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DESCRIPTION 

PARTICULATE WATER-ABSORBING AGENT CONTAINING WATER-ABSORBING 

RESIN AS MAIN COMPONENT AND METHOD FOR PRODUCING THE SAME 

 

TECHNICAL FIELD 5 

[0001] 

 The present invention relates to a particulate 

water-absorbing agent containing a water-absorbing resin as a main 

component and a method for producing same, which is preferably 

used for absorbent articles such as disposable diapers, sanitary 10 

napkins and incontinence pads. 

 

BACKGROUND ART 

[0002] 

 In recent years, for absorbent articles such as disposable 15 

diapers, sanitary napkins and incontinence pads, a 

water-absorbing resin is widely used as its constituent material 

for the purpose of absorbing a body fluid such as urine and 

menstrual blood.  As to the foregoing water-absorbing resin, for 

instance, partially neutralized crosslinked polyacrylic acid; a 20 

hydrolyzed starch-acrylic acid graft polymer; a saponified vinyl 

acetate-acrylic acid ester copolymer; a hydrolyzed copolymer of: 

acrylonitrile or acrylamide, or its crosslinked product; and a 

crosslinked polymer of cationic monomers are known. 
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[0003] 

 When a water-absorbing resin is used as an absorbent material 

for disposable diapers, after absorbing urine, the 

water-absorbing resin can get degraded over time and lose its 

liquid permeability and gel strength, causing a problem of urine 5 

leakage from the disposable diapers.  Specifically, such a problem 

has been pointed out to be an issue over gel stability. 

[0004] 

 As a means of improving gel stability of said water-absorbing 

resin, various additives for a water-absorbing resin are 10 

suggested, and the following: a method for adding a reducing agent 

(Patent Literatures 1 to 3); a method for adding a reducing agent 

and an anti-oxidizing agent (Patent Literature 4); a method for 

adding an oxidizing agent (Patent Literature 5); a method for 

adding an anti-oxidizing agent (Patent Literature 6); a method 15 

for adding a chain-transfer agent to monomers in polymerization 

(Patent Literature 7); a method for adding a chelating agent 

(Patent Literatures 8 to 13) and the like, are suggested.  Because 

this type of deterioration of a water-absorbing resin, due to urine 

in particular, is believed to be caused by the presence of a trace 20 

amount of metal ions, a technique to improve gel stability of the 

water-absorbing resin by adding so-called chelating agent to a 

water-absorbing resin so as to trap metal ions and suppress 

generation of radical species has been suggested. 

[0005] 25 
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 As a means of improving gel stability of said water-absorbing 

resin, for instance, a technique of adding a chelating agent to 

monomers (Patent Literature 8); a method for adding a chelating 

agent to a hydrogel of a water-absorbing resin and drying same 

(Patent Literature 9); a method for adding a chelating agent when 5 

mixing a water-absorbing resin with an aqueous solution of a 

surface crosslinking agent (Patent Literature 10); a method for 

adding an aqueous solution of a chelating agent after surface 

crosslinking a water-absorbing resin and granulating same (Patent 

Literatures 11 and 12); and a method for adding a chelating agent 10 

to fine powder generated during a production step of a 

water-absorbing resin for reuse (Patent Literature 13) and the 

like are disclosed. 

[0006] 

 Further, a chelating agent is also used for: the prevention 15 

of coloration of a water-absorbing resin (Patent Literatures 14 

to 16 and 19 to 21) as well as the removal of odors from disposable 

diapers, in addition to the prevention of deterioration of a 

water-absorbing resin due to urine. 

[0007] 20 

 Furthermore, also disclosed are: a method for granting light 

resistance, coloration resistance and deodorizing properties by 

reducing impurities in aminoacetic acid based chelating agents 

(Patent Literature 17); and a method for granting both gel 

stability and coloration resistance by simultaneously using an 25 

aminocarboxylic acid based chelating agent, an oxygen-containing 
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reducing inorganic salt and an organic anti-oxidizing agent 

(Patent Literature 18). 

[0008] 

 Further, a water-absorbing resin is known to have different 

kinds of residual monomers and a different degree of liquid 5 

permeability depending upon its particle sizes (Patent 

Literatures 22 and 23). 
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SUMMARY OF THE INVENTION 

TECHNICAL PROBLEMS 

[0010] 

 Even when gel stability or the like is improved by way of 5 

the foregoing means, evaluation of gel stability of 

water-absorbing agents removed from absorbent articles, which 

have water-absorbing resins as a main component, such as 

disposable diapers and the like, show that gel stability of a 

water-absorbing agent can vary amongst absorbing articles, and 10 

a problem that gel stability has not achieved its optimal level 

remains.  A decline in gel stability is significant especially 

in the case of absorbent articles, where particles of fine particle 

sizes are largely concentrated. 

[0011] 15 

 Further, in the above Patent Literatures 8 to 21, a method 

for adding a chelating agent: to monomers at the time of 

polymerization; to a hydrogel-forming crosslinked polymer prior 

to drying; at the time of surface crosslinking; at the time of 

granulation; and at the time of collection of granules is 20 

disclosed.  In such methods, a chelating agent is evenly added 

as per each particle size.  However, there is a problem that a 

degree of variation in gel stability of the obtained 

water-absorbing agents is magnified. 

[0012] 25 
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 The present invention is devised in view of the foregoing 

problems in the art, and one objective of the present invention 

is to provide a water-absorbing agent having high gel stability, 

little variation in gel stability amongst different particle 

sizes, and good water-absorbing properties (for example, 5 

Absorbency Against Pressure, Centrifuge Retention Capacity, 

saline flow conductivity, anti-blocking property after moisture 

absorption, low coloration, or the like), and a method for 

producing such a water-absorbing agent. 

 10 

SOLUTION TO PROBLEMS 

[0013] 

 To solve the foregoing problems, the inventors of the present 

invention conducted extensive studies and found that variation 

in gel stability amongst absorbent articles such as disposable 15 

diapers or the like was due to the fact that the likelihood of 

deterioration of a water-absorbing resin varies, depending upon 

a particle size.    

[0014] 

 To be more specific, for a particulate water-absorbing 20 

agent, particles with small particle size can be more easily 

deteriorated than particles with large particle size, as they have 

a larger surface area to be in contact with urine, requiring more 

chelating agent to be included. 

[0015] 25 
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 Also, when a particulate water-absorbing agent is 

incorporated into an absorbent article, or in particular, when 

a predetermined amount of a water-absorbing resin (5 to 20 g per 

diaper) is incorporated into a disposable diaper, variation in 

particle size within each diaper, as well as variation in particle 5 

size depending on a location in a single diaper (a central portion, 

a peripheral portion, top and bottom portions in a thickness 

direction of a disposable diaper) can cause variation in gel 

stability. 

[0016] 10 

 Accordingly, in supplying a powdered-form particulate 

water-absorbing agent to an absorbent article from an apparatus 

to produce absorbent articles such as disposable diapers and the 

like, if the particulate water-absorbing agent with its fine 

particle size is too concentrated, there is a problem of the decline 15 

of gel stability even if a chelating agent is added in its 

predetermined amount.  In other words, it was discovered that gel 

stability would vary even when a chelating agent is added evenly 

as per each different particle size. 

[0017] 20 

 In view of the above, to control varying gel stability amongst 

particles in a particulate water-absorbing agent, the inventors 

of the present application adjusted an amount of the chelating 

agents to be added in a way that satisfies Formula (1), instead 

of evenly adding as per each particle size, so as to obtain a 25 

particulate water-absorbing agent having high gel stability and 
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few variations of the gel stability amongst particles in the 

particulate water-absorbing agent.   

[0018] 

 To be more specific, to solve the foregoing problems the first 

embodiment of the present invention provides a particulate 5 

water-absorbing agent comprising a water-absorbing resin as a main 

component and a chelating agent, the water-absorbing resin 

containing particles with a particle diameter of less than 300 

m and particles with a particle diameter of 300 m or more but 

less than 850 m, as specified by a Japanese Industrial Standard 10 

(JIS) standardized sieve, wherein an amount of the chelating agent 

included is 0.001 to 5 parts by weight per 100 parts by weight 

of a water-absorbing resin in solid and satisfies Formula (1): 

[0019] [Mathematical 1] 

 1.2 < C1/C2< 4.0 … (1) 

[0020] 15 

 where, in Formula (1), C1 indicates that an amount (ppm) of 

the chelating agent present in the particles of a particle diameter 

of less than 300 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent, and C2 indicates that an amount (ppm) of the chelating agent 20 

present in the particles of a particle diameter of 300 m or more 

but less than 850 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent. 
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[0021] 

 The second embodiment of the present invention provides a 

method for producing a particulate water-absorbing agent 

comprising a water-absorbing resin as a main component and a 

chelating agent, the water-absorbing resin containing particles 5 

with a particle diameter of less than 300 m and particles with 

a particle diameter of 300 m or more but less than 850 m, as 

specified by a Japanese Industrial Standard (JIS) standardized 

sieve,wherein an amount of the chelating agent included is 0.001 

to 5 parts by weight per 100 parts by weight of a water-absorbing 10 

resin in sold and satisfies Formula (1): 

[0022] 

 [Mathematical 2] 

 1.2 < C1/C2 < 4.0 … (1) 

[0023] 

 where, in Formula (1), C1 indicates that an amount (ppm) of 15 

the chelating agent present in the particles of a particle diameter 

of less than 300 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent, and C2 indicates that an amount (ppm) of the chelating agent 

present in the particles of a particle diameter of 300 m or more 20 

but less than 850 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent. 
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ADVANTAGEOUS EFFECT OF THE INVENTION 

[0024] 

 According to the embodiment of the present invention, a 

particulate water-absorbing agent having high gel stability, 

little variation in gel stability amongst different particle 5 

sizes, and good water-absorbing properties (for example, 

Absorbency Against Pressure, Centrifuge Retention Capacity, 

saline flow conductivity, anti-blocking property after moisture 

absorption, low coloration, or the like) can be obtained. 

 10 

DESCRIPTION OF EMBODIMENTS 

[0025] 

 Description regarding the embodiments of the present 

invention is provided below.  However, the scope of the present 

invention is not intended to be restrained by these descriptions, 15 

and embodiments other than the following examples can also be 

appropriately modified and carried out to the extent that the 

spirit of the present invention is not impaired.  Specifically, 

the present invention is not intended to be limited to each 

embodiment described below, and can be modified into various 20 

embodiments within the scope illustrated by the claims.  Exemplary 

embodiments that can be obtained by appropriately combining the 

technical means that are respectively disclosed in different 

exemplary embodiments are also included in the technical scope 

of the present invention.[0026] 25 
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 [1] Definitions of Terms 

 (1-1) “Water-absorbing resin” and “water-absorbing agent” 

 In the embodiment of the present invention, the term 

“water-absorbing resin" means a polymer gelling agent for aqueous 

matter and is water-swellable and water-insoluble, and has the 5 

physical properties described below.  Specifically, it is 

intended to be the polymer gelling agent having the following 

properties: for “water swellability”, CRC (Centrifuge Retention 

Capacity; fluid retention capacity without pressure) of 5 (g/g) 

or higher as defined in ERT 441.2-02 (2002), and for "water 10 

insolubility", Ext (Extractable;  soluble amount) of 50% by weight 

or less as defined in ERT 470.2-02 (2002).  The water-absorbing 

resin may be appropriately designed according to its use and can 

be, but not limited to, a hydrophilic crosslinked polymer, where 

carboxyl group-containing unsaturated monomers are polymerized 15 

and crosslinked. 

[0027] 

 Further, in the embodiment of the present invention, the 

“water-absorbing agent” means an absorbent gelling agent having 

the foregoing water-absorbing resin as a main component.  The term 20 

“main component” indicates a condition where an amount contained 

is: at least 50% by weight or more, preferably at least 70% by 

weight or more, more preferably at least 80% by weight or more, 

and even more preferably at least 90% by weight or more.  Thus, 

said water-absorbing agent is not limited to a formation where 25 

the polymers make up the entire amount (100% by weight), and as 
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long as the foregoing physical properties (CRC, Ext) are 

satisfied, it is preferably a composition that contains additives.  

Furthermore, the “aqueous matter” may be a gas, liquid or solid, 

and as long as water is contained, it may be either water, aqueous 

solution or aqueous dispersion.  Specific examples include: 5 

urine, blood, menstrual blood, sea water and various kinds of waste 

water. 

[0028] 

 For a form of the foregoing water-absorbing resin and the 

water-absorbing agent, it can be, without limiting, in the form 10 

of sheet, fiber, film, gel and various others, but in the embodiment 

of this invention, preferably in the form of particle for ease 

of handling. 

[0029] 

 Meanwhile, in the embodiment of the present invention, 15 

intermediates generated in the process of producing a 

water-absorbing resin (for example, hydrogel-forming crosslinked 

polymers after polymerization process, dry polymers after drying 

process, water-absorbing resin granules prior to surface 

crosslinking process and the like) are collectively referred to 20 

as a “water-absorbing resin”.  On the other hand, if some additives 

or the like are contained, such a composition is referred to as 

a “water-absorbing agent”.  For a form of a final product obtained 

according to the embodiment of the present invention, particulate 

form is preferred, hence a particulate water-absorbing agent. 25 
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[0030] 

 (1-2) “Polyacrylic acid (salt))” 

 In the embodiment of the present invention, the term 

“polyacrylic acid (salt)” indicates polyacrylic acid and/or 

polyacrylic acid salt, which optionally includes a graft 5 

component, and it means a polymer having acrylic acid and/or 

acrylic acid salt (hereinafter referred to as “acrylic acid 

(salt)”) as a repeat unit.  Said “main component” means a condition 

in which a portion (amount) of acrylic acid (salt) used is, in 

general, 50 to 100 Mol% of the entire monomers (not including 10 

internal crosslinkers) used in polymerization (excluding the 

internal cross-linking agent), preferably 70 to 100 Mol%, more 

preferably 80 to 100 Mol%, even more preferably 90 to 100 Mol%, 

or substantially 100 Mol%.  In addition, polyacrylic acid salt 

as a polymer essentially includes a water soluble salt, and 15 

preferably includes a monovalent salt, and more preferably 

includes an alkali metal salt or an ammonium salt. 

[0031] 

 (1-3) “EDANA” and “ERT” 

 The term "EDANA" is an abbreviation for the European 20 

Disposables and Nonwovens Associations, and the term "ERT" is an 

abbreviation for EDANA Recommended Test Methods, European 

standard (meaning essentially world standard) test methods for 

superabsorbent resins. 

[0032] 25 
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 In the embodiment of the present invention, unless 

specifically stated otherwise, the physical properties of 

water-absorbing resins were measured in accordance with the 

original ERT (Revised in 2002, public art).  Also, the physical 

properties of a particulate water-absorbing agent according to 5 

the embodiment of the present invention were measured likewise. 

[0033] 

 (1-3-1) “CRC” (ERT441.2-02) 

 The term “CRC” is an abbreviation for Centrifuge Retention 

Capacity, meaning fluid retention capacity without pressure (it 10 

can also be called “absorption rate”).  To be more specific, CRC 

is a fluid retention capacity (unit; g/g) obtained after 0.2 g 

of a water-absorbing resin or a particulate water-absorbing agent 

was placed in a non-woven fabric bag and allowed to soak in a large 

excess of a 0.9% by weight of an aqueous sodium chloride solution 15 

for 30 minutes for free swelling, followed by drying in a centrifuge 

(250 G).  In the embodiment of the present invention, the 

evaluation was made on values including corrections for moisture 

content. 

[0034] 20 

 (1-3-2) “AAP” (ERT442.2-02) 

 The term “AAP” is an abbreviation for Absorption Against 

Pressure, meaning fluid retaining capacity under pressure.  

Specifically, AAP is a fluid retention capacity (unit: g/g) 

obtained after 0.9 g of a water-absorbing resin or a particulate 25 
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water-absorbing agent was allowed to swell in a large excess of 

0.9% by weight of an aqueous sodium chloride solution for one hour 

under a pressure of 2.06 kPa (0.3 psi). 

[0035] 

 According to ERT442.2-02, it is listed as “Absorption Under 5 

Pressure”, the foregoing AAP means essentially the same.  

Furthermore, in the embodiment of the present invention, a 

measurement can be made after modifying the condition for pressure 

to be 4.83 kPa (0.7 psi), and  a measurement result obtained under 

such condition is indicated as AAP 4.83 kPa (AAP measured under 10 

2.06 kPa is indicated as AAP 2.06 kPa).  In addition, the 

evaluation was made on values including corrections for moisture 

content. 

[0036] 

 (1-3-3) “Ext” (ERT470.2-02) 15 

 The term “Ext” is an abbreviation for Extractables, meaning 

an amount for soluble content.  Specifically, Ext is a value 

(unit:% by weight) obtained after 1.0 g of a water-absorbing resin 

or a particulate water-absorbing agent is added to 200 ml of 0.9% 

by weight of an aqueous sodium chloride solution and stirred for 20 

16 hours at 500 rpm, and then a value (unit; % by weight) for the 

amount of polymers dissolved was measured through pH titration. 

[0037] 

 In the embodiment of the present invention, the measurement 

was taken by modifying the stirring time to 1 hour.  Further, the 25 
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evaluation was made on values including corrections for moisture 

content. 

[0038] 

 (1-3-4) “Moisture Content” (ERT430.2-02) 

 The “moisture content” means an amount of moisture in a 5 

water-absorbing resin or a particulate water-absorbing agent.  

Specifically, for 4.0g of a water-absorbing resin or a particulate 

water-absorbing agent, it is a value computed based upon an amount 

lost from drying for 3 hours at 105C (unit; % by weight).  In the 

embodiment of the present invention, the measurement was made by 10 

modifying a sample amount to 1.0 g and a drying temperature to 

180C. 

[0039] 

 (1-3-5) “PSD” (ERT420.2-02) 

 “PSD” is an abbreviation for Particle Size Distribution, 15 

meaning a particle size distribution measured by sieve 

classification.  Meanwhile, a weight average particle diameter 

(D50) and logarithmic standard deviation for particle size 

distribution () are measured in the same manner as indicated 

in “(3) Mass-Average Particle Diameter (D50) and Logarithmic 20 

Standard Deviation () of Particle Diameter Distribution”, which 

is described in the U.S. Patent No. 7,638,570.  In the embodiment 

of the present invention, an amount and other measurements of a 

chelating agent according to particle sizes were obtained using 

the method described above. 25 
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[0040] 

 (1-4) Others 

 In this specification, the expression for a range, “X to Y”, 

means “X or more and Y or less”.  Also, unless otherwise noted, 

a unit for weight, “t (ton)” means “Metric ton”, and “ppm” means 5 

“ppm by weight” or “ppm by mass”.  Further, “weight” and “mass”, 

“parts by weight” and “parts by mass”, and “% by weight” and “% 

by mass”, respectively, are used as synonyms.  In addition, “-acid 

(salt)” means “-acid and/or salt”, and “(meth)acrylic” means 

“acrylic and/or methacrylic”, respectively. 10 

[0041] 

 [2] Method for producing polyacrylic acid (salt)-based 

water-absorbing resin 

 Hereinafter, described is a method for producing a 

polyacrylic acid (salt)-based water-absorbing resin, which is 15 

used for a particulate water-absorbing agent according to the 

embodiment of the present invention. 

[0042] 

 (2-1) Step for preparing aqueous monomer solution 

 The present step is one for producing an aqueous solution 20 

containing acrylic acid (salt) as a main component (hereinafter 

referred to as an “aqueous monomer solution”).  Here, the “main 

component” means the same as the contents described in (1-2) 

“Polyacrylic acid (salt))”.  Further, instead of the aqueous 
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monomer solution, a slurry of monomers can be used within the extent 

in which the fluid retention capacity is not lowered, although 

the below is described using an aqueous monomer solution for 

simplicity. 

[0043] 5 

 (Acrylic acid) 

 From the viewpoint of the effectiveness of the embodiment 

of the present invention, acrylic acid is used as a monomer, yet 

acrylic acid such as this usually contains a trace amount of 

polymerization inhibitors, impurities and the like. 10 

[0044] 

 As for a polymerization inhibitor, preferably phenols, more 

preferably methoxyphenols, and even more preferably 

p-methoxyphenols can be given, and their concentrations are, from 

the viewpoint of polymerization inhibition effect and color of 15 

a water-absorbing resin or a particulate water-absorbing agent 

to be obtained, preferably 1 to 200 ppm, and more preferably 10 

to 160 ppm.  Further, as for the foregoing impurities, a reference 

is made to the U.S. Patent Application Publication No. 

