DESCRIPTION PRODUCTION METHOD AND METHOD FOR ENHANCING LIQUID
PERMEABILITY OF WATER-ABSORBING RESIN 5 TECHNICAL FIELD [0001] The present
invention relates to a production method and a method for enhancing liquid permeability of a
water-absorbing resin. More specifically, the present 10 invention relates to a production method to
obtain a water-absorbingresinshowinghighliquidpermeabilityunder
highpressureconditionsbyperformingsurfacecross-linking, and a method for enhancing liquid
permeability of a water-absorbing resin. 15 BACKGROUND ART [0002] A water-absorbing resin
(SAP/Super Absorbent Polymer) is a water- Mﬁ%gg%t—%ter-ins citable polymer gel ling agent , 20
and has been frequertpused prineipalty as dispasabieoap plicatiens] 2ascabsorbinguarticles such as

disposable diapers, sanitar ins, r retention ac enj d agriculture, an
industrial use water stop mé%%%ﬂogrﬁtﬁ%\%,ﬁg ig 31.%? Ea%v%ﬁg%-é\%sor %nc;Ii rgegsllz:[]\ti,1 those 25 using many

monomers or hydrophilic polymers as raw materials have been proposed. Among them, in particular ,
a polyacrylic agid-(or salt thereef)-pased water-absorbing resin obtained by using acrylic acid and/or a
salt thereof as a monomer has been used industrially in the highest amount, in view of its 30 high
water-absorbird perférmance. [0003] Such a water-absorbing resin is produced through a

polymerization step, aidltyipgstep, @ pulyerization step .2 classification step, @ siifacecgrags-linking
step or the like (Patent Documents 1 to 3). Accompanying with higher performance of disposable

diapers as a pfin€ipat agpficatish, 5 8 wafer bR OrbBig resi'hds aPe3'68eH reduiredarfy functions.

Specifically, maaypropeyties wiclyding: asivell agdiigh waler abserpliog capacity, get stangth,
water-saluble content ELPatent Document 4%? water ab orbing}speed, ﬁlbsorption against pressure
(Patent DocumiEN{E) Ciiqiild pérmieabilityt 70 fartitie Size distibutioh Gfine F8sistanés: Antiiotic
property, impackh tesistahce iowder #udiditys dewdorant pioperty; tolpHngeesistance, tlowlgowder dust

and the like hahve L%een required to ljcrri1 arteg to thefwater-absor%']g% resin, Thefefqgel, many

proposals suc ad surface cross-in ing 15 Fecﬁr?o%gﬁ ra%ldﬂﬁléo’g,rc an%gg of |8r_odlurcl:t|orrl1 %feps and the

like have beerroffered ains blindthértharetheadizoMvecor follawiry Patemdddouhidants bto 23. [0004]

water—-absorbing resin.
15
BACKGROUND ART
[0002]
A water-absorbing resin (SAP/Super Absorbent Polymer)
isawater—-swellingandwater—-insoluble polymer gellingagent,
20 and has been frequently used principally as disposable
applications, as absorbing articles such as disposable
diapers, sanitary napkins, a water retention agent for
gardening and agriculture, an industrial use water stop
material or the like. As such a water—-absorbing resin, those
25 using many monomers or hydrophilic polymers as raw materials
have been proposed. Among them, inparticular, apolyacrylic
acid (or salt thereof)-based water—absorbing resin obtained
by using acrylic acid and/or a salt thereof as a monomer has
been used industrially in the highest amount, in view of its
30 high water—-absorbing performance.
[0003]

Such a water—-absorbing resin is produced through a



In recent year s, with increase of use amount (for example, 20 equal to or higher than 50% by weight)
of the water-absorbing resin in disposable diapers, liquid permeability has been considered as a more
important factor. And, many improvement methods or modification technologies for liquid permeability
under load or liquid permeability without load, such as SFC 25 (saline flow conductivity/Patent
Document 6) or GBP (Gel Bed Permeability/Patent Documents 7 to 9) have been proposed. [0005] In
addition, in such properties, many combinations of a plurality of parameters including liquid
permeability have 30 also been proposed, and there have been known a technolo%yn%c%r specifying

[

frangibility ind&X () BPateRt DBEUMERP 10T tE&RMAISgy torRnetifiig Vet Abdotbing Speed
(FSR/Voretexk of the ke (RPateht Dosument 4 19 parich adechaciegy farkspegifyingmproduchef Saline

Flow Conductivity (SF nd wicking absorption after 60 'nutes%DA6O multiplied, (Patent Document
12 510006] © Ertie e e etodefort it Ty Shch 54 S G0, there
have been kneen acterchnolegytforiadding gy psiim beforeroradnrng polyaiesizatiorr (Ratent Document

13) , a technology, for,adding. 3,spager d Hatent Document.10,14), a,fecnpolgy farysing a.

nitrogen-containing polymer having's to 17 moles/kg of a nitrogen atom which is capable of
protonation (Pakt Doctrrerit 1 BR ateeiiady T LSRG polyemine asd & pelpvalBntahetal ion or a

polyvalent anign (Batept Document-16), a tgehnalegywfor coating ads watergbsorhing kesin having a
pH of below 6 with polyamine (Patent Document 17) , and a technology for us ing po lyarrnonium

carbonate (Patéiit meRE EB) Bthet thanthese, aBERRGIGGY fof R SAY pAtyramie With a soluble
content of equa;toi arshighee than-3%; ruda technolegyrfor specifying wackingnm2index-gI) or gel
integrity (Patent Documents 19 toﬁgl have been known, In addition, for improv%g, oloring and liquid
permeability, & tae]f:*h%qr;%y%lzﬁsi q & PolyVaTert metar SAIEwhie sty mé o%%%ﬂ’éﬁ(gl which is a
polymerizatiorpinbitot in palymerization{Patent ocupments=22, 2B} hdas 2palsddeendaown. PRIOR
DOCUMENTS PATENT DOC MENTS%Q(S)%]@O Paterslt Document 1. USP No, 6727343 Patent

Document 2: USBNo. 7103006 Patent St BNG6 7 TEsod

%?
ocument 3: U
have beenrequiredtobe impartedtothewater—-absorbingresin.

Therefore, many proposals such as surface cross-linking
15 technology, additives, changes of production steps and the
like havebeenofferedalso inother than the above or following
Patent Documents 1 to 23.
[0004]
Inrecent years, withincrease of use amount (for example,
20 equal to or higher than 50% by weight) of the water—-absorbing
resin in disposable diapers, liquid permeability has been
considered as amore important factor. And, many improvement
methods or modification technologies for liquid permeability
under load or liquid permeability without load, such as SFC
25 (saline flow conductivity/Patent Document 6) or GBP (Gel Bed
Permeability/Patent Documents 7 to 9) have been proposed.
[0005]
In addition, in such properties, many combinations of
a plurality of parameters including liquid permeability have
30 also been proposed, and there have been known a technology
for specifying frangibility index (FI) (Patent Document 10),

technology for specifyingwater absorbing speed (FSR/Voretex)



Patent Document 4: USP (reissue)N0.32649 Patent Document 5: USP N0.5149335 Patent
Document 6: USP N0.5562646 Patent Document

or the like (Patent Document 11), and a technology for
specifying product of Saline Flow Conductivity (SFC) and
wicking absorptionafter 60 minutes (DA60) multiplied (Patent
Document 12).

5 [0006]

Further, as enhancement methods for liquid permeability
such as SFC or GBP, there have been known a technology for
adding gypsum before or during polymerization (Patent
Document 13), atechnology for addinga spacer (Patent Document

10 14), a technology for using a nitrogen-containing polymer
having 5 to 17 moles/kg of a nitrogen atom which is capable
of protonation (Patent Document 15), a technology for using
polyamine and a polyvalent metal ion or a polyvalent anion
(Patent Document 16), a technology for <coating a

15 water—-absorbing resin having a pH of below 6 with polyamine
(Patent Document 17), and a technology for using polyammonium
carbonate (Patent Document 18). Other than these, a
technology for using polyamine with a soluble content of equal
to or higher than 3%, and a technology for specifying wicking

20 index (WI) or gel integrity (Patent Documents 19 to 21) have
been known. In addition, for improving coloring and liquid
permeability, a technology for using a polyvalent metal salt
while controlling methoxyphenol which is a polymerization
inhibitor in polymerization (Patent Documents 22, 23) has

25 also been known.
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DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0008]

25 Many surface cross—-linkingtechnologies, additives, and
changes of the production steps, have been proposed in the
Documents 1 to 23 and the like in order to enhance property
of the water-absorbing resin,.

[0009]

30 However, the change or addition of raw materials of a

water—-absorbing resin, such as a surface cross-1linking agent

or additive (polyamine polymer, inorganic fine particle,



No0.6414214 Patent Document 11: USP No0.6849665 Patent Document 12: US 2008/125533 Al 10
Patent Document 13: US 2007/293617

thermoplastic polymer) have sometimes induced not only
decrease in safety of the raw materials or cost increase but
also decrease in other properties. Inaddition, the addition
of a new production step has not only provided a factor of
5 cost increase by expensive facility investment or energy
therefor but also incurred decrease in productivity or
property on the contrary, due to requirement of industrially
complicated operation.
[0010]

10 Accordingly, it is an object of the present invention,
in order to improve the problems, to provide a method for
enhancing and stabilizing property (for example, liquid
permeability) of a water—-absorbing resin by a simple and
convenient method without requiring change of raw materials

15 or expensive facility investment.

MEANS FOR SOLVING THE PROBLEM
[0011]
In order to solve the problems, the production method

20 for the water-absorbing resin of the present invention (a

first aspect) is as follows.

(1) A method for the production of a water—-absorbing resin

which comprises a polymerization step for polymerizing an

aqueous solution of acrylic acid (or salt thereof) to obtain
25 a hydrogel cross-linked polymer, a drying step for drying

the hydrogel cross—-1linked polymer to obtain a water—absorbing

resin powder, a classification step for classifying the

water—absorbing resin powder, and a surface cross-linking

step for surface cross-linking the water-absorbing resin
30 powder before or after the classification step, wherein

electricity is eliminated in the classification step.

(2) The method according to (1), wherein the electricity



Al Patent Document 14: US 2002/0128618 Al Patent Document 15: US 2005/0245684 Al Patent
Document 16: WO 2006/082197 pamphlet

is eliminated by at least one means selected from the group

consisting of ionized air flow, antistatic brush and

grounding.

(3) The method according to (1) or (2), wherein the
5 electricity 1s eliminated by grounding wherein earth

resistance is equal to or lower than 100 Q.

(4) The method according to any one of (1) to (3), wherein

the classification step is performed under reduced pressure.

(5) The method according to any one of (1) to (4), wherein
10 air flow is passed through the classification step, and dew

point of the air flow is equal to or lower than 15°C.

(6) The method according to any one of (1) to (5), wherein

sieve classification is used in the classification step, and

a temperature of a sieve to be used in the classification
15 step is 40 to 80°C.

(7) The method according to any one of (1) to (6), wherein

sieves having at least three kinds of sieve mesh sizes are

used in the classification step.

(8) The method according to any one of (1) to (7), wherein
20 normal saline flow conductivity (SFC) of the water—absorbing

resin subjected to the surface cross-linking step is equal

to or higher than 10 (XlOJ'cmLS'g{).

(9) The method according to any one of (1) to (8), wherein

sieve classification is used in the classification step, and
25 a surface roughness (Rz) of an inner surface of a sieve to

be used in the classification step is equal to or smaller

than 800 nm.

(10) The method according to any one of (1) to (9), wherein

the water-absorbing resin is continuously produced in an
30 amount of equal to or higher than 1 ton per 1 hour.

(11) The method according to any one of (1) to (10), wherein

the water-absorbing resin is produced in the shape of an



Patent Document 17: WO 2006/074816 pamphlet 15 Patent Document 18: WO 2006/082189
pamphlet Patent Document 19: WO 2008/025652 pamphlet

irregular particle by continuous kneader polymerization or

continuous belt polymerization.

(12) The method according to any one of (1) to (11), wherein

the water content of the water—-absorbing resin is equal to
5 or lower than 5% by weight.

(13) The method according to any one of (1) to (12), further

comprisinganironremoval stepafter theclassification step.

(14) The method according to any one of (1) to (13), wherein

the classification step is performed before and after the
10 surface cross—-1linking step.

(15) The method according to any one of (1) to (14), further

comprising a step for recycling fine powder of the

water—-absorbing resin after the classification step.

(16) The method according to any one of (1) to (15), wherein
15 the water—-absorbingresinbefore and after the classification

step is pneumatically transported by air having a dew point

of equal to or lower than 20°C.

(17) The method according to any one of (1) to (16), wherein

the electricity 1is eliminated for at least one of a
20 classification apparatus, the water—-absorbing resin and a

sieve used in the sieve classification.

(18) The method according to any one of (1) to (17), wherein

steps fromthepolymerizationstepprior totheclassification

step is arrayed in one line, and the classification step is
25 divided into two or more lines.

(19) The method according to any one of (1) to (18), wherein

the surface cross-1linking step is divided into two or more

lines per one line of the polymerization step.

(20) The method according to any one of (1) to (19), wherein
30 all of the classification step and the surface cross—-linking

step are divided in two or more lines per one line of the

polymerization step.



Patent Document 20: WO 2008/025656 pamphlet Patent Document 21: WO 2008/025655 pamphlet
Patent Document 22: WO 2008/092843 pamphlet 20 Patent

(21) The method according to any one of (1) to (20), wherein
a covalent surface cross-linking agent and an ion binding
surface cross—-linking agent are used in combination in the
surface cross-1linking step.

5 [0012]

In addition, to solve the problems, the method for
enhancing liquid permeability of a water—-absorbing resin of
the present invention (a second aspect) is as follows.
(22) A method for enhancing liquid permeability of a

10 water—absorbing resin which comprises a polymerization step
for polymerizing an aqueous solution of acrylic acid (or salt
thereof) to obtain a hydrogel cross—-linked polymer, a drying
step for drying the hydrogel cross—linked polymer to obtain
a water—-absorbing resin powder, a classification step for

15 classifying the water—-absorbing resin powder, and a surface
cross—1linking step for surface cross—1linking the
water—-absorbing resin powder Dbefore or after the
classification step, wherein electricity is eliminated in
the classification step.

20 (23) The method according to (21), wherein normal saline flow
conductivity (SFC) of the water-absorbing resin subjected
to the surface cross-linking step is equal to or higher than

10 (x10 *cm’+s+*gh).

25 EFFECTS OF THE INVENTION
[0013]

According to the present invention, in the method for
producingawater—-absorbingresincomprisingapolymerization
step, a drying step, a classification step, and a surface

30 cross—1linking step, property (for example, liquid
permeability) after surface cross-linking can be enhanced,

as well as variation of property (standard deviation) can



Document 23: WO 2008/092842 pamphlet DISCLOSURE OF THE INVENTION PROBLEM TO BE
SOLVED BY THE INVENTION [0008] 25Many surface cross-linkingtechnologies, additives, and
changes of the production steps, have been proposed in the Documents 1 to 23 and the like in order to
enhance property of the water-absorbing resin,. [0009] 30However, the change or addition of raw
materials of a water-absorbing resin, such as a surface cross-linking agent or additive (polyamine
polymer, inorganic fine particle, thermoplastic polymer) have sometimes induced not only decrease in
safety of the raw materials or cost increase but also decrease in other properties . In addition, the

addition of a néW PYoTLEASH Stepthas At Shi Brovidéd 8 F4ctBFof 5 cost increase by expensive facility

investment or energy therefor but also incurred decrease in productivity or property on the contrary,

due to require@ﬁ%g wgégﬁygf £9mn iga %%{%%%1&80101 10Accordingly, it is an object of the
rde e

present invention, in order to improve the problems, to provide a method for enhancing and stabilizing
property (for ex@mpte, liquid permeability) of a water-absorbing resin by a simple and convenient

method without requifing change af raw. aterialg 1,9/ £xpensive facility iNyestpent. s on
of a pulverization apparatus and a classification apparatus
which can be used in the production method of the present

invention.

10 BEST MODE FOR CARRYING OUT THE INVENTION
[0015]

Explanation will be given below in detail on the
production method and the enhancing method for liquid
permeability of a water-—-absorbing resin relevant to the

15 present invention. However, the scope of the present
invention should not be restricted to these explanations,
and also embodiments other than the following
exemplifications may be changed as appropriate and performed
in a range not to impair the gist of the present invention.

20 Specifically, the present invention should not be limited
to each of the following embodiments, and various changes
are possible within a scope defined in the claims, and also
embodiments obtained by combining as appropriate
technological means disclosed each in different embodiments

25 are encompassed within the technological scope of the present
invention.

[0016]
(1) Definition of terms
(a) “Water—-absorbing resin”

30 The “water—absorbing resin” means a water-swelling and

water-insoluble polymer gelling agent, and one having the

following properties. That is, it means a polymer gelling



MEANS FOR SOLVING THE PROBLEM [0011] In order to solve the problems, the production
method 20 for the water-absorbing resin of the present invention (a first aspect) is as follows. (1) A
method for the production of a water-absorbing resin which comprises a polymerization step for
polymerizing an aqueous solution of acrylic acid (or salt thereof) to obtain 25 a hydrogel cross-linked
polymer, a drying step for drying the hydrogel cross-linked polymer to obtain a water-absorbing resin
powder, a classification step for classifying the water-absorbing resin powder, and a surface
cross-linking step for surface cross-linking the water-absorbing resin 30 r%owder before or after the

classification $t&5 WhelRih Bidcfidity ISliihAfaY iR9Ae CRissificRion Stpi () THE MetRdd according
to (1), whereiretheealedtsitityisefiminated &y atilgastrone aedns selectec: fremetbegrotipceonsisting of

ionized air flow, antistatic brysh and grounding. )T ethod according.to (1) or.(2), wherein the 5
electricity is eYIKmO?I’? gg by Ig%t?ﬁﬁ%%v%gfeelr? %egr fgﬁr s%qa%):?i@ gzgél ?onrérjfélwgecr}?%g(nlﬁio Q. (4) The
method according¢o any bnelsf (Yo €3); Wwhereha thea¢lassificationsstep st pedarmecbunder reduced

pressure.  (3),The M@OC&%C&%@B%F&%%E%“?ﬁ Y 19d4)yhetgin. 10 ai g%’ﬂ%?&ﬁi@d through

the classification step, and dew point of the air flow is equal to or fower than 15C. (6) The method

according to afytche 8f (D10 (B} Ihftercin Sicverdlassification BUsEALA R classtfiddtiorPstep, and a
temperature of;a sigye to be used in the classification 15step is 40 to 80C. (7) The method according
to any one of (1§ to (76), wherein sieves having at least three kinds of sieve mesh sizes are used in the
classification st [9 é8) The method according to any one of (1) to (7), wherein 20 normal saline flow
conductivity (SFC) oftthesmater-abserking sesinrsubjectad tq ihe suface erossdinking stepds equal to

or higher than 10 (21077.cm3.s.g71). (9) The method according to_any.one of (1) to (8), wherein sieve

classific%iéon i?%%édlirﬂjtﬁgr%lgé)sfﬁcg%gﬁ‘ ﬁgﬁ,rgn‘dp%qg s%?%%%%o%ﬁ%ﬁ@isj(ﬁﬁ gfagﬁg fﬁ%@’r surface of

a sieve to be used methel classifieation step isieguahtb orismalléethani8f0inira t e £16) Thieemethod

according to a@T(koen of, (}1]);%%) wherein th Waglerc-fi\bsorbi@grresin is conliiﬂlé%ugé/ péo‘géjr(l:ed in an 30
gher HharT ( f

£ :
amount of equal to of i 1 ton Bgrlil our. T)pl%re me%%%cgccordlng to any one of (1) to

(10), wherein the Wﬁéﬁabwbﬁmsm is pmdiuteq ﬂ@tﬁ‘teogl*ﬂatp@@f andaregelan padicletyecontinuous
kneader po'YmV%['{,Z@PQng’é&PBH%%OPépr 891%"8%%2@5@9& it is called generically

15 the water—-absorbing resin in the present invention. When the
water—-absorbingresinisawater—-absorbingresincomposition,
a content of the water-absorbing resin (a polyacrylic acid
(or salt thereof)-based water—absorbing resin) is preferably
70 to 99.9% by weight, more preferably 80 to 99.7% by weight,

20 and still more preferably 90 to 99.5% by weight, relative
tototal amount. Asacomponentother thanthewater—-absorbing
resin, in view of water absorbing speed or impact resistance
of powder (particle), water is preferable, and the additives
to be described later may be contained as needed.

25 [0018]
(b) “Polyacrylic acid (or salt thereof)”

The “polyacrylic acid (or salt thereof)” means a polymer
having acrylic acid (or salt thereof) as a main component,
as a repeating unit. Specifically, it means a polymer

30 containing acrylic acid (or salt thereof) essentially in 50
to 100% by mole, preferably 70 to 100% by mole, further
preferably 90 to 100% by mole, particularly preferably



(12) The method according to any one of (1) to (11), wherein the water content of the water-absorbing
resin is equal to 5 or lower than 5% by weight. (13) The method according to any one of (1) to (12),
further compri s ing an iron removal step after the classification step.  (14) The method according to
any one of (1) to (13), wherein the classification step is performed before and after the 10surface
cross-linking step. (15) The method according to any one of (1) to (14), further comprising a step for
recycling fine powder of the water-absorbing resin after the classification step. (16) The method
according to any one of (1) to (15), wherejn 15 the water-abs orbing re s in before and after the
classification Si&p ?stﬁ‘ﬁlé:d]ﬁétlré/alI)}f?gﬁspgﬁfemﬁif hafng % d8R/18IRE of 8GGaI1S dF JowRr than 20C.
(17) The method @ceonding i gny-ofe 0f(1) ta{E6) swhereisthe etecisicity is-eliminated fasat least one
of a 20 classification ratus, the water-absorbing resin and a sieve used in the sjeve classification.
(18) The methd SoRbrding to hy GREST (10 L1 WRAI SRS rar (HESOIVHeH = aian step prior
to the classification steleistarsayled imome linecdrd diel glassifichtion stap 15225 thvidedintotwo or more
lines. (19) The method according 1a any qpe,of (1) 10 (18), wherein the surface cressclinking step is
divided into two or more lines per one line of the polymerization step. (20) The method according to
any one of (1)38 {19 rwherelr 3o apbelirrahdsiftatshi sies ahll thelSufhce EbBS-Mikisgistep are
divided in two of more lines,pehoneding g the palymetzation.step. 1 (21 che methed acaarding to any
one of (1) to (20), wherein a covalent surface cross-linking agent and an ion binding surface
cross-linking ayent aRCUSE in“CombinafioR i-the surface cross-linking step. 5[0012] In addition,
to solve the problems, the method for enhancing liquid permeability of a water-absorbing resin of the
present jnvention (a,second aspect) is as follows. (22) A method for enhancing liquid permeability of a
10 watei]gbsor(ﬁ?wg r&SiA Witick ChMprises Jat@’\é)ylymerization step for polymerizing an aqueous solution
of acrylic acid (or saltthereof) toichtaihh 8 hydiogeicerossdinkedpolymer; a firyingistep foedrying the
hydrogel crossd}il%léq:d pfg/a erto obvgaligh% Wgteﬁ-gg%orqing rreesjpe@ovg%ert% cI%ssifi;;z-lJtiorh step for 15
classifying the water-absorbing resin powdler, and a surface cross-lin ing step for surface cross-linking
the water-absorbinteresin powtier befdre or afteytheccldssificdtion step, whersinr elestridityss
eliminated in the flﬁ%gica@&%ggﬁqgg%Ipemg@gggcco@ngtgﬁ%l), V\/g%rﬂrh@om@i saline flow

conductivity (SFC) of the water-absorbing resin subjected to the surface cross-linking step is equal to

or highet than A9 Q41027 ¢hi3$.921) FFEFFEC TS O PHRIRVENTION
[0020]

(4

“SFC (saline flow conductivity)” is a value showing
liquid permeability for a 0.69% by weight normal saline
solution in swelling of the water—-absorbing resin, and the

20 higher SFC wvalue shows that the water—-absorbing resin has
higher liquid permeability.

[0021]
Such saline flow conductivity is measured in accordance
with SFC test described in USP No. 5849405. “GBP” indicates

25 liquidpermeabilityfora0.9%byweight normal saline solution
of the water—-absorbing resin under load or in free expansion.
It is measured in accordance with GBP test described in WO
2005/016393 pamphlet.

[0022]
30 (d) “Standard deviation”

“Standard deviation” is a value showing a degree of data

scattering and is calculated as follows: difference between



[0013] According to the present invention, in the method for producing a water-abs orbing resin
comprising a polymeri z ation step, a drying step, a classification step, and a surface 30 cross-linking
step, property (for example, liquid permeability) after surface cross-linking can be enhanced, as well as
variation of property (standard deviation) can be decreased in continuous production. BRIEF
DESCRIPTION OF THE DRAWINGS [0014] 5Fig. 1 is a drawing showing a schematic configuration of
a pulverization apparatus and a classification apparatus which can be used in the production method
of the present invention. 10 BEST MODE FOR CARRYING OUT THE INVENTION%OOlS

Explanation willbe giveh BeI&w Fi¥ 88t orf thetprddticion mdldd Gnd Y 8ARardifg Fdthod for liquid
permeability of a arates;abiserbingi kesjn relevant te therild present dayventioni Hawever,ithiescope of the
present inventvivo. %hogp nv%tlge}{eistril(l:g%ddtg (gh]gfg C?épl%nsaltitog\sféasndu%!%o %rg(t))gdcirglwg?(tes ther than the
following exemﬁh ications may be c%anged as approprl?ate and perfgrmeg In"a range hot to impair the
gist of the presentideantion <20 Specifically, thespresent imentionr shetldarot Bedimsitedtoeach of the
following embadiments, and yariqus,changes atepogsitle within ascope defined,in thg glaims, and
also embodiments obtained by combining as appropriate technological means disclosed each

indifferent emB&diffents 25 aréleridompassednvitAinthie iecHivlogie APScbpecoPhE esent invention.
[0016] (1) Definition, of terms{a): Watsrraksorbing tesiny, 3@ The swatersabgorbing resin’ means a
water-swelling and water-insoluble polymer gelling agent, and one having the following properties.
That is, it meahS S PG§mErgellingTagéit Havihdan aBE6tBA Hdfainst non-pressure (CRC) of
essentially equaldo ®r higher than 5 g/g, preferably 10 to 100 g/g, and further preferably 20 to 80 g/g,
and in ag ition, water-soluble caontent (Extractables) of essentially 0 to 50% 5 by weight, preferably O
to 30% 5 weidFit REa dtBretably O to 20% by weight, and particularly preferably O to 10% by
weight. n pieces of data X1, X2, «-ccccce.s , Xn

1 n
Arithmetic average X =—3% Xi
n i=l

S (Xi—X)?

n—1il

S tan dard deviation = \/

[0024]
(e) “EDANA” and “ERT”

15 “EDANA"” is an abbreviation of European Disposables and
Nonwovens Association, and “ERT” is an abbreviation of
measurement method for a water—absorbing resin of an European
standard (nearly a world standard) (ERT/EDANA Recommended
Test Method). 1In the present description, unless otherwise

20 specified, properties of awater—absorbingresin are measured
based on the ERT original (known document: revised in 2002).
[0025]

(e-=1) “CRC"” (ERT441.2-02)
“CRC” 1is an abbreviation of Centrifuge Retention

25 Capacity and means absorption against non-pressure (it may
also be referred to simply “Absorption”). Specifically, it
is absorption (unit; g/g) after freely swelling a
water—-absorbing resin with an aqueous 0.9% by weight sodium

chloride solution for 30 minutes and draining water therefrom



[0017] It should be noted that, the water-absorbing resin is 10 not limited to a form where whole
amount (100%) is a polymer, and may include an additive (which is described later or the like), in a
range to maintain the performance. That is, even a water-absorbing resin composition containing the
water-absorbing resin and additive, it is called generically 15 the water-absorbing resin in the present
invention. When the water-abs orbing re s in i s a water-abs orbing re s in composition, a content of
the water-absorbing resin (a polyacrylic acid (or salt thereof) -based water-abs orbing resin) is
preferably 70 t0,99.9% by weight, more preferably 80 to 99.7% by weight, 20 and still more preferably

90 to 99.5% by Wellght, Fetative to 18t anfoiitt > As'% cBRBORBRAt other than the water-ab s orbing

resin, in view gfomater absorbing speed or impact resistance of powder (particle), water is preferable,

and the additives t9 be,desgrib t / ontained as needed. 25[0018] (b) "Polyacrylic acid (or
salt thereof)" Fe 1%)@ "p%%/%cry |c%ﬁ::%g?%a$?t ereof) "means a polymer having acrylic acid (or salt
thereof) as a main cofdgdtient as abépeatingturit) Spedificatly it means arpolyper 3Qucentaining

acrylic acid (or,salt thereal) essensially %5%%90%cbydm0'es%%ffﬁ@g 790 100% by mole, further

preferably 90 to 100% by mole, particularly preferably substantially 100% by mole, as a monomer

excluding a croSs-hking agemnThe sdle asthessoRfrdridoriainsadssenaalioa Watersodfible salt, and

is preferably a,menoyalgnfzalt, merepreferabl.an alkali metahsalt-exans ammonium gakt, still more
preferably an alkali metal salt, and particularly preferably a s odium s alt . It should be noted that,

although the shap@3g ot dspedialfy firitet], EoParticle br 2 poivderR pref&anié ghots] 1bfc) "Liquid

permeability” prddewofiliguich lowing betweempadic)es ofiwwoliengelungderlead of wihaut load is
referred tq as "liquid permeability”, and as a typical method for measuring this "liquid permeability”,
there is é%c (Saline flow 18 conductivity) or GBP (Gel Bed Permeability). [0020]  "SFC (saline flow
conductivity)" isCed ¢&lue showing liquid permeability for a 0.69% by weight normal saline solution in

swelling of the(vggtﬂ-abégrtbri%% #%%H[E?%‘gd thf_RZé)ﬁ lgiﬁhg[ 8‘,5%(: value shows that the water-absorbing

resin has higher liquid permeability 1] ch saline flow conductivity is measured in
accordance with SFC'test destriferin"USPaNG: 58494055 tGBP! indicates 25 liguidpetnweability for a

0 . 9% byweight sesmal splinesalltiomafihe water-ahsarbing tesin ypdes load,or . reg expansion.
is measured in accordance with GBP test deScribed in WO 2005/016393 pamphlet. [0022]
15 obtained by stirring 1 g of a water—-absorbing resin in 200
g of an aqueous 0.9% by weight sodium chloride solution for
16 hours, and measuring an amount of dissolved polymer by
pH titration.
[0028]
20 (e—4) "“Residual Monomers” (ERT410.2-02)

“Residual Monomers” mean an amount of monomers remaining
inawater—-absorbingresin. Specifically, itisavalue (unit;
ppm by weight) obtained by charging 0.5 g of a water—absorbing
resin into an aqueous 0.9% by weight sodium chloride solution,

25 stirring the mixture for 2 hours, and measuring an amount
of eluted monomers 1into the aqueous solution Dby
high-performance liquid chromatography.

