
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

47
1 

84
8

B
2

TEPZZ 47_848B T
(11) EP 2 471 848 B2

(12) NEW EUROPEAN PATENT SPECIFICATION
After opposition procedure

(45) Date of publication and mention 
of the opposition decision: 
29.11.2017 Bulletin 2017/48

(45) Mention of the grant of the patent: 
06.08.2014 Bulletin 2014/32

(21) Application number: 10812059.3

(22) Date of filing: 30.08.2010

(51) Int Cl.:
C08J 3/24 (2006.01) C08J 3/12 (2006.01)

A61L 15/00 (2006.01)

(86) International application number: 
PCT/JP2010/064746

(87) International publication number: 
WO 2011/025013 (03.03.2011 Gazette 2011/09)

(54) PROCESS FOR PRODUCTION OF WATER-ABSORBABLE RESIN

HERSTELLUNGSVERFAHREN FÜR WASSERABSORBIERENDE HARZE

PROCEDE DE FABRICATION D’UNE RESINE CAPABLE D’ABSORBER L’EAU

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO SE SI SK SM TR

(30) Priority: 28.08.2009 JP 2009197962
28.08.2009 JP 2009197963

(43) Date of publication of application: 
04.07.2012 Bulletin 2012/27

(73) Proprietor: Nippon Shokubai Co., Ltd.
Osaka-shi, Osaka 541-0043 (JP)

(72) Inventors:  
• MATSUMOTO, Koji

Himeji-shi
Hyogo 671-1282 (JP)

• NOGI, Kozo
Himeji-shi
Hyogo 671-1282 (JP)

• FUJINO, Shinichi
Himeji-shi
Hyogo 671-1282 (JP)

• DAIROKU, Yorimichi
Setouchi-shi
Okayama 701-4302 (JP)

• ISHIZAKI, Kunihiko
Himeji-shi
Hyogo 671-1282 (JP)

(74) Representative: Mai Dörr Besier 
European Patent Attorneys
European Trademark Attorneys 
Patentanwälte 
Kreuzberger Ring 64
65205 Wiesbaden (DE)

(56) References cited:  
WO-A1-2005/103119 WO-A1-2009/028568
JP-A- 7 270 070 JP-A- 2000 136 203
JP-A- 2004 339 502 JP-A- 2008 007 576
US-A- 4 094 399 US-A1- 2008 214 749

• BUCHHOLZ F.L. ET AL: ’Modern Superabsorbent 
Polymer Technology’, 1998, WILEY-VCH pages 
24-25 - 86-93



EP 2 471 848 B2

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a production method for a water-absorbent resin. In more detail, the present
invention relates to improvement of a drying step of hydrogel for efficiently producing the water-absorbent resin having
excellent property.

BACKGROUND ART

[0002] The water-absorbent resin (Super Absorbent Polymer; SAP) is a water-swelling and water-insoluble polymer
gelling agent, and is widely used mainly in disposable use as absorbent articles such as disposable diapers, sanitary
napkins and the like; water-retention agent for agriculture and gardening; water-stops for industrial use; and the like. As
a raw material of such a water-absorbent resin, many monomers or hydrophilic polymers have been proposed. In
particular, a polyacrylic acid (salt)-type water-absorbent resin using acrylic acid and/or a salt thereof (hereafter may be
referred to also as "acrylic acid (salt)") as a monomer, is produced most industrially in view of high water absorbing
performance thereof.
[0003] The water-absorbent resin is generally produced by finely granulating hydrogel, obtained by polymerization of
a monomer in an aqueous solution (a hydrogel-like polymer), during polymerization or after polymerization, as needed,
and drying it.
[0004] As a drying method for hydrogel, there has been known a method for using a belt-type drying machine (PATENT
LITERATURES 1 to 5), a method for performing thin film drying using a drum dryer or the like (PATENT LITERATURE
6), a method for performing azeotropic dehydration in an organic solvent (PATENT LITERATURE 7), a method for drying
using a fluidized bed (PATENT LITERATURE 8), a method for performing oscillating fluidized drying (PATENT LITER-
ATURE 9), a method for stirring drying using a rotor (PATENT LITERATURE 10), or the like.
[0005] In addition, as drying condition of hydrogel, there has been proposed a method for controlling dew point or
temperature to enhance property (for example, reduction of a residual monomer, enhancement of absorbency, reduction
of a water-soluble component) (PATENT LITERATURES 11 and 12), a method for performing stirring drying by coarse
pulverization in the middle of drying (PATENT LITERATURE 13), or the like.
[0006] Further, there may be the case where a undried substance (undried gel) generates in a drying step of hydrogel,
and because presence of such a undried substance provides excessive load to a pulverization machine during a pul-
verization step after the drying step, it has also been known a method for removing said undried substance (PATENT
LITERATURES 14 to 16). In addition, there has been known a method for specifying fluidity of hydrogel not to produce
the undried substance (PATENT LITERATURE 17), a method for using a leveling apparatus of hydrogel in the drying
machine (PATENT LITERATURES 18 and 19), a drying method using a constant supplying apparatus for supplying the
specific amount of hydrogel to the drying machine (PATENT LITERATURE 20), a method for using infra-red ray or the
like in combination, in addition to hot air in drying (PATENT LITERATURE 21), or the like. In addition to these, a method
for adding additives such as a surfactant, inorganic fine particles to hydrogel, to enhance drying efficiency (PATENT
LITERATURES 22 to 26) has also been known. In addition, a drying method suitable for hydrogel having low neutralization
rate (PATENT LITERATURE 27) has also been proposed. In addition, in crushing hydrogel with a solid content of 50 to
70% by weight, using a screw extruder, technique for drying after crushing by supplying 0.1 to 30 parts by weight of
water, relative to 100 parts by weight of said hydrogel, preferably drying using the through-flow belt (PATENT LITERA-
TURE 28) has also been proposed.

PRIOR ART LITERATURE

PATENT LITERATURE

[0007]

PATENT LITERATURE 1: US-A-2008/214749 specification
PATENT LITERATURE 2: WO 2008/087114 pamphlet
PATENT LITERATURE 3: WO 2008/037676 pamphlet
PATENT LITERATURE 4: JP-A-1996(8)-073518
PATENT LITERATURE 5: JP-A-1995(7)-270070
PATENT LITERATURE 6: JP-A-1979(54)-053165
PATENT LITERATURE 7: JP-A-1989(64)-060683
PATENT LITERATURE 8: USP No. 6906159 specification
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PATENT LITERATURE 9: JP-A-2001-018222
PATENT LITERATURE 10: USP No. 5005771 specification
PATENT LITERATURE 11: USP No. 4920202 specification
PATENT LITERATURE 12: USP No. 6207796 specification
PATENT LITERATURE 13: USP No. 6187902 specification
PATENT LITERATURE 14: USP No. 6291636 specification
PATENT LITERATURE 15: USP No. 6641064 specification
PATENT LITERATURE 16: WO 2007/057350 pamphlet
PATENT LITERATURE 17: US-A-2008/0021150 specification
PATENT LITERATURE 18: JP-A-1998(10)-05953
PATENT LITERATURE 19: USP No. 5229487 specification
PATENT LITERATURE 20: JP-A-2003-012812
PATENT LITERATURE 21: JP-A-2007-224224
PATENT LITERATURE 22: JP-A-2000-143720
PATENT LITERATURE 23: JP-A-2002-226599
PATENT LITERATURE 24: US-A-2007/123624 specification
PATENT LITERATURE 25: JP-A-2006-160774
PATENT LITERATURE 26: USP No. 5945495 specification
PATENT LITERATURE 27: WO 2008/034786 pamphlet
PATENT LITERATURE 28: US-A-2004/0234607 specification

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0008] In recent years, because of demand increase in diapers in emerging nations, expansion of a production scale
of the water-absorbent resin has been required. Therefore, there has been tendency toward scale up per line or increase
in polymerization concentration (to make higher concentration of a monomer in an aqueous solution; for example, refer
to the PATENT LITERATURE 7).
[0009] However, with expansion of the production scale, decrease in property of the water-absorbent resin or troubles
in scale up has occurred frequently. For example, according to the drying method of the above PATENT LITERATURES
1 to 13, there was observed generation of an undried substance in scale up, or decrease in property of the water-
absorbent resin accompanied with excessive drying. In addition, because removal of the undried substance, in the above
PATENT LITERATURES 14 to 16, is an additional step, it accompanies cost up or complicated plant operation. Further,
in the method for using the additives in the above PATENT LITERATURES 21 to 26, there was also the case accom-
panying not only cost up but also decrease in property of the water-absorbent resin (for example, decrease in surface
tension, decrease in absorbency against pressure, coloring), caused by the additives.
[0010] Generation of the above problems was particularly significant with increase in solid content of hydrogel (35%
by weight or higher, still more 40% by weight or higher, particularly 45% by weight or higher). Further, although the
PATENT LITERATURE 27 has disclosed drying of hydrogel with low neutralization, and the PATENT LITERATURE 28
has disclosed fine granulation and drying of hydrogel with high concentration, even by technique based on these, it has
not yet been possible to solve the problems sufficiently.
[0011] Accordingly, it is an object of the present invention to provide the production method for the water-absorbent
resin, which enables to efficiently provide the water-absorbent resin having excellent property.

MEANS FOR SOLVING THE PROBLEM

[0012] The present inventors have intensively studied a way to solve the above problems and as a result, have found
that, in the drying step of hydrogel having high solid content, by providing change of thickness of hydrogel loaded on an
through-flow belt, using a continuous through-flow belt-type drying machine, the above problems can be solved, and
have thus completed the present invention.
[0013] That is, the production method for the water-absorbent resin of the present invention is a production method
for a water-absorbent resin, including a polymerization step for obtaining hydrogel by subjecting a monomer aqueous
solution to a polymerization reaction; and a drying step for drying the hydrogel; wherein drying in the drying step is
performed using a continuous through-flow belt-type drying machine; solid content of the hydrogel supplied to the drying
step is 35% by weight or more; and thickness variation rate (1), represented by the following equation 1, of the above
hydrogel loaded onto the air flow belt in the continuous through-flow belt-type drying machine is 1.05 to 5.
[MATH. 1]
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and
wherein thickness variation rate (2) represented by the following equation 2 of the above hydrogel loaded onto the above
through-flow belt in the above continuous through-flow belt type drying machine is 1.05 to 3.00:
[MATH. 2] 

[0014] Further, the production method for the water-absorbent resin of the present invention preferably is a production
method for a water-absorbent resin wherein the hydrogel is loaded on the continuous through- flow belt-type drying
machine using a non-constant velocity traverse feeder or an oscillating feeder.

EFFECT OF THE INVENTION

[0015] According to the production method for the water-absorbent resin of the present invention, the water-absorbent
resin having excellent property can be produced efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1a is a cross-sectional view of a continuous through-flow belt-type drying machine in a travelling direction, and
is a conceptual diagram where thickness of hydrogel is increased at the both end parts.
Fig. 1b is a cross-sectional view a continuous through-flow belt-type drying machine in a travelling direction, and a
conceptual diagram where thickness of hydrogel is made constant (thickness).
Fig. 2 is a conceptual diagram of a continuous through-flow belt-type drying machine equipped with non-constant
velocity traverse feeder, followed by a gel fine granulation step (a meet chopper), when viewed from the side.
Fig. 3 is a conceptual diagram of a continuous through-flow belt-type drying machine equipped with non-constant
velocity traverse feeder for controlling thickness, when viewed from the upper part.

MODE FOR CARRYING OUT THE INVENTION

[0017] Explanation will be given below on preferable aspects of the present invention. The present aspect relates to
a production method for a water-absorbent resin, including: a polymerization step for obtaining hydrogel by subjecting
a monomer aqueous solution to a polymerization reaction; and a drying step for drying the hydrogel; wherein thickness
variation rate (1), represented by the following equation 1, of the hydrogel loaded onto the through-flow belt is 1.05 to 5.
[MATH 1]
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<Definition of terminology>

[0018] Explanation will be given below on terminology to be used in the present description.

(a) Water-absorbent resin

[0019] In the present description, the "water-absorbent resin" means a water swelling and water insoluble polymer
gelling agent, having the following properties. Absorbency (CRC) of the water-absorbent resin is essentially 5 g/g or
more, preferably 10 to 100 g/g, and further preferably 20 to 80 g/g. In addition, extractables of the water-absorbent resin
is essentially 0 to 50% by weight or less, preferably 0 to 30% by weight, further preferably 0 to 20% by weight, and
particularly preferably 0 to 10% by weight.
[0020] It should be noted that the water-absorbent resin in the present description is not limited to the case composed
of only a polymer having water-absorbing performance, and may include components other than the polymer, in a range
enables to maintain various performances. Content of polyacrylic acid (salt)in the water-absorbent resin including poly-
acrylic acid (salt), as a polymer, is preferably 70 to 99.9% by weight, more preferably 80 to 99.7% by weight, and still
more preferably 90 to 99.5% by weight, relative to total amount of the water-absorbent resin. As the components other
than polyacrylic acid (salt), which may be included in the water-absorbent resin including such polyacrylic acid (salt), in
view of enhancement of water absorbing speed or impact resistance, water is preferable, however, additives to be
described later may be used, as needed.

(b) "Polyacrylic acid (salt)"

[0021] In the present description, the "polyacrylic acid (salt)" means a (co)polymer including an arbitrary graft compo-
nent and obtained by (co)polymerization of acrylic acid (salt) as a principal component, as a monomer. Specifically, ratio
of acrylic acid (salt) included in the monomer (excluding a cross-linking agent) composing polyacrylic acid (salt) is
essentially in 50 to 100% by mole, preferably 70 to 100% by mole, further preferably 90 to 100% by mole, particularly
preferably substantially 100% by mole, relative to total amount of the monomer. The salt as the (co)polymer essentially
includes a water-soluble salt, preferably includes a monovalent salt, more preferably includes an alkali metal salt or an
ammonium salt, still more preferably includes an alkali metal salt, and particularly preferably includes a sodium salt.

(c) Initial coloring

[0022] In the present description, "initial coloring" means inevitable coloring in the production step of the water-ab-
sorbent resin. Said initial coloring is determined by using a measurement methods described in WO 2009/005114
pamphlet, as for the water-absorbent resin just after production (in Examples, it was measured within one hour after
production), (for example, L/a/b value, YI value, WB value, or the like).