2008/0161512 and the like. 20 

[0045] 

 (Basic compositions) 

 A main component of a water-absorbing resin or a particulate 

water-absorbing agent obtained through the embodiment of the 
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present invention is polyacrylic acid (salt), in which acrylic 

acid (salt) is polymerized and crosslinked.  To obtain said 

polyacrylic acid (salt), it is preferable to neutralize acrylic 

acid with a basic composition.  Here, the “basic composition” 

means a composition containing a basic compound. 5 

[0046] 

 As examples of the basic compounds, carbonate (hydrogen) 

salt of an alkali metal, alkali metal hydroxides, ammonia, organic 

amine and the like are included.  In particular, from the viewpoint 

of obtaining a water-absorbing resin or a particulate 10 

water-absorbing agent with even better physical properties, 

alkali metal hydroxides such as sodium hydroxide, potassium 

hydroxide and lithium hydroxide are preferred, and even more 

preferable is sodium hydroxide. 

[0047] 15 

 (Neutralization process) 

 A neutralization process in this step (or it may also be 

referred to as a neutralization step) encompasses neutralization 

of acrylic acid as a monomer, or neutralization of a hydrogel 

forming crosslinked polymer (hereinafter referred to as 20 

“hydrogel”), which is obtained through polymerizing and 

crosslinking acrylic acid (post-neutralization).  In either 

case, it can be done on a batch basis or a continuous basis, but 

preferably a continuous basis. 

[0048] 25 
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 For preferable conditions for neutralization, including 

basic composition, temperature retention time, device and the 

like, the neutralization conditions as described in International 

Publication No. 2009/123197 and U.S. Patent Application 

Publication No. 2008/0194863 are applied. 5 

[0049] 

 A rate of neutralization according to the embodiment of the 

present invention is preferably 10 to 90 mol%, more preferably 

40 to 85 mol%, even more preferably 50 to 80 mol%, and yet even 

more preferably 60 to 75 mol%, with respect to an acid group in 10 

a monomer aqueous solution or in post-polymerization hydrogel. 

[0050] 

 If the rate of neutralization is less than 10 mol%, the fluid 

retention capacity without load (CRC) significantly decreases.  

On the other hand, if the rate of neutralization exceeds 90 mol%, 15 

it is possible that a water-absorbing resin with good fluid 

retention capacity under load (AAP) may not be obtained. 

[0051] 

 This can be said for neutralization following polymerization 

(subsequent neutralization), or for a rate of neutralization for 20 

a particulate water-absorbing agent as a final product. 

[0052] 

 Further, although acrylic acid salt is essentially a 

monovalent salt, it can be neutralized as a polyvalent metal salt 
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if in an extremely small amount (for example, approximately 5 

mol%). 

[0053] 

 (Internal crosslinking agent) 

 Examples of an internal crosslinking agent that can be used 5 

in the embodiment of the present invention include a compound 

having two or more substituent groups that could react with acrylic 

acid.  To be more specific, one or more species out of the internal 

crosslinking agent(s) described in the 14
th
 column of the U.S. 

Patent No. 6,241,928 are used. 10 

[0054] 

 Meanwhile, from the viewpoint of fluid retention capacity 

of a water-absorbing resin or a particulate water-absorbing agent 

to be obtained, the following are used: preferably a compound 

having two or more polymerizable unsaturated groups, more 15 

preferably compound having thermal decomposability at around a 

drying temperature described below, even more preferably a 

compound having two or more polymerizable unsaturated groups in 

(poly)alkylene glycol structural unit (namely, an allyl group and 

a (meth)acrylate group, but especially preferably acrylate 20 

group). 

[0055] 

 More specifically, it is preferable to use (poly)alkylene 

glycol di(meth)acrylate or tri(meth)acrylate at polymerization.  

As for an alkylene glycol unit, a polyethylene glycol unit where 25 
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a number of n in an internal crosslinking agent is preferably 1 

to 100, and more preferably 6 to 50 are used. 

[0056] 

 In the embodiment of the present invention, the amount used 

for the foregoing internal crosslinking agent is preferably 0.005 5 

to 2 mol%, more preferably 0.01 to 1 mol%, and even more preferably 

0.05 to 0.5 mol% per a monomer.  By setting the amount used for 

the internal crosslinking agent to be these ranges mentioned 

above, desirable water-absorbing properties can be achieved. 

[0057] 10 

 Aside from the aforementioned method of crosslinking in 

which the internal crosslinking agent is added prior to 

polymerization, a method of adding the internal crosslinking agent 

(preferably a polyglycidyl compound) during or after 

polymerization and conducting subsequent crosslinking, a method 15 

of radical crosslinking using a radical polymerization and a 

method of crosslinking using radiation such as electron beam and 

the like can be employed. 

[0058] 

 In particular, a method for preparing an aqueous monomer 20 

solution in which a predetermined amount of an internal 

crosslinking agent is added, and crosslinking concurrently with 

polymerization of said aqueous monomer solution is preferable.  

Meanwhile, if needed, an internal crosslinking agent (preferably 
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a polyglycidyl compound) may be added during or after 

polymerization. 

[0059] 

 (Other monomers used in combination) 

 According to the embodiment of the present invention, it is 5 

possible to use another monomer besides acrylic acid (salt) 

(hereinafter referred to as “another monomer”).  An example of 

such a monomer includes a water soluble unsaturated monomer or 

a hydrophobic unsaturated monomer. 

[0060] 10 

 To be more specific, one or more species of monomers described 

in Paragraph [0035] of the U.S. Patent Application Publication 

No. 2005/215734 (yet excluding acrylic acid) are used depending 

upon a purpose. 

[0061] 15 

 Meanwhile, a particulate water-absorbing agent according to 

the embodiment of the present invention encompasses one having 

said water soluble unsaturated monomer or hydrophobic unsaturated 

monomer as a copolymerization component. 

[0062] 20 

 (Other substances added to an aqueous monomer solution) 
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 In the embodiment of the present invention, the following 

substance can be added at the time of preparing an aqueous monomer 

solution besides the aforementioned substances. 

[0063] 

 To be more specific, for the purpose of improving various 5 

physical properties associated with a water-absorbing resin or 

a particulate water-absorbing agent, preferably 50% by weight or 

less, or more preferably 20% by weight or less of a water soluble 

resin or a water-absorbing resin can be added, or various kinds 

of foaming agents (such as a carbonate, an azo compound and an 10 

air bubble), a surfactant, a chain transfer agent and the like 

can be added at preferably 5% by weight or less, and at more 

preferably 1% by weight or less.  Those substances can take a 

formation of being added to an aqueous monomer solution or being 

added during polymerization. 15 

[0064] 

 While a use of the water soluble resin or the water-absorbing 

resin generates a graft polymer or a water-absorbing resin 

composition (for example, a starch-acrylic acid polymer, a 

PVA-acrylic acid polymer and the like), these polymers, including 20 

the water-absorbing resin composition, are called “polyacrylic 

acid (salt)-based water-absorbing resin” in the embodiment of the 

present invention.  Further, the particulate water-absorbing 

agent according to the embodiment of the present invention can 

also be made using these polymers and a water-absorbing resin 25 

composition. 
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[0065] 

 (Concentration of a monomer component) 

 In the present step, an aqueous monomer solution is prepared 

by mixing each substance described above.  In so doing, a 

concentration of a monomer component in an aqueous monomer 5 

solution is, but not limited to, preferably 10 to 80% by weight, 

more preferably 20 to 75% by weight, and even more preferably 30 

to 70% by weight, from the viewpoint of physical properties for 

a water-absorbing resin or a particulate water-absorbing agent. 

[0066] 10 

 Further, when aqueous solution polymerization or reverse 

phase suspension polymerization is employed, a solvent other than 

water can be additionally used, if needed.  A type of the solvent 

used is not to be limited. 

[0067] 15 

 Meanwhile, said “concentration of a monomer component” is 

a value that can be obtained by Formula (3), and the aqueous monomer 

solution does not include a graft component, a water-absorbing 

resin and a hydrophobic solvent for a reverse phase suspension 

polymerization. 20 

[0068] 

 [Mathematical 3] 

Concentration of Monomer Component (% by weight) = (Weight of 

Monomer Component)/(Weight of Aqueous Monomer Solution)  100 … 
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(3) 

[0069] 

 (2-2) Polymerization step 

 This is a step for obtaining a hydrogel-forming crosslinked 

polymer (hereinafter referred to as “hydrogel”) through 

polymerization of the acrylic acid (salt)-based aqueous monomer 5 

solution obtained from the aforementioned step for preparing the 

aqueous monomer solution. 

[0070] 

 (Polymerization initiator) 

 The polymerization initiator employed in the embodiment of 10 

the present invention is selected in accordance with a form of 

polymerization and the like, including, for instance, a thermal 

decomposition polymerization initiator and a photolysis 

polymerization initiator, or a redox polymerization initiator, 

which concurrently uses a reducing agent that facilitates 15 

decomposition of these polymerization initiators. 

[0071] 

 To be more specific, out of all the initiators indicated in 

the 5
th
 column of the U.S. Patent No. 7,265,190, one or more species 

are used.  For ease of handling and the standpoint of physical 20 

properties of a water-absorbing resin or a particulate 

water-absorbing agent to be obtained, preferably peroxides or azo 
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compounds, more preferably peroxides, and even more preferably 

persulfates are used. 

[0072] 

 In the embodiment of the present invention, an amount of the 

foregoing polymerization initiators used is preferably 0.001 to 5 

1 mol%, more preferably 0.001 to 0.5 mol% per a monomer.  An amount 

of the reducing agent used is preferably 0.0001 to 0.02 mol% per 

a monomer.[0073] 

 Instead of the foregoing polymerization initiators, 

polymerization reaction can be carried out by irradiating active 10 

energy beams such as radial rays, electron rays or ultraviolet 

rays, and it is also possible to use said active energy beams in 

combination with the polymerization initiators.[0074] 

 (Polymerization method) 

 Methods of polymerization for the embodiment of the present 15 

invention are, from the viewpoint of water absorbency and 

manageability of polymerization control and the like, preferably 

a gas-phase spray droplets polymerization, an aqueous solution 

polymerization or a reverse phase suspension polymerization in 

a hydrophobic solvent, more preferably an aqueous solution 20 

polymerization or reverse phase suspension polymerization, even 

more preferably an aqueous solution polymerization, and yet even 

more preferably a continuous aqueous solution polymerization.  A 

polymerization may be performed in a single stage or a multi-stage 

fashion with two or more stages, and especially for a reverse phase 25 
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suspension polymerization, a multi-stage polymerization is 

favorable from the standpoint of particle diameter control, 

granulation (particle size enlargement caused by aggregation of 

spherical particles), or a removal of the heat of polymerization. 

[0075] 5 

 Preferred embodiments for the foregoing continuous aqueous 

solution polymerization include a continuous polymerization 

involving a kneader (disclosed in the U.S. Patent No. 6987151 or 

No. 6710141) and a continuous polymerization involving a belt 

(disclosed in the U.S. Patent No. 4893999 and No. 6241928, or the 10 

U.S. Patent Application Publication No. 2005/215734).  The 

continuous aqueous solution polymerization enables a production 

of a water-absorbing resin or a particulate water-absorbing agent 

with high efficiency.[0076] 

 Further, a preferred example of the foregoing continuous 15 

aqueous solution polymerization includes a polymerization with 

a high initial temperature and a polymerization in high 

concentrations.  The ”polymerization with a high initial 

temperature” is a method of polymerization, in which a temperature 

of the aqueous monomer solution is preferably 30C or higher, more 20 

preferably 35C or higher, even more preferably 40C or higher, 

and yet even more preferably 50C or higher (the upper limit is 

a boiling point), and the “polymerization in high concentrations” 

is a method of polymerization where a polymerization occurs with 

a monomer concentration of preferably 30% by weight or more, more 25 

preferably 35% by weight or more, even more preferably 40% by weight 



30 

 

or more, and yet even more preferably 45% by weight or more (the 

upper limit is a saturation concentration).  Those polymerization 

methods can be used in combination. 

[0077] 

 Further, the aforementioned polymerization method can allow 5 

a solids content concentration to increase during polymerization.  

In such a case, an “increase in solids content” identified by 

Formula (4) and Formula (5) is used as an index for evaluation.  

For the embodiment of the present invention, the increase in solids 

content is preferably 1% by weight or more, and more preferably 10 

2% by weight or more. 

[0078] 

 [Mathematical. 4] 

Increase in solids content (% by weight) = (Solids content 

concentration in hydrogel after polymerization) - (Solids 

content concentration in aqueous monomer solution) … (4) 

[0079] 

 Meanwhile, in Formula (4), the “Solids content concentration 15 

in aqueous monomer solution” indicates a value obtained by Formula 

(5), meaning content percentage (% by weight) for the components 

which become a solid after polymerization. 

[0080] 

 [Mathematical 5] 20 

Solids content concentration in aqueous monomer solution (% by 

weight) = Weight of (monomer component + graft component + 
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water-absorbing resin + other solids content)/(Weight of 

components in polymer system)  100 … (5) 

[0081] 

 In Formula (5), the “weight of components in polymer system” 

indicates a total weight of an aqueous monomer solution, a graft 

component, a water-absorbing resin, and other solids content (for 

example, water-insoluble fine particles and the like), and a 5 

hydrophobic solvent for a reverse phase suspension polymerization 

is not included therein. 

[0082] 

 In the embodiment of the present invention, polymerization 

can be carried out in air atmosphere, although, from the viewpoint 10 

of color of a water-absorbing resin or a particulate 

water-absorbing agent to be obtained, it is carried out preferably 

under inert gas atmosphere such as nitrogen or argon.  In this 

case, an oxygen concentration is controlled to be preferably 1% 

by volume or less.  Further, as to oxygen dissolved in monomers 15 

or an aqueous monomer solution, it is preferable to substitute 

fully using an inert gas (for instance, the dissolved oxygen to 

be less than 1 (mg/l)). 

[0083] 

 Furthermore, in said aqueous monomer solution, bubbles 20 

(especially said inert gases) and various foaming agents 

(especially carbonates) can be dispersed and polymerized, 

conducting thereby foaming polymerization.   
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[0084] 

 (2-3) Gel-crushing step 

 This is a step for gel-crushing a hydrogel obtained from the 

foregoing polymerization step by a gel crusher such as a kneader, 

a meat chopper or a cutter mill and the like to obtain a hydrogel 5 

in a particle shape (hereinafter referred to as a “particulate 

hydrogel”).  If said polymerization step is kneader 

polymerization, a polymerization step and a gel-crushing step are 

conducted simultaneously. 

[0085] 10 

 As for a gel-crushing step for the embodiment of the present 

invention, a gel crushing method disclosed in the International 

Publication No. 2011/126079 is preferably applied. 

[0086] 

 (2-4) Drying step 15 

 This is a step for drying a hydrogel and/or a particulate 

hydrogel, which is obtained through said polymerization step 

and/or the gel-crushing step, to a desirable level of resin solids 

content so as to obtain a dry polymer. 

[0087] 20 

 The resin solids content is a value calculated based on the 

amount lost from drying (a change in weight when a 1g sample is 

heated at 180C for 3 hours) and is preferably 80% by weight or 

more, more preferably 85 to 99% by weight, even more preferably 
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90 to 98% by weight, and yet even more preferably 92 to 97% by 

weight. 

[0088] 

 As to a drying method for the embodiment of the present 

invention, as long as the hydrogel and/or the particulate hydrogel 5 

is dried until the aforementioned resin solids content is 

obtained, one or more can be appropriately selected from the drying 

methods including: heat drying, hot air drying, reduced-pressure 

drying, fluid bed drying, infrared drying, microwave drying, drum 

dryer drying, azeotropic dehydration drying using a hydrophobic 10 

organic solvent or drying in high humidity with high-temperature 

water vapor and the like. 

[0089] 

 Amongst the various drying methods described above, the hot 

air drying is preferable from the viewpoint of drying efficiency.  15 

Band drying, where hot air drying is performed on a belt, can be 

more preferable.  A temperature of the hot air is, from the 

viewpoint of color or water-absorbing properties of a 

water-absorbing resin or a particulate water-absorbing agent to 

be obtained, preferably 100 to 300C, and more preferably 120 to 20 

220C. 

[0090] 

 When performing band drying for the embodiment of the present 

invention, band drying conditions described in the International 
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Publication Nos. 2006/100300, 2011/025012, 2011/025013, 

2011/111657 and or the like are preferably applied. 

[0091] 

 (2-5) Crushing step and classification step 

 This is a step for crushing a dry polymer obtained from the 5 

foregoing drying step (crushing step) and making adjustments to 

the particle size to fit within a predetermined range (classifying 

step), to obtain water-absorbing resin powder (for simplicity, 

the powder-form water-absorbing resin prior to performing surface 

crosslinking is referred to as “water-absorbing resin powder”). 10 

[0092] 

 Types of apparatus used in said crushing step include, for 

example: a high-speed rotary crusher such as a roll mill, a hammer 

mill, a screw mill, a pin mill and the like; a vibration mill; 

a knuckle-type crusher; a cylindrical mixer; and the like, and 15 

they can be combined if needed. 

[0093] 

 As a method for adjusting the particle size in the 

classification step, for instance, sieve classification which is 

carried out using a JIS(Japanese Industrial Standard) 20 

standardized sieve (JIS Z8801-1 (2000)) and air stream 

classification are included.  Particle size adjustment for the 

water-absorbing resin can be appropriately conducted not only at 

the crushing step or at the classification step, but also at the 

polymerization step (especially reverse phase suspension 25 
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polymerization or liquid drop spray polymerization) and other 

steps (for example, granulating step). 

[0094] 

 To solve the problems described in the embodiment of the 

present invention, and also to produce the particulate 5 

water-absorbing agent according to the embodiment of the present 

invention more efficiently, the particle size of the 

water-absorbing resin powder obtained in this step should be 

controlled desirably to be within the range described below. 

[0095] 10 

 Namely, the weight average particle diameter (D50) is 

controlled to be: preferably 200 to 600 m, more preferably 200 

to 550 m, and even more preferably 250 to 500 m. 

[0096] 

 Furthermore, as a ratio of particles having a particle 15 

diameter of less than 150 m (fine particles) to particles having 

a particle diameter of 850 m or more (coarse particles), it is 

controlled to be: preferably 5% by weight or less, more preferably 

3% by weight or less, and even more preferably 1% by weight or 

less (the lower limit is 0% by weight).  Meanwhile, the ratio of 20 

the particles having a particle diameter of less than 850 m is 

preferably 90 to 100% by weight, and more preferably 95 to 100% 

by weight per relative to the entire particles. 

[0097] 
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 Furthermore, the weight ratio between the particles having 

a particle diameter of less than 300 m and particles having a 

particle diameter of 300 m or more but less than 850 m is 

preferably 70:30 to 10:90, more preferably 60:40 to 15:85, even 

more preferably 50:50 to 20:80, and particularly preferably 40:60 5 

to 25:75.  Meanwhile, the “particles having a particle diameter 

of less than 300 m” indicates the water-absorbing resin powder 

which passes through a JIS standardized sieve with an opening size 

of 300 m.  The “particles having particle diameter of 300 m or 

more but less than 850 m” indicates the water-absorbing resin 10 

powder, which is sifted through a JIS standardized sieve with an 

opening size of 850 m but remains over a JIS standardized sieve 

with an opening size of 300 m. 

[0098] 

 Logarithmic standard deviation () of particle size 15 

distribution is controlled such that it is preferably 0.20 to 0.50, 

more preferably 0.25 to 0.40, and even more preferably 0.27 to 

0.35. 

[0099] 

 Each of the particle size described above is measured using 20 

a JIS standardized sieve in accordance with the measuring methods 

disclosed in the U.S. Patent No. 7,638,570 or EDANA ERT420.2-02. 

[0100] 

 Furthermore, the aforementioned particle size is also 

applied for a water-absorbing resin after surface crosslinking 25 
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(hereinafter referred to as “water-absorbing resin particles” for 

simplicity) or a water-absorbing resin to which a chelating agent 

has been added (hereinafter, it might be referred to as 

“water-absorbing resin granulate” for simplicity).  Therefore, 

it is preferable to carry out surface crosslinking or granulation 5 

process so that the above described particle size range is 

maintained.  Meanwhile, the particles size of a particulate 

water-absorbing agent as a final product is described in section 

(3-7). 

[0101] 10 

 (2-6) Surface crosslinking step 

 This is a step for forming a portion having a higher 

crosslinking density on a surface layer of the water-absorbing 

resin powder (a part within a few tens of micrometers from the 

surface of water-absorbing resin powder) which is obtained through 15 

the above described steps, and include following steps (2-6-1) 

to (2-6-3). 