[0029]
(e=5) “PSD” (ERT420.2-02)

30 “PSD” is an abbreviation of Particle Size Distribution

and means particle size distribution measured by sieve

classification. It should be noted that weight average



30(d) "Standard deviation" "Standard deviation" is a value showing a degree of data scattering and
is calculated as follows: difference between value of n pieces of data and arithmetic average thereof,
that is, deviation, is squared and averaged, and it is divided with n-1, which is used to find a po s itive
square root thereof. Standard deviation is used to know variation degree for 5 phenomenon with a
large amount of variation. It should be noted that, in the present description, standard deviation is
utilized to express, as numerical value, variation (deflection) for desired property value. [0023]
10[Expression 1] n pieces of data Xi, X2, , Xn in Arithmetic average X =-Z Xin1=1\l 1 n Standard
deviation =Z(83XJ2 00247 &/ ETANA" ARFAERI® 18 EDARTASE ahthtrebiatioR b EutbPean
Disposables anddNarwevensdAssociation; land "ERY isaan abbreyiationws measwement method for a
water-absorbing resin of an EéerE% n §,E§:1nda(r)cri1 (n%arp/aq: worlgestgndard% éE:R'/EeDAcNA kIDQee ommended

Test Method). In the B?erse%? escription, ldFlﬁéSS ot erwsg 20 specfff%fepropertlessofr a water-abs

orbing re s in are MBasured43ased,orrthe<sER| odginals(kadwhao€diment: revised in 2002). [0025] (e-1)
"CRC" (Egil44ilo?0g%)]"CRC" is an abbreviation of Centrifuge Retention 25 Capacity and means

absorption against non-pressure (it may also be referred to simply "Absorption™). Specifically, it
(e—6) Others

“pH” (ERT400.2-02): It means pH of a water—-absorbing
resin.
[0031]

10 “Moisture Content” (ERT430.2-2): It means a water

content of a water-absorbing resin.
[0032]

“Flow Rate” (ERT450.2-02): It means a flow—-down speed
of a water—-absorbing resin powder.

15 [0033]

“Density” (ERT460.2-02): It means a bulk density of a
water—-absorbing resin.
[0034]
(f) “Water—absorbing resin powder”

20 A  “water-absorbing resin powder” indicates a
water—-absorbing resin having a certain fluidity as a powder
substance. For example, it means a water—-absorbing resin
whose fluidity, Flow Rate (ERT450.2-02), can be measured,
or which can be classified with a sieve by PSD (ERT420.2-02) .

25 Specifically, it means awater—-absorbingresinwithaparticle
diameter of equal to or smaller than 5 mm, as specified by
sieve classification. A water content is not especially
limited, aslongas it isawater—-absorbingresin. Ingeneral,
however, itpreferablybelow30% byweight, andmorepreferably

30 equal to or smaller than 20% by weight. The lower limit of
theparticlediameter isnotespeciallylimited. 1It, however,

is equal to or larger than 1 nm, for example. It should be



is absorption (unit; g/g) after freely swelling a water-absorbing resin with an aqueous 0.9% by weight
sodium chloride solution for 30 minutes and draining water therefrom with a centrifugal separating
machine. [0026] (e-2) "AAP" (ERI1442.2-02) "AAP" is an abbreviation of absorption against pressure, 5
and means absorption under load. Specifically, it means absorption (unit; g/g) after
swellingawater-absorbingresin with an aqueous 0.9% by weight sodium chloride solution under a load
of 1.9 kPa for 1 hour. It should be noted that in the present invention and Examples, it was measured
under a load 100f 4.8 kPa. [0027] %:--3) "Extractables" (ERI470.2-02) . "Extractables" mean a
water-soluble 8648t FAMGuNtSt sEIBIES): SpREficay itie Svalds (it 2% BYANELRE B obtained by
stirring 1 g of @ watar-absorbing resintih 200 gnof an agqueeus 0.9%6 by Wwdight sbdiuanekityide solution
for 16 hours, and measuring an amount, of dissqlved pojymer by pH titration, [0028] 20(e-4) "Residual
Monomers" (Eﬁﬁil(?.rfo eqow"aRLer%H}dﬁgl ﬁ%%%%%érég' rg%%vﬁda%a%%%?\atcgf] r%%n()melfns ?élr%aining
inawater-absopringresin dSpevificallyoit s a afues (Uit} ppha by eveight) obtained by ¢hatging 0.5 g of a

water-absorbing [esin inte, an aquepys 0 94 by, weight 5, edium chigride. sglytion, 25 stiing the
mixture for 2 hours, and measuring an amount of eluted monomers into the aqueous solution by
high-performafibé figiidthroniatogtajshy. 16029]1es3)ePSD" PERISZT 202 O PSBH™isai
abbreviation of Rajticle Size Bistribytion andypeans particlesize distribytion measyred,by sieve
be described later are generically called a “water—absorbing
resin powder”. 1In addition, in the present description, the
10 “powder substance” and the “powder” are used interchangeably.
[0035]
(g) Others
In the present description, “X to Y” showing a range
indicates to be equal to or higher than X and equal to or
15 lower thanY. Inaddition, “t (ton)” as aunit of weight means
“Metric Ton”.
[0036]

Measurement of property of a water—-absorbing resin may

be performed under conditions of a temperature of 20 to 25¢°C

20 (it may be referred to simply as “room temperature” or “normal
temperature”) and a relative humidity of 40 to 50%, unless

otherwise specified.
[0037]
[2] Production method of water-absorbing resin
25 (1) Polymerization step
The present step is a step for polymerizing an aqueous
solutionof acrylicacid (or salt thereof) toobtainahydrogel
cross—1linked polymer.
[0038]
30 (a) Monomer (excluding a cross-linking agent)
The water-absorbing resin relevant to the present

invention uses an aqueous solution of acrylic acid (or salt



classification. It should be noted that weight average particle diameter and particle diameter
distribution width are measured by a method similar to "(1) Average Particle Diameter and Distribution
of Particle Diameter" described in EP-B-0349240, page 7, lines 25 to 43. 5[0030] (e-6) Others "pH"
(ER1400.2-02): It means pH of a water-absorbing resin. [0031] 10"Moisture Content" (ER1430.2-2): It
means a water content of a water-absorbing resin. [0032] "Flow Rate" (ER1450.2-02): It means a
flow-down speed of a water-absorbing resin powder. 15[0033] "Density" (ER1460.2-02): It means a

bulk density of a water-absorbing resin. [0034] (f "Water-absorbin% resin powder" 20A

)
"water-absorbing TS poder indidalds & Watdr-ABSOBHKY resit iaGiRg a céR&in fiER Ss a powder
substance. Fos exampte; itdoeans awater-abserhing tesimwhose fluidity; Ftove Rase (ER1450.2-02),
can be measured, or which can ,tgg clafgifieg .itch.a sievgi t_py PSD %%@%%%%ﬁeoz .hzaSESQ%ceifically, it
IC an

ma.ln Qmpo . a 1 on 1S
means a Water-allas O%In re s in with a particle dllaméter of equaﬁ) 0 or smaller t mm, as

spe_cified by sieve ctassificatior. séc_m;técrecbnmm@ﬁct @épe@iallwinﬁtedpaé joreyras itlis amwater-abs
orbing re s . Ingeneral, nowever, it preferahly belows 3 0 %byweight .and mate preferably 30 equal

to or smaller than 20% by weight. The lower limit of the particle diameter is not e special ly . It,
however, is ectial doRr Targef thars 1aemhferexdpsplel [tSHo e bemAbtetbthiat dn FenerallBne having a

particle diameter of equalde Or larges than L maniscalled.a 'particle substancey andione helow 1 mm
is called a "powder substance". In theapresent description, a dried substance obtained in a drying 5

step to be destfibéd fatér 2 iReriz8d died/Sustandé obtamel MPBGRvarizatidn Sidp™d be
described later,-and iac6lasstfied stibstanee abtairedJnacelasgificationsiep tasbe fesaribed later are
genericglly called a wajeriabsorbing resin powder™. 1p additiqn, In the presqnt desgription the

an alkali metal salt, an ammonium salt and an amine salt of

acrylic acid, more preferably an alkali metal salt of acrylic

acid, and still more preferably an acrylate selected among

sodiumsalt, lithiumsalt andpotassiumsalt, andparticularly

15 preferably sodium salt.

[0039]

Therefore, a basic substance, which can be used in
neutralization of acrylic acid as a monomer, or a polymer
(hydrogel) after polymerization, is not especially limited.

20 Monovalent basic substances such as hydroxidesof alkalimetal
such as sodium hydroxide, potassium hydroxide, lithium
hydroxide, or (hydrogen) carbonate salts such as sodium
(hydrogen) carbonate, potassium (hydrogen) carbonate may be
preferably cited, and sodium hydroxide is particularly

25 preferable.

[0040]

A polymer (hydrogel) after polymerization may be
neutralized, or polymerization may be performed using a salt
of acrylic acid as a monomer. In view of enhancement of

30 productivity or AAP (absorption against pressure) and the
like, a neutralized monomer is preferably used, that is, a

partially neutralized salt of acrylic acid is preferably used



10 "powder substance" and the "powder" are used interchangeably. [0035] (g) Others In the
present description, "X to Y" showing a range indicates to be equal to or higher than X and equal to or
15 lower than Y. In addition, "t (ton)" as a unit of weight means "Metric Ton". [0036] Measurement
of property of a water-absorbing resin may be performed under conditions of a temperature of 20 to
25C 20 (it may be referred to simply as "room temperature” or "normal temperature") and a relative
humidity of 40 to 50%, unless otherwise specified. [0037] [2] Production method of water-absorbing
resin 25(1) Polymerization step The present step is a step for polymerizing an agueous solution of
acrylic acid (of SalftHEYESF)50 obtain a hydrogel cross-linked polymer. [0038] 30(a) Monomer
(excluding a criass4inking agent) The water-absorbing resin relevant to the present invention uses

an aqueous solution of acrlyjcic agid (or salt therceof) as a raw matecrial £mongmer) thereof. The
. ne rﬁ 1za 108 ra 1q &P the neutralization ﬁt%% %s .
agueous solution contains acrylic acid and/or a salt thereof as a main component. 1n addition, it is

preferable thahthie byprogekdrogstinkiedspolynigr @btain_ed @yqjm;mb@izmidrﬂsg(ﬁeyelaﬂéemay algo be
referred tg as  hydrogel)-has at leash at 2 part of the acid groups.in ihe polymer neyialized, in view of

water absorption characteristics. Such a partially heutralized salt of acrylic acid is not especially

limited. In vievk 8f PerEIMAREE ofdtatéreasbebing Fésim E5 A0preTefablya TcnevalentSalt of acrylic

acid selected amongan alkali metal salt,:an-ammopium salt and anaming salt 9f acryliq ggid, more
preferably an alkali metal salt of acrylic acid, and still more preferably an acrylate selected among s

odium s alt , iR AT HRE bt S TuRTEaR L ahipdriiEdiafy 15 preferdbRPsoaimm BaR B039]
Therefore, a basicagihstarices whieh eanhedrsachipineutalization ®f agryicacid asa menemer, or a

polymer_(hydrogel) after polymerization, is not especially limited, 20 Monovalent bas. ic substances
Such s hAroREES of ke atal ot 5 Sadlam Ay ATepide: BOSLILRT RyGrbkidel It hydroxide,

or (hydrogen) carbronate saltsi such assadim (hycrogerycarkonate] potassivnEthyriogern) carbonate
maybe[Mekyﬁgycg€QQ%%qS%%H”QE%%?@QSA%pgg@%?ﬁ%@d therein may be also

applied to the present invention.

[0042]

15 The above-described monomer (including the following
cross—1linking agent) may be usually polymerized as an agueous
solution, and concentration of solid content thereof is
usually 10 to 90% by weight, preferably 20 to 80% by weight,
still more preferably 30 to 70% by weight, and particularly

20 preferably 35 to 60% by weight.

[0043]

Further, in order to improve various properties of the
water—absorbing resin obtained, a water—-soluble resin or a
water—-absorbing resin such as starch, polyacrylic acid (or

25 salt thereof), polyethyleneimine, various foaming agents
(carbonate, azo compound, bubbles andthe 1ike), a surfactant,
and additives tobedescribed later may be added as anarbitrary
component, to an aqueous solution of acrylic acid (or salt
thereof) or hydrogel after polymerization, a dried substance

30 or powder substance. An addition amount of the water—-soluble
resin or the water—-absorbing resin is preferably 0 to 50%

by weight, more preferably 0 to 20% by weight, particularly



25 preferable. [0040] A polymer (hydrogel) after polymerization may be neutralized, or polymerization
may be performed using a salt of acrylic acid as a monomer. In view of enhancement of 30 productivity
or AAP (absorption against pressure) and the like, a neutralized monomer is preferably used, that is, a
partially neutralized salt of acrylic acid is preferably used as a monomer. [0041] A neutralization
ratio in the neutralization step is not especially limited. It is preferably 10 to 100% by mole, 5 more
preferably 30 to 95% by mole, still more preferably 50 to 90% by mole, and particularly preferably 60 to
80% by mole. In addition, temperature_in neutralization éneutralization temperaturea iS not especially
limited. It can B& Yetdrindd Asappropri&ie #&mPreterably 1161866 L&nd St more L0’ Breferably 30
to 90C. Preferableveongitigns-er theilike afneiiralizatiomtreatment hade beéen exemplifiedfin EP
Patent No. 57% 660, onadmgonditiog% gscrijjbq: tahetreain tmaxﬁg)ea%lag @nged fo thg: ngesregkt)'invention.
[0042] 15The a ove-described monomier &fnc u&ngrﬁhe?o owing cross-ﬁ'nli'mgpagen may%e usually
polymerized a8 ancaduedus sohitidr; andrcbricentratiore e sellel coritehtthebedfvis usualhtc10 to 90% by

weight, preferahly 20.tg 80% by,weight, still more preferably 30 to 70% by weight, and particularly 20
preferably 35 to 60% by weight. [0043] Further, in order to improve various properties of the

water-absorbind Fesinl obtained, a water-soluble resin or a water-absorbing resin such as starch,
polyacrylic acid (or 23 -salgthereeh), pelvethyleneimine; yarioys.feaming agepis(eamanaie, azo
compound, bubbles and the like) , a surfactant, and additive s to be described later may be added as
an arbitrary coMpGheht2t AN EUEd LS SEITiBr Ofacrylit bt @r Salf #iefdbty B HydtoGel after
polymerization; & dried subsiance 30ty powdesubsiance iAm additionampeumicofibe water-soluble
resin o 1o waler-AbSRILING 185 2 PIRIera0 0 1P 50%.0y welaht, more preferably § 15 20% by
by weight, and particularly preferably 100 to 1000 ppm by
weight, relative to the water—-absorbing resin. Among these,
thechelatingagent ispreferablyused. Byusingthechelating
agent, color stability (color stability in storing at high
15 temperature and high humidity for a long period of time) or
urine resistance (prevention of gel deterioration) of a
water—absorbingresincanbeenhanced. Asthechelatingagent,
thoseexemplifiedinUSPNo. 6599989 or WO2008/090961 pamphlet
can be applied. Among them, an aminocarboxylic acid-based
20 metal chelating agent, a polyvalent phosphate compound may
be preferably used.
[0045]
In the present invention, when acrylic acid (or salt
thereof) is used as a main component, a hydrophilic or
25 hydrophobic unsaturated monomer other than acrylic acid (or
salt thereof) (hereafter may also be referred to as “other
monomer”) may be contained. Such other monomer is not
especially limited, and for example, methacrylic acid, maleic
acid (anhydride), 2—(meth)acrylamide-2-methylpropane
30 sulfonic acid, (meth)acryloxyalkane sulfonic acid,
N-vinyl-2-pyrrolidone, N-vinylacetamide, (meth)acrylamide,

N-isopropyl (meth)acrylamide, N, N-dimethyl



preferably O to 10% by weight, and most preferably 0 to 3% by weight, relative to the monomer. An
addition amount of the foaming agents, surfactant and additives is preferably 0 to 5% by weight, and
more preferably 0 to 1% by weight, 5 relative to the monomer. [0044] In addition, when a chelating
agent, hydroxycarboxylic acid or a reducing inorganic salt is used, a use amount thereof is preferably
10 to 5000 ppm by weight, more preferably 10 10 to 1000 ppm by weight, still more preferably 50 to
1000 ppm by weight, and particularly preferably 100 to 1000 ppm by weight, relative to the
water-absorbing resin. Among these, the chelatingagent is preferablyused. Byusingthechelating agent,
color stability (&%?%%ﬁﬁ%r%@foﬁiﬁg at higH 15 ¥ermperaturd Bhd High hunddity foﬁ%ﬁ&‘?@%eriod of
time) or urine resistancs (prevention of yel deteroration)l afta ywates-absdthingrre sdri gaw be
enhanced . As trgeet%heéatp Lagent, ér%%saereﬁerggh_iji angSaF;lI&o . g%g%Qgglggwng%OS/O%g%l
pamphlet can lge app ied. mongthem, an aminocar oxylic acid-based metal che?gting agent, a
polyvalent phosphateleompdiind maydyeqpreferably osed. {6045¢d, W ¢herpresent lirmventidn, when
acrylic acid (or, salt thereof) is; used,as;3 main corappnient, a hydrophilic.gr.25 bydrophobicunsaturated
monomer other than acrylic acid (or salt thereof) (hereafter may also be referred to as "other
monomer") m&be £BntdifieB SSUER dtHEIMonbmerisHict espesially fiffiired, apdfor exdfiple,
methacrylic acig, Jnaleie agid (anhydride),2:(meth)aspdamides2-methylpropane, 3Q, sulfenic acid,
(meth)acryloxyalkane sulfonic acid, N-viny1-2-pyrrolidone,N-vinylacetamide, (meth)acrylamide,
N-isopropyl (nfethyaciiamide, R Nadimethy| E @héth) BGYRIGES, -2-hydroxyethyl (meth)acrylate,
methoxy polyethylene glycol (meth)acrylate, polyethylene glycol (meth)acrylate, stearyl acrylate and
salts the# of mz%/ be included, When such other monomer. is used, r%ie agglount thereof 5 is not
especia ;; limited, 251613 as Hesitad chdfatteristics ShBti it Be impdireti # i§ préterably equal to or
lower than 50% by weighthandrmees pretevalnly Ooto, 20%0 by weight crelativetpweght b lotal
monomers. [094(1)6 %%(b %q:oggéli_rlfiinr%(% enta(érggrcn | cergsesél#'tr%lgr%g agent) Jcrg3 thagge%esnt invention,
it Isparticularlypreterable to use a cross-linking agen }Zherea &F referred to aﬁiso as "an internal
cross-linking agentninadee bfowates absotbimy chaeadtéristiosy Use amoaitcof tesintérnalb
cross-linking 15.agent s, in aropertyaspect praferably. Q.004 1o 5% by mple, mare preferably 0.0 0
5to 2 % by mole , still more preferably 0.01 to 1% by mole, and particularly preferably 0.03 to 0.5% by
mole, relative et mbRomer excRiEfRFhEYCr8seARking iRt 20804 A - 00 Thednfefnaly
cross-linking agent WhishLan bedssadhis nob espesialiylimited: For examples ¢ress-dinking.agents
capable of being (g)ol merized with acrylic acid, cross-linking agents capable of being reacted with a
carboxylic grodp, §5¥c?o§§-lmiﬁb°$§en?§ﬁla9ﬁ1ﬁtﬁcﬁﬁ tapabilities HrtaheéYike-¢ah be Exetplified.
Specifically, asthe polymesdzable.esoss-linking agens cempounds aving at teast twe polygnerizable
double bonds <iangié%rtnolecule, such as N,N'-methylenebisacrylamide, (poly) ethylene glycol

20 [0047]

The internal cross-linking agent which can be used is
not especially limited. For example, cross-1linking agents
capable of beingpolymerizedwithacrylicacid, cross—-1linking
agents capable of being reacted with a carboxylic group,

25 cross—1linking agents having both capabilities and the like
can be exemplified. Specifically, as the polymerizable
cross—1linking agent, compounds having at least two
polymerizable double bonds in its molecule, such as
N,N’-methylenebisacrylamide, (poly)ethylene glycol

30 di(meth)acrylate, (polyoxyethylene) trimethylolpropane
tri(meth)acrylate, poly (meth)allyoxy alkane can be

exemplified. In addition, as the reactable cross-linking



30 di(meth)acrylate,(polyoxyethylene)trimethylolpropane triimeth)acrylate,poly(meth)allyoxyalkanecan
be exemplified. In addition, as the reactable cross-linking agent, covalent cross-linking agents such as
polyglycidyl ether (ethylene glycol diglycidyl ether or the like), polyhydric alcohol (propanediol, glycerin,
sorbitol or the like), and cross-linking agents having ion binding property, 5 such as polyvalent metal
compounds including aluminum can be exemplified. Among these, in an aspect of water absorbing
characteristics, cross-linking agents capable of being polymerized with acrylic acid may be preferably
used, and in particular, acrylate-based, allyl-based, and 10 acrylamide-basedpolymerizable
cross-linking ag&Rts may Besitibly hSEF Thade iRferASISdtoSs-filkifg By ents My e dded alone as
one kind, or maytberused tm garmbinatiary obtivo @ ymgrekinds. PO48} 15(e) Pohamerization initiator
The polymerization jnjtiator. which can beyesd inhe preserynvention ma be, sefegted g3 appropriate
depending on erization. AS such a po y%erlzaﬁon m%at%r, for ekample,
photodecompadsitien-type polymerzatiorkinittatops; 120sthermal decomposifionaypequatyrngrization
initiators, gedox;type polymarization initigtors, or the like.can be exemplified.Yse amgunt of the
polymerization initiator is preferably 0.0001 to 1% by mole, and more preterably 0.001 to 0.5% by
mole, relative RetR&E Aidhbhid25[0649]N9 tAS fifo phidtdtetRfsTsifidnvgpelnithior fdrekample,

benzoin derivatiyes benzyl defivatives, acetophenong derivatives, benzaphenone desivatives, azo
compounds or the like may be exemplified. In addition, as the thermal 30 decomposition-t;gae initiator,
r

for example, pef suffgte &l Hs sGtfidm persaiftd, PotasSiunt perstiffatel ammsAiun?Bersulfate),
peroxides (suchas hyskegenr peraxjde, t-hutyiperexidpamethyl ethyl ketone pesexide ) 2710
compoungs (such as 2,2'-azabis(2- midJ:Séo ro ang)) dihﬁdrochl ride, .

2,2'-azobis[2-(25mi &%Jnﬂ%-é??}f)e&?o“’p% Gihtarochiofid&)Ssr tha ke Hag B exeMipitidd 5[0050]
As the redox-type pelymerizeadion itater, forcexamplec asystem by iusinggrcombingtiar the per
sulfate or the pergéidel\évith a rse%uc@jng fogwp%l%ngn sucgeas.u Ig-eagcgrrlbicco%(ii)q ggg fgﬂ”%’? %dorogen sulfite
may be exemﬁﬁie T aagitlon, 10 combiration of the photodecomposition-type initiator and the
thermal deconspogitioretyipenidisiator maybe also preferably included. [0051] (d) Polymerization method
15The polymefiggq'%r} method relevant to the embodiment of the present invention may be performed,

in view of performance or polymerization control, usually by aqueous solution polymerization or
reversed phaséSuspehEdfpolyheRzation. Préfepably, it maybe performed in aqueous

The polymerization initiator which can be used in the
present invention may be selected as appropriate depending
on polymerization. As such a polymerization initiator, for
example, photodecomposition-type polymerization initiators,

20 thermal decomposition-type polymerization initiators,
redox—-type polymerization initiators or the like can be
exemplified. 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 the monomer.

25 [0049]

As the photodecomposition-type initiator, for example,
benzoin derivatives, Dbenzyl derivatives, acetophenone
derivatives, benzophenone derivatives, azo compounds or the
like may be exemplified. In addition, as the thermal

30 decomposition-type initiator, for example, persulfates (such
as sodium persulfate, potassium persulfate, ammonium

persulfate), peroxides (such as hydrogen ©peroxide,



20 solution polymerization, and still more preferably may be performed in continuous aqueous solution
polymerization. Since a water-absorbing resin conventionally obtained by aqueous solution
polymerization or continuous aqueous solution polymerization has an irregular particle shape, 25
enhancement of liquid permeability has been difficult. On the other hand, in the present invention,
liquid permeability can be enhanced predominantly, even in the case of an irregular particle. [0052]
30As a preferable embodiment of the continuous aqueous solution polymerization, for example,
continuous kneader polymerization (describedinUSPNo. 6987151,USPNo. 6710141), and continuous
belt polymerizaficH f[deseibad 1Y BisPNG 4803889, \TSBRG FEZAT058° Us™Z0b8 157344 ) maybe
exemplified. By dhelcontisuaus’aguentis solutiompalymetizationss altholghdarwater<abisaehing resin
can be produc dj'r) bégzhogriog t_ivi%, 5 inéhe case of §calf up, deflection of properté/#(ianr% ase in

standard deviatfon ) has tend t0 e opserved: eeTort—:'_glen)t invention can solve 3uch & problem.

[0053] Becausgithgpreséntamveatttionccantprevideka mornonter Exkawihg exedllent stability even in
polymerizgtion[i@o%tg a high concentration or at such a high temperature, and also can provide a
water-absorbing resin with high whiteness, the present invention can exert effects more significantly
under such condition8sS$dehsshatiefizatioR drivigre aHigle 1.5 ferhpertatire Has pserrkemplified in

USP No. 6906159 and:USPNo7p91253-e/1thedikes In:he,presentinventionhowever, preduction in

an industrial scale can be easily attained, because the method of the present invention is superior also
in monomer stabiity BefGEYoIReriZARoH Ph[BB5H] ARhbUGH Te BolyrAerizatidhs ARybEberformed
even under aingimasphere, dn view ef improvedolosingnit is preferable ta he pestormedunder inert

gas atm?éphere such as nitro en ?érl\d %r on (éfor exam%ale, ,having{an 0X gg{l conrgentrati?én o_f 25 equal
10 or loweh tha 168 BYVoIiME): 1h AEHHIOCH & 41E6 preferable AL- after ol<SoNed tyg&h in a
monomer or atthemameér<ontaiping isolutiontigselfficiently solstitited avith e gas €torlekample, to an
oxygen conceritrq'%ti%raggpelow 1 mg/L), the monomer or the monomer-containing solution is

[0051]

(d) Polymerization method

15 The polymerization method relevant to the embodiment
of the present invention may be performed, in view of
performance or polymerization control, usually by aqueous
solution polymerization or reversed phase suspension
polymerization. Preferably, it may be performed in aqueous

20 solution polymerization, and still more preferably may be
performed in continuous aqueous solution polymerization.
Since a water—-absorbing resin conventionally obtained by
aqueous solution polymerization or continuous agueous
solution polymerization has an irregular particle shape,

25 enhancement of liquid permeability has been difficult. On
the other hand, in the present invention, liquid permeability
can be enhanced predominantly, even in the case of anirregular
particle.