(d) Time course coloring

[0023] In the present description, "time course coloring" means coloring (usually yellowing or browning) occurring in
storage of the water-absorbent resin in a non-used (non-swollen) state, for a long period of time. Said time course
coloring occurs, for example, in the case of storage of non-used diapers in a warehouse or the like for a long period of
time, which may lower product value. Because coloring is not recognized until several months or several years have
passed in storage at room temperature, said time course coloring is usually verified using an accelerated test under
high temperature and high humidity condition, described in WO 2009/00514 pamphlet.
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(e) EDANA and ERT

[0024] "EDANA" is an abbreviation of European Disposables and Nonwovens Association. In addition, "ERT" is an
abbreviation of the measurement method for the water-absorbent resin of the European standard (ERT/EDANA Rec-
ommended Test Method), and it is nearly a world standard. In the present description, property of the water-absorbent
resin is measured with reference to the ERT original (known literature: revised in 2002), unless otherwise specified.

(f) "CRC" (ERT441.2-02)

[0025] "CRC" is an abbreviation of Centrifuge Retention Capacity, meaning absorbency against non-pressure (here-
after it may also be referred to "absorbency"). Specifically, it is specified as absorbency (unit; g/g) after immersing 0.200
g of the water-absorbent resin in nonwoven fabric 0.9% by weight sodium chloride aqueous solution for 30 minutes, and
then draining off water by a centrifugal separation machine under 250 G.

(g) "AAP" (ERT442.2-02)

[0026] "AAP" is an abbreviation of Absorbency Against Pressure.
Specifically, it is specified as absorbency (unit; g/g) after swelling 0.900 g of the water-absorbent resin in the aqueous
solution of 0.9% by weight sodium chloride, under a load for 1 hour. In the present description, AAP was measured
under a load condition of 21 g/cm2 (0.3 psi) or 50 g/cm2 (0.7 psi).

(h) "Extractables" (ERT470.2-02)

[0027] "Extractables" means amount of water-soluble components included in the water-absorbent resin. Specifically,
it is determined (unit; % by weight) by measurement of dissolved polymer amount by pH titration, after charging 1 g of
the water-absorbent resin in 200 g of the 0.9% by weight sodium chloride aqueous solution and stirring for 16 hours.

(i) "FSC" (ERT440. 2-02)

[0028] "FSC" is an abbreviation of Free Swell Capacity. Specifically, it is specified by absorbency (unit; g/g) by im-
mersing 0.200 g of the water-absorbent resin in nonwoven fabric into a 0.9% by weight sodium chloride aqueous solution
for 30 minutes, and then measuring without draining by a centrifugal separating machine.

(j) "Residual Monomers" (ERT410.2-02)

[0029] "Residual Monomers" mean amount of monomers remaining in the water-absorbent resin. Specifically, it is
determined (unit; ppm) by charging 1.0 g of the water-absorbent resin in 200 cm3 of 0.9% by weight sodium chloride
aqueous solution, and after stirring for 1 hour under 500 rpm, by measuring amount of monomers eluted in said aqueous
solution with a high performance liquid chromatography.

(k) "Particle size distribution" (ERT420.2-02)

[0030] "Particle size distribution" may be determined by sieve classification.

(1) Liquid permeation

[0031] "Liquid permeation" means a degree of flowing of liquid flowing among swollen gel particles under pressure or
non-pressure. As a typical measurement method thereof, there is "SFC (Saline Flow Conductivity) " and "GBP (gel Bed
Permeability)". SFC is liquid permeation of 0.69% saline to 0.9 g of the water-absorbent resin under a load of 21 g/cm2

(0.3 psi), and determined by a method described in USP No. 5669894 specification. GBP under a load or free swelling
is determined by a method described in WO 2005/016393 pamphlet.

(m) Other properties

[0032] Properties of the water-absorbent resin and the like other than the above may be determined in accordance
with measurement methods in the following ERT original (revised in 2002).
[0033]
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pH (ERT400.2-02)
Moisture Content (ERT430.2-2)
Flow Rate (ERT450.2-02)
Density (ERT460.2-02)
Respirable Particles (ERT480.2-02)
Dust (ERT490.2-02)

<2> A production method for the water-absorbent resin

(1) Polymerization step

[0034] In the production method for the water-absorbent resin of the present aspect, firstly a polymerization step is
performed to obtain hydrogel by subjecting a monomer aqueous solution to a polymerization reaction.

(1-1) A monomer aqueous solution

[0035] A monomer aqueous solution essentially includes a monomer, and may include other additives, as needed.
Explanation will be given below in detail on each component included in the monomer aqueous solution.

(a) Monomer

[0036] A monomer in the present aspect is not especially limited, as long as it is a monomer including a polymerizable
unsaturated bond (unsaturated monomer), however, in view of little coloring or property of the water-absorbent resin,
use of acrylic acid and/or a neutralized substance thereof (that is, acrylic acid (salt)), as a main component, is preferable.
[0037] In the case of using acrylic acid (salt) as the monomer, in view of little coloring (color stability effect) or decrease
in a residual monomer, in the water-absorbent resin, acrylic acid having low content of protoanemonin and/or furfural,
which are impurities, are preferably used as raw materials. Specifically, content of protoanemonin and/or furfural in
acrylic acid is preferably 0 to 10 ppm by weight, more preferably 0 to 5 ppm by weight, still more preferably 0 to 1 ppm
by weight or less.
[0038] In addition, in view of little coloring (color stability effect) or decrease in a residual monomer, in the water-
absorbent resin, the same as above, it is preferable that aldehyde other than furfural and/or maleic acid included in
acrylic acid are preferably as low as possible. Specifically, content of aldehyde other than furfural and/or maleic acid in
acrylic acid is preferably 0 to 5 ppm by weight, more preferably 0 to 3 ppm by weight, still more preferably 0 to 1 ppm
by weight, particularly preferably 0 ppm by weight (detection limit or lower). It should be noted that as aldehyde other
than furfural, benzaldehyde, acrolein, acetaldehyde or the like is included.
[0039] In addition, in view of decrease in a residual monomer in the water-absorbent resin, amount of dimer included
in acrylic acid is also preferably as low as possible. Specifically, content of dimer in acrylic acid is preferably 0 to 500
ppm by weight, more preferably 0 to 200 ppm by weight, still more preferably 0 to 100 ppm by weight.
[0040] An acrylic acid to be used in the present aspect is not especially limited, and it may be, for example, acrylic
acid obtained by vapor phase oxidation of propylene or propane as a raw material, or may be acrylic acid derived from
a non-fossil raw material by oxidation of glycerin or the like obtained by natural fat. Further, acrylic acid may be obtained
by direct oxidation of these raw material compounds, or acrylic acid may be obtained via acrolein as an intermediate
substance and then oxidizing this.
[0041] It should be noted that the production method for acrylic acid from the non-fossil raw material has been described
in WO 2006/08024 pamphlet, US-A-2007/0129570 specification, WO 2007/119528 pamphlet, WO 2007/132926 pam-
phlet, or the like. In addition, as for the production method for the water-absorbent resin using acrylic acid derived from
the non-fossil raw material has been described, for example, in WO 2006/092273 pamphlet, WO 2006/136336, WO
2008/02304 pamphlet and WO 2007/109128 pamphlet, or the like.
[0042] In producing a salt of acrylic acid, as a basic substance to be used in neutralization of acrylic acid, there is
included, for example, an alkali metal hydroxide such as sodium hydroxide, potassium hydroxide, lithium hydroxide, or
a monovalent base of a (hydrogen) carbonate such as sodium (hydrogen) carbonate, potassium (hydrogen) carbonate,
and among these, sodium hydroxide is preferably used.
[0043] In the case of using acrylic acid (salt) as a monomer, said acrylic acid (salt) may be a form composed of only
acrylic acid, or may be a form of a mixture of acrylic acid and a salt of acrylic acid where acrylic acid is neutralized
partially, or may be a form composed of only a salt of acrylic acid where all of acrylic acid is neutralized. In view of
productivity of the water-absorbent resin, or enhancement of absorbency against pressure (AAP), saline flow conductivity
(SFC) or the like, it is preferable that at least a part of acrylic acid is neutralized (including a salt of acrylic acid). Ratio
of a salt of acrylic acid relative to total amount of the acrylic acid (salt) (neutralization rate of acrylic acid) is preferably
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10 to 100% by mole, more preferably 30 to 95% by mole, still more preferably 50 to 90% by mole, particularly preferably
60 to 80% by mole.
[0044] Neutralization of acrylic acid may be performed in a state of acrylic acid or an aqueous solution of acrylic acid.
Temperature in neutralization is not especially limited, and is determined as appropriate from 10 to 100ºC, or 30 to
90ºC. It should be noted that as for a method for neutralization of acrylic acid, a method described in WO 2006/109842
pamphlet or USP No. 6388000 specification may be adopted suitably.
[0045] It should be noted that as a method other than neutralization of acrylic acid as a monomer, an acid group of a
polymer obtained in a polymerization step to be described later may be neutralized. It should be noted that the neutral-
ization rate of the acid group in the polymer in that case is preferably 10 to 100% by mole, more preferably 30 to 95%
by mole, still more preferably 50 to 90% by mole, particularly preferably 60 to 80% by mole.
[0046] In addition, in the present aspect, a hydrophilic or hydrophobic monomer other than acrylic acid (salt) (hereafter
may also be referred to as "other monomers") may be used as a monomer. These other monomers include, for example,
methacrylic acid, (maleic anhydride) or maleic acid, 2-(meth)acrylamido-2-methylpropane sulfonic acid, (meth)acryloxy-
alkane sulfonic acid, N-vinyl-2-pyrrolidone, N-vinylacetamlde, (meth)acrylamide, N-isopropyl (meth)acrylamide, N,N-
dimethyl (meth)acrylamide, 2-hydrokyethyl (meth) acrylate, methoxy polyethylene glycol (meth)acrylate, polyethylene
glycol (meth)acrylate, and stearyl acrylate, and a salt thereof.
[0047] Concentration of a monomer in the monomer aqueous solution (solid content concentration) is usually 10 to
90% by weight, preferably 20 to 80% by weight, more preferably 30 to 70% by weight, still more preferably 40 to 60%
by weight. It should be noted that polymerization concentration may be over saturation concentration and thus the
monomer aqueous solution may be slurry (aqueous dispersion solution), however, in view of property, it is preferable
to be the aqueous solution without precipitation, by controlling at saturation concentration or lower.

(b) Internal cross-linking agent

[0048] It is preferable that the monomer aqueous solution in the present aspect further includes an internal cross-
linking agent, in view of enhancement of water-absorbing characteristics of the water-absorbent resin.
[0049] The inner cross-linking agent is not especially limited, and such one may be used: a polymerizable cross-linking
agent having two or more polymerizable unsaturated groups in a molecule; or a reactive cross-linking agent having two
or more reactive functional groups in a molecule, which is capable of forming a covalent bond or an ionic bond by reacting
with a carboxylic group; or a cross-linking agent having both the polymerizable unsaturated group and the reactive
functional group. Specifically, the polymerizable cross-linking agent includes N,N’-methylenebisacrylamide, (poly)eth-
ylene glycol di(meth)acrylate, (polyoxyethylene) trimethylolpropane tri(meth)acrylate, poly(meth)allyoxy alkane, or the
like. In addition, as the reactive cross-linking agent, there is included a covalent cross-linking agent such as polyglycidyl
ether (for example, ethylene glycol diglycidyl ether), polyol (for example, propane diol, glycerin, sorbitol), and an ion
binding cross-linking agent such as polyvalent metal compound including aluminum. Among these cross-linking agents,
in view of enhancement of water-absorbing characteristics of the water-absorbent resin, the acrylate-type, allyl-type or
acrylamide-type polymerizable cross-linking agent is used suitably.
[0050] In view of property of the water-absorbent resin, addition amount of the cross-linking agent is preferably 0. 001
to 5% by mole, and more preferably 0.005 to 2% by mole, still more preferably 0.01 to 1% by mole, particularly preferably
0.03 to 0.5% by mole, relative to total amount of the monomer (excluding the cross-linking agent).

(c) Polymerization inhibitor

[0051] It is preferable that the monomer aqueous solution in the present aspect further includes a polymerization
inhibitor, in view of polymerization stability. As the polymerization inhibitor, for example, methoxyphenols are included,
and among them use of p-methoxyphenol is preferable. Amount of the addition of the polymerization inhibitor is preferably
1 to 250 ppm, more preferably 5 to 200 ppm, still more preferably 10 to 160 ppm, particularly preferably 20 to 100 ppm,
relative to the monomer. The addition amount of the polymerization inhibitor over 250 ppm causes a problem of polym-
erization speed or coloring (in particular, initial coloring), while the addition amount of the polymerization inhibitor below
1 ppm provides inferior polymerization stability and thus not preferable.

(d) Iron

[0052] The monomer aqueous solution in the present aspect may further include iron. Said iron is present in an ion
form in the monomer aqueous solution. Content of iron, as converted value to Fe2O3, relative to the monomer, is usually
0 to 10 ppm by weight, preferably 0 to 5 ppm by weight, more preferably over 0 and below 5 ppm by weight, still more
preferably 0.001 to 5 ppm by weight, particularly preferably 0.001 to 4 ppm by weight, most preferably 0.005 to 3 ppm
by weight. As a control method for content of iron, a method disclosed in WO 2006/109842 pamphlet may be adopted.
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[0053] It should be noted that conversion to Fe2O3 represents Fe amount in a compound containing iron (for example
Fe2O3 or an iron salt thereof, iron hydroxide, iron complex thereof or the like) or Fe amount as single iron, as amount
of an iron compound represented by Fe2O3 (molecular weight of 159.7), and amount of iron as the Fe part can be
calculated unambiguously by 55.85x2/159.7 (Fe in Fe2O3).
[0054] The content of iron, as converted to Fe2O3, of 10 ppm by weight (as Fe, 10 ppmx55.85x2/159.7 = 7.0 ppm) or
lower is capable of preventing coloring of the water-absorbent resin. In addition, the lower content of iron is generally
the better, however, even setting at N.D (detection limit or lower; 0 ppm) sometimes may not give effect comparable to
cost, or may decrease polymerization rate in redox polymerization or the like, on the contrary.
[0055] It should be noted that the content of iron in the monomer aqueous solution can be measured by an ICP emission
spectrometry described, for example, in JIS K1200-6. Said ICP emission spectrometer is sold as ULTIMA, manufactured
by Horiba Ltd., or the like.

