DESCRIPTION PRODUCTION METHOD FOR WATER-ABSORBING RESIN 5 TECHNICAL FIELD
[0001] The present invention relates to a production method for a water-absorbing resin. 10
BACKGROUND ART [0002] In recent years, in hygiene products such as disposable diapers,
sanitary napkins and incontinent pads, the water-absorbing resin as a composition material thereof
has 15 been widely used, in view of absorbing a body liquid. As such a water-absorbing resin, for
example, there have been known a cross-linked product of partially neutralized polyacrylic acid, a
hydrolysate of a starch-acrylic acid graft polymer, a saponified product of a vinyl acetate-acrylate ester
20 copolymer, a hydrolysate of an acrylonitrilg %8581&%%%] an acrylamide copolymer and a
cross-linked product thereof, and a cross-linked product of a cationic monomer and the like. This

water-absorbing resin my OB% &L?igﬁftﬁﬁ%gﬁezr%g{tqﬂ%%e%%ge%#ﬁNfg'p%{-éigggir film-like form, and

however, 25 it is generally used after conve a pow particulate). As suchpowders
(particles), forexample, the particulate water-absorbing agent, having a weight average particle
diameter theregf of, gbeut 200 ta 800 gm, is used widely. 30[0003] The particulate water-absorbing
agent is produced via the polymerization step, the drying step, the crushing step, the classification
step, the surfat@®¥ads-linking step, and the like (Patent Documents 1 to 4). In an industrial scale

production, a transpofiatiop.apparatus is,used for cannecting each step, (RatentbROGWPERES). As a
transportation system 5 of the water-absorbing resin, mechanical transportation and pneumatic

transportation aré ifcliFFPREFCBENente b 9). Inmechanical transportation, for example, a
conveyor (a belt conveyor, a bucket conveyor, a screw conveyor) is used as the transportation

apparatli%. BACKGROUND ART
[0002]

In recent years, in hygiene products such as disposable
diapers, sanitary napkins and incontinent pads, the
water—-absorbing resin as a composition material thereof has
15 been widely used, in view of absorbing a body liquid. As such

a water—absorbing resin, for example, there have been known

a cross—1linked product of partially neutralized polyacrylic

acid, a hydrolysate of a starch-acrylic acid graft polymer,

a saponified product of a vinyl acetate-acrylate ester
20 copolymer, a hydrolysate of an acrylonitrile copolymer or

an acrylamide copolymer and a cross—-linked product thereof,

and a cross—1linked product of a cationic monomer and the like.

This water—-absorbing resin may be used after converted to

also a sheet-1like, fiber-like or film-like form, and however,
25 it is generally used after converted to a powder-like form

(particulate). Assuchpowders (particles), for example, the

particulate water—-absorbing agent, having a weight average

particle diameter thereof of about 200 to 800 um, is used
widely.
30 [0003]
The particulate water—-absorbing agent is produced via

the polymerization step, the drying step, the crushing step,



10[0004] In addition, in recent years, higher property has been required to such a water-absorbing
resin, and as a result, to enhance property of the highly water-absorbing resin, for example, to
enhance liquid permeation, technologies (Patent 15 Documents 12 to 17) for using various additives
(for example, a polyvalent metal salt, a water-insoluble fine particle) to the water-absorbing resin have
been proposed. 20 PRIOR DOCUMENTS [0005] PATENT DOCUMENTS Patent Document 1: USP
No0.6727345specification Patent Document

the classification step, the surface cross-1linking step, and
the like (Patent Documents 1 to 4). 1In an industrial scale
production, atransportation apparatus isused for connecting
each step (Patent Document 5). As a transportation system

5 of the water—absorbing resin, mechanical transportation and
pneumatic transportation are included (Patent Documents 6
to9). Inmechanical transportation, for example, a conveyor
(a belt conveyor, a bucket conveyor, a screw conveyor) 1is
used as the transportation apparatus.

10 [0004]

In addition, in recent years, higher property has been
required to such a water—-absorbing resin, and as a result,
to enhance property of the highly water—-absorbing resin, for
example, to enhance liquid permeation, technologies (Patent

15 Documents 12 to 17) for using various additives (for example,
a polyvalent metal salt, a water—-insoluble fine particle)
to the water—-absorbing resin have been proposed.

PRTIOR DOCUMENTS
[0005]
20 PATENT DOCUMENTS

Patent Document 1: USP No. 6727345 specification
Patent Document 2: USP No. 7193006 specification
Patent Document 3: USP No. 6716894 specification
Patent Document 4: USP No. 4985518 specification
25 Patent Document 5: USP No. 6817557 specification
Patent Document 6: JP-A-2004-43102
Patent Document 7: WO 2007/104657 pamphlet
Patent Document 8: WO 2007/104673 pamphlet

Patent Document 9: WO 2007/104676 pamphlet

30 Patent Document 10: US-A-2006/0204755 specification
Patent Document 11: US-A-2006/0073969 specification
Patent Document 12: USP No. 7098284 specification



2: USP No0.7193006specification Patent Document 3: USP No0.6716894 specification Patent
Document 4: USP No0.4985518specification 25 Patent Document 5:

Patent Document 13: US-A-2005/0288182 specification
Patent Document 14: US-A-2005/0070671 specification
Patent Document 15: US-A-2007/0106013 specification
Patent Document 16: WO 2008/092842 pamphlet

5 Patent Document 17: WO 2008/092843 pamphlet

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0006]

10 Inamethod for enhancingproperty of thewater—-absorbing
resin, technologies described in the Patent Documents 10 to
17 show a certain effect (enhancement of liquid permeation)
in a laboratory, but, when such technologies are scaled-up
industrially, for example, scaled-up to annual production

15 of equal to or higher than 1000 ton, in particular, equal
to or higher than 10000 ton per one line, there was often
the case of not providing such high property as in the
laboratory.

[0007]

20 Accordingly, it is an object of the present invention
to produce stably and continuously the water—absorbing resin
with industrially high property, 1in particular, the
water—absorbing resin with high liquid permeation.

[0008]

25 Among these, in the particulate water—-absorbing agent
containing an liquid permeation improver such as the
polyvalent metal salt or the water—-insoluble fine particle
and the production method therefor, the present inventors
have discovered a particular problem, that is, a problem of

30 decrease in transportation property (decrease in
productivity) accompanying with use of the liquid permeation

improver, and decrease 1n property accompanying with



USP No0.6817557 specification Patent Document 6: JP-A-2004-43102 Patent Document 7: WO
2007/104657 pamphlet Patent Document 8: WO 2007/104673 pamphlet

transportation after mixing the liquid permeation improver.
Inparticular, in the production step for the water—-absorbing
resin, many carrying machines (for example, a belt conveyor,
a screw conveyor, a bucket conveyor or the like) for connecting
5 between the steps are used in midway, in various ways, and
it was discovered that decrease in transportation property
and decrease in property accompanying with use of the liquid
permeation improver are an obvious and particular problem
in pneumatic transportation.
10
MEANS FOR SOLVING THE PROBLEM
[0009]
In order to solve the problems, the production method
for the water-absorbing resin of the present invention
15 includes: a polymerization step for polymerizing an agueous
solution of an unsaturated monomer to obtain a hydrogel
polymer; a drying step for drying the hydrogel polymer to
obtain a particulate water—-absorbing resin; and a surface
cross—1linking step for surface cross-1inking the particulate
20 water—-absorbing resin In addition, it is characterized by
including a pneumatic transportation step for pneumatic
transporting a water-absorbing resin powder substance
generated in each step in a pipeline with a surface roughness
(Rz) of the inner surface of equal to or smaller than 800

25 nm, by using gas with a dew point of - 5°C to - 100°C.

ADVANTAGES OF THE INVENTION
[0010]
According to the present invention, the water—-absorbing
30 resin with industrially high property, in particular, the
water—absorbing resin with high ligquid permeation can be

produced stably and continuously, by passing a specified



Patent Document 9: WO 2007/104676 pamphlet 30 Patent Document 10: US-A-2006/0204755
specification Patent Document 11: US-A-2006/0073969specification

pneumatic transportation step.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

5 Fig. 1 is a schematic configuration view showing a
production apparatus to be used to produce the particulate
water—-absorbing agent.

Fig. 2 is a drawing showing a schematic configuration
of a transportation apparatus capable of being used in one
10 embodiment of the present invention.
Fig. 3 is a schematic view showing maximum caliber part
(R1) of the upper part of a hopper, and caliber (R2) and height
(H) of the discharging part of the hopper, specifying ratio
of inclination angle and drawing rate of a cone part, and
15 ratio of maximum caliber (diameter) and height of the hopper,
relating to the hopper capable of being used in one embodiment
of the present invention.
Fig. 4 is a cross—-sectional view where a part of Fig.
2 is magnified.
20 Fig. 5 is a drawing showing a schematic configuration
of a transportation apparatus capable of being used in other

embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION
25 [0012]

The present invention relates to a production method
for the water—absorbing resin. In the present description,
the "“water-absorbing resin” means a water swelling and
water—-insoluble polymer gelling agent. Absorbency (CRC) is

30 essentially equal to or higher than 5 g/g, preferably 10 to
100 g/g, and still more 20 to 80 g/g. In addition, soluble

components (Extractables) are essentially 0 to 50% by weight,



Patent Document 12: USP No0.7098284specification Patent Document 13: US-A-2005/0288182
specification Patent Document 14: US-A-2005/0070671 specification Patent Document 15:
US-A-2007/0106013 specification Patent Document 16: WO 2008/092842 pamphlet 5Patent
Document 17: WO 2008/092843 pamphlet DISCLOSURE OF THE INVENTION PROBLEM TO BE
SOLVED BY THE INVENTION [0006] 10In a method for enhancing property of the water-ab s orbing
resin, technologies described in the Patent Documents 10 to 17 show a certain effect (enhancement of
liquid permeationé in a Iaboratori}/,gbut when such technologies are scaled-up industrially, for example,

scaled-up to aRhG&MIrdduiticn 18 of gaugpftow&ﬁﬂaﬁér than1008%6R, A Faricdar equal  or higher

than 10000 tor pergnedinghtherenigssaftenctheacase pf aaepraviding suchdtighypreperhtas in the
laboratory. [00 (ﬂ) %?Accordingly, it is an object of the present invention to produce stably and
continuously the wa ér-absorbing resin with industrially high property, in particular, the water-absorbing
resin with high liquid permeatidl [0808pted that, the water-absorbing resin is

5 not limited to a form where whole amount (100%) is a polymer,
and may include additives (to be described later or the like),
in a range to maintain the performance. That is, even for
aparticulate water—absorbing agent (a water—-absorbing resin
composition), it is called generically the water—-absorbing

10 resin in the present invention. In the present invention,
when the water—-absorbing resin 1s the ©particulate
water—-absorbing agent (the water—-absorbing resin
composition), content of the water—-absorbing resin relevant
to the present invention (a polyacrylic acid (salt)-based

15 water—-absorbing resin) is preferably 70 to 99.9% by weight,
morepreferably80to99.7%byweight, andstill morepreferably
90t099.5%byweight, relativetototal amount. Ascomponents
other than the water—-absorbing resin, in view of water
absorbing speed or 1mpact resistance of the powders

20 (particles), water is preferable, and the additives to be
described later are contained as needed.

[0014]
In the present description, the “polyacrylic acid
(salt)” means a polymer composed principally of acrylic acid

25 (salt), asarepeatingunit. Specifically, it means apolymer
containing acrylic acid (salt) of essentially 50 to 100% by
mole, preferably 70 to 100% by mole, further preferably 90
to 100% by mole, particularly preferably substantially 100%
by mole, as a monomer excluding a cross—-1linking agent. The

30 salt asthepolymer containsessentially awater-solublesalt,
preferably a monovalent salt, more preferably an alkali metal

salt or an ammonium salt, particularly preferably an alkali



25Among these, in the particulate water-absorbing agent containing an liquid permeation improver
such as the polyvalent metal salt or the water-insoluble fine particle and the production method
therefor, the present inventors have discovered a particular problem, that is, a problem of 30 decrease
in transportation property (decrease in productivity) accompanying with use of the liquid permeation
improver, and decrease in property accompanying with transportation after mixing the liquid
permeation improver. In particular, in the production step for the water-absorbing resin, many carrying
machines (for example, a belt conveyor, a s crew conv%?f, a bucket conveyor or the like) for

connecting 5 B&tWwaen the Stepstard LgBatif mbRAS  mVaficts WS Enddt\was discovered that

decrease in trarspostation property and decrease in property accompanying with use of the liquid

permeation improver, gpvious and particular problem_in pneumatic.transpartation. 10 MEANS
E R SOLVING THE D o0 a D A S hethat or
the water-absorbingeresirsof Alhe prasent inventiomMts ihcludes: teepdlymérizaltion Btepdpepolymerizing

an aqueoys sqlution, of an ungatyrated monamey; to abialn aydragel palymer,a dryingsigp for drying

the hydrogel polymer to obtain a particulate water-absorbing resin; and a surface cross-linking step for

surface cro s s-FRKING tHe'pdreesatecrol aaterabsbrbingdesin AT dduitivALi s efrfractelized by

including a pneumafic transperiation step fatrrgimatic rapspeding.a yaier-abgorhiaggrsin powder
substance generated in each step in a pipeline with a surface roughness (Rz) of the inner surface of
equal to or smaliéPthan 800 25 nm, by using gas with a dew point of - 5C to - 100C. ADVANTAGES

OF THE INVENJ3©#H;[0010] According to the present invention, the water-absorbing

10 In the present description, a “hydrogel polymer
(water—containing gel)”, a “dried substance” and the
“water—absorbingresinpowder substance (apowder substance)”
are defined as follows.

[0017]

15 The “hydrogel polymer (water—-containinggel)” indicates
a hydrogel cross—linkedpolymer of the water—-absorbingresin.
As a representative, it means water—-containing gel obtained
in a polymerization step. Usually it indicates a polymer
having a moisture content of equal to or higher than 30% by

20 weight.

[0018]

The “dried substance” indicates a dried polymer of the
water—-absorbing resin after a drying step. It usually
indicatesadriedpolymer havingmoisture content inthedrying

25 step of below 30% by weight, and still more equal to or lower
than 20% by weight, although it depends on themoisture content
afterpolymerization. Shapethereofisnotlimitedanddrying
may be performed at the same time as polymerization (drying
by polymerization heat or by heating during polymerization,

30 etc.).

[0019]

The “water-absorbing resin powder substance (a powder



30 resin with industrially high property, in particular, the water-absorbing resin with high liquid
permeation can be produced stably and continuously, by passing a specified pneumatic transportation
step. BRIEF DESCRIPTION OF THE DRAWINGS [0011] 5Fig. 1 is a schematic configuration view
showing a production apparatus to be used to produce the particulate water-absorbing agent.

Fig. 2 is a drawing showing a schematic configuration of a transportation apparatus capable of being
used in one 10 embodiment of the present invention. Fig. 3 is a schematic view showing maximum

caliber part (R1) of the upper part of a hopper, and caliber (R2) and height (H) of the discharging part
of the hopper, SpREiFIRG Tatid GHARSIR&R & AR Arafig'tdte bPd Tohe PSR AKIETS ratio of
maximum caliberd(diametery and height of thedhoppen aelating to the heppehcapable afdreing used in

one embodime pLe: inventjon. Fig. 4.is a cross-sectional view where a part of Fig. 2 is
magnified. ZOF(%IR%I%E ‘:?1 dﬁraf/tvﬁgn% scﬁ%lwt%fweg asc élm%%cacsonégglﬁ%étllo%r?] of %réansspooqrtla io%ﬁéfglaratus
capable of beingubedsincother emstsadimentoof (AR present iVehtion!MGDER FOR CARRYING OUT

THElNV%hn19®LiSEiSOlid of a particle diameter of equal to or smaller
than 5 mm, specified by sieve classification, and it means
powder substance of dried polymer of thewater—-absorbingresin,
or powder substance to be used as a solid as it is among raw
materials or the additives of the water—-absorbing resin (for

10 example, water—-insoluble inorganic powders, polyvalent metal
salt powders or hydrate salts thereof and the 1like). Moisture
content is not limited as long as it is a solid, and it is
usually below 30% by weight, and still more equal to or lower
than 20% by weight. The lower limit of particle diameter is

15 not especially limited, and, for example, equal to or larger
than 1 nm. It should be noted that, in general, there may
be the case where those of equal to or larger than 1 mm are
called particles, and those of below 1 mm are called powder
substances, but, in the present invention, these powder

20 particle substances (the water-absorbing resin or raw
materials thereof) are collectively referred to as “a powder
substance”. In addition, in the present description, “the
powder substance” and “powder” are treated as synonyms.
[0020]

25 Firstly, explanation will be given on outline of the
production step of theparticulate water—absorbing agent (the
water—absorbing resin) relevant to the present invention,
andthenonthetransportationmethodof the present invention.
[0021]

30 [The whole step (Fig. 1)]

Fig. 1 is a schematic configuration view showing a

productionfacility 2 tobeusedtoproduce thewater—-absorbing



25[0012] The present invention relates to a production method for the water-absorbing resin. In the
present description, the "water-absorbing resin” means a water swelling and water-insoluble polymer
gelling agent. Absorbency (CRC) is 30 essentially equal to or higher than 5 g/g, preferably 10 to 100
g/g, and still more 20 to 80 g/g. In addition, soluble components ( Extractable s ) are essentially O to
50% by weight, preferably 0 to 30% by weight, still more preferably 0 to 20% by weight, and
particularly preferably 0 to 10% by weight. [0013] It should be noted that, the water-absorbing resin is
5 not limited to a form where whole amaount (100%) is a polymer, and may include additives (to be
described latef 6P tHe IikE} Sn BFahgEth amtdin the paRaihande TRAEIET bven foF a'patticulate
water-absorbing agent-(aonatersabisotking, resip sompostion) oit ip calfed-generieallynthe: ep
water-absorbin% :eLO Crgrsiirrgeig gfel ptr)esecq:ta{pl\éenotiotnél In thrcla gre];sgnt gwergioné Yvh%lrt@(za vxéaltgr-absorbing
resin is the pa?tlculate water-a so%ing ageﬁt &he water- Ssor%ing' resmpcorﬁposmon%, content of the
water-absorbiagresia televantaolthel pre s amantion (a polyadmgdic acik (salt)drasedalts: s

water-absorbing resin).is preferahly /030 93,9% by weight, morepreterably, 80,1039, ;79ebyweight, and

stillmorepreferably 90 to 99 . 5 % by weight , relative to total amount. AS components other than the

water-absorbirdg Festt, il View bR ftersabsorbifig Spebditsr imipast resistarce ofthepowders
20(particles), watey js;prgfgrable . andthe additives to,bg described Iater ate eontained,as peeded.

capturing apparatus 26, and a granulation apparatus 28 are
installedinthisproductionfacility 2. Thewater—-absorbing
10 resin powder substance obtained in a certain step 1is
transported to the next step by the transportation part 6.
[0022]
The polymerization step is performed wusing the
polymerization apparatus 8. The drying step is performed
15 using the drying apparatus 10. The pulverization step is
performed wusing the pulverization apparatus 12. The
classification step is performed using the classification
apparatus 14. The surface cross-linking step is performed
using the mixing apparatus 16 and the heating apparatus 18.
20 The cooling step is performed using the cooling apparatus
20. The granule sizing step is performed using the granule
sizing apparatus 22. The packaging step is performed using
thefillingapparatus24. Thefinepowdersarecollectedusing
the fine powder capturing apparatus 26. The granulation step
25 is performed using the granulation apparatus 28. The fine
powders collected, or granulated particles granulated in the
granulation steparerecycledbyafine-powder recyclingstep.
[0023]
[The polymerization step]
30 The polymerization step is the step for polymerizing
a monomer, which can become the water—-absorbing resin by

rz

polymerization (hereafter may also be referred to as *“a



[0014] In the present description, the "polyacrylic acid (salt)" means a polymer composed
principally of acrylic acid 25 (salt), as a repeating unit . Specifically, it mean s a polymer containing
acrylic acid (salt) of essentially 50 to 100% by mole, preferably 70 to 100% by mole, further preferably
90 to 100% by mole, particularly preferably substantially 100% by mole, as a monomer excluding a
cross-linking agent. The 30 salt as the polymer contains essentially a water- s o luble salt, preferably
amonovalent salt, more preferably an alkali metal salt or an ammonium salt, particularly preferably an
alkali metal salt, still more preferably a sodium salt. [0015] "EDANA" is an abbreviation of

European DisPSEaBiEs and NohwevEHs ASsctikfion AS foP Gétallof tHE Ei#6pe&R 5%4t5Adard (nearly a
world standard) measurerpentanethod (ERRADANA Retosnmended-Eaest Meaihads )dfesthe
water-absorbin H_%S\if%’ m{ffgg to known docucment <gevised in 200%) as the EAT. origiinn?i.t[g 16] 10In the

. e rese 1nvention 1s n e ecrall
present description, & "hydrogel polymer  (water-contaming gef}"; a "dried substance” and the

"water-abs orbingire § dqrpowdemwmtqn.d@u(lé: powdéymﬁbstaﬁéa)d'mre d@ﬁnegi]a’stf@rtdsm [0017]
15The "hydroggl PQJA’&E%E%‘%@H,COQ&%@&%%%ﬂ@@!@ﬁe%éi‘yﬂé%‘% £ra § $-linked.polymer of the

water-abs orbing re s in . As a representative, it means water-containing gel obta;ned ina
polymerizatiorP§tepe USUaME R frididates typsiymer having & RioisthrgcOnterterddqiadl 16 Br higher than

30% by 20 weight. [0918] o n 1 TRegdried substancehindicatesa dried palymer of fagywater;absorbing
resin after a drying step. It usually indicates a dried polymer having moi sture content in the drying
view of performance and easiness of polymerization control,
aqueous solution polymerization or reversed phase suspension
10 polymerizationwhere themonomer isusedasanagqueous solution
are preferable.
[0024]
In the present invention, aqueous solution
polymerization, in particular, continuous aqueous solution
15 polymerization ispreferable, whichissignificant in solving
a problem of carrying property, in view of shape of the
resultant polymer gel. In continuous aqueous solution
polymerization, inview of exertingmore effect of the present
invention, continuous belt polymerization or continuous
20 kneader polymerization may be used suitably. As preferable
continuous polymerization, continuous kneader
polymerization (for example, USP No. 6987151 specification,
USP No. 6710141 specification) and continuous Dbelt
polymerization (for example, USPNo. 4893999, USPNo. 6241928,
25 US-A-2005-215734) are 1included. In such continuous
polymerization, the water—-absorbing resin can be produced
in high productivity, and however, it tends to provide
deflection of or decrease in property accompanying with
scale-up, but the present invention is capable of solving
30 also such a problem.
[0025]

(A monomer)



25 step of below 30% by weight, and still more equal to or lower than 20% by weight, although it
depends on the moisture content afterpolymerization. Shape thereof is not limited anddrying may be
performed at the same time as polymerization (drying by polymerization heat or by heating during
polymerization, 30etc.). [0019] The "water-absorbing resin powder substance (a powder substance)
"means a s olid having a certain fluidity as powder s, and for example, it means the state in which
Flow Rate (ER1450.2-02) can be measured as fluidity, or a solid which canbe sieve
classifiedby(ERT420.2-02). More specifically, 5 it is a solid_of g particle diameter of equal to or smaller
than 5 mm, specified By siSVRCaSsificdtioh SHefit hicans ﬂ)b%g?gﬂb%?éjﬂcg OF FHEHB0IGmer of the
water-abs orbingvee e i+ son powdet ssbstance ¢a heouse: assa soelidaslibis amang raw aaterials or
the additives ogtr}e V‘é"";E%Eﬁaliséorbina%reSi% gfgr :lLO exl?rgn%lg wa eransolulralléa iggrgasni% owacljgrs,
polyvalent me al salt powo%r s'or hydra?e salts thereo ano‘i1 fhe ﬁ<e) WMoistlire content is not limited as
long as it is a dolil ahddtris Usoallyilblaw 36 %chyoweight camd still iore edqueat ¢o or lewed than 20% by
weight. The lowep ipital partide diampleciz:tbnatespecially imied nd forexamels, egual to or
larger than 1 nm. It should be noted that, in general, there may be the case where those of equal to or
larger than 1 rafiiate callad pasticles andthése bEbalew mi aFe BalletBdwadrsubsidhces, but, in

the present inventigey theseRowder 0 particle-substancesdthe wateriabserbing resingryaw materials

thereof) are coIIectiv%Ig/‘ referred to as "a powder substance". In addition, in the present description,
"the powder sdbstBREE" & idF powder™ afd ffeated as synonyiist §8920] 25Firstly, exptaration will be

given on outline-ghtberpredustionystep 6f the-particulatewater-apsarbingaggnt { theywatey-absorbing
resin) reievant to the present invention, and then on the transportation method of the pre sent

invention [00271 B0 TRE thofe’ steB (RIF 117 Fig'™L i§ a°Sthematic'éonfiguratiBh Ve sRowing a
production factlity 2ite berusedrtdrproducestherwatet-alnsording-; a phenolic hydroxy

group—-containing unsaturated monomer ; an amide
group-containing unsaturated monomer such as
(meth)acrylamide, N-ethyl (meth)acrylamide, N, N-dimethyl