[0052]

30 As a preferable embodiment of the continuous agueous

solution polymerization, for example, continuous kneader

polymerization (described inUSP No. 6987151, USPNo. 6710141),



30 used for polymerization. Even in such degassing, monomer stability is superior and a
water-absorbing resin with higher property and higher whiteness can be provided, without generating
gelling before polymerization. [0055] (2) Gel fine pulverization step The hydrogel cross-linked polymer
(hydrogel) obtained 5 in the polymerization stepmay be dried as it is, or the hydrogel may be crushed
in a particulate shape by using, as needed, a crushing machine (a kneader, a meat chopper or the
like) during the polymerization or after the polymerization. Specifically, the present method may
comprise a fine 10 pulverization step of the hydrogel (hereafter referred to also as "gel crushing")
between the polmerZatioR &t by SortiltdtE Belt pohmazation s domtiusts Kigadst -
polymerizationj @ngldhe drydmgistes.a056G]sl5Astemperature/6fithe hydrogel ixthecgel Lrashing may be
maintained at gr rajsed to preferably 40 to 95C, more preferably 50 to 80C, in vie itS properties. A
rosin 20l cornt DT He RySHOL s bt SebcAl Homt o A ot e PGS, 18 Brbferably 10
to 70% by weighta2@ mare preferablyratslisito 5% chy wwelghts drd:still ghape preferably B9 to 55% by
weight, Tg the fiydiegel water o a,palylydie alsohol. armisedsolyfiog afwater and e plyhydric
alcohol, a solution where a polyvalent metal'is dissolved in water, or steam thereof may be added.

25[0057] A welght headgjebanicie tismetdrias spescdbysverassification srthepHrticulate

hydrogel after the, gglcryshing s praferably, imthe range 0£,9.2 to 10 mm, more preferably 0.3 to 5 mm,
and particularlgreferably 0.5 to 30 3mm. In addition, a ratio of the particulate hydrogel having a

particle diame Qﬁ%bual to or largerthanSi-cmispreferably 0 to 10% by weight, and more preferably 0
to 5% by weight, Because the present invention can provide a monomer

10 having excellent stability even in polymerization in such
a high concentration or at such a high temperature, and also
can provide a water—absorbing resin with high whiteness, the
present invention can exert effects more significantly under
such conditions. Such polymerization initiated at high

15 temperature has been exemplified in USP No. 6906159 and USP
No. 7091253 or the like. 1In the present invention, however,
production in an industrial scale can be easily attained,
because the method of the present invention is superior also
in monomer stability before polymerization.

20 [0054]

Although the polymerizations may be performed even under
air atmosphere, inview of improved coloring, it is preferable
to be performed under inert gas atmosphere such as nitrogen
and argon (for example, having an oxygen concentration of

25 equal to or lower than 1% by volume). 1In addition, it is also
preferable that, after dissolved oxygen in a monomer or a
monomer—-containing solutionis sufficiently substitutedwith
inert gas (for example, to an oxygen concentration of below
1 mg/L), the monomer or the monomer-containing solution is

30 used for polymerization. Even in such degassing, monomer
stability is superior and a water—-absorbing resin with higher

property and higher whiteness can be provided, without



relative to the whole amount . When the weight average particle diameter of the particulate hydrogel is
within this range, drying can be performed efficiently, which is preferable. As used herein, the particle
diameter of the particulate 5 hydrogel can be determined by classification with a sieve having a
specified me sh size, s imilarly as in parti cle diameter of the water-absorbing resin after the
pulverization step. In addition, a weight average particle diameter of the particulate hydrogel can be
also determined similarly as in 10 weight average particle diameter (D50) to be described later.
However, becauseit is dijfficult to subject th% particulate hydrogel to dry-type classification operation, it
is measured uSiHytA Wet{heI8addifiCatdn methdd dedtribed Ty JBLA-2000-63527, paragraph [0091].
15[0058] (3) Drying step A drying method is not especially limited, as long as the hydrogel
cross-linked p lé(?]eé atpt%ined in the olxmeéization step, or the particulate hydrogel obtained 20 in the
. . . e ine u,l. rizatliaon e . . .
gel fine pulverization step can b dried to a desired resin solid content. For example, various drying
methods may be adopted 'suthcas=Reating dryng kot aicdmyireg, réduded peelssuve dayiingdinfrared ray
drying, migrowaye drying, druedryer, diying, azeatrpig debydration.with 4 hydrephabc, 25 organic
solvent, high humidity drying using high temperature steam. Among these, hot air drying is preferable,
hot air drying 0siig2g&s Havifg a dew-peint termperaturé bHRoPI00C i Moré preferalsie; andhot air
dryingusing a gas haying-g dew-painttemperatureLf 20,tq,20€ is sl mare prefarable; 30j0059]
In addition, although a drying temﬁfrature IS not especig?I{I% limited, it is preferably in the range of 100
to 300C, and fitréHeférably iR e e 130 10 250¢. YaTordei o S4tisRPBothAAGH Property and
whiteness degtee of thectesuliant wiater-gbsorbing resirHbis preferablethat diyingstemperature is 165
to 230C and drying time is within 5 50 minutes, and gr ing time of 20 to 40 minute is particularly
preferab@.] Drﬁﬁégfgrﬂbé?attﬁ%norsér@?ngo%mgho%tgﬁﬁ J%E‘?i %rciiné]é%%iﬁﬁlf?ﬁgﬁr 5§§35§§ &Bsorption
against non-pressurea(CRG3 | increadd itpéxtractabless,, deergaseyinavhiteneisos degege bfthe
Water-absorbira% I sirrll,uwhigh [ Q%preferflblee. QPQ%O%O& @ resino%célildnc%n&%nt q(entgrarrcli(glgd from a
reduced amount o érlegﬁydroge Wei%%t gﬁlange In heating fg ofa powaler or particle at 180C for 3
hours) is prefepaBlyreepak tocarcmghenthan80% hyweight; ¢ivore preferably 85 to 99% by weight, 15
still more prefergply;90 to 98% by weight, and particularly preferably 92 to 97% by weight. In the drying
step, a dried substance with a dried weight adjusted within the above range can be obtained. [0061]
20In ord? to attain decfed¥eaR FEsi@GaPhoRdmersdn e water-absorBing FESHT bbtah&d Brevention of
gel deterioratign (MHRG ¥& S/ stange Land prevention qf yekewing; if isipreferabie to sheyten a time
from completion of , _ _ , ,
preferably 50 to 80°C, in view of its properties. A resin
solid content of the hydrogel is not especially limited. 1In
view of its properties, it is preferably 10 to 70% by weight,
20 more preferably at 15 to 65% by weight, and still more
preferably 30 to 55% by weight. To the hydrogel, water or
a polyhydric alcohol, a mixed solution of water and the
polyhydric alcohol, a solution where a polyvalent metal is
dissolved in water, or steam thereof may be added.
25 [0057]

Aweight average particlediameter (as specifiedby sieve
classification) of the particulate hydrogel after the gel
crushing is preferably in the range of 0.2 to 10 mm, more
preferably 0.3 to 5 mm, and particularly preferably 0.5 to

30 3mm. Inaddition, aratioof theparticulate hydrogel having
aparticlediameter of equal toor larger than5mmispreferably

0 to 10% by weight, and more preferably 0 to 5% by weight,



polymerization to start drying. That is, irrespective of 25 presence or absence of the gel fine
pulverization step, it is preferable to make a time from completion of polymerization to start drying
within 1 hour, more preferably within 0.5 hour, and still more preferably within 0.1hour. In addition,
during this period, it is preferable to control a temperature 30 of the hydrogel cross-linked polymer at
50 to 80C, and more preferably at 60 to 70C. By controlling the temperature within this range,
decrease in residual monomers or low coloring can be attained. [0062] (4) Pulverization step A
pulverization method is not especially limited, as 5 long as a dried substance obtained.in the drying

step can be pUifierized’ CoRVAHBRAMIHEWH bulver2afidn mAEHiRES X ba 11384 for &xample, a roll

mill, a hammed tnith et kol granulaton arjanccrusher, ey gyratery crysher; aiconendraishern geroll crusher,
a cutter mill or O{Qe iige. émonlgethes% lJgrlo \ge\év ieais%/ rgztoiﬂrol Vovéaparticlessizq.'_f,eig_tis Ipaagl'liceularly

preferable to use’a roll il or & r&Fgranuﬁ%ﬁor in mul%p e staéés. 683] éy the pulverization step, the
dried substandesobtagedEs imithe drying stepisplivetivedetoeabtain a pelverzed driéd sabstance (a

pulverized water-absgrbing resin powder jn irreaylas shape) s BECause BIoRerties of the.

water-absorbing resin powder enhances by said pulverization step, the pulverization step may be
applied suitably2 20[0D847e Felgt Aleralge pafickldiarrier(Bs0)or #d Waler Gb3BRJiRg resin
powder obtaingd By theRylxerizalion Hing resin after the pulverization step.
In addition, a weight average particle diameter of the
particulate hydrogel can be also determined similarly as in
10 weight average particle diameter (D50) to be described later.
However, becauseit is difficult to subject the particulate
hydrogel todry-type classification operation, it ismeasured
using a wet-type <classification method described 1in
JP-A-2000-63527, paragraph [0091].
15 [0058]
(3) Drying step
A drying method is not especially limited, as long as
the hydrogel cross—-linked polymer obtained in the
polymerization step, or the particulate hydrogel obtained
20 in the gel fine pulverization step can be dried to a desired
resin solid content. For example, various drying methods may
be adopted, such as heating drying, hot air drying, reduced
pressure drying, infrared ray drying, microwave drying, drum
dryer drying, azeotropic dehydration with a hydrophobic
25 organic solvent, high humidity drying using high temperature
steam. Among these, hot air drying is preferable, hot air
drying using a gas having a dew-point temperature of 0 to
100°C ismore preferable, and hot air dryingusing a gas having
adew-point temperature of 20to0 90°C is still more preferable.
30 [0059]
In addition, although a drying temperature is not

especially limited, it is preferably in the range of 100 to



step, is preferably 200 to 600 pm, more preferably 200 to 550 pm, still more preferably 250 to 500 pm,
and particularly 25 preferably 350 to 450 pm. In addition, the less particles below 150 pm is the better.
A content of the particles below 150 pm is usually preferably 0 to 5% by weight, more preferably 0 to
3% by weight, and particularly preferably from 0 to 1% by weight. Still more, the less particles over 850
pm is the 30 better. A content of the particles over 850 pm is usually preferably 0 to 5% by weight,
more preferably 0 to 3% by weight, andparticularly preferably from 0 to 1% by weight . Logarithm
standard deviation %-C of particle size distribution is preferably 0.25 to 0.45, and mare preferably 0.30

to 0.40. The s& Value's B8R BE hieddiféq 18 g stand&d § Ve s by a héthod for-exarhple,
described inW& 200440639451 arfyDANA-BER 5420 « 202 5/("RSDWh it addiien diwdthe present
invention, ratiq of the particles.in the range of 150 to 850 pm is preferably equal to.or more than 95%
by weight, and Lorb SE e Ay LRGBS AGr HAh S8 By WA e CooLeLoid 1s 30096 by
weight), relativeripithe totaleereuntrkt is préferable #3d theadriedl 10 substdmnce osthe powder

substance having, this jalia ,isa%%‘ﬁf%&%%? Slinked, A gdditian, pagticle size hefaore the suyface
cross-linking can be applied to that after the surface cross-linking, and to that of a final product. [0065]
15(5) Classifica¥ieh St 1 © - Thepréseht-stap e a 'steis forradjustrent torspetitied partiélé Size (weight

average particle, diameter: particle diameter distribution.erthe Jike) e enhancs, ey, af dhe
water-absorbing resin. The particle s ze may be adjusted 20 as appropriate in the polymerization step
(in particular, r&%%edlﬁﬁd%eé‘&fsb@r%%ﬁ Holythert 2 afiGit ¥ S i pUVer 2 H0R St B §ranulation
step, the fine pawderdegavery-siep ordhe dkecwithqutdimitng tostheqpresentrelassifieation step.
Hereaftelr the Eﬁgi%ﬁ] size is specified by a standard 25sieve (JIS Z8801-1 (2000)). [0066] In the
present mQ/enti ,?t ay be enough that the classification step is performed at least once (at one
place) A resin solid content determined from a reduced amount

of dried hydrogel (weight change in heating 1 g of a powder
or particle at 180°C for 3 hours) is preferably equal to or
higher than 80% by weight, more preferably 85 to 99% by weight,

15 still more preferably 90 to 98% by weight, and particularly
preferably 92 to 97% by weight. 1In the drying step, a dried
substance with a dried weight adjusted within the above range
can be obtained.

[0061]

20 In order to attain decrease in residual monomers in the
water—absorbing resin obtained, prevention of gel
deterioration (urineresistance) andpreventionof yellowing,
it 1s preferable to shorten a time from completion of
polymerization to start drying. That is, irrespective of

25 presence or absence of the gel fine pulverization step, it
is preferable tomake a time fromcompletion of polymerization
to start drying within 1 hour, more preferably within 0.5
hour, and still more preferablywithin 0.1 hour. Inaddition,
during this period, it is preferable to control a temperature

30 of the hydrogel cross—-linked polymer at 50 to 80°C, and more
preferably at 60 to 70°C. By controlling the temperature

within this range, decrease in residual monomers or low



in the whole steps. However, twice (at two places) or more 30 classification steps are preferably
performed in the whole steps, and the classification step is performed still more preferably at least
once (at one place) before or after the surface cross-linking step. As needed, 3 to 6 times of the
classification steps may be performed. [0067] (a) Sieve classification 5The water-absorbing resin
powder obtained in the pulverization step may be classified, in particular, sieve classified before
surface cross-linking step or after surface cross-linking step which will be described later. By the
classification step, a classifiedsubstance (water-absorbing 10 resin powder) having a desired particle
size can be obtAiN8H Bref&rbly, $hé tlzdsiicdtion step is performed before and after the surface
cross-linking stem @y performing the classification step before the surface cross-linking step, the
particle size Of(%] ingl‘ﬂr\gggg %acnib% adjcuested within 15 a desired range, which is preferable. By
performing the classification ftep after the Surface cross-linking step to classify and remove or crush,
after the surface cross-inkingestepa aggregatedhpalrticlkesiivaving peatside. thie desiretepartiele size which
generate in mixinghg sulfage 20.crossdnkingAgRnt of i heatiregimant ot fine pacleg.naving
outside the desired particle size which generate by physical or mechanical fracCture in these steps, the
water-absorbifRg reSihisith sgperiof- perferiiaritesdaly besredutety #hicknis reférablel 25f0068]

The sieve classification,method pray he gxemplified, far gxample, ind4=R Na:16164455 specification,
WO 2006/074816 pamphlet, WO 2008/037672 pamphlet, WO 2008/037673 pamphlet and WO
2008/037675 FamphIEt {0069 (b Elimitatior GhelectAEity Fntclassifft &g THE FTesEnt invention

is characterized ingliminating celgctricitytin dherglassificationestepy prefesakly in the: sieyeiclassification
step). By performing such electrical elimjnation, property, inparticularliquidpermeability(for example,
SFC) of the suffacé cc?gsse-ﬁﬁk’ec? Raker® s%fbﬁ%%pfe%inec% hhance. Sudiféffect tarTbe’exerted
significantly ingpredectionlef the weates-absdrbing resin avith highy tiguidlpermeadbility; lor ip irdustrial
continuous prog uction, in particular in production of the water-absorbing resin with SFC of equal to or
higher than 10 %ﬁ%%.’cms.s.g?l), or in 10 performing continuous production for 24 hours or more in a
rate of equal td @ higher than 1 ton/hr, rather than in a small scale of a laboratory level. [0070]

By the pulverization step, the dried substance obtained
15 in the drying step is pulverized, to obtain a pulverized dried
substance (a pulverized water-absorbing resin powder in
irregular shape). Because properties of the water—absorbing
resin powder enhances by said pulverization step, the
pulverization step may be applied suitably.
20 [0064]

A weight average particle diameter (D50) of the
water—-absorbing resin powder obtained by the pulverization
step, is preferably 200 to 600 um, more preferably 200 to
550 um, still more preferably 250 to 500 um, and particularly

25 preferably 350 to 450 um. In addition, the less particles
below 150 um is the better. A content of the particles below
150 um is usually preferably 0 to 5% by weight, more preferably
0 to 3% by weight, and particularly preferably from 0 to 1%
by weight. Still more, the less particles over 850 um is the
30 better. A content of the particles over 850 um is usually
preferably O to 5% by weight, more preferably 0 to 3% by weight,
and particularly preferably from0 to 1% by weight. Logarithm



(Method for eliminating electricity) 15The method of the present invention essentially comprises
eliminating electricity in the classification step. The electrical elimination may be performed for at least
one of a classification apparatus, a water-absorbing resin and a sieve. Because these three items
contact each other in the 20 classification step, electricity can be eliminated for any one of them.
Electricity is preferably eliminated for a classification apparatus and/or a sieve itself. [0071] As
the method for eliminating electricity, for example, 25 the following methods (A) to (C) can be applied.
The present invention, however, is not restricted o the methods. (A) Anti static brush : Electricity is
eliminated from & 8igve Suftde Wherd stafié elettridif denerates ¢ (B)TbhizatSn At fiot (ion
generation brysh:fieleetsitity B02is eliminatet, by iah gemeration fyrapplying high wvoltage,0 (C)
Grounding (ea,f@gzsgt\e}gﬁ ggegtég:g)%%eneegaﬁlerd i gsrotatigg substance, a reostat'on ax)éist or8tation body,
or an apparatus iIs eliminated. fen the (;AE)] antistatic brush is useX, a se ﬁfcﬁsc%arglng method
which makes 4 ittle space betdeentheantistafic bAsH &ed & thargedaiibstaREd ptay2bd adopted.

Alternatively, g 5g¢gunding lgakage method whigh comprises eaptagfing a groynded feafthed)

antistatic brush with a charged substance to take out and eliminate static electricity accumulated as

leak current mayHeladsptedNAShrtraeetdmplied srthecdhtistatic brust, ahesd pradiiced with
stainless fiber, garhon dOdihel amerphous,fiber, chemigal tiber, plantiiber; pnimal hairand the like
may be preferably cited. A wire diameter thereof is usually preferably 1 to 100 pm, and more pref er
ably 5 to 20 prAt IR AdRitiBA aWireRB it Bherebfis ustafly preferapty 1 P F0RYniR 18R Uitra fine
processing of stainless;45i% mate preterabie 0072] 1+ Whendhe {Bpionizatientaieflow cion
generati]g brush) is used, the ion ggeneration rush whicﬁ can be used mar%/,inc_lude an electrical
elimination appafati€ Pionizery BrExahpis 220 T sGchBhtdiddiridal Bihinaton Metidd: ion is
generated in airrarsn-ahotherdyas, and étectrificatigrachargedsneidrakzed-withithesiont Fherefore, the
electrical elimination apparatus may be also called "an ionizer". Specifically, using the electrical
elimination apsgroa%uss_ EE 51%&5? %nf:zgerrl) ,b emgﬁ)rﬁ%f%%ecﬁgstgglcagha?éet and E ectr ?fulég?ocnecharge of
the classification @ppatatos onthe watertabsorling vésin niay:bé regastted,-and the opposite charge
against plus cl}@r@gﬂr minus charge may be given to make an electrically neutral state. In this case,
both of optimal electrical 30 elimination corresponding to an electrification charge state of an obj ect
substanée and(ioh Balafce Edrtrdl iray bé atisf ied Electrification charge amount of the object

substance may be determined by«measwing igh gugent ¥singian amewreptdstection cirguit in a
controller. In this way, the method (B), which comprises electrically neutralize with a charge with

reversed polafy i tonfplseRFdddGivatssatigrage particle’diameter, particle

diameter distribution or the like) to enhance property of
the water—absorbing resin. Theparticle size may be adjusted
20 as appropriate in the polymerization step (in particular,
reversed phase suspensionpolymerization), thepulverization
step, the granulation step, the fine powder recovery step,
or the like, without limiting to the present classification
step. Hereafter, theparticle size is specifiedbya standard
25 sieve (JIS 7Z8801-1 (2000)).
[0066]

In the present invention, it may be enough that the
classification step is performed at least once (at one place)
in the whole steps. However, twice (at two places) or more

30 classification steps are preferably performed in the whole
steps, and the classification step is performed still more

preferably at least once (at one place) before or after the



5 electricity, is a preferable method for the water-absorbing resin. [0073] When the (C) grounding
is used, it is a method which comprises electrically connecting a building or amount, where 10 the
classification apparatus is installed, with the ground showing the following earth resistance, to contact
the charged substance with the apparatus, and to take out accumulated static electricity as leak
current. Because this method is simple and the whole classification apparatus act as an 15 electrical
elimination apparatus, and thus provides high effects, it is one of the preferable methods for the
water-absorbing resin. [0074] The |eak current taken out in such electrical elimination_20 flows to the

earth through GrBUdiig featt) shoWing the fSilowingEaRfi FeSiStante: Tiat'is"El&cticat Bfimination is

preferably pertormedilfsiingtgroundingshomdng the folewingreatth resistance in the classification step
of the presentirbvc%q;?n. 25[0075] (Earth resistance) The term " earth re s i stance " is referred to as a
re s i stance value against current flowing from an earth electrode buried in the soil for grounding to
the earth. As fora nfeastrembat 30 Methbdotihe earth resistance may be measured using a

commercially availablg,eart) Jesistance Jpeter A prederabls Janae of the earthjesistancg s preferably

equal to or lower than 100 62, more preferably equal to or lower than 10 62, and still more preferably
equal to or lovwttH&R 573 LTRE |GWemlimi v ke ehrthTesisthcel B mtidspetibily linfitetly and the

smaller is the betiers heweyes. usually earalio oF igher bthaml 629046} () Llassificatian

apparatus (Classification mesh) _ _ ,
cross—1inking step which will be described later. By the

classificationstep, aclassified substance (water—absorbing

10 resin powder) having a desired particle size can be obtained.
Preferably, the classification step is performed before and
after the surface cross-linking step. By performing the
classification step before the surface cross-linking step,
the particle size of a final product can be adjusted within

15 a desired range, which is preferable. By performing the
classification step after the surface cross—-1linking step to
classify and remove or crush, after the surface cross—-1linking
step, aggregated particles having outside the desired
particle size which generate in mixing the surface

20 cross—1linking agent or in heat treatment, or fine particles
having outside the desired particle size which generate by
physical or mechanical fracture in these steps, the
water—absorbing resin with superior performance can be
produced, which is preferable.

25 [0068]

The sieve classification method may be exemplified, for

example, in USP No. 6164455 specification, WO 2006/074816
pamphlet, WO 2008/037672 pamphlet, WO 2008/037673 pamphlet
and WO 2008/037675 pamphlet.

30 [0069]
(b) Elimination of electricity and classification

The present invention is characterized in eliminating



In the present invention, the water-absorbing resin 10 powder is preferably classified using a
classification mesh. As the classification mesh, various standard sieves may be exemplified, for
example, in JIS, ASTM, TYLER or the like. These sieves may be a plate sieve or a mesh sieve. The
shape of the me sh sieve may be selected as appropriate with reference 15to JIS Z8801-1 (2000) or
the like. Sieve mesh size of the standard sieves is preferably 10 pm to 100 mm, still more preferably
20 pm to 10 mm, and one or more kinds of the sieves, in particular metal sieves, are preferably used.
[0077] 20The sieve classification may classify only the upper parts, or only the lower parts. The upper
and lower par3'a& préfetdBly thssifed attis Shhfdfima " TREER, Apidrality ot tie SievesGre
preferably usegliat\the samestimhes and still snene) preferabby rit view ofjenhahced prapettya Isieves 25

with at least thrtie kinds, of sieve mesh §ize are used. As suc? a method, as V\gall as th(? Predetermined
elimination er rmeabi1lTt or

sieves for the Upper parts and fhie Tower }%érjfél, %%rlntle(r:r%%a% & sieve or an upper Sieve'is preferably
used. A suitabtecsieve mesti'Size of thérsievemiay be detersnihed lashppropriatedepending on 30

desired particle sizg,of the walerahsorbing resipeand is thus natespecially, lipited. Fgrexample, the

upper limit of the sieve mesh size of the sieve is preferably 300 to 1000 pm, more preferably 500 to
850 pm, and stilt erRpetrablyp60bte PED-pin- The dewe PRt thevsiéve icsh sizg@withe sieve is

preferably 10640225, maye peeferably: 150,ta 225 pm. As-nesdsd, ap.intermediate sieye or an

upper sieve 5 may be added as appropriate at the middle or upper part of the desired particle size of
Vwﬂebabsoﬂﬁﬁﬁﬁﬁﬁﬁqée?SPn production of the water—-absorbing resin with

SFC of equal to or higher than 10 (x10 ’+cm’+s:g™'), or in
10 performing continuous production for 24 hours or more in a
rate of equal to or higher than 1 ton/hr, rather than in a
small scale of a laboratory level.
[0070]
(Method for eliminating electricity)
15 The method of the present invention essentially
compriseseliminatingelectricityintheclassificationstep.
The electrical elimination may be performed for at least one
of a classification apparatus, a water—-absorbing resin and
a sieve. Because these three items contact each other in the
20 classification step, electricity can be eliminated for any
one of them. Electricity is preferably eliminated for a
classification apparatus and/or a sieve itself.
[0071]
As the method for eliminating electricity, for example,
25 the following methods (A) to (C) can be applied. The present
invention, however, is not restricted to the methods.
(A) Antistaticbrush: Electricityiseliminated froma sieve
surface where static electricity generates,
(B) Ionization air flow (ion generation brush): Electricity
30 is eliminated by ion generation by applying high voltage,
(C) Grounding (earth): Static electricity generated in a

rotation substance, a rotation axis, a rotation body, or an



(Classification apparatus) The classification apparatus to be used in the present 10 invention i s not e
specially limited, as long as it has a sieving mesh surface, and may include, for example, those
classified to a vibrating screen and a shifter. The vibrating screen may include inclined type, Low-head
shape, Hum-mer, Rhewum, Ty-Rock, Gyrex and Eliptex or the like. The shifter may 15 include
Reciprocating type, Exolon-grader, Traversator-sieb, Sauer-meyer,
Gyratoryshifter,gyro-shifterandRo-tex screen or the like. They are more finely sorted based on
movement type (circle, ellipse, strajght line, arc, pseudo-ellipse, spiral, helix-like) of mesh surface,
vibration syste?ﬁ}ff?g@%@ ?/iﬁrﬁtigr},l%ﬁé?ﬁjt\ﬁgr’ation ), drivingmethod ( eccentric axi s , unbalanced
weight drop, electromagnet, impact)a inclinatian thorizentalsysted), ineknet-syistemy oftheomesh
surface, instaljation methad.floorype, hanging-type) opthe ke, 190791, 25Amang (e seyin view of
effects by the present invention, a classification apparatus that moves the sieve mesh surface in a
helical directiomrisy eombimatien of vddidkinclnation (nelindiigt efla mésh screehiwiith disperses a

material feom the center o thepgripheral)qriangential inclinatipn 3Q {inclinatipn of afgesh screen

which controlsa discharging speed on the mesh), like a vibration-type (tumbler shifter,

Tumbler-Screéiig iechinesy ishséteribhi 8$ed- 1 [pd8v]ICdssificatvirvibrAich)Ps t {sieve

classification apparatus suitablgfor the ¢lagsificatian method according tg the present invention is 5
not e specially limited. A flat surface clas s ification method is preferably used, and a tumbler-type

sieve classificaficitapparatisisratticifamy pritefable APhis SevecdasSificationSahparatt’Ss typically

vibrated to suppart elassificatipnsVibrationdsopeidersetvpraferablynineg 4G degree thatrproduct to be
classifieg IS guid%j in s%iral direction lglical directi_on%gn the sieve. Thi cged vibration has typically

s for
an eccentic amount bf TGO R, -&Td prétdFabIy 25 to 45 imP 3Rl & %’[ fidri ntiMBEt of 60 to 600
rpm, and preferably k0@ita 460Irphe 15{H08E] (Guifley ablin thetprésentinvention] arsieverof the
classification aratus has preferably a guide of the water-absaorbing resin powder. By, such a guide,
more effcient HaLREaoh Lh S0e e CLER o B S Car e 15 Bt s
water-absorbirrg ¥esid powder torthedehterwf the sieves Allengththeresfanay be detemiihed to about

5 to 40% of thg diameter, (0082}, 2x{Material and, surface roughnessk < ; £3 Wateralof the sieve

apparatus is not especially limited, and can be selected as appropriate from a resin, a metal or the like.
Howevet, as cofpatéd wathra Sieve tdated with a resin, exemplified in JP-A-11-156299, ametallic
sieve 30 includipg #pgontact surface with the water-absorbing resin is preferably used, and a stainless

sieve is particularly preferabI%/ used. In this case, effects b%/ the present ,
When the (B) ionization air flow (ion generation brush)

is used, the ion generation brush which can be usedmay include
an electrical elimination apparatus (ionizer), for example.
20 In such an electrical elimination method, ion is generated
in air or in another gas, and electrification charge is
neutralized with the ion. Therefore, the electrical
elimination apparatus may be also called "an ionizer".
Specifically, usingtheelectricaleliminationapparatus (the
25 ionizer), amount of electrostatic charge andelectrification
charge of the classification apparatus or the water—absorbing
resin may be measured, and the opposite charge against plus
charge or minus charge may be given to make an electrically
neutral state. In this case, both of optimal electrical
30 elimination corresponding to anelectrification charge state
of anobject substanceandionbalancecontrolmaybesatisfied.