[0102] 

 According to this surface crosslinking step, a 

water-absorbing resin (water-absorbing resin particles), of which 20 

surface is crosslinked, is obtained through radical crosslinking, 

surface polymerization, or crosslinking reaction with the surface 

crosslinking agent on the surface layer of the water-absorbing 

resin powder. 

[0103] 25 
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 (2-6-1) Mixing step 

 (Surface crosslinking agent) 

 For instance, the surface crosslinking agent used in the 

embodiment of the present invention includes, but not limited to, 

various organic or inorganic surface crosslinking agents.  In 5 

particular, from the viewpoint of the physical properties of a 

water-absorbing resin or a particulate water-absorbing agent or 

the manageability of a surface crosslinking agent, an organic 

surface crosslinking agent capable of forming a covalent bond upon 

reaction with carboxyl group is preferable. 10 

[0104] 

 Specifically, one or more types of the surface crosslinking 

agent described in the 9
th
 to 10

th
 columns of the U.S. Patent No. 

7,183,456 are used.  In that case, a total amount of the surface 

crosslinking agent used is, relative to 100 parts by weight of 15 

water-absorbing resin powder, preferably 0.01 to 10 parts by 

weight, and more preferably 0.01 to 5 parts by weight. 

[0105] 

 Furthermore, it is preferable to use water at the time of 

adding a surface crosslinking agent to water-absorbing resin 20 

powder.  It is more preferable to add in an aqueous solution.  In 

that case, an amount of water used is, relative to 100 parts by 

weight of water-absorbing resin powder, preferably 0.1 to 20 parts 

by weight, and more preferably 0.5 to 10 parts by weight. 

[0106] 25 
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 Furthermore, a hydrophilic organic solvent is applied to the 

embodiment of the present invention, if necessary.  In that case, 

an amount of the hydrophilic organic solvent used is, relative 

to 100 parts by weight of water-absorbing resin powder, preferably 

10 parts by weight or less, and more preferably 5 parts by weight 5 

or less. 

[0107] 

 Furthermore, additives can be added during a re-moistening 

step described below by mixing with a surface crosslinking agent 

(aqueous solution) within a range of 5 parts by weight or less, 10 

or they can be added during a separate mixing step. 

[0108] 

 (Method for addition and mixing) 

 As to a method for adding and mixing the aforementioned 

surface crosslinking agent, although it is not limited, the 15 

surface crosslinking agent and, water, hydrophilic organic 

solvent or a combination thereof, as a solvent, are prepared in 

advance, and then those are added and combined by spraying or 

dropwise against the water-absorbing resin powder.  Spraying 

followed by mixing is more preferable. 20 

[0109] 

 A mixing device used for mixing the surface crosslinking 

agent and the water-absorbing resin powder is, but not limited 

to, preferably a high-speed stirring mixer, and more preferably 

a continuous high-speed stirring type mixer. 25 



40 

 

[0110] 

 (2-6-2) Heat treatment step 

 Heat treatment for the mixture of the aforementioned surface 

crosslinking agent and water-absorbing resin powder causes a 

surface crosslinking reaction, and therefore water-absorbing 5 

resin particles, with their surface being crosslinked, are 

obtained. 

[0111] 

 For heat treatment, a publicly known dryer is used, but 

preferably, it is a paddle dryer.  A temperature for heating 10 

(temperature of heating medium) is preferably 80 to 250C, more 

preferably 100 to 220C, and even more preferably 160 to 200C. 

[0112] 

 (2-6-3) Cooling step 

 For the purpose of terminating the aforementioned surface 15 

crosslinking reaction or proceeding to a next step or other 

purposes, if needed, a cooling process is performed after surface 

crosslinking . 

[0113] 

 For the cooling process, a device, which is the same type 20 

as the publicly known dryer used for the step of heat treatment, 

is applied.  The cooling temperature (temperature of cooling 

medium) is preferably 0 to 90C, more preferably 20 to 85C, and 

even more preferably 40 to 80C. 
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[0114] 

 (2-7) Re-moistening step 

 This is a step for adding at least one type of additives, 

which is selected from the group consisting of: a polyvalent metal 

salt compound, a cationic polymer, a chelating agent, an inorganic 5 

reducing agent, and -hydroxycarboxylic compound, to the 

water-absorbing resin particles that are obtained in the above 

surface crosslinking step. 

[0115] 

 The additive is preferably added in the form of an aqueous 10 

solution or slurry.  In this case, as the water-absorbing resin 

is re-swollen with water, this step is called “re-moistening 

step”.  Meanwhile, the aforementioned additive can be added and 

mixed simultaneously with the surface crosslinking agent solution 

described above. 15 

[0116] 

 (Polyvalent metal salt and/or cationic polymer) 

 In the embodiment of the present invention, from the 

viewpoint of enhancing a water absorption speed (Vortex), 

enhancing a liquid permeability (SFC), or fluidity during moisture 20 

absorption of a water-absorbing resin or a particulate 

water-absorbing agent to be obtained, a polyvalent metal salt 

and/or a cationic polymer is preferably added. 

[0117] 
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 Specifically, the polyvalent metal salt and/or the cationic 

polymer and an amount used thereof that are described in “[7] 

Polyvalent metal salt and/or cationic polymer” of the 

International Publication No. 2011/040530 can also be applied to 

the present invention. 5 

[0118] 

 (-Hydroxycarboxylic acid compound) 

 In the embodiment of the present invention, from the 

viewpoint of preventing coloration of a water-absorbing resin or 

a particulate water-absorbing agent to be obtained, an 10 

-hydroxycarboxylic acid compound can be additionally added.  

Meanwhile, the “-hydroxycarboxylic acid compound” indicates 

carboxylic acid or a salt thereof having hydroxyl group in the 

molecules, and it is hydroxycarboxylic acid which has a hydroxyl 

group at the  position. 15 

[0119] 

 As for the -hydroxycarboxylic acid compound, an 

-hydroxycarboxylic acid compound and an amount used thereof that 

are described in “[6] -Hydroxycarboxylic acid compound” of the 

International Publication No. 2011/040530 can also be applied to 20 

the present invention. 

[0120] 

 Meanwhile, a specific compound or an amount used of the 

chelating agent or inorganic reducing agent are described in 

sections (3-1) and (3-2) below. 25 
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[0121] 

 (2-8) Step for adding other additives 

 In order to grant various functions to a water-absorbing 

resin, it is possible to add an additive other than the ones 

described above.  Specifically, examples of such an additive 5 

encompass a surfactant, a compound having phosphorus atom, an 

oxidizing agent, an organic reducing agent, water-insoluble 

inorganic fine particle, organic powder such as metal soap, a water 

soluble deodorizing agent, an antibacterial agent, pulp, 

thermoplastic fiber and the like.  Further, as a surfactant, the 10 

surfactant disclosed in the International Publication No. 

2005/075070 can preferably be applied. 

[0122] 

 Furthermore, an amount of those additives used is determined 

as appropriately in accordance with the purpose for use and is 15 

not particularly limited.  However, it is preferably 0 to 3% by 

weight, and more preferably 0 to 1% by weight relative to the 

water-absorbing resin. 

[0123] 

 Furthermore, from the viewpoint of damage resistance, the 20 

water-absorbing resin (in particular, particulate 

water-absorbing agent) preferably contains polyol.  The polyol 

is more preferably ethylene glycol, diethylene glycol, 

polyethylene glycol, propylene glycol, glycerin, or 

pentaerythritol.  More preferably, it is polyethylene glycol or 25 
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propylene glycol.  An amount of the polyol used is determined 

appropriately in accordance with the purpose of use and is not 

particularly limited.  However, it is preferably 0.005 to 5% by 

weight, and more preferably 0.01 to 1% by weight relative to the 

water-absorbing resin. 5 

[0124] 

 Meanwhile, a specific compound or an amount of the water 

insoluble inorganic fine particles and water soluble deodorizing 

agent used are described in sections (3-1) and (3-2) below. 

[0125] 10 

 (2-9) Other steps 

 In addition to the above described steps, it is possible to 

have, if needed, steps such as a granulating step, a sizing step, 

a fine powder removing step, a fine powder recycling step, or the 

like.  Moreover, it is possible to further include one or more 15 

of the steps such as a transporting step, a storing step, a 

packaging step, and a reserving step.  As described herein, the 

sizing step includes a fine powder removing step after surface 

crosslinking step and a step of classifying and crushing when the 

water-absorbing resin is aggregated to yield a size larger than 20 

intended size.  Furthermore, the fine powder recycling step 

includes a step for adding, during any step for producing a 

water-absorbing resin, fine powder itself or hydrogel prepared 

to have large size by fine powder granulating step.  Meanwhile, 

the same applies to the step for producing the particulate 25 
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water-absorbing agent according to the embodiment of the present 

invention. 

[0126] 

 [3] Particulate water-absorbing agent and method for 

producing same 5 

 The particulate water-absorbing agent according to the 

embodiment of the present invention is characterized in that it 

contains a water-absorbing resin obtained by the aforementioned 

production method as an example and a chelating agent and satisfies 

the following requirements. 10 

[0127] 

 Namely, the particulate water-absorbing agent of the 

embodiment of the present invention contains a water-absorbing 

resin as a main component and a chelating agent, the 

water-absorbing resin containing particles with a particle 15 

diameter of less than 300 m, as specified by a JIS standardized 

sieve, and particles with a particle diameter of 300 m or more 

but less than 850 m, as specified by a JIS standardized sieve, 

wherein an amount of the chelating agent included is 0.001 to 5 

parts by weight per 100 parts by weight of a water-absorbing resin 20 

in solid and satisfies Formula (1): 

[0128] 

 [Mathematical 6] 

 1.2 < C1/C2 < 4.0 … (1) 



46 

 

[0129] 

 where, in Formula (1), C1 indicates an amount (ppm) of the 

chelating agent present in the particles of a particle diameter 

of less than 300 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 5 

agent, and C2 indicates that an amount (ppm) of the chelating agent 

present in the particles of a particle diameter of 300 m or more 

but less than 850 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent. 10 

[0130] 

 Furthermore, the value for “C1/C2” is adjusted such that it 

is essentially higher than 1.2, preferably higher than 1.3, more 

preferably higher than 1.5, and even more preferably higher than 

1.7.  The effect of the embodiment of the present invention is 15 

exhibited more significantly as the value increases.  Meanwhile, 

the upper limit is adjusted such that it is essentially lower than 

4.0, preferably lower than 3.9, more preferably lower than 3.7, 

and even more preferably lower than 3.5.  When the value is 4.0 

or higher, the effect corresponding to the amount of chelating 20 

agent used is not obtained, and thus not economically favorable. 

[0131] 

 According to the embodiment of the present invention, the 

chelating agent is mainly localized on the surface of the 

water-absorbing resin particles, and the presence of the chelating 25 
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agent can be confirmed by polishing the particle surface.  

Hereinbelow, the method for producing the particulate 

water-absorbing agent and the physical properties thereof 

according to the embodiment of the present invention are 

described. 5 

[0132] 

 (3-1) Chelating agent 

 The particulate water-absorbing agent according to the 

embodiment of the present invention essentially contains a 

chelating agent to overcome problems according to the embodiment 10 

of the present invention.  From the viewpoint of the effect, the 

chelating agent may be preferably either a polymerized compound 

or a non-polymerized compound, and it is preferably a 

non-polymerized compound.  Furthermore, it is desired to have a 

chelating agent having preferably an element other than carbon, 15 

hydrogen, or oxygen, and more preferably nitrogen or phosphorus 

contained in the molecule. 

[0133] 

 Meanwhile, the expression "an element other than carbon, 

hydrogen, or oxygen is contained in the molecule" means that that 20 

the neutralizing counter ion in an acidic group is excluded.  For 

examples, in COONa, an element other than carbon, hydrogen, or 

oxygen is contained in the molecule of a chelating agent in addition 

to the neutralizing Na
+
.  Representative examples of a substituent 

group include an amino group and a sulfonic acid group. 25 
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[0134] 

 Specific examples of the chelating agent used in the 

embodiment of the present invention include: amino polyvalent 

carboxylic acid, organic polyvalent phosphoric acid, inorganic 

polyvalent phosphoric acid, amino polyvalent phosphoric acid, and 5 

tropolone derivatives.  At least one compound selected from a 

group consisting of those compounds is used in the embodiment of 

the present invention.  Meanwhile, the term "polyvalent" means 

that a plurality of functional groups are present in one molecule.  

Preferably, there are 2 to 30, more preferably 3 to 20, and even 10 

more preferably 4 to 10 functional groups. 

[0135] 

 From the viewpoint of the influence on polymerization or 

properties of a particulate water-absorbing agent to be obtained, 

the chelating agent has a molecular weight preferably of 100 to 15 

5000, and more preferably of 200 to 1000.  When the molecular 

weight is more than 5000, the aqueous monomer solution may have 

increased viscosity depending on the time point for addition of 

the chelating agent, and in such case polymerization control or 

homogeneous mixing is difficult to achieve, and therefore 20 

undesirable. 

[0136] 

 Examples of the amino polyvalent carboxylic acid include: 

iminodiacetic acid, hydroxyethyl iminodiacetic acid, 

nitrilotriacetic acid, nitrilotripropionic acid, 25 
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ethylenediamine tetraacetic acid, diethylenetriamine 

pentaacetic acid, triethylene tetramine hexaacetic acid, 

trans-1,2-diaminocyclohexane tetraacetic acid, 

N,N-bis(2-hydroxyethyl)glycine, diaminopropanol tetraacetic 

acid, ethylenediamine dipropionic acid, 5 

N-hydroxyethylenediamine triacetic acid, glycol ether 

diaminetetraacetic acid, diaminopropane tetraacetic acid, 

N,N′ -bis(2-hydroxybenzil)ethylenediamine-N,N′ -diacetic acid, 

1,6-hexamethylendiamine-N,N,N′ ,N′ -tetraacetic acid, and a salt 

thereof. 10 

[0137] 

 Examples of the organic polyvalent phosphoric acid include: 

nitriloacetic acid-di(methylenephosphinic acid), 

nitrilodiacetic acid-(methylenephosphinic acid), nitriloacetic 

acid--propionic acid-methylenephosphonic acid, 15 

nitrilotris(methylenephosphonic acid), and 

1-hydroxyethylidenediphosphonic acid. 

[0138] 

 Examples of the inorganic polyvalent phosphoric acid include 

pyrophosphoric acid, tripolyphosphoric acid, and a salt thereof. 20 

[0139] 

 Examples of the amino polyvalent phosphoric acid include: 

ethylenediamine-N,N′ -di(methylenephosphinic acid), 

ethylenediaminetetra(methylenephosphinic acid), 

cyclohexanediaminetetra(methylenephosphonic acid), 25 
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ethylenediamine-N,N′ -diacetic acid-N,N′ -di(methylenephosphonic 

acid), ethylenediamine-N,N′ -di(methylenephosphonic acid), 

ethylenediaminetetra(methylenephosphonic acid), 

polymethylenediaminetetra(methylenephosphonic acid), 

diethylenetriaminepenta(methylenephosphonic acid), and a salt 5 

thereof. 

[0140] 

 Examples of the tropolone derivatives include tropolone, 

-thujaplicin, and -thijaplicin. 

[0141] 10 

 Amongst them, a chelating agent selected from amino 

polyvalent carboxylic acid, organic polyvalent phosphoric acid, 

and amino polyvalent phosphoric acid is preferable.  A chelating 

agent of amino polyvalent carboxylic acid having 3 or more 

carboxylic groups is more preferable.  From the viewpoint of gel 15 

stability, diethylenetriamine pentaacetic acid, triethylene 

tetramine hexaacetic acid, trans-1,2-diaminocyclohexane 

tetraacetic acid, and a salt thereof are even more preferable. 

[0142] 

 In the embodiment of the present invention, the content (an 20 

amount used) of the chelating agent is, relative to 100 parts by 

weight of the solids content in water-absorbing resin, 0.001 to 

5 parts by weight, preferably 0.02 to 1 parts by weight, more 

preferably 0.03 to 0.9 parts by weight, even more preferably 0.04 

to 0.8 parts by weight, even sill more preferably 0.05 to 0.7 parts 25 
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by weight, particularly preferably 0.06 to 0.6 parts by weight, 

and most preferably 0.07 to 0.5 parts by weight.  When the content 

is more than 5 parts by weight, the effect corresponding to addition 

is not obtained so that it is not economically favorable and also 

problems like reduced absorption occur.  On the other hand, when 5 

the content is less than 0.02 parts by weight, in particular less 

than 0.001 parts by weight, the gel stability or the effect of 

preventing coloration is not obtained at sufficient level. 

[0143] 

 In the embodiment of the present invention, the time point 10 

for adding the chelating agent is not particularly limited, and 

it can be added during any one or more steps of each step described 

for above [2] Method for producing polyacrylic acid (salt)-based 

water-absorbing resin.  Furthermore, an amount used in each step 

corresponds to the content in a particulate water-absorbing agent 15 

which is substantially obtained. 

[0144] 

 Similar to the quantification of residual monomers or water 

soluble components, the chelating agent in the particulate 

water-absorbing agent can be suitably quantified by extracting 20 

the chelating agent in water or physiological saline and 

quantifying it using liquid chromatography or ion chromatography. 

[0145] 

 According to the embodiment of the present invention, 

because the chelating agent is preferably blended in surface of 25 
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a water-absorbing resin, the chelating agent is preferably added 

during the surface crosslinking step or the re-moistening step 

after surface crosslinking step.  Because deterioration of a 

water-absorbing resin progresses from resin surface, as the 

chelating agent is placed near the surface of a water-absorbing 5 

resin, the gel stability can be improved. 

[0146] 

 (3-2) Method for adding chelating agent 

 The method for producing a particulate water-absorbing agent 

according to the embodiment of the present invention is a method 10 

for producing a particulate water-absorbing agent containing a 

water-absorbing resin as a main component and a chelating agent, 

which comprises particles with a particle diameter, of less than 

300 m and particles with a particle diameter, as specified by 

a JIS standardized sieve, of 300 m or more but less than 850 15 

m ,wherein a chelating agent content is 0.001 to 5 parts by weight 

relative to 100 parts by weight of the water-absorbing resin and 

satisfies Formula (1). 

[0147] 

 [Mathematical 7] 20 

 1.2 < C1/C2 < 4.0 … (1) 

[0148] 

 Meanwhile, in Formula (1), C1 indicates a chelating agent 

content (ppm) which is present in the particles with the particle 
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diameter of less than 300 m in which the particle diameter is 

specified by a JIS standardized sieve amongst the particles 

constituting the particulate water-absorbing agent and C2 

indicates a chelating agent content (ppm) which is present in the 

particles with the particle diameter of 300 m or more but less 5 

than 850 m in which the particle diameter is specified by a JIS 

standardized sieve amongst the particles constituting the 

particulate water-absorbing agent. 

[0149] 

 More specifically, according to the production method of the 10 

following (a) to (d), in particular (a) or (b), a particulate 

water-absorbing agent satisfying Formula (1) can be obtained. 

[0150] 

 (a) Production method including a step of adding a chelating 

agent to a water-absorbing resin with crosslinked surface to 15 

obtain a granulate (particulated granulate) of a water-absorbing 

resin with increased weight average particle diameter (D50) (for 

example, 1.01 to 10 times relative to the weight average particle 

diameter before adding chelating agent), and a step of 

disintegrating the granulate (particulated granulate) of the 20 

water-absorbing resin to lower the weight average particle 

diameter (D50) by 5% or more (for example, the weight average 

particle diameter after disintegration is 0.1 to 0.95 times 

relative to the granulate). 

[0151] 25 
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 (b) Production method including a step of classifying a 

surface crosslinked water-absorbing resin into several different 

particle sizes (for example, step of classifying into two particle 

sizes by using a JIS standardized sieve with opening size of 300 

m), a step of adding a chelating agent for each of the several 5 

different particle sizes (for example, a step of adding a larger 

amount of chelating agent to the particles with particle size of 

less than 300 m compared to the particles with particle size of 

300 m or more, in particular, in the amount of 1.2 to 4.0 times), 

and a step of re-mixing several water-absorbing resins after 10 

addition of the chelating agent to obtain a particulate 

water-absorbing agent (for example, a step of re-mixing the 

particles which have been classified by using a JIS standardized 

sieve with opening size of 300 m). 

[0152] 15 

 (c) Production method including a step of mixing and 

preparing a predetermined amount of particulate water-absorbing 

agent with different particle size distribution. 

[0153] 

 (d) Production method include a step of classifying a 20 

water-absorbing resin before surface crosslinking into several 

different particle sizes, a step of performing surface 

crosslinking and addition of a chelating agent for each of the 

different particle sizes, and a step of re-mixing several 

water-absorbing resins obtained after the surface crosslinking 25 
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and addition of chelating agent to obtain a particulate 

water-absorbing agent. 