15 (meth)acrylamide; an amino group-containing unsaturated
monomer such as N,N-dimethylaminoethyl (meth)acrylate,
N, N-dimethylaminopropyl (meth)acrylate,
N, N-dimethylaminopropyl (meth)acrylamide, or the like.
These monomers may be used alone or two or more kinds may

20 be used in combination as appropriate. These monomers may
contain iron or a polymerization inhibitor in an amount of
equal to or less than 5 ppm, and still more preferably equal
toor lessthanlppm, andpreferableuseamount is, for example,
methoxy phenols of equal to or less than 160 ppm by weight,

25 which is use amount exemplified in USP No. 7049366.
[0026]

Among them, in view of performance and cost of the
resulting water—-absorbing resin, it is preferable to be a
polyacrylic acid (salt)-based water—-absorbing resin using,

30 as a principal component, an anionic unsaturated monomer,
particularly preferably, an unsaturated monomer containing

acarboxyl group, andstill morepreferablyacrylicacidand/or



resin (the particulate water-absorbing agent). In this production facility 2, apparatuses for performing
each step are connected by transportation parts 6. A polymerization apparatus 8, a drying apparatus
10, a pulverization apparatus 5 12, a classification apparatus 14, a mixing apparatus 16, a heating
apparatus 18, a cooling apparatus 20, a granule sizing apparatus 22, a filling apparatus 24, a fine
powder capturing apparatus 26, and a granulation apparatus 28 are installed in this production facility
2. The water-absorbing 10 resin powder substance obtained in a certain step is transported to the next
step by the transportation_part 6.f[0022] The polymerization step is performed using the
polymerizatiorfapparatus& Tha dryihg step it Betformad i%]utsin%él)hé %Hﬁ"apﬂ)éﬂra]il&él%. The
pulverization stey issperformedmisinguhe pulverzation aypparatus,12nbherctassification step is
performed using the classiéi ation apparatus 14. The surface cross-linking step is performed using the
mixing appara%&l)sg}fé1 andt g hle%ti%]g%%%ra?}tég 187 20 The 8§olclznogsls%t)eb igUpS)SeerfoarrrTﬁBe%ngsiﬁg the cooling
apparatus 20. dteygranudecsidirmystépris tgerformed osingehé granplesdizingabparatusl22 cThe

packaging step s petformped Lising, the filliag apparatus 24, The fine powderss are collegted us ing the

fine powder capturing apparatus 26. The granulation step 25 is performed using the granulation

apparatus 28. Therfind poRders édltected, BragrantRied particlesigrahulatedinive gramdation step

are recycled by @fing;pewder recygling step-. /0923 [Theqlymsfization,stepl 30The polymerization
step is the step for polymerizing a monomer, which can become the water-absorbing resin by

polymerizatiort-(Hgtedfér Majalsd Bé réretRitfto ad™a tmbhohiér) A8 gendrate & &Fgel (a

hydrogel polyraer). Apolymerizationdnethedfpthenvater-abserbing resin elevant tethespresent

invention js not es&%cililly Emited, and foro%x le, bulk merization precips'[t olymerization,
y

| ion 5
200008 olutiEh TS AT TG ST A8 CE Bl o morATGH Mty Pefmerization.

liquid droplet pdiymerization, Oredhedikens includech lnodewaf performanee andeasiness<of

e R, NS D SO e e S emen
especially limited, and the polymer gel may be neutralized
afterpolymerization, asneeded. Inapplicationswherethere

15 may be contact to a human body, such as hygiene goods,
neutralization after polymerization is not necessary. This
neutralization rate is preferably from 40% by mole to 90%
by mole, and more preferably from 50% by mole to 80% by mole.
[0027]

20 When the above-described monomer is used as an agqueous
solution in the polymerization step, concentration of the
monomer in this aqueous solution (hereafter may also be
referredtoas “amonomer solution”) isnotespeciallylimited,
and it is preferably within a range of 10 to 70% by weight,

25 and more preferably within a range of 20 to 60% by weight,
and still more preferably 35 to 60% by weight. In addition,
when the aqueous solution polymerization or reversed phase
suspension polymerization is performed, a solvent other than
water may be used in combination, as needed. It should be

30 noted that, kind of the solvent to be used in combination
is not especially limited.

[0028]



Inthepresentinvention,aqueoussolution polymerization, in particular, continuous aqueous solution 15
polymerization is preferable, which is significant in solving a problem of carrying property, in view of
shape of the resultant polymer gel. In continuous aqueous solution polymerization, in view of exerting
more effect of the pre sent invention, continuous belt polymerization or continuous 20 kneader
polymerization may be used suitably. As preferable continuous polymerization, continuous kneader
polymerization (for example, USP No. 6987151 specification, USP No. 6710141 specification) and
continuous belt polymerization (forexample, USPNo. 4893999,USPNo. 6241928, 25
US-A-2005-21S§3H)>g’(?’é‘“ﬁﬁmﬁ?ﬁ{lsﬁéf\lg&rﬁﬁ%bs polymerization, the water-absorbing resin can be
produced in high productivity, andlhoweever it tends 4o provide-deflectiop 0f pr decrease-iiproperty

accompanying with scale-up, .but the present invention is.capable of solving 30 also such a problem.
10025] (A morBaeh =~ - e Ronomeris Ao espLgilly iited: and, for example. 3 wtes-soluble

unsaturated mbm@gMW@ﬁ@dUdgdiﬁ)r{@tampmahadrﬂ}qnibjms?@@ratedwon@mer such
as (meth)acrylicacid,malgicagid (anhygdride), flacenig agidy S cynamiicgcid, yinyl splfanic agid,

allyltoluene sulfonic acid, vinyltoluene sulfonic acid, styrene sulfonic acid, ' _
2-(meth)acrylamidd2liaethyhsrbpaRe safdrieacia f2-(Fth) daryRyiethasetifodicads 1 n

2-(meth)acryloylprepane sulfgnic acidq2-hydroxyethyl 1Q¢neth)acryloylphasphate, and-ay salt thereof,
a mercapto group-conta_ining unsaturated monomer; a ghenoli_c hydroxy
group-containiigln8stratednohonffetahanigs and the like.

[0029]

10 For example, athermal decomposition-typeinitiator (for
example, a persulfate such as sodium persulfate, potassium
persulfate, ammonium persulfate; a peroxide such as hydrogen
peroxide, t-butylperoxide, methyl ethyl ketone peroxide; an
azo compound such as an azonitrile compound, an azoamidine

15 compound, acyclic azoamidine compound, an azoamide compound,
an alkylazo compound, 2,2"—-azobis (2-amidinopropane)
dihydrochloride, 2,2"-azobis[2-(2-imidazoline-2-y1)
propane] dihydrochloride; and the like), or a
photodecomposition-type initiator (for example, a benzoin

20 derivative, a benzyl derivative, an acetophenone derivative,
a benzophenone derivative, an azo compound or the like); and
the like may be included. Among these, in view of cost and
reduction capability of residual monomer, the thermal
decomposition type initiator is preferable, and a persulfate

25 salt 1is particularly preferable. In addition, because
combined use of a reducing agent can promote decomposition
of the radical polymerization initiator, it is possible to
make a redox-type initiator by combining both. The reducing
agent 1s not especially 1limited, and, for example,

30 (bi)sulfurous acid (salt) such as sodium sulfite, sodium
hydrogen sulfite, L-ascorbic acid (salt), a reductive metal

(salt) such as ferrous salt or the like; amines or the like



group-containingunsaturatedmonomersuchas (meth)acrylamide, N-ethyl(meth)acrylamide,
N,N-dimethyl 15 (meth)acrylamide; an amino group-containing unsaturated monomer such as
N,N-dimethylaminoethyl (meth)acrylate, N,N-dimethylaminopropyl (meth)acrylate,
N,N-dimethylaminopropyl (meth)acrylamide, or the like. These monomers may be used alone or two or
more kinds may 20 be used in combination as appropriate. These monomers may contain iron or a
polymerization inhibitor in an amount of equal to or less than 5 ppm, and still more preferably equal to
or less than 1 ppm, and preferable u se amount is, for example , methoxy phenols of equal to or less
than 160 ppm by waight! 28%which is use amount exemplified in USP No. 7049366. [0026] Among
them, in view afoperformance and cost of the resulting water-absorbing resin, it is preferable to be a
polyacrylic acid (salt) pased waler-aisqring resin.using, 30,423 princial component, an, anionic
unsaturated monomer, pafatlcharIy prefera%ly, an unsaturatéd monomer containing a carboxyl group ,
and still more prefesablylactylic noitarelf or atsattrthereof {forexample; aisaltlof Sodiuhgdithium,
potassiun3, ammenium, amines.er the like, and amang thesg.the sodjum saltis preferable in view of
cost). Use amount of acrylic acid and/or the salt thereof is preferably equal to 5 or more than 70% by

mole, more preféiaBly edualtblofmoté than 89 bY melePfifter préferably @fuaPto-6r Ridre than

90% by mole, aodparticularly preferalily egyakto or more than 85% by molgthe; upper;limit is 100%
by mole), relative to total monomer components (excluding an internal 10 cro s s-linking agent to be de

s cribed later 't ShBHRIGE ABtew tiRf Wheh thetnforibntePis YR HeRf grsupTohtdinihg Menomer such
as a carboxyl grattpe Aedtralizationyate-theseakis notespeciatydimiteds anddhe poltyimen gel may be
neutralized after polymeri z ation , as needed. In applications where there ay be contact to a

: e A di

human Bty SUER'4S Hyfiene Go0dS rekitralZationafter PoiyAieriZalioh (STioY hetessary: This
neutralization ratewis jyéferablylfeam ) %doy srokento1809dsy tihale, and anere, preferadiysttem 50% by
mole to 80% by,fnole; 199241 20hen the above-described monomer.is used.as ap aqueops
monomers in the resultant water—-absorbing resin, and is thus
not preferable. On the other hand, this use amount of over
15 2% by weight increases water-soluble components in the
resultant water—-absorbing resin, and is thus not preferable.
It should be noted that, in this polymerization step, instead
of the above-described radical polymerization initiator, the
monomer may be polymerized by irradiation of activated energy
20 rays such as radiation rays, electron beams, UV rays.
[0031]
(An internal cross—-linking agent)
In the polymerization step, the internal cross—-linking
agent may be used, as needed. As the internal cross-linking
25 agent, a conventionally known internal cross-1linking agent,
having two or more polymerizable unsaturated groups or two
or more reactive groups, in one molecule, 1s included.
Specifically, for example,
N,N’-methylenebis (meth)acrylamide, (poly)ethylene glycol
30 di(meth)acrylate, (poly)propylene glycol di(meth)acrylate,
trimethylolpropane tri(meth)acrylate, glycerin

tri(meth)acrylate, glycerin acrylatemethacrylate, ethylene



solution in the polymerization step, concentration of the monomer in this agueous solution (hereafter
may also be referred to as "a monomer solution") is not e specially limited, and it is preferably within a
range of 10 to 70% by weight, 25 and more preferably within a range of 20 to 60% by weight, and still
more preferably 35 to 60% by weight. In addition, when the aqueous solution polymerization or
reversed phase suspension polymerization is performed, a solvent other than water may be used in
combination, as needed. It should be 30 noted that, kind of the solvent to be used in combination is not
especially limited, [0028] (A polymerization injtiator In the polymerization step, for example, a

radical polymetizatiSn inifi&tormay be Gded iy Pagd]igﬁ%w}ﬁerizﬁﬁ&n( Hitatd Al ot Especially
limited, and one=h tos Mgretkiidsomayhbe setected and usead fromihase utlized inusuad polymerization

of the water-absarbing resin, depending on kind. of the monomer to be palymerized, polymerization
conditions an %%ﬁ@f%dfﬂcl%%?re%?n’plér,éat%eyr%ap ec erﬁﬁ%%’iti%ﬁ-%ﬁ?ei%?tiéé‘t%%%%f example, a
persulfate suchabysodiym peysulfata)potassium persulfate; afneonivin peysulfate; atperoxide such as

hydmge”éoeroﬁ‘i%ecéip&iy'%@ﬂg&%ﬁthﬂ@ﬁ%\ﬁ kefang, RergXidg; 31 870 cpmpoupg suchas an

azonitrile compound, an azoamidine 15 compound, a cyclic azoamidine compound, an azoamide
compound, analikyfsrbcomps ey, 2 azobis(2arhidinopropetie}n, 1, 4-butanediol,

dihydrochloridg 2,2 zazobis{2-(24midazqling12:yd) prapaneldihydreghiaride;andthelikelera,
photodecomposition-type initiator (for example, a benzoin 20 derivative, a benzyl derivative, an
acetophenonebdériiatived a befizg, r deriVtiv8 A B26 2B mpotiti Givthe k&Y @HdYthe like may

be includeq: Ammﬂ@@gyipa\ﬂgw 6t castand reduction capability .of residugl meremer, the thermal
decomposgitio type initiator s preferable, and apersuliate.  ore kinds may be used.
Inparticular, asthe internal cross—1linkingagent, a compound
having two or more polymerizable unsaturated groups 1is
preferable. Use amount of the internal cross-linking agent
may be determined as appropriate depending ondesiredproperty
15 of the water—-absorbing resin, and, usually use amount of the
internal cross—-1inking agent is preferably inarangeof 0.001
to 5% by mole, still more 0.005 to 2% by mole and particularly
0.001 to 0.5% by mole relative to the monomer. Too low use
amount of the internal cross—-linking agent tends to decrease
20 strength of the polymer gel and increase soluble content,
on the contrary, too excessively high use amount tends to
decreasepropertysuchasabsorbency. Itshouldbenotedthat,
the internal cross-linking agent may be added to a reaction
system once as a whole, or may be added dividedly.
25 [0032]
[The drying step]
The drying step is the step for drying the polymer gel
(hydrogel polymer) obtained in the polymerization step. The
polymer gel obtained in the polymerization step using aqueous
30 solution polymerization is preferably supplied to the drying
step, usually in a particulate state of about 0.1 to 5 mm,

still morepreferably 0.5to 3 mm, by crushing treatment during



25 salt is particularly preferable. In addition, because combined use of a reducing agent can promote
decomposition of the radical polymerization initiator, it is possible to make a redox-type initiator by
combining both. The reducing agent is not especially limited, and, for example, 30 (bi)sulfurous acid
(salt) such as sodium sulfite, sodium hydrogen sulfite, L-ascorbic acid (salt), a reductive metal (salt)
such as ferrous salt or the like; amines or the like is included. [0030] Use amount of the radical
polymerization initiator to be used in the polymerization step is not especially limited, 5 and, in view of
a residual monomer_or water-soluble amount, usually 0.001 to 2% by weight is preferable, 0.01 to 1%
by weight is m3Fe Prefefatts, /8T 1 6% By welght B Still Hbre pretefbre a?‘l% d:8% t99l05% by
weight is particulary preferable relativedtorusetamaunttef the mononeraThe aisddcambpunt of the
radical polymeot[irz glgon i@iéiat%ra%]‘ b%lgwe(()e dospl%oo/g Ply{lweigh rele(t:t]i_yg %tl(q)iuse I%(rengrtilgtiog thgstmonomer,
increases the Unreacted méi))nomerj,p and increases amount o k%ﬁe residual monomers in the resultant
water-absorbisg resin,cand/is thusteat preferable rOnukecother hanue this usecanmowatpf ever 15 2%
by weightjncreases. pajer-saluble compenents in fie (esullant water-ahsarbingdesin. aagd is thus not

preferable. It should be noted that, in this polymerization step, instead of the above-described radical
polymerizatiorRinitiat6 € fhe tnéridmefiiay o polyPherZadey irfaehiatfotr 6 adtvat&P eRERTY 20 rays

such as radiationjiays, elegtron,peams « Wy rays. [Q931d fAn internalcrgssinking-agent) i, In the
polymerization step, the internal cross-linking agent may be used, as needed. As the internal
cross-linking 25 dgeft A ehvemASIY KhGak iftéfral Erosdiinkidg agéht, aling tWe 6P fhore
polymerizable amsatiiaies goQupsier il Mere deactive groups, ér eNedaelesyle,is included.

e e o o e L L
trimethylolpropanetr(feeth)acryate; glyceria trif@éth)acnylate aglycean ataedateyrethaegpate, ethylene
ahot air heat transfer-typedryer, an inductive heatingdryer,
or the like is exemplified. 1In view of speed of drying, the
hot air heat transfer-type dryer (hereafter, referred to as
15 ahot air dryer) ispreferable. Asthishotairdryer, adrying
apparatus such as a through-flow band-type, a through-flow
circuit-type, a through-flow vertical-type, a parallel flow
band-type, a through-flow tunnel-type, a through-flow
groove-type stirring-type, a fluidized bed-type, an air
20 flow-type, a spray-type is included. 1In view of easiness of
property control of the particulate water—-absorbing agent,
the band-type is preferable. As drying temperature, setting
at relatively high temperature is preferable, and it is
specifically preferably 100 to 250°C, more preferably 120
25 to 220°C, and still preferably 150 to 200°C. Drying time is
not especially limited, and, it may be set at the time so
as to attain desirable solid content rate of the resultant
dried substance. It is preferable that solid content rate
of the dried substance obtained in the drying step (specified
30 as residual amount after heating at 180°C for 3 hours) is
equal to or higher than 90% by weight, in view of easiness

of pulverization. In general, 1in view of production



oxide modified trimethylolpropane trilmeth)acrylate, pentaerythritol hexa(meth)acrylate, triallyl cyanur
ate, triallyl isocyanurate, triallyl phosphate, triallyl amine, polyallyloxyalkane, (poly) ethylene glycol
diglycidyl ether, 5 glecerol diglycidyl ether, ethylene glycol, polyethylene glycol, propylene glycol,
glycerin, 1,4-butanediol, pentaerythritol, ethylene diamine, ethylene carbonate, propylene carbonate,
polyethylene imine, glycidyl (meth)acrylate or the like is include. Among these, in 10 consideration of
reactivity, one or more kinds may be used. In particular , as the internal cross-linking agent, a
compound having twg or more polymerizable unsaturated groups is preferable, Use amount of the
internal cross-ﬁg%ﬁﬁ Ja%%ﬁ?mé;ﬁ)é HEE et A apprdphiate depEnding oA ae § PEd Br dferty 15 of
the water-abserbingi resinand wssally Lise @amounttofdbe énteenalrcross-tinking agentéscpreferably in a
range of 0.001 % by mole, still magre 0,005 to 2% by male and particularly 0.001 to 0.5% by mole
elative (o he Hortter 1ot o o5 ArmAatEar e TEmal Ebec kit Sgahitends 1@ Ricronse 20
strength of thelpdlgmer gel and Increase soluble content, on the contrary, too excessively high use
amount tends Eq)gggrfease property such as absorbency. It should be noted that , the internal
cross-linking agent may be added to a reaction system once as a whole, or may be added dividedly.
25[0032] [The diifigiRtep]SMHezdiyirty'step§® the step for drying the polymer gel (hydrogel polymer)
obtained in the polymerization.sten..the palymengelobtained inthe polymerization step msing
aqueous 30 solution polymerization is preferably supplied to the drying step, usually in a particulate
state of about BT to-5 ATt Afdré préferddly 0% 168 1im, BY Guhingtréathrdr dofingt or after
polymerization; IBeGasisesurfage areatof the gel increasesoby making pardicutate gel, thei s
above-described drying step can proceed smoothly, The crushing means, is npot especially limited, and,
various §§ttlndoﬁ1]e‘éleﬁ}§?f%)?%)l(8ﬁ1ds, usualﬂ/ peryformec{ L§or gcﬁne %ﬂfle su%gtancg,

but, it may be performed for the polymer gel obtained in the
polymerization step before drying. By this pulverization,
the particulate water—-absorbing resin, as a pulverized
substance, can be obtained.

15 [0034]

Pulverization 1is preferably performed so that the
particulate water-absorbing resin with desired particle
diameter (preferably, a weight average particle diameter of
200 to 800 um) can be obtained as many as possible. A method

20 for pulverization 1is not especially limited, and a
conventionally known method can be adopted. As the
pulverization apparatus 12 to be used in this pulverization
step, a three-stage roll mill is exemplified. Because of
generation of the fine powders by this pulverization, the

25 fine powders are included in the particulate water—-absorbing
resin obtained in the pulverization step. It should be noted
that, when particle diameter of the particulate
water—absorbing resin obtained in the polymerization step
or in the drying step is controlled in size and sufficiently

30 small, it is not necessary toperformthispulverization step.
[0035]

[The classification step]



5 a meat chopper, a roller-type cutter, a guillotine cutter, a slicer, a roll cutter, a shredder, scissors,
may be used alone or in combination as appropriate. A drying method in this drying step is not
especially limited, and, as the drying apparatus 10, a method us ing a usual dryer or a heating furnace
10 may be adopted widely. Specifically, a conductive heat transfer-type dryer, a radiation heat
transfer-type dryer, a hot air heat trans fer-type dryer , an inductive he ating dryer , or the like is
exemplified. In view of speed of drying, the hot air heat transfer-type dryer (hereafter, referred to as 15
a hot air dryer) is preferable. As this hot air dryer, a drying apparatus such as a through-flow
band-type, a throughfibw GitéittybeCa tHdtigh fiow \}egrtigéﬁ)- ype FparafielFiow badd-ype, a
through-flow tuanel-typa, 2 throughettow lgsoave-typerstisring-typeha fluidizedshed-typet an air 20
flow-type, a spray-type.is included. In view of easiness of property control of the particulate

water absor b1 S SRR GG b Pl CEle B ey SRt Hee Selers At elateely high
temperature isgpreferables andlitis spedifieallyzereferably 160 t@ 2606, irmoreipreferablyiRg 25 to
220C, and still preferably 150,19.200C. Drying-ime is not especially limited..and, it may be set at the

time so as to attain desirable solid content rate of the resultant dried substance. It is preferable that
solid content rafPeftheWied dubstanee dbtainettihdhe di§Ply step (speéeified 30185 résidigal amount

after heating at 180G:fer 3houss) isiequaltg as higher than 90% by weight, in view of easigess of

pulverization. In general, in view of production_efficiency, it is preferable that this dr in;(r;Htime is usually
within two houré ithotgit d8pERds Gh Pt cﬁé(%i’éﬁfeof)ﬂfétﬂ&%éijg%ﬂ%ﬁdy perature, air
volume or the §ke.5[0033] hhe pulverizatien steplat i dhe puiverizationsgiep is the step dor pulverizing

the partifglate water-absorbing resin, as a dri%i substangﬁ of the polymer gel obta'%ne% in the
S

polymerizationstdp. TS To piverizations ustally periormeti 1Y the died Sibstance. Btt it may be

performed for theapaelymet gel obtaiapg dnr teupolymerizatien stépj betoie dryirge Bidthisguedverization,
the partioulate, water-absorbing fesin. &s,a pulyerized substance, can be optained. 15/0034]
Pulverization is prefreréab y perforr%eg So that the particulate water-absorbing resin with desired particle
diameter (preferdbhpc Weightaveiage ipakticleldiametst 61200 to 800grh) care béobtairied as many

as possible. Amethod 29 farpulysrization isok gspacially lmited, #nd.a conuantiopaly kgown

method can be adopted. As the pulverization apparatus 12 to be used in this pulverization step, a

three-stage rofl hiills-8%emplified. Begause'drgenstation of fecfith pewies By tRispriNastization, the

25 fine powdets,are inglideddn the padiculateswaterabserbing resinsektgingd-inthe puivesization
step. It should be noted that, when particle diameter of the particulate water-absorbing resin obtained

in the polymerizatior §tép 8ri the Qiying St TS cntrolietin Size & SafficientlyP=r T orm

this classification step.
[0036]
20 [The surface cross—-linking step]

The surface <cross-linking step 1is a step for
cross—linkingtheparticulatewater-absorbingresinobtained
after the drying sep, preferably in the classification step.
In the present description, the “surface cross—-1linking” means

25 to perform cross—1linking of the surface or the neighborhood
of the surface of the water—-absorbing resin. In the present
invention, the particulate water-absorbing resin with the
surface or the neighborhood of the surface thereof
cross—1linked is the particulate water—-absorbing agent. It