(e) Other components

[0056] The monomer aqueous solution may include water-soluble resins or water-absorbent resins such as starch,
cellulose, polyvinyl alcohol, polyacrylic acid (salt), polyethylenimine, other than the components. These water-soluble
resins or water-absorbent resins may be added in a ratio of, for example, 0 to 50% by weight, preferably 0 to 20% by
weight, more preferably 0 to 10% by weight, still more preferably 0 to 3% by weight, relative to total amount of the
monomer. It should be noted that a graft polymer or a water-absorbent resin composition obtained by using other
components (for example, a starch-acrylic acid graft polymer) is also generically called a polyacrylic acid (salt)-type
water-absorbent resin in the present invention. In addition, various properties of the water-absorbent resin may be
improved by adding various foaming agents (a carbonate salt, an azo compound, air bubbles or the like), surfactants or
various additives other than these and the like, in an amount of, for example, 0 to 5% by weight, preferably 0 to 1% by
weight.
[0057] As the various additives, for example, a chelating agent, hydroxy carboxylic acid, a reductive inorganic salt and
the like are included. Among these, it is preferable to use the chelating agent. In the case of using the chelating agent,
hydroxy carboxylic acid, or the reductive inorganic salt, they are added so as to attain preferably 10 to 5000 ppm by
weight, more preferably 10 to 1000 ppm by weight, still more preferably 50 to 1000 ppm by weight, particularly preferably
100 to 1000 ppm by weight, relative to the water-absorbent resin.
[0058] By using these chelating agent, hydroxy carboxylic acid, and the reductive inorganic salt, little time course
coloring, or enhancement of urine resistance (prevention of gelling deterioration) in the water-absorbent resin can be
attained. It should be noted that, as a typical compound of the chelating agent, hydroxy carboxylic acid, and the reductive
inorganic salt, a compound described in WO 2009/005114 pamphlet, EP-A-2057228 description, EP-A-1848758 de-
scription may be used suitably.
[0059] It should be noted that the components of the above (b) to (e), excluding a monomer, may be added, as
described above, into the monomer aqueous solution, however, it may be added in an arbitrary stage in the production
method for the water-absorbent resin of the present aspect. For example, it may be added to a reaction solution during
a polymerization reaction, hydrogel after the polymerization reaction, a dried substance obtained by drying hydrogel,
and powder obtained by pulverization of the dried substance.

(2) Polymerization reaction (cross-linking polymerization reaction)

[0060] As the polymerization reaction in the polymerization step of the present aspect, aqueous solution polymerization
or reversed phase suspension polymerization is usually adopted, in view of performance of the water-absorbent resin
or easiness of control of the polymerization reaction. Among these, aqueous solution polymerization is preferable, and
continuous aqueous solution polymerization is more preferable.
[0061] As a preferable aspect, continuous aqueous solution polymerization may be adopted, which produces the
water-absorbent resin by a giant scale per line, such as 0.5 t/hr or more, more preferably 1 t/hr or more, still more
preferably 5 t/hr or more, and particularly preferably 10 t/hr or more. As specific continuous aqueous solution polymer-
ization, there are included continuous kneader polymerization (for example, in USP No. 6987151 specification, and USP
No. 670141 specification), and continuous belt polymerization (for example, in USP No. 4893999 specification, USP
No. 6241928 and US-A-2005-215734 specification).
[0062] In the polymerization reaction of the present aspect, initiation temperature of the continuous aqueous solution
polymerization is preferably high temperature. Specifically, it is preferable that temperature of the monomer aqueous
solution is controlled at preferably 30ºC or higher, more preferably 35ºC or higher, still more preferably 40ºC or higher,
and particularly preferably 50ºC or higher (the upper limit is boiling point). In addition, it is preferable that monomer
concentration is high. Specifically, it is preferable that monomer concentration in the reaction solution is controlled at
preferably 35% by weight or higher, more preferably 40% by weight or higher, still more 45% by weight or higher (however,
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the upper limit is saturated concentration).
[0063] According to the production method of the present aspect, because the water-absorbent resin with superior
stability of a monomer and less coloring can be obtained even in polymerization under such high concentration or high
temperature, effect is exerted still more significantly under such condition. Such polymerization initiated at high temper-
ature has been exemplified in USP No. 6906159 specification and USP No. 7091253 specification, however, according
to the production method of the present aspect, also stability of a monomer before polymerization is excellent, and thus
production in an industrial scale is easy.
[0064] The above polymerization reaction can be performed even under air atmosphere, however, in view of reduction
of coloring of the water-absorbent resin, it is preferable to be performed under inert gas atmosphere such as nitrogen
or argon (for example, under an oxygen concentration of 1% by volume or lower). In addition, it is preferable that a
monomer or the monomer aqueous solution is used in the polymerization reaction after dissolved oxygen is sufficiently
replaced with inert gas (for example, to an oxygen concentration below 1 ppm). Even by such deaeration, stability of
the monomer is excellent, gelling before polymerization seldom generates, and the water-absorbent resin having higher
property and higher whiteness can be provided.
[0065] A polymerization initiator to be used in the polymerization step of the present aspect may be selected as
appropriate depending on polymerization form. As the polymerization initiator, for example, there is included a photo-
degradable-type polymerization initiator, a thermal decomposition-type polymerization initiator, a redox-type polymeri-
zation initiator or the like.
[0066] As a photodegradable-type polymerization initiator, for example, there is included a benzoin derivative, a benzyl
derivative, an acetophenone derivative, a benzophenone derivative, an azo compound or the like. In addition, as a
thermal decomposition-type polymerization initiator, for example, there is included a persulfate salt (sodium persulfate,
potassium persulfate, ammonium persulfate), a peroxide (hydrogen peroxide, t-butyl peroxide, methyl ethyl ketone
peroxide); an azo compound (2,2’-azobis(2-amidinopropane) dihydrochloride, 2,2’-azobis[2-(2-imidazoline-2-yl) pro-
pane]dihydrochloride or the like) or the like. In addition, the persulfate salt, the peroxide, and the azo compound can be
used as a photopolymerization initiator.
[0067] As the redox-type polymerization initiator, for example, a combined system of the persulfate salt or the peroxide
with a reducing compound such as L-ascorbic acid or sodium hydrogen sulfite, may be included. In addition, combined
use of the photodegradable-type initiator and the thermal decomposition-type polymerization initiator is also included
as a preferable aspect.
[0068] Use amount of the polymerization initiator is preferably 0.0001 to 1% by mole, and more preferably 0.001 to
0.5% by mole, relative to total amount of the monomer. The use amount of the polymerization initiator of 1% by mole or
lower is capable of suppressing coloring of the water-absorbent resin. In addition, the use amount of the polymerization
initiator of 0.0001% by mole or higher is capable of reducing the residual monomer. It should be noted that, although a
method for using a conventional coloring improvement agent provided adverse influence on polymerization in some
cases, according to the production method of the present aspect, there is no adverse influence on the polymerization
reaction or various properties of the water-absorbent resin and coloring can be reduced.

(Step for fine granulation)

[0069] The hydrogel-like polymer obtained in the above polymerization step (hereafter, it may be referred to simply
as "hydrogel") may be supplied to a drying step as it is, however, after the polymerization step and also before the drying
step, it is finely granulated to make a particulate state, using a crushing machine (a kneader, a meat chopper, or the
like), as needed. It should be noted that in the case where a polymerization reaction in the polymerization step is reversed
phase suspension polymerization, because hydrogel is finely granulated by dispersion in a solvent during polymerization,
the finely granulation step may not be required in some cases.
[0070] Temperature of the hydrogel in fine granulation is controlled, in view of property of the water-absorbent resin,
by warming or heating so as to attain a range of preferably 40 to 95ºC, more preferably 50 to 80ºC. In addition, solid
content of the hydrogel in this case is, in view of property, preferably 10 to 70% by weight, more preferably 15 to 65%
by weight, still more preferably 30 to 55% by weight. It should be noted that, in said fine granulation step, there may be
added water, a surfactant, a polyol, a mixed solution of water and the polyol, a solution where a polyvalent metal is
dissolved in water, or steam thereof to enhance pulverization efficiency, as needed.
[0071] Weight average particle diameter (specified by sieve classification) of hydrogel fine granulated (hereafter it
may also be referred to as "particulate hydrogel") is preferably 0.5 to 4 mm, more preferably 0.3 to 3 mm, still more 0.5
to 2 mm. In addition, it is preferable that particles of particulate hydrogel with a particle diameter of 5 mm or larger is
preferably 0 to 10% by weight or less, more preferably 0 to 5% by weight, relative to total weight of the particulate
hydrogel. In addition, it is preferable that at least a part of, preferably 1 to 50% by weight of the particulate hydrogel is
smaller than a pore of a through-flow belt to be described later. By controlling particle diameter of the particulate hydrogel
within the above range, a subsequent drying step can be performed efficiently. It should be noted that particle diameter
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of the particulate hydrogel is determined by classification using a sieve with a specific sieve mesh size, similarly as in
particle diameter of the water-absorbent resin after pulverization to be described later. In addition, as for weight average
particle diameter of the particulate hydrogel as well may be determined similarly as in weight average particle diameter
(D50) to be described later. However, a classification operation of the above particular hydrogel is difficult by a dry-
system, therefore a wet-type classification method is used, which is described in JP-A-2000-63527, paragraph "0091".

drying step

[0072] The production method for the water-absorbent resin of the present aspect has characteristics in the drying
step of hydrogel. That is, the present inventors have found that by changing the thickness of hydrogel relative to the
width direction of the through-flow belt, in drying hydrogel having high solid content (essentially 35% by weight or higher,
preferably 40% by weight or higher, and still more preferably 45% by weight or higher), using a continuous through-flow
belt-type drying machine, the above problem can be solved, and have thus completed the present invention. Explanation
will be given below in detail on the present drying step.

(a) Solid content of hydrogel

[0073] Solid content of hydrogel to be supplied to the present drying step is essentially 35% by weight or higher,
preferably 40% by weight or higher, more preferably 45% by weight or higher, still more preferably 50% by weight or
higher, particularly preferably 55% by weight or higher. Upper limit of the solid content is not especially limited, however,
it is preferably 80% by weight or lower, more preferably 75% by weight or lower, still more preferably 70% by weight or
lower. The solid content of lower than 35% by weight may decrease productivity in some cases. In addition, excessively
high solid content may decrease property such as absorbency in some cases. Adjustment of the solid content can be
performed by adjustment of concentration of a monomer in polymerization, or evaporation amount of water or the like
during polymerization. Further, solid content may be controlled by adding the fine powder obtained by a pulverization
step or a classification step to be described later, or the one added with water to said fine powder, during polymerization
or after polymerization, as needed.

(b) Drying apparatus

[0074] In the present aspect, a continuous through-flow belt-type drying machine is used for drying of hydrogel. The
continuous through-flow belt-type drying machine may be the one composed of a single belt, or may be the one composed
of a plurality of belts. In addition, the continuous through-flow belt-type drying machine may be a single apparatus, or
may be formed as a multi-stage apparatus by combination of apparatuses of other steps.
[0075] Length of the through-flow belt in the through-flow belt-type drying machine is not especially limited, however,
it is preferably 5 to 100 m, more preferably 10 to 70 m, still more preferably 20 to 60 m. In addition, width of the through-
flow belt is also not especially limited, however, it is preferably 0.5 to 10 m, more preferably 1 to 5 m. It should be noted
that ratio of length of the through-flow belt to width thereof is preferably 3 to 500 times, more preferably 5 to 100 times.
In the drying step of the present aspect, by using such a large scale continuous through-flow belt-type drying machine,
the water-absorbent resin having excellent property can be produced efficiently.
[0076] The through-flow belt is preferably the one made of a metal screen (for example, having a sieve mesh size of
1000 to 45 mm) or a punching metal (perforated metal plate), and more preferably the one made of the punching metal.
Shape of a hole of the punching metal is not especially limited, and includes, for example, round shape, elliptic shape,
square shape, hexagonal shape, long circle, siliqua, diamond shape and cross shape, and combinations thereof. Ar-
rangement of pores is also not especially limited, and it may be staggered-like or parallel-like. Further, the pore may be
formed flatly, or may be formed sterically like a louver (bay window) or the like, however, the pore formed flat-like is
preferable. In addition, a pitch direction may be any of longitudinal, lateral or oblique one, relative to a travelling direction
of a belt, or may be a combination thereof.
[0077] In addition, the through-flow belt may be the one treated by the predetermined surface treatment such as
electropolishing or TeflonRT treatment. A material in using the punching metal as the through-flow belt is preferably
stainless steel, and the thickness is determined as appropriate at usually 0.3 to 10 mm, preferably 1 to 5 mm.
[0078] Surface roughness (Rz) (JIS B 0601-2001) of the belt surface is usually 800 nm or less, preferably 500 nm or
less, more preferably 300 nm or less, still more preferably 200 nm or less, particularly preferably 185 nm or less, most
preferably 170 nm or less. Lower limit of the surface roughness (Rz) is not especially limited, however, it is enough to
be 10 nm, still more about 20 nm. In addition, surface roughness (Ra) (JIS B 0601-2001) is preferably 250 nm or less,
more preferably 200 nm or less. These surface roughnesses can be measured in accordance with JIS B 065-2001,
using a surface roughness tester by stylus method.
[0079] Transfer speed of the through-flow belt in the continuous through-flow belt-type drying machine can be adjusted
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as appropriate in response to belt width or belt length, and drying time or production amount of the water-absorbent
resin, however, in view of load or durability of a belt driving apparatus or the like, it is preferably 0.3 to 5m/min, more
preferably 0.5 to 2.5m/min, still more preferably 0.5 to 2m/min, particularly preferably 0.7 to 1.5m/min.
[0080] In the drying step of the present aspect, it is preferable that drying is performed by changing drying condition
(temperature, dew point, through-flow rate) in multistep, and therefore it is preferable to use the through-flow belt-type
drying machine having 5 or more drying rooms, still more 6 or more drying rooms, particularly 8 or more drying rooms.
It should be noted that, in view of a scale or the like, upper limit thereof is usually about 20 rooms.