Electrification charge amount of the object substance may



invention can be exerted more significantly. By mirror finishing of the stainless steel, property can
enhance still more significantly. The stainless steel may include SUS304, SUS316, SUS316L or the
like. 5[0083] From view of enhanced property, the inner surface of the sieve apparatus to be used
in the classification step of the present invention is preferably controlled to have a surface roughness
(Rz), specified by JIS B 0601-2001, of 10 equal to or smaller than 800 nm. The inner surface of the
sieve apparatus may be smoothened so as to give a surface roughness (Rz) of preferably equal to or
smaller than 150 nm, more preferably equal to or smaller than 100 nm, and particularly preferably

equal to or smiafier tHar 80 RAT Fhe B%tifatB Fotghnels TR mitaha %S Fihximuri &F 1 haximal
height (pm) ofdke surface unevenness.rAllhaught thel lower lintih of thessuHace tavghresso@Rz) is 0 nm,

it may be aboutﬁ:)O n%arg:%sgl(l)rrrpor@ Saeboué)go ”{‘}’ib%%ser}hﬁ e 55 no sigélif' ant difltleren%e even in
about 10 nm. CS ér surface roug]ﬁness fRa 2075 als6 sﬁ/euﬁe Jf)y]J%% 651-2001. Ra’is preferably
equal to or smallehthane 160 swd, nyoré Pprefeyablycequaltolertsmalled a0 ahty; asd particularly

preferably, equa| [o.pt.saller than 5 am, Fhe syffaceloHghness GaNoe megsuted witha, stylus type

surface roughness meter in‘accordance with JI' S B 0651-2001. 25 In addition, the surface roughness
can be measuf&dwith a light wave interference-type surface roughness meter in accordance with JIS
B 0652-2002. [QA84 (Number of the apparatuses) 30In the production method of the present
invention, in view of enhanced property and stabilization of the Water-absorbingaresin, the

polymerization step i¥Bféfefdliy (Serfofrfdd i EhtitiotS Wélt pdlymerizafisit 8PEontihtiotis kneader
polymeri z atiokonaid a phusality of thesclassification steps-ara preferablyperermed inparallel, for
each lin ('Bn thegolyrgerizat%on steps. In this case, "aJine" as useﬁ 5.in the present invention means a
line proceeding &very Step o faw nAtBAAR(MBhormer) 18 B indl proddée’ ahyardg el &idss-linked
polymer, a watgrcabsosbing: résinlpowder ca water absothking ¢estrm YWhersa ting is divided thto two, it is

referred to as "t\/\{g lines". Therg{lorg "two _aor more lines" 1 igdicgtq{that two or more unit s,of the
subs ancg.w1 ?e %%paratus, an O take ?Pt accumuilated
apparatuses are arranged in parallel in the'same step and operated at the same time or alternately.

[0085] In the prESETt Gneerstion; MGa§hWi§péN@ﬂFﬁed 1$Ginawe®rtm®ﬁemﬁé§gqﬁehﬁpper limit is
about ten lines, glthough pat %ﬁBe%lyl'gn'@Paﬁ'l‘?@Qé@%@nt"‘rég%%%af%{ﬂ%e s are prefergble, two to

three lines are more preferable and two lines are still more prefe . By setting the line number in

this rande> propeftyof the testiltaRt 26 Watdr-atiSotbing tesintaf beerthanced 1 onshé biffer hand,

when the line ymber @hat js, number f divided lines)issunduly latge, effgets by the present invention
could not be obtained, as well as operation would become complicated, and would be uneconomical in

view of cost. 25fd@e[aPsorbing resin.
[0074]

The leak current takenout insuchelectrical elimination
20 flows to the earth through grounding (earth) showing the
following earthresistance. That is, electrical elimination
ispreferably performedusing grounding showing the following
earth resistance in the classification step of the present
invention.
25 [0075]
(Earth resistance)

Theterm"earthresistance" isreferredtoasaresistance
value against current flowing from an earth electrode buried
in the soil for grounding to the earth. As for a measurement

30 method, the earth resistance may be measured using a
commercially available earthresistancemeter. Apreferable

range of the earth resistance is preferably equal to or lower



In the present invention, the hydrogel cross-linked polymer or the water-absorbing resin powder may
be divided in two or more lines in the step including and subsequent to the drying step, and ratio of
amount thereof to be divided 30 maybe determined in each step, and is not especially limited. For
example, in dividing into two lines, 4:6 to 6:4 is preferable, 4.5:5.5 to 5.5:4.5 is more preferable, 4.8:5.2
to 5.2:4.8 is further preferable, and 5:5 is particularly preferable. In dividing into three or more lines, it
is preferable that ratio of the maximal amount and the minimal amount, to be divided to n pieces, is
within the above range. 5 It should be noted that , division operation may be of continuous type or
patch type, ant1atio d rtlouiPHErRBF o8 USd K apddifid by Sueragedimbnin 817
predeterminedstime 1 [@Q874 Inrthe prasent invention,dhemumber of lines inthe Ithe lower

classificationsigpisnotespeciallylmited. andhe pumber of ines may, B arbirally sejected, In
consideration of plant construction cost, running cost or the like, one line or two linesispreferable, and

two lines aremorepsefetadlsic. {6088t Iz bae embedinent ofthelpgresent dnvéention, fonglge may be
used from; the polymerization step prior to the classification step, and two or more lines may be used in
the classification step for the line. According to such an embodiment, liquid permeability (for example,
SFC or GBP) 207 @bsorption against pressure (AAP) can be enhanced more, and a water-absorbing

resin with more sppefigsRefarmancs cabe preduced. [0089] Two or more lines may be preferably
used in the 25 pulverization step or the surface cross-linking step and the like including and

subsequent to thé fying sté, HWwaF 48 In the classification step. To be specific, two lines may be

preferably used in the glassificatiznsstiep fameraline in, therpolymerzatigpstep,iang mest preferably,
two or mare 30 lines may be most preferabl us;%eg ,ir%éall of the %ulverizati%n step, the surface
a

cross-linking StePafd the fikes: [60961Y S s ralty B aparatises i§ st TP Barallel (in
two or more likes)t Hreatinent capakititycof eachigpparatususaybe neduceds Forexanaplepalthough

price of an apparatus)is not halved even by downsizing yeapmet canability f the . 15y .
These sieves may be a plate sieve or a mesh sieve. The shape
of themesh sievemay be selected as appropriatewithreference

15 to JIS 728801-1 (2000) or the like. Sieve mesh size of the
standard sieves is preferably 10 um to 100 mm, still more
preferably 20 uym to 10 mm, and one or more kinds of the sieves,
in particular metal sieves, are preferably used.

[0077]

20 The sieve classification may classify only the upper
parts, or only the lower parts. The upper and lower parts
are preferably classified at the same time. That 1is, a
plurality of the sieves are preferably used at the same time,
andstillmorepreferably, inviewof enhancedproperty, sieves

25 with at least three kinds of sieve mesh size are used. As
such a method, as well as the predetermined sieves for the
upper parts and the lower parts, an intermediate sieve or
an upper sieve is preferably used. A suitable sievemesh size
of the sieve may be determined as appropriate depending on

30 desired particle size of the water—-absorbing resin, and is
thus not especially limited. For example, the upper limit

of the sieve mesh size of the sieve is preferably 300 to 1000



5 apparatus to 1/2, property of the resultant water-absorbing resin can be enhanced, and ratio of out of
specifications decreases, which leads to cost down. [0091] US-A-2008/0227932 discloses a method
wherein a 10 polymerization step is performed in two lines, and the following steps are performed in
one line . US-A-2007/0149760 discloses a method for "connecting in series" a stirring drying apparatus
with a heat treatment machine in the surface cross-linking step. WO 2009/001954 discloses a
technology 15 for "connecting in series" a belt polymerization apparatus. On the contrary, in the
present invention, 'é%ubstantiall the same?gafparatuses are arranged in parallel " in a specified step

including and §Ubs Ee%%etﬁg%‘?)}ﬂﬁé Step, fot Snd Ukt ofR PolymierzA6drT appafaths By this means,
enhanced 20 property and siabilizatien 1of tke- water-absforbirg se sih egiwsh te Df enoie than

conventional level can.be attained. [0092] (Me hodé r.division) In the present.invention, when a step
of the 25 classslﬁcea\fi%nls%eﬁ or %ﬁeergt%)rj?gce]l(%stgﬂin %59 éjtrélb onr}?ﬁée Iii%p %%%é:r?(%n?/ezfigatwwooor more
lines, the hydragél om.s sAmkeekptiymer orthe svatedabsorbinigeresin powdernsueh as thesdried

substance thegeaf may be praferably divided by, the follawing meiiods, 30[0093] - As the method for
division to be used, the following mePhods (1) to (3) can be adopted to the Water-a%sorblng resin
powder after drfifig o exampha [0094]e (B tethod fordividingthe Wate -aB36rbing resin powder
after placing inrg frppper. 5[0095] In this method, a metering feeder may be used. As the metering
feeder, a circle feeder, a screw feeder or the like may be used suitably. [0096] 10(2) A method for
dividing the watet-2aBSarbing Fe<ii pBWEEF m-transporting to a plurality of hoppers by pneumatic

transportation. [0097frhe classification apparatus to be used in the present

10 inventionisnot especiallylimited, aslongasit hasasieving
mesh surface, and may include, for example, those classified
to a vibrating screen and a shifter. The vibrating screen
may include inclined type, Low—head shape, Hum-mer, Rhewum,
Ty—-Rock, Gyrex and Eliptex or the like. The shifter may

15 include Reciprocating type, Exolon—-grader, Traversator—-sieb,
Sauer-meyer, Gyratoryshifter, gyro-shifter andRo-tex screen
or the like. They are more finely sorted based on movement
type (circle, ellipse, straight line, arc, pseudo-ellipse,
spiral, helix—-1like) of mesh surface, vibration system (free

20 vibration, forcedvibration), drivingmethod (eccentricaxis,
unbalanced weight drop, electromagnet, impact), inclination
(horizontal system, inclined system) of the mesh surface,
installation method (floor-type, hanging-type) or the like.
[0079]

25 Among these, inviewof effects by the present invention,
a classification apparatus that moves the sieve mesh surface
in a helical direction by combination of radial inclination
(inclination of a mesh screen which disperses a material from
the center to the peripheral) or tangential inclination

30 (inclination of a mesh screen which controls a discharging
speed on the mesh), like a vibration-type (tumbler shifter,

Tumbler—-Screening machines) is preferably used.



(3) A method for dividing the water-absorbing resin powder 15in transporting by falling (for example,
free falling). [0098] In this method, a two-divider or a three-divider having protrusions or weirs and the
like may be used. JIS riffle sampler (two-divider) has a structure that it is partitioned 20 to many small
compartments, to which a charged sample is sorted in two directions alternately. [0099] For the
hydrogelcross-linked polymer after polymerization, the following methods (4) to (6) or a 25
combination of these methods can be adopted. [0100] (4) A method for dividing the hydrogel
cross-linked polymer obtained with a kneader or a meat chopper, in transportation by falling (for
example, free %fﬂﬁr?g%] 30[0101] In this method, a two-divider or a three-divider having protrusions
or weirs and theelikes may heaprovidediatrthe ooitlet of the kneader or the meat chopper. [0102] (5) A
method for dividing ttAe hé/flr%%el cr éss-slinﬁd ggllyéner gvith an e&ering Jggg%rl 5[0%03] (ﬁ)l éAmethod for
cutting a sheet-like hydrog§ Cross-linked pofymer obtaihed By elt polymenzaﬁon. T610

Among the seg lrvieW ofcquantitatiee sopphirgproperdyto the present invention is

5 not especially limited. Aflat surfaceclassificationmethod
is preferably used, and a tumbler-type sieve classification
apparatus 1s particularly ©preferable. This sieve
classification apparatus is typically vibrated to support
classification. Vibration is performed, preferably, in a

10 degree that a product to be classified is guided in spiral
direction (helical direction) on the sieve. This forced
vibration has typically an eccentric amount of 10 to 100 mm,
and preferably 25 to 40 mm, and a rotation number of 60 to
600 rpm, and preferably 100 to 400 rpm.

15 [0081]

(Guide)

In the present invention, a sieve of the classification
apparatus has preferably a guide of the water—-absorbing resin
powder. By such a guide, more efficient classification can

20 be attained. Such a guide apparatus serves to guide the
water—-absorbing resin powder to the center of the sieve. A
length thereof may be determined to about 5 to 40% of the
diameter.

[0082]

25 (Material and surface roughness)

A material of the sieve apparatus is not especially
limited, and can be selected as appropriate from a resin,
ametal or the like. However, as compared with a sieve coated
with a resin, exemplified in JP-A-11-156299, ametallic sieve

30 including a contact surface with the water—-absorbing resin
is preferably used, and a stainless sieve is particularly

preferably used. In this case, effects by the present



10the methods (1) to (3) are preferable, and the method (1) s more preferable . Apreferable ratio of the
water-ab s orbing re s in powder or the hydrogel cro s s-linked polymer t o be divided is as described
above. [0105] 15(d) Classification conditions (Heating temperature) In the present invention, a
classification apparatus may be preferably used in a heated state and/or in a state of keeping the
heat, as well as elimination of electricity. 20[0106] The term "heating" as used in the present
invention indicates to give heat positively. Therefore, a heated state may include a case where heat is
given to a classification apparatus in an initial state to raise its temperature up 25 to a certain

temperature, antl 84t i§ Rotgiler Rere4f&r OF aBa58 whetd héatidYiven to & elalsifidation
apparatus not ohhyi israminitidl state das atso-canstaaty,, opthediket On dhewthemhand-"ta keep heat"
indicates to retain heat without giving any. heat, that is, to repress decrease in 30 t ture. [0107]
In order to make raec%lsglrﬁ(l:gtllgﬁg QE)%%ratu%tlllne aé égaltréﬁaegt%tgtfne orin a sta euéte kgg%?% he heat,
atmospheric téifiperatureSvieretthe classificatioh @pparatus is installed may be raised or the like. A
preferable clas[sdf(i)%?stipn apparatus is a dry-type classification apparatus provided 5 with a heating
means and/or a heat-keeping means. [0108] The classification apparatus (temperature of a sieve
to be used) is preferdbiPlis&d at'atémperatifeih thETRREGE Bf abBGt A0 RFB0C VI M6Fe Pieferably

about 45 to 60G,L0;The terapgrature of helow 40C;wauld degrease property- Qnithe athephand, the

temperature over 8 0 C would not onlyprovide effect similar to that obtained at equal to or lower than
80C, but woul@ bed150 BEGRGMIcally) Witdvantaly ook Ui thaking higlertemhperattife’and may
give adverse iafldencestoon slagsiication efficjergecified by JIS B 0601-2001, of

10 equal to or smaller than 800 nm. The inner surface of the
sieve apparatus may be smoothened so as to give a surface
roughness (Rz) of preferably equal to or smaller than 150
nm, more preferably equal to or smaller than 100 nm, and
particularly preferably equal to or smaller than 50 nm. The

15 surface roughness (Rz) means a maximum of the maximal height
(um) of the surface unevenness. Although the lower limit of
the surface roughness (Rz) is 0 nm, it may be about 10 nm
and still more about 20 nm, because there is no significant
difference even in about 10 nm. Other surface roughness (Ra)

20 is also specified by JIS B 0651-2001. Ra is preferably equal
to or smaller than 100 nm, more preferably equal to or smaller
than 50 nm, and particularly preferably equal to or smaller
than 5nm. The surface roughness can be measuredwitha stylus
type surfaceroughnessmeter inaccordancewithJISB0651-2001.

25 In addition, the surface roughness can be measured with a
light wave interference-type surface roughness meter in
accordance with JIS B 0652-2002.

[0084]
(Number of the apparatuses)

30 In the production method of the present invention, in
view of enhanced property and stabilization of the

water—absorbing resin, the polymerization step is preferably



[0109] The classification apparatus is preferably used at a temperature of not lower than by 20 C
relative to a temperature of the water-absorbing resin powder. More preferably, it is 20 a temperature
of not lower than by 10C relative thereto. In order to ensure fluidity in handling the water-absorbing re
s in powder in an industrial scale, the water-abs orbing re s in powder may be heated to a temperature
equal to or higher than room temperature, for example, in the range of about 40 to 25100C, and more
preferably 50 to 80C. [0110] (Reduced pressure) The classification step is preferably performed in a
reduced pressure state to enhance r}om after surface 30 cross-linking. As used herein, "a reduced

pressure state® HaaHs [51es8ire 0 StrivSapheric Prassurd2 5hd Pepresented by'] “degree of
reduced presskreizaka poditive r (plas)valyea dhat is] whehiatynosphesicaressureiis stanstard
atmospheric pressure (101.3 kPa), a "degree of reduced. pressure of 10 kPa" mea pressure of
915 kPa. (0L LTS e bt L SH oSS IO it b T cios'of - CAUSET rebiro 5
preferably over 0 kPa, prorgmpeeferalily equat ter- highertthan @03 «Pd cand ndteapreferably equal to

or higher than 0.05Pa, 10 yigy of prevanting g pgyder substance framflgating up. in Ehcee%assmca“o”

apparatus, 10 and reducing cost of an exhaustion apparatus or the like, the upper limit of the degree of
reduced presstif®s préfefab/teguist to GrIeWErCHha T0kHd, TRer@prstefably 2dual ¥ e fower than 5

kPa, and still meresprefarablyequal tan@rlower than 2 kRa, Lyeferable range ofdbgfdegree,of reduced
pre s sure 15 can be selected arbitrary between the lower limit and the upl)(ger limit. [0112] (Air flow) In

the classificatif 'stép, HGaE oW Ipartictiarly Y0 preferabRfait Snfay Delpréférdbly b4Ssed through the

is referred toas “two 1lines”. Therefore, “two or more lines”
10 indicate that two or moreunits of the apparatuses are arranged
in parallel in the same step and operated at the same time
or alternately.
[0085]
In the present invention, when each step is performed
15 in two or more lines, the upper limit is about ten lines,
althoughnotespeciallylimited. Amongthem, twotofour lines
are preferable, two to three lines are more preferable and
two lines are still more preferable. By setting the line
number in this range, property of the resultant
20 water—absorbing resin can be enhanced. On the other hand,
when the line number (that is, number of divided lines) is
unduly large, effects by the present invention could not be
obtained, as well as operation would become complicated, and
would be uneconomical in view of cost.
25 [0086]

In the present invention, the hydrogel cross-linked
polymer or the water-absorbing resin powder may be divided
in two or more lines in the step including and subsequent
to the drying step, and ratio of amount thereof to be divided

30 may be determined in each step, and is not especially limited.
For example, in dividing into two lines, 4:6 to 6:4 1is

preferable, 4.5:5.5 to 5.5:4.5 is more preferable, 4.8:5.2



water-absorbing resin powder. The amount of the gas is typically 0.1 to 10 m2/h, preferably 0.5 to 5
m2/h, and particularly preferably 1 to 3 m2/h, per 1 m2 of sieve area. In this case, gas volume may be
measured under standard 25 conditions (for example, under such conditions as of 25C and 1 bar).
Particularly preferably, gas flow is heated typically at equal to or higher than 40C, preferably equal to
or higher than 50C, more preferably equal to or higher than 60C, still more preferably equal to or
higher than 65C, 30 and particularly preferably equal to or higher than 70C, before being charged into
the sieve classification apparatus, Temperature of gas flow may be usually equal to or lower than

120C, preferabl§ equal o or ibivet than T10ET fioré preferalily &quarto'st IBiver tHan t60¢, still more
preferably equat ter er-lowies thart 906 and padticltarty preferablyequakte arilawer, than 80C. 5[0113]

Water content of gas flow may be typically equ htwo or_lower than 5 g/kg, preferably equal to or lower
than 4.5 g/kg, %ﬁgeprréb\girgb%%éac%ua ?g %)Cr}llgv%e{;g'1 Tan ngg ,istﬁfnr%%gé p?gffgrgélfe/ é)éqluréjf?g ?r lower than
3.5 g/kg, and partioularlyttOlpreferablycsytal to o fower thian 8igikg.rGasdlow wwithlowegwater content

can be prgduced Jfor £XampIg by, goqling 0as fipw; With, Bighwatsy, confent &g condense g,corre

sponding amount of water. [0114] 15Dew point of air flow (gas flow) may be preferably equal to or

lower than 20CyRrepretérably B§6al f5'6r Tawrercttiahn aBCu sl theregsreferably equal 46 8r lower

than 10C, and;particidary preferaply egualde ofjewerthan OC. Althaugh.the Jawerlimit of the dew
point is not especiall7y limited, 20 it is preferably about -5C, in consideration of cost performance.
[0115] [0087]

In the present invention, the number of lines in the

10 classification step is not especially limited, and the number
of lines may be arbitrarily selected. 1In consideration of
plant construction cost, running cost or the like, one line
or two lines is preferable, and two lines are more preferable.
[0088]

15 In one embodiment of the present invention, one line
may be used from the polymerization step prior to the
classification step, and two or more lines may be used in
the classification step for the line. According to such an
embodiment, liquid permeability (for example, SFC or GBP)

20 or absorption against pressure (AAP) can be enhanced more,
and a water—-absorbing resin with more superior performance
can be produced.

[0089]
Two or more lines may be preferably used in the

25 pulverization step or the surface cross-1linking step and the
like including and subsequent to the drying step, as well
as in the classification step. To be specific, two lines may
be preferably used in the classification step for one line
in the polymerization step, and most preferably, two or more

30 lines may be most preferably used in all of the pulverization
step, the surface cross-linking step and the like.

[0090]



(Dew point of atmosphere) Dew point of atmosphere (air) where the classification 25 step is performed
is preferably equal to or lower than 20C, more preferably equal to or lower than 15C, still more
preferably equal to or lower than 10C, and particularly preferably equal to or lower than OC. Although
the lower limit of the dew point is not especially limited, it is 30 preferably about -5C, in consideration
of cost performance. [0116] As a method for controlling the dew point , gas, preferably air may be
dried as appropriate. A method for using a membrane dryer, a method for using a cooling
adsorption-type dryer, a method for using a diaphragm dryer, and a method for using these in
combination may be Ihefibad Whart h@?&@éﬁﬂﬁﬁ&%g AryRris T84 e hal B& bfd Hehting
regeneration-type, onmay heof a8 hoadieating regenetatiapdype, iarymay decof apparatus
non-regenerat}gg-nﬁpe.r[eo&%ye%?) W@(‘[}q_ﬁr-gbs%béng resli@}[?gwd%er 1rOlT hee gvgtgﬁagasogp_jgg LE%sin powder
before surface cr%ss?linklng, which is capa%‘?e of exer ing eftec s%y the present invention more
significantly, may hatehan absomption ayaihstnenpressure(@RENOf peafekably irvtie rahge of 20 to

100 g/g, more praferably, 25 (o 50 /g, an still more, 15 preferably. 27,10 45.a/g, and.a sglid gontent [in

other words, 100 - (water content)] of pregrably in the range of 85 to 99.9% by weight, more
preferably 90 #6£99.096 By wetgfinand Sfimora greférably 95 t699 . 9% PyReight cTheXslid content

outside the range maydecrease propestiess 20{0118] {6):Surface cross-linking step The present
step is a step for surface cross-linking the water-absorbing resin powder obtained in the above steps

(the drying steb?@r?eléulverization step, the classification 25 step). In the present description, "surface

cross-linking" meansug crossslik/thesuwtace of the neighborhoodnef the surface-etthe 2
water-at#soorbin esin Powdctar_. The "surface or neighborhqod of t@e Sté%‘gce" indicatecf apart of the
surface layer With A thickAass 8 ustiafiy ediial i85 of 8dhtRan Sevelal 30'RRE pm, BF% pattof the
surface layer with adhicknesseaf €qual pe of tessdbamdibe afiwhole thickiess 0THe thiekitess can be

determined as appropriate depending:on abisgts, ln. {he productionmethod of the present jnvention,
liquid permeablﬁty or absorption against pressure can be enhance by surface cross-linking. [0119]

5The surface enossdiaking method & notespeciaiytingited. Fecéxamplena methoddoifeross-linking
the surface of é‘f’éﬁ%@@?ﬁﬁ%@g Lesin powdenising sustaceaross-ljokingagent lanangse Patent
No. 2530668) may be exemplified. In particular, surface cross-linking under
15 for “connecting in series” a belt polymerization apparatus.
On the contrary, in the present invention, “(substantially
the same) apparatuses are arranged in parallel” in a specified
step including and subsequent to the drying step, for one
unit of a polymerization apparatus. By this means, enhanced
20 propertyandstabilizationof thewater—-absorbingresinequal
to or more than conventional level can be attained.
[0092]
(Method for division)
In the ©present invention, when a step of the
25 classification step or the surface cross—-1inking step or the
like is performed in two or more lines, the hydrogel
cross—linked polymer or the water—-absorbing resin powder such
as the dried substance thereof may be preferably divided by
the following methods.
30 [0093]
As the method for division to be used, the following

methods (1) to (3) can be adopted to the water—absorbing resin



10 heat at a high temperature may be suitably applied. [0120] (a) Surface cross-linking agent As
the surface cross-linking agent which can be used in the pre sent invention, various organic or
inorganic surface 15 cross-linking agents can be exemplified, and organic surface cross-linking agents
are preferably used. As the organic surface cross-linking agent, polyhydric alcohol compounds such as
mono-, di-, tri-, or tetra-propylene glycol, 1,3-propanediol, glycerin, 1,4-butanediol, 1,3-butanediol, 20
1,5-pentanediol, 1,6-hexanediol, sorbitol or the like; epoxy compounds such as ethylene glycol
diglycidyl ether, glycidol or the like; polyvalent amine compounds or condensed compounds thereof
with halo-epoX ebHipodid; Bxa2 clind EompaunaARaro-, di-, or poly-) oxazolidinone compounds:
alkylene carbonate 25 compounds such as ethylene carbonate or the like; oxetane compounds; cyclic
urea compoun[]j such as %-im' zolidjnone, or the like may be included, for example. Among the se ,
surface cross-| r?lzing%gmeen Q ﬁé?/?nogrdéﬁy&%ﬁgﬁ é%sk%eeriﬁga%t)léorn rae%scﬁ\ﬂ%yl, ‘sélécted r@rﬁ%%%ydric
alcohol compaouhidsy 30 hikylere darbenatecgermpounds, and oxazolidinone compounds can be used
particularly pre[fgggg)ﬂ. These organic surface cross-linking agents may be used alone or two or more
kinds may be used in combination. [0121] Because the surface cross-linking agent having
dehydration esterificatiori-Feaetiity has low RAEVIB S if Aasarhighsdrety: reWeversScshtrol of stable
reaction is diffiuit onithe eentrary. On the-etherhange in the pre sent inviention, evep insgantinuous
production using such a surface cross-linking agent having dehydration esterification reactivity, the
water-absorbifig Yesit withesmaiPvaridtioh-10 (deflection) of property and small standard variation can
be produced cpntingqusly. In more specifically, compounds exemplifiedinUSPNo. 6228930, USPNo .
6071976, USPI\@}. 625499(3 or t?e like.may be included. [0122] 15As the inorganic surface
cross-linking ageht, SAf® (S1ganICEalts BF fhdtgahitSs ) Gr Hyarskidesd 8t bivatehEs Higher,
preferably trivalenttordetsavalent) golyvalent pietaks may befexemptitied. Asithe pelymalent metal ,
aluminum, zircconium or the Jcike may be included. As the salt of the 20 polyvalent metal, aluminum
. Cransportation. . ) . L.
lactate, aluminum sulfate or the like may be included. These inorganic surface cross-linking agents are
used at the sahtEdtimé with or separately from the organic surface cross-linking agent. The surface
cross-linking using the pelyalens metal has been disciased 25, i1 WO 200AULLISTNG. 2008/09843,
WO 2008/09842, USP No. 7157141, USPNo. 6605673,USPNo. 6620889, US-A-2005/0288182,
US-A-2005/00706 71 208820070 106013 L USRA-200610073989. fo1 287 Farthel by ising a polyamine
polymer, in partigydar; 30 a polyamine polymer with weight average molecular weight of about 5000 to
1,000,000, other than the organic surface cross-linking agent, at the same time or separately, liquid
In this method, a two-divider or a three-divider having
protrusions or weirs and the like may be used. JIS riffle
sampler (two-divider) has a structure that it is partitioned
20 tomany small compartments, towhich a charged sample is sorted
in two directions alternately.
[0099]
For the hydrogel cross—1linked polymer after
polymerization, the following methods (4) to (6) or a
25 combination of these methods can be adopted.
[0100]
(4) A method for dividing the hydrogel cross—-1linked polymer
obtained with a kneader or a meat chopper, in transportation
by falling (for example, free falling).
30 [0101]
In this method, a two-divider or a three-divider having

protrusions or weirs and the like may be provided at the outlet



permeability or the like of the water-absorbing resin may be enhanced. The polyamine polymer has
been disclosed, for example, in USP No. 7098284, W02006/082188, W02006/082189, WO
2006/082197, WO 2006/111402, WO 2006/111403, WO 52006/111404 or the like. [0124] In the
present invention, in addition to the surface cross-linking agent with covalent binding property, as an
organic surface cross-linking agent, a surface cross-linking 10 agent with ion binding property, in
particular, a polyvalent metal salt or a polyamine polymer may be used, or maybe used in combination,
in order to enhance liquid permeability. In order to enhance liquid permeability, other than the organic

surface cross-fifiking ageht Aihofganic Suffsds 15 3r6&2Sinking agent may be preferably used, or

may be used in@obotbination. When these various surface cross-linking agents are used in

combination, t may be added to the water-absorbing resin at the same time ggnc )., or may be
acded portion ke (2 B ATty ToiEs) Sepatatly SOOLIo) AR oL rt 1 e AriaEe LreeElinking
agent used mayibé selectddas appiopridte depending on compounds to be used or a combination

thereof. Itjs prp@q_r@@l]y 0.001 to 10 parts by weight, more preferably 0.01 to 5 parts by weight, relative

25 to 100 parts by weight of the water-absorbing resin powder. When the organic surface cross-linking

agent and the [forgafi@'stiffack kpgssiinkingcagemt afd uséd i Rofibigation rerawhen HeesSurface

cross-linking agentwith covalent binding property angibe isiface,cross-linking agent with ion binding
30 property are used in combination, the amount thereof used in combination may be within the above
range. An amduht &t Solvent used may be also selected within the following range. [0126] (b) Mixed

solvent Among these, inviewof quantitative supplying property,

10 the methods (1) to (3) are preferable, and the method (1)
ismorepreferable. Apreferableratioofthewater—-absorbing
resinpowder or the hydrogel cross—-linkedpolymer tobedivided
is as described above.
[0105]

15 (d) Classification conditions
(Heating temperature)

In the present invention, a classification apparatus
may be preferably used in a heated state and/or in a state
of keeping the heat, as well as elimination of electricity.