30 should be noted that, the “surface or neighborhood of the
surface” indicates usually a part of the surface layer with

a thickness of equal to or less than several tens um, or a



30small, it is not necessary to perform thi s pulverization step. [0035] [The classification step]
classification step is the step for sieving the particulate water-absorbing resin with a sieve. In this
classification step, pulverized substances obtained in the above-described pulverization step are

The

sieved. In this 5classification step, for example, the classification apparatus 14 having a metal mesh is

used. In this classification step, by selecting particles having desired particle diameter (a weight
average particle diameter (D50), specified by sieve classification, of preferably 200 to 800 10 ji m,

more preferably 300 to_ 600 % m)’}ébr%n/ use of this classification apparatus 14, the objective particulate

water-absorbifg fesift tah'h

RT° A AESifiHHON MefHbHIS Wot 8sPecialiy fimitsd and a

conventionallylkrowrt methad tan be adopiad.dhshouwld be,nated thath whentparticle 45 diameter of

the particulate water-absorbing resin gbtained in the polymeriza
controlled in sé%%aenrdns}d}ﬁgeﬁ%y gﬁi%ﬁf) ftis n(g)cteneocl:e gg)r%{;trcl) erformt
20[The surfacé efosstlinking step] The surface cross-linking step is a step for cro s s-linking the

on step

ria

or in the drying step is

IS élégselfglc'ation step. [0036]

particulatg water-abs ahing e 5pablane aftertbe drying sapy Bréfetahiyio dhe classiation step.
In the present description, the "surface cros s-linking” means 25 to perform cross-linking of the surface
or the neighbo?iés$ —1inking of the particulate water-absorbing resin with

10

15

20

25

30

a surface cross-linking agent to be described later (JP.
No.2530668 specification), (2) a method for cross-linking
polymerization of the surface of the particulate
water—-absorbing resin with a cross-linkable monomer (for
example, USP. No.7201941 specification), or (3) a method for
surface cross-linking of the particulate water—-absorbing
resinwitharadical initiator (asdisclosedinUSP.No.4783510
specification, US-A-2005/0048221 specification) or the like
may be used suitably. In addition, it is preferable that the
cross—1linking reaction of this particulate water—-absorbing
resin is promoted by heating or radiation rays (preferably
UV rays as disclosed in EP No. 1824910 specification).
[0038]

As the surface cross-linking agent which can be used
in the surface cross—-1linking step there are many kinds. 1In
view of property, there is exemplified a cross-1inking agent
having covalent property suchas apolyhydricalcohol compound,
an epoxy compound, a condensate between a polyvalent amine
compound and a haloepoxy compound, an oxazoline compound,
a (mono-, di- or poly)oxazolidinone compound, an alkylene
carbonate compound or the like; and a cross-linking agent
havingionbindingproperty suchasapolyvalent amine compound,
apolyvalent metal salt, or thelike. Specifically, asurface
cross—1linking agent exemplified in USP No. 6228930
specification, USPNo. 6071976 specification, USPNo. 6254990

specification or the like may be used. These surface



of the surface of the water-absorbing resin. In the present invention, the particulate water-absorbing
resin with the surface or the neighborhood of the surface thereof cross-linked is the particulate
water-absorbing agent. It 30 should be noted that, the "surface or neighborhood of the surface"
indicates usually a part of the surface layer with a thickness of equal to or less than several tens gm,
or a part of the surface layer with a thickness of equal to or less than 1/10 of total thickness, and, this
thickness is determined as appropriate depending on objectives. [0037] 5In such surface cross-linking,
(1) a method for surface, cross-linking of the garticulate water-absorbing resin with a surface

cross-linking ageRt fo be des8ibhad Fhter GBS NS 2530688 Sheciicatibn) () & Mrethdt ¥3F &ross-linking
polymerizatioroaf thetsintacewt the patticylate Iwatesabsorking sesin withna grassalinkable

monomer (for example USPhNo.720194 .sfH(ecification)], or. (3) a methad for surface cross-linking of
e Crogss—link1 h

the particuIatepvggt%%éﬁgértﬁng r6 s In with a radical inftiator (as di s clo sed USP". Nb.4783510
specification, US#-20683/00482 2AnspetHicationd os the iketlEray be psed saitably.dnaddition, it is
preferable that the crossrlinking regction of this particulate water-absarbing,resinyis prompted by
heating or radiation rays (preferably UV rays as disclosed in EP No. 1824910 specification). [0038]
20As the surfa@aessfinkifg agentavhichhcarbé aséginone (USSP No. 6559239

specification); an oxetane compound; a cyclic urea compound;
the alkylene carbonate compound such as ethylene carbonate
or the like (USP No. 5409771 specification); or the like is
10 included. Still more, in view of maximizing effect of the
present invention, among these surface cross—-linking agents,
in particular, the cross-linking agents having covalent
property, a surface cross-1linking agent having dehydration
esterification reactivity with a carboxyl group of the
15 water—-absorbing resin is preferable, specifically, at least
one kind selected from the oxazolidinone compound, the
alkylene carbonate compound, thepolyhydricalcohol compound,
the oxetane compound (US-A- 2002/72471 specification) and
the cyclic urea compound is preferable, and at least one kind
20 selected from the oxazolidinone compound, the alkylene
carbonate compound, the polyhydric alcohol compound with
carbon atoms of 2 to 10, and the oxetane compound with carbon
atoms of 2 to 10 ismore preferable, and the polyhydric alcohol
compound with carbon atoms of 3 to 8 such as 1,4-butanediol,
25 propylene glycol 1is most preferable. As the surface
cross—1linking agent, the compounds exemplified above may be
used alone or two or more kinds may be used in combination,
but, in a ligquid permeation aspect, combined use of the
cross—1linking agent having covalent property and the
30 cross—1linking agent having ion binding property 1is
preferable.

[0039]



in the surface cross-linking step there are many kinds. In view of property, there Isexemplifieda
cross-linking agent having covalent property such as a polyhydric alcohol compound, an epoxy
compound, a condensate between a polyvalent amine 25 compound and a haloepoxy compound, an
oxazoline compound, a (mono-, di- or poly)oxazolidinone compound, an alkylene carbonate compound
or the like; and a cross-linking agent having ion binding property such as a polyvalent amine
compound, apolyvalentmetal salt, or the like. Specifically, a surface 30 cross-linking agent exemplified
in USP No. 6228930 specification,USPNo. 6071976 specification, USPNo. 6254990 specification or
the like may be used”*Th2E8 SHAEE Efsdinking aYetis aré H&?ggﬁegﬁﬁl)ﬁﬁfﬁﬁg&,engﬂﬂview of

enhancement of iquidteermeation ot apsochencypagainst prasstre, the cedssvlinking agenthaving

covalent property s preferable , and the condensate between the polyvalent amine 5 compound and
e nalop oy e e B OEb Cnrod S ch Bk o e (B : 6550239
specification); ahcoxXetane chmpound e cyelicursaccbrmpboend; thecalkylenercarboratetéampound such

as ethylene carqnats of thedike (HEP NG 2409771 Spegification). x‘/ﬁé the-like i51Q ingluded. St

more, in view of maximizing effect of the present invention, among these surface cross-linking agents,

in particular, theérssllinking adents havingreoialant Properdy, b Safat crosbdinRimgagent having

dehydration estgrfication [eacivitywithaLarboxylarevn of thedpwaterapsorbing resiyis preferable,
specifically, at least one kind selected from the oxazolidinone compound, the alkylene carbonate

compound, the PBlyHydtic dtdondrcsifpoulia e dxetald compand AUSRA- 2005724 7PEe

specification) and the-cyclie Utga acmpeyndds preferable, and atleast:onetkinch 2Gselgeted from the

oxazolidjnone compound, the alkylene carbonate ompoung1 the polyhydric alcohol compound with
ot 5 i AR CABorP AR

carbon atoms 0 2't6 107 anhdthe SXetateconiisou (BB ABRTS 0f2 30 16118 578 preferable,
and the polyhydrit=alcohel sompeundawitts sarbonkatomsvatB toB=spech ab d-batariedialy 25

propylene glyc&l iscdrﬁuosagﬁgéerggledﬁsftgeu rfa,gg c%%ssl-ll%nkir{gggent, the compounds exemplified
above may be used alone or two or more m&s may be used in combination, but, in a liquid
permeation aspegt} €bmbined use of the cross-linking agent having covalent property and the 30

cross-linking agent haying,ion binding propestyds preferaple 00391 yse amount of the

15 above-described surface cross—-linking agent depends on the

surface cross—-1linking agent selected or a combination of the

surface cross—-1linking agents, but, use amount from 0.001 part

by weight to 10 parts by weight is preferable, and from 0.01

part by weight to 5 parts byweight ismorepreferable, relative

20 to 100 parts by weight of solid content of the particulate

water—-absorbing resin.

[0041]

It should be noted that, the surface cross-1inking step

may be performed two or more times in consideration of effect

25 thereof, and in that case, as the surface cross-1linking agent

to be used at and after the second time, the same one as that

used at the first time may be used, or a surface cross-1linking

agent different from that used at the first time may be used.
[0042]

30 In the surface cross-linking step, in addition to the

surface cross-1linking agent, an acid substance such as an

organic acid (lactic acid, citric acid, p-toluenesulfonic



As described above, it is particularly preferable that the water-absorbing resin powder substance
relevant to the present invention is surface cross-linked with the poiyhydric alcohol. As will be
described later, the present invention 5 is capable of suppre s s ing an initial linear velocity Vx (linear
velocity of the water-absorbing resin powder substance at the starting point of a transportation
pipeline) . Due to the low initial linear velocity Vx, peeling of a surface cross-linking layer, caused by
mutual friction between 10 particles, can be suppressed, and thus property enhancement effect by
surface cross-link_ing with the palyhydric alcohol or the like is difficult to be impaired. [0040] In the

surface cross-fiRiAg Step Uselamount 6Pthe 18 dBtveldlscrited-SurfRRE EFoketiinkiAG 5gent depends
on the surfacescrossHinking @agent selettecbarsa sembjnationsofdhe sutface €rass-knkiag agents, but,
use amount from 0.001 part by weight to 10 parts by weight is preferable, and from 0.01 part by weight
105 parts by RIS Mae i iorable: At 8 15 100 barttiny ot oF SAh Hoieht of the
particulate watev-absatlsing resire JO9#1} sudhshould beimotedsthat ahe surfaeelerossilipkihg step may

be performed ywq oF mofe.fipes,in cansideration geffect 25 thereal, and ip fhal ¢ase. as the surface

cross-linking agent to be used at and after the second time, the same one as that Used at the first time

may be used, ®flashirface erbssfinkintpage Rt differemt o tharidrap il st bihe e be used.

[0042] 30In the surace creaselinking stepa in addition 1o the-syrfage erossslinkingagent apacid
substance such as an organic acid (lactic acid, citric acid, p-toluenesulfonic acid) or a salt thereof, an

inorganic acid®phosphbtieradid FEURbRE Heid stfGroussadid) dicd g4t tidteof @dsi& SuBstance such
as sodium hydrexide onsadigm carbonate, adpohpalent netrl galt such Bs alningmesulfate to be

described 5 late be used in combination, in over 0% by weight and equal to or lower than 10%
by weigﬁt? furt&épg?ei/erably over 0% by weight and equal to or lower than 5% by weight, and
particularly preferably oveh 8% by feeight and equahioiordostesthan i %sbywegightarekative to the
water-abs Ol‘bi{l]gere Swigﬁeljp[ooad's:%] a solvent in mixing the ©particulate
water—-absorbing resin and the surface cross-1linking agent.
Use amount of water depends on kind of the water—-absorbing
15 resin, particle diameter and water content of the particulate
water—-absorbing resin or the like, but, use amount over 0
part by mass and equal to or lower than 20 parts by mass is
preferable, and use amount within a range of 0.5 to 10 parts
by mass is more preferable, relative to 100 parts by mass
20 of solid content of the particulate water—-absorbing resin.
In addition, inmixing the particulate water—-absorbing resin
and the surface cross-1linking agent, a hydrophilic organic
solvent may be used in combination, as needed. 1In this case,
as the hydrophilic organic solvent to be used in combination,
25 for example, lower alcohols such as methyl alcohol, ethyl
alcohol, n—propyl alcohol, isopropyl alcohol, n-butylalcohol,
isobutyl alcohol, t-butyl alcohol; ketones such as acetone;
ethers such as dioxane, tetrahydrofuran; amides such as
N, N-dimethylformamide; sulfoxides such as
30 dimethylsulfoxide; or the like is included. Use amount of

the hydrophilic organic solvent depends on kind of the

water—-absorbing resin, particle diameter and water content



In the surface cross-linking step, it is preferable to use water as a solvent in mixing the particulate
water-absorbing resin and the surface cross-linking agent. Use amount of water depends on kind of
the water-absorbing 15 resin, particle diameter and water content of the particulate water-absorbing
resin or the like, but, use amount over 0 part by mass and equal to or lower than 20 parts by mass is
preferable, and use amount within a range of 0.5 to 10 parts by mass is more preferable, relative to
100 parts by mass 20 of solid content of the particulate water-absorbing resin. In addition, in mixing
the particulate water-absorbing resin and the surface cross-linking agent, a hydrophilic organic solvent
may be used iﬂ%oﬁﬁn%ﬁ5ﬁ,l§§1ﬂi8‘§§ea{5\ﬁ?ﬁiéac}&i‘.g? R4 it hydrophiiic 3@%n]rcl§&(/eﬁﬁ%’be used in
combination, 25steraxample Wowiet alcohodsisuch as iethykalsohok ethyl @alcahab ar-profyt alcohol,
isopropyl alcopnolsn-butyl %|C9Q9|a§fgl1t)§ r%ltCOhOI’ t-butl}ll glcohotﬁiketones such as acetone; ethers

. asSS, 1 se Wl Nn a range
such as dioxane, tetranydro uran; amides suchas Rffﬁ-d?methﬁ ormamide; dalféxides'such as 30

dimethylsulfoxide rorthetlikeli§ inelutdedbysecamount vbthe ydrophitic begamie sahvent depends on
kind of the walgsrabsarping resin, particle diameter and watet,content .of the partiqulate. . .
water-absorbing resin or the like, but, use amount within a range of 0 part by mass to 20 parts by mass
is preferable, a&Fd 85e alfoun® Withirk & $afge of O part by mass to 10 parts by mass is more preferable,
relative to 5 10Q)pars by mass of solid content of the particulate water-absorbing resin. [0044] In
performing surface cross-linking, firstly, a surface cross-linking agent solution is prepared by mixing
water 10 and/or a hydropiiic BFaHC sOVem SRithrthe Sutfaee g s SdihkingYagent i 8¢&nce . Then,
mixingmethoddhatsthisi selutienyissprayedswith @isprayes asithe dike @r gdropped tadhespadiculate
water-absorbing resin is preferable, and.a method for mixing by spraying is more preferable. Size of 15
a droplet gpraﬁg"éigo re rjﬁﬁl WithiR = range bf 9L o @%qg’rﬁ,}ggnd %6%prg}%‘?abfy5vﬁﬁﬁ1ea range of
0.1 to 200 gm casa velumé avgragerpattickeddiameter. [0045], The-particudate watéraabsioilzng resin is
mixed with theszq islgr.face cross-linkingda%%nct water and/or a Q¥drtorpehil'fiq<rgagirc soplvent bé( use of the

mixing apparatuos “thi slr%ix?r% ggparatus EG%reSf%FéaB/h? as large mixing force toraﬁf?grmly and

surely mix bothoAshhemb(Wap@mm@uerfoale&gﬁm@%chﬁri@riﬁ/per@fﬂm@hiathiﬁeqa double
wall cone-type.mixing 2% Maching,:a,Bigh, speed stitfing-type mixind-maching.a V-upe.mj¥ing

machine, a ribbon-type mixing machine, a screw-type mixing machine, a twin arm-type kneader, a

pulverizihg-type REeRdET aSiotatitRtityipe RiKiRg Maching Laf aft flowa)ge rhikifg fachine O Turbulizer,
a batch-type RhedigeMBiX@b@ preferably within a range of 0.1 to 200 um,

as a volume average particle diameter.
[0045]
The particulate water—-absorbing resin is mixed with the

20 surface cross-linking agent, water and/or a hydrophilic

organic solvent by use of themixingapparatus16. Thismixing

apparatus 16 preferably has large mixing force to uniformly

and surelymix both. As themixing apparatus 16, for example,

acylinder-typemixingmachine, adoublewall cone-typemixing
25 machine, a high speed stirring-type mixing machine, a V-type

mixing machine, a ribbon-type mixing machine, a screw-type

mixing machine, a twin arm-type kneader, a pulverizing-type

kneader, a rotation-type mixing machine, an air flow-type

mixing machine, Turbulizer, a batch-type Rhedige mixer, a
30 continuous Rhedige mixer or the like is suitable.

[0046]

In the surface cross-linking step, a mixture of the



30 continuous Rhedige mixer or the like is suitable. [0046] In the surface cross-linking step, a mixture
of the particulate water-absorbing resin and the surface cross-linking agent enables to perform
surface cross-linking even at room temperature, but, in view of promotion of the reaction along with
removal of water and the solvent added, 5 it is preferable that, after mixing the particulate
water-absorbing resin and the surface cross-linking agent, further heat treatment is performed to
cross-link the neighborhood of the surface of the particulate water-abs orbing re s in . That is, in order
to attain a reaction 10 of the cross-linking agent at the neighhorhood of the surface of the particulate
water-absorbiRg Fésir i ToRsid&tatisn of heattivity 8f the %Fdé%-linl?iﬂa agémCsimpitdit Sta production
facility and pragtictigityl, o the tikeg #ns pretesable topestoforhreat réatteent obsthi $ eahtre atment ,
15 treatment temperature IS %Fegerableyr%%ual to q&p{ghelr than 80% falthoufgh it.d%pg%gscdgn the surface

. "OHOt
cross-linking agen?sglecfé)cf hee{rrlgatmen%grhperatme of \éaﬁgl o orl ﬁla er than 0es not take

Ionger time .in e héatareatheent, larhldlils Jcapa!&rl@bfqﬁqwghﬂmgam@rease ﬂopr@mti&dyl,eab _20 well as
attaining ynifoerp surface ¢ro.s.$-lipking -Jp thi s case, dtis ¢apable of preventing decraase.in

absorption characteristics under pressurization of the particulate water-absorbing agent, as well as
remaining of thé biffcathsPsiface ERPS B-IHkihG agentr FR&EdifivA S T Viehkamsroperyt25 the

treatment temperatwe (temperatyreof adaeating medivpy grterperajure,of amaterial/in particular,
temperature of the heating medium) is preferably in a range of 100 to 250C, more preferably in a

range of 150 t8250ELThiCRMmperature rdhge exdiisiéghificantly supBfior efféctlin abrdpérty 30
aspect, in the gehydration esterifigationireactive surface trossdinking agenti Heatingdimeis preferably
in a range of 1 minute to 2 hours. Suitable examples of a comhinatjon of heating temperature and
eating ke af at TBOC 960,11 1.5 HGUF- hAE 00CISH LT (6 HoGF It Shouldbenblatitat, surface
cross-linking at high tempetratunel prowidestthe-powder 5 sibstande withnlowomeistatescontent, and
tends to generate a pro lem Qf p(r)ofoecr%d%g:rggge_éggﬁel% by dan;ll%ge gurinq Erg%gortgtrjog, but, such

. rea 1V a im .
a problem is also solved in tJheypresent Invention. For exan?ple?t%e bresenFlnventl n is suitably

applicable to transportation of theiwatey-absdrhing 40 ¢&sin powdep sulbstande with the migisture

content of ER§§812@9%}S’{Q 1 3L Boweight in particylar,O to 226 by weight, apd in particular, 0 to 1%
by Welgqt5 [0047]

treatment temperature is preferably equal to or higher than
80°C, although it depends on the surface cross-1linking agent
selected. The treatment temperature of equal to or higher
than 80°C does not take longer time in the heat treatment,
and is capable of preventing decrease in productivity, as
20 wellasattaininguniformsurfacecross—-linking. Inthiscase,
it 1s capable of preventing decrease 1in absorption
characteristics under pressurization of the particulate
water—absorbing agent, as well as remaining of the unreacted
surfacecross—-linkingagent. Inaddition, inviewof property,
25 the treatment temperature (temperature of a heating medium
or temperature of a material/in particular, temperature of
the heating medium) is preferably in a range of 100 to 250°C,
more preferably in a range of 150 to 250°C. This temperature
range exerts significantly superior effect in a property
30 aspect, in the dehydration esterification reactive surface
cross—1linking agent.

Heating time is preferably in a range of 1 minute to



As the heating apparatus 18 for performing the heat 15 treatment, a conventional dryer or a heating
furnace is used. For example, a dryer or a heating furnace of a conductive heat transfer-type dryer, a
radiation heat transfer-type dryer, a hot air heat transfer-type dryer, an inductive heating-type dryer is
suitable. Specifically, a dryer or a 20 heating furnace of a belt-type, a groove-type stirring-type, a
screw-type, a rotation-type, a disk-type, a kneading-type, a fluid bed-type, an air flow-type, an infrared
ray-type, an electron beam-type is included. [0048] 25In the surface cross-linking step, the heat
treatment may _be performed.in a static state or under stirring. When the heat treatment is performed

under stirring, the"Siface cro8d-iAking nTaiBE compltedby RERHG e Hixture iK-hehiking
apparatus 16, wehese the padiculdte svatemabsoningr30 aesirsand therswrface cross-linking agent were

e, e YR e oy b compltd  stana e pian o pange oo
cross—1linking at high temperature provides the powder
5 substance with low moisture content, and tends to generate
a problem of property decrease caused by damage during
transportation, but, such a problem is also solved in the
present invention. For example, the present invention is
suitably applicable to transportation of the water—-absorbing

10 resin powder substance with the moisture content of
ERT430.2-02 of 0 to 3% by weight, in particular, 0 to 2% by
weight, and in particular, 0 to 1% by weight.

[0047]
As the heating apparatus 18 for performing the heat

15 treatment, a conventional dryer or a heating furnace is used.
For example, a dryer or a heating furnace of a conductive
heat transfer-type dryer, a radiation heat transfer-type
dryer, a hot air heat transfer-type dryer, an inductive
heating-type dryer is suitable. Specifically, a dryer or a

20 heating furnace of a belt-type, a groove-type stirring-type,
a screw-type, a rotation-type, a disk-type, a kneading-type,
a fluid bed-type, an air flow-type, an infrared ray-type,
an electron beam-type is included.