(c) Pore opening rate of the through-flow belt

[0081] In the present aspect, pore opening rate of the through-flow belt is specified by ratio (percentage) of pore area
to total area of the through-flow belt (including pore area). Pore opening rate is determined by area, number, and
arrangement (pitch) or the like of the pore, however, even in the case where the pore is absent at a certain region of the
through-flow belt (for example, a pool part of the through-flow belt), it is determined by total area of the through-flow belt
including the region not having said pore. Said pore opening rate is preferably 20 to 50%, more preferably 20 to 45%,
still more preferably 25 to 40%. The pore opening rate within the above range is capable of enhancing property of the
water-absorbent resin and drying efficiency or the like.

(d) Pore area of the through-flow belt or the like

[0082] In addition, in the present aspect, it is preferable that pore area of the through-flow belt is larger than cross-
sectional area of one particle of hydrogel to be supplied to drying, more preferably it is 2 to 100 times, still more preferably
4 to 50 times said cross-sectional area.
[0083] In addition, maximum pore opening distance (the longest one among distances between arbitrary two points
at the pore periphery) is preferably larger than weigh average particle diameter of hydrogel, and it is more preferably 2
to 100 times, still more preferably 4 to 50 times said weight average particle diameter.
[0084] Further, average area per one pore is preferably 5 to 500 mm2, more preferably 10 to 100 mm2, still more
preferably 15 to 50 mm2. The average area per pore of 5 mm2 or larger provides superior drying efficiency. On the other
hand, the average area of pore of smaller than 500 mm2 makes dropping of dried hydrogel from the pore difficult, thus
enables to prevent decrease in yield.
[0085] In the drying step of the present aspect, by setting pore opening rate, maximum pore opening distance and
average pore area of the through-flow belt within the above range, both of drying efficiency and property of the water-
absorbent resin can be enhanced. In more specifically, remaining of the undried substance or dissipation of the dried
substance can be prevented, as well as decrease in water-absorbing property or coloring of the water-absorbent resin
can be suppressed. It should be noted that, in a conventional drying method, hydrogel (for example, 1 to 2 mm) had
been dried on a metal screen (for example, having a sieve mesh size of 300 mm), however, in the drying step of the
present aspect, it is preferable to use the through-flow belt having a pore larger than that of a conventional one.

(e) Area occupancy rate and width occupancy rate

[0086] "Area occupancy rate" in the present description means rate (percentage) of area occupying the through-flow
belt by hydrogel before drying, loaded on the through-flow belt, relative to area of the through-flow belt. Specifically, it
is specified by area of the through-flow belt from a point where loading of hydrogel on the through-flow belt is completed
to a point progressing in a travelling direction by 1 minute, preferably by 0.5 minute, more preferably by 0.1 minute. It
should be noted that area occupancy rate in Examples to be described later is a value measured as for area from a
point where loading of hydrogel on the through-flow belt is completed to a point progressing in a travelling direction by
0.1 minute. Said area is determined as appropriate by speed of the through-flow belt, however, in the case where speed
of the through-flow belt is 1 [m/min], it becomes area from the point where loading of hydrogel on the through-flow belt
is completed to 1m, preferably 0.5 m, most preferably 0.1 m. Provided that area of said through-flow belt is (A) and
occupying area of hydrogel loaded on this area is (B), the area occupancy rate is represented by (B/A)3100 [%].
[0087] It should be noted that "the point where loading of hydrogel on the through-flow belt is completed" indicates
the point where loading is completed in a travelling direction, when loading is viewed in a width direction of the belt, and,
for example, in the case where loading of hydrogel progresses in a state of drawing an arc or a wave in a width direction,
it is specified, for example, by the most front end part of the travelling direction of hydrogel.
[0088] In the drying step of the present aspect, said area occupancy rate is preferably 85 to 100%, more preferably
87 to 100%, still more preferably 87 to 99%, particularly preferably 90 to 98%, most preferably 93 to 97%. Said area
occupancy rate outside the range may decrease property of the water-absorbent resin, or decrease drying efficiency in
some cases. The area occupancy rate below 100% means that hydrogel is not loaded on at least a part of the through-
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flow belt. Although a portion where hydrogel is not loaded may be present at any portion on the through-flow belt, it is
preferable that a constant region, where hydrogel is not loaded, is set at the both end parts of the through-flow belt.
[0089] By the similar effect and reason as above, in the drying step of the present aspect, said width occupancy rate
is preferably 85 to 100%, more preferably 87 to 100%, still more preferably 87 to 99%, particularly preferably 90 to 98%,
most preferably 93 to 97%. In the present description, "width occupancy rate" means rate (percentage) of width occupying
the through-flow belt by hydrogel before drying, loaded on the through-flow belt, relative to cross-section of the through-
flow belt. Specifically, it is specified by occupation rate of the through-flow belt in a width direction by hydrogel, at a point
where loading of hydrogel on the through-flow belt is completed. Here, the area occupancy rate and the width occupancy
rate are mutually exchangeable, because they become the same range when averaged for a long period of time.
[0090] In addition, in the case where the occupied area or the occupied width by hydrogel on the through-flow belt
changes periodically (for example, a wave is drawn in a travelling direction), the area occupancy rate or the width
occupancy rate is evaluated by average value in said period. Therefore, the case where area occupancy rate or the
width occupancy rate is outside the above range in a part of section of the period or change, may be included. However,
it is preferable, without saying, that area occupancy rate is included within the above range throughout the whole of said
period on the through-flow belt. Specifically, it is preferable that a section where area occupancy rate or the width
occupancy rate is included within the above range, in one period or throughout a continuous drying period, is preferably
60% or more, more preferably 75% or more, still more preferably 90% or more, particularly preferably 100%, relative to
the whole through-flow belt. That is, it is preferable that average area and/or the width occupancy rate in one period or
throughout a continuous drying period satisfy the range.

(f) Thickness of hydrogel

[0091] In the drying step of present aspect, hydrogel is dried, by providing change of thickness of hydrogel loaded
onto the through-flow belt. Specifically, thickness variation rate (1), represented by the following EXPRESSION 1, is
specified within a predetermined range.
[MATH. 3] 

[0092] In the EXPRESSION 1, "thickness in a width direction" means thickness of gel at the cross-section cut in a
vertical direction (for example, Fig. 1a, Fig. 1b) to the travelling direction of the through-flow belt servicing continuously,
at the point where loading of hydrogel is completed, and it can be measured using, for example, a laser-type distance
meter or a laser-type displacement meter. It should be noted that "thickness of hydrogel" does not mean thickness of
one particle of hydrogel but means thickness as an aggregate composed of hydrogel particles loaded. "Maximum thick-
ness in a width direction" means maximum value in measurement of thickness in a width direction continuously or by
each 10 cm from the center of the through-flow belt (for example, 21 places at most, in the case of the through-flow belt
with a width of 2 m). In addition, "average thickness in a width direction" means average value of thickness measured
in a width direction, continuously or by each 10 cm from the center of the through-flow belt (for example, 21 places at
most, in the case of the through-flow belt with a width of 2 m)
[0093] In the present invention, it is essential that the above thickness variation rate (1) is set at 1.05 to 5.00. The
lower limit of said thickness variation rate (1) is preferably 1.10 or more, more preferably 1.15 or more, still more preferably
1.20 or more, particularly preferably 1.25 or more, most preferably 1.30 or more. In addition, the upper limit is preferably
2.00 or less, more preferably 1.80 or less, still more preferably 1.60 or less, particularly preferably 1.50 or less. A numerical
range of the thickness variation rate (1) is preferably 1.10 to 3.00, more preferably 1.15 to 2.00, still more preferably
1.20 to 1.80, particularly preferably 1.25 to 1.60, most preferably 1.30 to 1.50.
[0094] In addition in the drying step of the present aspect, thickness variation rate (2) in a width direction of the through-
flow belt is set at 1.05 to 3.00. Thickness variation rate (2) is specified by the following EXPRESSION2.
[MATH. 4] 
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[0095] In the above EXPRESSION 2, "the both end parts of the through-flow belt" means a portion of a width of 1/3
relative to the whole width of the through-flow belt, from each of the both ends of the through-flow belt. "Maximum
thickness at the both end parts" means maximum value in measurement at a place where height becomes maximum
at the both end parts (1/3 at the left side and the right side). The maximum value among the two both end parts may be
present at any of the both end parts. In addition, "the center part of the through-flow belt" means a portion other than
the both end parts. "Maximum thickness at the center part" means maximum value in measurement at a place where
height becomes maximum at the center part (1/3 at the center part).
[0096] In the present invention the thickness variation rate (2) is set at 1.05 to 3.00. The lower limit of said thickness
variation rate (2) is preferably 1.10 or more, more preferably 1.15 or more, still more preferably 1.20 or more, particularly
preferably 1.25 or more, most preferably 1.30 or more. In addition, the upper limit is preferably 2.00
or less, more preferably 1.80 or less, still more preferably 1.60 or less, particularly preferably 1.50 or less. A numerical
range of the thickness variation rate (2) is preferably 1.10 to 3.00, more preferably 1.15 to 2.00, still more preferably
1.20 to 1.80, particularly preferably 1.25 to 1.60, most preferably 1.30 to 1.50.
[0097] It is preferable that thickness of hydrogel changes symmetrically from the center point in a width direction of
the through-flow belt toward the both ends. In addition, it is preferable that "maximum thickness at the both end parts"
is present in at least one side of the two parts at a width of 1/6, relative to the total width of the through-flow belt, from
each of the both ends of the through-flow belt.
[0098] In a drying step in a conventional production method for the water-absorbent resin, to enhance property such
as absorbency or extractables of the water-absorbent resin, a method for controlling thickness of hydrogel uniformly
relative to a width direction of the through-flow belt (USP No. 6241928 specification) has been adopted. In addition, in
order to control thickness of hydrogel on the through-flow belt uniformly, a drying method for using a gel leveling machine
such as a roller (the PATENT LITERATURE 17), or a method for carrying gel using a roller on the continuous through-
flow belt-type drying machine (the PATENT LITERATURES 4, 5) have also been adopted.
[0099] In such conventional technique, in particular, in the case where hydrogel with low solid content is dried, it has
been said that by making thickness of hydrogel uniform, improvement of property of the water-absorbent resin or decrease
in generation amount of the undried substance can be attained. However, in the case where hydrogel with high solid
content is dried, it is difficult to satisfy both drying efficiency (amount of the undried substance or yield of the dried
substance or the like) and property (CRC, extractables, residual monomer, coloring, AAP, SFC or the like) of the water-
absorbent resin, and thus it has been impossible to attain desired property and high productivity.
[0100] In the present invention, contrary to a means of conventional technique, by changing thickness of hydrogel in
a width direction, it becomes possible to dry hydrogel more uniformly, suppress generation of the undried substance,
enhance property and decrease coloring.
[0101] In addition, in the present aspect, thickness in a travelling direction of the through-flow belt may be constant,
or may be changed periodically or non-periodically. In the case where the thickness is changed in a travelling direction,
a pattern (shape) or period thereof is not especially limited. In addition, in the case where the thickness is changed
relative to a travelling direction, the thickness variation rate (1) and (2) in the width direction are specified by average
value thereof. Therefore, in a certain section, there may be the case where the thickness variation rate (1) and (2)
become outside the above range microscopically. However, when the thickness variation rate (1) and (2) are included
within the above range throughout the whole through-flow belt, it is approved to be included in the drying step of the
present aspect. Specifically, a section, where the thickness variation rate (1) and (2) are included in the above range,
is preferably 60% or more, more preferably 75% or more, still more preferably 90% or more, particularly preferably 100%,
relative to the whole through-flow belt.
[0102] Average value of thickness of hydrogel loaded on the through-flow belt is usually 1 to 30 cm, preferably 2 to
20 cm, more preferably 5 to 15 cm, still more preferably 7 to 13 cm. In addition, thickness of hydrogel loaded on the
through-flow belt is usually 0 to 30 cm, preferably 5 to 20 cm, more preferably 8 to 15 cm, still more preferably 9 to 11
cm, and thus thickness may be changed within said range. By controlling average value of thickness of hydrogel, and
thickness of hydrogel within the above range, drying efficiency or various properties of the water-absorbent resin can
be enhanced, and in particular, bulk specific gravity of the water-absorbent resin can be controlled high.
[0103] A specific method for controlling area occupancy rate or thickness of hydrogel on the through-flow belt is not
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especially limited, however, for example, the following (1) to (4) and the like are included. These methods may be used
in combination as appropriate.
[0104]

(1) A method for adjusting feed amount of hydrogel relative to a width direction of the through-flow belt;
(2) A method for leveling gel supplied on the through-flow belt, using a control plate having constant shape (for
example, wave-like, comb-like, jagged-like shape) in a width direction, or a roller;
(3) A method for supplying hydrogel on the through-flow belt from a plurality of places in a width direction (each
supply amount may be changed);
(4) A method for supplying hydrogel on the through-flow belt by dividing in a plurality of portions;