20 [0106]

The term "heating" as used in the present invention
indicates to give heat positively. Therefore, a heated state
may include a case where heat is given to a classification
apparatus in an initial state to raise its temperature up

25 to a certain temperature, and heat is not given hereafter;
or a case where heat is given to a classification apparatus
not only in an initial state but also constantly, or the like.
On the other hand, “to keep heat” indicates to retain heat
without giving any heat, that is, to repress decrease in

30 temperature.

[0107]

In order to make a classification apparatus in a heated



When the surface cross-linking agent is used, water is preferably used. Although an amount of used
water is not 5 especially limited, it is preferably O . 5 to 20 parts by weight, and more preferably 0.5 to
10 parts by weight, relative to 100 parts by weight of the water-absorbing resin powder. [0127] In this
case, a hydrophilic organic solvent may be used. 10 Although an amount thereof used is not especially
limited, it is preferably 0 to 10 parts by weight, and more preferably 0 to 5 parts by weight, relative to
100 parts by weight of the water-absorbing resin powder. [0128] 15As the hydrophilic organic solvent,
alcohols such as methyl alzohol,_ ethyl alcohol, propyl alcohol, isopropyl alcohol, n-butyl alcohol,
isobutyl alcohS1£béityFAR0REI; kStohes SAER a8 actfom Hfetiyi e thy Ketora! BirS SLeK as
dioxane, alkoxyé{paly)ethylerewgiyood, tetralyidrefurdan;20- amideg saeh as €-taptelactam,ed
N,N-dimethylformamide; sulfoxides such as dimethylsylfoxide; polyhydric alcohols.such.as ethylene
Qyool. diethyIGHE gcol SopaiRns DyGaL tehuiene i EIaaeneid Eol L brepaneiol
dipropylene glyeela2 2t4-trimethy 1L, 3-pentaenediek 25§ ycerin 2rbatene a4 diold; 8-butavediol,
1,4-butanediol, 1, 3;pentanediol, 1 fhexanediol 4,2-gyglohexanedimethanol, 1,2-cyclohexanol,
trimetylol propane,diethanol amine, triethanol amine, polyoxypropylené, pentaerythritol, sorbitol; or the
like may be indlBdé&Sfbr 30 exampled. One or more solvents may be used. [0129] (c) Another
component In the present step; iymixing thesurfaceLcressHipkingagent seluion fe fhe
water-absorbing resin powder, a water-insoluble fine particle powder substance or a surfactant may
co-exist in suchaR aGGtas AP TE SBSHRIES BREEt & byAtHepracsehlt ientiort Kintdt4he water-ins
citable fine padicle:pewdernsubsiagee of, thensuifactaptte he-uged; aimseamaeuntdhereaf is not
especialiy limited. Tthe rangetexemplified in WO %23005/075 70 CE)am hlet can be a glied. The "in such
an amount as hottd SBSFIG etfectS by e Bresent 10 AVeticHThEARS WithitP& targe préferably
equal to or lowerd¢harh@ parts! by weightraore-pretesakly @qaaltoor dower thanyopants by weight,
and still more preferably equal to or lower than lth art by weight, relative to 100 parts hy, weight of the
Water-absorbirggfe gees% p%&v éa'rL.alrS[BfB(S]%att Ifﬁk?t Be%ﬂ%é'ghg%reesqeun%?stééﬁ in ad f%(v)%rtob%/ & surface
cross-linking ageht; adnéeded lanlzeidic substatersuchldy adicrgdnierdoid lactic doid, teitric acid,
p-toluenesulfopic acid) or: salt.thereqf, and an.inorganic acid (ghosphoricacid, 29, sylfuric acid,
sulfurous acid), or salt thereof, a basic substance such as sodium hydroxide and sodium carbonate, a
polyvaleh? metit s&ft 36ER Bs @irhitiunt SGF&teSAaY be used in an amount of preferably 0 to 10% by
weight, furtherpreferably 0 to 5% by weight, and particularly preferably 25 about 0 to 1% by weight,
relative to the water-absorbing resin powder. [0131] ,
The classification apparatus is preferably used at a
temperature of not lower thanby 20°Crelative to a temperature
of the water-absorbing resin powder. More preferably, it is
20 a temperature of not lower than by 10°C relative thereto.
In order to ensure fluidity in handling the water—-absorbing
resinpowder inan industrial scale, thewater—-absorbingresin
powder may be heated to a temperature equal to or higher than
room temperature, for example, in the range of about 40 to
25 100°C, and more preferably 50 to 80°C.
[0110]
(Reduced pressure)
The classification step is preferably performed in a
reduced pressure state to enhance property after surface
30 cross—1linking. As used herein, “a reduced pressure state”
means pressure lower than atmospheric pressure, and

represented by a “degree of reduced pressure” as a positive



(d) Reaction temperature and time After mixing the surface cross-linking agent with the 30
water-absorbing resin powder, the mixture may be preferably subjected to heat treatment and, as
needed, subjected to cooling treatment . Heating temperature in the heat treatment is not especially
limited, as long as it is a temperature at which the surface cross-linking reaction proceeds. It is
preferably 70 to 300C, more preferably 120 to 250C, and stillmorepreferably 150 to 250C .
Heatingtime is preferably 5 within the range of 1 minute to 2 hours . In the heat treatment, a common
dryer or a common heatin%Lurnace may be used, and sgecifically it is%referable to use a known heat

treatment apparatus SUER & a paddfe drjer B & fRId 6EE SHd in RARUHE it s Prefstabie to use a
continuous heatrtrestment. 0 apparatuse In the présenp myvention,; eerrwhero heatinguatdigh

temperature or drying with air (hot is perfarmed, which has been conventionally difficult in
stabilization of | f):roﬁtsar 3r/,eth(éa%wait]gr-%Eéorblrinnegapessir‘f1 with ‘stable %igﬂw p%%é\étykc%%'be provided. The
water-absorbirid tesin powder after the 15 heat treatment may be subj ected to cooling treatment as

needed, tg stop the syface cross-inking [eaclion, [0132] (e) Anothet syrface Grpssdinking.In the

present invention, the surface cross-linking may 20 be performed without using the surface

cross-linking agferitcRBFegafiife SStfface RESS-fnkiRg by d sadic&Fsolyheetz &tiohiinitrtdry(for

example, USPNQ-4783510) isuface arassrlinking Ry activalgd.energyrays dforexample, 1
EP-A-1506788), surface cross-linking by polgmerization on 25the surface (for example, USP No.

7201941), or the ke Ma§afdo beHpliel 20'thE presentinG¥nfidn PTSSPEA hGHBP EtprThe

water-absorbing: resin afier thesurface 30 stosslinkinghstep may bei preferablys suhjesteddo the
classificigon acc rdinrgl to the present invention. That is, the classification steps,.a fir%t lassification

step (the ‘Classficatici Sfep™) artfa s’Eond classticatid? Step lhie 2lassifidation' Step 2)S may be
preferably perfotmed betfote thie- sufface ctogs-irkitgrstdp and aftesthersutfage-erbssdinking step,
respectively, t%c‘?S!’—,\I/f tpg F?ar?bﬁeé%’i than 10 kPa, more preferably equal to or
lower than 5 kPa, and still more preferably equal to or lower
than 2kPa. Preferablerangeof thedegree of reducedpressure
15 can be selected arbitrary between the lower limit and the
upper limit.
[0112]
(Air flow)
In the classification step, a gas flow, particularly
20 preferably air, may be preferably passed through the
water—absorbing resin powder. The amount of the gas is
typically 0.1 to 10 m®/h, preferably 0.5 to 5 m’/h, and
particularly preferably 1 to 3 m’/h, per 1 m® of sieve area.
In this case, gas volume may be measured under standard
25 conditions (for example, under such conditions as of 25°C
and 1 bar). Particularly preferably, gas flow is heated
typically at equal to or higher than 40°C, preferably equal
to or higher than 50°C, more preferably equal to or higher
than 60°C, still more preferably equal to or higher than 65°C,
30 and particularly preferably equal to or higher than 70°C,
before being charged into the sieve classification apparatus.

Temperature of gas flow may be usually equal to or lower than



5 the present invention. When an aggregated substance generates in the surface cross-linking step,
crushing treatment of the aggregated substance may be performed before the classification step or
after the classification step. [0134] 100ther than the above steps, as needed, a recycling step of
evaporated monomer, a granulation step, a fine-powder removal step, a fine-powder recycling step or
the like may be included. Preferably, a step of recycling fine powders of the water-absorbing resin after
the classification step 15(a fine-powder recycling step) may be included. [0135] (a) Fine-powder
recycling step The present step is a step for returning fine powders (for example, fine powders

containing partiéiés el 156 26phT 38 & nidirr Eompstentan paticutal Conkdimhg paricles below
150 pm in an amaunt afequal towe maredhan 709chy welght) remeved by clasks ificatiom or the like to
the production step of the water-absorhing resin. Preferably, by recycling fine.powders.to the
polymerizationté‘?te(’f?)rorl %%egr;cﬁlhgagte% 2@’rearrr11§v ac';{:nfcdl r%lﬁ%/%%%% i%ggpro%/]vbdle%{sec%%able %ﬁained. In
the recycling step,lthedinetdowdets fiay be returned as themselves to the production step, or may be
returned to the[@ﬁopyf:tion step after granulation in the granulation step. A recycling method may
comprises mixing fine powders in a 30 polymeri z ation machine , preferably a stirring polymer z ation
machine such as a kiHeddet, €& Forfinan UhifdRm mbaird o fKparatehy mirifgIieagowdefsor a

granulate there@f With: han 5 g/kg, preferably equal to or lower than 4.5 g/kg,
more preferably equal to or lower than 4 g/kg, still more
preferably equal to or lower than 3.5 g/kg, and particularly

10 preferably equal to or lower than 3 g/kg. Gas flowwith lower
water content can be produced, for example, by cooling gas
flowwithhighwater content tocondense a corresponding amount
of water.

[0114]

15 Dew point of air flow (gas flow) may be preferably equal
to or lower than 20°C, more preferably equal to or lower than
15°C, still more preferably equal to or lower than 10°C, and
particularly preferably equal to or lower than 0°C. Although
the lower limit of the dew point is not especially limited,

20 it is preferably about -5°C, in consideration of cost
performance.

[0115]
(Dew point of atmosphere)
Dew point of atmosphere (air) where the classification

25 step is performed is preferably equal to or lower than 20°C,
more preferably equal to or lower than 15°C, still more
preferably equal to or lower than 10°C, and particularly
preferably equal to or lower than 0°C. Although the lower
limit of the dew point is not especially limited, it is

30 preferably about -5°C, in consideration of cost performance.
[0116]

As amethod for controllingthedewpoint, gas, preferably



a polymer gel after polymerization, for example, by (crushing and) mixing with a meat chopper, or
mixing in a dryer. A preferable fine-powder recycling method may be exemplified in USP No. 6133193,
USP No. 6228930, USP No. 5455284, USP 5 No. 5342899, US-A-2008/0306209, for example.
Amount of the fine powders can be decreased by adding the fine powders in the production step of the
water-absorbing resin such as the polymerization step, the gel pulverization step, and the drying step.
Although a recycling amount of the fine powders 10 is not especially limited, it may be preferably about
1 to 30% by weight, for example, still more preferably 5 to 25% by weight, particularly preferably 8 to

20% by weighf: of Podl&ioh Brtount> FPAdetidn. the fife Sowtists may be 18cy&tel s tHE production

step as dry powithess asdhamsetest 4b ardiynforaing alget hy=atdig water-as/peedad;«r in particular
, recycled to a monomer afn(gr/or a.gfgl (Qef re CH}_!LQ or q:urin p%%/éneriz%l;ic%@d? the recxcling, waste
u e

amount of the water-a sorblngurseélngcan e decre seg. %ﬁ 6] ér‘tf%r, in-order to enhance effect of

color stability ¢vergine dmprevemkgierll@‘eﬁelmraﬁm anadditive td béedscribedilater mayrbe used in a
monomer:0r a pelymet thsreqh (8 hvdingel cross linked polymen, (D7) 250) lron Zemoyg step In the

present invention, when an antistatic brush is used, a metal wire may be incorporated. The method
may preferably @8f/IpPiSe ahdirort iéifoval stéh, mBeYpreférably &F irontemovarstépaisiitfa magnet

after the classificgtion 3Q:step, By, performing dhe isan semovalstepa metabeompaneiresent in the
Water-absorbin%resin powder can be removed. For iron removal, a permanent magnet may be used to

remove a meth! dérived from a sieve or a brush, by passing the water-absorbing resin powder flowing

continuously between the-magaets, {238 S4e)nT rapspertation step Although various methods for
transporting the water-absorbin% resigJ before and after the cIassCiIicatio sjgee%p, in particFuIar, between
5 o

the classification step Afid tH& STfface’ &ros8aiking Siep  may BE Gded, hatic>d trafiSportation
may be preferalblyusedi trkthecgir transporiatior,fedam ¢he ¥iew point thaksifiperios gsepetty of the

water-absorbing [esin pa be majntained stably, died alr may he preferably-used. s yeper fmit of
dew point of the dried air mayrbe usugll?y equarlto or lower than 2 :
against non-pressure (CRC) of preferably in the range of 20
to 100 g/g, more preferably 25 to 50 g/g, an still more
15 preferably 27 to 45 g/g, and a solid content [in other words,
100 — (water content)] of preferably in the range of 85 to
99.9% by weight, more preferably 90 to 99.9% by weight, and
stillmorepreferably 95t099.9%byweight. Thesolidcontent
outside the range may decrease properties.
20 [0118]
(6) Surface cross—-linking step
The present step is a step for surface cross-linking
the water—-absorbing resin powder obtained in the above steps
(the drying step, the pulverization step, the classification
25 step). 1In the present description, “surface cross-linking”
means to cross—-link the surface or the neighborhood of the
surface of the water-absorbing resin powder. The “surface
or neighborhood of the surface” indicates apart of the surface
layer with a thickness of usually equal to or less than several
30 tens um, or a part of the surface layer with a thickness of
equal to or less than 1/10 of whole thickness. The thickness

can be determined as appropriate depending on objects. In



15 preferably equal to or lower than -5C, more preferably equal to or lower than -10C, still more
preferably equal to or lower than -12C, and particularly preferably equal to or lower than -15C. The
lower limit of the dew point may be usually equal to or higher than -100C, preferably equal to 20 or
higher than -70C . About -50Cmaybe sufficient . Further, temperature of the dried gas may be
preferably 10 to 40C, and more preferably 15 to 35C. Surface roughness (Rz) of the inner surface of
the pneumatic transportation pipeline has a similar range as surface roughness (Rz) of the inner 25

surface of the sjeving apparatus. [0139] Other than dried gas (air), heated gas (air) may he used. In
this case, alth&dgh &h éi‘ﬂ?gth%?héa%}ﬁ%?esop%cigwIirﬁifeeda,édﬁg (&iﬂvrﬁgg bR HeatetHirsttly using a

heating 30 megimgeargasi (ajr)do b passed maybe heategbindirectty by-heating @rtransportation
pipeline or a a%%ara&%%. The (I:g:w%rsli_rﬂi} I(1)1: temperature of the heated gas (air) may be preferably
equal to or higher than 5‘68, and more prgflergmy equal to or higher than 30C. The upper limit of the
temperature ofl thell¥dated gas (air) may be preferably below 70C, and more preferably below 50C.

5(0140] 5 As a method of copralling.adlew poigt.,9as (Referably;alr) may bedried as appropriate.

Specifically, a method for using a membrane dryer, a method for using a cooling adsorption-type dryer,

a method for Ui & taphiagmdryer 19-and e MERSPIOFUSIRG tRese i cbRibination avsy be

included. Whegthe adsrptiop-type dryer i, used, dt; may he.a heatingsregeneration:lype,r may be a
non-heating regeneration-type . [0141] ( 8 ) Others 15(a) Production amount The following problem of
decreased propernty o thefiké tertEaB hebdrPEighRficantif e Produttion fiP4n indtstriaf scale. The

production metheahefitheipresentinvetionicanibe conralied suitably dr allargei seplenpragitiction. From
this 20 pojnt of view, In the presgntinventon, an amount oMtie, ap1y applied.
[0120]
(a) Surface cross-linking agent
As the surface cross-linking agent which can be used
inthe present invention, various organic or inorganic surface
15 cross—1linking agents can be exemplified, and organic surface
cross—1linking agents are preferably used. As the organic
surface cross—-linking agent, polyhydric alcohol compounds
such as mono-, di-, tri-, or tetra-propylene glycol,
1,3-propanediol, glycerin, 1,4-butanediol, 1,3-butanediol,
20 1,5-pentanediol, 1, 6-hexanediol, sorbitol or the like; epoxy
compounds such as ethylene glycol diglycidyl ether, glycidol
or the like; polyvalent amine compounds or condensed compounds
thereof withhalo—-epoxy compound, oxazoline compounds; (mono-—,
di—-, or poly-) oxazolidinone compounds; alkylene carbonate
25 compounds such as ethylene carbonate or the like; oxetane
compounds; cyclic urea compounds such as 2-imidazolidinone
or the likemaybe included, for example. Amongthese, surface
cross—1linking agents having dehydration esterification
reactivity, selected from polyhydric alcohol compounds,
30 alkylene carbonate compounds, and oxazolidinone compounds
can be used particularly preferably. These organic surface

cross—1linking agents may be used alone or two or more kinds



water-absorbing resin produced per one line may be preferably equal to or higher than 1 ton /hr . The
term "one line" indicates a series of production steps of the water-absorbing resin, and when the step
is branched, it is specified as treatment 25 amount in the surface cross-linking step (in one apparatus)
. The unit " (ton/hr) " means transportation amount (metric ton; t; ton) per 1 hour. The amount of the
water-absorbing resin produced per one line may be preferably equal to or higher than 1.5 ton/hr, still
more preferably equal to or higher 30 than 2 ton/hr, and particularly preferably equal to or higher than
3 ton/hr. . The upper limit of the production amount is not especially limited, and may be determined as
appropriate, fOF&xathpléS&f'10 YorRPErHfENiKE [0142] [3] Property of the water-absorbing resin (1)
Property of the watariabsorbing resin 5The production method of the present invention may be

suitably applied particularly to the case where at least three or more properties of the water-abs orbing
resinare controlled.%lgffé%g %y c%%rllterolliﬁél %g%ﬁ%ropceﬁgysgaafﬁg%ire%ed %%éﬁy irI?h Sr‘éﬁ&%tion method

for the water-absbybing resin with-erany 1Osfunctionscand hightproperiesssucheas preferaply 4 or more,

5 Or more; or § or HEPéeapﬁ?PSHi%afétt(%e Rreperhto be conralied, the fallowing may be gxemplified:
(a) absorption against pressure (AAP), liquid permeability (SFC), (c) absorption against

non-pressure (CRE); {drExtrattablesC ()t 15 Fesiduaiidrvaiers [(f) dmitlal tolbhiAd {§fidisture

content, and fyriher.fre,swelling.capacity  FRt uRapicle size: distibution pidflow rate, density,
respirable particles, dust and the like. They can be applied to production method in being highly

controlled. ThE propertieS torBE corffsiidd 28DF e metRBIS fet Teasurig Rt nzg e determined
as appropriate; aadthe ERANANBeasudrg meatheds apdihe likeware applieabletothe preguction of

the waterzabsarbing, resin with the property, In the following fan9e. gard variation can
be produced continuously. In more specifically, compounds
exemplifiedinUSPNo. 6228930, USPNo. 6071976, USPNo. 6254990
or the like may be included.
[0122]

15 As the inorganic surface cross-linking agent, salts
(organic salts or inorganic salts) or hydroxides of divalent
or higher, preferably trivalent or tetravalent, polyvalent
metalsmaybeexemplified. Asthepolyvalentmetal, aluminum,
zirconium or the like may be included. As the salt of the

20 polyvalent metal, aluminum lactate, aluminum sulfate or the
like may be included. These inorganic surface cross—-linking
agents are used at the same time with or separately from the
organic surface <cross-linking agent. The surface
cross—1linking using the polyvalent metal has been disclosed

25 in WO 2007/121037, WO 2008/09843, WO 2008/09842, USP No.
7157141, USPNo. 6605673, USP No. 6620889, US-A-2005/0288182,
US-A-2005/0070671, US-A-2007/0106013, US-A-2006/0073969.
[0123]

Further, by using a polyamine polymer, in particular,

30 a polyamine polymer with weight average molecular weight of
about 5000 to 1,000,000, other than the organic surface

cross—1linking agent, at the same time or separately, liquid



[0143] 25When the water-absorbing resin of the present invention is aimed at being used in hygiene
materials, in particular, disposable diapers, at least one property of the following (a) to (g), still more
two or more including AAP, and in particular, three or more may be preferably controlled in 30 a de s
ired range by the polymeri z ation or surface cross-linking. If the following property is not satisfied,
effects by the present invention may not be obtained sufficiently, or sufficient performance may not be
exerted in high concentration diapers to be described later. [0144] (a) Absorption against pressure
(AAP) 5In the water-absorbing resin obtained by the production method of the pre sent invention, to

prevent leakadE ' Giapers: e 8hsdrption Againat pressufé tAAPS Bt ArPadFedus™d.894'BY weight
sodium chloride=selutien cader pressyrelofand kPgorynder pressuee of 4i8&kPa san bef cantrolled,

preferably 10 to be equal tlonoq ?p%eq:lth%b%% gg{g)v%%}%&%r%%%tilg ,q% t?&)%@/% rltggn 22 (9/9),

e
and still more %Fe%@%%?y equal to or highér than 23 using the above polymerizationas an
example of attdihingheasOfes] The upper limit ©f 1ie absaerptioWagainst presstreO@BAP)NS not

especially limitgd, g.?lainp4t51g higher,js the petter. In view of balance with other properties or cost,
however, the upper limit of the AAP under pressure of 1.9 kPa may be about 40 (g/g), and that under

pressure of 4.8 kPadhay be about 30 (g/g), and still more about 28 (g/g). In the present description,

unless otherwise 20 spedified, the AAR shows g-value underpressyes,of4,8HkRa as defined in
ER1442.2-02. [0145] (b) Liquid permeability (SFC) In the water-absorbing resin obtained by the

production 25 TétRGd bf et préstrmvelition, iR Ofadriopreventivak&ie Rediapers® Safife flow
conductivity (SC)fer a 66904 salinessolution whiehdgdiguid permeabddycundeas pressuregcan / be
controlled to be equal to orhigherthan 1 (x107 -cm3'S *g£ , %referabll}/ e%ual to gr hi\?hﬁr than 10
(x1077-&r%3-sﬁg%(%‘,tmwo]r§ D3t Preterably dobiali B hightt than 50k 1677-AnB%-47 1), i more
preferably equet taar sighercthamn 30 (xb0d --em3-S3gidy), aad particsdatly prefesgblycequaldo or higher
than 100 in combination, in order to enhance liquid permeability. In
order to enhance liquid permeability, other than the organic
surface cross—1linking agent, an inorganic surface
15 cross—1linking agent may be preferably used, or may be used
in combination. When these various surface cross-linking
agents are used in combination, they may be added to the
water—absorbing resin at the same time (once), or may be added
portion wise (a plurality times) separately.
20 [0125]

An amount of the surface cross-linking agent used may
be selected as appropriate depending on compounds to be used
or a combination thereof. It is preferably 0.001 to 10 parts
by weight, more preferably 0.01 to 5 parts by weight, relative

25 to 100 parts by weight of the water—-absorbing resin powder.
When the organic surface cross—linkingagent and the inorganic
surface cross—-1linking agent are used in combination, or when
the surface cross-linking agent with covalent binding
property and the surface cross—-1linking agent with ion binding

30 property are used in combination, the amount thereof used

in combination may be within the above range. An amount of

solvent used may be also selected within the following range.



/ (x107 -cm3-s-g ), using the above polymerization as one example of attainingmeasure s . Because
the higher i s the upper limit of SFC is the better, it is not especially limited. In general, however, it may
be equal to or lower than 1000 5(x1077-cm3-s-g71), and more preferably equal to or lower than 500
(x1077-cm3-s-g71). [0146] By the production method and the enhancement method for liquid
permeability of the present invention, the surface 10 cross-linked water-absorbing resin having the
above desired SFC value can be obtained. [0147] (c) Absorption against non-pressure (CRC) In the
water-absorbing resin obtained by the production 15 method of the present invention, the absorption
against non-pr[e%%%élée](CRC) can be controlled preferably to be equal to or higher than 10 (g/g), more
preferably equéabto ur kighesthiane2(x (g/g), still more preferably equal to or higher than 25 (g/g), and

particularly preferab%ﬁg%alcg) or. hig%gr tehac”r gg S.2_7 (Jg/g{).lr'qheahigh%r %?%ésé (tipe Qeggqf alnsd thus the
upper limit value is not espeueetlly fimited i view of]baﬂancegwn% other properties, ﬁowever, it may be

equal to or |0V@TQﬁ&N§DKg/g}§ﬁ]@re pkéfenably leqaal torordowep thams4s! (g/g); eandistillnmore
preferably equal o ar higher than 40(9/g). 25[0148L(),Yyater-saluble, ?tc%}%@ fExyactables) The

water-absorbing resin obtained by the production method of the present invention may have a
water-soluble edrteh? B pRTeizdNAD 10 egual foPor ViR th&n 'BB% DY Idight Boambie pFeferably

equal to or lowerthapn 26% by, weightystilbmore, prefarably egual:te o lowerdhan sYa by weight, and
particularly pre[fgrlazb% equal to or lower than 10% by weight.
In this case, a hydrophilic organic solvent may be used.

10 Although an amount thereof used is not especially limited,
it is preferably 0 to 10 parts by weight, and more preferably
0 to 5 parts by weight, relative to 100 parts by weight of
the water—-absorbing resin powder.

[0128]

15 As the hydrophilic organic solvent, alcohols such as
methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl
alcohol, n-butyl alcohol, isobutyl alcohol, t-butyl alcohol;
ketones such as acetone, methyl ethyl ketone; ethers such
as dioxane, alkoxy(poly)ethylene glycol, tetrahydrofuran;

20 amides such as e¢-caprolactam, N, N-dimethylformamide;
sulfoxides such as dimethylsulfoxide; polyhydric alcohols
such as ethylene glycol, diethylene glycol, propyleneglycol,
triethylene glycol, tetraethylene glycol, 1,3-propanediol,
dipropylene glycol, 2,2,4-trimethyl-1, 3-pentanediol,

25 glycerin, 2-butene-1, 4-diol, 1,3-butanediol,
1,4-butanediol, 1,5-pentanediol, 1, 6-hexanediol,
1,2-cyclohexanedimethanol, 1,2-cyclohexanol, trimetylol
propane, diethanol amine, triethanol amine, polyoxypropylene,
pentaerythritol, sorbitol; or the like may be include, for

30 exampled. One or more solvents may be used.