[0048]

25 In the surface cross—-1linking step, the heat treatment
may be performed in a static state or under stirring. When
the heat treatment is performed under stirring, the surface
cross—1linking may be completed by heating the mixture in the
mixing apparatus 16, where the particulate water—-absorbing

30 resin and the surface cross-linking agent were mixed, and
the surface cross-linking may be completed by charging the

mixture, for example, into a twin-screw groove-type stirring



The cooling step is a step for cooling, as needed, the 5 particulate water-absorbing agent obtained by
heating in the surface cro s s-linking step and cro s s-linking the ne ighborhood of the surface, before
charging to the subsequent step (for example, the granule sizing step) in order to terminate or control
a cross-linking reaction. The cooling apparatus 20 10 to be used in this cooling step is not especially
limited, and, for example, a twin-screw stirring dryer or a groove-type stirring-type dryer or the like,
where cooling water is passed through ins ide of the inner wail or other heat trans fer surfaces, can be
used, and terrg%grature of this cooling water is set 15 at below _heating temperature, that is, equal to or

higher than 25C A& Hefil 808" BRd préferisty 36€ tb60T. TOG501 © * It should be noted that, in the

surface cross-linking step, there may be the case where surface cross-linking of 20 the particulate

water-absorbi;[gfflesin is H[erformecd al]eroom temperature. In this case, because the particulate
. e CO in e
water-absorbi 5h aln%dsby th

g agento surface cross-linking is not heated, this cooling step may not be
performed. Thereforel ltkisccooling Step éotherastepayhithmmay beizEicontained flathertin¢his

productiog mefiod, as negded, [p02111Ths, a0dition sten of additives] 1, 1a ke present ivention, the

addition step for adding additives other than the surface cross-linking agent may be 30 installed

further. This a8diti6A Steplis prefetabiy stlied anand afterthegolymérnzatien St ahedfore
preferably instgited at and afterdhediyingstenaThe additlyes.may hesadded at the-samedime as the

surface cross-linking or separately, for example, in the cooling step or other steps. As the additives, for
example, the f%ﬁ&ﬁ%%A)%“&e@&&%H%@oﬁb%h@ﬂt Greferably, a55iarst SonpBREHYL259BY A polyvalent
metal salt, (C)@amingeganicpaybelel(inchuididg(b) @camposite, waiecantainipg Hxide) s(Epa liquid
permeatjon improver, él% other adﬁli_tives and.the like may be added. B%/ this ?goeiﬂon,,various functions
can be futhish 8%% Articulafe Water Sbsohting agent Fither 10He Faitoing T&) chelating agent
may be addedatodhis partigatatel watersabisorbingeagenti {3052 dr ydsecamoygnbvofthet(pp¢o (E) and
(F) differs depggqingiorp obj ecéi\(/jers ggd fuggtio§§]£% b%ﬁuergies%%%lburtl, it ias usual'l\y 1858%%addition
amount of one kind thergo ,}{rﬁ)a raﬁ]ge of0fo 1 part$ by mass, preflergb‘?]y 6%6ftop§‘parts by mass,

and further pr@WD.D@S#Q@@@Hb@?m@SWI@d{NE t6- 1160 panrs by arnsssaof the Watersabsorbing
resin. Usually, wyhen, this addition ameuntis Jower,thap 0.0QL pag by \magsater is set

15 at below heating temperature, that is, equal to or higher
than 25°C and below 80°C, and preferably 30°C to 60°C.
[0050]

It should be noted that, in the surface cross-linking
step, there may be the case where surface cross-linking of

20 the particulate water—-absorbing resin is performed at room
temperature. In this <case, because the particulate
water—absorbing agent obtained by the surface cross-1linking
is not heated, this cooling step may not be performed.
Therefore, this cooling step is other step which may be

25 contained further in this production method, as needed.
[0051]

[The addition step of additives]
In the present invention, the addition step for adding
additives other than the surface cross—-linking agent may be

30 installed further. This addition step 1is preferably
installed at and after the polymerization step, and more

preferably installed at and after the drying step. The



20 sufficient effect and functions to be furnished by the additives cannot be obtained, and when this
addition amount is over 10 parts by mass, effect comparable to the addition amount cannot be
obtained or water absorbing performance decreases. 25[0053] (A) The deodorant component The
particulate water-absorbing agent can be formulated with the deodorant component, preferably the
plant component, in the above amount, in order to exert deodorant property. 30 The plant component
is not especially limited, and exemplified in US-A-2004/048955 specification, WO 2002/42379
pamphlet or the like. [0054] (B) The polyvalent metal salt It is preferable that the particulate
water-absorbifig' 89&nt’Sttaiigd b the®Hrdatction mibfhod 3Fthe praSerits ifvéntidhid formulated with
the polyvalentanetaksalt ak ahydeoxiseceithe polyyvaent enetal, prefanahly¢hequolyvalent aretal salt,
more preferab!}/raow%ter-socluble polt;_g\é leme me | salt, still more Qreferlably A water: oluble polyvalent

metal salt of a trlvafen?rorste?r%\slélen metal , par %ctujfeifr?ysio ﬁr]éfgraabw a%ﬂater-solu%) e ammonium salt,

at the surfacg @th@m@@d@bwbin@rashnmbrdeﬂt@feﬁmwAiq@i@b@nﬂea@owandrpdeer
substanc fluidiy in maistyte, absarpliap. Ereferable amount of fis palyyaleatmetal sal isas de s

cribed above . It has been di s covered that formulation 15 of the polyvalent metal salt decrease

transportation efficiénisiand propetty diREtaTspottation e atlafgeldegrediand therélore the
method of the pregent ipyention cam beaprlied suitably, Asdhis,pelyvaleatmefal sali, apolyvalent

metal salt of an organic acid and a polé\galent 20 metal salt of an inorganic acid described
iNUS-A-2002/FP28618 SpEtfiftationy USI A 0HEF2 04738,y spetiicalfion andthe ke aréexBmplified. It

should be noted: that sthevateriselpbletpalyvalent metal-sallis a-palyvadent mmetal salt wwhieh dissolves
in water at normal te rature in equal to or more 25 than 0.1 g/100 g, still more equal to or more
than 1 g/100 g- ‘ARd é%gt?c%‘l%ﬁlgeqﬁ%}] tocgﬁ'gigrtelt]ﬂ%n i@eg%od‘g ,yanla%it i?#ﬁ% d &'the'botvder
substance or aselution,landtheasaluticribmayeng dispension solution over saturation concentration.

30[0055] Also% ggqferable organic polyvalent metal salt, aluminum lactate, calcium lactate or the like

is exemplified. In
Use amount of the (A) to (E) and (F) differs depending

onobjectivesandfunctionstobe furnished, but, itisusually,
15 as addition amount of one kind thereof, in a range of 0 to
10 parts by mass, preferably 0.001 to 5 parts by mass, and
further preferably 0.002 to 3 parts by mass, relative to 100
parts by mass of the water—-absorbing resin. Usually, when
this addition amount is lower than 0.001 part by mass,
20 sufficient effect and functions to be furnished by the
additives cannot be obtained, and when this addition amount
is over 10 parts by mass, effect comparable to the addition
amount cannot be obtained or water absorbing performance
decreases.
25 [0053]
(A) The deodorant component
The particulate water—-absorbing agent can be formulated
with the deodorant component, preferably the plant component,
in the above amount, in order to exert deodorant property.
30 The plant component isnot especially limited, andexemplified
in US-A-2004/048955 specification, WO 2002/42379 pamphlet
or the like.



addition, as the preferable inorganic polyvalent metal salt, for example, aluminum chloride, aluminum
polychloride, aluminum sulfate, aluminum nitrate, potassium aluminum bissulfate, sodium aluminum
bissulfate, potassium alum, 5 ammonium alum, sodium alum, sodium aluminate, calcium chloride,
calcium nitrate, magnesium chloride, magnesium sulfate,magnesiumnitrate, zinc chloride, zinc sulfate,
zinc nitrate, zirconium chloride, zirconium sulfate, zirconium nitrate or the like is included. In addition,
in view of 10 solubility with an absorbing liquid such as urine, use of a salt thereof having crystal water
is preferable. A particularlypreferable one is an aluminum compound, and among these aluminum
compounds, almaqi%ﬂn chloride, aluminum polychloride, aluminum sulfate, aluminum nitrate,
potassium 15 alkimimum hissuylfaie esodivmtalamium bisulfate, potassium alum, ammonium alum,
sodium alum, sodium aluminate are g@%racqlqe, tantqlaélluprgin m sylfate is %grt;}:yga}glé/%%‘%able.
Powders of water-containin crystanuc as aluminumsulfate-octadeca ygrate salt, aluminum
sulfate-tetradetac20-to @etaderachydrate salt may dheadsedrmost Suitdblp L Thelyemayries eséd as only
one kind, or two,more kinds.may be,ysediin gombination. In view,of handling.propetty and,mixing
property with the water-absorbing resin powder substance, the polyvalent metal salt is used preferably

in a solution statey 25anEs Bsdd gariduiay prefatabiylin Bl agaeats sdlhfoncstaie Srhér than

these, the polyvalent metal salt okap.rgapiciacidlape ysed andiay mixing pethodthereghare
exemplified, for example, in WO-2004/069936 pamphlet. [0056 30Amonithe olyvalent metal salts,

as the water-sdftible potyvaleRPArfetaF SAIE HthinGnt Shfte SdAro &S AN SFeFimaided.

Theproductiorsaethodofthepresentdnvention ris eectivedndhe water-absorping-resin pewger
substance containing the water-soluble po] ent metal salt. The water-ahsorbing resin powder
50 corthini Srkhe i 5N

substance cortaiRing tha Pol§vaRHE e S TRE Surfits difficultto SfiS, SMd 53&fge friction
coefficient at the surfacees In-particulat nig thescdse, of the watdesoluble polynvalent metatsalt such as
aluminum sulfateehinneca(%%soenin g]rilsdfrictigvr} o%)ﬁ]efﬁ%iﬁgtsié asri%n@jfic t. E)g%_:[o thisnhiglrrrl1 fg%tjcounr%oefficient,
blocking phengmenon tends to generate. en air pressure is 0 incredsed in order to suppress this
blocking pheneimepontmoving Velotity aml imitialdingaofeldtity ¥ antalterminaltineaevdlocity Vy) of

the water-absqrbing gesip,powder substance dn, the fransporation pipgling, in¢reases .and thereby

damage of the water-absorbing resin powder substance 15 increases. The present invention is

capablebf de&éasindtherAitial et vel6GEAIx afdlthe teRfARFTearvEdEROVY 2dswall as

suppressing therblogking pheapmeppppand thetafore i is effectiverinthe waterahsorhipgdesin
powder substance containing the water- s citable polyvalent metal salt. 20 In addition, the present

invention is capaBiec6r supiedding tHenfid iRe A6y Vx Bha the t&fmihaline veRitity Vy, and
therefore, peeling the: pelyvalest maetaksalt ffam the surface-ofitheqiowdensubstanceiegused by
mutual friction can be suppressed.  Therefore.property enhancement effect, polyvalent
20 metal saltof aninorganicaciddescribed inUS-A-2002/0128618
specification, US-A-2006/204755 specification and the like
are exemplified. It should be noted that, the water-soluble
polyvalent metal salt is a polyvalent metal salt which
dissolves in water at normal temperature in equal to or more
25 than 0.1 g/100 g, still more equal to or more than 1 g/100
g, and particularly equal to or more than 10 g/100 g, and
it is mixed as the powder substance or a solution, and the
solution may be a dispersion solution over saturation
concentration.
30 [0055]

As a preferable organic polyvalent metal salt, aluminum

lactate, calcium lactate or the like is exemplified. 1In



25 due to the polyvalent metal salt is difficult to be impaired. [0057] (C) The inorganic particle The
particulate water-absorbing agent may be formulated with the inorganic particle , in particular , a
water-ins citable 30 inorganic particle (water-insoluble fine particles) at the surface of the
water-absorbing resin, in order to enhance liquid permeation or prevent blocking in moisture
absorption. As the inorganic particle, specifically, for example, a metal oxide such as silicon dioxide or
titanium oxide; silicic acid (salt) such as natural zeolite or synthetic zeolite; kaolin, talc, clay, bentonite
or the like is included, Among these, 5 silicon dioxide and silicic acid %‘Saelt?ﬁire more preferable, and
silicon dioxide¥iiftid 460 (<Al - REVIHG & B9eraye Pakitie diamater 6t 0500116 2006 é)&}ﬁieasured by
the Coulter cofinter methqd és furhemnpreferabdé. 10058l 0lnadditiomnin erdey thexert Saperior
e Iy P S e e el b g e ot 8
water-absorbing agent absorbed moisture) and deodorant functior of the parﬂlcu% e water-absorbing
agent, a composite wWaterceontainihguoxidellB.containingszind aat silicow,terssscompaesiten,
water-containing, pxje containing zing.and aluminym may be farmuated [0059] . . Y¥hep,inorganic
particles are formulated, a problem of large decrease in transportation efficiency or large decrease 20
in property dufifig rfahSgortatphHasbeerdistcverdd Bif Sintthe present HdvertioAnthelinitial linear

velocity Vx (lingaf velocity,aithe waigr-ahsorbiag resin pewdersubstange atithe-starting peint of the
transportation pipeline) can be suppressed, and therefore, peeling of the , _

nitrate, zirconium chloride, zirconium sulfate, zirconium
nitrate or the like is included. In addition, in view of

10 solubility with an absorbing liquid such as urine, use of
a salt thereof having crystal water is preferable. A
particularlypreferableone is analuminumcompound, and among
these aluminum compounds, aluminum chloride, aluminum
polychloride, aluminum sulfate, aluminum nitrate, potassium

15 aluminum bissulfate, sodium aluminum bisulfate, potassium
alum, ammonium alum, sodium alum, sodium aluminate are
preferable, and aluminum sulfate is particularly preferable.
Powders of water-containing crystal such as aluminum
sulfate-octadeca hydrate salt, aluminum sulfate-tetradeca

20 to octadeca hydrate salt may be used most suitably. They may
be used as only one kind, or two more kinds may be used in
combination. Inviewof handlingpropertyandmixingproperty
with the water-absorbing resin powder substance, the
polyvalent metal salt is used preferably in a solution state,

25 and is used particularly preferably in an agqueous solution
state. Other than these, the polyvalent metal salt of an
organic acid to be used and a mixing method thereof are
exemplified, for example, in WO-2004/069936 pamphlet.
[0056]

30 Among the polyvalent metal salts, as the water—-soluble
polyvalent metal salt, aluminum sulfate and various alums

are included. The productionmethod of the present invention



25 polyvalent metal salt from the surface of the powder substance caused by mutual friction can be
suppressed, and as a result, property enhancement effect by the polyvalent metal salt is difficult tobe
impaired. Therefore, themethodof the present invention is applicable suitably. 30[0060] (D) The
polyamine compound (the polyvalent amine compound) The polyamine may be added in order to
enhance liquid permeation and enhance shape retention property of the particulate water-absorbing
agent. For example, a water-soluble polyamine compound, in more specifically, polyethyleneimine,
polyvinylamine, polyallylamine or the 5 like, havingaweight averag_emolecular weight of 200 to
1000000, mayb SXerRSiiibH It the Barttate idtaraba Srbihg Aot 4y afd GSad b Surface
covering or cress:linking ofjthehrater-absorbinguiesin. Aopglyamine-palymet applicable tthithe

water-absorbing resin is exemplified, for exarré%le ('én 10 US;A-2003/069359 s%)ecifirclzatiog -
US-A-2005/0245684 speci?lcatlor% WO 2006/ %‘i 7 pampl?le ,a\R/E) 2088}69 816 p%mplyflet, WO
2006/082189 parhpiitet WO 20081025652 pamphlet s\WWG 2008/025656u3amiphlet. WO 2008/025655A1

pamphlet:or the like. 15[0061] () AJigrid permeation imaraver £, -Ihe lighid permegtjony improver

means the additive for increasing saline flow conductivity (SFC) of the water-absorbing resin or the

water-absorbird: dgeft Basm P20 Hsalifr fiéw TR GR/IBOSFT) 6ieq ke t6 br Fighersthah 6 (x 1 077
cm3 s -g71) toshe desgribedlaten byequal te o higher than 10 (< 10%7:eM3-$5:97 ). Preferably, itis a
compound for enhancing liquid permeation by maintaining or expanding a space between particles, as
an ion-like spacer fCaBdny oF 25 & -stereB8cdpic Spucer firépatticied)t Therefsiet eferr tHe additives
exemplified inhe () toq Rheight cosespondda: thigdiguichpermeatiamimproyete ¥k this preduction
method, i%is preferable that this Iig%id ermeation improv%[]lis th% B) to. %{2} 30[0062 Among
these, the watéﬂggﬁ%%eﬁzlﬁ\?alg {1hgtal Salf SHEH 58 AluniinGm suitate, PotasSiiR AR exemplified

by the (B) andhbeingcapadhle 0f becomingi an idn-likespaces lisqireferablerin \deveofremizaincing saline
fkwvCondijHXS%§§)J%Q%Qity Vy) of the water—-absorbing resin powder
substance in the transportation pipeline increases, and
thereby damage of the water—absorbing resin powder substance
15 increases. The present invention is capable of decreasing
theinitial linearvelocityVxandtheterminal linearvelocity
Vy, as well as suppressing the blocking phenomenon, and
therefore it is effective in the water—absorbing resin powder
substance containingthewater-solublepolyvalentmetal salt.
20 In addition, the present invention is capable of suppressing
theinitial linearvelocityVxandtheterminal linear velocity
Vy, and therefore, peeling the polyvalent metal salt from
the surface of the powder substance caused by mutual friction
can be suppressed. Therefore, property enhancement effect
25 due to the polyvalent metal salt is difficult to be impaired.
[0057]

(C) The inorganic particle
The particulate water—-absorbing agent may be formulated
with the inorganicparticle, inparticular, awater—-insoluble
30 inorganic particle (water—-insoluble fine particles) at the
surface of the water—-absorbing resin, in order to enhance

ligquid permeation or prevent blocking inmoisture absorption.



5A form of the liquid permeation improver present in the particulate water-absorbing agent may be in a
particulate state, or may be a coating state in a molecular level (usually, a coating with a solution), or
may be in a combined state thereof. However, the liquid permeation improver is 10 preferably used in
an aqueous s citation form, in view of easiness of more uniform addition to the whole surface of the
water-absorbing resin, and no segregation or the like of the liquid permeation improver. The liquid
permeation improver is used preferably in a ratio of 0.001 to 10% by weight, and 15 more preferably in
a ratio of 0.01 to 5% by weight, relative to the water-absorbing resin. [0064] [The surfactant] It is
preferable thaf'thé Wate? &b <atbifg-agent CohitaitR 0 thedurfattaht Prastie of thE'Siftactant is
capable of enhanicirg powdesssbstance charactesistics: (fluidityuaf teipewdet stbstanceiar fluidity in
moisture absor(%tgoiwt r gqle lliqk%)s. I n apcartic lar, it E@referagle I{F%t t@ecs%ré%clt%rtlteis %onot?i{led at the
surface of the water- bsoﬁ)lng resm.%%"fl oéﬁf As thesur ac?anjt, an anionic surfactant’such as a
fatty acid salt 6read higldraalcohehsuifate erdhetlike; aifenionic saifactant sushasa soebitan fatty acid

ester (sorpitanympnalayrate, soritanmaonopalmitate, soritanmanosiearate, . So.sorpianuistearate);

a cationic surfactant such as an alkyl amine salt (coconut amine acetate, stearyl amine acetate or the
like) or an amptittefié stiffabtaht fieRemplified 10the? ithanthése, a Saifastant BestisePm USP No.

6107358 is applicable fa the pre sentdpvention. kshauld bg netedJhat the pdditiansmethod for the

surfactant is not especially limited, and preferably it is added at the granulation step 5
exemplifiedin FSPRES625593° UsPNo £ 6458621 RYSPRIA 4153910 and USP No. 7378453. In
addition, the addiipatiming of the surfactant is also not especially limited, and any timing may be
allowed, fgr example:Ig]a) the surfactant,is addgd in an aqueous solution of acrylic acid in the

polymerization 10 step: and polyri&rization & Petorntedinthe prassice ot the ShEEERREC
(b)thesurfactantlisadded to the Wwater:cgntainifig gelaftée polymetizatiomia theafter  the

water—absorbing resin or the water—-absorbing agent absorbed
moisture) and deodorant function of the particulate
water—-absorbing agent, a composite water-containing oxide
15 containing zinc and silicon, or a composite water—containing
oxide containing zinc and aluminum may be formulated.
[0059]
When inorganic particles are formulated, a problem of
large decrease in transportationefficiency or large decrease
20 in property during transportation has been discovered, but,
in the present invention, the initial linear velocity Vx
(linear velocity of the water—-absorbing resin powder
substance at the starting point of the transportation
pipeline) can be suppressed, and therefore, peeling of the
25 polyvalent metal salt fromthe surface of the powder substance
caused by mutual friction can be suppressed, and as a result,
property enhancement effect by the polyvalent metal salt is
difficulttobeimpaired. Therefore, themethodof thepresent
invention is applicable suitably.
30 [0060]
(D) The polyamine compound (the polyvalent amine compound)

The polyamine may be added in order to enhance liquid



polymerization step; (c) the surfactant is added during or after drying in the drying step; (d) the
surfactant is added 15 during or after pulverization or classification of the dried substance in the
pulverization or classification step; (e) the surfactant is added during or after surface cross-linking in
the surface cross-linking step; (f) the surfactant is added to the water-absorbing resin as a final
product; or the like. 20 It should be noted that the surfactant may be added before and after the
surface cross-linking step so as to be contained at the surface. [0066] Use amount of the surfactant is
preferably 0.0005 to 25 0.012 part by weight, more preferably 0,0005 to 0.001 part byweight,
stillmorepreferaBiy5 2601 %o 670045 HarR BYwEigRE and paritulaHy pr&RPabiy 9.0815 6'6.004 part by
weight relativectort00-paris by weight 1of thes wakersapsodejag tesin. ThHe amosrtbelow, 0.0Q05 parts by
weight might proyide 30 i s%qigient cinhancement of quidiéy anldnbulk densg%%(c){lflhgﬁqer hand, the

amount over 0.012 parts by weight has a problem of decrease in surface fension of an abgorption

fluid, as well as@bmﬂth@’tlmovitie_ief%ct p@rhpari_aWé @ﬁhgeaddﬁw{va_mbuharah@ds thustureconomical.
10067) The surfagiantio p.useddn the presealjayenionis 2not mjted 1249 abavgsitactants.

Among the above surfactants, in view of safety, nonionic surfactants are preferable, and among them,
a sorbitan fattyrati®estspaRd Bipcifoxyethylreseibitan fatheatid ester afe partictlads preferable. In

addition, HLB {hydrophilic,10-propertyhydrgphobis-property balance) of the-gurfactant toe used in
the present invention is not especially limited, but, itis in a ran%&of preferably 8 to 18, more preferably
9 to 17, and stiiftdfe preterdbly* 20 L7 ‘WHeR HEBTSIWRHR tHE Fangel fidiafy 4ad Bk Yensity of

the particulatewth waterahsoriing agen can be enhanepd iaresuitally. [968h(GxA chelating agent

10 US-A-2003/069359 specification, US-A-2005/0245684
specification, WO 2006/082197 pamphlet, WO 2006/074816
pamphlet, WO 2006/082189 pamphlet, WO 2008/025652 pamphlet,
WO 2008/025656 pamphlet, WO 2008/025655A1 pamphlet or the
like.

15 [0061]
(E) A liquid permeation improver

The liquid permeation improver means the additive for

increasing saline flow conductivity (SEFC) of the
water—-absorbing resin or the water-absorbing agent having

20 a saline flow conductivity (SFC) of equal to or higher than
6 (x10-cm’-s-g ') tobedescribed later, by equal to or higher
than 10 (x 107 "-cm’-s-g'). Preferably, it is a compound for
enhancing liquid permeation by maintaining or expanding a
space between particles, as an ion-like spacer (cation) or

25 a stereoscopic spacer (fine particles). Therefore, even the
additives exemplified in the (A) to (D) might correspond to
this liquid permeation improver. 1In this production method,
it is preferable that this liquid permeation improver is the
(B) to (D).

30 [0062]

Among these, the water-soluble polyvalent metal salt

such as aluminum sulfate, potassium alum, exemplified by the



The water-absorbing resin powder substance to be used in the present invention may contain the
chelating agent for 20 coloringprevention, urine resistance enhancement or the like. Astep
formixingthe chelatingagent is not especially limited, but, it is preferable that the chelating agent is
mixed into the monomer or the monomer solution. The chelating agent is not especially limited, and for
example, a chelating agent 25 exemplified in EP-A-1426157, WO-2007/28751 and WO-2008/90961
can be used. From an effect aspect, preferable one is a water-soluble organic chelating agent who se
molecular weight is 100 to 1000. As a specifically preferable chelating agent, for example, an amino
carboxylic acid-Baséd theta dhlating 30" &géht stich A iRindtiacetic actd: hydré/ettyliffinodiacetic
acid, nitrilotriageticracid pnitrilatripropionio acidnathytenegliasainertetradegticacidjuct ivity
hydroxyethyle?ggjégine triacetic acid, hexamethylenediamine tetraacetic acid, diethylenetriamine
pentaacetic acid, triethylenetetramine hexacetic acid, and a salt thereof; and an amino polyvalent
phosphorous défip&und such as 5 ethylenediamine-N,N'-di(methylenephosphinicacid),

ethylenediaminetetraimathylenenhosphinigacid). holymethylensdiaming tetratmethylenephosphonic
acid), diethylenetriamine penta(methylenéphosphonic acid), and 1-hydroxyethylidene diphosphonic

acid, and a saRféreoR Uatis indlheesd. abpodesirad e gt s Ambimtior the Rhelatifyg bajent is equal to
or more than ;091 part by,mass, preferably equalita onmare than, 005 pardy mass, and still more

preferably equal to or more than 0. 1 part by mass, relative to 100 parts by mass of the
water-absorbifg f& EBAtadd 15 ir? theAvafet labsorbiflg YesiR povder SuBStamee, &5 e as equal to
or less than 1 pag:hydgnass, prefesakly equalto or legsithandd brpagthy, Massyandsstit moee preferably
equal to o less than O. % 1Dart bg mass, relative to 10§ g)arts by mass.of the water-absorbing resin.
20[00697 ﬁ%fee%ra% (CY 28N b8 D8 EGbYSs & stifade trlathibht 8¥éht. “Siitdte reatment in
the present applicationaneans fhata regiontof she susfacérer thé veighborhtedof thé suiface of the
water-absorbin Eesin hgg (g)re]gn surface.cross-lgyked 25 bﬁ/ checrgiggl or F@(é ifgll(rgod%fi%%tieon . In this

case, chemica modification mearns a state of modification %ggompanylng with any chemical bonding

(covalent bond oriohit heondingl,iard physicakmodifidation. mead ophysicd! toveringorattachment
without accompanyingywithdhe chgmicalbgnding; 30[Q0 01k A IWRricant(aslippropestyjmprover)
15 more preferably in a ratio of 0.01 to 5% by weight, relative
to the water-absorbing resin.
[0064]
[The surfactant]
It ispreferable that the water—-absorbing agent contains
20 the surfactant. Presence of the surfactant is capable of
enhancing powder substance characteristics (fluidity of the
powder substance or fluidity in moisture absorption or the
like). 1In particular, it is preferable that the surfactant
is contained at the surface of the water-absorbing resin.
25 [0065]
As the surfactant, an anionic surfactant such as a fatty
acid salt or a higher alcohol sulfate or the 1like; a nonionic
surfactant such as a sorbitan fatty acid ester (sorbitan
monolaurate, sorbitanmonopalmitate, sorbitan monostearate,
30 sorbitan tristearate); a cationic surfactant such as an alkyl
amine salt (coconut amine acetate, stearyl amine acetate or

the 1like) or an amphoteric surfactant is exemplified. Other



It is preferable that the particulate water-absorbing agent contains the lubricant. In particular ,
itispreferabie that the lubricant is contained at the surface of the water-absorbing resin. "The lubricant”
means a substance present between two surfaces mutually slipping, and has an 5 action to decrease
friction (resistance). The lubricant which can be used in the present invention is not especially limited,
as long as it is a solid lubricant at normal temperature (25C) and under normal pressure (0.101 MPa).
The lubricant is exemplified in USP No . 7473739 specification, 10 WO 2008/120742 pamphlet or the
like, and the lubricant exemplified therein 1(r%‘nafaﬁlﬁbe used preferably also in the pre sent invention. For

|
example, a hybfstarbol:Based IuBRESAC y S6iaBasetiubricant (preferablyhavitig edual to or
more than C12)alfattyatkl amide= hasesdubricant rani bm estarchaised 1dbinieant-an aloahgl-based

Iubricgnt (glycglp%r a gightalg%horli)é ghrg%ta% soap uebrigggtf%rct@gﬁige isé ingl@ggsémcoiﬂglt em, in view
of having an action as a lubricant as well as also aving an action as a sté)blllzer, it pre erable to use
a metal soap lubricart®exempliffetEZ@ndI8F N6. 7282262 spetificationr PO71t 1 oRowdelp substance

temperature Oé%ﬁ@fﬁ?&‘lﬁ?lﬁ@ﬁ &ein i mbdag Witk Ahe lubricant s usyally setateguahto or higher
than room temperature, but, it is mixed pre ferably 25 at equal to or higher than 40C, and more

preferably at e¥u@dl¥6Brighé? HedP50C, 6 ghitsihtstable WwakralsSorbing ERaraetestiEd er flow down

speed or bulk dgpsif-efthe pasticulate water-absorbing agent. The-amoyntis preferahly 0,0001 to

0.1% by weight, more preferably 0.01 to 0.05% by 30 weight, and particularly preferably 0.001to O .