[0105] In the above (1) to (4), as a method for supplying hydrogel onto a belt, there has been included a method for
supplying hydrogel onto the through-flow belt directly from an exit of an apparatus of the polymerization step or the fine
granulation step (for example, a kneader, a meat chopper); a method for using a feeder as disclosed in the PATENT
LITERATURES 3, 18 to 20 or the like; or the like.
[0106] As an example of the above control means, a servo motor and an inverter motor of said apparatus are sequentially
controlled using a traverse feeder or an oscillating feeder, as supplying apparatus of hydrogel. That is, it is preferable
to operate peripheral speed of the traverse feeder or the oscillating feeder in non-constant velocity, and in that case,
peripheral speed is increased from the center part toward the both ends, preferably by 1.1 times or more, still preferably
by 1.3 to 20 times. By such a means, thickness of hydrogel can be controlled constant within the above range, and thus
problems of the present invention are still more solved. Further, in supplying hydrogel from the supply apparatus to the
through-flow belt, gap between the supply apparatus and the through-flow belt face is 20 to 80 cm, particularly preferably
30 to 50 cm, and supply by free falling from the supply apparatus to the through-flow belt is preferable. By controlling
the traverse feeder or the oscillating feeder, preferably by controlling digitally (continuous ON-OFF, or periodic change
of speed), area occupancy rate or thickness variation rate can be controlled within a predetermined range. It should be
noted that control using the oscillating feeder has not been described in the PATENT LITERATURES 1 to 3. Although
the traverse feeder or the oscillating feeder has been disclosed in the PATENT LITERATURE 2 (WO 2008/087114
pamphlet) or the PATENT LITERATURE 28 (US-A-2004/0234607 specification), peripheral speed thereof or speed
change has not been disclosed nor suggested at all.
[0107] The present invention in a preferred embodiment_provides the production method for the water-absorbent
resin, by loading and drying hydrogel on the through-flow belt, using the traverse feeder or the oscillating feeder, preferably
operating in non-constant peripheral speed.
[0108] That is, the preferred production method for the water-absorbent resin of the present invention is the production
method for the water-absorbent resin, including: a polymerization step for obtaining hydrogel by subjecting a monomer
aqueous solution to a polymerization reaction; and a drying step for drying the hydrogel; wherein drying in the drying
step is performed using the continuous through-flow belt-type drying machine; solid content of the hydrogel supplied to
the drying step is 35% by weight or more, and is a production method for the water-absorbent resin by loading the
hydrogel on the continuous through-flow belt-type drying machine, using the non-constant velocity traverse feeder
(another name; head swing feeder) or the oscillating feeder (another name; oscillating conveyor), in particular, the
traverse feeder.
[0109] In the present description, "the traverse feeder" indicates a feeder where position of the feeder itself varies, in
particular, varies periodically, and still more circularly moves in a plane direction (for example, Fig. 3), and a typical
traverse feeder or oscillating feeder is exemplified as 200 of Fig. 2 and Fig. 3. It has been exemplified also in the PATENT
LITERATURE 2 (WO 2008/087114 pamphlet) or the PATENT LITERATURE 28 (US-A-2004/0234607 specification),
however, it should not be limited thereto.
[0110] As a preferable embodiment of the present invention, the hydrogel is loaded on the continuous through-flow
belt-type drying machine, using the non-constant velocity traverse feeder, particularly, the traverse belt feeder, and
peripheral speed (m/sec) of the traverse feeder becomes higher speed at the both end parts than at the center part.
[0111] In the present invention, "non-constant velocity" indicates that speed of the traverse feeder for converting
direction is in a state of acceleration or deceleration. That is, it indicates that said traverse feeder converts direction in
constant period or angle 8 (refer to Fig. 3), however, speed at other than the both ends thereof accelerates or decelerates
in an analogue way or a digital way.
[0112] In order to solve the problem of the present invention, it is preferable that higher speed (peripheral speed;
m/sec) is attained at the both end parts than at the center part (8=0 degree) of head swing angle of said traverse feeder,
by 1.1 to 100 times, still more 1.15 to 50 times, still further more 1.3 to 20 times, particularly 1.5 to 10 times. In the
present description, it is preferable that the both end parts are specified, for example, by an angle of 45 degree from the
center part, or a position narrowed by 10 degree from maximum head swing angle 8 of the traverse feeder. By such a
method, drying efficiency of the present invention is enhanced still more.
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[0113] In operation of the traverse feeder in non-constant velocity, rotation speed of a conveyor belt (conveying speed
of hydrogel) may be determined as appropriate, however, it is preferably 0.1 (m/s) or higher, more preferably 0.1 to 10
(m/s), still more preferably 0.4 to 8 (m/s). It should be noted that the rotation speed of the conveyor belt may be constant
velocity or non-constant velocity, as long as it is within the above range, however, constant velocity is preferable. Still
more, peripheral speed or angle (8) of the traverse feeder may also be determined as appropriate. Preferably, it is
controlled so as to attain the thickness variation rate or occupancy rate, and still more controlled so as to attain solid
content, punching metal, drying condition, polymerization condition or the like described above or to be described later.

(g) Density of hydrogel

[0114] In the drying step of the present aspect, density of hydrogel in a undried state, to be loaded on the through-
flow belt is preferably below 0.7 g/cm3, more preferably below 0.6 g/cm3, still more preferably below 0.55 g/cm3, and
lower limit value thereof is preferably 0.35 g/cm3 or higher. As a control method for density, a method for loading hydrogel
onto the through-flow belt by dropping it from predetermined height is included. It should be noted that, in that case
where gel after loaded is flattened using a roller or the like, as in the PATENT LITERATURE 18, control of density
becomes difficult. Said density may be determined by calculation from weight of hydrogel loaded on the through-flow
belt and volume of a loaded substance of particulate hydrogel, using scanning of a laser-type distance meter or a laser-
type displacement sensor.

(h) Drying temperature and through-flow rate

[0115] Drying temperature in the continuous through-flow belt-type drying machine is set at preferably 110 to 230ºC,
more preferably 150 to 230ºC, still more preferably 160 to 200ºC. By setting the drying temperature at 110 to 230ºC,
shortening of drying time and reduction of coloring of the water-absorbent resin can be attained at the same time. It
should be noted that drying temperature is specified by atmosphere temperature.
[0116] In addition, it is preferable that flow rate of hot air is set at 3.0 m/sec or lower. In addition, as for direction of hot
air, it is preferable to combine up-flow and down-flow. In particular, by setting hot air direction to up-flow in the first part,
and down-flow in the latter part, more uniform drying can be attained.

(i) Drying time

[0117] Drying time may be adjusted as appropriate, by those skilled in the art, depending on surface area and water
content of hydrogel, and type of the drying machine. Drying time is usually 10 to 120 minutes, preferably 20 to 60 minutes.

(j) Dew point

[0118] In the drying step, air including steam or inert gas is contacted to hydrogel. It is preferable that dew point of
said steam mixed gas is high at the inlet of the drying machine and low at the exit of the drying machine. Dew point of
the steam mixed gas is preferably 50 to 100ºC, more preferably 50 to 70ºC. By controlling it within this range, a residual
monomer can be reduced. Still more, in the drying step, in view of the residual monomer, water-absorbing characteristics
or coloring, it is preferable that hot air with dew point higher by 10 to 50ºC, more preferably 15 to 40ºC is contacted to
hydrogel. By controlling it within this range, it becomes possible to reduce the residual monomer, enhance water-
absorbing characteristics and suppress coloring. By controlling the dew point as above, decrease in density of the water-
absorbent resin can be prevented as well.
[0119] In the present invention, it is preferable that, in the drying step after completion of the polymerization step,
drying under heating is performed, preferably, under the following condition (A) or (B), more preferably (A) and (B). That
is, it is preferable that hydrogel is charged to the drying step immediately, without staying long and storing hydrogel, by
directly connecting the polymerization step or the fine granulation step to the drying step.
[0120]

(A) After completion of the polymerization step, hydrogel is dried under heating, so that solid content becomes 70%
by weight or higher, preferably 75% or more, more preferably 80% or more, preferably within 10 minutes. More
preferably, after completion of the polymerization step, hydrogel is dried under heating, so that solid content becomes
65% by weight or higher, preferably 70% by weight or more, within 5 minutes.
(B) After completion of the polymerization step, solid content of hydrogel is increased 10% or higher, preferably
20% or more, more preferably 30% or more, within 10 minutes. More preferably, after completion of the polymerization
step, solid content of hydrogel is dried by under heating to 65% by weight or higher, preferably 70% by weight or
more, within 5 minutes.
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[0121] In this way, by supplying hydrogel to the drying step immediately after the polymerization step, reduction of
coloring, enhancement of absorbency or extractables of the water-absorbent resin can be attained.
[0122] In the PATENT LITERATURE 17 or the PATENT LITERATURE 19, hydrogel after polymerization is stored
before drying, or hydrogel is subjected to the predetermined treatment, and there has been no disclosure on technique
for increasing solid content in a short period of time after the polymerization step.
[0123] In order to attain the (A) or (B), hydrogel taken out from a polymerization apparatus is put in a drying machine
continuously, and residence time thereof is within 1 minute, preferably within 0.5 minutes, still more within 0.2 minutes.
Still more, upper limit of the solid content after completion of the drying step of 5 minutes or 10 minutes is 90% by weight
or less, still more preferably 85% by weight or less. In addition, temperature of a hydrogel-like cross-linked polymer from
after polymerization to initiation of drying is controlled preferably at 50 to 80ºC, still more preferably at 60 to 70ºC.
[0124] In addition, in the drying step of the present aspect, it is preferable that hydrogel, having solid content increased
to 93% by weight or more by drying, is dried under heating for still more 5 minutes or longer. By further drying under
heating of hydrogel nearly dried in this way, absorbency against non-pressure (CRC) enhances.

(5) Pulverization step and classification step

[0125] After the above dying step, the obtained dried substance may be pulverized, as needed, to adjust particle size.
By the pulverization step, a pulverized substance (irregular-shaped fractured-state water-absorbent resin powder) is
obtained, where a dried substance obtained by the above drying step is pulverized. In the case of performing a surface
cross-linking step to be described later, it is preferable to control particle size within a specific range, to enhance property
of the water-absorbent resin.
[0126] A method for pulverization is not especially limited, however, there is include, for example, a pulverization
method using a conventionally known pulverization machine such as a roll mill, a hammer mill, a roll granulator, a jaw
crusher, a gyratory crusher, a cone crusher, a roll crusher, a cutter mill or the like. Among these, in view of particle size
control, pulverization using the roll mill or the roll granulator in multi-stage is preferable. In addition, as a classification
method, various classification machines such as sieve classification, through-flow classification can be used. It should
be noted that particle size (specified by JIS Z8801-1 (2000)) can be controlled as appropriate by the above-described
polymerization step (in particular, reverse phase suspension polymerization), pulverization, classification, granulation,
fine powder recovery or the like.
[0127] Weight average particle diameter (D50) of a pulverized substance obtained by said pulverization step is pref-
erably 200 to 600 mm, more preferably 200 to 550 mm, still more preferably 250 to 500 mm, and particularly preferably
350 to 450 mm. In addition, the less amount of particles below 150 mm is the better, and content of particles below 150
mm is preferably 0 to 5% by weight, more preferably 0 to 3% by weight, and still more preferably 0 to 1% by weight.
Further the less amount of particles with 850 mm or larger is the better, and content of particles over 850 um is preferably
0 to 5% by weight, more preferably 0 to 3% by weight, and still more preferably 0 to 1% by weight. Logarithm standard
deviation (σζ) of the particle size distribution is set at preferably 0.20 to 0.40, more preferably 0.27 to 0.37, further
preferably 0.25 to 0.35. These property values are measured using standard sieves, for example, by methods described
in WO 2004/069915 pamphlet or EDANA-ERT420.2-02.
[0128] In addition, in the present invention, ratio of particles with a diameter of 150 to 180 mm, relative to total weight,
is preferably 95% by weight or more, more preferably 98% by weight or more (upper limit is 100% by weight). It is
preferable that a dried substance or powder having this ratio is surface cross-linked. In addition, particle size before the
above surface cross-linking may also be applied to preferably after surface cross-linking, and further to a final product.
[0129] Generally, by controlling particle size distribution narrow, that is, by controlling upper limit and lower limit of the
particle size, it tends to make value of coloring degree of the water-absorbent resin larger in view of measurement,
however, since coloring of the water-absorbent resin can be suppressed according to the production method of the
present aspect, such a problem is difficult to occur. Therefore, in the classification step, it is controlled so as to attain
ratio of particles with a diameter of 850 to 150 mm, preferably 95% or more, more preferably 98% or more (provided the
upper limit is 100%).

(6) Surface cross-linking step

[0130] In the production method of the present aspect, it is preferable to further include a step for surface cross-linking
water-absorbent resin powder obtained by the above steps (the drying step, the pulverization step or the classification
step). By performing said surface cross-linking step, a more white water-absorbent resin having less coloring can be
obtained.
[0131] A method for the surface cross-linking is not especially limited, and includes, for example, a method for cross-
linking the surface of water-absorbent resin powder using a surface cross-linking agent. In particular, surface cross-
linking by heating at high temperature is suitable.
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[0132] As the surface cross-linking agent which can be used in the surface cross-linking step of the present aspect,
various organic or inorganic surface cross-linking agents can be exemplified, and the organic surface cross-linking
agents are used preferably. Said organic surface cross-linking agents may be used in combination with ion-bonding-
type surface cross-linking agents.
[0133] As the organic surface cross-linking agents, there are included compounds which have been exemplified in
USP No. 6228930 specification , USP No. 6071976 specification, USP No. 6254990 specification, etc., for example, a
polyol compound, such as mono-, di-, tri-, tetrapropylene glycol, 1,3-propanediol, glycol, 1,4-butanediol, 1,3-butanediol,
1,5-pentanediol, 1,6-hexanediol, sorbitol; an epoxy compound such as ethylene glycol diglycidyl ether, glycidol; a con-
densate of a polyvalent amine compound and a haloepoxy compound thereof; oxazoline compound; a (mono-, di-, or
poly-) oxazolidinone compound; an alkylene carbonate compound such as ethylene carbonate; an oxetane compound;
a periodic urea compound such as 2-imidazolidinone; and the like. Among these, a surface cross-linking agent having
dehydration esterification reactivity composed of the polyol compound, the alkylene carbonate compound, and the
oxazolidinone compound, requiring a reaction at high temperature, may be used particularly preferably. The organic
surface cross-linking agents may be used alone, or two or more kinds in combination.
[0134] In addition, as the inorganic surface cross-linking agent, there is included, for example, a salt (an organic salt
or an inorganic salt) of a two-valent, preferably three-valent or tetra-valent polyvalent metal or a hydroxide or the like.
As said polyvalent metal, aluminum, zirconium, or the like is included, and as the salt of the polyvalent metal, aluminum
lactate and aluminum sulfate are included.
[0135] It is preferable that use amount of the surface cross-linking agent is 0.001 to 10 parts by weight, more preferably
0.01 to 5 parts by weight, relative to 100 parts by weight of water-absorbent resin powder.
[0136] In using the surface cross-linking agent, preferably water is used. Use amount of said water is not especially
limited, however, it is preferably 0.5 to 20 parts by weight, more preferably 0.5 to 10 parts by weight, relative to 100 parts
by weight of the water-absorbent resin powder.
[0137] Further, in using the surface cross-linking agent, a hydrophilic organic solvent may be used in addition to the
water. Use amount of said hydrophilic organic solvent is not especially limited, however, it is preferably 0 to 10 parts by
weight, more preferably 0 to 5 parts by weight, relative to 100 parts by weight of the water-absorbent resin powder
[0138] As the hydrophilic organic solvent, there is included, for example, alcohols such as methyl alcohol, ethyl alcohol,
propyl alcohol, isopropyl alcohol, butyl alcohol, isobutyl alcohol, t-butyl alcohol; ketones such as acetone, methyl ethyl
ketone; ethers such as dioxane, alkoxy(poly)ethylene glycol, tetrahydrofuran; amides such as ε-caprolactam, N,N-dimeth-
ylformamide; sulfoxides such as dimethylsulfoxide; polyvalent alcohols such as ethylene glycol, diethylene glycol, pro-
pylene glycol, triethylene glycol, tetraethylene glycol, 1,3-propanediol, dipropylene glycol, 2,2,4-trimethyl-1,3-pentane-
diol, glycerin, 2-butene-1,4-diol, 1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,2-cyclohexaned-
imethanol, 1,2-cyclohenanol, trimethylolpropane, diethanolamine, triethanolamine, polyoxypropylene, pentaerythritol,
sorbitol; and the like, and one kind or two or more kinds thereof may be used.
[0139] In mixing the water-absorbent resin powder and a surface cross-linking agent solution, water-insoluble fine
particulate powder or a surfactant may be present at the same time, within a range not to interfere effect of the present
invention. Use amount of said water-insoluble fine particulate powder or surfactant is preferably 0 to 10 parts by weight,
more preferably 0 to 5 parts by weight, still more preferably 0 to 1 part by weight, relative to 100 parts by weight of the
water-absorbent resin powder. Kind of the surfactant or use amount thereof has been described in USP No. 7473739.
[0140] A mixed solution of the water-absorbent resin powder and the surface cross-linking agent solution is subjected
to heating treatment, and then cooling treatment, as needed. Heating temperature is preferably 70 to 300ºC, more
preferably 120 to 250°C, still more preferably 150 to 250°C. In addition, heating time is preferably 1 minute to 2 hours.
Heating treatment may be performed in a usual drying machine or a heating furnace. It should be noted that methods
for surface cross-linking which have been described in EUP No. 0349240 specification, EUP No. 0605150 specification,
EUP No. 0450923 specification, specification, EUP No. 0450924 specification, EUP No. 0668080 specification, JP-A-
7-242709, JP-A-7-224304, USP No. 5409771 specification, USP No. 5597873 specification, USP No. 5385983 speci-
fication, 5610220 specification, USP No. USP No. 5633316 specification, USP No. 5674633 specification, USP No.
5462972 specification, WO 99/42494 pamphlet, WO 99/43720 pamphlet, WO 99/42496 pamphlet or the like may also
be applied to the production method of the present aspect.
[0141] According to the production method of the present aspect, the water-absorbent resin with high whiteness can
be provided, even in the case where drying using high temperature heating or hot air is adopted, which has conventionally
caused significant coloring.
[0142] In particular, in using the water-absorbent resin produced by the production method of present aspect, in a
sanitary material (in particular, disposable diapers), by said surface cross-linking step, absorbency against pressure
(AAP) to be described later can be enhanced to a preferable range of 20 g/g or more.
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(7) Other steps