[0154] 

 Meanwhile, in order to achieve the subject of the embodiment 

of the present invention, the chelating agent is added for each 5 

different particle size of the water-absorbing resin, preferably 

before drying, and more preferably after classification, and even 

more preferably after surface crosslinking.  It is also possible 

to have a step of adding a chelating agent to monomers during 

polymerization or a hydrogel forming crosslinked polymer before 10 

drying.  The added amount of the chelating agent relative to 

monomers or a hydrogel forming crosslinked polymer is, relative 

to the whole amount added, preferably 0 to 50 mol%, more preferably 

0 to 30 mol%, and even more preferably 0 to 10 mol%. 

[0155] 15 

 The chelating agent may be added to a water-absorbing resin 

without using a solvent.  When the chelating agent is a solid, 

in particular, it may be powder mixing (dry blend).  However, from 

the viewpoint of the fixing property on a surface of a 

water-absorbing resin, the chelating agent is preferably added 20 

as a solution or an aqueous dispersion.  Examples of the solvent 

or dispersion medium which may be used therefor include water, 

a hydrophilic organic solvent, and a mixture solvent of water and 

a hydrophilic organic solvent. 

[0156] 25 



56 

 

 Specific examples of the hydrophilic organic solvent include 

monovalent alcohols of C1 to C10, or C2 to C6 or so, polyols (for 

example, propylene glycol and glycerin), polyether polyols such 

as polyethylene glycols or porlypropylene glycols and an 

alkoxylated compound thereof (for example, poropoxyether of 5 

glycerin and methoxypolyethylene glycol).  Amongst them, 

polyols, polyether polyols, or an alkoxylated compound thereof 

is preferable.  From the viewpoint of controlling the dust 

property, polyols of C2 or C6 or so are particularly preferable. 

[0157] 10 

 When the chelating agent is added as a solution or an aqueous 

dispersion, it is added at, as a solution or an aqueous dispersion, 

preferably 0.1 to 25% by weight, more preferably 0.5 to 20% by 

weight, and even more preferably 1.0 to 10% by weight relative 

to the water-absorbing resin.  Furthermore, it is sufficient that 15 

the concentration of the chelating agent in the solution or aqueous 

dispersion is 1 to 50% by weight or so.  If necessary, a surfactant 

or the like can be used.  The solvent can be dried, if necessary. 

[0158] 

 (3-3) Additives other than chelating agent 20 

 In addition to the above chelating agent, the particulate 

water-absorbing agent according to the embodiment of the present 

invention may be added with various additives for obtaining 

desired performances.  Preferred examples of the additives 

include water insoluble inorganic fine particles, an inorganic 25 
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reducing agent, a water soluble deodorizing agent, and polyvalent 

metal salts (with the proviso that, iron ions are excluded). 

[0159] 

 (Water insoluble inorganic fine particles) 

 When a water-absorbing agent having a water-absorbing resin 5 

as a main component is blended in an absorbent article like 

disposable diaper, fluidity of the water-absorbing agent is 

lowered in an environment with high humidity, thus making it 

difficult to have homogeneous mixing.  Such difficulty is a cause 

of having particle segregation in water-absorbing resin which is 10 

admixed in an absorbent article. 

[0160] 

 Accordingly, it is important in the embodiment of the present 

invention to prevent blocking during moisture absorption, and it 

is desirable to add water insoluble inorganic particles to ensure 15 

the fluidity. 

[0161] 

 Specific examples of the water insoluble inorganic fine 

particles include metal oxide like silicon dioxide, titan oxide, 

zinc oxide, and aluminum oxide, calcium phosphate, silicic acid 20 

(salt) like natural zeolite and synthetic zeolite, kaolin, talc, 

clay, bentonite, and hydrotalcite.  Amongst them, inorganic fine 

particles having average particle diameter of 200 m or less, or 

20 m or less, in which the average particle diameter is measured 
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by Coulter counter method, in particular silicon dioxide and 

silicic acid (salt) are more preferable. 

[0162] 

 The amount of the water insoluble inorganic fine particles 

added is, relative to the water-absorbing resin, preferably 0.05 5 

to 1.0% by weight, more preferably 0.05 to 0.8% by weight, even 

more preferably 0.05 to 0.7% by weight, and particularly 

preferably 0.1 to 0.5% by weight.  When the added amount is 0.05% 

by weight or more, a decrease in gel stability can be suppressed.  

On the other hand, when the added amount is 1.0% by weight or less, 10 

a decrease in the fluid retention capacity under pressure (AAP) 

of a particulate water-absorbing agent can be suppressed. 

[0163] 

 (Inorganic reducing agent) 

 Inorganic reducing agents mean a compound having reducing 15 

inorganic elements, which are added to prevent coloration or 

reduce residual monomers.  Specific examples thereof include 

compounds having reducing sulfur atoms or reducing phosphorus 

atoms.  In the embodiment of the present invention, it can be 

either an inorganic compound or an organic compound.  As it can 20 

further enhance the gel stability and achieve the subject of the 

embodiment of the present invention, an inorganic reducing agent 

is preferable. 

[0164] 
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 The inorganic reducing agent may be in acid form or salt form, 

but is preferably in salt form.  Monovalent or polyvalent metal 

salts are more preferred, and monovalent metal salts are even more 

preferred.  Amongst them, the oxygen-containing reducing 

inorganic compounds listed below as examples, that is, inorganic 5 

reducing agents in which sulfur or phosphorus is bonded to oxygen 

are preferred.  The oxygen-containing reducing inorganic salts 

are more preferred. 

[0165] 

 Also, the inorganic reducing agent may also be an inorganic 10 

reducing agent formed from organic compounds having an alkyl 

group, a hydroxyalkyl group and the like, which carry reducing 

inorganic atoms, and preferably reducing sulfur atoms or 

phosphorus atoms. 

[0166] 15 

 Furthermore, as for the inorganic reducing agent carrying 

a reducing sulfur atom or a reducing phosphorus atom, examples 

include: sulfur compounds having valency of +4 (for example, 

sulfite, bisulfite, and pyrosulfite), sulfur compounds having 

valency of +3 (for example, dithionite), sulfur compounds having 20 

valency of +2 (for example, sulfoxylate), phosphorus compounds 

having valency of +4 (for example, hypophosphate), phosphorus 

compounds having valency of +3 (for example, phosphite and 

pyrophosphorous phosphate), and phosphorus compounds having 

valency of +1 (for example, hypophosphite).  Meanwhile, sulfur 25 

compounds having valency of +6 (valency of positive number 6) and 
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phosphorus compounds having valency of +5 (valency of positive 

number 5) are most stable, and each element having oxidation number 

equal to or lower than them has a reducing property.  Furthermore, 

the reducing sulfur atoms or reducing phosphorus atoms may be 

replaced with an organic substance. 5 

[0167] 

 Foregoing inorganic reducing agents carrying a reducing 

sulfur atom include, but not limited to, for instance, inorganic 

compounds including: sulfites such as sodium sulfite, potassium 

sulfite, calcium sulfite, zinc sulfite, and ammonium sulfite; 10 

bisulfites such as sodium bisulfite, potassium bisulfite, calcium 

bisulfite, and ammonium bisulfite; pyrosulfites such as sodium 

pyrosulfite, potassium pyrosulfite, and ammonium pyrosulfite; 

dithionites such as sodium dithionite, potassium dithionite, 

ammonium dithionite, calcium dithionite, and zinc dithionite; 15 

trithionates such as potassium trithionate and sodium 

trithionate; tetrathionates such as potassium tetrathionate and 

sodium tetrathionate; thiosulfates such as sodium thiosulfate, 

potassium thiosulfate, and ammonium thiosulfate; and a water 

soluble organic compound such as 2-hydroxy-2-sulfinate acetic 20 

acid, sodium formaldehyde sulfoxylate, formamidine sulfinic acid 

and thioglycolic acid tris(2-carboxyethyl)phosphine 

hydrochloride (TCEP), and tributylphosphine (TBP) and the like.  

Amongst the water soluble organic compounds, preferred examples 

are 2-hydroxy-2-sulfinate acetic acid, 25 

2-hydroxy-2-sulfonatoacetate and/or a salt thereof.  Preferred 

salts include alkali metal and alkaline earth metal salts, and 
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preferred examples include lithium salts, sodium salts, and 

potassium salts, while sodium salts are particularly preferred.  

2-Hydroxy-2-sulfinate acetic acid (salt) may be used in 

combination with 2-hydroxy-2-sulfonatoacetic acid (salt), or in 

combination with the inorganic compounds that are described above. 5 

[0168] 

 The inorganic reducing agent carrying a reducing phosphorus 

atom  includes, but not limited to, for instance, sodium 

hypophosphite. 

[0169] 10 

 In particular, preferred are sulfite, bisulfite, 

pyrosulfite, and dithionite.  More preferred are sodium sulfite, 

sodium bisulfite, potassium pyrosulfite, and sodium dithionite. 

[0170] 

 An amount of the inorganic reducing agent added is, relative 15 

to the water-absorbing resin, preferably 0.01 to 1.0% by weight, 

more preferably 0.05 to 1.0% by weight, and even more preferably 

0.05 to 0.5% by weight.  When the added amount is 0.01% by weight 

or more, coloration with the lapse of time can be suppressed.  

Furthermore, when the added amount is 1.0% by weight or less, 20 

malodor can be suppressed, and in particular, malodor after 

absorbing an aqueous solution can be effectively suppressed. 

[0171] 

 (Water soluble deodorizing agent) 
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 The water soluble deodorizing agent is added to provide the 

particulate water-absorbing agent with a deodorizing property.  

Meanwhile, the reason why a water soluble one is used as the 

deodorizing agent is that it can give an excellent deodorizing 

property to the particulate water-absorbing agent without 5 

deteriorating the water absorption performance.  Herein, the 

expression "water soluble" means that not less than 0.1 g, 

preferably not less than 1 g, more preferably not less than 10 

g is dissolved in 100 g of water at 25C. 

[0172] 10 

 As for such water soluble deodorizing agent, various known 

ones such as extracts from leaves of Theaceae plants are usable.  

Example of the "Theaceae plants" include camellia, tea plant, 

sasanqua camellia, sakaki plant, and scarlet sakaki plant, and 

deodorizable components are extracted from their leaves with 15 

organic solvents, such as alcohols and ketones, or water, or their 

mixed solvents.  Examples of the deodorizing components include 

flavonol, flavanols, organic polymers, and tannin. 

[0173] 

 An amount of the water soluble deodorizing agent added is, 20 

relative to the water-absorbing resin, preferably 0.0001 to 10% 

by weight.  When the added amount is less than 0.0001% by weight, 

the deodorizing effect is not obtained.  Meanwhile, when the added 

amount is more than 10% by weight, the effect is not obtained as 

much as the increased cost. 25 

https://patentscope.wipo.int/search/en/detail.jsf?docId=US39338851&recNum=1&office=&queryString=PA%3Ashokubai+AND+EN_DE%3A%28camellia+flavanol%29+&prevFilter=&sortOption=Relevance&maxRec=4#H0
https://patentscope.wipo.int/search/en/detail.jsf?docId=US39338851&recNum=1&office=&queryString=PA%3Ashokubai+AND+EN_DE%3A%28camellia+flavanol%29+&prevFilter=&sortOption=Relevance&maxRec=4#H1
https://patentscope.wipo.int/search/en/detail.jsf?docId=US39338851&recNum=1&office=&queryString=PA%3Ashokubai+AND+EN_DE%3A%28camellia+flavanol%29+&prevFilter=&sortOption=Relevance&maxRec=4#H2
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[0174] 

 (Polyvalent metal salt) 

 The polyvalent metal salt (with the proviso that, iron ions 

are excluded) is added to improve the water absorbent speed or 

liquid permeability or to increase the fluidity during moisture 5 

absorption.  Examples of the polyvalent metal salt include an 

organic acid salt or an inorganic acid salt which contains at least 

one metal (polyvalent metal cation) selected from typical metal 

or transition metal of Group 4 to Group 11.  For example, an organic 

acid salt or an inorganic acid salt which contains at least one 10 

metal (polyvalent metal cation) selected from Mg, Ca, Ti, Zr, V, 

Cr, Mn, Co, Ni, Pd, Cu, Zn, Cd, and Al is preferable.  Specific 

examples include aluminum sulfate, aluminum lactate, aluminum 

polychloride, magnesium sulfate, and zirconium sulfate. 

[0175] 15 

 (Other additives) 

 In addition to the aforementioned water insoluble inorganic 

fine particles, inorganic reducing agent, water soluble 

deodorizing agent, and polyvalent metal salt (with the proviso 

that, iron ions are excluded), an anti-bacterial agent, a 20 

fragrance, a foaming agent, a pigment, a dye, a plasticizer, an 

adhesive, a surfactant, a fertilizer, an oxidizing agent, salts, 

a bactericidal agent, a hydrophilic polymer like polyethylene 

glycol and polyethyleneimine, a hydrophobic polymer like 

paraffin, a thermoplastic resin like polyethylene and 25 
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polypropylene, a thermosetting resin like polyester resin or urea 

resin, or the like can be suitably added to the particulate 

water-absorbing agent of the embodiment of the present invention 

to have desired functions. 

[0176] 5 

 Meanwhile, those additives may be added either 

simultaneously or separately with the chelating agent described 

above.  The amount of the additives to be added is, relative to 

100 parts by weight of the water-absorbing resin, preferably 30 

parts by weight or less, more preferably 10 parts by weight or 10 

less, and even more preferably 1 part by weight or less. 

[0177] 

 (Method for adding additives) 

 The method for adding the water insoluble inorganic fine 

particles, inorganic reducing agent, water soluble deodorizing 15 

agent, or polyvalent metal salt to the water-absorbing resin is 

not particularly limited, and it can be performed either 

simultaneously or separately with the chelating agent described 

above.  Furthermore, a so-called wet mixing method in which 

addition is performed after suspension in water or the like can 20 

be employed, or a dry blend method in which powders are admixed 

with each other can be employed. 

[0178] 

 Furthermore, each material described above can be added at 

any time.  However, except the inorganic reducing agent, it can 25 
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be preferably added after the drying step, more preferably before 

the surface crosslinking step or during the surface crosslinking 

step, and even more preferably after surface crosslinking step.  

The inorganic reducing agent is added preferably to a hydrogel 

forming crosslinked polymer before drying, more preferably after 5 

the drying step, even more preferably before the surface 

crosslinking step or during the surface crosslinking step, and 

particularly preferably after the surface crosslinking step. 

[0179] 

 (Addition for each different particle size) 10 

 In the embodiment of the present invention, the amount added 

of the additives other than the chelating agent, that is, the water 

insoluble inorganic fine particles, inorganic reducing agent, 

water soluble deodorizing agent, or polyvalent metal salt (with 

the proviso that, iron ions are excluded), is also different for 15 

each different particle size.  In particular, it is preferable 

that they are added in a larger amount to the particles with small 

particle size. 

[0180] 

 Namely, amongst the particles constituting the particulate 20 

water-absorbing agent, when "B1" is the amount (ppm) of additives 

other than chelating agent which are present in particles with 

the particle diameter of less than 300 m in which the particle 

diameter is specified by a JIS standardized sieve and "B2" 

indicates the amount (ppm) of additives other than chelating agent 25 
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which are present in particles with the particle diameter of 300 

m or more but less than 850 m in which the particle diameter 

is specified by a JIS standardized sieve, adjustment is made such 

that the value calculated as "B1/B2" is preferably more than 1.2, 

more preferably more than 1.3, even more preferably more than 1.5, 5 

and particularly preferably more than 1.7.  The effect of the 

embodiment of the present invention is exhibited more 

significantly as the value increases.  Meanwhile, the upper limit 

is adjusted such that it is essentially lower than 4.0, preferably 

lower than 3.9, more preferably lower than 3.7, and even more 10 

preferably lower than 3.5.  When the value is 4.0 or higher, the 

effect corresponding to the amount of additives used other than 

chelating agent is not obtained, and thus not economically 

favorable. 

[0181] 15 

 (3-4) Amount of soluble contents 

 From the viewpoint of tackiness caused by eluted components 

during use of disposable diaper, the amount of soluble contents 

in the particulate water-absorbing agent of the embodiment of the 

present invention (soluble amount per hour specified by Examples 20 

that are described below) is controlled such that it is preferably 

5 to 30% by weight, more preferably 5 to 25% by weight, and even 

more preferably 5 to 20% by weight in terms of a value with 

corrections for moisture content.  The control method can be 

suitably performed by using an internal crosslinking agent or the 25 

like.  Meanwhile, in order to obtain a particulate water-absorbing 
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agent in which the amount of soluble contents is less than 5% by 

weight, a large amount of the internal crosslinking agent needs 

to be used.  As such, the fluid retention capacity without pressure 

(CRC) is significantly lowered in addition to cost increase and 

an occurrence of residual crosslinking agent, and therefor 5 

undesirable. 

[0182] 

 (3-5) Amount of deteriorated solubles 

 The amount of deteriorated solubles of the particulate 

water-absorbing agent according to the embodiment of the present 10 

invention (the amount of deteriorated solubles per hour specified 

by Examples that are described below) is controlled such that it 

is preferably 0 to 40% by weight, more preferably 0 to 35% by weight, 

and even more preferably 0 to 31% by weight in terms of a value 

corrected for moisture content.  When the amount of deteriorated 15 

solubles is more than 40% by weight, gel deterioration is caused 

by urine during use of disposable diaper, and it may cause leakage 

or reverse liquid flow. 

[0183] 

 Furthermore, according to the embodiment of the present 20 

invention, the difference in the amount of deteriorated solubles 

depending on particle size is small.  As such, by combining the 

particulate water-absorbing agent of the embodiment of the present 

invention to an absorbent article like disposable diaper, only 
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a small variation in the amount of deteriorated solubles is caused 

during actual use of disposable diaper. 

[0184] 

 The difference in the amount of deteriorated solubles 

(defined by (the amount of deteriorated solubles of particles with 5 

the particle diameter of less than 300 m) - (the amount of 

deteriorated solubles of particles with the particle diameter of 

300 m or more but less than 850 m)) is preferably 5% by weight 

or less, more preferably 3% by weight or less, even more preferably 

2% by weight or less, and particularly preferably 1% by weight 10 

or less.  The ratio between them (defined by (the amount of 

deteriorated solubles of particles with the particle diameter of 

less than 300 m)/(the amount of deteriorated solubles of 

particles with particle diameter 300 m or more but less than 850 

m)) is preferably 1.1 times or less, more preferably 1.05 or less, 15 

and even more preferably 1.02 times or less. 

[0185] 

 (3-6) Increased amount of deteriorated solubles 

 The increased amount of deteriorated solubles of the 

particulate water-absorbing agent according to the embodiment of 20 

the present invention (as specified by Examples that are described 

below is controlled such that it satisfies the following 

conditions.  Namely, in the particles constituting the 

particulate water-absorbing agent, 1) the increased amount of 

deteriorated solubles of the particles with the particle diameter 25 
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of less than 300 m, in which the particle diameter is specified 

by a JIS standardized sieve, is 0 to 15% by mass, and 2) the 

increased amount of deteriorated solubles of the particles with 

the particle diameter of 300 m or more but less than 850 m, in 

which the particle diameter is specified by a JIS standardized 5 

sieve, is 0 to 20% by mass. 

[0186] 

 The increased amount of deteriorated solubles of the 

particles with the particle diameter of less than 300 m is 

preferably 0 to 14% by weight, and more preferably 0 to 12% by 10 

weight.  Furthermore, the increased amount of deteriorated 

solubles of the particles with the particle diameter of 300 m 

or more but less than 850 m is preferably 0 to 18% by weight, 

and more preferably 0 to 16% by weight.  Meanwhile, those values 

include corrections for moisture content. 15 

[0187] 

 As the increased amount of deteriorated solubles is within 

the aforementioned range, the water absorption performance can 

be maintained as it is designed even in an environment in which 

the particulate water-absorbing agent can undergo deterioration.  20 

For example, even for a case where the particulate water-absorbing 

agent is used as a disposable diaper for a long period time, the 

water absorption performance of a disposable diaper is not lowered 

so that urine leakage or troubles like skin irritation can be 

reduced. 25 
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[0188] 

 Meanwhile, if the increased amount of deteriorated solubles 

is not within the above range, the water absorption performance 

is lowered over the time in an environment in which the particulate 

water-absorbing agent can undergo deterioration.  For examples, 5 

when the particulate water-absorbing agent is used as a disposable 

diaper for a long period time, the water absorption performance 

of a disposable diaper is lowered so that urine leakage or troubles 

like skin irritation may increase. 