01% by weighP38Idtrvetb 10698 by weight BTt watérl abS6roig Fesit.qB672F 239k particular, in

the present inventiogu asdhe additive 40 ephance liquid permeation: (B the ppharaien tetal salt is

preferabé%. Itis referablg that the QQI%NaIent metal salt is mixed after the addition. As an apparatus for
h

mixing, 5 the rﬁgﬁ‘% aPPar&Us s, Whic s 8hme RS forth& Surfate SrosEMking agdht May be
included. [0073]:r falt shautlg be noted thatethe polyvatert metal salt isqptetetablytmixed wdth the
VWHeFabSOﬂm%%gg¥qgggté%%ing gel after polymerization in the
polymerization step; (c) the surfactant is added during or
after drying in the drying step; (d) the surfactant is added
15 during or after pulverization or classification of the dried
substance in the pulverization or classification step; (e)
the surfactant is added during or after surface cross—-1linking
in the surface cross—linking step; (f) the surfactant is added
to the water—-absorbing resin as a final product; or the like.
20 It should be noted that the surfactant may be added before
and after the surface cross—1linking step so as to be contained
at the surface.
[0066]
Use amount of the surfactant is preferably 0.0005 to
25 0.012 part by weight, more preferably 0.0005 to 0.001 part
byweight, stillmorepreferably0.001to0.0045part byweight,
and particularly preferably 0.0015 to 0.004 part by weight
relative to 100 parts by weight of the water—absorbing resin.
The amount below 0.0005 parts by weight might provide
30 insufficient enhancement of fluidity and bulk density. On

the other hand, the amount over 0.012 parts by weight has

a problem of decrease in surface tension of an absorption



10 (the particulate water-absorbing resin) as an aqueous solution. Size of a droplet of the aqueous
solution can be adjusted as appropriate. In view of preventing permeation and diffusion of a polyvalent
metal ion (for example, an aluminum ion) into the inside of the water-absorbing resin 15 particles, the
aqueous solution preferably has a concentration of equal to or higher than 50%, more preferably equal
to or higher than 60%, further preferably equal to or higher than 70%, further preferably equal to or
higher than 80%, and particularly preferably equal to or higher than 90%, 20 relative to saturated
concentration. Naturally, it may have the saturated concentration (= 100% to the saturated

concentration). i additoh, Hoht tA& Simiarré8dom "8E-afRdtnt Bf WwaterRHLHUL ©. 1 10 3886 by
weight, and stilddarei aboutrih2 ta 10%nby weight welativie t@weight of the 25 water-absorbing resin,
and drying ma}/cg%g rformed after the addition as needed. [0074] [The granule sizing step]
Irrespective of adjustment of the particle diameter in 30 the pulverization step and classification step,
there may be the caséhghererd aggregated sabstardeitavihg large particlediameterris included in

the particylate, waterrahsarbing agent, aftey ie surace-cross;linking siep,arthe cooling sfep. This

aggregated substance may be generated principally in mixing the surface cross-linking agent, or in a
surface cross-filkifg ¢éaction. Inthis’grRinuitsizingstep, theBiQusdiing treadfieatartd é&Ssification

treatment of this e ferable, and among them, a sorbitan fatty acid ester and
a polyoxyethylene sorbitan fatty acid ester are particularly
preferable. In addition, HLB (hydrophilic
10 property-hydrophobic property balance) of the surfactant to
be used in the present invention is not especially limited,
but, it is in a range of preferably 8 to 18, more preferably
9tol1l7, and still more preferably 10to 17. When HLB iswithin
this range, fluidity and bulk density of the particulate
15 water—-absorbing agent can be enhanced more suitably.
[0068]
(G) A chelating agent
The water—-absorbing resin powder substance to be used
in the present invention may contain the chelating agent for
20 coloringprevention, urine resistance enhancement or the like.
Astepformixingthechelatingagent isnotespeciallylimited,
but, it is preferable that the chelating agent is mixed into
the monomer or the monomer solution. The chelating agent is
not especially limited, and for example, a chelating agent
25 exemplified inEP-A-1426157, WO-2007/28751 andW0-2008/90961
can be used. From an effect aspect, preferable one is a
water—-soluble organic chelating agent whose molecular weight
is100to1000. Asaspecificallypreferablechelatingagent,
for example, an amino carboxylic acid-based metal chelating
30 agent such as iminodiacetic acid, hydroxyethyliminodiacetic
acid, nitrilotriacetic acid, nitrilotripropionic acid,

ethylenediamine tetraacetic acid, hydroxyethylenediamine



aggregated substance are performed. Performing order and number of times of this crushing treatment
and classification treatment are not especially limited. In this granule sizing step, in order to adjust
particle size again or the like, 10 for example, firstly the classification treatment is performed for the
particulate water-absorbing agent. In this classification treatment, a classification apparatus such as a
sieve or an air flow classification machine is used to remove the aggregated substance with large
particle diameter 15 or the fine powders with small particle diameter. For the aggregated substance
obtained by this classification treatment, the crushing treatment is performed to crush and separate
particles composiriy fhe'dggegated sibS@ANES iy ARVl Sartice © #AHRFS trushifigtreatment, for
example, 20 adkinifergrttendypel erushingomachineds isedckar, thercrashed sukstanceabtained by this

mUSh”KJueanﬁgQgég%ic acid, and a salt thereof; and an amino polyvalent

phosphorous compound such as
5 ethylenediamine-N,N’-di (methylenephosphinic acid),
ethylenediamine tetra(methylenephosphinic acid),

polymethylenediamine tetra(methylenephosphonic acid),
diethylenetriamine penta (methylenephosphonic acid), and
l-hydroxyethylidene diphosphonic acid, and a salt thereof;

10 is included. It isdesirable that use amount of the chelating
agent is equal to or more than 0.001 part by mass, preferably
equal to or more than 0.05 part by mass, and still more
preferably equal to or more than 0. 1 part by mass, relative
to 100 parts by mass of the water—absorbing resin contained

15 in the water—-absorbing resin powder substance, as well as
equal to or less than 1 part by mass, preferably equal to
or less than 0.5 part by mass, and still more preferably equal
to or less than 0. 2 part by mass, relative to 100 parts by
mass of the water-absorbing resin.

20 [0069]

The (B) and (C) canbe used suitablyas asurface treatment
agent. Surface treatment in the present application means
that a region of the surface or the neighborhood of the surface
of the water—-absorbing resin has been surface cross-linked

25 by chemical or physical modification. Inthis case, chemical
modification means a state of modification accompanying with
any chemical bonding (covalent bond or ionic bonding), and
physical modification means physical covering or attachment
without accompanying with the chemical bonding.

30 [0070]

(H) A lubricant (a slip property improver)

It is preferable that the particulate water—-absorbing



classification treatment is performed again to remove the fine powders having small particle diameter,
as well as to obtain the particulate water-absorbing agent having desired 25 particle diameter
(preferably, a weight average particle diameter of 200 to 800 gm). In view of productivity, it is
preferable that this granule sizing step is performed after the cooling step. It should be noted that in
this production method, when the aggregated substance with large particle 30 diameter is not
contained in the particulate water-absorbing agent before charging to this granule sizing step , this
granule sizing step may not be performed. This granule sizing, step is other step which may be

contained furtRgiR e Brodtidfidn methda StIRE predrit ivehtidh2as Adetdd b5 (The packaging
step] 5The packagingtstep isubstepanthere thepatticulated at the surface of the

water—-absorbing resin. “The lubricant” means a substance
present between two surfaces mutually slipping, and has an
5 action to decrease friction (resistance). The lubricant
which can be used in the present invention is not especially
limited, as long as it 1is a solid lubricant at normal
temperature (25°C) and under normal pressure (0.101 MPa).
The lubricant isexemplified inUSPNo. 7473739 specification,
10 WO 2008/120742 pamphlet or the 1like, and the lubricant
exemplified thereinmay be used preferably also in the present
invention. For example, a hydrocarbon-based lubricant, a
fatty acid-based lubricant (preferably having equal to or
more than Cl2), a fatty acid amide-based lubricant, an
15 ester—-based lubricant, an alcohol-based lubricant (glycol
or a high alcohol), a metal socap lubricant or the like is
included. Among them, in view of having an action as a
lubricant as well as also having an action as a stabilizer,
it is preferable to use a metal soap lubricant exemplified
20 in USP No. 7282262 specification.
[0071]

Powder substance temperature of the water-absorbing
resin in mixing with the lubricant is usually set at equal
toor higher than roomtemperature, but, it ismixedpreferably

25 at equal to or higher than 40°C, and more preferably at equal
to or higher than 50°C, to obtain stable water absorbing
characteristics or flow down speed or bulk density of the
particulate water—absorbingagent. The amount is preferably
0.0001 to 0.1% by weight, more preferably 0.01 to 0.05% by

30 weight, andparticularly preferably 0.001 to 0.01% by weight,
relative to 100% by weight of the water-absorbing resin.

[0072]



water-absorbing agent is packaged. When the granule sizing step is performed, in this packaging step,
the particulate water-absorbing agent, which was granule-sized in the above-described granule sizing
step, is packaged. For 10 example, in this packaging step, the particulate water-absorbing agent
transferred to a hopper for storage is packed into a storing bag by use of the filling apparatus 24. The
particulate water-absorbing agent packed in the storing bag is shipped as a product via the
predetermined 15inspection. [0076] [A fine-powder recycling step] The fine-powder recycling step
is a step for returning%the fine powders removed by classification or the like gor 20 example, particles

containing particles bEloR 150 GHh'as a principaFeoHiFaient Vs partictiar Sn-dF &Houit ofequal to or
more than 70% dh\eweight)eta theudroduetior steipof, theBwatéreabsarbingl kesin mpreterablyl by recycling
to the polymerization step of fhe drying step, and rem: Vea'tﬁ{‘é’{et”ﬁ’s 259t t@sgg‘r‘?tp%"é%%rf are
possible. That'is, in'one embodiment of th present invention, the water-absor Ing resin powder
substance corgaihs a fims pewdertrecycled sdbstance of the wateprabserbirg fesimimsugh a recycling

step, the fine poyders,may, b%(?ﬂ*f%%% as fhemselves, qramay he recyglsd 30.after, granulationin a

granulation step to be described later. A recycling method includes: the fine powders are mixed into a
polymerizatiorFiagRinel preféfabhgastirdiry pofymeérZatidfdmachine such as a kneader to make a
unified substaneg;-the fine powders or a granulated substance thereof are mixed with polymer gel
separately after polymerization; for example, (crushing) mixing with a meat chopper; or mixing 5in a
dryer. [0077]  ConVenfiBARAh de%e Rfirated t5be derveBdront fragitire™i régerérationof the fine
powders, the water-abspibjne [esia passingiha sweh adfingpewdamgcyesrstpprthat iss the 10
water-absorbin Lgsin containinr)? the fine gowder recy led product tended to decrease property easily
ti |

in the trarisportatioh sksp, but in € prés riﬁ\?égrﬁ%n(,:b e arehd'duch proBlem8 ATWEIT because

impact which thelfineipowdersireceife eadhecduppressed cApretssablesfinieipdwderab reeycling

method is exem(%lifi% ,ef%r examg;le,oinrusalgel\lo. 6113%]19%& L(J)%P Noe.v6e2n2§3§§0, UeSP le\l<,§1)t 54;315284, USP
No. 5342899, USLAZ2008/0308 635 and amount of the fine pov&?drers is ecr%a%ear%y adld(l)ng the fine
powders in thexprbddictidm steprofalie avaterlatysokbing resinasuchas thé polysrerivation step, the

aluminum ion) into the inside of the water-absorbing resin
15 particles, the aqueous solution preferably has a
concentration of equal to or higher than 50%, more preferably
equal to or higher than 60%, further preferably equal to or
higher than 70%, further preferably equal to or higher than
80%, and particularly preferably equal to or higher than 90%,
20 relative to saturated concentration. Naturally, it may have
the saturated concentration (= 100% to the saturated
concentration). In addition, from the similar reason, use
amount of water is about 0.1 to 30% by weight, and still more
about 0.2 to 10% by weight relative to weight of the
25 water—-absorbing resin, and drying may be performed after the
addition as needed.
[0074]
[The granule sizing step]
Irrespective of adjustment of the particle diameter in
30 the pulverization step and classification step, there may
be the casewhere anaggregated substance havinglargeparticle

diameter is included in the particulate water—-absorbing agent



20 gel pulverization step, the drying step, or the like. In addition, recycling amount of the fine powders
is determined as appropriate, for example, in about 1 to 30% by weight, still more 5 to 25% by weight,
particularly 8 to 20% by weight of production capacity. In addition, the fine powders are 25 recycled to
the production step, as dry powders themselves, or as a gell turned by adding water as needed, or in
particular, recycled to a monomer and/or gel (before drying or during polymerization). [0078] 30[The
granulation step] The granulation step is a step for obtaining the granulated particle by adding
aqueous liquid to the fine powders.The fine powders may be obtained by the classification step. The
fine powders May5e tHoke cotleERdwith 3Fhe potdéicaptiing Apparatis 26 Hom alfiBsphere of
other step (theTpulyetizatiorostep or shé gramude sizing bstep apthetlke) prhe tine pogdet capturing
apparatus, for e}agnrple, ti%%m\éid% gghafi(ljteg\/\slhigtﬂilscgg%bieofcgg%{;in theifrilneapog\{ldre s.c'(I;he
granulated pa%cFe |5Q<[:ompo:~:e(1:11 ofa p?uraﬁty ot the fine p%w%grs. eigﬁt average par icls diameter of
the granulated-particlelis eguabtorerasmalier 10 thant20 mrorprefdrablyiC. 81t 19tmm, andemore

preferably, 0.35 jo, aam, It shoyld he, poted inat the granulation may be performed s ing; anly the fine

powder s ( for example, a substance passed 150 gm), or may be performed using the whole particles
(the water abso#5ing FesiA powwHes sabstnee hieh 2418 subsStahEe Passed 8506, and contains a

substance passing,130gm injredatermined.amaynt) cantaiping the finenewders; [0079},  The
granulated particle obtained by the granulation step may be used as it is as a granulated product, but,

it is 20 preferabhPAHAGEE RFANY VO FREREPS JAXibW S 1HOductionefiSiERd i SreferdBle that this
granulated pagicteis chargedita-thecdryingusiepasra fine pagicke regygling steprard drigd jn the
co-presence of the pf%gmerlgel. As shown in Fig. 1, in_this production facilit)%z, the transportation 25
part 6 joimted tothe firie Powder c d’[ﬁﬁﬁg}épp% Sus e s jointed to R grahGiSR Apparstus 28. This
granulation apparatus28dsjeintécttpdhe teying apparatus-Hb by the trarspantationIparh6.sThe fine

powders discha{ ed f.rgm the.fine Qowd%r capturing apparatus 26 are charged to, the 30 %ranulation
ClASs1T1catlioln eatment, a’crasgificat apparatys sueh
apparatus 28 by being transported tﬁrougrpl the transportation part 6. The ﬁ%e powaers are also the

water-absorbirg resinigorderrsaystance L The grdalatelii cat ion machine is used to

remove the aggregated substance with large particle diameter
15 or the fine powders with small particle diameter. For the
aggregated substance obtained by this classification
treatment, the crushing treatment is performed to crush and
separate particles composing the aggregated substance to an
individual particle. Inthiscrushingtreatment, for example,
20 aknife cutter-type crushingmachine isused. For the crushed
substance obtained by this c¢rushing treatment, the
classification treatment is performed again to remove the
fine powders having small particle diameter, as well as to
obtain the particulate water—-absorbing agent having desired
25 particle diameter (preferably, a weight average particle
diameter of 200 to 800 um). In view of productivity, it is
preferable that this granule sizing step is performed after
the cooling step. It should be noted that in this production
method, when the aggregated substance with large particle
30 diameter is not contained in the particulate water—-absorbing
agent beforechargingtothisgranule sizingstep, thisgranule

sizing step may not be performed. This granule sizing step



particle formed at this granulation apparatus 28 is also put to the drying apparatus 10 by being
transported through the transportation part 6. It can be confirmed that the particulate water-absorbing
agent is the granulated particle 5 from the fact that an individual particle is aggregated by gathering in
multiple while maintaining shape thereof, or from the fact that it swells as a plurality of discontinuous
particles in abs orbing a solution, with an optical micro s cope . [0080] 10[A storage step] It is
preferable that the production method for the particulate water-absorbing agent (the water-absorbing
resin) of the present invention includes the storage step of the water-absorbing resin powder

substance. AnapparstusSts i He'del i thi Stothge Sp IS Ehilsera hopler iR HE brédent

invention. Thenhappet ioan apparates ortstamng:and orgnaging thedwdter-absorbing resin powder
substance tem (5%' or for alongperiod, and in the pre sent invention, asilo-like (longitudinally longer
shape) one is also included, 20 as long as it is specified shape. Specifically, as shown in Fig. 2 to be
described latel, Breapparatsisuchsds0 (a receiving hopper), 32 (a pressurized tank hopper), 43 (a

storage hgpper) or thﬁﬂg(e}g%mg%dlerqg.[oggégg@%y using hepper, itcplgcog;g%scggﬁtg‘lgéo feed to

an apparatus to be used in each step, in quantitative mass flow, without damaging or fracturing the
water-absorbiffg F&Sim powereP ststHRe L 1A thibe way Itté -wateredbs bfbitigaeslia Wwith high function

and high property. san be progucgd stahly without 30-variation byt lop [0082] Fig- 3:s gischematic view
of the hopper which can be used in one embodiment of the present invention. As shape of the hopper,
in view of carrifgropErtyaRd Hansteiting propetyof thehoWdersusstande in paiticli2®, the
water-absorbing sin pewder substances andnveise: tigncatedhs pyramiskshapg-er.an inverse circular
truncated cone shape, as shown in the left drawing of Fig. 3, along with shape where at the maximum
caliber p%?t of %ﬁ(eaf?% Fee truated pyramid aaéyé%%ln%%lar E6ITRIN of thE sarké §hapd 14dded, or
shape where atdhe matmonbcalibesr gpantoftthennverse eiictlar 4 Ottruneated cane acireykar cylinder
of the same shlaspe gs %ded d,n%sosgogvgoin itrr{e r]icgaht qaravylirsl% o(; igh?é, grieleriefer%bl u§edc.ulg addition,
ratio of maximum %aﬁberofd}ameter) andrhelaht o?thghopper{maxmum caliber of t eahopper / height
of the hopper, 3ér.exdimplepRIifH tinlRige3pis icarahgeob1/i® agent packed in the

storing bag is shipped as a product via the predetermined
15 inspection.
[0076]
[A fine-powder recycling step]
The fine-powder recycling step is a step for returning
the fine powders removed by classification or the like (for
20 example, particles containing particles below 150 um as a
principal component, in particular, in an amount of equal
to or more than 70% by weight) to the production step of the
water—-absorbing resin, preferably by recycling to the
polymerization step or the drying step, and removal and reuse
25 of the fine powders are possible. That is, in one embodiment
of the present invention, the water—-absorbing resin powder
substance contains a fine powder recycled substance of the
water—-absorbing resin. In such a recycling step, the fine
powders may be returned as themselves, or may be recycled
30 after granulation in a granulation step to be described later.
A recycling method includes: the fine powders are mixed into

a polymerization machine, preferably a stirring



15 to 10/1, still more 1/3 to 3/1, and particularly 1/2 to 2/1. In this case, for the inverse truncated
pyramid shape or the inverse circular truncated cone shape, as shown in the left drawing of Fig. 3,
"height of the hopper" indicates height of the inverse truncated pyramid part or the inverse circular 20
truncated cone part ("H" in the left drawing of Fig. 3). In addition, for the inverse truncated pyramid
shape or the inverse circular truncated cone shape added with the rectangular column or the circular
cylinder, as shown in the right drawing of Fig. 3, it indicates total height of height 25 of the inverse
truncated pyramid part Qr the inverse circular truncated cone part, added with height of the rectangular

column part oFthe di¥ehiar Ty titderpart ¢1F R dghtra 6FFig° 3) 2thSaduition, Wkén the
hopper is not & aylindet crwaximehicadiherof dhe koppeyis specified inderms 30 ©f-a diatneater of a

circle equivalent to the mc?ximu}rp crqss-sectiorlthereof. As fPr shﬁpe of thf inverse truncated pyramid
are mixed wit 80 amer gﬁq separate g %] eréX) meriz tlﬁ?’
shape or the inverse circular truncated cone shape, as ratio of the inverse %yramld or the inverse

circular cone) and theatmmcatedpars litlis ad optead ope'where height df tive runcated pattig smaller, or
in the case where gh%ggggqr cross-section has home base shape, cross-section of the 5 triangle part
thereof is adopted principally. That is, a principal component of the water-absorbing resin powder

substance, preféfably equal to or more than 50% by weight, and still more preferably equal to or more

than 80% by weight is steredidn arpart of pytapud o ciredlarcone ot thehoppsk, 1010083}  In the
present invention, it is preferable to use the hopper having specified shape of a cone inclination angle

of equal to or RFge? #FAITAS degheal 4Rt d ARt FRE Df .33 8 THRFsHer HRTtS THE cone

inclination angte: 45 is prefesably bielowrdG degraeidi the present gdesedptjornthe "conednelination
angle"s nas shown in Fig : 3léinclination angle of a side W%” sur{ace relative to a horizqontal surface of
the hopper installed” THBCoh liﬁ&inra?iﬁﬁ%n%?ggﬁ&l%lﬁlgppe}F%f H& Brésdit fvention fs §&t at
preferably equat 20do or largediian S0cdegiee rstillsnoreopreferably 60:-tos0 degree, patticularly
preferably 65 tgr%S de ree, g:r.L]g Ign(gssct refeg%tgl}/ 618ntot Se dg%ree. It shouldepl% lnoted th?é,rvghen the

) t t . .
side wall surfacé s not ﬁat, It Is speci i5d by average value o %%%Pes detérmined tom the whole side

wall surfaces 28thereofs \_{Q@sz]ﬂ n@_;i@lﬁ@i@n% $nke br_eée?rﬁc‘deserifgtfil@@,Qh ewldiawingraté'iizca value of
ratio (R2/R1 x J00) specified hy, calier gt the openingpart of the upper syrdace of the hopper

(maximum
15 recycling method is exemplified, for example, in USP No.