[0143] As other than the above-described steps, a surface treatment step of the polyvalent metal salt, a recycling step
of an evaporated monomer, a granulation step, a fine powder removal step, a fine powder recycling step or the like may
be installed, as needed. Further, in order to reduce time course coloring (enhancement of stability effect) or to prevent
gel deterioration or the like, the above-described additives may be used in the monomer or a polymer thereof (hydrogel).
[0144] The surface cross-linking step of the polyvalent metal salt may be performed, in the case where high liquid
permeation against pressure (SFC as described in USP No. 5669894 specification, or GBP as described in WO
2004/96303 pamphlet and WO 2005/016393 pamphlet, or the like) is required. For example, a method described in USP
No. 6605673 specification and USP No. 6620899 specification may be applicable.
[0145] In the production method of the present aspect, it is preferable to include the fine powder recycling step. The
fine particle recycling step is a step for recycling fine powder (for example, having particles below 150 mm, as a main
component; particularly preferably, including particles below 150 mm in an amount of 70% by weight or more) removed
by the classification step or the like, after separation, as it is, or after gelling by adding water, to the polymerization step
or the drying step. As the preferable method of fine particle recycling, for example, a method described in US-A-
2006/247351 specification, USP No. 6228930 specification is included. By performing the fine powder recycling step,
control of particle size or control of solid content of hydrogel can be performed easily. Further, by adding fine powder,
a dried substance of hydrogel can be peeled easily from the through-flow belt, and is thus preferable.
[0146] In a production method for the water-absorbent resin including the conventional fine particle recycling step,
there may be the case where drying of hydrogel added with fine powder becomes non-uniform, in the case of recycling
fine powder to the drying step, or there may be the case where the residual monomer increases, in the case of recycling
fine powder to the polymerization step, thus property decrease was observed, such as decrease in absorbency or the
like, while according to the production method for the water-absorbent resin of the present aspect, even in the case of
performing the fine power recycling step, decrease in property or coloring of the water-absorbent resin can be suppressed
effectively.

<3> Property of the water-absorbent resin

[0147] The production method for the water-absorbent resin of the present aspect is suitable for the case of producing
the water-absorbent resin satisfying at least one of the following properties (a) to (f), preferably two or more including
AAP, and more preferably three or more including AAP. The water-absorbent resin satisfying these properties are
preferably applied to hygiene materials, in particular, disposable diapers. The case, where the water-absorbent resin
does not satisfy these properties, may not exert sufficient performance in a high concentration disposable diaper with
a concentration of the water-absorbent resin of 40% by weight or more.

(a) Initial coloring

[0148] The water-absorbent resin, obtained by the production method of the present aspect, has small initial coloring.
Specifically it has, in Hunter Lab surface color system, "L" value (Lightness) of preferably 85 or higher, more preferably
87 or higher, and still more preferably 89 or higher; "b" value is -5 to 10, more preferably -5 to 9, still more preferably -4
to 8 and particularly preferably -1 to 7; and "a" value is preferably -2 to 2, more preferably -1 to 1, still more preferably
-0.5 to 1, and particularly preferably 0 to 1. "YI" is preferably 10 or lower, more preferably 8 or lower, and still more
preferably 6 or lower. "WB" is preferably 70 or higher, more preferably 75 or higher, and still more preferably 77 or higher.
Further, the water-absorbent resin obtained by the production method of the present aspect has superior small time
course coloring and shows sufficient whiteness degree, even in a model test for a long period of storage under high
temperature and high humidity.

(b) Absorbency against pressure (AAP)

[0149] The water-absorbent resin, obtained by the production method of the present aspect, may attain absorbency
(AAP) of preferably 10 [g/g] or higher, more preferably 20 [g/g] or higher, still more preferably 22 [g/g] or higher, and
particularly preferably 24 [g/g] or higher, for the 0.9% by weight sodium chloride aqueous solution, under a load condition
of 0.3 psi, more preferably 0.7 psi. The higher AAP is the more preferable, however, in consideration of valance with
other properties, the upper limit is 40 [g/g] or lower. AAP within the above range is capable of preventing leakage in
disposable diapers.
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(c) Liquid permeation (SFC)

[0150] The water-absorbent resin, obtained by the production method of the present aspect, may attain flow conductivity
of 0.69% sodium chloride aqueous solution (SFC), which is one index of liquid permeation against pressure, of preferably
1 [310-7·cm3·s·g-1] or higher, more preferably 10 [310-7·cm3·s·g-1] or higher, still more preferably 50 [310-7·cm3·s·g-1]
or higher, particularly preferably 70 [310-7·cm3·s·g-1] or higher, and most preferably 100 [310-7·cm3·s·g-1] or higher.
SFC within the above range is capable of preventing leakage in disposable diapers.

(d) Absorbency against non-pressure (CRC)

[0151] The water-absorbent resin, obtained by the production method of the present aspect, may attain absorbency
against non-pressure (CRC) of preferably 10 [g/g] or higher, more preferably 20 [g/g] or higher, still more preferably 25
[g/g] or higher, and particularly preferably 30 [g/g] or higher. The higher CRC is the better, and the upper limit value is
not especially limited, however, in view of valance with other properties, it is preferably 100 [g/g] or lower, more preferably
50 [g/g] or lower, still more preferably 45 [g/g] or lower, and particularly preferably 40 [g/g] or lower.

(e) Extractables (amount of water-soluble components)

[0152] The water-absorbent resin, obtained by the production method of the present aspect, may attain extractables
of preferably 0 to 35% by weight or lower, more preferably 25% by weight or lower, still more preferably 15% by weight
or lower, and particularly preferably 10% by weight or lower.

(f) Residual monomer amount

[0153] The water-absorbent resin, obtained by the production method of the present aspect, may attain residual
monomer amount of preferably 0 to 400 ppm by weight, more preferably 0 to 300 ppm by weight, and still more preferably
0 to 200 ppm by weight.

(g) Solid content

[0154] It is preferable that the water-absorbent resin obtained by the production method of the present aspect has a
solid content of preferably 85 to 99.9% by weight, more preferably 90 to 99.9% by weight, still more preferably 95 to
99.9% by weight. When the solid content is controlled within the above range, decrease in property of the water-absorbent
resin can be prevented.
[0155] In the present invention, particularly preferable one among the above is the polyacrylic acid (salt)-type water-
absorbent resin, and exerts more effect in the case of satisfying at least one of the following (a) to (c). That is, the present
invention may be applied preferably to the production method for the water-absorbent resin satisfying at least one, still
more two or more and particularly three or more of the following (a) to (c) : (a) absorbency against non-pressure (CRC)
is 20 to 100 g/g; (b) absorbency against pressure (AAP0.3psi or AAP0.7psi) is 10 g/g to 40 g/g; and (c) saline flow
conductivity (SFC) is 10 (310-7·cm3·s·g-1) or higher. It should be noted that more preferable range of CRC/AAP/SFC is
as described above.

<4> Applications of the water-absorbent resin

[0156] Applications of the water-absorbent resin of obtained by the production method of the present aspect are not
especially limited, however, it may be preferably used in absorbent articles such as disposable diapers, sanitary napkins,
incontinent pads; agriculture and gardening applications; waste liquid solidification applications; civil engineering and
construction applications; and the like. Among these applications, when it is used in absorbent articles using the water-
absorbent resin in high concentration, particularly superior performance is exerted.
[0157] In the case where it is used in absorbent articles using the water-absorbent resin in high concentration, content
(core concentration) of the water-absorbent resin included in an absorbing body in said absorbing articles is usually 30
to 100% by weight, preferably 40 to 100% by weight, more preferably 50 to 100% by weight, still more preferably 60 to
100% by weight, particularly preferably 70 to 100% by weight, and most preferably 75 to 95% by weight.
[0158] Since the water-absorbent resin obtained by the production method of the present aspect is superior in liquid
permeation (liquid permeation against pressure), body fluid such as urine or the like absorbed is diffused quickly, even
in the case where the water-absorbent resin is included in an absorbing body in high concentration. This effect is
particularly significant in the case of using it at the upper layer part of the absorbing body. Therefore, in absorbent articles
such as disposable diapers, efficient liquid distribution is performed, thus enabling to enhance absorption amount of the
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whole absorbent article. In addition, since the water-absorbent resin obtained by the production method of the present
aspect provides little coloring, a white state of the absorbing body can be maintained, and clean appearance can be
maintained for a long period of time.
[0159] In addition, it is preferable that the above absorbing body is compression molded so as to attain a range of a
density of 0. 06 to 0. 50 g/cc, and a basis weight of 0.01 g/cm2 to 0.20 g/cm2. Still more, by setting thickness of the
absorbing body at preferably 30 mm or less, more preferably 20 mm or less, still more preferably 10 mm or less, the
absorbing body may be used suitably in absorbent articles such as thin-type disposable diapers.

EXAMPLES

[0160] Explanation will be given below on action effect of the present invention with reference to Examples and
Comparative Examples, however, technical scope of the present invention should be determined by description of claims,
and should not be limited only to the following Examples. It should be noted that various properties described in claims
and Examples were determined according to ERT/EDANA or the following measurement methods.

(a) Initial coloring and time course coloring

[0161] They were measured by a method described in WO 2009/005114 pamphlet.

(b) Solid content of hydrogel or the water-absorbent resin

[0162] By putting the water-absorbent resin weighed accurately in advance, in an aluminum cup with a bottom face
diameter of about 50 mm, total weight W1 [g] of the water-absorbent resin and the aluminum cup was measured. Standard
use amount of the water-absorbent resin is about 1 g. After that, it was stood still in an oven at an atmosphere temperature
of 180°C for 3 hours. After 3 hours, the water-absorbent resin and the aluminum cup taken out from the oven were
cooled sufficiently to room temperature in a desiccator, and then total weight W2 [g] of the water-absorbent resin and
the aluminum cup after drying was measured to determine solid content [% by weight] according to the following EX-
PRESSION 3.
[MATH. 5] 

[0163] Solid content of hydrogel was measured by a similar operation as in the case of the water-absorbent resin,
except that standard use amount of hydrogel was set at about 2 to 4 g, and stationary drying was performed in an oven
for 24 hours.

(c) Saline flow conductivity (SFC)

[0164] It was measured by a method described in USP No. 5669894 specification.

(d) GEX value

[0165] According to US-A-2006/0167198 specification, GEX value was calculated. The GEX value is defined by the
following EXPRESSION 4 or 5, provided that absorbency against non-pressure (CRC) is represented by y [g/g], and
extractables is represented by x (% by weight).
[MATH. 6] 
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[MATH.7] 

[0166] In relation between CRC and extractables, the smaller extractables is the better for CRC, and GEX value is
one index to evaluate this. The larger said GEX value shows the higher performance of the water-absorbent resin.

(e) Other properties

[0167] According to a method described in ERT/EDANA or US-A-2006/204755, absorbency against non-pressure
(CRC) in a 0.9% sodium chloride aqueous solution, particle size distribution, pH, extractables, residual amount of acrylic
acid were measured.