[0189] 10 

 (3-7) Particle size 

 The particle size (specified by JIS Z8801-01(2000)) of the 

particulate water-absorbing agent according to the embodiment of 

the present invention is controlled to the following range in order 

to achieve the subject of the embodiment of the present invention 15 

more easily and to produce the particulate water-absorbing agent 

more efficiently. 

[0190] 

 Namely, the weight average particle diameter (D50) of the 

particulate water-absorbing agent is controlled preferably to 200 20 

to 600 m, more preferably to 200 to 550 m, and even more preferably 

to 250 to 500 m. 

[0191] 
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 Furthermore, the ratio of particles (fine particles) having 

particle diameter of less than 150 m in the particulate 

water-absorbing agent is controlled such that it is preferably 

5% by weight or less, more preferably 3% by weight or less, and 

even more preferably 1% by weight or less (the lower limit is 0% 5 

by weight).  Meanwhile, the ratio of the particles with the 

particle diameter of less than 850 m is preferably 90 to 100% 

by weight, and more preferably 95 to 100% by weight. 

[0192] 

 Meanwhile, the weight ratio between the particles with the 10 

particle diameter of less than 300 m and the particles with the 

particle diameter of 300 m or more but less than 850 m in the 

particulate water-absorbing agent is preferably 70 : 30 to 10 : 

90, more preferably 60 : 40 to 15 : 85, even more preferably 50 

: 50 to 20 : 80, and particularly preferably 40 : 60 to 25 : 75.  15 

Meanwhile, the "particles with the particle diameter of less than 

300 m" indicate a particulate water-absorbing resin which passes 

through a JIS standardized sieve with opening size of 300 m and 

the "particles with the particle diameter of 300 m or more but 

less than 850 m" indicate a particulate water-absorbing resin 20 

which passes through a JIS standardized sieve with opening size 

of 850 m but remains on a JIS standardized sieve with opening 

size of 300 m. 

[0193] 

 From the above, according to the preferred embodiment of the 25 

embodiment of the present invention, the ratio of the particles 
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with the particle diameter of 150 m or more but less than 850 

m, in which the particle diameter is specified by a JIS 

standardized sieve, is preferably 90% by weight or more in the 

particulate water-absorbing agent.  Furthermore, the weight 

ratio between the particles with the particle diameter of less 5 

than 300 m and the particles with the particle diameter of 300 

m or more but less than 850 m, in which the particle diameter 

is specified by a JIS standardized sieve, is preferably 70 : 30 

to 10 : 90. 

[0194] 10 

 The ratio of the particles with the particle diameter of 150 

m or more but less than 850 m, in which the particle diameter 

is specified by a JIS standardized sieve, is more preferably 95% 

by weight or more, and even more preferably 98% by weight or more. 

[0195] 15 

 The arithmetic standard deviation of particle size 

distribution () of the particulate water-absorbing agent is 

controlled such that it is preferably 0.20 to 0.50, more preferably 

0.25 to 0.40, and even more preferably 0.27 to 0.35. 

[0196] 20 

 (3-8) Fluid retention capacity without pressure (CRC) 

(ERT441.2-02) 

 The fluid retention capacity without pressure (CRC) of the 

particulate water-absorbing agent according to the embodiment of 

the present invention is controlled such that, in terms of a value 25 
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corrected for moisture content, 25 (g/g) or more, more preferably 

30 (g/g) or more, and even more preferably 33 (g/g) or more for 

physiological saline.  Furthermore, from the viewpoint of balance 

with other properties (for example, the fluid retention capacity 

under pressure (AAP)), the upper limit is 60 (g/g) or less, more 5 

preferably 50 (g/g) or less, and even more preferably 45 (g/g) 

or less.  The fluid retention capacity without pressure (CRC) can 

be controlled based on the crosslinking density during 

polymerization or surface crosslinking. 

[0197] 10 

 Meanwhile, if the fluid retention capacity without pressure 

(CRC) is lower than 25 (g/g), only poor efficiency is yielded when 

used for a hygienic material like disposable diaper, and therefore 

undesirable. 

[0198] 15 

 (3-9) Fluid retention capacity under pressure (AAP) 

(ERT442.2-02) 

 The fluid retention capacity under pressure (AAP) of the 

particulate water-absorbing agent according to the embodiment of 

the present invention is controlled such that, in terms of a value 20 

corrected for moisture content, 15 (g/g) or more, more preferably 

20 (g/g) or more, and even more preferably 23 (g/g) or more for 

physiological saline at a load of 2.06 kPa.  Furthermore, from 

the viewpoint of balance with other properties (for example, the 

fluid retention capacity without pressure (CRC)), the upper limit 25 
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is 40 (g/g) or less, more preferably 35 (g/g) or less, and even 

more preferably 33 (g/g) or less.  The fluid retention capacity 

under pressure (AAP) can be controlled based on surface 

crosslinking. 

[0199] 5 

 Meanwhile, when the fluid retention capacity under pressure 

(AAP) is less than 15 (g/g) and it is used for an absorbent body 

of a hygienic material like disposable diaper, an absorbent body 

having low returning amount of liquid (referred to as "Re-Wet") 

is not obtained when pressure is applied to an absorbent body, 10 

and thus not desirable. 

[0200] 

 Taken together, according to a preferred embodiment of the 

embodiment of the present invention, the fluid retention capacity 

without pressure (CRC) of the particulate water-absorbing agent 15 

is 30 (g/g) or more after corrected for moisture content against 

physiological saline, and the fluid retention capacity under 

pressure (AAP) at the pressure of 2.06 kPa is 20 (g/g) or more 

after corrections for moisture content against physiological 

saline. 20 

[0201] 

 (3-10) Moisture content 

 A moisture content in the particulate water-absorbing agent 

according to the embodiment of the present invention (specified 

by the loss after drying for 3 hours at 180C) is controlled such 25 
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that it is preferably 0.5 to 15% by weight, more preferably 1.0 

to 10% by weight from the viewpoint of water absorbent speed or 

impact resistance.  The moisture content is adjusted to a 

preferred range during the drying step or re-moistening step 

described above. 5 

[0202] 

 (3-11) Amount of Fe (iron ions) 

 An amount of Fe in the particulate water-absorbing agent 

according to the embodiment of the present invention is, from the 

viewpoint of preventing coloration of a particulate 10 

water-absorbing agent, preferably 2 ppm or less, more preferably 

1.5 ppm or less, even more preferably 1 ppm or less, and 

particularly preferably 0.5 ppm or less.  Furthermore, the lower 

limit is, from the viewpoint of the cost of purification of base 

(in particular, caustic soda), preferably 0.001 ppm or more, and 15 

more preferably 0.01 ppm or more.  Meanwhile, control of the Fe 

amount can be achieved by suitably purifying the materials of a 

water-absorbing resin, in particular, the base used for 

neutralization, for example, by removing Fe present in NaOH or 

Na2CO3. 20 

[0203] 

 The amount of Fe present in a particulate water-absorbing 

agent or a base can be quantified by ICP emission 

spectrophotometric analysis specified in JIS K1200-6.  With 
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regard to details of the quantification method, reference can be 

made to International Publication No. 2008/090961. 

[0204] 

 Meanwhile, when Fe is contained at 5 ppm in caustic soda 

(molecular weight: 40), it may be contained at 1.7 ppm (= 5  (40 5 

 0.75/88.5)) in sodium acrylate with neutralization rate of 75 

mol% (average molecular weight of 88.5). 

[0205] 

 (3-12) Initial color 

 The particulate water-absorbing agent according to the 10 

embodiment of the present invention is used for absorbent articles 

like disposable diaper, and it is required to be present as white 

powder.  Thus, the initial color of the particulate 

water-absorbing agent has, based on Hunter's Lab color system 

using spectrophotometric colorimetric system, an L-value 15 

(lightness) of preferably 88 or more, more preferably 89 or more, 

and even more preferably 90 or more.  Meanwhile, the upper limit 

of the L-value is 100, and no problem occurs in absorbent articles 

like disposable diaper due to color, provided that the L-value 

is 88 or more.  Moreover, an a-value is in a range of preferably 20 

−3 to 3, more preferably −2 to 2, still more preferably −1 to 1.  

Moreover, a b-value is in a range of preferably 0 to 12, more 

preferably 0 to 10, still more preferably 0 to 9.  Note that, as 

the L-value approaches 100, whiteness is increased, and as the 
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a-value and the b-value approach 0, the color fades and becomes 

substantially white. 

[0206] 

 (3-13) Color with the lapse of time 

 The particulate water-absorbing agent according to the 5 

embodiment of the present invention is used for absorbent articles 

like disposable diaper, and it is required to maintain a clean 

white state even when it is stored for a long period of time under 

high humidity and high temperature conditions.  Thus, the color 

with the lapse of time of the particulate water-absorbing agent 10 

of the embodiment of the present invention has, based on the 

Hunter's Lab color system, an L-value (Lightness) of preferably 

80 or more, more preferably 81 or more, still more preferably 82 

or more, particularly preferably 83 or more.  Meanwhile, the upper 

limit is 100, and no problem occurs due to color even after 15 

long-term storage under high humidity and high temperature 

conditions, provided that the L-value is 80 or more.  Moreover, 

an a-value is in a range of preferably −3 to 3, more preferably 

−2 to 2, still more preferably −1 to 1.  Moreover, a b-value is 

in a range of preferably 0 to 15, more preferably 0 to 12, still 20 

more preferably 0 to 10.  Note that, as the L-value approaches 

100, whiteness is increased, and as the a-value and the b-value 

approach 0, the color fades and becomes substantially white. 

[0207] 

 (3-14) Blocking ratio after moisture absorption 25 
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 The particulate water-absorbing agent according to the 

embodiment of the present invention has a blocking ratio after 

moisture absorption of preferably 30% by weight or less, more 

preferably 20% by weight or less, even more preferably 10% by weight 

or less, and particularly preferably 5% by weight or less.  The 5 

lower limit is preferably 0% by weight, but it can be 0.1% by weight 

or so.  As the blocking ratio after moisture absorption is within 

the aforementioned range, excellent powder handleability is 

obtained, and therefore desirable.  Meanwhile, when the blocking 

ratio after moisture absorption is more than 30% by weight, the 10 

particulate water-absorbing agent exhibits poor fluidity during 

production of absorbent articles like disposable diaper, and thus 

problems like difficult production of disposable diaper or the 

like may be caused. 

[0208] 15 

 (3-15) SFC (Saline flow conductivity) 

 The SFC (saline flow conductivity) of the particulate 

water-absorbing agent according to the embodiment of the present 

invention is preferably 1 ( 10−7·cm3·s·g−1) or greater, and more 

preferably 10 ( 10−7·cm3·s·g−1) or greater.  The upper limit is 20 

1,000 ( 10−7·cm3·s·g−1) or less.  When the SFC is lower than 1 ( 

10
−7
·cm

3
·s·g

−1
), permeability of liquid including body fluid like 

urine or blood is low, and thus it is not suitable for an absorbent 

body of absorbent articles like disposable diaper.  On the other 

hand, when the SFC exceeds 1,000 ( 10−7·cm3·s·g−1) or greater, 25 

liquid including body fluid like urine or blood is not sufficiently 
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absorbed and liquid leakage may occur, and thus it is not suitable 

for an absorbent body of a hygiene product like disposable diaper.  

Meanwhile, SFC can be controlled based on particle size, surface 

crosslinking agent, polyvalent metal salt, cationic polymer, or 

the like. 5 

[0209] 

 [4] Use of particulate water-absorbing agent 

 The particulate water-absorbing agent according to the 

embodiment of the present invention can be used for various 

applications, however, as it is stable due to a small variation 10 

in properties, it is used for absorbent articles, in particular 

absorbent articles like disposable diaper, sanitary napkin, and 

incontinence pad.  In that case, the particulate water-absorbing 

agent is molded into sheet-like form by preparing it as a composite 

with hydrophilic fiber or the like.  Meanwhile, if no hydrophilic 15 

fiber is used, the particulate water-absorbing agent is fixed in 

paper, non-woven fabric or the like to give absorbent articles. 

[0210] 

 The amount of the particulate water-absorbing agent (core 

concentration) in the absorbent articles is preferably 10 to 100% 20 

by weight, more preferably 30 to 100% by weight, and even more 

preferably 50 to 100% by weight.  Furthermore, the amount of the 

particulate water-absorbing agent used is preferably 1 to 30 g, 

more preferably 5 to 20 g, and even more preferably 10 to 20 g 

per absorbent article (for example, per disposable diaper).  25 
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Furthermore, it is preferable that the absorbent article is 

adjusted to have density in the range of 0.06 to 0.5 (g/cm
3
) and 

grammage in the range of 0.01 to 0.2 (g/cm
2
). 

[0211] 

 Meanwhile, specific examples of the fiber substrate used for 5 

absorbent articles include hydrophilic fiber like crushed wood 

pulp, cotton linter, crosslinked cellulose fiber, rayon, cotton, 

wool, acetate, and vinylon.  Those fiber substrates are preferably 

air-layered. 

EXAMPLES 10 

[0212] 

 The embodiment of the present invention is more specifically 

described with the Examples given below.  However, the embodiment 

of the present invention is not limited to the Examples and the 

examples derived from a proper combination of technical means 15 

disclosed in respective different Examples are also encompassed 

in the scope of the embodiment of the present invention. 

[0213] 

 Meanwhile, a power source of an electric apparatus 

(including measurement of properties of the water-absorbing 20 

agent) used in Production Examples, Examples, and Comparative 

Examples was 200 V or 100 V, unless otherwise noted.  Moreover, 

the properties of the water-absorbing agent of the embodiment of 

the present invention were measured at a room temperature (in a 
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range of 20C to 25C) and at a relative humidity of 50% RH, unless 

otherwise noted. 

[0214] 

 [Measurement properties of particulate water-absorbing 

agent] 5 

 The method for measuring properties of particulate 

water-absorbing agent, which is described below, can also be 

suitably applied to measurement of properties of a water-absorbing 

resin.  In that case, the embodiment of the present invention is 

made by substituting the "particulate water-absorbing agent" with 10 

a "water-absorbing resin". 

[0215] 

 Furthermore, even for a particulate water-absorbing agent 

which has been produced with the same raw materials or production 

method, the moisture content may greatly vary depending on the 15 

storage period or environment for storage.  Other properties are 

also affected depending on the moisture content, and there can 

be a case where precise evaluation cannot be made. 

[0216] 

 Accordingly, in the embodiment of the present invention, the 20 

properties that are affected by moisture content (the following 

(b), (c), and (e) to (h)) were evaluated after correcting measured 

value for moisture content.  The value corrected for moisture 

content is obtained by dividing the measured value by (1-moisture 
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content/100).  Furthermore, it is expressed as a value relative 

to 100 parts by weight of solids content of a water-absorbing resin. 

[0217] 

 (a) Particle size (weight average particle diameter (D50), 

content for different particle sizes) 5 

 The particle size of the particulate water-absorbing agent 

according to the embodiment of the present invention (weight 

average particle diameter (D50), an amount for each different 

particle sizes) was measured by using a JIS standardized sieve 

based on the measurement method described in the U.S. Patent 10 

Application Publication No. 2006/204755. 

[0218] 

 Meanwhile, the amount for different particle sizes can be 

obtained by measuring weight of each of particles with the particle 

diameter of less than 300 m and particles with the particle 15 

diameter of 300 m or more but less than 850 m. 

[0219] 

 (b) Fluid retention capacity without pressure (CRC) 

 The water absorption capacity without pressure (CRC) of the 

particulate water-absorbing agent according to the embodiment of 20 

the present invention was measured on the basis of ERT441.2-02 

(2002). 

[0220] 
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 Meanwhile, because the fluid retention capacity without 

pressure (CRC) is affected by moisture content, in the embodiment 

of the present invention the evaluation was made by using a value 

corrected for moisture content. 

[0221] 5 

 As a specific examples of moisture content correction, when 

moisture content is 5% by weight and measured value of fluid 

retention capacity without pressure (CRC) is 30 (g/g), the value 

corrected for moisture content is 31.6 (g/g) (= 30/(1 - 5/100)). 

[0222] 10 

 (c) Fluid retention capacity under pressure (AAP) 

 The fluid retention capacity under pressure (AAP) of the 

particulate water-absorbing agent according to the embodiment of 

the present invention was measured on the basis of ERT442.2-02 

(2002).  The measurement was performed with a load of 2.06 kPa 15 

(0.3 psi). 

[0223] 

 Meanwhile, because the fluid retention capacity under 

pressure (AAP) is affected by moisture content, in the embodiment 

of the present invention the evaluation was made by using a value 20 

corrected for moisture content. 

[0224] 

 (d) Moisture content 
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 Moisture content of the particulate water-absorbing agent 

according to the present embodiment of the present invention was 

measured on the basis of ERT430.2-02 (2002).  Meanwhile, in the 

embodiment of the present invention, the measurement was made 

while the sample amount was changed to 1.0 g and a drying 5 

temperature was changed to 180C, respectively. 

[0225] 

 (e) Amount of chelating agent 

 An amount of the chelating agent in the particulate 

water-absorbing agent of the embodiment of the present invention 10 

was measured according to the method described below. 

[0226] 

 1 g of the particulate water-absorbing agent was added to 

100 g of physiological saline (0.9% by weight aqueous solution 

of sodium chloride) and, by stirring for 1 hour at room temperature, 15 

the chelating agent in physiological saline was extracted 

(revolution number for stirring: 500  50 rpm).  Meanwhile, in the 

embodiment of the present invention, the particulate 

water-absorbing agent is classified in advance by using a JIS 

standardized sieve with opening size of 300 m, and for each of 20 

the product passed through the sieve (pass-product/particle 

diameter of less than 300 m) and the product not passed through 

the sieve (on-product/particle diameter of 300 m or more and less 

than 850 m), measurement of the chelating agent content was 

carried out. 25 
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[0227] 

 After that, the expanded gel was filtered by using a filter 

paper (manufactured by Toyo Roshi Kaisha Ltd., No. 2, retained 

particle size specified by JIS P 3801: 5 m). 

[0228] 5 

 After that, the obtained filtrate was further subjected to 

filtration for pretreatment of HPLC sample (chromatodisc 

25A/aqueous system type, manufactured by Kurabo Industries Ltd., 

pore size: 0.45 m) to measure the chelating agent content in 

filtrate with the use of high-performance liquid chromatography 10 

(HPLC). 

[0229] 

 An amount of chelating agent in the particulate 

water-absorbing agent was obtained by taking into consideration 

of dilution rate of the particulate water-absorbing agent in 15 

physiological saline while using the calibration curve obtained 

by measuring a monomer standard solution with known concentration 

as an external standard. 

[0230] 

 Meanwhile, the conditions for measuring HPLC were suitably 20 

modified depending on the type of a chelating agent.  

Specifically, the quantification was carried out as follows: 

Measurement condition 1 for diethylene triamine pentaacetic acid 

(DTPA), Measurement condition 2 for triethylene tetraamine 

https://patentscope.wipo.int/search/en/detail.jsf?docId=US43720388&recNum=2&maxRec=6&office=&prevFilter=&sortOption=Relevance&queryString=PA%3Ashokubai+AND+EN_DE%3A%28kurabo+chelating%29+&tab=PCTDescription#H9
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hexaacetic acid (TTHA), and Measurement condition 3 for ethylene 

diamine tetra(methylenephosphonic acid (EDTMP). 

[0231] 

 Measurement condition 1: 

 <<Eluent>>; Mixture solution of 0.3 ml of 0.4 mol/L aqueous 5 

alum solution, 450 ml of 0.1 N aqueous solution of sodium hydroxide, 

3 ml of 0.4 mol/L aqueous solution of tetra n-butyl ammonium 

hydroxide, 3 ml of sulfuric acid, 1.5 ml of ethylene glycol, and 

2550 ml of ion exchange water. 

 <<Column>>; LichroCART 250-4 Superspher 100 RP-18e (4 m) 10 

(manufactured by Merck) 

 <<Column temperature>>; 23  2C 

 <<Flow rate>>; 1 ml/min 

 <<Detector>>; UV, wavelength of 258 nm 

Measurement condition 2: 15 

 <<Eluent>>; 0.01 mol/L aqueous solution of sodium carbonate, 

0.01 mol/L aqueous solution of sodium hydrogen carbonate, and 

0.002 mol/L aqueous solution of tetra n-butyl ammonium hydroxide, 

each in the same amount, were admixed with one another followed 

by addition of 2 N hydrochloric acid to adjust pH to 7.5. 20 

[0232] 

 <<Column>>; Shodex Asahipak ODP-40 4D (Showa Denko K.K.) 