[0129]

(c) Another component



[0149] (e) Residual monomers The water-absorbing resin obtained by the production method of
the present invention may have residual monomers 5 of preferably 0 to 700 ppm by weight, more
preferably 0 to 600 ppm by weight, and particularly preferably 0 to 500 ppm by weight, using the above
polymerization as an example of attaining means. [0150] 10(f) Initial coloring The water-absorbing
resin obtained by the production method of the present invention may be superior in initial coloring,
and for example, in Hunter Lab surface color system, L value (lightness) may be preferably equal to or
higher than 15 85, mare preferably equal to or higher than 87, and still more preferably equal to or
higher than 89; b valdé' ha§ k& 5%?8%8@/6-3 10 10 MorBPreter MY L8 ¢6 5 At st more Breferably -4
to 4; a value mayebe preterahlycf tot?, mdte preferablyab to t pstilbmare preferabhyz@5,to 4, and most
20 preferably 0 to 1. Yl Q/e(l)l \ﬁvkyitlwgex)fmggbe refer cbﬁé equal tqQ or Iowegth%w 10, still more preferably

equal to or lower than é, an partlcularlly pref rab ylequal t5 o fower than %, aﬁaﬁvs (fv{/hité51 balance)

may be preferably@uaatttommgm_;r—than §0, stillsmore @m%m@ly@mlﬂommghbsm?& 25 and
particularly preferably equal fo.orhigherthan, £7  Futther,;such amater;ahsorbing resip,may be

superior also in coloring over time, and may have sufficient whiteness even at high temperature and
high humidity & deeéletatich BeSt{fiodalPRF alleRgPeidd of stdragé 230[015 K g) Water content

Water content gf the wvatesabsorhing Lesiniebtained by, the produgtion method of the pregent
invention may be preferably equal to or lower than 5% by weight, and still more preferably equal to or

lower than 195y Right iR araclifar Ahendie tlHs SHhCRIbh e a8 perictRitiaiter 5 1hE surface

cross-linking stap, theslassifisatiommetbodef the presentinvesntion is preferable, hesause it can exert
effects s%nificang)é for the water-absorbing resin having such lo gt\;‘?ter content. AIthou‘%h the lower
Cc

limit of the wate? Gotent s not e8elialiy fifhited AP Hay bE bréferably €dtar 10%¢sr higher than 0.1%
by weight, and:stdlhmboe preferally equabitocor higher thanf@.b8%b by weeightl [@E52]12) Amether additive

The Water-abst%ggggesin %bstagned k& r}lecprodu&tigq %?lrglg}(rtjgrcr)ﬁdtﬁﬁ: t(QP _present inv%gt'ionc,gn view of

{
coloring over time, maypfarrt er contain an additive selécte e group coﬁ/sigﬁng of a chelating

agent, a reducinglinorgarkib salt arara fydroxycarboxydic acid Acetit Geid amndspropioni glakid, as the
chelati_ng agergfmwg)qﬂg@éqggys%sﬁegii}q@/ig\g gigowg'éoﬁtip property. The used amount thereof is
as defined above.

15 [0130]

Further, in the present step, in addition to the surface
cross—1linking agent, as needed, an acidic substance such as
an organic acid (lactic acid, citric acid, p-toluenesulfonic
acid) or salt thereof, and an inorganic acid (phosphoric acid,

20 sulfuric acid, sulfurous acid), or salt thereof, a basic
substance such as sodium hydroxide and sodium carbonate, a
polyvalent metal salt such as aluminum sulfate, may be used
in an amount of preferably 0 to 10% by weight, further
preferably 0 to 5% by weight, and particularly preferably

25 about 0 to 1% by weight, relative to the water—-absorbing resin
powder.

[0131]
(d) Reaction temperature and time

After mixing the surface cross—-linking agent with the

30 water—-absorbing resin powder, the mixture may be preferably

subjected to heat treatment and, as needed, subjected to

coolingtreatment. Heatingtemperature intheheat treatment



[0153] Further, in response to objectives, the water-absorbing re s in may comprise an oxidizing
agent, an anti-oxidizing agent, 25 water, a polyvalent metal compound, water-insoluble inorganic or
organic powder such as silica or metal soap, a deodorant, an antibiotic agent, a polyamine polymer,
pulp, thermoplastic fiber or the like in an amount of 0 to 3%byweight, andpreferably 0 to 1% by weight.
30[0154] (3) Applications Although the applications of the water-absorbing resin of the present
invention is not especially limited, it may be preferably used in absorbing articles such as disposable
diapers, sanitary napkins, and jncontinent pads. In particular, superior performance can be exerted,

particularly 5 witer ft was BSed i High thHc&Mtatich diaBBrs @Rose wheréa 1R Mo of the
water-absorbing reainda used inotie piece obtheldiapernsy, where odar or coloring .or the like derived

from raw materials_of the watef-apsorbi sin has conventionally b ro or when it is used
at the upper 187aefeerrpaa$tlgf t?\g a%%or%)l?ﬁ% bd?%]f?hé) 58§ger%?rr%1§rti]§?e8& 1%%%@CAnaa{lr§ount (core
concentration)séfithé naterrabsoehing tashd ihtthe abBSérbind bady agbitraxy toptadfieg ather

absorbingmaterialg (pulp finer and the like) inthe absarhing, 15 arfjglesmayhe prefergbly 30 to
100%byweight, morepreferably 40 to 100% by weight, still more preferably 50 to 100% by weight,

particularly prefefably 80 Brrfo% By WeiGi Rt Mert pitdeiably 20 t0MP0% DY VFEight, 28 most
preferably 75 t9-95% by-weight.120 EXAMPLES [0156] o  £xrlapation will e given pgloygon the

present invention with reference to Examples, however, the present invention should not be limited to

these ExamplESRELRGUE bé HotePo5 thabifidasureméRtméthodiofARPorStECortid ke Rereafter is
as described ghove: [Q165F [ExamplerH 7 watar-abs wskingrest was cominuously preduced using 30
a contin#8us production apparatus (a production c_arfacitg of about 1500 k%é(i)er one hour) of a

S

water-abisorbifig FeSif Witich Has EOinécted Sakh Stie a paiyménzation Siep tsatic "9 2~

high temperature or drying with air (hot air) is performed,

which has been conventionally difficult in stabilization of

property, the water—-absorbingresinwith stable high property

can be provided. The water—-absorbing resin powder after the
15 heat treatment may be subjectedtocoolingtreatment as needed,

to stop the surface cross-linking reaction.

[0132]

(e) Another surface cross-linking

In the present invention, the surface cross-linking may

20 be performed without using the surface cross-linking agent.

For example, surface cross—1linking by a radical

polymerization initiator (for example, USP No. 4783510),

surface cross—1linking by activated energy rays (for example,

EP-A-1506788), surface cross-linking by polymerization on
25 the surface (for example, USP No. 7201941), or the like may

also be applied to the present invention.

[0133]

(7) Another step

The water—-absorbing resin after the surface

30 cross—1linking step may be preferably subjected to the

classification according to the present invention. That is,

the classification steps, a first classification step (the



polymeri z ation on a belt) , a gel fine pulveri z ation (crushing) step, a drying step, a pulverization
step, a classification step (a classification step 1), a surface cross-linking step (a spray step of the
surface cross-linking agent and a heating 5step), a cooling step, a particle size-adjusting step (a
classification step 2) , and transportation steps between each step, and permits each step performed
continuously. [0158] Specifically, an aqueous s citation of partial neutr ali zed 10 sodium acrylate
having a neutralization ratio of 75% by mole (concentration: 38% by weight) and containing 0.06% by
mole (relative to the monomer) of polyethylene glycol diacrylate (average number of n (average
polymerizatior dEGEL) 5} abohh Ttk rog ki GG (vh Preparet oA MbRBmET T5 aqueous
solution (1). Themnr,the Meonromenaqueaus sQlution (A wasfedrcantinupuslyavithea metesing pump, and
by blowing nitrogen gas continuously in the middle of a transportation pipelipe, dissolved oxygen
concentration t\—7?/}2165 a jﬁg ed so ag]igy Se_é%lu% {6 3r Iosvgleerp thaarF\)n(SE.S %%%0[%%9] Sur %)%t(? to the
monomer aqueows solutiof {1)y setietn persuifateane Lyascorbie @ticewere furthe Ieired €ontinuously
with a line; mixjng, in & sodium persylfatef L;ascorbje acid tatio of 0,14 (g)/0,005.(q) {relafive to 1 25
mole of the monomer), and supplied to a flat steel belt having weirs provided at both ends thereof, to
give a thickneS$BPABGR30MM, t6 Per 61 St afliess 3 erktictopoiiniér z atforséortmuously
(continuous belt-palymerization)-at 99610530 dninuies {Relymerizatiensier), SAI16QlF o r A hydrogel

cross-linked polymer (2) thus obtained was subjected to fine pulverization using a meat chopper with
a pore diamet&r'6f 7 hith ThbaF ah Mo pREre st 69¢ & givea Size Bt abbtet t +am @effine
pulverization (crushing) ) step) . The fine pulveri zed hydrogel was spread and mounted on a moving
porous plate of a continuous air-flow ban d{)/er dew point 5 of hoédair: 30C) to %ive a thickness of 50
mm, dried at 185C for 30ThinUteS, ARG Eooee by Baifg eXpOset 10 opénair- Y5 bbtaih B dfed polymer
(solid content: 6% by weeighte temperature, 66C pichying stepn [0464p 10 Ehe wheleoresdtant dried
polymer was continu0lisl tsggpli%d %(:)Lg three-%tgggrroll n@ﬂﬁrO'l_%%peCO%fig%rﬁQQQ;i rom the top, 1.0

mm / 0.70 mm/0.50 Tm) t6 be pulverlzee&)fjpvﬂ verization steﬁ‘)(.g en: the pulverize polﬁ/amer was

classified usingeanivibfatidectypeFeircidarasidve 18 classificationeappakatug (Vibratiowwdewer: 230 rpm,
radial inclination: (gradienty: L mp, Jangentialdnglinatipp (gradient); LL o, eceentricity amount: 35
mm, temperature of the apparatus: 55C) with a sieve diameter of 1600mmhaving metal meshes
(material:5SUSB04L 50ffage rolighne’s R éf ke s 26 nétsurfate ot tHe'siede: 50 nm, surface
roughness Raj4.8:mm) with sieve mesh size of 1000 pm, 850 pm and 150 pm, to collect particles
between metal meshes of 850 pm and 150 pm, and to obtain a water-absorbing resin powder (3)
containing parficles WitlF 8B Bitflo TS BMinsh Atiodf about 98% by 25 weight (CRC = 36 g/g, solid
content: 96% by weighteweight @verage-pardicle diataeter (50)=450pmm ( 3J30.35pdisgkaewd be noted
that a stand where the sievel clas§ification %gparatus was jnstalled was gcr?und%de\f/gg aPS%arth

resistance of 5' (??u?tﬁ%?}poyean exhigustion gﬁpsarg URRSGANET witha bag fiiter,

20 um as a main component, in particular, containing particles
below 150 pm in an amount of equal to or more than 70% by
weight) removedbyclassificationor theliketotheproduction
step of the water—absorbing resin. Preferably, by recycling
fine powders to the polymerization step or the drying step,

25 removal and reuse of the fine powders can be attained. 1In
the recycling step, the fine powders may be returned as
themselves to the production step, or may be returned to the
production step after granulation in the granulation step.
A recycling method may comprises mixing fine powders in a

30 polymerizationmachine, preferablyastirringpolymerization

machine such as a kneader, to form an uniform mixture, or

separately mixing fine powders or a granulate thereof with



30 degree of reduced pressure in the sieve classification apparatus was set at 0.11 kPa, and air with a
dew point of 10C and a temperature of 75C was passed at 2 m3/hr through inside the sieve
classification apparatus (classification step 1). [0162] The water-absorbing resin powder (3) thus
obtained was 5 continuously supplied constantly at 1500 kg/hr to a high speed continuous mixer
(Turbulizer, 1000 rpm) . A surface treatment agent solution, composed of a mixed solution of 0.3 part
by weight of 1,4-butanediol, 0.5 part by weight of propylene glycol and 2.7 parts by weight of pure
water relative to 100 10 parts b% weight of the water-absorbing resin powder, was mixed bg spraying

with a sprayer® Fren’ {5 réSdiaht fixRite Was d\51Ec80 1o Réat fralimént B8ntinthiBGSy &Y 198C for
40 minutes withnal paddleidryetv(sturface reeess-linking step) csubsequently rthe mixture under heat
treatment was fgrec]{sgr%%dﬁo cggl deo_wr(l3 (0 gQ:C ues(i:n isrilmiI%r Q%%%le drg//e éc%oxlien Slt?[@)iéo 63]
Further, a port?on passe t%roué]h apmeéjh with a Sieve e 'sh s 26 of 85 pm was clas sified us ing
the s ame vibratioR-}ypai20 cirtdlat Sibvelttassificationappabatus Witha sieveSdidmeterlsfEL600 mm as

used in the abgye (skassifiggtionstep 2) s peHiop smaipsd an e mesh with,a,5ieve mesh size of

850 pm was pulverized again, and mixed with the portion passed through a mesh with a sieve mesh
size of 850 pnf, 16 DIRANTH & \eaeriadserlsing xesift (A (ARdercorittat: T1L5% By Wiggt, Water soluble

content: 8 . 7% by weight, weight average particlediameier( D0 T HM.{(350138)a¢ Rroduct
having its size adjusted, which whole amount had been passed through a mesh with a sieve mesh size

of 850 pm (pafticle’Bize Histing F0-§t8p). Hshoiifd b notet that A standPivfiBre hiesidves

classification apparatyswas installed yagngeodnded withapreakthresistance 0hd RQodraither, by an
exhaustio& apparatus installed V\ﬁl; h afa filter, degtcr)ee of reduced pressure in the sie;ge classification
Andair w b

apparatus was Sef'&t0 1 1Ea ith Sew poiftdt TUC Bha S tetperatird Bt 75¢ Was passed
at 2 m3/hr thraugh ingidesthglsieve classificatidr Sappatatus.dpd6df e £ Swhilé ¢ohtihuoasly producing

the water-absorbing resjn (A), a sample thereof was taken every.time of attainin ductign amount of
1 ton, to meas%% Vp%ﬁgsprr%én eaS%tJFleu @%%’erg)arbes%r%ﬁ%l e g intﬁ)r%tc()%él é%o"ﬂﬁ%& 0 t(())n%s. The
number of sarmples wasiz0 Averagds of CRGEANR and SFQwefel 29.8Hghy)£24.77(gly) ladd 34

(21077-cm3-s;q71) Sespechvaly. standard dsyiafions thergof were0.19, 0.26,an0.2.00, tespectively.

Detailed performance of the resultant 15 water-absorbing resin (A) is shown in Table 1. An amount of

residual ‘Monoffelyif & Water- a5y fEsy (A3 Wls 210 ppATHy Weight Je163[Cotiparative

Example 1] recycled to a monomer and/or a gel (before drying or during
polymerization). By the recycling, waste amount of the
water—-absorbing resin can be decreased.

[0136]

20 Further, in order to enhance effect of color stability
over time or prevent gel deterioration, an additive to be
described later may be used in a monomer or a polymer thereof
(a hydrogel cross—-linked polymer).

[0137]
25 (b) Iron removal step
In the present invention, when an antistatic brush is
used, a metal wire may be incorporated. The method may
preferably comprise an iron removal step, more preferably
an iron removal step using a magnet after the classification

30 step. By performing the iron removal step, a metal component

present in the water—-absorbing resin powder can be removed.

For iron removal, a permanent magnet may be used to remove



20A particulate water-absorbing resin was continuously produced using a continuous production
apparatus (a production capacity of about 1500 kg per one hour) of a water-absorbing resin, which has
connected each other a polymerization step (static polymerization on a belt), a gel 25 fine
pulverization (crushing) step, a drying step, a pulverization step, a classification step (a classification
step 1), a surface cross-linking step (a spray step of the surface cross-linking agent and a heating
step), a cooling step, a particle size-adjusting step (a classification step 30 2), and transportation steps
between each step, and permits each step performed continuously. [0166] Specifically, an
aqueous s citatioh Of partaf halfr ali Zed Sodiufn §&45/1ate haviRg A eutraliz&bnralig of 78% by mole
(concentrationw 38%e by meight) and ceatainingwieaYerhy mote; (retative o dhe moriomery of
polyethylene I)Aceol lrg(ij{':lcrrl)élgtse 5 (average number of n (average polymerization degree) = 9) as an
inner cross-linking age%t was prepared as a monomer aqueous solution (4). Then, the monomer
aqueous solutiohl(#§ Was fed continuously with a metering pump, and by blowing nitrogen gas
continuously iq me W%qlgﬁ%g_ttgacr@ggrtgg%% 10 pipeline, dissolved oxygen concentration was
adjusted so as to be equal to or lower than 0.5 mg/L. [0167] Next, to the monomer aqueous
solution (4), sodium perstfatetand T2ascoibic aBrRIwereSfurthermixéd ABssontihlisgsly With a line
mixing, in a sogiuna pessifate/ilrascarbicagid Fatie of 04 4.()/0,005, o) relativerto-L mal of the

monomer), and supplied to a flat steel belt having weirs provided at both ends thereof, to give a

thickness of aS&RBOMM, 16 pet Forh? Stratheadiiedus & eitatidRHolyrher 2 gt 28contintbEsly at 95C
for 30 minutesy(pplymerization step)i 0468y  sAdwydrogeh grossdinked palymes{(s):thaisiabtained was
subjectedoto fine%lverization using a me tchogger with a%pore dia@eter of 7 mnlﬁunder_an
atmosphete of 60C 15 give™ 25 H'sizB%¥ abdtit 11+hin (et finé pulistization (CPusting) ) &h) . The fine

pulveri zed hydroget wastspreach ané:mounted o avmpueingtparbas platecof aocontinuoees air-flow band
dryer (dew point af.hot air: 30C) ta give.a thickness of 50 mm, dried at 185C faor 30 minutes, and
conled by e oxias e e AR 138 S o ot SO G LGB S0t by eight,
temperature: 60Q) {hyingestepy f[e169Ly u Sk whbleresudant briedpolynterwas contindously

supplied to a thige-gtage foll mill {roll gap canfigyiatian, from the top. 1.9,mm {070 ayn £0.50 mm) to

be pulverized (pulverization step). Then, the pulverized polymer was 5 classified using an
vibration-&/pe Bif€dar siev¥ cassificafionrappafiusiebration niAberPZ3d fim Cradiafinenation

(gradient): 11 puntangential inglination dgradient): i1 menLeeeentricity@mount;,:35 mry, temperature
of the apparatus: 55C) with a sieve diameter of 1600mmhaving 10 metal meshes (material: SUS304,
surface roughnéS¥Rz 9t e inter surfaeé o?ﬁ‘i%téiﬁ%zaéfolﬁnﬁ%ﬁﬁ%é‘?&ﬁgkﬁ%@%&?&%@%m) with
sieve mesh size>q£1000, pm,-860-pm anchd50 prertoicolieet particles beiweenimetahsmeshes of 850
pm and 150 pm, and {0 obtain a water-absorbing rpsin PAWdrd8) SonaININg ) v equal to
20 or higher than-70°C. About -50°Cmaybe sufficient. Further,
temperature of the dried gas may be preferably 10 to 40°C,
and more preferably 15 to 35°C. Surface roughness (Rz) of
the inner surface of the pneumatic transportation pipeline
has a similar range as surface roughness (Rz) of the inner
25 surface of the sieving apparatus.
[0139]
Other than dried gas (air), heated gas (air) may be used.
In this case, although a heating method is not especially
limited, gas (air) may be heated directly using a heating
30 medium, or gas (air) to be passed may be heated indirectly

byheatingatransportationpipelineor aapparatus. Thelower

limit of temperature of the heated gas (air) may be preferably



15 particles with 850 pm to 150 pm in an ratio of about 97% by weight (CRC = 36 g/g, solid content:
96% by weight, weight average particle diameter (D50)=440pm, (3)=0.38). It should be noted that
although a stand where this sieve classification apparatus was installed was grounded, the sieve 20
classification apparatus was installed in a state of being floated from the stand (a non-grounded state),
and thus it was in a state that static electricity or the like generated in the sieve classification was not
able to be discharged (classification step 1). 25[0170] The water-absorbing resin powder (6) thus
obtained was continuously su%?lied constantly at 1500 kg:]hr to a high speed continuous mixer

(Turbulizer, 1608°HMm)" A SurfAt8 Hdatieht agent soldfion "CoripB5&d of 4 tiXed $dfttion of 0.3 part
by 30 weight of A ,4-byitanediok 0.5 pact.by Weightpfqropylene glycehand 2nppaids by aveight of pure
water relative tq 10 rts by weight.of the water-absorbing resin powder. mixed by spraying with
n aprayer. Thor e et Hoeldre s Shnaereh 1 Fest CaatRa LU ol T50C for 40
minutes with acpaddie dnjer (bedace &fdSS-linking step). Subsequently, the mixture under heat
treatment5was[f850@éi]5 to cool down to 60C using a similar paddle dryer (cooling step). [0171]

Further, a portion passed through a mesh with a sieve me sh s ze of 8 5 0 pm was clas s ified us ing
the s ame vibration-tyife A 0"€ité\tar Sfeveoelassifiédtivh apparaiisiwith &sieverdianREerdfy1600 mm as

used in the abgye (classification step £ Aopertion semained on the mesh with asieve mesh size of
850 pm was pulverized again, and mixed with the portion passed through a mesh with a sieve mesh
size of 850 pri*idoBtath 1B WatEIEabSErHfTy resin (B Water E8Rtemt®1 %96 By WEIGHt: Water soluble

content: 8 . 8 Ydvweightnweightayetage, partielerthanteter (050)F432 RpnBismh40) wsrg product
having its size adjusted, which whole amount had been passed through a mesh wit? a sieve mesh size
of 850 ph (patEie SIUE BEILHNG20 SHdb), Y SHOUIA Be RBIEHAAC SBUgh Aot e WHERe ths sieve
classification appanatusswasd snstaltecbwas greunded; thessiege classtficatiprnoapparatas wag installed in
a state of being floated from the stand arr}gg-%o%ndeg_%%tg%,ia}lnd thus it é/y:%scinoa}l state that static
electricity or the ke 25 generatea/i% the sieve classification was not able to be %Jlscha?]doedﬁ [0172]
While producird thelwater-absorbing resin (B), a sample thereof was taken every time of attaining
production ameEENt o hers

15 (a) Production amount
The following problem of decreased property or the like
tends to become significant in the production in an industrial
scale. The production method of the present invention can
be controlled suitably ina large scale production. Fromthis
20 point of view, in the present invention, an amount of the
water—absorbing resin produced per one line may be preferably
equal toorhigherthanlton/hr. Theterm"oneline" indicates
a series of production steps of the water—-absorbing resin,
and when the step is branched, it is specified as treatment
25 amount in the surface cross—-1linking step (in one apparatus).
The unit " (ton/hr)" means transportation amount (metric ton;
t; ton) per 1 hour. The amount of the water—absorbing resin
produced per one line may be preferably equal to or higher
than 1.5 ton/hr, still more preferably equal to or higher
30 than 2 ton/hr, and particularly preferably equal to or higher
than 3 ton/hr. The upper limit of the production amount is

not especially limited, and may be determined as appropriate,



30 of 1 ton, to measure performance of the water-absorbing resin for total amount of 20 tons. The
number of samples was 20. Averages of CRC, AAP and SFC were 29.9 (g/g), 24.2 (g/g) and thereof
were 0.34, 0.35 and 3.16, respectively. Detailed performance thereof is shown in Table 1. An amount
of re s idual monomers in the water-abs orbing re s in (B) was 42 0 ppm by weight . 5[0173] [Example
2] A water-abs orbing resin was continuously produced using a continuous production apparatus (a
production capacity of about 1500 kg per one hour) of a water-absorbing resin, which 10 has
connected each other a polymerization step (static polymeri z ation on a belt ) , a gel fine pulveriz ation

ep
(crushing) step. & d Brep: aaptul\}ec}iz%%ré ep>a H8Ssifidation step (a classification step 1), a

surface cross-linking step (a spray step of the surface cross-linking agent and a heating 15step), a
cooling step, i@@rtigle size-gdjugpng step. gatglragg,ig%%ti%istep 2% § larqd transportation steps between

each step, and p rrits each gtep performed continuous y. Rﬁ?ﬁ pecifically, an aqueous s citation of

partial heutr ali zed EOW a@fyl&ﬂe%awmgaafmyraﬁbaﬂm\ ratio iof 73% by mole (concentration:
38% by weight) and contajning;0,09% by, mole (relative fa the monamer) of polysthylegeglycol

diacrylate (average number of n (average polymerization degree) = 9) as an inner cross-linking agent

was prepared a3 &-ohBeP PEeghnests SBiutish {7 O THen CthenmiBioite? adwesis Sbitton (7) was

fed continuously. with & mefgting pump:r and Ry blowing,nitregen gas continuously in-the middle of a
transportation %peline, dissolved oxa/tien concentration was adjusted so as to be equal to or lower

than 0.5 mg/LE3GBER5] Py 7sxt 1o the HroRBMe PARRSTuS S Glations A= 85diGimM perduifate’and

L-ascorbic acid wetestuther prixedt eentifuousiywvith adineamixdng in @ sedium persutfatel,L-ascorbic
acio! rati? of O.%4r$g£/0.005 %%)\ér?a’at%e to 1 mglgiof the m%nomer%agd su}%plie to a flat steel be_lt
having weirs pravided 3t Both 8nds {Refdot S dive & thitkness 615 4663t30%m, 16 par¥éim static
aqueous s citationrpolyaeri o atibnccontimueustyr(cpatinucus. belk potymerization) ay 7€ far 30 minutes
(polymerizatiop sten), [01./61 A hydragel Grogs;inked Rolymer (8) i1us,Qbtained Was o+ i on
against pressure (AAP), (b) liquid permeability (SFC), (c)
absorption against non-pressure (CRC), (d) Extractables, (e)
15 residual monomers, (f) initial coloring, (g) moisture content,
and further free swelling capacity (FSC), particle size
distribution, pH, flow rate, density, respirable particles,
dust and the like. They can be applied to production method
in being highly controlled. The properties to be controlled
20 or the methods for measuring them may be determined as
appropriate, and the EDANA measuring methods and the like
are applicable to the production of the water—-absorbing resin
with the property in the following range.
[0143]
25 When the water—absorbing resin of the present invention
is aimed at being used in hygiene materials, in particular,
disposable diapers, at least one property of the following
(a) to (g), still more two or more including AAP, and in
particular, three or more may be preferably controlled in
30 adesiredrange by thepolymerizationor surface cross—-linking.
If the following property is not satisfied, effects by the

present invention may not be obtained sufficiently, or



10 subjected to fine pulverization using a meat chopper with a pore diameter of 7 mm under an
atmosphere of 60C to give a size of about 1 rnrn (gel fine pulverization (crushing) ) step) . The fine
pulveri zed hydrogel was spread and mounted on a moving porous plate of a continuous air-flow band
dryer (dew point 15 of hot air: 30C) to give a thickness of 50mm, dried at 190C for 30 minutes, and
cooled by being exposed to open air, to obtain a dried polymer (solid content: 96.5% by weight,
temperature: 60C) (drying step). [0177] 20The whole resultant dried polymer was continuously
supplied to a three-stage roll mill (roll gap configuration; from the top, 1.0 mm / 0,60 mm / 0.48 mm) to
be pulverized {BtiverZatidh stés): %ﬁgmatﬂg%ul%??éed W3lymétvas &iatsified usihg ahAbration-type
circular sieve 2bclassificatidro apgarates @vilratior ndexaer:i 230 rarateadial inclination (gradient): 11
mm, tangential | Hgﬁtion (gradient): 11 mm, eccentricity amount: 35 mm, temperature of the
apparatus: 55C) with-a sieve diameter of 1600mmbhaving metal meshes (material: SUS304, surface
roughness Rz of thé\B6 oinpel surfaceofthe Sieves S0mem (ddFdce roughness Ra: 4.8 nm) with sieve

mesh sizg of 850 pmy £10,pm,and 150,pm, 19.Gollact parliclgs befwaeg matal gieshgs of £10 pm and

150 pm, and to obtain a water-absorbing resin powder (9) containing particles with 710 pm to 150 pm

in an ratio of apdE98% by IFeRjHt IERCI2 B8 1yg,Solid e ErteHE UBdehy Wefght Weiditaverage
particle diameta{{D50)=490pm,{ 3}z 36): dt ghauld 5.ke nates)thata standwhers thepsieve

classification apparatus was installed was grounded with an earth resistance of 5 Cﬁ Further, by an
exhaustion app¥ratusJhdtafied With abHyrHesT, Segree-6frédttet Bresst i tHe SieveElassification
apparatus wassetaldd 1 kRas andaicwith @ dewpeinhobt0 dO&-ard adampsratoeeeb75C was

passed at 2 m3/hr through jnside the sieve classification apparatus (classification_step 1). [0178] The
water-absorbifig r?gineélg\ﬁée?lc@?%h%%I%%/?arintéa?:\r/{ag%( 6prcr%rfu81ut?§ s%}fz)%lﬁg& %8%%’@%%\;865{ 1500 kg/hr

to a high speetdcantiruogisanixet £ hutlsuliger,c)00@ rping t Alsurfacs-treatnientagentsolution,

composed of a mixed solution of 0.36 part by weight of14-bléjtan diol, 0.6 part by .weight of propylene
glycol and 3.2 %a?trs E}yl \?\L}éleg%toc 1?aﬁ)rlljre? \)?va(thr// %féti\}lestlongoa 0 ﬁgor?svt()éy %\/oe? kllr%eo%/%ﬁea gv%(t)élr-absorbing
resin powder, fasmised by sprayirg-with aisprayer Sthens the FTésultamanixtdreiwas Sutljected to heat

treatment contippoysly at,1,99Gfor, 40 minutes with anapdle ‘Pl%‘?re@Fg%% ?;Pg%lﬂﬁl‘fﬂ%é}em- [0179]

25Subsequently, the mixture under heat treatment was forced to cool down to 60C using a similar

paddle dryer. R shddlihgistepit Sipak sl tids s ofthe¥eoRind alkmaifGnt stifattreating solution

was added to 100 parts hysmass-gkheatrdard surface crossdinkedinadicles.do.abtain &30
particulate water-absorbing agent (1OE2 having its surface coated with a polyvalent metal . The
munﬂnun1suﬁgﬁﬁﬁéﬁﬁﬁ§ of 1.9 kPa may be about 40 (g/g), and that under

pressure of 4.8 kPa may be about 30 (g/g), and still more

about 28 (g/g). 1Inthepresent description, unless otherwise
20 specified, the AAP shows a value under pressure of 4.8 kPa

as defined in ERT442.2-02.