[Example 1]

<Polymerization step>

[0168] An aqueous solution of 75% by mole neutralized partial sodium acrylate (a monomer concentration of 38% by
weight), including 0.07% by mole (relative to the monomer) of polyethyleneglycol diacrylate (an average molecular weight
of 400), as an inner cross-linking agent, was prepared as a monomer aqueous solution. Into a container, said monomer
aqueous solution was continuously fed using a constant feed pump. In this case, by continuously blowing nitrogen gas
in the middle of a transportation tube, oxygen concentration in the monomer aqueous solution was made at 0.5 ppm or
lower. Into said monomer aqueous solution, 0.14 g of sodium persulfate and 0.005 g of L-ascorbic acid per 1 mole of
the monomer were continuously mixed by line mixing. Then, this mixture was supplied onto a plane steel belt having a
weir at the both ends, so as to attain a thickness of about 30 mm, and continuous stationary aqueous solution polym-
erization was performed for 30 minutes to obtain hydrogel.

<Fine granulation step>

[0169] By finely crushing the obtained hydrogel with a meat chopper having a pore diameter of 7 mm, particulate
hydrogel (A), having a weight average particle diameter of 1.3 mm and a solid content of 39% by weight, was obtained.

<Drying step>

[0170] The particulate hydrogel (A) (a hydrogel temperature of 60°C, and a solid content of 39% by weight) was
continuously loaded on a continuously moving through-flow belt (punching metal), by controlling sequence of a traverse
feeder (so as to be high speed at the both end parts), using the traverse feeder as a continuous through-flow belt-type
drying machine. Then, the particulate hydrogel on the through-flow belt was continuously dried for about 38 minutes.
Thickness of the particulate hydrogel, area occupancy rate, the drying machine and drying condition are as follows.

(Drying machine)

[0171] The continuous through-flow belt-type drying machine was used, having six drying rooms in total, through which
the through-flow belt passes, and whose hot air condition can be adjusted each independently. It should be noted that
length of a belt of the through-flow belt was 17 m, belt width was 1.2 m and transfer speed of the continuous through-
flow belt was 0.25 m/minute.

(Temperature and linear speed of hot air)

[0172] Hot air temperature of the drying room and linear speed of the hot air were set at 170ºC and 1.0 m/sec,
respectively. In addition, dew point was adjusted by mixing steam to hot air, so as to attain a dew point of 80°C at a
drying room at the entrance (the first room) of the drying machine, and a dew point of 20ºC at a drying room (the sixth
room) at the vicinity of the exit of the drying machine. It should be noted that, in the linear speed of 1.0 [m/sec], wind
direction in the first room was set up-flow from the bottom face, while wind direction in the sixth room was set down-flow
from the top part of the drying machine to the bottom face.
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(Through-flow belt)

[0173] A material of the through-flow belt is SUS304, opening pore rate was 33% and average area of the pore was
16 mm2.

(Thickness of hydrogel and area occupancy rate)

[0174] The particulate hydrogel (A) loaded on the through-flow belt by the traverse feeder had a thickness variation
rate (1) of 1.41 and a thickness variation rate (2) of 1.33. In addition, average value of thickness of hydrogel was 10.5
cm, and area occupancy rate (and width occupancy rate) was 95%. It should be noted that measurement of thickness
of the particulate hydrogel loaded on the through-flow belt was performed using a laser-type displacement sensor.
[0175] The hydrogel was sampled at 5 minutes and 10 minutes after initiation of drying to measure solid content, and
found to be 67% by weight and 72% by weight, respectively. Further, solid content of a dried substance obtained by
drying hydrogel, having a dried solid content of 93% by weight, on a belt for about 8 minutes in the sixth room, was 94%
by weight.

<Pulverization step and classification step>

[0176] After pulverization of total amount of a dried substance after the drying, by continuously supplying it to a three-
stage roll mill (roll gap was 1.0 m/0.55 mm/0.42 mm from the top side), it was classified using a sieving apparatus, having
a metal sieve screen with a sieve mesh size of 850 mm, to obtain a water-absorbent resin (1). It should be noted that
there was no adhered substance derived from the undried substance, at the surface of the roll mill after pulverization.
Analysis result of the water-absorbent resin (1a) is shown in Table 1.

<Surface cross-linking step>

[0177] The obtained water-absorbent resin (1) was continuously supplied to a high speed continuous mixing machine
in a rate of 1500 kg/hr using a constant supplying machine. Then, a surface treatment agent solution composed of mixed
liquid of 0.3 parts by weight of 1,4-butane diol, 0.5 parts by weight of propylene glycol and 2.7 parts by weight of pure
water, relative to 100 parts by weight of the water-absorbent resin, was sprayed and mixed using a sprayer.
[0178] Next, the obtained mixture was heat processed continuously at 198°C for 40 minutes using a paddle dryer,
and then, under spraying addition of 0.5 parts by weight of aluminum sulfate, 1 part by weight of water and 0.05 parts
by weight of propylene glycol, relative to 100 parts by weight of the obtained powder, it was subjected to forced cooling
to 60°C using the puddle dryer. Further, a substance passed through 850 mm was classified using a sieve classification
apparatus. In this case, coarse powder remained on a sieve screen with a sieve mesh size of 850 mm was pulverized
again, and then mixed with the substance passed through 850 mm. In this way, a water-absorbent resin (1 b) was
obtained, which has been surface cross-linked and is one all passed through a sieve of 850 mm. Analysis result of the
water-absorbent resin (1b) is shown in Table 2.

[Example 2]

[0179] By performing similar operation in the polymerization step of Example 1, except that monomer concentration
of the monomer aqueous solution was set at 45% by weight, use amount of sodium persulfate was set at 0.1 g per 1
mole of the monomer, and L-ascorbic acid was not used, particular hydrogel (B) was obtained. Weight average particle
diameter and solid content of the particular hydrogel (B) were 1.2 mm and 46% by weight, respectively.
[0180] In addition, drying was performed by similar operation as in Example 1, except that the thickness variation rate
(1), the thickness variation rate (2), the average thickness value, and the area occupancy rate (and the width occupancy
rate) of the particular hydrogel (B), loaded on the through-flow belt by the traverse feeder controlled in non-constant
speed (higher speed at the both ends), in the drying step of Example 1, were set at 1.38, 1.45, 10.3 cm and 96%,
respectively.
[0181] Solid contents of the hydrogel at 5 minutes and 10 minutes after initiation of drying were 70% by weight and
85% by weight, respectively. Further, solid content of a dried substance obtained by drying hydrogel, having a dried
solid content of 95% by weight, on a belt for about 8 minutes in the sixth room, was 96.0% by weight.
[0182] After drying, similar pulverization step and classification step as in Example 1 were performed to obtain a water-
absorbent resin (2a). It should be noted that there was no adhered substance derived from the undried substance, at
the surface of the roll mill after pulverization. Analysis result of the water-absorbent resin (2a) is shown in Table 1.
[0183] Further, a surface cross-linked water-absorbent resin (2b) was obtained by performing similar surface cross-
linking step as in Example 1, as for the water-absorbent resin (2a). Analysis result of the water-absorbent resin (2b) is
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shown in Table 2.

[Comparative Example 1]

[0184] In the drying step of Example 1, dew point at the first room, and the sixth room of the drying machine were
adjusted at 55°C and 60°C, respectively. The through-flow belt having a pore opening rate of 52% and an average pore
area of 8 mm2 was used. Drying was performed by similar operation as in Example 1, except that the thickness variation
rate (1), the thickness variation rate (2), the average thickness value, and the area occupancy rate (and the width
occupancy rate) of the particular hydrogel (A), loaded on the through-flow belt by the traverse feeder, were set at 5.51,
3.80, 14.6 cm and 84%, respectively.
[0185] Solid contents of the hydrogel at 5 minutes and 10 minutes after initiation of drying were 55% by weight and
67% by weight, respectively. Further, solid content of a dried substance obtained by drying hydrogel, having a dried
solid content of 88% by weight, on a belt for about 8 minutes in the sixth room, was 90% by weight.
[0186] After drying, similar pulverization step and classification step as in Example 1 were performed to obtain a
comparative water-absorbent resin (1a). It should be noted that there was present adhered substance derived from the
undried substance, at the surface of the roll mill after pulverization. Analysis result of the comparative water-absorbent
resin (1a) is shown in Table 1.

[Comparative Example 2]

[0187] In the drying step of Comparative Example 1, drying was performed by similar operation as in Comparative
Example 1, except that the thickness variation rate (1), the thickness variation rate (2), the average thickness value, and
the area occupancy rate (and the width occupancy rate) of the particular hydrogel (A), loaded on the through-flow belt
by the traverse feeder, were set at 1.02, 1.01, 8.6 cm and 82%, respectively.
[0188] Solid contents of the hydrogel at 4 minutes and 10 minutes after initiation of drying were 61% by weight and
67% by weight, respectively. Still more, solid content of a dried substance obtained by drying hydrogel, having a dried
solid content of 89% by weight, on a belt for about 8 minutes in the sixth room, was 92% by weight.
[0189] After drying, similar pulverization step and classification step as in Example 1 were performed to obtain a
comparativewater-absorbent resin (2a). Analysis result of the comparative water-absorbent resin (2a) is shown in Table 1.

TABLE 1

Example 1 
Water-
absorbent 
resin (1a)

Example 2 
Water-
absorbent 
resin (2a)

Comparative Example 
1 Comparative water-
absorbent resin (1a)

Comparative Example 
2 Comparative water-
absorbent resin (2a)

Drying 
step

hydrogel hydrogel (A) hydrogel (A) hydrogel (A) hydrogel (A)

Thickness 
variation rate 
(1)

1.41 1.38 5.51 1.02

Thickness 
variation rate 
(2)

1.33 1.45 3.8 1.01

Pore opening 
rate [%]

33 33 52 52

Area occupying 
rate [%]

95 96 84 82
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[0190] According to the Tables 1 and 2, it has been shown that the water-absorbent resin obtained by the production
method of the present invention has no un-dried substance and is superior in various properties, as compared with
Comparative hydrogels.

INDUSTRIAL APPLICABILITY

[0191] As described above, according to the present invention, in the drying step of hydrogel with high solid content
(35% by weight or higher, preferably 40% by weight or higher, more preferably 45% by weight or higher), the low cost
water-absorbent resin with excellent property can be produced stably, by such a simple method as changing the thickness

(continued)

Example 1 
Water-
absorbent 
resin (1a)

Example 2 
Water-
absorbent 
resin (2a)

Comparative Example 
1 Comparative water-
absorbent resin (1a)

Comparative Example 
2 Comparative water-
absorbent resin (2a)

Property

Solid content 
[wt %]

95.4 96.5 88.0 94.0

D50 [mm] 450 460 500 470

σζ 0.39 0.41 0.51 0.5

Fine dust below 
150 mm [wt %]

0.9 0.5 1.3 2.9

CRC [g/g] 35.3 35.1 31.1 36.1

Extractables 
(wt %)

8.1 6.8 8.7 15.4

GEX value 25.0 27.2 22.2 19.4

Residual 
monomer 
amount [ppm]

350 250 800 400

Coloring 
degree, b value

6.8 5.5 8.0 9.3

TABLE 2

Example 3 Water-
absorbent resin (1b)

Example 4 Water-
absorbent resin (1b)

Dried substance (before 
surface cross-linking)

Water-absorbent resin (1a) water-absorbent resin (2a)

Property

D50 [mm] 450 460

σζ 0.38 0.39

Fine powder below 150 
mm [wt %]

0.4 0.3

DRC [g/g] 30.5 30.3

AAP 0.3 psi [g/g] 28.9 29.1

AAP 0.7 psi [g/g] 25.6 26.1

SFC [10-7·cm3·s·g-1] 30 30

Coloring degree, b 
value

7.1 5.9
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of hydrogel in a width direction of the through-flow belt, without requiring large change of additives (surfactant) or a
production apparatus as in a conventional method.

DESCRIPTION OF REFERENCE NUMERALS

[0192]

100 A screw extruder in the fine granulation step of hydrogel (another name; a meat chopper)
110 Particulate hydrogel
200 A traverse feeder (another name; head swing feeder)
300 An through-flow drying machine
310 A continuous through-flow belt
320 A drying bat
θ Head swing angle

Claims

1. A production method for a water-absorbent resin, comprising:

a polymerization step for obtaining hydrogel by subjecting a monomer aqueous solution to a polymerization
reaction; and
a drying step for drying the hydrogel;
wherein drying in the drying step is performed using a continuous through-flow belt-type drying machine,
solid content of the hydrogel supplied to the drying step is 35% by weight or more, and thickness variation rate
(1) represented by the following EXPRESSION 1 of the hydrogel loaded onto through-flow belt in the continuous
through-flow belt, is 1.05 to 5:
[MATH. 1] 

and
wherein thickness variation rate (2), represented by the following equation 2, of the above hydrogel loaded onto
the above through-flow belt in the above continuous through-flow belt-type drying machine is 1.05 to 3.00:
[MATH. 2] 

2. A production method for a water-absorbent resin according to claim 1,
wherein the hydrogel is loaded on the continuous through-flow belt-type drying machine using a non-constant velocity
traverse feeder.

3. The production method according to any one of claims 1 to 2, wherein the through-flow belt is a punching metal.

4. The production method according to any one of claims 1 to 3, wherein pore opening rate of the through-flow belt is
20 to 50%.
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5. The production method according to any one of claims 1 to 4, wherein length of the through-flow belt is 5 to 100 m,
width of the through-flow belt is 1 to 10 m, and thickness of the hydrogel loaded on the through-flow belt is 1 to 30 cm.

6. The production method according to any one of claims 1 to 5, wherein fine powder separated by a classification
step after the drying step, or said powder added with water is recycled to the polymerization step or the drying step.

7. The production method according to any one of claims 1 to 6, further comprising a fine granulation step for finely
granulating the hydrogel after the polymerization step but before the drying step.

8. The production method according to any one of claims 1 to 7, wherein in the drying step, solid content of the hydrogel
is made 70% by weight or higher within 10 minutes after the polymerization step.

9. The production method according to any one of claims 1 to 8, wherein, in the drying step, solid content of the hydrogel
is made 65% by weight or higher within 5 minutes after the polymerization step.

10. The production method according to any one of claims 1 to 9, wherein drying in the drying step is performed by
exposing the hydrogel to hot air at a temperature of 150 to 230°C and a flow rate of 3 m/sec or less.

11. The production method according to any one of claims 1 to 10, wherein the monomer aqueous solution comprises
methoxyphenols.

12. The production method according to any one of claims 1 to 11, wherein the continuous through-flow belt-type drying
machine is a continuous through-flow belt-type drying machine having five or more drying rooms.

13. The production method according to any one of claims 1 to 12, wherein, in the drying step, solid content of hydrogel
to be supplied to drying is 45 to 80% by weight.