6133193, USP No. 6228930, USP No. 5455284, USP No. 5342899,
US-A-2008/0306209, and amount of the fine powders is decreased
by adding the fine powders in the production step of the
water—absorbing resin such as the polymerization step, the
20 gel pulverization step, the drying step, or the like. 1In
addition, recycling amount of the fine powders is determined
as appropriate, for example, in about 1 to 30% by weight,
still more 5 to 25% by weight, particularly 8 to 20% by weight
of production capacity. In addition, the fine powders are
25 recycled to the production step, as dry powders themselves,
or asagell turned by addingwater as needed, or inparticular,
recycled to a monomer and/or gel (before drying or during
polymerization).
[0078]
30 [The granulation step]
The granulation step 1s a step for obtaining the

granulated particle by adding aqueous liquid to the fine



30 caliber part of the upper part of the hopper (R1)) and the opening part of the bottom surface of the
hopper (caliber of the discharging part of the hopper (R2)), expressed in percent. The drawing ratio of
the hopper is set at preferably 30 to 80%, more preferably 35 to 80%, still more preferably 40 to 80%
and particularly preferably 40 to 70%. It should be noted that, when the caliber is not a circle, for
example, 5 an ellipse or a polygon, it is specified in terms of a circle equivalent to the cross-section
thereof. When the hopper within the above range is used, the desired water-absorbing resin with high
property can be produced stably. [0085] 10In addition, a filling rate (average) of the water-absorbing
resin powder SUB&tEHCE inside the hoppe&r isVET 86 by VaKimE andéuat 5 8r Idwer thaf 90% by
volume, preferablys%Q fo 8a%i by otume, stithenotenpreteralaly S0 4¢ 8Q%4 by velume] andparticularly
preferably 40 tv98c % _by_volume .ch§ Irn tggpgaresent descri%:ion "th%gllig%%teg IS spe(%;fied by volume

ratio (% by volume) of tﬁcel Watsr-absorbing re%f'ﬁlt%qneaggc reaoltrue?atlve to inner \;o e of the hopper,

and by controltifig attvith nsgheralddxkeeranglev_ﬁtahsf@t m@perctgpf.m t/mega@soﬂcﬁng ie:siin@ecomes
good. 20[0086] . . Araerialiofithe hoppex is not espegially limited, but, siginless steel js,preferable,

and surface roughness or the like of the inner surface thereof is in accordance with the pipeline which

can be used irt& Phelmatié RaRSPeIadivn Shep 25l toBedesehibed Rk N D08 Pl isipréferable that
a residence time {ayerage) af dhe water-absgrbing, [esin i the-hopper isalsegoptralied.rand

plurality of the fine powders. Weight average particle

diameter of the granulated particle is equal to or smaller

10 than 20 mm, preferably 0.3 to 10 mm, and more preferably 0.35

to 5 mm. It should be noted that the granulation may be

performedusingonly the finepowders (for example, a substance

passed 150 um), or may be performed using the whole particles

(the water absorbing resin powder substance which is a

15 substance passed 850 um, and contains a substance passing 150

um in predetermined amount) containing the fine powders.
[0079]

The granulatedparticle obtained by the granulation step

may be used as it is as a granulated product, but, it is

20 preferably charged to any of the steps. Inviewof production

efficiency, it is preferable that this granulated particle

is charged to the drying step as a fine particle recycling

stepanddried in the co-presence of the polymer gel. As shown

in Fig. 1, in this production facility 2, the transportation

25 part 6 jointed to the fine powder capturing apparatus 26 is

jointed to the granulation apparatus 28. This granulation

apparatus 28 is jointed to the drying apparatus 10 by the

transportation part 6. The fine powders discharged from the

fine powder capturing apparatus 26 are charged to the

30 granulation apparatus 28 by being transported through the

transportation part 6. The fine powders are also the

water—-absorbing resin powder substance. The granulated



the residence time is preferably equal to or shorter than 30 24 hours, more preferably equal to or
shorter than 12 hours, still more preferably equal to or shorter than 6 hours and particularly preferably
equal to or shorter than 2 hours, although it depends on amount of the water-absorbing resin filling in
the hopper. The case where the residence time is over 24 hours may generate property decrease or
blocking, and is thus not preferable. It should be noted that, the lower 5 limit of the residence time
(average) of the water-absorbing resin in the hopper is not especially limited, and it is preferable to be
as short as possible, [0088] It should be noted that, as an embodiment %x%rtin_g mast 10 effect of the
d

present inventig, tHe hiethdd 8t tha preleit HvEntion s Sppied 13 a prodaction method i producing
the water-abs osbitigereds iniinca praduciion capacity ok forexamplep eqtialdotorhigher tian 100 kg per

hour, preferably equal to or higher than 500 kg per hour, and particularly prefer qjlz 5 equal to or
pighet than 1 OGS E510 B O T00BDT | TEurthar. 1 Reor S Cbte et e Foppgs i heated
and temperature 0f theisarfacedhereof Isspreferably frea tahg & be 40-t01120C sstilb endre pleferably 50

to 90C, agd 2Q-papticularly-preferably 60 fo 806 10 addifian, itis prefeable thatthe water;gbsorbing
resin powder substance stored in the hopper is also heated, and temperature thereof is préeferably in a
range of 40 toIPDCS Btk ehdre preferably S0t 90T Maid particdgly Préferably S0 B0CThe case

25 of lower temperature than the abevedemperaturesmight generate prapery. deareasg Qrdncrease in
variation width of property value, and aggregation of the water-absorbing resin. In addition, the case of

higher temperBiiré Hrarfthe ABOVE il Geherate! 5 take Bf broperBPddcreade Grinefed=8 in variation
30 width of praperyovalue, as well as coloring of the water-absorbing resin. [0090]

10 [A storage step]

It is preferable that the production method for the
particulate water—-absorbing agent (the water—-absorbing
resin) of the present invention includes the storage step
of the water—-absorbing resin powder substance. An apparatus

15 to be used in this storage step is called “a hopper” in the
present invention. The hopper is an apparatus for storing
and managing the water-absorbing resin powder substance
temporarily or for a longperiod, and in the present invention,
asilo-like (longitudinally longer shape) one isalso included,

20 as long as it is specified shape. Specifically, as shown in
Fig. 2 to be described later, an apparatus such as 40 (a
receiving hopper), 32 (a pressurized tank hopper), 43 (a
storage hopper) or the like is included.

[0081]

25 By using the hopper, it becomes possible to feed to an
apparatus to be used in each step, in quantitative mass flow,
without damaging or fracturing the water-absorbing resin
powder substance. Inthisway, thewater—-absorbingresinwith
high function and high property can be produced stably without

30 wvariation by lot.

[0082]

Fig. 3 is a schematic view of the hopper which can be



In addition, a moisture content of the water-absorbing resin powder substance to be stored in this
hopper is not especially limited, but, preferably 0.1 to 30% by weight, and more preferably 0.1 to 10%
by weight. By setting the 5 moisture content at the above range, in storing (or packing) the
water-absorbing resin powder substance in this hopper, damage can be reduced and property
decrease can be suppressed. [0091] When the powder substance (the water-absorbing resin 10
powder substance) i s handled in each step, the hopper i s applied at each step, in di s charging the
powder substance after storage of the powder substance in at least one or more positions including
and subsequeRt S thie ity gfg}f)?q’ﬁﬁ?f%,ttl?efh%ﬁelpﬁ%?%tinéfﬁﬂ%tajt Ahy tim& difitgShe drying
step; 15 during the ipallvernization amclassificatiarstep;i ddring dhe sukfacecrosadinkingrstep; between
the drying step and the pulverization or classification step; between the pulverization or classification
Step and the SUHAGS biube-aking Sept dUrieg or AHEs T1a'Sich for i the 301iilg skl a container
bag or the likewaitte theewaterabsorbigire sinvostainet asahe final prodvet acanduafter thkeel surface

cross-linking sfep: hetween the syrface crpgslinking sfep, agd the fifling,step:.or-the ke, In addition,
the hopper may be installed at one place, or at 25 two or more places at each of the time. Further, in
the latter case2& plupality ot thechéppér Srray be in5talict: contmbions Iy 1 bk stherstap esidan

apparatus) may:beipstalied hehwesn the hoppers 0097 30Garyng-offhe yvater@psarbing resin

powder substance from the previous step to the storing step, or carrying from the storing step to the
next step, witPthiCROEPE s Prefétabidhétforhisd By BRedmaRE trafspafiaton Fbé deB&ribed later.

The productioneetbod relenantito:ane.preferabie-empedimertt afitbe present énventien has a step for
storing tﬁfﬂ; water-absorbigeg resin powder iubstance after 5 %he neumatic transporta igan Oftep.

According to such A aspec tHefe i h6 property detreass caused BY inipadtas el B duality of
high property ean dieomaintainée stalbjirandads thus prefetables [0893] R0fFropeity pfithed .

VWHeFabSO”ﬂqu%thtion, ratio of maximum caliber (diameter) and height
of the hopper (maximum caliber of the hopper / height of the
hopper, for example, “R1/H” in Fig. 3) is in a range of 1/10

15 to 10/1, still more 1/3 to 3/1, and particularly 1/2 to 2/1.
In this case, for the inverse truncated pyramid shape or the
inverse circular truncated cone shape, as shown in the left
drawing of Fig. 3, *“height of the hopper” indicates height
of the inverse truncated pyramid part or the inverse circular

20 truncated cone part (“H” in the left drawing of Fig. 3). 1In
addition, for the inverse truncated pyramid shape or the
inverse circular truncated cone shape added with the
rectangular column or the circular cylinder, as shown in the
right drawing of Fig. 3, it indicates total height of height

25 of the inverse truncated pyramid part or the inverse circular
truncated cone part, added with height of the rectangular
column part or the circular cylinder part (“H’” in the right
drawing of Fig. 3). 1In addition, when the hopper is not a
cylinder, maximum caliber of the hopper is specified in terms

30 of a diameter of a circle equivalent to the maximum
cross—section thereof. As for shape of the inverse truncated

pyramid shape or the inverse circular truncated cone shape,



(Particle shape) Particle shape of the water-absorbing resin powder substance is not especially
limited. As this particle shape, powders of spherical-shape, nearly spherical-shape, 15 irregular pulveri
zed shaped (which is a pulveri zed substance) , bar shape, polygonal shape, sausage shape (for
example; refer to USP N0.4973632 specification), a particle with wrinkles (for example; refer to USP
No0.5744564 specification) and the like are included. They may be a single patrticle, or 20 granulated
particle, or a mixture of the single particle and the granulated particle. In addition, the particle may be a
foamed porous one. Preferably, a single particle wijth irregular pulverized shape or a granulated
substance thefdof B THEIUHed. S5{0064] (PARIAIE SiER) Mads Serage Garilé dHmEteBEof the
water-absorbing tesih betarerstsfacd gpasstlinking andAd dp thelfinalpreductds peaferably 200 to 600
gm, more 30 pcrgfgrabl 20 fo 550 gm, still rgﬁ% @ret)erra{)y 2;150 to 5%0 gm andhpa ticulaélly preferably

350 to 450 gm. In atdC |trllocna,1 héJl faar icle below gm’is pretiéraebﬁ/ae?s Iesseiﬁ:ée ptosesi I%?pand usually

adjusted at 0 tor59% bysnass, preferablyn0rte 3%ty maksrand particwady preferabdyf0 td18% by mass.

Still mores the partigle egual tp;orlarger than 850 apjsrgferably as less as pagsihle ;and ysually
adjusted at O to 5% by mass, 5 preferably 0 to 3% by mass, and particularly preferably 0 to 1 % by

mas s . Logarifith 3tariard 6evianos () oPparticle size tdistribbtior iRipréferaisy seat0i20 to 0.40,
more preferably,§,2¢ 40 0:37 and-gtilbmore preferably 0,25 10, 033 1 fof fhess, measyring methods,

as a method using a 10standard sieve, for example, it is described inWO 2004/069915
and still more preferably equal to or more than 80% by weight

is stored in a part of pyramid or circular cone of the hopper.
10 [0083]

In the present invention, it is preferable to use the
hopper having specified shape of a cone inclination angle
of equal to or larger than 45 degree, and a drawing rate of
0.3 to 0.8. The upper limit of the cone inclination angle

15 is preferably below 90 degree. 1In the present description,
the “coneinclinationangle” is, asshowninFig. 3, inclination
angle of a side wall surface relative to a horizontal surface
of the hopper installed. The cone inclination angle of the
hopper of the present invention is set at preferably equal

20 to or larger than 50 degree, still more preferably 60 to 90
degree, particularly preferably 65 to 85 degree, and most
preferably 68 to 85 degree. It should be noted that, when
the side wall surface is not flat, it is specified by average
value of angles determined from the whole side wall surfaces

25 thereof.

[0084]

In addition, in the present description, the “drawing
rate” is a value of ratio (R2/R1 x 100) specified by caliber
of the opening part of the upper surface of the hopper (maximum

30 caliber part of the upper part of the hopper (R1l)) and the
opening part of the bottom surface of the hopper (caliber

of the discharging part of the hopper (R2)), expressed in



pamphlet or EDANA-ERI420.2-02. [0095] (Absorbency, CRC (free swelling ratio (GV))) It is preferable
that absorbency against non-pressure 15 (CRC) for a normal saline solution of the water-absorbing re
s in powder substance after surface cross-linking, and still more after transportation is equal to or
higher than 15 g/g. Absorbency against non-pressure (CRC) of the water-absorbing resin powder
substance before surface cross-linking is not 20 especially limited, but, it is preferably equal to or
higher than 1 5 g/g Theabsorbentarticles such as di spo s able diaper s, where this water-absorbing
resin powder substance is used, absorb body fluid or the like well. From this viewpoint, absorbency

(CRC) after sUtfacetbss-lilking of Bafte 75 SGrfacd “rolSiRking i praférably eqtartd'sr higher
than 20 g/g, stilbmosegreferablycegual te osbhigherithan 29 ¢/g, andipatticularpyrpreferablyvequal to or
higher than 30,9/g. In yjew of performance of the absarbent articles, the higher absorbency (CRC) is
the better. Hov%%/\%ﬁ irél/ E%%i’e ?/?e(%v%%lrntt%%ut at V%/ra?é%rr?arb%%?gin%%fe%?n gzcj)\?vder%%bsé éjn%fegcan be
produced stabheandtabiaiietat iove cost) ¢himdbdorbensy(CRE)dspreferabipeqaaktordower than 60

g/g, still more preferably.equal to o, i‘%)r’?gntb an.5Q g/grand padicularly prgierably, eqpal to.or lower

than 35 g/g. It should be noted that in present invention, absorbency against non-pressure (CRC)
is synonymous @38 freelspéllifg rathe (V)R SSartPCRO may i fférredtB 93 GVGn BBRT-SEases. [0096]

In measuremepi of, abserhengyAgaipghaenresswe, (¢RE)a aboutQ.2,9af the water-abgorbing resin
powder substance is prepared. Mass W1 of this water-absorbing resin powder 10 substance is

measured. ThisS7ater-Abs6rding fedit PBGEEY sGh<taRte REPGHHIFRdrMiARYbag made of nonwoven
fabric (60mm2850w1B) . Thi s bag s immersedinanormal saline solution with a temperature adjusted at
25 2C, for 30minutes. Next, this bag is pulled nd put into a centrifugal separation 15 apparatus (a
compactl-épe centrifudal s8paratibR &pparatu ,ilr)%g&&g{t)ypg:al-tf-elzz( %%%%?é’c%red%fy K(ggluesan Co.,
Ltd.). This centrifugal-sépasatiomapparatusps eperatediiaiden conditioicef 25@ G (253X 981 m/s2) for
3 minutes. Mass W2 (g) of the bag thereafter is measured.,On the other hand, similar 20 processing is
performed on %%egag ﬁo@%o‘ﬁ?&?ﬁ%@ tﬁggwgt%?-%lgse%?bi% rlegmeﬁov%/ er sE%s(’ta%Xngr%cT mmé;{ss W3 (g)
thereof is measueet: Absbrbency agaistimorizpressare CREY more preferably 30 to

80% by volume, and particularly preferably 40 to 80% by volume.
15 In the present description, “the filling rate” is specified
by volume ratio (% by volume) of the water—-absorbing resin
to be packed relative to inner volume of the hopper, and by
controlling it within the above range, transfer property of
the water—-absorbing resin becomes good.
20 [0086]

A material of the hopper is not especially limited, but,
stainless steel is preferable, and surface roughness or the
like of the inner surface thereof is in accordance with the
pipeline which can be used in a pneumatic transportation step

25 to be described later has.
[0087]

It is preferable that a residence time (average) of the
water—absorbing resin in the hopper is also controlled, and
the residence time is preferably equal to or shorter than

30 24 hours, more preferably equal to or shorter than 12 hours,
still more preferably equal to or shorter than 6 hours and

particularly preferably equal to or shorter than 2 hours,



is calculated according to the following Expression. [0097] 25[Expression 1] CRC (g/g) =
[(W2-W3)/W1]-1 [0098] (Absorbency against pressure, AAP) Absorbency against pressure (AAP) for a
normal saline 30 solution under pressure (ERI422.2-02, under condition of a load of 50 g/cm2) of the
water-abs orbing re s in powder substance after surface cross-linking, and still more after
transportation is preferably 15 to 50 g/g, more preferably 18 to 45 g/g, particularly preferably 20 to 45
g/g, and most preferably 20 to 45 g/g. The absorbent articles such as disposable diapers, where this
water-absorbing resin powder 5 substance is used, absorb body fluid or the like well. It should be
noted that abs%%’ﬁé}?c@ difist5resR0re @NA@?‘%%%O%%W(W&E Yayatssuweifhg GRdér a load of
21 g/cm2, for T hout for & 0.9%cagueaus solutioa efsadivneehloride. Heshioiddhbe nated that, hereafter

in Examples of the p@%%qé) i%:%n %p lication, "AAP" is defineolC value measgr%iléig) ilarl%except that

as
the load is cha%\(f:]eerd to 6‘899%6(&%%? Seprﬁéjﬁ?orn,% ,cbre?\i;\llggn%artl alitie flow

conductivity (k@m@aﬁ@ﬁn@@n@@d@%@a@%@vgll)l fos DBOYE IW ma_sgfﬁuctrm ,saJme mecug solution,
of the water-ahsorbing fesin pewder,substance s @ value showdpg liouig nermeafion jn, syelling of the

water-absorbing resin powder substance or the water-absorbing agent. The larger is this SFC value,
the water-absérbfigiresin FORdECRRBtance 20sh&iP rhave thelHighéciiuid perméation. SFC of

the water-abseybing-resin powder,substanes, @ swiace.cross-ligked polyacrylic acid (salt)-based
water-absorbing resin powder substance) is preferably equal to or larger than 10 ( X 10/2cm3.sg/1) ,
more preferabl 26 t 1000 (X 10/2cm3

It should be noted that, as an embodiment exerting most
10 effect of the present invention, the method of the present
invention is applied to a production method in producing the
water—absorbingresininaproductioncapacityof, for example,
equal to or higher than 100 kg per hour, preferably equal
to or higher than 500 kg per hour, and particularly preferably
15 equal to or higher than 1 ton (Metric ton) per hour.
[0089]
Further, it is preferable that the hopper is heated,
and temperature of the surface thereof is preferably in a
range of 40 to 120°C, still more preferably 50 to 90°C, and
20 particularly preferably 60 to 80°C. 1In addition, it is
preferable that the water—-absorbing resin powder substance
stored in the hopper is also heated, and temperature thereof
is preferably in a range of 40 to 120°C, still more preferably
50 to 90°C, and particularly preferably 60 to 80°C. The case
25 of lower temperature than the above temperaturemight generate
property decrease or increase in variation width of property
value, and aggregation of the water—-absorbing resin. 1In
addition, the case of higher temperature than the above may
generate a case of property decrease or increase in variation
30 width of property value, as well as coloring of the
water—-absorbing resin.

[0090]



25 s.g/1), and still more preferably 30 to 500 (X10-2.cm2.s.g-1). In the present invention, because the
initial linear velocity Vx can be suppressed, decrease in SFC during transportation can be suppressed.
Such an evaluation is performed in accordance with the SFC test described in USP N0.5849405.
30[0100] It should be noted that, in general, AAP, CRC and SFC tend to be contradictory, but, by
adopting the above range, the water-absorbing resin having these properties balanced can be
provided. [0101] (Moisture content) 5Moisture content (specified by reduced amount on drying in

heating 1 g at 18000 for 3 hours) of the Water-absorbinr% resing%?e particulate water-absorbing agent)
obtained finally is pref&rabiy'equdito 6r et tHak 55 by Wéight, Mbre Breferablhy Syuat tor lower
than 3% by weighti €estaind0 amalmntaof svater, prefesatly @quahtocorimoresthasnr0.1% by weight,

more preferablé/ e%%e}Ll 19 or mare .t@%réo.%%)]%by weig?té i% gﬁgg Ielof tng)_ai @;nig taé{r;%iir%@lhcancing

absorbing speeé%r proper¥y after- transporta ion" A jus¥men the moisture co ay be

performed as appropriate Waﬁj@ﬁﬁbgheatiﬁg 16 cbhdition ovethela‘dditi@yamummf_gwatee as needed.
[0102] [Featurgs of the presgnt inventionl, . Ysually. as for the water-ahsorhipg resin syface

cross-linked by covalent bond or surface polymerization with 20 the surface cross-linking agent, liquid
permeation is ERRaNééd i Spicerikey (shsic) Gronie waypby B Fquitpériicatisrtipfprover,

separately. Thatis, 38 Praferable agpects {d)he suHace eross-dinking agentwith covalent property,
(2) the liquid permeation improver functioning as 25 a spacer-like (steric) or an ionic cross-linking

agent, (3) a Iutﬁﬁ@e?rﬁ](a slip property improver) is used, and still more (4) pneumatic transportation is
applied. [0103] When the powder substance (the water-absorbing resin

10 powder substance) ishandledineach step, thehopperisapplied
at eachstep, indischargingthe powder substance after storage
of the powder substance in at least one or more positions
including and subsequent to the drying step. That is, the
hopper may be installed at any time during the drying step;

15 during the pulverization or classification step; during the
surface cross-1linking step; between the drying step and the
pulverization or classification step; between the
pulverization or classification step and the surface
cross—1linking step; during or after the step for filling (the

20 filling step) a container bag or the 1like with the
water—absorbing resin, obtained as the final product at and
after the surface cross—-linking step; between the surface
cross—1linking step and the filling step; or the like. 1In
addition, the hopper may be installed at one place, or at

25 two or more places at each of the time. Further, in the latter
case, apluralityof thehoppersmaybe installedcontinuously,
or other step (or an apparatus) may be installed between the
hoppers.

[0092]

30 Carrying of the water—-absorbing resin powder substance

from the previous step to the storing step, or carrying from

the storing step to the next step, with this hopper is



As described above, the production method for the 30 particulate water-absorbing agent
(water-absorbing resin) of the present invention includes the pneumatic transportation step for the
particulate water-abs orbing agent . As for pneumatic transportation, a method for pneumatic
transportation described, for example, in JP-A-2004-345804, WO 2007/104657 pamphlet, WO
2007/104673 pamphlet and WO 2007/104676 pamphlet may be used. In the pneumatic 5
transportation step, the particulate water-absorbing agent is transported in a transportation pipeline by
use of a transportation apparatus under low concentration, or a transportation apparatus under high
concentration Sh adaition: intd e iniie bf the tRRSPBRAtSh pipdline® 1058¢ordary & i fetted as
needed. [0104]e s cBize=of the transportation @pparatus cnderchigh comedniration ishotaspecially
limited, and is detefrénrig% corre O(gllqrilre\%_'ﬁ_o amount of the particulate w]?teorflal%forbing JtSeagent to be

. € .
transported ora teranspor ation distance. The ranspor]%é:tleosnecrillstaln%‘éeor% he par ﬁ:%léateswatgr-absorblng

agent is contrdiled bymjumiﬁgl%m@th@fﬂ@évﬂaq@pm;i@ﬁ pipelinel Sthe production mettrod pf the
particulatg waigr-absprhing, agent.(uater-absarbing resip) relevant 19,293 preferaple gmbadiment of

the present invention is @ method for adding the lubricant (the slip property improver) to the
water-absorbifg REstt haVRrE cids RUmEPsiRictyrel efer agdaintpihessuriacel8ipsstinkmg agent and

the liquid permeationimproyer: dhersefare jhepastieylate 23 water-absarbing agent-atained by the
production method of the present embodiment, because of presence of a layer of the slip property
improver at théhost dutdide, thafisSaf‘opposite side of the water-absorbing resin present at the
center part, enhaneges fluidity in moisture absorption and 30 fluidity in a dry state. As a result, the

particuleﬁgﬁ wateEr)-absorbing a en}%has g\ood hagdlingq&rogert in trfnsportation, and has less
attachment to an‘apparatis dr theTikEThEddition otk tHe Sarticulate water-absorbing agent is
superior in liquie petmeatiors dae 40 having the layer of the liquid permeation improver. As

Particle shape of the water-absorbing resin powder
substance is not especially limited. As thisparticle shape,
powders of spherical-shape, nearly spherical-shape,

15 irregular pulverized shaped (which is apulverized substance),
bar shape, polygonal shape, sausage shape (for example; refer
to USP No0.4973632 specification), a particle with wrinkles
(for example; refer to USP No.5744564 specification) and the
like are included. They may be a single particle, or

20 granulated particle, or a mixture of the single particle and
the granulated particle. 1In addition, the particle may be
a foamed porous one. Preferably, a single particle with
irregular pulverized shape or a granulated substance thereof
is included.