[0145]

(b) Liquid permeability (SFC)

In the water—-absorbing resin obtained by the production

25 method of the present invention, in order to prevent leakage

in diapers, saline flow conductivity (SFC) for a 0.69% saline

solution, which is liquid permeability under pressure, can

be controlled to be equal to or higher thanl (x10 -cm’-s-g™t),

preferably equal to or higher than 10 (XIO_7-cm3-s-g40, more
30 preferably equal to or higher than 50 (x10 '-cm’-s-g %), still

more preferably equal to or higher than 70 (X1O’7-cm3-s-g’ﬂ,

and particularly preferably equal to or higher than 100



solution used was obtained by mixing 1 part by mass of a 27% by mass liquid aluminum sulfate
solution for tap water (produced by Asada Chemical Ind. Co., Ltd.) with 0.3 part by mass of an
aqueous 50% sodium lactate solution (produced by Musashino Chemical Laboratory, Ltd.) and further
0.1 part 5 by mas s of propylene glycol with the re sultant mixture (cooling step). [0180] Further, a
portion passed through a mesh with a sieve me sh s ze of 7 1 0 pm was clas s ified us ing the s ame
vibration-type 10 circular sieve classification apparatus with a sieve diameter of 1600 mm as used in
the above (classification step 2). A portion remained on the mesh with g sieve mesh size of 710 pm
was pulverized 2g4in, &AH mix&d With e psHidn' ass8d YhroBgH ¥Hiesr dith H'sidie M&sh size of
710 pm, to obtakatb Bewdtar=aksorbingmesin € fwaterccontent - hd %i by weight; watersgatuble
amount; 6 - 4% by weight, weioht averaog pertidle diameter (D50).% 394 p- (3)70,38) 25 & product
having its size adjusted, which wholé amount had béen passe throﬁ)geh a‘me Shwith a s iéve me sh
size of 710pmIpattcte sizé.adjustaige 20 stephdtysheulddeaioted that astand where tHd) Sieve
classification appgsatug yasingtaled yas grounded with st catf tesistanes. of ,@, Fugther. by an
exhaustion apparatus ms}glled 3Wlth a bag filter, degree of reduced pressure in the sieve classification
apparatus wa8ét a0l 91 kP& afid 25 hir with a dew point of 10C and a temperature of 75C was
passed at 2 m3#w A@rough inside the sieve classification apparatus. [0181] While continuously
producing the water-absorbing resin 30 (C), a sample thereof was taken every time of attaining
production amount oY tbRSt& hrsHitte: BRITBFMAREe TN W ate 40 6/ ré<5R36r t6tal amount of
20 tons. The numperdobsamplgsiwas 20 Avenagesof ERE, AAPandi ShC weke 28.31(gl, 23.6 (9/9)
and 103l 1077-cm3-_s-g7§), resgectiv_el . Standard deviations thereof were 0.18, 0.15 ang 5.96,
respectively. Détaited pertormalice of theredtitants Water absbriidg Tesin (C) i3 S it Table 2. An
amount of resigibal meohomersin the wates-atsarbing resin (C) was 450 ppm by weight. [0182]
[Example 3] 1q%gvﬁ(]er-abs orbing resin was continuously produced using a continuous production
apparatus (a production capacity of about 3000 kg per one hour) of a water-absorbing resin, which has
connected eactrothebaquahfmerizatiohistep (static pofssert 2 aticR©n a belt ) , a gel fine pulveri z
ation (crushing) 15 siep g diyina:sten:a pubverization.siep, 8 Hassiieglion sigpda classlication step
1), a surface cross-linking step (a spray step of the surface cross-linking agent and a heating step), a
cooling step, d'Bartiere stle-adjastivgestep ta crRESITiEARSh stEpQ) 2BF® FaRSPGtardn SiSbs between

each 20 step, apd permils each step performed egntinuouslyy $pesifically; anagueous;salution of
partial neutralized sodium acr%Iate having a neutralization ratio of 75% by mole (concentration: 38% by

weight) and cdritainy 608% il (FI4BVe BIRE MBROAERCILPERFEtYERCYIyEbY aRirylate
than 20 (g/g), still more preferably equal to or higher than

25 (g/g), and particularly preferably equal to or higher than
20 27 (g/g). The higher CRC is the better, and thus the upper

limit value is not especially limited. 1In view of balance

with other properties, however, it may be equal to or lower

than 50 (g/g), more preferably equal to or lower than 45 (g/qg),

and still more preferably equal to or higher than 40 (g/g).
25 [0148]

(d) Water—-soluble content (Extractables)

The water-—-absorbing resin obtained by the production
method of the present invention may have a water-soluble
content of preferably 0 toequal toor lower than 35% by weight,

30 more preferably equal to or lower than 25% by weight, still
more preferably equal to or lower than 15% by weight, and

particularly preferably equal to or lower than 10% by weight.



25 (average number of n (average polymerization degree) = 9) as an inner cross-linking agent was
prepared as a monomer aqueous solution (1). Then, the monomer aqueous solution (1) was fed
continuously with a metering pump, and by blowing nitrogen gas continuously in the middle of a
transportation 30 pipeline, oxygen concentration was adjusted so as to be equal to or lower than 0.5
ppm. [0183] Next, to the monomer aqueous solution (1), sodium persulfate and L-ascorbic acid
were further mixed continuously with a line mixing, in a sodium persulfate/ L-ascorbic acid ratio of 0.14
(9)/0.005 (g) (relative to 1 5 mole of the monomer), and supplied to a flat steel belt having weirs
provided at bofty &rdd thereof, to give a thickness of about30mm, to per form static aqueous s citation
polymeri z atioregorrinsibasky 1(continuotissoelt polymerization) at 95C for 30 minutes (polymerization
step). 1010184] A fpragel.crossslinked polymet (2) thus obtained yas subledied lo fine
pulverization using a meat chopper with a por% diameter of 7 mm under an at osphere ot 60C to give
a size of aboung trhrd(gef finkpuiverizationi(creshing)r) step) ha§ 9 hesfinglpalverizedi®ydsogel was
spread and maynigA o2 (NG RoLous Ble,of ALANINUAYS ailaw baod divey(Pew paint of ot

air: 30C) to give a thickness of 50mm, dried at 185C for 30 minutes, and cooled by being exposed to
open air, to obt&if ®dfielpaigher (solrhcomeht 96% by Weight Dorehiperatire: BOC ) @fying step).
The whole resylfant.dried polymergvas contipuusly syrrlied 190:a thireg-stage £olk mill as &
pulverization apparatus 4c (roll gap configuration; from the top, 1.0 mm / 0.70 mm / 0.50 mm) to be
pulverized (pufferizafidn Stepj 2Ti¥e pulverization apparatus c is a 25 three-stage roll mill which, as
specifically shownsgn Fig. 1, is composed of a fir st pulveri z ation apparatus ¢ 1 and second

pulverizalté)on aP araItuses C whi(ih was divided in two lines (pulverization step; two lines).
Subsequéntly, the pUlerizad polyiierWas classified using an vibration-type 30 circular sieve

classification apparatlis€Vvibsateon-atraber 230 rpas radi@binclination{gradient)y: ddummj tangential
inclination (gr%iei%rﬁg)&élo m hgccentri%it jamount: E35 mm, terggerature of theiarppanrziltculs: 5C) with a

. . .pres 10N m erjor
sieve diameter o mm awﬁg metal meshes (material-'s 36%,Dsurjface rouglhness z of the

inner surface ofcthe sieve; amcswa@@m@m@sgmw&ammm@@@m Sizetefl000 pm,
850 5 pm and (130, p{p, t?l@&'ﬁ‘ﬁ%%%@?'%?ﬁﬁ%eﬁ%@%@é hes.af8p0pg1-and. 1 30pm, apd to obtain

a water-absorbing resin powder (3) containing particles with'850 pm to 150 pm in an ratio of about
99% by Weight [GRECE 86k Isvlidlcbnt&t9694-by WeidghtWeight averayé: particlediameter
(D50)=450pmy;,1Q-0-70-34) Jtshauld benoted that a stand-whetg, theosiepe glassificationapparatus

was installed was grounded with an earth resistance of 5 ﬁi Further, by an exhaustion apparatus

installed with £b&g FléP tegraetst redudBasesaieshaRe Sieve thassifiéatibr Appardtas vas set at
0.11 kPa, apdﬁﬁe&iéw@tb]@dew paint of Q,OGaamgé &ﬁ@mpﬁaﬁﬁémﬁéﬁlwasmaﬁse@,ah%ﬁ@?/hr through
inside the sieve cl%ossm%afon ﬁtf)r?g?\tl\lljss gclﬁslsmcatlon Egepe}f;awo |II’]%S) [(t)108§] Agtecri the resultant

particulate watersabsoring resi as |r§1aceI(TJIG|)r]1f E opper, 1 v%/gls—co'n inuously srlljpﬁ)ﬁlfae%constantly at

1500 kgiir to ahigrespaed/contimuaus Hixey ENurbulized L0DMpMdeAosurfacesirdatrmentsdagent
solution, composed of a mixed. solution of 0.3 part by weight of 1.4-butanediol, O. rt by weight of
propylene glygco? aonrd %ngrtg %?/%té%nhtsz%lggpﬁnr%%\e/a e%%%i%g 0 1é0 upaczjiLrtlsc %ygvl\?ealig%tv%? the
water-absorbiridt pesif powderpwas mixed by spraying withLa sprayer (rixing stepetva lides). Then,

the particu'ateé",’aé?{aaﬁﬁo(@ziﬂgtré%TE%%W‘%@‘%@%@&?&%W@@Q&PW'&Pq{‘i‘@’ﬁ%Peated with

paddle dryers in two lines adjusted 30 at 1 9 8 C for 40minutes (surface cro s s-linking step ; two

lines) , and coble@Fdon t6 BOELUSIAG AryerRTifTwE lineS (Eadling step; M liRes)-han 75,

25 and particularly preferably equal to or higher than 77.
Further, such a water—-absorbing resin may be superior also
in coloring over time, and may have sufficient whiteness even
at high temperature and high humidity in an acceleration test
(model) for a long period of storage.

30 [0151]

(g) Water content

Water content of the water—-absorbing resin obtained by



[0186] After being cooled, it was temporarily stored in a hopper in one line. A portion passed
through a mesh with a sieve mesh size of 850nmwas classifiedusing the same vibration-type 5 circular
sieve classification apparatuses with a sieve diameter of 1600 mm as used in the above in two lines
(classification step 2; two lines) . A portion remained on the mesh with a sieve mesh size of 850 Tim
was pulverized again, and mixed with the portion passed through a mesh with a sieve 10 mesh size of
850 Tim, to obtain a water-absorbing resin (D) (water content : 1.5% by weight, water soluble content :
8.7% by weight, weight average particle digmeter (D50)=445 Tim, (3-=0.38) as a product having its
size adjusted,%h ch%ﬁﬁé’ng%‘w t BE& BR8N SassEl thrEigH & Mresh Wit SiVe Hidsh Bfze 15 of
850nm (particlersize-adsting steq; two limes) olishoulthbe hbtedthat astand wheres thiel Sieve
classification apparatus was installed was.grounded with an earth resistance of 5 Q. [0187] While
continuously pnrpcc)%uecir% ﬁ\q%vrv%é?-yab%%}ba}rllg 1E')éjsir(l3 50\12/837?5 s?éa}rln% e Cér%)gf Was ta féh eeg%y time of
attaining productioniamoéamt, of'h¢on toemebsars pedermance bEthe water-absorbihg feésim for total

amount of 20 tons . JThe-numbet gf. samples was 2Q. Averages of CRG.AARand SECwere 30.3 (9/9)
, 25.0 (g/g) and 39 (21077- cm3- s -g71) , respectively. 25Standard deviations thereof were 0.20, 0.16

and 1.99, respektivefy D&@ied performaned dftheiresakam \Wwatd?imefsingtresin (B %5 Shown in

Table 2. An apeyntgfsesidual manomers irdhe watefabsorbing rasin () was 380,gpmRy weight.
30[0188] [Example 4] The water-absorbing resin (A) obtained in Example 1 was packaged by passing
the water-absSbity Y& 64 throtgh Tohmresscd anda BB poift bf-1BEr &id Feﬁﬁi’)%?&ture of 35C)
in a pipeline witbracsurface rosghngss {Rz) of the inines spriace £ 200 pire k-paeumatigaly transport it.
After the 5 pneumatic transportation, the water-absorping resin (A), had an average SFC of 33.4
(21027-&%3-5-th2f)],f aﬂa%/%?agg%%cbéés%apaﬁfewo% of 1 A)é. ]"[E)r«%n?ﬁg %ﬁ@%ﬂié’ pneumatic
transportation avas=sSimilarly perfogyhed ashin fexanigie dy exegpsithat compressed air with a dew point of
20 Cwas useiq) 'hnﬁtﬁaad . After the pneumatic transportation , -0 average SFC was 32.3

(21027-cm3-s-g ), and average decrease rate of SFC was 5.0%.
(2) Another additive

The water—-absorbing resin obtained by the production
15 method of the present invention, in view of coloring over
time, may further contain an additive selected from the group
consisting of a chelating agent, a reducing inorganic salt
and a hydroxycarboxylicacid. Aceticacidandpropionicacid,
as the chelating agent, may be preferably used in view of
20 antibiotic property. The used amount thereof is as defined
above.
[0153]
Further, in response to objectives, the water—-absorbing
resinmay comprise anoxidizingagent, ananti-oxidizingagent,
25 water, apolyvalentmetal compound, water—-insoluble inorganic
or organic powder such as silica or metal soap, a deodorant,
anantibiotic agent, apolyamine polymer, pulp, thermoplastic
fiberorthelikeinanamount of Oto3%byweight, andpreferably
0 to 1% by weight.
30 [0154]
(3) Applications
Although the applications of the water—-absorbing resin
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of the present invention is not especially limited, it may
be preferably used in absorbing articles such as disposable
diapers, sanitary napkins, and incontinent pads. In
particular, superior performance canbeexerted, particularly

5 when it was used in high concentration diapers (those where
a large amount of the water—-absorbing resin is used in one
piece of the diapers), where odor or coloring or the like
derived from raw materials of the water—-absorbing resin has
conventionally been a problem, or when it is used at the upper

10 layer part of the absorbing body of the absorbing articles.
[0155]

An amount (core concentration) of the water—-absorbing
resin in the absorbing body arbitrary containing other
absorbingmaterials (pulp fiber and the 1like) in the absorbing

15 articlesmaybepreferably30tol100%byweight, morepreferably
40 to 100% by weight, still more preferably 50 to 100% by
weight, particularly preferably 60 to 100% by weight, far
more preferably 70 to 100% by weight, and most preferably
75 to 95% by weight.

20 EXAMPLES
[0156]

Explanationwill be given below on the present invention
with reference to Examples, however, the present invention
should not be limited to these Examples. It should be noted

25 that a measurement method for AAP or SFC or the like hereafter
is as described above.

[0157]
[Example 1]

A water—-absorbing resin was continuously produced using

30 a continuous production apparatus (a production capacity of
about 1500 kg per one hour) of a water—-absorbing resin, which

has connected each other a polymerization step (static
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polymerizationonabelt), agel finepulverization (crushing)
step, a drying step, a pulverization step, a classification
step (a classification step 1), a surface cross—-1linking step
(a spray step of the surface cross-1inking agent and a heating
step), a cooling step, a particle size-—-adjusting step (a
classificationstep2), andtransportation steps between each
step, and permits each step performed continuously.
[0158]

Specifically, anaqueous solutionofpartial neutralized
sodium acrylate having a neutralization ratio of 75% by mole
(concentration: 38% by weight) and containing 0.06% by mole
(relative to the monomer) of polyethylene glycol diacrylate
(average number of n (average polymerization degree) = 9)
as an inner cross-linking agent was prepared as a monomer
aqueous solution (1). Then, the monomer aqueous solution (1)
was fed continuously with a metering pump, and by blowing
nitrogen gas continuously in the middle of a transportation
pipeline, dissolved oxygen concentration was adjusted so as
to be equal to or lower than 0.5 mg/L.

[0159]

Next, to the monomer aqueous solution (1), sodium
persulfate and L-ascorbic acid were further mixed
continuously with a line mixing, in a sodium persulfate/
L-ascorbic acid ratio of 0.14 (g)/0.005 (g) (relative to 1
mole of the monomer), and supplied to a flat steel belt having
weirs provided at both ends thereof, to give a thickness of
about 30mm, toperformstaticaqueous solutionpolymerization
continuously (continuous belt polymerization) at 95°C for
30 minutes (polymerization step).

[0160]
A hydrogel cross-1linked polymer (2) thus obtained was

subjected to fine pulverization using a meat chopper with
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a pore diameter of 7 mm under an atmosphere of 60°C to give
a size of about 1 mm (gel fine pulverization (crushing ) step).
The fine pulverized hydrogel was spread and mounted on a moving
porous plate of a continuous air-flow band dryer (dew point
5 of hot air: 30°C) to give a thickness of 50 mm, dried at 185°C
for 30 minutes, and cooled by being exposed to open air, to
obtain a dried polymer (solid content: 96% by weight,
temperature: 60°C) (drying step).
[0161]

10 The whole resultant dried polymer was continuously
supplied to a three-stage roll mill (roll gap configuration;
from the top, 1.0 mm / 0.70 mm / 0.50 mm) to be pulverized
(pulverization step). Then, the pulverized polymer was
classified using an vibration-type circular sieve

15 classification apparatus (vibration number: 230 rpm, radial
inclination (gradient): 11 mm, tangential inclination
(gradient): 11 mm, eccentricity amount: 35 mm, temperature
of the apparatus: 55°C) with a sievediameter of 1600 mm having
metal meshes (material: SUS304, surface roughness Rz of the

20 inner surface of the sieve: 50 nm, surface roughness Ra: 4.8
nm) with sieve mesh size of 1000 um, 850 um and 150 um, to
collect particles between metal meshes of 850 ym and 150 um,
and to obtain a water—-absorbing resin powder (3) containing
particles with 850 pym to 150 um in an ratio of about 98% by

25 weight (CRC = 36 g/g, solid content: 96% by weight, weight
average particle diameter (D50)=450um, c(=0.35). It should
be noted that a stand where the sieve classification apparatus
was installed was grounded with an earth resistance of 5 Q.
Further, byanexhaustionapparatusinstalledwithabagfilter,

30 degree of reduced pressure in the sieve classification
apparatus was set at 0.11 kPa, and air with a dew point of

10°C and a temperature of 75°C was passed at 2 m’/hr through
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inside the sieve classification apparatus (classification
step 1).
[0162]

The water—-absorbing resin powder (3) thus obtained was
continuously supplied constantly at 1500 kg/hr to a high speed
continuousmixer (Turbulizer, 1000rpm). Asurfacetreatment
agent solution, composed of a mixed solution of 0.3 part by
weight of 1,4-butanediol, 0.5 part by weight of propylene
glycol and 2.7 parts by weight of pure water relative to 100
parts by weight of the water—-absorbing resin powder, was mixed
by spraying with a sprayer. Then, the resultant mixture was
subjected to heat treatment continuously at 198°C for 40
minutes with a paddle dryer (surface cross-linking step).
Subsequently, the mixture under heat treatment was forced
to cool down to 60°C using a similar paddle dryer (cooling
step) .

[0163]

Further, a portion passed through a mesh with a sieve
meshsizeof 850umwasclassifiedusingthe samevibration-type
circular sieve classification apparatuswith a sievediameter
of 1600 mm as used in the above (classification step 2). A
portion remained on the mesh with a sieve mesh size of 850
um was pulverized again, and mixed with the portion passed
through a mesh with a sieve mesh size of 850 um, to obtain
a water—-absorbing resin (A) (water content: 1.5% by weight,
water soluble content: 8.7% by weight, weight averageparticle
diameter (D50)=445 um, 0(=0.38) as a product having its size
adjusted, which whole amount had been passed through a mesh
with a sieve mesh size of 850 um (particle size—-adjusting
step) . It should be noted that a stand where the sieve
classification apparatus was installed was grounded with an

earth resistance of 5Q. Further, by an exhaustion apparatus
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installed with a bag filter, degree of reduced pressure in
the sieve classification apparatus was set at 0.11 kPa, and
air with a dew point of 10°C and a temperature of 75°C was
passed at 2 m’/hr through inside the sieve classification
apparatus.

[0164]

While continuously producing the water—-absorbing resin
(A), a sample thereof was taken every time of attaining
production amount of 1 ton, to measure performance of the
water—-absorbing resin for total amount of 20 tons. The number
of samples was 20. Averages of CRC, AAP and SFC were 29.8
(g/g), 24.7 (g/g) and 34 (x10 '-cm’-s-g™'), respectively.
Standard deviations thereof were 0.19, 0.26 and 2.00,
respectively. Detailed performance of the resultant
water—absorbing resin (A) is shown in Table 1. An amount of
residual monomers in the water-absorbing resin (A) was 410
ppm by weight.

[0165]
[Comparative Example 1]

A particulate water—-absorbing resin was continuously
produced wusing a continuous production apparatus (a
production capacity of about 1500 kg per one hour) of a
water—absorbing resin, which has connected each other a
polymerization step (static polymerization on a belt), a gel
fine pulverization (crushing) step, a drying step, a
pulverization step, a classification step (a classification
step 1), a surface cross-linking step (a spray step of the
surface cross-1linking agent and a heating step), a cooling
step, a particle size—-adjusting step (a classification step
2), and transportation steps between each step, and permits
each step performed continuously.

[0166]
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Specifically, anaqueous solutionofpartial neutralized
sodium acrylate having a neutralization ratio of 75% by mole
(concentration: 38% by weight) and containing 0.06% by mole
(relative to the monomer) of polyethylene glycol diacrylate
(average number of n (average polymerization degree) = 9)
as an inner cross-linking agent was prepared as a monomer
aqueous solution (4). Then, the monomer agqueous solution (4)
was fed continuously with a metering pump, and by blowing
nitrogen gas continuously in the middle of a transportation
pipeline, dissolved oxygen concentration was adjusted so as
to be equal to or lower than 0.5 mg/L.

[0167]

Next, to the monomer aqueous solution (4), sodium
persulfate and L-ascorbic acid were further mixed
continuously with a line mixing, in a sodium persulfate/
L-ascorbic acid ratio of 0.14 (g)/0.005 (g) (relative to 1
mole of the monomer), and supplied to a flat steel belt having
weirs provided at both ends thereof, to give a thickness of
about 30mm, toperformstaticaqueous solutionpolymerization
continuously at 95°C for 30 minutes (polymerization step).
[0168]

A hydrogel cross-1linked polymer (5) thus obtained was
subjected to fine pulverization using a meat chopper with
a pore diameter of 7 mm under an atmosphere of 60°C to give
a size of about 1 mm (gel fine pulverization (crushing ) step).
The fine pulverized hydrogel was spread and mounted on a moving
porous plate of a continuous air-flow band dryer (dew point
of hot air: 30°C) to give a thickness of 50 mm, dried at 185¢°C
for 30 minutes, and cooled by being exposed to open air, to
obtain a dried polymer (solid content: 96% by weight,
temperature: 60°C) (drying step).

[0169]
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The whole resultant dried polymer was continuously
supplied to a three-stage roll mill (roll gap configuration;
from the top, 1.0 mm / 0.70 mm / 0.50 mm) to be pulverized
(pulverization step). Then, the pulverized polymer was
classified using an vibration-type circular sieve
classification apparatus (vibration number: 230 rpm, radial
inclination (gradient): 11 mm, tangential inclination
(gradient): 11 mm, eccentricity amount: 35 mm, temperature
of the apparatus: 55°C) with a sievediameter of 1600 mm having
metal meshes (material: SUS304, surface roughness Rz of the
inner surface of the sieve: 50 nm, surface roughness Ra: 4.8
nm) with sieve mesh size of 1000 um, 850 um and 150 um, to
collect particles between metal meshes of 850 ym and 150 um,
and to obtain a water—-absorbing resin powder (6) containing
particles with 850 pym to 150 um in an ratio of about 97% by
weight (CRC = 36 g/g, solid content: 96% by weight, weight
average particle diameter (D50)=440um, c(=0.38). It should
be noted that although a stand where this sieve classification
apparatus was installed was grounded, the sieve
classification apparatus was installed in a state of being
floated from the stand (a non-grounded state), and thus it
was in a state that static electricity or the like generated
in the sieve classification was not able to be discharged
(classification step 1).

[0170]

The water—absorbing resin powder (6) thus obtained was
continuously supplied constantly at 1500 kg/hr to a high speed
continuousmixer (Turbulizer, 1000 rpm). Asurfacetreatment
agent solution, composed of a mixed solution of 0.3 part by
weight of 1,4-butanediol, 0.5 part by weight of propylene
glycol and 2.7 parts by weight of pure water relative to 100

parts by weight of the water—absorbing resin powder, was mixed
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by spraying with a sprayer. Then, the resultant mixture was
subjected to heat treatment continuously at 198°C for 40
minutes with a paddle dryer (surface cross—-linking step).
Subsequently, the mixture under heat treatment was forced
to cool down to 60°C using a similar paddle dryer (cooling
step) .

[0171]

Further, a portion passed through a mesh with a sieve
meshsizeof 850 umwasclassifiedusingthe samevibration-type
circular sieve classification apparatuswith a sieve diameter
of 1600 mm as used in the above (classification step 2). A
portion remained on the mesh with a sieve mesh size of 850
um was pulverized again, and mixed with the portion passed
through a mesh with a sieve mesh size of 850 um, to obtain
a water—absorbing resin (B) (water content: 1.5% by weight,
water soluble content: 8.8% by weight, weight average particle
diameter (D50)=432 um, 0(=0.40) as a product having its size
adjusted, which whole amount had been passed through a mesh
with a sieve mesh size of 850 um (particle size-adjusting
step). It should be noted that although a stand where this
sieve classification apparatus was installed was grounded,
the sieve classification apparatus was installed in a state
of being floated from the stand (a non-grounded state), and
thus it was in a state that static electricity or the like
generated in the sieve classification was not able to be
discharged.

[0172]

While producing the water—-absorbing resin (B), a sample
thereof was taken every time of attaining production amount
of 1 ton, tomeasure performance of the water—absorbing resin
for total amount of 20 tons. The number of samples was 20.