14. The production method according to any one of claims 1 to 13, wherein, in the drying step, hydrogel made to have
a solid content of 93% by weight or higher by drying is dried under heating for still more 5 minutes or longer.

15. The production method according to any one of claims 1 to 14, wherein, in the drying step, dew point is controlled
lower at the second half of the drying step than at the first half of the drying step.

16. The production method according to any one of claims 1 to 15, wherein the monomer comprises an acrylic acid (salt).

17. The production method according to any one of claims 1 to 16, further comprising a pulverization step, a classification
step, and a surface cross-linking step, after the drying step.

18. The production method according to any one of claims 1 to 17, characterized in that the water-absorbent resin is
a polyacrylic acid (salt)-type water-absorbent resin, and satisfies at least one of the following (a) to (c):

(a) absorbency against non-pressure (CRC) is 20 to 100 g/g;
(b) absorbency against pressure (AAP 0.3psi or AAP 0.7psi) is 10 g/g to 40 g/g; and
(c) saline flow conductivity (SFC) is 10 (310-7·cm3·s·g-1) or higher.

19. The production method according to any one of claims 1 to 18, wherein the hydrogel is loaded on the continuous
through-flow belt-type drying machine using a non-constant velocity traverse feeder, and peripheral speed (m/s) of
the traverse feeder is set to be higher speed at the both end parts than at the center part of the through-flow belt.

20. The production method according to any one of claims 1 to 19, wherein peripheral speed at the both end parts of
the through-flow belt of the traverse feeder is set to be higher speed by 1.1 to 100 times of peripheral speed at the
center part.

Patentansprüche

1. Herstellverfahren für wasserabsorbierende Harze, aufweisend:
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einen Polymerisationsschritt zum Erhalt von Hydrogel, indem man eine wässrige Monomerlösung einer Poly-
merisationsreaktion unterwirft; und
einen Trocknungsschritt zum Trocknen des Hydrogels;
wobei das Trocknen im Trocknungsschritt unter Verwendung einer kontinuierlichen Durchlauftrocknungsma-
schine vom Bandtyp ausgeführt wird,
der Feststoffgehalt des dem Trocknungsschritt zugeführten Hydrogels 35 Gew.-% oder mehr beträgt, und
die Dickenvariationsrate (1), dargestellt durch den folgenden AUSDRUCK 1 des Hydrogels, welches auf das
Durchlaufband geladen wird, im kontinuierlichen Durchlaufband 1,05 bis 5 beträgt:
[MATH. 1] 

und wobei die Dickenvariationsrate (2), dargestellt durch die folgende Gleichung (2) des obigen Hydrogels, das
auf das obige Durchlaufband geladen wird, in der obigen kontinuierlichen Durchlauftrocknungsmaschine vom
Bandtyp 1,05 bis 3,00 beträgt:
[MATH. 2] 

2. Herstellverfahren für wasserabsorbierende Harze nach Anspruch 1, wobei das Hydrogel auf die kontinuierliche
Durchlauftrocknungsmaschine vom Bandtyp geladen wird, indem man eine Querzuführung mit nicht konstanter
Geschwindigkeit verwendet.

3. Herstellverfahren nach einem der Ansprüche 1 bis 2, wobei das Durchlaufband gestanztes Metall ist.

4. Herstellverfahren nach einem der Ansprüche 1 bis 3, wobei die Porenöffnungsrate des Durchlaufbandes 20 bis 50
% ist.

5. Herstellverfahren nach einem der Ansprüche 1 bis 4, wobei die Länge des Durchlaufbandes 5 bis 100 m beträgt,
die Breite des Durchlaufbandes 1 bis 10 m beträgt, und die Dicke des Hydrogels, das auf das Durchlaufband geladen
ist, 1 bis 30 cm ist.

6. Herstellverfahren nach einem der Ansprüche 1 bis 5, bei welchem feines Pulver, das mittels eines Sichtungsschrittes
nach dem Trocknungsschritt abgetrennt wurde, oder feines Pulver, das mit Wasser versetzt wurde, in den Polyme-
risationsschritt oder den Trocknungsschritt recycliert wird.

7. Herstellverfahren nach einem der Ansprüche 1 bis 6, weiterhin aufweisend einen Feingranulationsschritt zum feinen
Granulieren des Hydrogels nach dem Polymerisationsschritt, aber vor dem Trocknungsschritt.

8. Herstellverfahren nach einem der Ansprüche 1 bis 7, wobei in dem Trocknungsschritt der Feststoffgehalt des Hy-
drogels auf 70 Gew.-% oder höher innerhalb von 10 Minuten nach der Polymerisation gestellt wird.

9. Herstellverfahren nach einem der Ansprüche 1 bis 8, wobei in dem Trocknungsschritt der Feststoffgehalt des Hy-
drogels auf 65 Gew.-% oder höher innerhalb von 5 Minuten nach dem Polymerisationsschritt gestellt wird.

10. Herstellverfahren nach einem der Ansprüche 1 bis 9, wobei das Trocknen im Trocknungsschritt durchgeführt wird,
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indem man das Hydrogel heißer Luft bei einer Temperatur von 150 bis 230°C und einer Strömungsgeschwindigkeit
von 3 m/Sekunde oder weniger aussetzt.

11. Herstellverfahren nach einem der Ansprüche 1 bis 10, wobei die wässrige Monomerlösung Methoxyphenole aufweist.

12. Herstellverfahren nach einem der Ansprüche 1 bis 11, wobei die kontinuierliche Durchlauftrocknungsmaschine vom
Bandtyp eine kontinuierliche Durchlauftrocknungsmaschine vom Bandtyp ist, die 5 oder mehr Trocknungskammern
hat.

13. Herstellverfahren nach einem der Ansprüche 1 bis 12, wobei im Trocknungsschritt der Feststoffgehalt des Hydrogels,
welches der Trocknung zuzuführen ist, 45 bis 80 Gew.-% beträgt.

14. Herstellverfahren nach einem der Ansprüche 1 bis 13, wobei in dem Trocknungsschritt, das Hydrogel, dessen
Feststoffgehalt durch Trocknen auf 93 Gew.-% oder höher gestellt wurde, unter Erwärmung für 5 weitere Minuten
oder länger getrocknet wird.

15. Herstellverfahren nach einem der Ansprüche 1 bis 14, wobei in dem Trocknungsschritt der Taupunkt so eingestellt
wird, dass er in der zweiten Hälfte des Trocknungsschrittes niedriger ist als in der ersten Hälfte des Trocknungs-
schrittes.

16. Herstellverfahren nach einem der Ansprüche 1 bis 15, wobei das Monomer eine Acrylsäure (Salz) aufweist.

17. Herstellverfahren nach einem der Ansprüche 1 bis 16, weiterhin aufweisend einen Pulverisierungsschritt, einen
Klassierungsschritt und einen Oberflächenvernetzungsschritt, nach dem Trocknungsschritt.

18. Herstellverfahren nach einem der Ansprüche 1 bis 17, dadurch gekennzeichnet, dass das wasserabsorbierende
Harz ein wasserabsorbierendes Harz vom Polyacrylsäure (Salz)-Typ ist, und wenigstens einer der nachfolgenden
(a) bis (c) genügt:

(a) Zentrifugenretentionskapazität (CRC) ist 20 bis 100 g/g;
(b) Absorption unter Druck (AAP 0,3 psi oder AAP 0,7 psi) ist 10 g/g bis 40 g/g; und
(c) Flüssigkeitsweiterleitung (SFC) ist 10 (x10-7·cm3·s·g-1) oder größer.

19. Herstellverfahren nach einem der Ansprüche 1 bis 18, wobei das Hydrogel auf die kontinuierliche Durchlauftrock-
nungsmaschine vom Bandtyp unter Verwendung einer Querzuführung mit nicht konstanter Geschwindigkeit geladen
wird, und die Randgeschwindigkeit (m/Sekunde) des Traversaleinspeisers auf eine höhere Geschwindigkeit an den
beiden Endteilen eingestellt wird als am Mittelteil des Durchlaufbandes.

20. Herstellverfahren nach einem der Ansprüche 1 bis 19, wobei die Randgeschwindigkeit an beiden Endteilen des
Durchlaufbands der Querzuführung so eingestellt wird, dass sie um das 1,1 bis 100-fache der Randgeschwindigkeit
größer ist als am Mittelteil.

Revendications

1. Procédé de production d’une résine absorbant l’eau, comprenant :

une étape de polymérisation permettant d’obtenir un hydrogel en soumettant une solution aqueuse de monomère
à une réaction de polymérisation ; et
une étape de séchage permettant de sécher l’hydrogel ;
dans lequel le séchage à l’étape de séchage est réalisé à l’aide d’une machine de séchage de type courroie à
flux traversant continu,
la teneur en matière solide de l’hydrogel fourni à l’étape de séchage est de 35 % en poids ou plus, et
le taux de variation d’épaisseur (1) représenté par l’EXPRESSION 1 suivante de l’hydrogel chargé sur la courroie
à flux traversant dans la courroie à flux traversant continu est de 1,05 à 5 :
[MATH. 1] 
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et dans lequel le taux de variation d’épaisseur (2), représenté par l’équation suivante 2, de l’hydrogel ci-dessus
chargé sur la courroie à flux traversant ci-dessus dans la machine de séchage de type courroie à flux traversant
continu ci-dessus est de 1,05 à 3,00 :
[MATH. 2] 

2. Procédé de production d’une résine absorbant l’eau selon la revendication 1,
dans lequel l’hydrogel est chargé sur la machine de séchage de type courroie à flux traversant continu à l’aide d’un
alimenteur transversal à vitesse non constante ou d’un alimenteur oscillant.

3. Procédé de production selon l’une quelconque des revendications 1 à 2, dans lequel la courroie à flux traversant
est un métal de poinçonnage.

4. Procédé de production selon l’une quelconque des revendications 1 à 3, dans lequel le taux d’ouverture de pore
de la courroie à flux traversant est de 20 à 50 %.

5. Procédé de production selon l’une quelconque des revendications 1 à 4, dans lequel la longueur de la courroie à
flux traversant est de 5 à 100 m, la largeur de la courroie à flux traversant est de 1 à 10 m, et l’épaisseur de l’hydrogel
chargé sur la courroie à flux traversant est de 1 à 30 cm.

6. Procédé de production selon l’une quelconque des revendications 1 à 5, dans lequel une poudre fine séparée par
une étape de classification après l’étape de séchage, ou ladite poudre additionnée d’eau est recyclée à l’étape de
polymérisation ou l’étape de séchage.

7. Procédé de production selon l’une quelconque des revendications 1 à 6, comprenant en outre une étape de gra-
nulation fine permettant de granuler finement l’hydrogel après l’étape de polymérisation mais avant l’étape de
séchage.

8. Procédé de production selon l’une quelconque des revendications 1 à 7, dans lequel, à l’étape de séchage, la teneur
en matière solide de l’hydrogel est amenée à 70 % en poids ou plus en moins de 10 minutes après l’étape de
polymérisation.

9. Procédé de production selon l’une quelconque des revendications 1 à 8, dans lequel à l’étape de séchage, la teneur
en matière solide de l’hydrogel est amenée à 65 % en poids ou plus en moins de 5 minutes après l’étape de
polymérisation.

10. Procédé de production selon l’une quelconque des revendications 1 à 9, dans lequel le séchage à l’étape de séchage
est réalisé en exposant l’hydrogel à de l’air chaud à une température de 150 à 230 °C et un débit de 3 m/s ou moins.

11. Procédé de production selon l’une quelconque des revendications 1 à 10, dans lequel la solution aqueuse de
monomère comprend des méthoxyphénols.

12. Procédé de production selon l’une quelconque des revendications 1 à 11, dans lequel la machine de séchage de



EP 2 471 848 B2

31

5

10

15

20

25

30

35

40

45

50

55

type courroie à flux traversant continu est une machine de séchage de type courroie à flux traversant continu
comportant cinq séchoirs ou plus.

13. Procédé de production selon l’une quelconque des revendications 1 à 12, dans lequel à l’étape de séchage, la
teneur en matière solide de l’hydrogel à fournir au séchage est de 45 à 80 % en poids.

14. Procédé de production selon l’une quelconque des revendications 1 à 13, dans lequel à l’étape de séchage, l’hydrogel
amené à avoir une teneur en matière solide de 93 % en poids ou plus par séchage est séché par chauffage pendant
encore 5 minutes supplémentaires ou plus.

15. Procédé de production selon l’une quelconque des revendications 1 à 14, dans lequel à l’étape de séchage, le point
de rosée est régulé plus bas à la seconde moitié de l’étape de séchage qu’à la première moitié de l’étape de séchage.

16. Procédé de production selon l’une quelconque des revendications 1 à 15, dans lequel le monomère comprend un
(sel d’)acide acrylique.

17. Procédé de production selon l’une quelconque des revendications 1 à 16, comprenant en outre une étape de
pulvérisation, une étape de classification et une étape de réticulation de surface, après l’étape de séchage.

18. Procédé de production selon l’une quelconque des revendications 1 à 17, caractérisé en ce que la résine absorbant
l’eau est une résine absorbant l’eau de type (sel d’) acide polyacrylique, et satisfait au moins l’une des caractéristiques
(a) à (c) suivantes :

(a) le pouvoir absorbant sans pression (CRC) est de 20 à 100 g/g ;
(b) le pouvoir absorbant sous pression (AAP 0,3 psi ou AAP 0,7 psi) est de 10 g/g à 40 g/g ; et
(c) la conductivité de flux salin (SFC) est de 10 (x 10-7 • cm3 • s • g-1) ou plus.

19. Procédé de production selon l’une quelconque des revendications 1 à 18, dans lequel l’hydrogel est chargé sur la
machine de séchage de type courroie à flux traversant continu à l’aide d’un alimenteur transversal à vitesse non
constante, et la vitesse périphérique (m/s) de l’alimenteur transversal est fixée pour être plus élevée au niveau des
deux parties d’extrémité qu’au niveau de la partie centrale de la courroie à flux traversant.

20. Procédé de production selon l’une quelconque des revendications 1 à 19, dans lequel la vitesse périphérique au
niveau des deux parties d’extrémité de la courroie à flux traversant de l’alimenteur transversal est fixée pour être
plus élevée de 1,1 à 100 fois la vitesse périphérique au niveau de la partie centrale.
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