87 

 

 <<Column temperature>>; 40C 

 <<Column temperature>>; 0.7 ml/min 

 <<Detector>>; UV, wavelength of 254 nm 

 <<Preparation of sample solution>>; To a filtrate obtained 

by  extracting the chelating agent from particulate 5 

water-absorbing agent, 0.01 mol/L aqueous solution of iron 

chloride (III) in an amount larger than the chelating agent content 

was added (for example, about 2 mL of 0.01 mol/L aqueous solution 

of iron chloride (III) can be added to 20 mL aqueous solution in 

which the chelating agent content is 100 ppm). 10 

Measurement condition 3: 

 <<Eluent>>; 0.003 mol/L aqueous solution of sulfuric acid 

 <<Column>>; Shodex IC NI-424 (Showa Denko K.K.) 

 <<Column temperature>>; 40C 

 <<Column temperature>>; 1 ml/min 15 

 <<Detector>>; RI 

 Since the chelating agent content is affected by the moisture 

content, the value of the embodiment of the present invention is 

a value corrected for moisture content, and it is converted to 

the value relative to 100 parts by weight of the solids content 20 

of a water-absorbing resin. 

[0233] 
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 Meanwhile, when a chelating agent containing acidic group 

was used, calculation was made on the assumption that all of the 

contained acidic groups were neutralized with alkali.  For 

example, in the case of diethylene triamine pentaacetic acid, it 

was calculated in terms of pentasodium salt. 5 

[0234] 

 (f) Amount of soluble contents 

 The amount of soluble contents in the particulate 

water-absorbing agent of the embodiment of the present invention 

was measured according to the following method. 10 

[0235] 

 First, the pH electrode used for measurement of the amount 

of soluble contents was calibrated by using a pH standard buffer 

solution (pH 4.0, pH 7.0, pH 10.0). 

[0236] 15 

 Next, 50 ml of previously prepared physiological saline 

(0.9% by weight aqueous solution of sodium chloride) was weighed 

in a 100 ml glass beaker, and under stirring using a stirrer chip 

(length: 30 mm), 0.1 mol/L aqueous solution of sodium hydroxide 

was added dropwise till to have pH 10.  The dripping amount (Vab 20 

[ml]) of that case was obtained as blank.  Subsequently, 0.1 mol/L 

aqueous hydrochloric acid solution was added dropwise thereto till 

to have pH 2.7.  The dripping amount (Vbb [ml]) of that case was 

also obtained as blank. 
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[0237] 

 Subsequently, to a polypropylene container provided with a 

cover (volume: 250 ml), 200 ml of previously prepared 

physiological saline was added followed by addition of 1.0 g of 

the particulate water-absorbing agent.  Meanwhile, in the 5 

embodiment of the present invention, the particulate 

water-absorbing agent was classified in advance by using a JIS 

standardized sieve with opening size of 300 m, and for each of 

the product passed through the sieve (pass-product/particle 

diameter of less than 300 m) and the product not passed through 10 

the sieve (on-product/particle diameter of 300 m or more and less 

than 850 m), measurement of the amount of solubles was carried 

out. 

[0238] 

 Next, by using a stirrer chip (length of 30 mm  outer diameter 15 

of 8 mm), stirring was performed for 1 hour at 500  50 rpm under 

room temperature to extract solubles.  After that, filtration was 

performed by using a filter paper (manufactured by Toyo Roshi 

Kaisha Ltd., No. 2, retained particle size specified by JIS P 3801: 

5 m) to obtain a filtrate. 20 

[0239] 

 20 ml of the filtrate obtained from above operations 

(recorded as F [ml]) was weighed in a glass beaker with volume 

of 100 ml, and according to mess-up to 50 ml with physiological 

saline, a liquid for titration was obtained.  Meanwhile, even when 25 
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the filtrate is less than 20 ml, the amount (F [ml]) was recorded, 

and according to mess-up to 50 ml with physiological saline, a 

liquid tor titration was obtained. 

[0240] 

 Subsequently, by using a stirrer chip (length of 30 mm  outer 5 

diameter of 8 mm), the liquid for titration was stirred and 0.1 

mol/L aqueous solution of sodium hydroxide was added dropwise 

thereto till to have pH of 10.  The titration amount (Va [ml]) 

was obtained.  Subsequently, 0.1 mol/L aqueous hydrochloric acid 

solution was added dropwise thereto till to have pH of 2.7 and 10 

the titration amount (Vb [ml]) was obtained. 

[0241] 

 According to the following formulae (6) to (11), the amount 

of soluble contents was obtained. 

[0242] 15 

 [Mathematical 8] 

Amount of soluble contents (% by weight) = {(Wa + Wb)/m}  100 

… (6) 

[0243] 

 Meanwhile, in Formula (6), "Wa" means the relative weight 

of a unit having acidic groups in the solubles of the particulate 

water-absorbing agent, "Wb" means the relative weight of a unit 20 

having carboxylate groups, which are neutralized by a basic 

substance, in the solubles of the particulate water-absorbing 
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agent, and they are obtained by the following formula.  

Furthermore, "m" represents the weight of a particulate 

water-absorbing agent. 

[0244] 

 [Mathematical 9] 5 

 Wa (g) = Na  72  200/F … (7) 

[0245] 

 [Mathematical 10] 

 Wb (g) = Nb  94  200/F … (8) 

[0246] 

 Meanwhile, "72" in Formula (7) indicates weight per mole of 

repeating unit in an acrylic acid polymer and "94" in Formula (8) 10 

indicates weight per mole of repeating unit in a sodium acrylate 

polymer.  However, when monomers having acidic groups other than 

acrylic acid are co-polymerized or other salt such as a potassium 

salt or a lithium salt is used as an alkali metal salt instead 

of a sodium salt, those values are calculated with suitable 15 

modification to average weight of repeating units including the 

monomer. 

[0247] 

 Furthermore, "Na" in Formula (9) indicates a number of moles 

for acidic groups in the solubles that are contained in a liquid 20 

for titration (filtrate), and "Nb" in Formula (10) indicates a 

number of moles for carboxylate groups, which are neutralized by 
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a basic substance, in the solubles that are contained in a liquid 

for titration (filtrate).  They are obtained by the following 

formula. 

[0248] 

 [Mathematical 11] 5 

 Na (mole) = (Va – Vab)/1000  0.1 … (9) 

[0249] 

 [Mathematical 12] 

 Nb (mole) = N1 – Na … (10) 

[0250] 

 Meanwhile, "N1" in Formula (10) indicates a total number of 

moles for the solubles that are contained in a liquid for titration 10 

(filtrate), and it is obtained by the following Formula (11). 

[0251] 

 [Mathematical 13] 

 N1 (mole) = (Vb – Vbb)/1000  0.1 … (11) 

[0252] 

 Meanwhile, because the amount of soluble contents is 15 

affected by moisture content, in the embodiment of the present 

invention the evaluation was made by using a value corrected for 

moisture content. 

[0253] 
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 (g) Amount of deteriorated solubles 

 The amount of deteriorated solubles in the particulate 

water-absorbing agent of the embodiment of the present invention 

was measured according to the following method. 

[0254] 5 

 Namely, as a solution for deterioration test, to a previously 

prepared physiological saline, L-ascorbic acid was added to make 

a 0.1% by weight of such a solution.  Specifically, 1.0 g of 

L-ascorbic acid was added and then dissolved in 999.0 g of 

physiological saline. 10 

[0255] 

 Next, to a polypropylene container provided with a cover 

(volume: 250 ml), 200 ml of the above deterioration test solution 

was added followed by addition of 1.0 g of a particulate 

water-absorbing agent to form an expanded gel.  Specifically, the 15 

container was sealed with a cover, and the expanded gel was allowed 

to stand for 2 hours in an atmosphere of 60C.  Thereafter, a 

stirrer chip (length of 30 mm  outer diameter of 8 mm) was added 

thereto, and stirring was performed for 1 hour in the same manner 

as above (amount of soluble contents) to extract the deteriorated 20 

solubles.  After that, by performing the same measurement as the 

method for measuring the amount of soluble contents, the amount 

of deteriorated solubles was obtained (% by weight). 

[0256] 
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 Meanwhile, because the amount of deteriorated solubles is 

affected by moisture content, in the embodiment of the present 

invention the evaluation was made by using a value corrected for 

moisture content. 

[0257] 5 

 (h) Increased amount of deteriorated solubles 

 The increased amount of deteriorated solubles in the 

particulate water-absorbing agent of the embodiment of the present 

invention is obtained by using Formula (2). 

[0258] 10 

 [Mathematical 14] 

Increased amount of deteriorated solubles (% by weight) = (Amount 

of 1 hour-solubles in deterioration test solution) - (Amount of 

1 hour-solubles in physiological saline) … (2) 

[0259] 

 Meanwhile, the "increased amount of deteriorated solubles" 

is an index for evaluating the gel stability, and it means the 

amount of soluble contents which increases in accordance with 15 

deterioration of a particulate water-absorbing agent. 

[0260] 

 (i) Evaluation of coloration of particulate water-absorbing 

agent (Hunter Lab color values/L, a, b values) 

 Coloration of the particulate water-absorbing agent was 20 

evaluated by LabScan (registered trademark) XE manufactured by 
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HunterLab.  A reflection measurement was selected as a preset 

condition of measurement, and a container for powder and paste 

sample having internal diameter of 30 mm and height of 12 mm was 

used.  Further, a standard round white plate No. 2 for powder · 

paste was used as a standard and 30Φ light-transmitting pipe was 5 

used.  About 5 g of a particulate water-absorbing agent was 

provided in the built-in sample container so as to occupy about 

60% of the built-in sample container.  Then, an L value (Lightness: 

lightness index) on a surface was measured by the 

spectrophotometric colorimeter at room temperature (20 to 25C) 10 

and humidity of 50 RH %.  This value indicates "lightness index 

before exposure".  The higher index value indicates a color close 

to white. 

[0261] 

 Furthermore, by using the same device and the same 15 

measurement method, values of a and b (color) as an article color 

based on other scale can also be measured.  Smaller values of a 

and b indicate low coloration, that is, a color substantially close 

to white color.  The result of evaluating coloration of a 

particulate water-absorbing agent immediately after the 20 

production, or a particulate water-absorbing agent after storage 

for 1 year or less in an atmosphere at temperature of 30C or lower 

and relative humidity of 50 RH % or less corresponds to the initial 

color. 

[0262] 25 
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 Subsequently, after filling the container forpaste sample 

with about 5 g of a particulate water-absorbing agent, the 

container for paste sample filled with a particulate 

water-absorbing agent was exposed for 7 days in a constant 

temperature and constant humidity chamber (small-size 5 

environmental testing machine manufactured by Espec Corp.; Model 

SH-641) that had been adjusted to an atmosphere at a temperature 

of 70  1C and relative humidity of 65  1 RH %.  This exposure 

corresponds to the coloration acceleration test for 7 days.  After 

the exposure, values of L, a, b on a surface were measured by using 10 

the aforementioned spectrophotometric colorimeter.  The 

resulting measurement value was used as coloration over the time 

after acceleration test. 

[0263] 

 (j) Malodor test 15 

 One part by weight of a particulate water-absorbing agent 

was added to a 100 ml beaker.  After adding 20 parts by weight 

of 0.9% by weight aqueous solution of sodium chloride, the beaker 

was sealed with a film and allowed to stand for 1 hour at 37C.  

After that, the malodor sensory test was performed with 10 adult 20 

subjects.  With regard to the evaluation method, when there is 

no unpleasant malodor so that the odor is determined to be 

acceptable for use in a hygienic material like diaper, it was 

evaluated as .  When there is unpleasant malodor so that the odor 

is determined to be unacceptable for use in a hygienic material 25 
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like diaper, it was evaluated as .  Particularly strong malodor 

was evaluated as . 

[0264] 

 (k) Blocking ratio after moisture absorption 

 In an aluminum cup having a bottom surface diameter of about 5 

52 mm and a height of 22 mm, 2 g of a particulate water-absorbing 

agent was evenly scattered on the bottom and quickly transferred 

to a constant-temperature and constant-humidity incubator which 

has been adjusted in advance to 25C and relative humidity of 90% 

(PLATIOOUS LUCIFER PL-2G manufactured by Tabai Espec Corp. Inc.), 10 

and it was allowed to stand for 60 minutes.  After that, the 

water-absorbing agent after moisture absorption was transferred 

to a JIS standardized sieve with diameter of 7.5 cm and opening 

size of 2000 m.  At that time, when the water-absorbing agent 

after moisture absorption is strongly fixed onto the aluminum cup 15 

so that it cannot be transferred to a sieve, the water-absorbing 

agent which absorbs moisture and is in blocking state is carefully 

peeled off so as not to disrupt it as much as possible, and then 

transferred to a sieve.  It was directly sieved for 8 seconds by 

using a vibration classifying device (IIDA SIEVE SHAKER, TYPE: 20 

ES-65, SER. No. 0501), and the weight of the water-absorbing agent 

remained on top of the sieve (Wo (g)) and the weight of the 

water-absorbing agent passed through the sieve (Wp (g)) were 

measured.  According to the following calculation formula, the 

blocking ratio after moisture absorption (% by weight) was 25 

calculated.  Smaller blocking ratio after moisture absorption 
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indicates better moisture absorption fluidity and more improved 

powder handleability. 

[0265] 

 [Mathematical 15] 

Blocking ratio after moisture absorption (% by weight) = {Weight 

Wo (g)/(Weight Wo (g) + Weight Wp (g))}  100 

[0266] 5 

 (l) SFC (Saline flow conductivity) 

 SFC (Saline flow conductivity) of the water-absorbing resin 

of the embodiment of the present invention was measured according 

to the measurement method described in the U.S. Patent No. 

5,669,894. 10 

[0267] 

 [Preparation Example 1] 

 To 5500 g (monomer concentration of 38% by weight) of an 

aqueous sodium acrylate solution with neutralization rate of 75 

mol% in which acrylic acid containing p-methoxyphenol at 70 ppm 15 

was neutralized with an aqueous solution of sodium hydroxide, 2.5 

g of polyethylene glycol diacrylate (average molecular weight of 

523) was dissolved as an internal crosslinking agent to give an 

aqueous monomer solution (1). 

[0268] 20 
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 Next, to a reactor formed by adding a cover to a stainless 

steel kneader equipped with double-arm type jacket having two 

sigma-shaped blades (internal volume of 10 L), the above aqueous 

monomer solution (1) was introduced, and nitrogen gas was blown 

into the reactor to replace the inside of the system with nitrogen 5 

while maintaining the liquid temperature at 30C. 

[0269] 

 Subsequently, while stirring the above aqueous monomer 

solution (1), 14.2 g of 20% by weight aqueous solution of sodium 

persulfate and 2.4 g of 1% by weight aqueous solution of L-ascorbic 10 

acid were added separately as a polymerization initiator.  As a 

result, after about 1 minute, the polymerization reaction was 

initiated. 

[0270] 

 The polymerization was performed while crushing the produced 15 

hydrogel forming crosslinked polymer (hereinafter referred to as 

"hydrogel") (1), and the polymerization peak temperature of 90C 

was exhibited after lapse of 15 minutes.  After 60 minutes from 

the start of the polymerization, the hydrogel (1) was extracted.  

Meanwhile, the obtained hydrogel (1) was found to be finely crushed 20 

to have particle diameter of 1 to 4 mm. 

[0271] 

 Next, the finely crushed hydrogel (1) was spread on a wire 

mesh with opening size of 300 m (50 mesh), and then dried with 

hot air at 180C for 45 minutes.  Subsequently, pulverization was 25 
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carried out by using a roll mill, and classification was performed 

with JIS standardized sieves with opening size of 850 m or 150 

m.  According to this series of operations, the water-absorbing 

resin powder (1) in amorphous and crushed form of which particle 

diameter is 150 m or more but less than 850 m was obtained.  The 5 

solids content in the water-absorbing resin powder (1) was 96% 

by weight. 

[0272] 

 Subsequently, by homogeneously mixing 100 parts by weight 

of the water-absorbing resin powder (1) with 3.52 parts by weight 10 

of a surface crosslinking agent solution containing 0.02 parts 

by weight of ethylene glycol diglycidyl ether, 0.5 parts by weight 

of propylene glycol, 2.7 parts by weight of ion exchange water, 

and 0.3 parts by weight of 1,4-butane diol and heating them for 

40 minutes at 164C, the water-absorbing resin particle (1) with 15 

crosslinked surface was obtained.  A weight average particle 

diameter (D50) of the water-absorbing resin particle (1) was 446 

m. 

[0273] 

 [Example 1] 20 

 A mixed solution containing 0.1 part by weight of diethylene 

triamine pentaacetic acid·trisodium and 1 part by weight of ion 

exchange water was added dropwise to 100 parts by weight of the 

water-absorbing resin particle (1) which was obtained in 

Preparation Example 1 followed by homogenous mixing.  After that, 25 
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as a result of keeping it for 60 minutes in a hot air dryer at 

60C, a granulate product in which several particles are aggregated 

(hereinbelow, it is referred to as a "water-absorbing resin 

granulate" for the sake of convenience) was obtained.  The weight 

average particle diameter (D50) of the water-absorbing resin 5 

granulate (1) of Example 1 was 477 m (1.07 time the weight average 

particle diameter (D50) of the water-absorbing resin particle 

(1)). 

[0274] 

 Next, 30 g of the above water-absorbing resin granulate (1) 10 

and 10 g of glass beads with diameter of 6 mm were added to a glass 

container (diameter of 6 cm, and height of 11 cm), and the 

water-absorbing resin granulate (1) was disintegrated by using 

a paint shaker (product No. 488/Toyo Seiki Seisaku-Sho, Ltd.).  

Meanwhile, the disintegration was performed by shaking the paint 15 

shaker for 30 minutes at 800 (cycle/min) (CPM).  Details of the 

paint shaker are disclosed in JP No. 9-235378 A. 

[0275] 

 After the shaking, by removing the glass beads using a JIS 

standardized sieve with opening size of 2 mm, a particulate 20 

water-absorbing agent (1) was obtained.  The weight average 

particle diameter (D50) of the particulate water-absorbing agent 

(1) was 430 m (0.90 time the weight average particle diameter 

(D50) of the water-absorbing resin granulate (1), and 0.96 time 

the weight average particle diameter (D50) of the water-absorbing 25 
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resin particle (1)).  Meanwhile, properties like moisture content 

were shown in Table 1. 

[0276] 

 Furthermore, in the above particulate water-absorbing agent 

(1), the ratio of particles with particle diameter 150 m or more 5 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 99.3% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 

deteriorated solubles in the entire particulate water-absorbing 10 

agent (1) was 27.2% by weight. 

[0277] 

 [Example 2] 

 Except that the amount of diethylene triamine pentaacetic 

acid · trisodium that was used was changed to 0.05 parts by weight, 15 

the same operations as in Example 1 (granulation using 1.05 parts 

by weight of aqueous solution of chelating agent, disintegration 

using a paint shaker, and removal of glass beads) were performed 

to obtain a particulate water-absorbing agent (2). 

[0278] 20 

 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (2) after the addition of a 

chelating agent was 480 m (1.08 time the weight average particle 

diameter (D50) of the water-absorbing resin particle (1)), and 

the weight average particle diameter (D50) of the particulate 25 
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water-absorbing agent (2) was 431 m (0.90 time the weight average 

particle diameter (D50) of the water-absorbing resin granulate 

(2), and 0.97 time the weight average particle diameter (D50) of 

the water-absorbing resin particle (1)).  Meanwhile, physical 

properties like moisture content are shown in Table 1. 5 

[0279] 

 Furthermore, in the above particulate water-absorbing agent 

(2), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 99.3% by weight.  The amount of 10 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 

deteriorated solubles in the entire particulate water-absorbing 

agent (2) was 27.5% by weight. 

[0280] 15 

 [Example 3] 

 Except that the amount of diethylene triamine pentaacetic 

acid·trisodium that was used was changed to 0.003 parts by weight, 

the same operations as in Example 1 (granulation using 1.003 parts 

by weight of aqueous solution of chelating agent, disintegration 20 

using a paint shaker, and removal of glass beads) were performed 

to obtain the particulate water-absorbing agent (3). 

[0281] 

 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (3) after the addition of a 25 
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chelating agent was 479 m (1.07 time the weight average particle 

diameter (D50) of the water-absorbing resin particle (1)), and 

the weight average particle diameter (D50) of the particulate 

water-absorbing agent (3) was 426 m (0.89 time the weight average 

particle diameter (D50) of the water-absorbing resin granulate 5 

(3), and 0.96 time the weight average particle diameter (D50) of 

the water-absorbing resin particle (1)).  Meanwhile, physical 

properties like moisture content are shown in Table 1. 