Averages of CRC, AAP and SFC were 29.9 (g/g), 24.2 (g/g) and



32 20 29.5 23.8 32 Arithmetic Average 29.8 24.7 34 Arithmetic Average 29.9 24.2 29 Standard
Deviation 0.19 0.26 2.00 Standard Deviation

29 (xlOJ-cm3-s-g’H, respectively. Standard deviations
thereof were 0.34, 0.35 and 3.16, respectively. Detailed
performance thereof is shown in Tablel. Anamount of residual
monomers inthewater—absorbingresin (B) was 420 ppmby weight.
5 [0173]
[Example 2]
A water—-absorbing resin was continuously produced using
a continuous production apparatus (a production capacity of
about 1500 kg per one hour) of a water—-absorbing resin, which
10 has connected each other a polymerization step (static
polymerizationonabelt), agel finepulverization (crushing)
step, a drying step, a pulverization step, a classification
step (a classification step 1), a surface cross—-1linking step
(a spray step of the surface cross—-1inking agent and a heating
15 step), a cooling step, a particle size—-adjusting step (a
classification step 2), and transportation steps between each
step, and permits each step performed continuously.
[0174]
Specifically, anaqueous solutionofpartial neutralized
20 sodium acrylate having a neutralization ratio of 73% by mole
(concentration: 38% by weight) and containing 0.09% by mole
(relative to the monomer) of polyethylene glycol diacrylate
(average number of n (average polymerization degree) = 9)
as an inner cross—-linking agent was prepared as a monomer
25 aqueous solution (7). Then, the monomer aqueous solution (7)
was fed continuously with a metering pump, and by blowing
nitrogen gas continuously in the middle of a transportation
pipeline, dissolved oxygen concentration was adjusted so as
to be equal to or lower than 0.5 mg/L.
30 [0175]
Next, to the monomer aqueous solution (7), sodium

persulfate and L-ascorbic acid were further mixed
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continuously with a line mixing, in a sodium persulfate/
L-ascorbic acid ratio of 0.14 (g)/0.005 (g) (relative to 1
mole of the monomer), and supplied to a flat steel belt having
welirs provided at both ends thereof, to give a thickness of
5 about 30mm, toperformstaticaqueous solutionpolymerization
continuously (continuous belt polymerization) at 97°C for
30 minutes (polymerization step).
[0176]
A hydrogel cross—-linked polymer (8) thus obtained was

10 subjected to fine pulverization using a meat chopper with
a pore diameter of 7 mm under an atmosphere of 60°C to give
a size of about 1 mm (gel fine pulverization (crushing ) step).
The finepulverized hydrogel was spread and mounted on a moving
porous plate of a continuous air-flow band dryer (dew point

15 of hot air: 30°C) to give a thickness of 50 mm, dried at 190°C
for 30 minutes, and cooled by being exposed to open air, to
obtain a dried polymer (solid content: 96.5% by weight,
temperature: 60°C) (drying step).

[0177]

20 The whole resultant dried polymer was continuously
supplied to a three-stage roll mill (roll gap configuration;
from the top, 1.0 mm / 0.60 mm / 0.48 mm) to be pulverized
(pulverization step). Then, the pulverized polymer was
classified using an vibration-type circular sieve

25 classification apparatus (vibration number: 230 rpm, radial
inclination (gradient): 11 mm, tangential inclination
(gradient): 11 mm, eccentricity amount: 35 mm, temperature
of the apparatus: 55°C) with a sievediameter of 1600 mm having
metal meshes (material: SUS304, surface roughness Rz of the

30 inner surface of the sieve: 50 nm, surface roughness Ra: 4.8
nm) with sieve mesh size of 850 pum, 710 um and 150 um, to

collect particles between metal meshes of 710 um and 150 um,
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and to obtain a water-absorbing resin powder (9) containing
particles with 710 pym to 150 um in an ratio of about 98% by
weight (CRC = 33 g/g, solid content: 96% by weight, weight
average particle diameter (D50)=400um, o(=0.36). It should
5 be noted that a stand where the sieve classification apparatus
was installed was grounded with an earth resistance of 5 Q.
Further, by anexhaustionapparatusinstalledwithabagfilter,
degree of reduced pressure in the sieve classification
apparatus was set at 0.11 kPa, and air with a dew point of

10 10°C and a temperature of 75°C was passed at 2 m’/hr through
inside the sieve classification apparatus (classification
step 1).

[0178]
The water—absorbing resin powder (9) thus obtained was

15 continuously supplied constantly at 1500 kg/hr to a high speed
continuousmixer (Turbulizer, 1000rpm). Asurfacetreatment
agent solution, composed of a mixed solution of 0.36 part
by weight of 1, 4-butanediol, 0.6 part by weight of propylene
glycol and 3.24 parts by weight of pure water relative to

20 100 parts by weight of the water—absorbing resin powder, was
mixed by sprayingwith a sprayer. Then, theresultantmixture
was subjected to heat treatment continuously at 199°C for
40 minutes with a paddle dryer (surface cross—-linking step).
[0179]

25 Subsequently, the mixture under heat treatment was
forced to cool down to 60°C using a similar paddle dryer.
Inthiscoolingstep, 1.5part bymass of the followingaluminum
sulfate treating solution was added to 100 parts by mass of
heated and surface cross-linked particles, to obtain a

30 particulate water—-absorbing agent (10) having its surface
coatedwithapolyvalentmetal. Thealuminumsulfatetreating

solution used was obtained by mixing 1 part by mass of a 27%
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by mass liquid aluminum sulfate solution for tap water
(produced by Asada Chemical Ind. Co., Ltd.) with 0.3 part
by mass of an aqueous 50% sodium lactate solution (produced
by Musashino Chemical Laboratory, Ltd.) and further 0.1 part
bymass of propyleneglycolwiththeresultantmixture (cooling
step) .

[0180]

Further, a portion passed through a mesh with a sieve
meshsizeof 710umwas classifiedusingthe samevibration-type
circular sieve classification apparatuswith a sieve diameter
of 1600 mm as used in the above (classification step 2). A
portion remained on the mesh with a sieve mesh size of 710
um was pulverized again, and mixed with the portion passed
through a mesh with a sieve mesh size of 710 um, to obtain
a water—absorbing resin (C) (water content: 1.4% by weight,
water-soluble amount: 6.4% by weight, weight average particle
diameter (D50) = 394 um, o(=0.38) as a product having its
size adjusted, which whole amount had been passed through
ameshwithasievemeshsizeof 710 um (particle size—-adjusting
step) . It should be noted that a stand where the sieve
classification apparatus was installed was grounded with an
earth resistance of 5Q. Further, by an exhaustion apparatus
installed with a bag filter, degree of reduced pressure in
the sieve classification apparatus was set at 0.11 kPa, and
air with a dew point of 10°C and a temperature of 75°C was
passed at 2 m’/hr through inside the sieve classification
apparatus.

[0181]

While continuously producing the water—-absorbing resin
(C), a sample thereof was taken every time of attaining
production amount of 1 ton, to measure performance of the

water—absorbingresin for total amount of 20 tons. The number
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of samples was 20. Averages of CRC, AAP and SFC were 28.3
(g/g), 23.6 (g/g) and 103 (x10 '-cm’-s-g™'), respectively.
Standard deviations thereof were 0.18, 0.15 and 5.9¢,
respectively. Detailed performance of the resultant
water—absorbing resin (C) is shown in Table 2. An amount of
residual monomers in the water-absorbing resin (C) was 450
ppm by weight.
[0182]
[Example 3]

A water—-absorbing resin was continuously produced using
a continuous production apparatus (a production capacity of
about 3000 kg per one hour) of a water—-absorbing resin, which
has connected each other a polymerization step (static
polymerizationonabelt), agel finepulverization (crushing)
step, a drying step, a pulverization step, a classification
step (a classification step 1), a surface cross—-1linking step
(a spray step of the surface cross—-1inking agent and a heating
step), a cooling step, a particle size—-adjusting step (a
classificationstep 2), and transportation steps between each
step, and permits each step performed continuously.
Specifically, an aqueous solution of partial neutralized
sodium acrylate having a neutralization ratio of 75% by mole
(concentration: 38% by weight) and containing 0.06% by mole
(relative to the monomer) of polyethylene glycol diacrylate
(average number of n (average polymerization degree) = 9)
as an inner cross—-linking agent was prepared as a monomer
aqueous solution (1). Then, the monomer aqueous solution (1)
was fed continuously with a metering pump, and by blowing
nitrogen gas continuously in the middle of a transportation
pipeline, oxygen concentration was adjusted so as to be equal
to or lower than 0.5 ppm.
[0183]
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Next, to the monomer aqueous solution (1), sodium
persulfate and L-ascorbic acid were further mixed
continuously with a line mixing, in a sodium persulfate/
L-ascorbic acid ratio of 0.14 (g)/0.005 (g) (relative to 1
mole of the monomer), and supplied to a flat steel belt having
weirs provided at both ends thereof, to give a thickness of
about 30mm, toperformstaticaqueous solutionpolymerization
continuously (continuous belt polymerization) at 95°C for
30 minutes (polymerization step).

[0184]

A hydrogel cross—-linked polymer (2) thus obtained was
subjected to fine pulverization using a meat chopper with
a pore diameter of 7 mm under an atmosphere of 60°C to give
a size of about 1 mm (gel fine pulverization (crushing ) step).
The fine pulverized hydrogel was spread and mounted on a moving
porous plate of a continuous air-flow band dryer (dew point
of hot air: 30°C) to give a thickness of 50 mm, dried at 185°C
for 30 minutes, and cooled by being exposed to open air, to
obtain a dried polymer (solid content: 96% by weight,
temperature: 60°C) (drying step). The whole resultant dried
polymer was continuously supplied to a three-stage roll mill
as a pulverization apparatus 4c (roll gap configuration; from
the top, 1.0 mm / 0.70 mm / 0.50 mm) to be pulverized
(pulverization step). The pulverization apparatus c is a
three-stage roll mill which, as specifically shown in Fig.
1, iscomposedof a first pulverization apparatus cl and second
pulverization apparatuses c2 which was divided in two lines
(pulverization step; two lines). Subsequently, the
pulverized polymer was classified using an vibration-type
circular sieve classification apparatus (vibration number:
230 rpm, radial inclination (gradient): 11 mm, tangential

inclination (gradient): 11 mm, eccentricity amount: 35 mm,
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temperature of the apparatus: 55°C) with a sieve diameter

of 1600 mm having metal meshes (material: SUS304, surface

roughness Rz of the inner surface of the sieve: 50 nm, surface

roughness Ra: 4.8 nm) with sieve mesh size of 1000 um, 850

5 um and 150 um, to collect particles between metal meshes of

850 uym and 150 um, and to obtain a water—absorbing resin powder

(3) containing particles with 850 ym to 150 um in an ratio

of about 99% by weight (CRC = 36 g/g, solid content: 96% by

weight, weight average particle diameter (D50)=450um,

10 0(=0.34). It should be noted that a stand where the sieve

classification apparatus was installed was grounded with an

earth resistance of 5Q. Further, by an exhaustion apparatus

installed with a bag filter, degree of reduced pressure in

the sieve classification apparatus was set at 0.11 kPa, and

15 air with a dew point of 10°C and a temperature of 75°C was

passed at 2 m’/hr through inside the sieve classification
apparatus (classification step 1; two lines).

[0185]

After the resultant particulate water-absorbing resin

20 wasplacedinahopper, itwascontinuously suppliedconstantly

at 1500 kg/hr to a high speed continuous mixer (Turbulizer,

1000 rpm). A surface treatment agent solution, composed of

a mixed solution of 0.3 part by weight of 1,4-butanediol,

0.5 part by weight of propylene glycol and 2.7 parts by weight

25 of pure water relative to 100 parts by weight of the

water—absorbing resin powder, was mixed by spraying with a

sprayer (mixing step; two lines). Then, the particulate

water—-absorbing resin mixed with the surface treatment agent

solution was heated with paddle dryers in two lines adjusted

30 at 198°C for 40minutes (surfacecross—-linkingstep; twolines),

and cooled down to 60°C using dryers in two lines (cooling

step; two lines).
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[0186]

After being cooled, it was temporarily stored in a hopper
in one line. A portion passed through a mesh with a sieve
meshsizeof 850umwasclassifiedusingthe samevibration-type

5 circular sieve classification apparatuses with a sieve
diameter of 1600 mm as used in the above in two lines
(classification step 2; two lines). A portion remained on
the mesh with a sieve mesh size of 850 um was pulverized again,
and mixed with the portion passed through a mesh with a sieve

10 mesh size of 850 um, to obtain a water—-absorbing resin (D)
(water content: 1.5% by weight, water soluble content: 8.7%
by weight, weight average particle diameter (D50)=445 um,
0(=0.38) as a product having its size adjusted, which whole
amount had been passed through a mesh with a sieve mesh size

15 0of 850 um (particlesize—-adjustingstep; twolines). Itshould
be noted that a stand where the sieve classification apparatus
was installed was grounded with an earth resistance of 5 Q.
[0187]

While continuously producing the water—absorbing resin

20 (D), a sample thereof was taken every time of attaining
production amount of 1 ton, to measure performance of the
water—absorbingresin for total amount of 20 tons. The number
of samples was 20. Averages of CRC, AAP and SFC were 30.3
(g/g), 25.0 (g/g) and 39 (x10 '-cm’-s-g™'), respectively.

25 Standard deviations thereof were 0.20, 0.16 and 1.99,
respectively. Detailed performance of the resultant
water—-absorbing resin (D) is shown in Table 2. An amount of
residual monomers in the water—-absorbing resin (D) was 380
ppm by weight.

30 [0188]
[Example 4]

The water—-absorbingresin (A) obtained in Example 1 was
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packaged by passing the water—-absorbing resin (A) through

compressed air (a dew point of -15°C, and a temperature of

35°C) in a pipeline with a surface roughness (Rz) of the inner

surface of 200 nm to pneumatically transport it. After the
5 pneumatic transportation, the water—-absorbing resin (A) had

an average SFC of 33.4 (X1O_7-cm3-s-g_ﬁ, and average decrease

rate of SFC of 1.8%.

[0189]

[Example 5]

10 The pneumatic transportation was similarly performed
as in Example 4, except that compressed air with a dew point
of 20°Cwasusedinstead. After thepneumatictransportation,
average SFC was 32.3 (XlOJ-cms-s-gﬂﬁ, and average decrease
rate of SFC was 5.0%.

15



95 20 30.1 25.0 39 Arithmetic Average 28.3 23.6 103 Arithmetic Average 30.3 25.0 39 Standard
Deviation 0.18 0.15 5.96 Standard Deviation

[0190]

[Table 1]

Example 1| CRC | AAP SEFC Com. Exp. 1| CRC | AAP SFC

Sample No.|[g/g]|[g/g]|[10 "-cm’s-g "] [Sample No.|[g/g]|[g/g]|[10 "*cm’'s-g ']
1 30.0 | 24.2 32 1 29.023.0 35
2 29.9|24.4 33 2 30.2|24.2 28
3 29.7|25.0 35 3 29.8|24.1 30
4 29.5|24.8 38 4 29.5|23.8 32
5 29.6 | 24.9 37 5 29.8|24.1 34
6 29.7|24.5 36 6 30.1|24.2 30
7 30.0 | 24.8 31 7 30.1124.5 25
8 29.9|24.4 32 8 30.2|24.5 24
9 29.8|25.1 35 9 29.8|24.0 32
10 29.8 | 24.6 34 10 29.7|24.0 33
11 29.6 | 24.2 36 11 30.3|24.5 29
12 29.5|24.4 35 12 30.224.3 29
13 29.9 | 24.7 33 13 30.0|24.4 28
14 29.8|24.9 32 14 30.424.5 25
15 30.3|24.9 32 15 30.0(24.2 31
16 29.9|24.6 32 16 29.9(24.1 28
17 29.9 | 24.8 33 17 30.2|24.3 27
18 29.8|24.8 34 18 30.3|24.5 25
19 29.8|24.8 36 19 29.8|24.2 28
20 30.0|24.8 32 20 29.5|23.8 32

Aiiiiii;jc 29.8]24.7 34 Aiiiiii;jc 29.9|24.2 29

ngiiﬁii 0.19]0.26 2.00 ngiiﬁii 0.34]0.35 3.16




0.20 0.16 1.99 5[0192] (Summary) As mentioned above, it is noted from comparison between
Example 1 (electricity was eliminated in the classification step) and Comparative Example 1 (electricity
was not 10 eliminated in the classification step) that the production
methodofthepresentinventionpermitsenhancementofaverage absorption against pressure (AAP) by 0.5
(9/g9), and enhancement of average liquid permeability (SFC) by 5 (210/7-cm3-s-g). Further, it has
been confirmed from 5 comparison between Examples 1 to 3 and Comparative Example 1 that the
production method of the present invention permits decrease in standard deviation which is deflection
of CRC and AAP'BY dbout 40%, indicating stable continuous production possible. In particular, 4 times
value of standamhvdration 10(0) of AAP and SFC was equal to or smaller than 4.5% of average
values (arithmetic averages) of these properties. Further, 4 times value of standard variation (0) of

SFC was equg Ho-or OIII?I créha } ﬁo%{l of-average-valde aIXILIIIII He ‘v'%ra"':)AGAf S-e—++romthese
i =
r(?sults, it _has Qgggl%o%fgrq%q;ﬁi atgsg 15[ ygim%the proicngEgl a1 e[tllgo:iL CS)}; ijiv[ prese r?tli(pventi;on stf;}ble
diapers withouit property vartaton can u piuwueu Furtheritis notedrfrom comparson UetWEE‘i‘I_
Examp|e 1 an Fyn}nplp fiats h%}wﬁtion ngniﬁét pressure (AAD) or I?{qﬂriﬁ ‘e hilit\J/ (@Iﬁ(“) canbe
enhanced moye s ighificanths by uging 20 the chassificatipn step or thessudace: ceoss-linkirgp step in fwo
lines for one I[ne of polymerization, {0193] It is n@ted fronmh comparisonhetween Example 4and
Example 5 that pneumatic transgortation using air havipg a specmed 25 dew point or less can be
f bl ad in \l%n\nl nf r\zrg'\hg\ 'hl n"F a \wtor rhin acin NP ‘%%'l% 2/\4DP)I 1CARUH \/
pre era y US U 1T vicvy Ul IJIU'JC vVaLlcl GUOUIUIIIU CONl. TINUDUDTINIAAL A\ T LirompieETrtTi
5 28.3 23.6 93 5 30.0(25.3 41
6 28.11| 23.7 105 6 30.5(25.1 39
7 28.4| 23.4 114 7 29.9125.0 40
8 28.2| 23.4 111 8 30.3(24.9 39
9 28.2| 23.6 107 9 30.5(25.3 37
10 28.31] 23.5 108 10 30.0(24.7 43
11 28.1| 23.7 103 11 30.4125.0 39
12 28.2| 23.4 107 12 30.41]25.0 36
13 28.6| 23.7 101 13 30.4124.9 38
14 28.4| 23.6 99 14 30.3(125.0 39
15 28.4] 23.5 103 15 30.3(24.9 42
16 28.3] 23.8 103 16 30.5(24.8 35
17 28.7| 23.5 111 17 30.41]25.0 38
18 28.01] 23.9 108 18 29.9(24.8 40
19 28.2 1] 23.3 106 19 30.3(25.1 39
20 28.2 | 23.7 95 20 30.1125.0 39
Arithmetic Arithmetic
Average |28.3]| 23.6 103 Average |[30.3|25.0 39
Standard Standard
Deviation|0.18| 0.15 5.96 Deviation|0.20| 0.16 1.99
5 [0192]
(Summary)

As mentioned above, it is noted from comparison between
Example 1 (electricity was eliminated in the classification
step) and Comparative Example 1 (electricity was not

10 eliminated in the classification step) that the production



[0194] The present invention permits enhancement of property 30 of a water-abs orbing re s in ,
and al s o permit s stable continuous production. CLAIMS 1. A method for the production of a
water-absorbing resin which comprises: 5a polymerization step for polymerizing an aqueous solution
of acrylic acid (or salt thereof) to obtain a hydrogel cross-linked polymer; a drying step for drying
said hydrogel cross-linked polymer to obtain a water-absorbing resin powder;
10aclassificationstepforclassifyingsaid water-absorbing resin powder; and a surface cross-linking
step for surface cross-linking said water-absorbing resin powder before or after the classification step;
15wherein eleBfricity S BlimiTated mhE LRSSHCARGPSER 2° PRE HEIRDE RECOTdTE T efaim 1,
wherein the eletisicity isieliminated by at least oneraeans selected fromn the grpup) consisithg of

ionized air flow, antistatic brjilsho%nd ZOegroundi_riq. 3. ghe me}rllﬁeoac{ﬁﬂc%ding(goﬁa?im 1 org, wherein

the electricity is'e ﬁlﬁ}ﬁgfg%rby grounafﬁg Wiherein earth resistance is equgl to or lower than 100 Q.
4. The method(addording toany bhe of dainishtto 3, Wheteirs 25 therclassifiatiore stef isoperformed

under redyiced prassute, o3, The method acearding to agy-one.of elaims 110 4, whereipaipflow is

passed through the classification step, and dew point of the air flow is'equal to or lower than 15C.
6.The method aéétrdliig forinybHe afelanns 1o Sivherent Skve tclassifisaticiPased frfthe

classification siep,anda tempgratuee.eia sieyede beusadiinthe lagsification stepis 4%:to 80C.

57.The method according to any one of claims 1 to 6, wherein _ ,
and AAP by about 40%, indicating stable continuous production

possible. Inparticular, 4 times value of standard variation
10 (o) of AAP and SFC was equal to or smaller than 4.5% of average

values (arithmetic averages) of these properties. Further,

4 times value of standard variation (o) of SFC was equal to

or smaller than 40% of average value (arithmetic average)

of SFC. From these results, it has been confirmed that, by
15 using the production method of the present invention, stable

diapers without property variation can be provided. Further

it is noted from comparison between Example 1 and Example

3 that absorption against pressure (AAP) or liquid

permeability (SFC) canbe enhancedmore significantly byusing
20 the classification step or the surface cross-linking step

in two lines for one line of polymerization.

[0193]

It isnoted from comparison between Example 4 and Example

5 that pneumatic transportation using air having a specified
25 dew point or less can be preferably used in view of property

of a water—-absorbing resin.

INDUSTRIAL APPLICABILITY

[0194]

The present invention permits enhancement of property

30 of awater—absorbingresin, andalsopermits stable continuous

production.



sieves having at least three kinds of sieve mesh sizes are used in the classification step. 8. The
method according to any one of claims 1 to 7, wherein normal saline flow conductivity (SFC) of the
water-absorbing 10 resin subjected to the surface cross-linking step is equal to or higher than 10
(21077.cm3.s.g71). 9. The method according to any one of claims 1 to 8, wherein sieve classification
is used in the classification step, and a surface roughness (Rz) of an inner surface of a sieve to 15 be
used in the classification step is equal to or smaller than 800 nm. 10. The method according to any
one of claims 1 to 9, wherein the Water-absorbing resin is continuously produced in an amount of
equal to or higher than 1 ton per 1 hour. 2011. T d according to any one of claims 1 to 10,
wherein the water-absorbing resin is produced in the shape of an irregular particle by continuous
kneader polymerizatign or, continuous belt polymerization. - 12. The method according ta any one of
claims 1 to 1?,1 \ivherelnnéeStt %éwgf)err ctc?h e§ gfj tﬁ(élcv&éjtrérpa s%r‘ﬁ?ntgefeg?nlgi%oefz%éﬁl?o ro%F fower than 5%
by weight. 13 wThe meathogaceersding to any one of claims 1 to 12, further comprising an iron removal

step afterthe classifigati]gg f%% r i%%tﬂ%%m%tbgg a%%qrdigg f?/ﬂ&ﬂ]?—r% clggnsaqupe%%,swherein the

classification step is performed before and after the 5surface cross-linking'step. 15. The method
according to ah§ baeisitRinTSCT Y 18 FaitHer Comptising arstep fok PetyERig i YouriE? bf the
water-absorbing resin aftgi the ¢lassification step.  16. The method according to any one of claims 1
to 15, wherein 10 the water-absorbing resin before and after the classification step is pneumatically
transported by air ha@inga/déW pdirftof qtialts bF fvéithan 2BEr B Therméftiotratcerding to any

one of claims pda Heewherein e electicity is ehminaied foratdeast:onenfee s classification

apparat % the water-absor in% resin and a sieve used in the sieve classification. 18. The method
according’to any one’of cl&ifs T td 173WhErein stepeitrom thé polymétizatioh Sth prisftd the
classification step israrayed-inione kire anditbedtassification step is 20 divided into two or more lines.
19. The method accogd@lgftga%rg one of _ciairrr%lﬁil to 18, wherein the surface cross;linking step is

divided into two or more lines per one line o e%%lymeﬁzaﬁgnss%p. < 50.°The metho gccording to

any one of clai#nas 4 tovdg,exhereirr2® afl of the tlassificatibrr stéprdnd ¢he surfacecerosstiiviking step
are divided in twa gt gp{gggggpegggﬁjine of the polymerization step. 21. The method according to

any one of claims 1 to 20, wherein a covalent surface cross-linking agent and an ion binding
15 wherein electricity iseliminated in the classification

step.

2. The method according to claim 1, wherein the electricity
is eliminated by at least one means selected from the group
consisting of ionized air flow, antistatic brush and

20 grounding.

3. The method according to claim 1 or 2, wherein the
electricity 1s eliminated by grounding wherein earth

resistance is equal to or lower than 100 Q.

4. The method according to any one of claims 1 to 3, wherein

25 the classification step is performed under reduced pressure.

5. The method according to any one of claims 1 to 4, wherein
air flow is passed through the classification step, and dew

point of the air flow is equal to or lower than 15°C.



5 surface cross-linking agent are used in combination in the surface cross-linking step. 22. A method
for enhancing liquid permeability of a water-absorbing resin which comprises: a polymerization
step for polymerizing an aqueous 10solution of acrylic acid (or salt thereof) to obtain a hydrogel
cross-linked polymer; a drying step for drying said hydrogel cross-linked polymer to obtain a
water-absorbing resin powder; aclassificationstepforclassifyingsaid 15 water-absorbing resin powder;
and a surface cross-linking step for surface cross-linking said water-absorbing resin powder before
or after the classification step; wherein electricity is eliminated in the classification 20step., 23. The

method according to EEITS5 PR Atematot AT e HoW SoRdctiviy EsFESof thBR&te-Absorbing
resin subjected e the susfase tiass:linking stepds! equalite erhkigberthantlil-(2 HdZhemdhs.g21). 25

a temperature of a sieve to be used in the classification

step is 40 to 80°C.

5 7. The method according to any one of claims 1 to 6, wherein
sieves having at least three kinds of sieve mesh sizes are

used in the classification step.

8. The method according to any one of claims 1 to 7, wherein
normal saline flow conductivity (SFC) of the water—absorbing
10 resin subjected to the surface cross-linking step is equal

to or higher than 10 (XIOJ'cm&S'gﬂ).

9. The method according to any one of claims 1 to 8, wherein
sieve classification is used in the classification step, and
a surface roughness (Rz) of an inner surface of a sieve to
15 be used in the classification step is equal to or smaller

than 800 nm.

10. The method according to any one of claims 1 to 9, wherein
the water-absorbing resin is continuously produced in an

amount of equal to or higher than 1 ton per 1 hour.

20 11. Themethodaccording to any one of claims 1 to 10, wherein
the water-absorbing resin is produced in the shape of an
irregular particle by continuous kneader polymerization or

continuous belt polymerization.

12. Themethod according to any one of claims 1 to 11, wherein
25 the water content of the water—-absorbing resin is equal to

or lower than 5% by weight.
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13. Themethod according to any one of claims 1 to 12, further

comprisinganironremoval stepafter theclassification step.

14. Themethod according to any one of claims 1 to 13, wherein
the classification step is performed before and after the

surface cross-linking step.

15. Themethod according to any one of claims 1 to 14, further
comprising a step for recycling fine powder of the

water—absorbing resin after the classification step.

16. Themethod according to any one of claims 1 to 15, wherein
the water—-absorbingresin before and after theclassification
step is pneumatically transported by air having a dew point

of equal to or lower than 20°C.

17. Themethod according to any one of claims 1 to 16, wherein
the electricity 1is eliminated for at least one of a
classification apparatus, the water—-absorbing resin and a

sieve used in the sieve classification.

18. Themethod according to any one of claims 1 to 17, wherein
steps fromthepolymerizationstepprior totheclassification
step is arrayed in one line, and the classification step is

divided into two or more lines.

19. Themethod according to any one of claims 1 to 18, wherein
the surface cross-linking step is divided into two or more

lines per one line of the polymerization step.

20. Themethod according to any one of claims 1 to 19, wherein

all of the classification step and the surface cross-linking
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step are divided in two or more lines per one line of the

polymerization step.

21. Themethod according to any one of claims 1 to 20, wherein
a covalent surface cross-linking agent and an ion binding
surface cross—-linking agent are used in combination in the

surface cross-linking step.

22. A method for enhancing liquid permeability of a
water—absorbing resin which comprises:

a polymerization step for polymerizing an aqueous
solutionof acrylicacid (or salt thereof) toobtainahydrogel
cross—linked polymer;

a drying step for drying said hydrogel cross—-linked
polymer to obtain a water-absorbing resin powder;

a classification step for classifying said
water—-absorbing resin powder; and

a surface cross—-1linking step for surface cross—-1linking
said water-absorbing resin powder before or after the
classification step;

wherein electricity is eliminated in the classification

Sstep.

23. The method according to claim 22, wherein normal saline
flow conductivity (SFC) of the water-absorbing resin
subjected to the surface cross-linking step is equal to or

higher than 10 (XIO_mcmﬁ'S'gﬂ).