25 [0094]

(Particle size)

Mass average particle diameter (D50) of the
water—absorbing resin before surface cross-linking and/or
in the final product is preferably 200 to 600 um, more

30 preferably 200 to 550 um, still more preferably 250 to 500
um, and particularly preferably 350 to 450 um. Inaddition,

the particle below 150 um is preferably as less as possible,



a result, the particulate water-absorbing agent has small 5 decrease rate of saline flow conductivity
(SFC) caused by pneumatic transportation, and is superior in damage resistance. Further, in the
production method for the particulate water-absorbing agent (water-absorbing resin) of the present
invention, effect of the present invention 10 becomes far more obvious in the pneumatic transportation
step, by jetting secondary air into the inside of the transportation pipeline. [0105] It should be noted
that, as described above, in the 15 particulate water-absorbing agent containing the liquid permeation
improver such as the pol¥valent metal salt or the water-insoluble finea%)article and the grodouction

method theref8F Gt WAS A & Eoverett & parficuldr brobléntsh Ahractic ‘f)}f(?&?éﬁ%% thatds?

s;’d problem of
decrease in transpoertatiora 20 propetty (decréasperp praductiyity) accompanyingwith sise laf the liquid

permeation impraver. gnd decrease.in property aecompanying wih Jtanspariafion after mixing the
liquid permeation inﬁproveﬁaln partlcufea , In 'such property decrease, a Scale Tactor ( prope%y decrease
from a laboratery)12Z5 s significast dhaheaprésent mvention) by padsing the folidwing presmatic

transportation sien; decraasejnproductyity and.decregse in property,can he suppregsed gven in large
scale production. It should be noted that, property of the particulate water-absorbing agent indicates

property 30 of efihalpraduct in the préductvrs sesp and PropettyohtHedwat RATSVFIAG ¥&sin

indicates propgkty at andntermediate step ip.the pragicfionstep {ingparticylar, opropertyafter surface
cross-linking or after adding the liquid permeation improver, in particular, property before carrying,

after adding tHe IRfuid pRrfedticn imprdver)! {0266 S5[Theé prikhTai G4 ta¥ioh-step[© Outline
of the production3step of dhe particidate watesrabsarbing agealkrelevant tadhe presest Hyention is as
described above. Explanation will be given next on.the transportation method relevant to the pre sent
inventio%.OTheslthBEeaslé ts’lﬁ\%fnﬁi’ogﬂﬁ ﬁf%aﬁﬂl%ic(i%(:ti]o% ]n?e%r?o%c Sf%%gmja?ew%%ég)rg(n%g%rgegilngincluding
the polymerizationggtep of the agrevusEsatdtian af-arz unsaturated monomer; the drying step of the
hydrogel poly Srogl%tja\ined in the polymerization step; and the surface cross-linking step for surface 15

cro s s-linking the particulate water-abs orbing re s in obtained in the drying step, includes the step
(the pneumatid transpdreation stepy fof preantatie tlansportirigithe (Water-absorbing resin powder

substance generated;in qach,stepdn apipeling with,a suace 1oughnessdAz) of the nner surface 20

of equal to or smaller than 800 nm, by using gas with a dew point of - 5C to - 100C. By this method,
propertylof thel(wafer-abszorising ¢68iA-catde 8fhatced 1on of the water-absorbing

resin powder substance after surface cross-1linking, andstill
more after transportation is equal to or higher than 15 g/g.
Absorbency against non-pressure (CRC) of the water—-absorbing
resin powder substance before surface cross-linking is not
20 especially limited, but, it is preferably equal to or higher
thanl5g/g. Theabsorbentarticlessuchasdisposablediapers,
where this water—-absorbing resin powder substance is used,
absorb body fluid or the like well. From this viewpoint,
absorbency (CRC) after surface cross-linking or before
25 surface cross-1linking is preferably equal to or higher than
20 g/g, still more preferably equal to or higher than 25 g/g,
and particularly preferably equal to or higher than 30 g/g.
In view of performance of the absorbent articles, the higher
absorbency (CRC) is the better. However, in the view point
30 that the water—-absorbing resin powder substance can be
produced stably and obtained at low cost, this absorbency

(CRC) is preferably equal to or lower than 60 g/g, still more



[0107] Fig. 2 is a schematic view of a pneumatic transportation 25 apparatus 30 which can be used in
one embodiment of the present invention. The pneumatic transportation apparatus 30 has a
pressurized tank hopper 32, a transportation pipeline 34, a pipeline for the secondary air (not shown),
a valve 37, a valve for the secondary air 36, and a compressor 38. The 30 compressor 38 is
connected to the pressurized tank hopper 32 via the valve 37. By the compressor 38, inside the
pressurized tank hopper 32 can be pressurized. In addition, the compressor 38 is connected to the
transportation pipeline 34 via the valve 37. The compressor_38 can supply air of the transportation
pipeline 34, THY SAEHTIANY a8 Rppited Via fHE/alVE 3B Sthé Laeofidikly 1F s SbbiEd to the
pipeline 5 for theseeondary atjwid the wive 36 T hehecompsesgor.38 Tarssupply aie(thetsetondary air)
of the pipelinetfgf51 tche sgcondca}% air, Ineléig. % one compressor 38aigsdrg§élg Qut, thae campressor 38
may be present In multlﬁie. It should’ b€ hoted thaf} a method for suppciyingf%hé/ seco%d%ry air is present
10 variously andis-potrmitet:td GRE methed of thanpresertt émbodimeht. 04083t 1olhGe embodiment

of Fig. 2, the pneumaic transportation apparatys, 30 transpoeyts the, water-ahsorbing resin powder

[0096]

Inmeasurement of absorbencyagainst non-pressure (CRC),

about 0.2 g of the water-absorbing resin powder substance

is prepared. Mass W1l of this water—-absorbing resin powder

10 substance is measured. This water-absorbing resin powder

substance is put uniformly in a bag made of nonwoven fabric

(60mmx 85mm). Thisbagisimmersedinanormal salinesolution

with a temperature adjusted at 25+ 2°C, for 30 minutes. Next,

this bag is pulled up, and put into a centrifugal separation

15 apparatus (a compact-type centrifugal separation apparatus,

model-type: H-122, manufactured by Kokusan Co., Ltd.). This

centrifugal separation apparatus is operated under condition

of 250 G (250 X 9.81 m/s2) for 3 minutes. Mass W2 (g) of the

bag thereafter is measured. On the other hand, similar

20 processing 1is performed on the bag not containing the

water—absorbing resin powder substance, and mass W3 (g)

thereof is measured. Absorbency against non-pressure (CRC)

is calculated according to the following Expression.

[0097]
25 [Expression 1]
CRC (g/g) = [(W2-W3)/W1l]-1
[0098]

(Absorbency against pressure, AAP)
Absorbency against pressure (AAP) for a normal saline
30 solution under pressure (ERT422.2-02, under condition of a
loadof5Og/cm2)ofthewater—absorbingresinpowdersubstance

after surface cross-linking, and still more after



15 substance from a receiving hopper 40 to the storage hopper 42. For example, assumed is the case
where the pneumatic transportation apparatus 30 connects an apparatus for performing a step X, and
an apparatus for performing a step Y. The step X and the step Y are not especially limited. The 20
step Y is the next step of the step X. In this case, in the receiving hopper 40, the water-absorbing resin
powder substance generated by the step X is stored. In addition, the water-absorbing resin powder
substance transported by the pneumatic transportation apparatus 30 is stored in the 25 storage
hopper 42 and supplied to the step Y. That is, in the present emb(()j}jiment, the ho Pers 40, 32) are
installed after fHe"SteB X, Ehd atter theRk&ter-ab8orhing réSinPowdéer stistanes g Stored ih this
hopper (the stoage step)y this watet-absarhing resia powder substancd is pneumaticaly 30
transported via the_transportation pipeline 34 (the pneumatic transportation step), and the
water-absorbir% ?é‘cselﬁ %%qw%(:r} §ubé; ar%c% t?zﬁs'por?e%eisas c;s’r(éﬁkl)r? Ee ﬁgpl)cplecrﬁ(ig) géJT%Pe the step Y
(the storage stépydtshould bie aptedsthaththesstordge opper 4R corfespands 16 1a storage part in the
embodiment of Fig, 5,10 e deserihed later. The waler-apsqehing resip powder sibstance; stored in the

5 receiving hopper 40 falls into the pressurized tank hopper 32 by opening a valve 44. Next, the valve
44 is closed tosinfBddc®préssufided AR tinfPHRPIe8SIT i ZAMPtARR hoppeF 3By pfé B suté of thi s air (

primary air ) , theswatet:abs orhing resinpovder.substance, in.the pressusized tank hopper 32 moves

10 ins ide the transportationpipeline 34, and reache s the storage hopper 42. Pneumatic transportation
is possible evérPby britvary diPonky, But in M pretent ehbodiment, BYPA<ing thé S8&dhiFary air still
more, more preferable transpartation ean be perferarac A3[00A mp 1 Preiimatie transportation
relevantlt8 the present invention‘jg applied t%tr%nsp%{tation of S[he water-abs%{bin res iq owder
substance ( theParticitateWater-abs orbing T8 iR and the FartichIdt av@éjt]é?-absslorlinﬁragint)
generated in eaxh&froftthetsteps; in particiltar caftersuiface crossrlinking. That is, pneumatic
transportation h%e%l'cable to the transportation parts 6 shown in Fig. 1. Pneumatic transportation is
not suitable between the polymerization apparatus 8 and the drying apparatus 10, between the mixing
25 apparatus 16 aad the heating pparatys €8, &sd betveeretheigraadlation apparatus 28 and the

drying apparatus 10, becayse @ 3Upsiange 1 b fransported.Is moist, hut, Ipother tegrsportation parts

6, pneumatic transportation can be used suitably because the substance to be transported (the 30

water-aBsorbiff§ tsin powdét -<ubstanc&yis indR)stafe PreferaBle thesphedinatie frarishortation

step is includeghaftgr the surface ¢rosslinking, Baeumatic transportation, of 4he pregentiinyention may
be used in at least one place, or at two or more places among the transportation parts 6 of Fig. 1. For

the transportatidipart &Fse prirumaticardgdttation S rot@ddpted 28 rdeharicat fraRsportation,
5 for example & earveyaras the tike canthe-adapted- HIObing agent. The larger

is this SFC value, the water—absorbing resin powder substance
20 shows to have the higher liquid permeation. SFC of the
water—absorbing resin powder substance (a surface
cross—1linked polyacrylic acid (salt)-based water—-absorbing
resin powder substance) is preferably equal to or larger than
10 (X10 ’*cm’+s*g™?), more preferably 20 to 1000 (X10 '-cm’:
25 s*g ), and still more preferably 30 to 500 (><104'CH9'S°g’H .
In the present invention, because the initial linear velocity
Vx can be suppressed, decrease in SFC during transportation
can be suppressed. Such an evaluation 1is performed in
accordance with the SFC test described in USP No.5849405.

30 [0100]
It should be noted that, in general, AAP, CRC and SFC

tend to be contradictory, but, by adopting the above range,



(A material) As a material of the transportation pipeline, it is preferably to use stainless steel. The
inner surface of the 10 transportation pipeline is preferably mirror finished. By this mirror finishing,
damage which the water-absorbing resin powder substance receives can be suppressed. By mirror
finishing of stainless steel, damage suppression effect is stillmore enhanced. As the stainless steel,
SUS304, SUS316, 15SUS316L or the like is included. [0111] In the present invention, the inner
surface of the pipeline is controlled to have a surface roughness (Rz), specified by JIS B 0601-2001, of
equal to or smaller than 20 800nm. The surface roughne s s ( Rz ) is smoothened togre ferably equal

to or smaller tHal¥ 568 Wi, GRS pretdrably 8glal o or $halierihaR 380 Am: il Rioré'bréférably equal

to or smaller tham20e npt, pattieularly preferably equal to or smaller than 185 nm, and most preferably
equal to or smg %% than 170 nm. It should be noted that, the surface roughness ( Rz ) means the
maximum value of maximum height (gm) of surface irregularity. The lower limit of the surface
roughness (Rz)Ms Dsimrbutsbetause) there is no big difference even by about 10 nm, it is enough by

about 10 gm, and stij,more 20.nm, F0Qthersurtace royghnessy(Ral £an be,alsg seeaifier,by JIS B

0601-2001, and preferable value thereof is also set at the Same value as Rz. More preferably, Ra is

equal to or smalleP&Ran 280, ahdlpartieulsrly preterabhy) eqilialtecorsrhalierthaA 2R0m. Such a

surface roughness; may(be megsyred with, apropetype suace roughness,meterin acgargdance with
JIS B 0651-2001. 5[0112] (Dew point) In this transportation method, in the view point that superior

property of the-watetiabsbrbingFEEhABOWdERLbstaTce Ean DEShaimtained StaBly"SndPBibeking

phenomenon 4@ gandhe suppressesaas privasy aiband sacondsymRirvit isspreferable thatdried air is

used. Dgw point of this aiy is referal;%}/ e%ual to or lower than - 5C, more preferabéy %q/ug to or lower
to ferably

than - 10C, stift Aot préferdbly Eou Flotet thaT i 12C 8nd pahidiTarly fre dual to or 15
lower than - 15Eikmhevwnof-eostrperéoraianeces @iahge of dews pointisregual toor highehthan - 100C,

preferably equalto.gphigher 2. 706, nd.stilmore preferably.about 50G s enough il more, i
is preferable that ten?perature of gasis about 10 0 40C, and still more 15
property after transportation. Adjustment of the moisture
content may be performed as appropriate by adjusting heating
15 condition or the addition amount of water as needed.
[0102]
[Features of the present invention]
Usually, as for the water-absorbing resin surface
cross—1linked by covalent bond or surface polymerization with
20 the surface cross-linking agent, liquid permeation is
enhanced in spacer—-likely (steric) or ionic way by the liquid
permeation improver, separately. That 1is, as preferable
aspects, (1) the surface cross-linking agent with covalent
property, (2) the liquid permeation improver functioning as
25 a spacer-like (steric) or an ionic cross-1linking agent, (3)
a lubricant (a slip property improver) is used, and still
more (4) pneumatic transportation is applied.
[0103]
As described above, the production method for the
30 particulate water—-absorbing agent (water—-absorbing resin)
of the present invention includes the pneumatic

transportationstep for theparticulatewater—-absorbingagent.



20to 35C. [0113] Other than dried gas (air), heated gas (air) may be used. In this case, a heating
method is not especially limited, but, gas (air) may be heated directly by us ing a he ating medium, 25
or gas (air) to be passed may be heated indirectly by heating the transportation pipeline or the
apparatus. The lower limit of temperature of this heated gas (air) is preferably equal to or higher than
20C, and more preferably equal to or higher than 30C. In addition, the upper limit of the temperature
30 of the heated gas (air) is preferably below 70C, and more preferably below 50C. [0114] As a
control method for the dew goint gas, preferably air may be dried as appropriate. Specifically, a

method for usig a'MemB S}S/Je?, a-hRtHa ol U5ihg ™ cdolifg Bd8Srplich-typecaaF, Emethod for
using a diaphragamdiyer,tmand a dwethed terdising thesernip temhbinalionzare Gncluded. AWhen the

adsorption-type dryer j it may be a heating regeneration- , Or may be a non-heating
regeneration-%&?e %@:d%g}f/%egé z]of%{?én gln%ergﬁoﬂytcgpg.e[%ﬁg]gftglpt}%hgﬁal Bg%?neo ed fh%t%lﬁéview of
decreasing resiflal/medomers beisgiréferabiesthat lkew peiad of thelgas when dryingnatparticular dew

point of hgt a5 3040A0C, sl rapts. 40870, Thatis, i dhe present applisation. Bycseiting at high

dew point when drying, and setting at 5 extremely low dew point of equal to or lower than - 5C during
transportation ithe WatBERBSGBhglresin WiththigR PrépérhPis obtdified TPhatys, W theProduction step

of the water-absqrhingyesity, differencsof devspaintis equal fo erhigherthap35C, prgfergbly in a
range of 35 to 170C, 20and more preferably 55 to 120C. [0116] (Temperature of the powger
n

substance) transportation apparatus under high concentration.

addition, into the inside of the transportation pipeline,
10 secondary air is jetted as needed.
[0104]

Size of the transportation apparatus under high
concentration is not especially limited, and is determined
corresponding to amount of the particulate water—-absorbing

15 agent to be transported or a transportation distance. The
transportation distance of the particulate water—-absorbing
agent is controlled by adjusting length of the transportation
pipeline. The production method of the particulate
water—-absorbing agent (water-absorbing resin) relevant to

20 a preferable embodiment of the present invention is a method
for adding the lubricant (the slip property improver) to the
water—-absorbing resin having a cross—-1linked structure, after
adding the surface cross-linking agent and the liquid
permeation improver. Therefore, the particulate

25 water—-absorbing agent obtained by the production method of
the present embodiment, because of presence of a layer of
the slip property improver at the most outside, that is, an
opposite side of the water—-absorbing resin present at the
center part, enhances fluidity in moisture absorption and

30 fluidity in a dry state. As a result, the particulate
water—-absorbing agent has good handling property in

transportation, and has less attachment to an apparatus or



In the present invention, temperature of the water-absorbing resin powder substance (the particulate
25 water-absorbing agent) to be supplied to the transportation pipeline is preferably equal to or higher
than 30C, more preferably equal to or higher than 40C, and still more preferably equal to or higher
than 50C. By maintaining temperature of the water-absorbing resin powder substance 30 (the
particulate water-absorbing agent) to be supplied to the transportation pipeline at equal to or higher
than predetermined temperature, property decrease of the particulate water-absorbing agent can be
suppressed. Specifically, it has significant effect on maintaining property such as normal saline flow
conductivity (SFE) orthé fike. 5[0117] T&Mperafie of fhe waté -absoﬁ‘gllﬁg rESh poWie? stibstance
(the particulater water-ahsosbingragentptocbe supphed iothe trahspariatiore pipeting candie=determined
by measuring the temperature of the water-apsorhing resin 10 powder substance (the payticulate
wtor absor NG AAG o 11e SBUES of s DAt SRR H4bre. (e eaoe ot the
transportation pipatine! meansthegeripheta partiadmwhibls thds wate raatssorbimgsesingdowder

substance (the, patticylate water-absarbing agent) enters, ihe-13 rapspqriation pipgling for pneumatic
transportation. The
pneumatic transportation, and 1is superior 1in damage
resistance. Further, in the production method for the
particulate water—-absorbing agent (water-—-absorbing resin)
of the present invention, effect of the present invention
10 becomes far more obvious in the pneumatic transportation step,
by jetting secondary air into the inside of the transportation
pipeline.
[0105]
It should be noted that, as described above, in the
15 particulate water—-absorbing agent containing the liquid
permeation improver such as the polyvalent metal salt or the
water—-insoluble fine particle, and the production method
therefor, itwasdiscoveredaparticular probleminapractical
production, that is, a problem of decrease in transportation
20 property (decrease in productivity) accompanying with use
of the liquid permeation improver, and decrease in property
accompanying with transportation after mixing the liquid
permeation improver. In particular, 1in such property
decrease, ascale factor (propertydecrease froma laboratory)
25 is significant. In the present invention, by passing the
following pneumatic transportation step, decrease in
productivity and decrease in property can be suppressed even
in large scale production. It should be noted that, property
of the particulate water—-absorbing agent indicates property
30 of a final product in the production step, and property of
the water-absorbing resin indicates property at an

intermediate step in the production step (in particular,



upper limit of the temperature of the water-absorbing resin powder substance (the particulate
water-absorbing agent) is not especially limited, but, too high temperature of the water-absorbing resin
powder substance (the particulate 20 water-absorbing agent) could decrease property as the
particulate water-absorbing agent. In addition, it requires a large amount of energy to maintain
temperature of the water-absorbing resin powder substance (the particulate water-absorbing agent) at
high temperature. From these 25 viewpoints, temperature of the water-absorbing resin powder
substance (the particulate Water-absorbin% agen'g to be supplied to the transportation pipeline is

I

preferably equal B86F loWe? tar 160¢ st Gre Equat 18 oF Isvetthat B5€, 4R parictlkrly
preferably equal toxanlgweemthan 96L. 3tblncadditjon rtepaperatune of the water-alsarbingesin powder

substance (th%g%glﬁ(}ﬂﬁ%{? Wﬁ%ré%b%%gq‘ggagcer% ) f]t. c%qlei%lx%erme ation improver).
[0106]
5 [The pneumatic transportation step]

Outline of the production step of the particulate
water—absorbing agent relevant to the present invention is
as described above. Explanation will be given next on the
transportationmethodrelevant tothepresent invention. The

10 present invention, 1in the production method of the
water—-absorbing resin including the polymerization step of
the aqueous solution of an unsaturated monomer; the drying
step of the hydrogel polymer obtained in the polymerization
step; and the surface cross-linking step for surface

15 cross—linkingtheparticulatewater—-absorbingresinobtained
in the drying step, includes the step (the pneumatic
transportation step) for pneumatic transporting the
water—absorbing resin powder substance generated in each step
inapipelinewithasurfaceroughness (Rz) of the inner surface

20 of equal to or smaller than 800 nm, by using gas with a dew
point of - 5°C to - 100°C. By this method, property of the
water—-absorbing resin can be enhanced.

[0107]

Fig. 2 is a schematic view of a pneumatic transportation

25 apparatus 30 which can be used in one embodiment of the present
invention. The pneumatic transportation apparatus 30 has a
pressurized tank hopper 32, a transportation pipeline 34,
a pipeline for the secondary air (not shown), a valve 37,
a valve for the secondary air 36, and a compressor 38. The

30 compressor 38 is connected to the pressurized tank hopper
32 via the wvalve 37. By the compressor 38, inside the

pressurized tank hopper 32 can be pressurized. In addition,



of the transportation pipeline is equal to or higher than 30C, preferably equal to or higher than 40C,
and more preferably equal to or higher than 50C. [0118] A method for controlling temperature of the 5
water-abs orbing re s in powder substance during transportation is not limited. Preferably, a means for
heating the storage part (a storage apparatus) such as a hopper or the transportationpipeline from out
s ide may be used. Preferably, the storage part (a storage apparatus) and/or the 10 transportation
pipeline is steam-traced. For example, by arranging a copper pipe at the exterior surface of storage
part (a storage apparatus) and/or_the transportation, and making steam pass inside this copper pipe,
temperature of the WAIB-S5S6tbing redifi Poiter SUbstands tari BeRaihtained 5 BFedud to or
higher than predetermined teaiperature. [QLEO-Breferably, thisscoppes pipelis waund arouad the
extior suriace, o Ug siarage barL (A slorae anparaluy andign (e, Yanspotalion ppels, When dow
condensation IS gene@at% inside the transportation plpeﬁne or insidé the sforag part (a storage
apparatus), attachmeatvefltiie Water-absoskingrésinypewdesstinstanced s thehsurfape of the

transportafion P&e”{‘ﬁeors%%%ﬁ%%?}“ gt the,waterabsprhipg regin poywder sybstance maygoccur.