[0282] 

 Furthermore, in the above particulate water-absorbing agent 10 

(3), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 99.3% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 15 

deteriorated solubles in the entire particulate water-absorbing 

agent (3) was 30.6% by weight. 

[0283] 

 [Comparative Example 1] 

 Except that the paint shaker of Example 3 is not used, the 20 

same operations as in Example 3 (granulation using 1.003 parts 

by weight of aqueous solution of chelating agent) were performed 

to obtain a comparative particulate water-absorbing agent (1). 

[0284] 
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 The weight average particle diameter (D50) of the 

comparative water-absorbing resin granulate (1) after the 

addition of a chelating agent was 479 m (1.07 time the weight 

average particle diameter (D50) of the water-absorbing resin 

particle (1)), and the weight average particle diameter (D50) of 5 

the comparative particulate water-absorbing agent (3) was also 

479 m (1.0 time the weight average particle diameter (D50) of 

the comparative water-absorbing resin granulate (1), and 1.07 

times the weight average particle diameter (D50) of the 

water-absorbing resin particle (1)).  Meanwhile, physical 10 

properties like moisture content are shown in Table 1. 

[0285] 

 Furthermore, in the above comparative particulate 

water-absorbing agent (1), the ratio of particles with particle 

diameter 150 m or more but less than 850 m, in which the particle 15 

diameter is specified by a JIS standardized sieve, was 99.3% by 

weight.  The amount of deteriorated solubles for different 

particle sizes and particle distribution are shown in Table 1.  

Meanwhile, the amount of deteriorated solubles in the entire 

comparative particulate water-absorbing agent (1) was 30.9% by 20 

weight. 

[0286] 

 [Comparative Example 2] 

 Except that the amount of diethylene triamine pentaacetic 

acid·trisodium of Comparative Example 1 that was used was changed 25 
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to 0.002 parts by weight, the same operations as in Comparative 

Example 1 (granulation using 1.002 parts by weight of aqueous 

solution of chelating agent) were performed to obtain a 

comparative particulate water-absorbing agent (2). 

[0287] 5 

 The weight average particle diameter (D50) of the 

comparative water-absorbing resin granulate (2) after the 

addition of a chelating agent was 479 m (1.07 time the weight 

average particle diameter (D50) of the water-absorbing resin 

particle (1)), and the weight average particle diameter (D50) of 10 

the comparative particulate water-absorbing agent (2) was also 

479 m (1.0 time the weight average particle diameter (D50) of 

the comparative water-absorbing resin granulate (2), and 1.07 time 

the weight average particle diameter (D50) of the water-absorbing 

resin particle (1)).  Meanwhile, physical properties like 15 

moisture content are shown in Table 1. 

[0288] 

 Furthermore, in the above comparative particulate 

water-absorbing agent (2), the ratio of particles with particle 

diameter 150 m or more but less than 850 m, in which the particle 20 

diameter is specified by a JIS standardized sieve, was 99.3% by 

weight.  The amount of deteriorated solubles for different 

particle sizes and particle distribution are shown in Table 1.  

Meanwhile, the amount of deteriorated solubles in the entire 

comparative particulate water-absorbing agent (2) was 51.4% by 25 

weight. 
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[0289] 

 [Example 4] 

 The water-absorbing resin particle (1) obtained from 

Preparation Example 1 was classified by using a JIS standardized 

sieve with opening size of 300 m, and divided into a portion 5 

remained on the sieve (hereinbelow, described as "water-absorbing 

resin particle (1-on)") and a portion passed through the sieve 

(hereinbelow, described as "water-absorbing resin particle 

(1-pass)").  Meanwhile, the particle size distribution of the 

water-absorbing resin particle (1-on) was 300 m or more but less 10 

than 850 m and the particle size distribution of the 

water-absorbing resin particle (1-pass) was less than 300 m. 

[0290] 

 Next, to 100 parts by weight of the water-absorbing resin 

particle (1-on), a mixed solution containing 0.01 parts by weight 15 

of diethylene triamine pentaacetic acid·trisodium and 1 part by 

weight of ion exchange water was added dropwise followed by 

homogenous mixing.  To 100 parts by weight of the water-absorbing 

resin particle (1-pass), a mixed solution containing 0.025 parts 

by weight of diethylene triamine pentaacetic acid·trisodium and 20 

1 part by weight of ion exchange water was added dropwise followed 

by homogenous mixing. 

[0291] 

 Subsequently, the mixture was allowed to stand for 60 minutes 

in a hot air dryer at 60C followed by re-mixing.  According to 25 
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this series of the operations, a particulate water-absorbing agent 

(4) was obtained.  Meanwhile, physical properties like moisture 

content are shown in Table 1. 

[0292] 

 Furthermore, in the above particulate water-absorbing agent 5 

(4), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 99.3% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 10 

deteriorated solubles in the particulate water-absorbing agent 

(4) was 28.8% by weight. 

[0293] 

 [Preparation Example 2] 

 To a polypropylene container covered with foamed styrol as 15 

an insulating material (volume: 1 L), 291 g of acrylic acid, 0.63 

g of polyethylene glycol diacrylate (average molecular weight of 

523) as an internal crosslinking agent, 1.80 g of 1.0% by weight 

aqueous solution of diethylene triamine pentaacetic 

acid·trisodium, and 3.60 g of 1.0% by weight acrylic acid solution 20 

of IRGACURE (registered trademark) 184 were added to prepare a 

mixture solution (a). 

[0294] 

 Furthermore, to a separate polypropylene container covered 

with foamed styrol as an insulating material (volume: 1 L), 247 25 
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g of 48.5% by weight aqueous solution of sodium hydroxide and 255 

g of ion exchange water adjusted to 50C were added to prepared 

a mixture solution (b). 

[0295] 

 While stirring the mixture solution (a) at 800 rpm using a 5 

magnetic stirrer (length of 5 cm), the mixture solution (b) was 

quickly added and mixed to obtain an aqueous monomer solution (2).  

According to neutralization heat and dissolution heat, the aqueous 

monomer solution (2) was heated to have liquid temperature of about 

100C.  Meanwhile, the rate of neutralization of acrylic acid was 10 

73.5 mol%.  Furthermore, the amount of diethylene triamine 

pentaacetic acid·trisodium (chelating agent) was 0.005% by weight 

(50 ppm) relative to the monomer solids content. 

[0296] 

 Subsequently, by adding 1.8 g of 3% by weight aqueous solution 15 

of sodium persulfate as a polymerization initiator to the aqueous 

monomer solution (2), a reaction solution (2) was prepared. 

[0297] 

 The above reaction solution (2) was stirred for about 1 

second, and immediately injected to a stainless vat type reaction 20 

apparatus (bottom surface; 340  340 mm, height; 25 mm, inner 

surface; coated with Teflon (registered trademark)) in an open 

air system.  Furthermore, according to simultaneous irradiation 

of ultraviolet rays, the polymerization reaction was initiated 
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about 10 seconds later.  Within one minute thereafter, a peak 

temperature was shown. 

[0298] 

 When three minutes were passed after start of the 

polymerization reaction, the ultraviolet ray irradiation was 5 

terminated and the hydrogel forming crosslinked polymer 

(hereinafter referred to as "hydrogel") (2) was extracted.  

Meanwhile, the above series of the operations was performed in 

an open air system. 

[0299] 10 

 Subsequently, the hydrogel (2) was subjected to gel-crushing 

by using a meat chopper (MEAT-CHOPPER TYPE 12VR-400KSOX; die pore 

diameter: 6.4 mm, number of pores: 38, die thickness: 8 mm/ 

manufactured by Iizuka Kogyo Co., Ltd.) to obtain a finely crushed 

hydrogel (2). 15 

[0300] 

 Next, the finely crushed hydrogel (2) was spread on a wire 

mesh with opening size of 300 m (50 mesh), and then dried with 

hot air at 180C for 45 minutes.  Subsequently, pulverization was 

carried out by using a roll mill, and classification was performed 20 

with JIS standardized sieves with opening size of 850 m or 150 

m.  According to this series of operations, a water-absorbing 

resin powder (2) in amorphous and crushed form of which particle 

diameter is 150 m or more but less than 850 m was obtained.  The 
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solids content in the water-absorbing resin powder (2) was 97% 

by weight. 

[0301] 

 Subsequently, by homogeneously mixing 100 parts by weight 

of the water-absorbing resin powder (2) with 3.52 parts by weight 5 

of a surface crosslinking agent solution containing 0.02 parts 

by weight of ethylene glycol diglycidyl ether, 0.5 parts by weight 

of propylene glycol, 2.7 parts by weight of ion exchange water, 

and 0.3 parts by weight of 1,4-butane diol and heating them for 

40 minutes at 195C and classification using a JIS standardized 10 

sieve with opening size of 850 m, a surfaced crosslinked 

water-absorbing resin particle (2)  was obtained.  The 

water-absorbing resin particle (2) has a weight average particle 

diameter (D50) of 367 m. 

[0302] 15 

 Initial color and color with the lapse of time were measured 

for the water-absorbing resin particle (2) which was obtained 

according to the above operations.  The results are shown in Table 

2. 

[0303] 20 

 [Example 5] 

 Except that water-absorbing resin particle (1) (without 

chelating agent) of Example 1 was changed to the water-absorbing 

resin particle (2) (chelating agent was added at 50 ppm during 

polymerization), the same operations as in Example 1 (granulation 25 
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using 1.1 parts by weight of aqueous solution of chelating agent, 

disintegration using a paint shaker, and removal of glass beads) 

were performed to obtain a particulate water-absorbing agent (5). 

[0304] 

 The weight average particle diameter (D50) of the 5 

water-absorbing resin granulate (5) after the addition of a 

chelating agent was 376 m (1.02 times the weight average particle 

diameter (D50) of the water-absorbing resin particle (2)), and 

the weight average particle diameter (D50) of the particulate 

water-absorbing agent (5) was 347 m (0.92 time the weight average 10 

particle diameter (D50) of the water-absorbing resin granulate 

(5), and 0.95 time the weight average particle diameter (D50) of 

the water-absorbing resin particle (2)).  Meanwhile, physical 

properties like moisture content are shown in Table 1. 

[0305] 15 

 Furthermore, in the above particulate water-absorbing agent 

(5), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 97.8% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 20 

distribution are shown in Table 1.  Meanwhile, the amount of 

deteriorated solubles in the entire particulate water-absorbing 

agent (5) was 21.3% by weight.  Furthermore, initial color and 

color with the lapse of time were measured for particulate 

water-absorbing agent (5).  The results are shown in Table 2. 25 
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[0306] 

 [Example 6] 

 Except for having an additional operation in which 1.5 parts 

by weight of 10% by weight aqueous solution of hydrogen sulfite 

was added dropwise as an inorganic reducing agent to 100 parts 5 

by weight of the water-absorbing resin granulate (5) after 

addition of a chelating agent followed by homogeneous mixing, the 

same operations as in Example 5 (disintegration using a paint 

shaker, and removal of glass beads) were performed to obtain a 

particulate water-absorbing agent (6). 10 

[0307] 

 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (6) after the addition of a 

chelating agent and an inorganic reducing agent was 380 m (1.04 

times the weight average particle diameter (D50) of the 15 

water-absorbing resin particle (2)), and the weight average 

particle diameter (D50) of the particulate water-absorbing agent 

(6) was 345 m (0.91 time the weight average particle diameter 

(D50) of the water-absorbing resin granulate (6), and 0.94 time 

the weight average particle diameter (D50) of the water-absorbing 20 

resin particle (2)).  Meanwhile, physical properties like 

moisture content are shown in Table 1. 

[0308] 

 Furthermore, in the above particulate water-absorbing agent 

(6), the ratio of particles with particle diameter 150 m or more 25 
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but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 97.8% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are described in Table 1.  Meanwhile, the amount of 

deteriorated solubles in the entire particulate water-absorbing 5 

agent (6) was 21.0% by weight.  Furthermore, initial color and 

color with the lapse of time were measured for particulate 

water-absorbing agent (6).  The results are shown in Table 2. 

[0309] 

 Meanwhile, the reducing agent content for different particle 10 

sizes (B1/B2 = 2.02) was also within a preferred range.  Herein, 

amongst the particles constituting the particulate absorbing 

agent (6), B1 indicates a reducing agent content (ppm) which is 

present in particles with a particle diameter of less than 300 

m, in which the particle diameter is specified by a JIS 15 

standardized sieve, and B2 indicates a reducing agent content 

(ppm) which is present in particles with a particle diameter of 

300 m or more but less than 850 m, in which the particle diameter 

is specified by a JIS standardized sieve.  The reducing agent 

content was measured by, after extracting it from a particulate 20 

water-absorbing agent with physiological saline, HPLC by using 

the method described in Chem. Pharm. Bull. Vol. 29, P. 3755-3757 

(1987). 

[0310] 

 [Example 7] 25 
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 By dry mixing of 0.3 part by weight of silicon dioxide 

(Aerosil 200; Aerosil Japan) as water insoluble inorganic fine 

particles with 100 parts by weight of the particulate 

water-absorbing agent (5) obtained from Example 5, a particulate 

water-absorbing agent (7) was obtained. 5 

[0311] 

 The weight average particle diameter (D50) of the 

particulate water-absorbing agent (7) was 346 m (0.92 time the 

weight average particle diameter (D50) of the water-absorbing 

resin granulate (5), and 0.94 time the weight average particle 10 

diameter (D50) of the water-absorbing resin particle (2)).  

Meanwhile, physical properties like moisture content are shown 

in Table 1. 

[0312] 

 Furthermore, in the above particulate water-absorbing agent 15 

(7), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 97.8% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 20 

deteriorated solubles in the entire particulate water-absorbing 

agent (7) was 21.3% by weight.  Furthermore, the particulate 

water-absorbing agent (7) was confirmed to have an improveed 

blocking ratio after moisture absorption (Example 5; 100% by 

weight  Example 7; 0% by weight). 25 
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[0313] 

 Meanwhile, the silicon dioxide content for different 

particle sizes was 2.01 (= B1/B2) for the particulate 

water-absorbing agent (7).  The silicon dioxide content was 

measured by, after extracting it from a particulate 5 

water-absorbing agent, molybdenum blue spectrophotometric 

method. 

[0314] 

 [Example 8] 

 Except for having, in Example 5, an additional operation in 10 

which 1.0 part by weight of 15% by weight aqueous solution of 

camellia leaf extract (FS-89MO manufactured by SHIRAIMATSU 

PHARMACEUTICAL Co., LTD) was added dropwise as a water soluble 

deodorizing agent to 100 parts by weight of the water-absorbing 

resin granulate (5) after addition of a chelating agent followed 15 

by homogeneous mixing, the same operations as in Example 5 

(disintegration using a paint shaker, and removal of glass beads) 

were performed to obtain a particulate water-absorbing agent (8). 

[0315] 

 The weight average particle diameter (D50) of the 20 

water-absorbing resin granulate (8) after the addition of a 

chelating agent and a water insoluble deodorizing agent was 379 

m (1.03 times the weight average particle diameter (D50) of the 

water-absorbing resin particle (2)), and the weight average 

particle diameter (D50) of the particulate water-absorbing agent 25 
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(8) was 345 m (0.91 time the weight average particle diameter 

(D50) of the water-absorbing resin granulate (8), and 0.94 time 

the weight average particle diameter (D50) of the water-absorbing 

resin particle (2)).  Meanwhile, physical properties like 

moisture content are shown in Table 1. 5 

[0316] 

 Furthermore, in the above particulate water-absorbing agent 

(8), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 97.8% by weight.  The amount of 10 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 

deteriorated solubles in the entire particulate water-absorbing 

agent (8) was 20.9% by weight. 

[0317] 15 

 Furthermore, improved deodorizing property was confirmed 

for the particulate water-absorbing agent (8).  Namely, the result 

of the malodor test was "" in Example 5, but it was improved in 

Example 8 showing "." 

[0318] 20 

 [Example 9] 

 Except having, in Example 5, an additional operation in which 

1.2 parts by weight of aluminum sulfate mixed solution containing 

1.0 part by weight of 27% by weight aqueous solution of aluminum 

sulfate, 0.3 part by weight of 60% by weight aqueous solution of 25 



118 

 

sodium lactate and 0.025 part by weight of polypropylene glycol 

was added dropwise to 100 parts by weight of the water-absorbing 

resin granulate (5) after addition of a chelating agent followed 

by homogeneous mixing, the same operations as in Example 5 

(disintegration using a paint shaker, and removal of glass beads) 5 

were performed to obtain a particulate water-absorbing agent (9). 

[0319] 

 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (9) after the addition of a 

chelating agent and a polyvalent metal salt was 380 m (1.04 times 10 

the weight average particle diameter (D50) of the aqueous resin 

particle (2)), and the weight average particle diameter (D50) of 

the particulate water-absorbing agent (9) was 345 m (0.91 time 

the weight average particle diameter (D50) of the water-absorbing 

resin granulate (9), and 0.94 time the weight average particle 15 

diameter (D50) of the water-absorbing resin particle (2)).  

Meanwhile, physical properties like moisture content are shown 

in Table 1. 

[0320] 

 Furthermore, in the above particulate water-absorbing agent 20 

(9), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 97.8% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 25 
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deteriorated solubles in the entire particulate water-absorbing 

agent (9) was 18.9% by weight. 

[0321] 

 Furthermore, the aluminum content for different particle 

sizes was 2.03 (= B1/B2) for the particulate water-absorbing agent 5 

(9), and an improved SFC (Example 5; 0  Example 9; 10) and an 

improved blocking ratio after moisture absorption (Example 5; 100% 

by weight  Example 9; 0% by weight) were confirmed.  Meanwhile, 

the aluminum content was measured based on "(G) Extraction rate 

of polyvalent metal components (% by weight), method for 10 

quantifying polyvalent metal components contained in 

water-absorbing resin" which is disclosed in the U.S. 7,960,269. 

[0322] 

 [Example 10] 

 To 100 parts by weight of the water-absorbing resin particle 15 

(2) obtained from Preparation Example 2, a mixed solution 

containing 0.1 part by weight of diethylene triamine pentaacetic 

acid·trisodium, 0.05 part by weight of propylene glycol, and 1.5 

parts by weight of ion exchange water was added dropwise followed 

by homogenous mixing.  Next, the same operations as in Example 20 

1 (granulation using 1.1 parts by weight aqueous solution of 

chelating agent, disintegration using a paint shaker, and removal 

of glass beads) were performed to obtain a water-absorbing resin 

granulate (10) and a particulate water-absorbing agent (10). 

[0323] 25 
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 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (10) after the addition of a 

chelating agent and polyol was 376 m (1.02 times the weight average 

particle diameter (D50) of the aqueous resin particle (2)), and 

the weight average particle diameter (D50) of the particulate 5 

water-absorbing agent (10) was 347 m (0.92 time the weight average 

particle diameter (D50) of the water-absorbing resin granulate 

(8), and 0.95 time the weight average particle diameter (D50) of 

the water-absorbing resin agent (2)).  Meanwhile, physical 

properties like moisture content are shown in Table 1. 10 

[0324] 

 Furthermore, in the above particulate water-absorbing agent 

(10), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 97.8% by weight.  The amount of 15 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 

deteriorated solubles in the entire particulate water-absorbing 

agent (10) was 19.3% by weight. 

[0325] 20 

 [Example 11] 

 To 100 parts by weight of the water-absorbing resin particle 

(2) obtained from Preparation Example 2, a mixed solution 

containing 0.1 part by weight of triethylene tetraamine hexaacetic 

acid and 1 part by weight of 1 N aqueous solution of sodium hydroxide 25 
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was added dropwise followed by homogenous mixing.  Next, the same 

operations as in Example 1 (granulation using 1.1 parts by weight 

aqueous solution of chelating agent, disintegration using a paint 

shaker, and removal of glass beads) were performed to obtain a 

water-absorbing resin granulate (11) and a particulate 5 

water-absorbing agent (11). 

[0326] 

 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (11) after the addition of a 

chelating agent was 380 m (1.04 times the weight average particle 10 

diameter (D50) of the aqueous resin particle (2)), and the weight 

average particle diameter (D50) of the particulate 

water-absorbing agent (11) was 345 m (0.91 time the weight average 

particle diameter (D50) of the water-absorbing resin granulate 

(11), and 0.94 time the weight average particle diameter (D50) 15 

of the water-absorbing resin particle (2)).  Meanwhile, physical 

properties like moisture content are shown in Table 1. 

