in Tables 1 to 3, therefore, no odor is generated from the gel

in swollen state, and the agent is superior ín absorption

capacj-ty, absorbency against pressure and absorption speed.

Mass median partícle size and logarithmic standard deviation

are also falling within a rang'e to achieve favorable handling

characteristics of the water-absorbing agent and to attain high

property of the water-absorbing agent in use as an absorbíng

art,icle. Use of the particulate water-absorbing agent of the

present invention results in an absorbing article (a diaper

in Table 3) with less rewet amount and high performance. Such

a particulate water-absorbj-ng agent of the present invention

exhibits still larger blocking ratj-o aftermoisture absorption,

urine resistance and deodorj-zation performance by adding

inorganic fine particles, a deodorant and the like as needed.

Ind-u-stri a 1 Applicabí I Íty

As described hereínabove, the present ínvention relates

to a particulate water-absorbing agent including a

water-absorbÍng resin as a main component. More specíflcaI1y,

it relates to a particulate wat,er-absorbing agent fulfilJ-ing

more superior absorptlon ability without generating odor in

practical applicatj-ons as absorbing articl-es such as a diaper.

10

15

20
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Claims: 

 

[Claim 1] 

 A particulate water-absorbing agent comprising 

water-absorbing resin particles of not lower than 7 0% by 5 

weight, the water-absorbing resin particles being o btained 

by conducting reversed phase suspension polymerizat ion of 

acrylic acid and/or a salt thereof, mixing a surfac e 

crosslinking agent, and conducting a heat treatment , 

wherein 10 

 in the reversed phase suspension polymerization, 

an aliphatic hydrocarbon selected from n-heptane an d 

cyclohexane is used as an organic solvent, 

 a temperature of the water-absorbing resin in the 

heat treatment is not lower than 100 °C and not higher than 15 

280 °C, 

 the water-absorbing agent satisfies the following 

(a) to (d): 

 (a) centrifuge retention capacity (CRC) in a 

physiological saline solution being not lower than 32 g/g 20 

and not higher than 60 g/g; 

 (b) mass median particle size (D50) being not 

smaller than 200 µm and not larger than 400 µm; 

 (c) ratio of particles having diameter of smaller 

than 150 µm being not lower than 0 % by weight and not 25 

higher than 5% by weight; and 

 (d) content of the organic solvent as atmospheric 

concentration measured by a gas detector tube after  the 

particulate water-absorbing agent of 6.00 g is perm itted to 

swell by 30 ml of a 0.90% by weight aqueous solutio n of 30 

sodium chloride being not lower than 0 ppm and not higher 

than 100 ppm, and 

 total content of acetic acid and propionic acid 
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in the acrylic acid is not higher than 500 ppm. 

 

[Claim 2] 

 A particulate water-absorbing agent according to 

claim 1 wherein acrylic acid dimer content in the a crylic 5 

acid is not higher than 1000 ppm. 

 

[Claim 3] 

 A particulate water-absorbing agent according to 

claim 1 or 2, further comprising an aminopolyvalent  10 

carboxylic acid having 3 to 20 carboxyl groups and a salt 

thereof. 

 

[Claim 4] 

 A particulate water-absorbing agent according to 15 

claim 3 wherein the aminopolyvalent carboxylic acid  and the 

salt thereof are at least one member selected from 

diethylenetriamine pentaacetic acid, triethylenetet ramine 

hexaacetic acid, cyclohexane-l,2-diamine tetraaceti c acid, 

N-hydroxyethyl ethylenediamine triacetic acid, ethy lene 20 

glycol diethyl ether diamine tetraacetic acid, 

ethylenediamine tetrapropionic acetic acid, N-alkyl -N’-

carboxymethyl aspartic acid, N-alkenyl-N’-carboxyme thyl 

aspartic acid, alkaline metal salts thereof, alkali ne earth 

metal salts thereof, ammonium salts thereof, or ami ne salts 25 

thereof. 

 

[Claim 5] 

 A particulate water-absorbing agent according to 

claim 3 or 4 wherein using amount of the aminopolyv alent 30 

carboxylic acid and the salt thereof is 0.0001 to 1  part by 

weight based on 100 parts by weight of the water-ab sorbing 

resin. 
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[Claim 6] 

 A particulate water-absorbing agent according to 

any one of claims 1 to 5 wherein the water-absorbin g agent 

further satisfies the following (e): 

 (e) content of residual monomer after heating at 5 

180 °C for 3 hours being not lower than 0 ppm and not hi gher 

than 500 ppm. 

 

[Claim 7] 

 A particulate water-absorbing agent according to 10 

any one of claims 1 to 6 wherein the water-absorbin g agent 

further satisfies the following (f): 

 (f) increased extractable component by 

deterioration (a value specified by (extractable co mponent 

content for one hour after deterioration Ex1) – 15 

(extractable component content for one hour Ex2) in  

mimicked artificial urine for deterioration test of  0.05% 

by weight of L-ascorbic acid) being 0 to 15% by wei ght. 

 

[Claim 8] 20 

 An absorbing article for excrement, urine or 

blood, which is molded by comprising a particulate water-

absorbing agent and hydrophilic fibers, wherein 

 the particulate water-absorbing agent contains, 

as a main component, water-absorbing resin particle s 25 

obtained by conducting reversed phase suspension 

polymerization of acrylic acid and/or a salt thereo f, 

mixing a surface crosslinking agent, and conducting  a heat 

treatment 

 in the reversed phase suspension polymerization, 30 

an aliphatic hydrocarbon selected from n-heptane an d 

cyclohexane is used as an organic solvent, 

 the water-absorbing agent further satisfies: 
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 (a) centrifuge retention capacity (CRC) in a 

physiological saline solution being not lower than 32 g/g 

and not higher than 60 g/g; 

 (b) mass median particle size (D50) being not 

smaller than 200 µm and not larger than 400 µm; 5 

 (c) ratio of particles having diameter of smaller 

than 150 µm being not lower than 0 % by weight and not 

higher than 5% by weight; and 

 (d) content of the organic solvent as atmospheric 

concentration measured by a gas detector tube after  the 10 

particulate water-absorbing agent of 6.00 g is perm itted to 

swell by 30 ml of a 0.90% by weight aqueous solutio n of 

sodium chloride being not lower than 0 ppm and not higher 

than 100 ppm, and 

 total content of acetic acid and propionic acid 15 

in the acrylic acid is not higher than 500 ppm. 

 