[0327] 

 Furthermore, in the above particulate water-absorbing agent 

(11), the ratio of particles with particle diameter 150 m or more 20 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 97.8% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 

deteriorated solubles in the entire particulate water-absorbing 25 

agent (11) was 17.8% by weight. 
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[0328] 

 [Preparation Example 3] 

 Except that the amount of ethylene glycol diglycidyl ether 

that was used was changed to 0.024 parts by weight relative to 

100 parts by weight of the water-absorbing resin powder (2) and 5 

also the heating treatment was performed for 40 minutes at 176C, 

the same operations as in Preparation Example 2 were performed 

to obtain a particulate water-absorbing agent (3).  The weight 

average particle diameter (D50) of the water-absorbing resin 

particle (3) was 355 m. 10 

[0329] 

 [Example 12] 

 Except that the water-absorbing resin particle (1) of 

Example 1 was changed to the water-absorbing resin particle (3), 

the same operations as in Example 1 (granulation using 1.1 parts 15 

by weight aqueous solution of chelating agent, disintegration 

using a paint shaker, and removal of glass beads) were performed 

to obtain a water-absorbing resin granulate (12).  By dry mixing 

of 0.3 part by weight of silicon dioxide (Aerosil 200; Aerosil 

Japan) as water insoluble inorganic fine particles with 100 parts 20 

by weight of the obtained particulate water absorbent granulate 

(12), a particulate water-absorbing agent (12) was obtained. 

[0330] 

 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (12) after the addition of a 25 
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chelating agent was 370 m (1.04 times the weight average particle 

diameter (D50) of the aqueous resin particle (3)), and the weight 

average particle diameter (D50) of the particulate 

water-absorbing agent (12) was 340 m (0.92 time the weight average 

particle diameter (D50) of the water-absorbing resin granulate 5 

(12), and 0.96 time the weight average particle diameter (D50) 

of the water-absorbing resin particle (3)).  Meanwhile, physical 

properties like moisture content are shown in Table 1. 

[0331] 

 Furthermore, in the above particulate water-absorbing agent 10 

(12), the ratio of particles with particle diameter 150 m or more 

but less than 850 m, in which the particle diameter is specified 

by a JIS standardized sieve, was 98.5% by weight.  The amount of 

deteriorated solubles for different particle sizes and particle 

distribution are shown in Table 1.  Meanwhile, the amount of 15 

deteriorated solubles in the entire particulate water-absorbing 

agent (12) was 22.1% by weight.  Furthermore, the particulate 

water-absorbing agent (12) was confirmed to have an improved 

blocking ratio after moisture absorption (Example 1; 100% by 

weight  Example 12; 0% by weight). 20 

[0332] 

 [Preparation Example 4] 

 In Preparation Example 2, except for homogeneously mixing 

100 parts by weight of the water-absorbing resin powder (2) with 

a surface crosslinking agent solution containing 0.024 part by 25 
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weight of ethylene glycol diglycidyl ether, 0.52 part by weight 

of propylene glycol, 2.1 parts by weight of ion exchange water, 

and 0.31 part by weight of ethylene carbonate and heating the 

mixture for 40 minutes at 176C, a water-absorbing resin particle 

(4) was obtained according to the same operations as in Preparation 5 

Example 2.  The water-absorbing resin particle (4) has a weight 

average particle diameter (D50) of 356 m. 

[0333] 

 [Example 13] 

 Except that the water-absorbing resin particle (1) of 10 

Example 1 was changed to the water-absorbing resin particle (4), 

the same operations as in Example 1 (granulation using 1.1 parts 

by weight aqueous solution of chelating agent, disintegration 

using a paint shaker, and removal of glass beads) were performed 

to obtain a water-absorbing resin granulate (13).  By dry mixing 15 

of 0.3 part by weight of silicon dioxide (Aerosil 200; Aerosil 

Japan) as water insoluble inorganic fine particles with 100 parts 

by weight of the obtained particulate water absorbent granulate 

(13), a particulate water-absorbing agent (13) was obtained. 

[0334] 20 

 The weight average particle diameter (D50) of the 

water-absorbing resin granulate (13) after the addition of a 

chelating agent was 374 m (1.05 times the weight average particle 

diameter (D50) of the aqueous resin particle (4)), and the weight 

average particle diameter (D50) of the particulate 25 
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water-absorbing agent (13) was 340 m (0.91 time the weight average 

particle diameter (D50) of the water-absorbing resin granulate 

(13), and 0.96 time the weight average particle diameter (D50) 

of the water-absorbing resin particle (4)).  Meanwhile, physical 

properties like moisture content are shown in Table 1. 5 

[0335] 

 Furthermore, in the above particulate water-absorbing 

agent, the ratio of particles with particle diameter 150 m or 

more but less than 850 m, in which the particle diameter is 

specified by a JIS standardized sieve, was 98.5% by weight.  The 10 

amount of deteriorated solubles for different particle sizes and 

particle distribution are shown in Table 1.  Meanwhile, the amount 

of deteriorated solubles in the entire particulate 

water-absorbing agent (13) was 23.9% by weight.  Furthermore, the 

particulate water-absorbing agent (13) was confirmed to have an 15 

improved blocking ratio after moisture absorption (Example 1; 100% 

by weight  Example 13; 0% by weight). 

[0336] 

 [Example 14] 

 Except that the chelating agent is changed to 0.1 parts by 20 

weight of ethylene diamine tetra(methylenephosphonic acid) 

(EDTMP)·pentasodium, the same operations as in Example 1 

(disintegration using a paint shaker, and removal of glass beads) 

were performed to obtain a particulate water-absorbing agent (14). 

[0337] 25 
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 Physical properties of the obtained particulate 

water-absorbing agent (14) were as follows.  CRC; 45 (g/g), AAP; 

27 (g/g), moisture content; 5.5% by weight, C1/C2; 2.73, an 

increased amount of deteriorated solubles; particles that are less 

than 300 m: 11.1% by weight, particles that are 300 m or more 5 

but less than 850 m: 14.2% by weight. 

 [Comparative Example 3] 

 The water-absorbing resin particle (2) obtained from 

Preparation Example 2 (chelating agent is added at 0.005% by mass 

during polymerization (relative to monomer solids content)) was 10 

used as the comparative particulate water-absorbing agent (3). 

[0338] 

 Physical properties of the obtained comparative particulate 

water-absorbing agent (3) are as follows.  CRC; 39 (g/g), AAP; 

29 (g/g), moisture content; 2.9% by weight, C1/C2; 1.05, an 15 

increased amount of deteriorated solubles; particles that are less 

than 300 m: 17.2% by weight, particles that are 300 m or more 

but less than 850 m: 15.0% by weight. 

[0339] 

 20 
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 [Table 1] 
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[0340] 

 (Summary) 

 As shown in the above Table 1, by adjusting the chelating 

agent content depending on different particle sizes, a variation 

in gel stability can be suppressed and also high water absorption 5 

performance can be obtained. 

[0341] 

 Namely, as shown in Comparative Example 1, when the chelating 

agent amount (C1) contained in particles with the particle 

diameter of less than 300 m and the chelating agent amount (C2) 10 

contained in particles with the particle diameter of 300 m or 

more but less than 850 m are similar to each other (C1/C2 is about 

1), the increased amount of deteriorated solubles in the particles 

with the particle diameter of 300 m or more but less than 850 

m can be suppressed but the increased amount of deteriorated 15 

solubles in the particles with the particle diameter of less than 

300 m cannot be sufficiently suppressed. 

[0342] 

 Furthermore, in Comparative Example 1, a difference between 

the amount of deteriorated solubles in the particles with the 20 

particle diameter of less than 300 m and the amount of deteriorated 

solubles in the particles with the particle diameter of 300 m 

or more but less than 850 m was high (5.8% by weight = 36.0 - 

30.2).  Thus, for example, due to a variation in particle size 
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of the particulate water-absorbing agent, the amount of 

deteriorated solubles is varied greatly. 

[0343] 

 Meanwhile, it was found that, when the ratio of the above 

C1 and C2 (C1/C2) is controlled to satisfy Formula (1) (Examples 5 

1 to 5), there was no influence of the particle diameter and thus 

excellent gel stability is exhibited. 

[0344] 

 [Mathematical 16] 

 1.2 < C1/C2 < 4.0 … (1) 

[0345] 10 

 Namely, in Example 3, a difference between the amount of 

deteriorated solubles in the particles with the particle diameter 

of less than 300 m and the amount of deteriorated solubles in 

the particles with the particle diameter of 300 m or more but 

less than 850 m was small (1.3% by weight = 30.8 - 29.5) even 15 

when the chelating agent amount was the same as that in Comparative 

Example 1 (chelating agent: 0.003 part by weight), and thus a 

variation in the amount of deteriorated solubles in the 

particulate water-absorbing agent was small.  It was also found 

that the amount of deteriorated solubles in the entire 20 

water-absorbing agent was improved in Example 3 as compared to 

Comparative Example 1 (Example 3; 30.6% by weight, Comparative 

Example 1; 30.9% by weight). 



132 

 

[0346] 

 When Examples 1 to 3 and 5 to 13 are compared to Comparative 

Examples 1 and 2, it was found that, according to disintegration 

of the water-absorbing resin granulate, which has been in 

granulate form due to aggregation of particles, with a paint 5 

shaker, a water-absorbing agent having good water absorption 

performance including high gel stability and little variation in 

gel stability amongst different particle sizes can be obtained 

more efficiently. 

[0347] 10 

 Furthermore, when Comparative Example 1 (0.003 parts by 

weight of chelating agent) is compared to Comparative Example 2 

(0.002 parts by weight of chelating agent), and Example 1 (0.1 

parts by weight of chelating agent), Example 2 (0.05 parts by weight 

of chelating agent), and Example 3 (0.003 parts by weight of 15 

chelating agent) are compared to one another, it was found that, 

as the chelating agent amount is increased to a predetermined 

amount or more, not only the amount of deteriorated solubles but 

also a difference between the amount of deteriorated solubles in 

the particles with the particle diameter of less than 300 m and 20 

the amount of deteriorated solubles in the particles with the 

particle diameter of 300 m or more but less than 850 m decreases. 

[0348] 

[Table 2] 

  25 
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Chelating 

agent content 

Reducing 

agent 

content 

Initial color 
Color with the 

lapse of time 

[wt%] [wt%] L a b L a b 

Water-absorbing 

resin particle (2) 
0 0 90.09 -0.02 6.76 68.80 4.09 14.52 

Particulate 

water-absorbing 

agent (5) 

0.1 0 90.04 -0.06 6.74 73.68 3.20 12.75 

Particulate 

water-absorbing 

agent (6) 

0.1 0.15 90.39 -0.42 6.52 82.89 0.99 8.61 

[0349] 

 (Summary) 

 With the particulate water-absorbing agent (6), coloration 

was improved compared to Preparation Example 2 (without any 

additives) or the particulate water-absorbing agent (5) (only with 5 

chelating agent). 

 

Industrial Applicability 

[0350] 

 The particulate water-absorbing agent of the present 10 

invention is preferably applied to a use in which a dehydrating 

property and a water-retaining property are required, that is, 

a water-absorbing agent of a hygienic material like disposable 

diaper and sanitary napkin, a water-retaining agent for medical 

use, a water-retaining agent for agricultural and horticultural 15 

use, and other various industrial dehydrating agents or the like. 



134 

 

CLAIMS 

 

1. A particulate water-absorbing agent comprising a 

water-absorbing resin as a main component and a chelating agent,  

 wherein a ratio of particles with a particle diameter of 150 5 

m or more but less than 850 m, as specified by a Japanese 

Industrial Standard (JIS) standardized sieve, is 90% by weight 

or more, 

 wherein the water-absorbing agent contains particles with 

a particle diameter of less than 300 m and particles with a 10 

particle diameter of 300 m or more but less than 850 m, as 

specified by a Japanese Industrial Standard (JIS) standardized 

sieve, in the weight ratio of 70:30 to 10:90, 

 wherein an amount of the chelating agent included is 0.02 

to 1 part by weight per 100 parts by weight of a water-absorbing 15 

resin in solid and satisfies Formula (1): 

 [Mathematical 1] 

  1.2 < C1/C2< 4.0 … (1) 

 where, in the Formula (1), C1 indicates an amount (ppm) of 

the chelating agent present in the particles of a particle diameter 

of less than 300 m, as specified by a JIS standardized sieve, 20 

amongst particle components for the particulate water-absorbing 

agent, and C2 indicates an amount (ppm) of the chelating agent 

present in the particles of a particle diameter of 300 m or more 
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but less than 850 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent. 

 

2. The particulate water-absorbing agent according to claim 1, 5 

wherein the amount of the chelating agent included is 0.03 to 0.9 

part by weight per 100 parts by weight of the water-absorbing resin 

in solid. 

 

3. The particulate water-absorbing agent according to claim 1 10 

or 2, wherein: 

 1) an increased amount of deteriorated solubles having a 

particle diameter of less than 300 m, as specified by a JIS 

standardized sieve, is 0 to 15% by weight, and 

 2) an increased amount of deteriorated solubles having a 15 

particle diameter of 300 m or more but less than 850 m, as 

specified by a JIS standardized sieve, is 0 to 20% by weight, 

 wherein the increased amount of deteriorated solubles is a 

value defined by the Formula (2): 

 [Mathematical 2] 20 

Increased amount of deteriorated solubles (% by weight) = (Amount 

of 1 hour-solubles in deterioration test solution) - (Amount of 

1 hour-solubles in physiological saline) … (2) 
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 where, in the Formula 2, the deterioration test solution 

means physiological saline to which 0.1% by weight of L-ascorbic 

acid is added. 

 

4. The particulate water-absorbing agent according to any one 5 

of claims 1 to 3, wherein: (the amount of deteriorated solubles 

of particles with the particle diameter of less than 300 m) - 

(the amount of deteriorated solubles of particles with the 

particle diameter of 300 m or more but less than 850 m)) is 5% 

by weight or less. 10 

 

5. The particulate water-absorbing agent according to any one 

of claims 1 to 4, wherein an amount of solubles is 5 to 30% by 

weight. 

 15 

6. The particulate water-absorbing agent according to any one 

of claims 1 to 5, wherein a coloration over the time (a value of 

L, exposed for 7 days under an atmosphere at a temperature of 70 

 1C and relative humidity of 65  1 RH %) is 80 or more. 

 20 

7. The particulate water-absorbing agent according to any one 

of claims 1 to 6, wherein the chelating agent is at least one 

compound selected from the group consisting of: amino polyvalent 

carboxylic acid, organic polyvalent phosphoric acid, inorganic 
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polyvalent phosphoric acid, amino polyvalent phosphoric acid and 

a tropolone derivative. 

 

8.  The particulate water-absorbing agent according to any one 

of claims 1 to 7, wherein the chelating agent is diethylene triamine 5 

pentaacetic acid, triethylene tetraamine hexaacetic acid and 

those salts.  

 

9. The particulate water-absorbing agent according to any one 

of claims 1 to 8 further comprising an inorganic reducing agent. 10 

 

10. The particulate water-absorbing agent according to claim 9, 

wherein the inorganic reducing agent contains a reductive sulfur 

atom. 

 15 

11. The particulate water-absorbing agent according to any one 

of claims 1 to  10 further comprising water-insoluble inorganic 

fine particles. 

 

12. The particulate water-absorbing agent according to any one 20 

of claims 1 to 11 further comprising a water-soluble deodorizing 

agent. 
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13. The particulate water-absorbing agent according to any one 

of claims 1 to 12 further comprising a polyvalent metal salt and/or 

a cationic polymer. 

 

14. The particulate water-absorbing agent according to any one 5 

of claims 1 to 13 further comprising polyol. 

 

15. The particulate water-absorbing agent according to any one 

of claims 1 to 14 further comprising an iron ion, wherein an amount 

of the iron ion is 0.001 to 2 ppm. 10 

 

16. The particulate water-absorbing agent according to any one 

of claims 1 to 15, wherein the particulate water-absorbing agent 

has: fluid retention capacity without pressure (CRC) including 

moisture content correction to be 30 (g/g) or more against 15 

physiological saline, and fluid retention capacity under pressure 

at a pressure of 2.06 kPa (AAP) including moisture content 

correction to be 20 (g/g) or more against physiological saline. 

 

17. The particulate water-absorbing agent according to any one 20 

of claims 1 to 16, wherein a moisture content obtained from an 

amount lost from drying at 180C for 3 hours is 0.5 to 15% by weight. 
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18. A method for producing a particulate water-absorbing agent 

comprising a water-absorbing resin as a main component and a 

chelating agent, wherein a ratio of particles with a particle 

diameter of 150 m or more but less than 850 m, as specified by 

a Japanese Industrial Standard (JIS) standardized sieve, is 90% 5 

by weight or more, 

 wherein the water-absorbing agent contains particles with 

a particle diameter of less than 300 m and particles with a 

particle diameter of 300 m or more but less than 850 m, as 

specified by a Japanese Industrial Standard (JIS) standardized 10 

sieve, in the weight ratio of 70:30 to 10:90, 

 wherein an amount of the chelating agent included is 0.02 

to 1 part by weight per 100 parts by weight of a water-absorbing 

resin in solid,  

 wherein the method comprises 15 

 (a) steps of: classifying a surface-crosslinked 

water-absorbing resin into a plurality of different particle 

sizes; adding the chelating agent as per the plurality of the 

different particle sizes; and re-mixing a plurality of the 

water-absorbing resins, to which said chelating agent was added, 20 

to obtain a particulate water-absorbing agent or 

 (b) steps of: adding the chelating agent to a 

surface-crosslinked water-absorbing resin to obtain 

water-absorbing resin granules, of which weight average particle 

diameter (D50) is increased; and crushing the water-absorbing 25 
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resin granules and reducing the weight average particle diameter 

(D50) by 5% or more to obtain a particulate water-absorbing agent, 

and wherein the amount of the chelating agent included satisfies 

the Formula (1): 

 [Mathematical 3] 5 

 1.2 < C1/C2 < 4.0 … (1) 

 where, in the Formula (1), C1 indicates an amount (ppm) of 

the chelating agent present in the particles of a particle diameter 

of less than 300 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent, and C2 indicates an amount (ppm) of the chelating agent 10 

present in the particles of a particle diameter of 300 m or more 

but less than 850 m, as specified by a JIS standardized sieve, 

amongst particle components for the particulate water-absorbing 

agent. 

 15 

19. The method according to claim 18, wherein in the (b), the 

chelating agent is added during plural steps. 

 

20.  The method according to claim 18 or 19, wherein the chelating 

agent is added to a monomer or a hydrogel forming crosslinked 20 

polymer and added to water-absorbing resin after drying. 
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21. The method according to claim 20, wherein the chelating agent 

is added to the monomer or hydrogel forming crosslinked polymer 

in an amount of 0 to 50% by mol relative to the whole amount added 

of the chelating agent. 

 5 

22. The method according to any one of claims 18 to 21, wherein 

the chelating agent in a state of being dissolved and/or dispersed 

into a mixed solvent containing water and a hydrophilic organic 

solvent is added to the water-absorbing resin particles. 

 10 

23. The method according to claim 22, wherein the hydrophilic 

organic solvent is polyol. 

 

24. The method according to any one of claims 18 to 23, wherein 

the chelating agent is at least one compound selected from the 15 

group consisting of: amino polyvalent carboxylic acid, organic 

polyvalent phosphoric acid, inorganic polyvalent phosphoric acid, 

amino polyvalent phosphoric acid and a tropolone derivative. 

 

25. The method according to any one of claims 18 to 24, wherein 20 

the chelating agent is diethylene triamine pentaacetic acid, 

triethylene tetraamine hexaacetic acid and those salts. 
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26. An absorbent article comprising the particulate 

water-absorbing agent as set forth in any one of claims 1 to 17. 
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ABSTRACT 

PARTICULATE WATER-ABSORBING AGENT CONTAINING WATER-ABSORBING 

RESIN AS MAIN COMPONENT AND METHOD FOR PRODUCING THE SAME 

[Objective] Provides is a water-absorbing agent which exhibits 

high gel stability, little variation in gel stability amongst 5 

different particle sizes and good water absorption 

characteristics. 

[Solving Means] Disclosed is a particulate water-absorbing agent 

comprising a water-absorbing resin as a main component and a 

chelating agent, the water-absorbing resin having particles with 10 

a particle diameter of less than 300 m and particles with a 

particle diameter of 300 m or more but less than 850 m, as 

specified by a JIS standardized sieve, wherein an amount of the 

chelating agent is 0.001 to 5 parts by weight per 100 parts by 

weight of a solids content of the water-absorbing resin and 15 

satisfies Formula (1): 

 1.2 < C1/C2 < 4.0 … (1) 

 