Therefore, in view of suppressing dew
can supply air (the secondary air) of the pipeline for the

secondary air. In Fig. 2, one compressor 38 is drawn, but,
the compressor 38 may be present in multiple. It should be
noted that, amethod for supplying the secondary air is present
10 wvariously and is not limited to the method of the present
embodiment.
[0108]
Intheembodiment of Fig. 2, thepneumatic transportation
apparatus 30 transports the water—-absorbing resin powder
15 substance from a receiving hopper 40 to the storage hopper
42. For example, assumed is the case where the pneumatic
transportation apparatus 30 connects an apparatus for
performing a step X, and an apparatus for performing a step
Y. The step X and the step Y are not especially limited. The
20 step Y is the next step of the step X. 1In this case, in the
receiving hopper 40, the water—-absorbing resin powder
substance generated by the step X is stored. 1In addition,
the water-absorbing resin powder substance transported by
the pneumatic transportation apparatus 30 is stored in the
25 storage hopper 42 and supplied to the step Y. That is, in
the present embodiment, the hoppers (40, 32) are installed
after the step X, and after the water—-absorbing resin powder
substance is stored in this hopper (the storage step), this
water—absorbing resin powder substance is pneumatically
30 transportedvia the transportationpipeline 34 (the pneumatic
transportation step), and the water-absorbing resin powder

substance transported is stored in the hopper (42) before



25 condensation and suppressing the attachment to the transportation pipeline or the aggregation of
the water-absorbing resin powder substance, it is particularly preferable that the transportation pipeline
and/or the storage part (a storage apparatus) are heated. As a heating 30 method, a method as
described above may be adopted. It is preferable that the transportation pipeline and/or the storage
part (a storage apparatus) are heated to equal to or higher than 50C, and more preferably equal to or
higher than 60C and it is preferable that the upper limit of heating temperature is equal to or lower than
100C. In addition, it is preferable that the transportation_pipeline is not 5 exposed outdoors, in view of

temperature coRfrof T Riew SrEonitfoliifermip&iature SftHa \Whter-a5so1Biry rédia bowdsr substance
during transpostationgit istprefesabld that the-trapspattation pipelineisaareanged indoorst [&120]
10(Linear velogtt%)o qidl Itlt%e present gescri@ion (';Iineger vel cgg';:i%(iecgteslgg&ng veloﬂ% of the
water-absorbing resin powder substance, and Sl}bstantlally € Same as moving velocity of air.
Largeness of this-kneatvetocitylig measured alonglad5 lengittdinakdiredtioneof thertrangportation

pipeline. The linear Y@Pﬁgyﬂ%ﬁﬁ'&”a&%d 101 example, by, measuaing ajr. flow ameunf flgwing in the

pipeline per unit time, with a flow meter or the like, and dividing this measured value by cross-sectional
area of the traASp&atiitpipefine. Ag 20shoivn iNEi: 2, iRcareelgeity 4f the waterbsbfbing resin

powder substange aiihe starting point iy of the fransporationpipeling;is seferrad t,as initial linear
velocity Vx. In addition, linear velocitéof the water-absorbing resin powder substance at the terminal
Em of the trandportafigi pipefité 28 iseteired td s teathinalimear V8186 Yy AR TRE 4R

transportation pipeling dinear waloeitytendsi 1o increasesatthe neares prsitigiptorthe tesminal Em of the
ransporifion pipclie. Therefore, i e, same ransporation pipeline feyminalinear velogtty vy i
hopper 42. Pneumatic transportation is possible even by
primary air only, but, in the present embodiment, by using
the secondary air still more, more preferable transportation
can be performed.
15 [0109]

Pneumatic transportation relevant to the present
invention is appliedto transportationof the water—-absorbing
resinpowder substance (theparticulatewater—absorbingresin
and the particulate water—-absorbing agent) generated in each

20 of the steps, in particular, after surface cross-linking.
That 1is, pneumatic transportation is applicable to the
transportation parts 6 shown in Fig. 1. Pneumatic
transportation is not suitable between the polymerization
apparatus 8 and the drying apparatus 10, between the mixing

25 apparatus 16 and the heating apparatus 18, and between the
granulation apparatus 28 and the drying apparatus 10, because
a substance to be transported is moist, but, in other
transportation parts 6, pneumatic transportation can be used
suitably Dbecause the substance to be transported (the

30 water—-absorbing resin powder substance) is in a dry state.
Preferably, the pneumatic transportation step is included

after the surface cross—-linking. Pneumatic transportation



30 velocity Vx, and usually terminal linear velocity Vy is the maximum linear velocity in the same
transportation pipeline. [0121] By decreasing the initial linear velocity Vx of the water-abs orbing
re s in powder substance (particle) , collision speed of the particles and the transportation pipeline, or
collision speed of the particles themselves decreases. By 5 low initial linear velocity VX, damage the
water-absorbing resin powder substance receives can be suppressed. In view of suppressing property
decrease of the water-absorbing resin powder substance, the initial linear velocity Vx is preferably
equal to or lower than 7 m/s, more preferably equal to or 10 lower than 5 m/s, more preferably equal to

or lower than 8 /sl EnBTRSE PreteribR e qUarts brigwer B5han 2 Mis. Iividw OF frdhspoiation

efficiency, the dnitialdineas velocity Mx is prefesally @qyalktocorthighemihan:5 on/'spfd22] 45By

decreasing the ter inal li earﬁlgloc%i%wé ]95 the wgtcea{-tabs orb(iinrgcreqs iI’JV Rg\évder subsrhtggge (particle) ,
0

collision speec(i) of hlegpiar icles and the tranngﬁéjtlon piﬁgﬁng, or collision spgeﬁ%?lfhe par(ficles

themselves d@r@m@acwqermmdm@@brél@dpy Vyp@ahmgiecmé Wwatersabsotlking 20,resin
powder sybstance receiyss can be_syppressed, In view of uppressing property.decrease of the

water-absorbing resin powder substance, the terminal linear velocity Vy is preferably equal to or lower
than 15 m/s, mérelgréferably equal to or lower than 13 m/s, and more preferably equal to 25 or lower
than 12 m/s. In yiey, ettransportation efficiency, the terminal linear velocity Vy is preferably equal to or
higher than 7 m/s. Supply of secondary air is adjusted so that the terminal linear velocity Vy become s
preferable value . [0123] 30fiametét of e pipelin€ PR SHARATARTELEHET M Pipelihé is-determined

correspondingdedireduetion €eapaskysbuti itis preterakly . about30mentas 306 ayw, stillinere
preferab){y 50 mm to 200 mm, and articularley referably 70 mm to.160 mm. kOlZﬂg_engBtg of the

pipeline) 5To PrevBRPBIHERIhG PhenbRTerdh(cidgding), The Tongel- T = o Tints

thismirror finishing, damage which the water—absorbing resin

powder substance receives can be suppressed. By mirror

finishing of stainless steel, damage suppression effect is

still more enhanced. As the stainless steel, SUS304, SUS316,
15 SUS316L or the like is included.

[0111]

In the present invention, the inner surface of the
pipeline is controlled to have a surface roughness (Rz),
specified by JIS B 0601-2001, of equal to or smaller than

20 800nm. Thesurfaceroughness (Rz) issmoothenedtopreferably
equal to or smaller than 500 nm, more preferably equal to
or smaller than 300 nm, still more preferably equal to or
smaller than 200 nm, particularly preferably equal to or
smaller than 185 nm, and most preferably equal to or smaller

25 than 170 nm. It should be noted that, the surface roughness
(Rz) means the maximumvalue of maximum height (um) of surface
irregularity. The lower limit of the surface roughness (Rz)
is 0 nm, but, because there is no bigdifference even by about
10 nm, it is enough by about 10 nm, and still more 20 nm.

30 Other surface roughness (Ra) can be also specified by JIS
B 0601-2001, and preferable value thereof is also set at the

same value as Rz. More preferably, Ra is equal to or smaller



transportation section requires the higher pressure. This high pressurization tends to increase the
initial linear velocity Vx or the terminal linear velocity Vy. Therefore, the longer is the transportation
section, effect of the pre sent 10 invention, that is being capable of suppressing the initial linear
velocity Vx or the terminal linear velocity, Vy , becomes the more obvious. [0125] From this viewpoint,
total length Lt of the 15 transportation pipelines included in the one transportation section ( from the
starting point B1 of transportation section to the terminal point Fl of transportation section) is preferably
equal to or longer than 50m, and more preferably equal to or longer than.100 m. In view of preventing
blocking 20 phehohéRdn By deere&Sing fﬁélﬂn?témr%ﬁ? Uity VX 8Fthe tetrtihat iRdarvelocity Vy,
the total length htiis preferably eguahtoaok shdrierdham3Nthms & anexamples bstheembaodiment shown
in Fig. 2, the total Ie%%th Lt of the tr nsgortatiog rE)i??esl)irl;neeiseeque_;lLl r}oalggg%h dof the %51 {:rlqrbsi)dgrtation

pipeline 34. Inaaggiﬁon,_iﬁytﬁee émbodiment of mul :S’staget pﬁéumatlc transﬁt?rfaetion 0 be de s cr ibed

later such as shoWrbih-ig§08,.the total length Lt is total of length Lpl of the transportation pipeline PI,
length Lp2 of tPS’fﬁ portation pipeline P2, and length Lp3 of the 30 transportation pipeline P3. That
is, it is expressed as tollows: [0126] [Expression 2] Lt = Lpl + Lp2 + Lp3 [0127] [0128] 5In view of
reducing the tefpsinalFlinieaf Velocity Vy and suppressing blocking phenomenon, each length Lp of the

transportation pipelines is preferabiy egyaktorarssharteriban 500 mnmarepreferably equal to or

shorter than 200 m, and more preferably equal to or shorter than 150 m. In view
superior property of the water-absorbing resin powder

substance can be maintained stably and blocking phenomenon
10 can be suppressed, as primary air and secondary air, it is
preferable that dried air is used. Dew point of this air is
preferably equal to or lower than - 5°C, more preferably equal
to or lower than - 10°C, still more preferably equal to or
lower than - 12°C, and particularly preferably equal to or
15 lower than — 15°C. 1In view of cost performance, a range of
dew point is equal to or higher than - 100°C, preferably equal
to or higher than - 70°C, and still more preferably about
- 50°C 1is enough. Still more, it 1is preferable that
temperature of gas is about 10 to 40°C, and still more 15
20  to 35°C.
[0113]
Other than dried gas (air), heated gas (air) may be used.
In this case, a heating method is not especially limited,
but, gas (air) may be heateddirectly byusingaheatingmedium,
25 or gas (air) to be passed may be heated indirectly by heating
thetransportationpipelineor the apparatus. Thelower limit
of temperature of this heated gas (air) is preferably equal
to or higher than 20°C, and more preferably equal to or higher
than 30°C. In addition, the upper limit of the temperature
30 of the heated gas (air) is preferably below 70°C, and more
preferably below 50°C.
[0114]



10 of increasing design freedom of production apparatus layout, the length Lp, is preferably equal to or
longer than 10 m, more preferably equal to or longer than 15 m, still more preferably equal to or longer
than 20 m, and particularly preferably equal to or longer than 30 m. 15[0129] The above problem of
transportation efficiency or property decrease or the like tends to become obvious in production in an
industrial scale. From this point of view, in the transportation method of the present invention, it 20 is
preferable that transportation capacity of the water-absorbing resin powder substance is equal to or
higher than 1000 kg/hr. [kg/hr] means transportation capacity (k%% er 1 hour. In view of decreasing the

initial linear velocity VX tFaiispbriation Eapacity 'St the Wafdr-apsotbihg rédity 25 pohitie? RtBstance is
preferably equal toros jowerdhard 000G kgho 0130 Radipe of aictuvature rQthehtharfimstallment of
the transportaﬂosq_ gsigg)eline r%orr!g]regg in A hog_izontaal qrilree%;rtliog orfinra vggtilcgl direct(i:oon(j ﬂere may be
the case where 1t1 s installed curve planezﬁkély , curve s?erical?y, or'in‘cutved polygon-rﬁﬁely, and in
this case, cureatsire radivs of theecdmvedpan isgréfedablyrsetsatranaat tceonlasger thanek m, and still
more equal to o largey, than.2 n: Jn addition, the upper limit thergat is Syfficienttg be apout 10 m, and

still more 5 m. Number of 5 the curved part'in one transportation section is preferably set at 2 to 10

places, and mBReprétefalsiy 2465 plates o34 tFErbduetib A Tapatiy N Fhebové problérd of
transportation efficienNGY-0ri on-type, or may be a non-heatingregeneration-type,

or may be a non-regeneration-type.
[0115]

10 It should be noted that in view of decreasing residual
monomers, it is preferable that dew point of the gas when
drying, in particular dew point of hot air is 30 to 100°C,
still more 40 to 70°C. That is, in the present application,
by setting at high dew point when drying, and setting at

15 extremely low dew point of equal to or lower than — 5°C during
transportation, the water-absorbingresin with high property
is obtained. That is, in the production step of the
water—-absorbing resin, difference of dew point is equal to
or higher than 35°C, preferably in a range of 35 to 170°C,

20 and more preferably 55 to 120°C.

[0116]
(Temperature of the powder substance)

In the present invention, temperature of the
water—-absorbing resin powder substance (the particulate

25 water—absorbing agent) to be supplied to the transportation
pipeline is preferably equal to or higher than 30°C, more
preferably equal to or higher than 40°C, and still more
preferably equal to or higher than 50°C. By maintaining
temperature of the water—-absorbing resin powder substance

30 (the particulate water—-absorbing agent) to be supplied to
the transportation pipeline at equal to or higher than

predetermined temperature, property decrease of the



10 property decrease or the like tends to become obvious in production in an industrial scale. From
this viewpoint, in the transportation method of the present invention, it is preferable that transportation
capacity of the water-absorbing resin powder substance per one line is equal 15 to or higher than 1000
kg/hr. 1t should be noted that [kg/hr] means transportation capacity (kg) per 1 hour. In view of
decreasing the initial linear velocity Vx and the terminal linear velocity Vy, transportation capacity of
the water-absorbing resin powder substance is preferably equal 20 to or lower than 10000 kg/hr, and
preferably equal to or lower than 8000 kg/hr. It should be noted that one line indicates a series of
production step&’of ﬁ?éjv}vadifeer-a%ao?ﬁiﬁﬁggﬁﬂ? Bh8 Whet i stes BPandiies, R1SBPECHES by treatment
amount in the spefade crossiinking tstelpaenesapparaius) n25[@32] o Transpattatian undegpre s suri z
ation or transportati or%und%r gﬁdgced gresgfr%)aﬁri%uem%%% gvrans%%raz%tjconvof the pég%rznt invention

may be transp%?t%ﬁgrrl |r¥aspressurlszela s]igte or transportation S%Qm a redhcéa%ressu s?é:te. Pressure

to be used mayle deteemined as appropriate, and, for example, in a range of - 0 . 8 bar to 10 bar. In
the case @f trapwqrﬁtion in a reduced pressure state, the water-absorbing resin powder substance is
transported by suction force of the transportation apparatus. In this case, inside pressure of the
pipeline is set lower thafRgmdsPReric plesstfe Préfdrably2 pAeUMatic 5 tkafshortafieli & the present

invention, like aperpbediment shovwinindRig,2 His et ransporiationin apressurized state,dn the case
of transportation in a pressurized state, the water-absorbing resin powder substance is transported by
high pressure geRBratifg frsmthe trah@ PSRRI ApParaiis §t 10GrarEportatiof fiF presstifized state,
inside pressurg-pfithe pipeling is set highgethamatmospherie presseire.aBy: setting At acpressurized
state, it %comes difficult for dust or th%Iike to intrude inside the t[ansg)oréj:}tion a?ﬁaraws or the
pipeline: This FRHSSOtAHIoN P4 predSul & &tatd 15 ToRtBIRE 16 PedictibnbFforéigh Sibstances
contained in thehwater-absorbingoresinhpowdes sspstanee i Reduyctioaloftke foréighessubstaaces is
capable of contriylingfo property snhangement,of the water-apsgrhjng Lesin powder sypstance.
[0133] 20(Pneumatic transportation under high concentration)
peripheral part from which the water-absorbing resin powder
substance (the particulate water—absorbing agent) enters the
15 transportation pipeline for pneumatic transportation. The
upper limit of the temperature of the water—absorbing resin
powder substance (the particulate water—absorbing agent) is
not especially limited, but, too high temperature of the
water—-absorbing resin powder substance (the particulate
20 water—-absorbing agent) could decrease property as the
particulate water—-absorbingagent. Inaddition, it requires
a large amount of energy to maintain temperature of the
water—absorbing resin powder substance (the particulate
water—absorbing agent) at high temperature. From these
25 viewpoints, temperature of the water-absorbing resin powder
substance (the particulate water-absorbing agent) to be
supplied to the transportation pipeline is preferably equal
to or lower than 100°C, still more equal to or lower than
95°C, andparticularly preferably equal to or lower than 90°C.
30 In addition, temperature of the water—-absorbing resin powder

substance (the particulate water—-absorbingagent) at theexit

of the transportation pipeline is equal to or higher than



In the present description, case where a terminal solid-gas ratio is equal to or larger than 10
(kg-resin/kg-air) is generally defined as pneumatic transportation in high concentration. Pneumatic
transportation in high 25 concentration is preferable because of being capable of suppressing the
initial linear velocity Vx and the terminal linear velocity, Vy, as well as suppressing property decrease
of the water-abs orbing re s in powder substance. The "terminal solid-gas ratio" is solid-gas ratio at the
terminal Em of 30 the transportation pipeline. In addition, this "solid-gas ratio "isavalue obtained
frommass (kg)_of the water-abs orbing resin powder substance divided by mass (kg) of air, and unit

thereof is (kg-resinfkg-Bir TRERFre, Fet@mindl $Hiidy=&atio Is'&lcuidted by dividiig: <

transportation capaeityuofl theawaiei-absoringhiesie powdensuistance per unit time in pneumatic
transportationfy mass of air consumed 5 in transportation per unit time thereof. For example, when
mass of the water-absorbing resin powder substance transported in 1 minute is 100 kg, and mass of
air consumed inl minéate therebbis 10%key the sotid:gaklratig is catcuwtatedtobe 100£0 =the

10(kg-resin/kgzalp), Whe. mass Msasutement 10, 0f aif amownt sgnsyimed. is difficplt presgure and

volume flow rate of air are determined by a flow meter or the like, and from the se s value s it may be

calculated us ih§ aférakerhbftularweight ePair. [(134I5{Frotde srinier) t he FrepgeFimber is in

a range of preferably 1Q to 48,and still mererefesablys1ltp 155A measypgment methed for Froude
number or the like has been disclosed in WO 2007/104657 pamphlet. 20[0135] (Secondary air) In the

present inventiGir BrieaTatE BBt oS = om cutside may be used. Preferably,

the storage part (a storage apparatus) and/or the

10 transportation pipeline is steam-traced. For example, by
arranging a copper pipe at the exterior surface of storage
part (a storage apparatus) and/or the transportation, and
making steam pass inside this copper pipe, temperature of
the water—-absorbing resin powder substance can be maintained

15 at equal to or higher than predetermined temperature.
[0119]

Preferably, this copper pipe is wound around the exterior
surface of the storage part (a storage apparatus) and/or the
transportationpipeline. When dew condensation is generated

20 inside the transportation pipeline or inside the storage part
(a storage apparatus), attachment of the water-absorbing
resin powder substance to the surface of the transportation
pipeline or aggregation of the water—-absorbing resin powder
substance may occur. Therefore, in view of suppressing dew

25 condensation and suppressing the attachment to the
transportation pipeline or the aggregation of the
water—absorbing resin powder substance, it is particularly
preferable that the transportation pipeline and/or the
storage part (a storage apparatus) are heated. As a heating

30 method, a method as described above may be adopted. It is
preferable that the transportation pipeline and/or the

storage part (a storage apparatus) are heated to equal to



possible even by primary air only, but, by using the secondary air still more, more preferable
transportation can be 25 performed. In the present description, the secondary air 41 is air supplied to
the transportation pipeline 34 via the pipeline for secondary air. On the contrary, air supplied to the
transportation pipeline 34 without passing via the pipeline for the secondary air is also called the
primary 30 air in the present application. The primary air includes air flowing in from the pressurized
tank hopper 32 to the transportation pipeline 34, or air supplied from the compressor 38 to the
transportation §ipe|i_ne 34 directly. Fig. 4 is a cross-sectional view showing the transportation

pipeline 34 andth8 Pib&line 157 the Secondary Bir 38, Big LB trbssXittional View WHEFE a part of
Fig. 5 2 ismagnified. cAs shewdminEig.sdp secendasyairtdiaissuppligskisam thei pipefine39 insfalled
together at the transportation pipeline 34. The transportati ipeline 34 has an_introduction hole hl of
the secondar;/3C air A raap%lldrraﬁit)} %f ;e)ggiﬁing?n %rlngﬁgi?ﬁdiﬁgf%ﬁgc@igr% of th?éqréar?s%%gté%ﬁ 10 pipeline
34, the introdutction holerisl fof thé Secdridary airds installedo The tpipeline fordecondasy aipB9 has a

discharging hole hz Qf thg segandary aiy, %&H%Q'%%”We%ﬁé’?ﬁ@ﬂ?é” adppgitudinak dirgatign of the

pipeline for secondary air 39, the discharging hole h2 of the secondary 15 air is installed. The position
of dischargingHolecR2 bF thel Séxbn8aRPaF ediiesponds td the poSRIONGTIRE MtFstuERSH Role hl of the

secondary air. f,gach dntraduction holeihl ot thersgcondaryiain, eaeh afthe discharginghele h2 of the

secondary air is connected. By this connection, secondary _
the transportation pipeline is arranged indoors.

[0120]
10 (Linear velocity)

In the present description, “linear velocity” indicates
moving velocity of the water—absorbingresin powder substance,
and substantially the same as moving velocity of air.
Largeness of this linear velocity is measured along a

15 longitudinal direction of the transportation pipeline. The
linear velocity is calculated, for example, by measuring air
flow amount flowing in the pipeline per unit time, with a
flow meter or the like, and dividing this measured value by
cross—sectional area of the transportation pipeline. As

20 shown in Fig. 2, linear velocity of the water—-absorbing resin
powder substance at the startingpoint Kmof the transportation
pipeline is referred to as initial linear velocity Vx. 1In
addition, linear velocity of the water—absorbing resin powder
substance at the terminal Em of the transportation pipeline

25 is referred to as terminal linear velocity Vy. 1In the same
transportation pipeline, linear velocity tends to increase
at the nearer positiontothe terminal Emof the transportation
pipeline. Therefore, in the same transportation pipeline,
terminal linear velocity Vy is higher than initial linear

30 wvelocity Vx, and usually terminal linear velocity Vy is the
maximum linear velocity in the same transportation pipeline.

[0121]



20 air is Introduced from each of the introduction hole hl of the secondary air. It should be noted that,
in Fig. 4, the introduction hole hl of the secondary air is drawn as a hole with large inner diameter, but,
practically, the introduction hole of the secondary air hl is a nozzle (air nozzle). 25[0136] By secondary
air Introduced from the Introduction hole hl of the secondary air, the water-absorbing resin powder
substance as a substance to be transported is divided. The water-absorbing resin powder substance
thus divided moves 30 inside the transportation pipeline 34 while forming a plug Pg (refer to Fig. 4).
Pneumatic transportation in high concentration is defined as pneumatic transportation of the
water-abs orbing re $# powder sUbBfantEFhite tdrirfirg the B1ag PEihthis Way' it SHoutd'Be noted
that, practicallyait isrrasé that the glug Pighwithvregulanishape @ shawnir Fg. 4de Maistatned always
during transportation. In_practical 5 pneumatic transportation in high concentration, transportation is
performed whie Fepbaling  SeHES bf BURSVISFS! THIS Sefis SF BN 0 A L olioab: 2 deposited
layer of the powalel sabstanceds formied ae threbottorhesf the trasspuratios pipetinesthis deposited

layer grows 10 19 became 2 hiflsike Oullg this ul QFQ‘{VSJHF&Q%‘OCR%C%%?@Qﬂ%?gﬁ%s plug Pg

moves; and this plug Pg collapses. [0137] (Variation rate of solid-gas ratio) In the present invention,
preferably still Tf6rel I5VEHHEioHYaté 8f 8 SdlidcFas Rlicc@I1/RR) S5 Rk sints consideraton. It

shouldbe noted#hat,an injtial solid-gas ratioat the stacting poin ke of thedranspogtation pipeline 34 is
R1 (kg-resin/kg-air) and a terminal solid-gas ratio at the terminal point Em of the transportation pipeline
34 powder substance, theinitial linear velocityVx ispreferably

equal to or lower than 7 m/s, more preferably equal to or

10 lower than 5 m/s, more preferably equal to or lower than 3
m/s, and more preferably equal to or lower than 2 m/s. 1In
view of transportation efficiency, the initial 1linear
velocity Vx is preferably equal to or higher than 0.5 m/s.
[0122]

15 By decreasing the terminal linear velocity Vy of the
water—-absorbingresinpowder substance (particle), collision
speed of the particles and the transportation pipeline, or
collision speed of the particles themselves decreases. By
low terminal linear velocity Vy, damage the water-absorbing

20 resin powder substance receives can be suppressed. In view
of suppressingproperty decrease of the water—absorbingresin
powder substance, the terminal linear velocity Vy 1is
preferably equal to or lower than 15 m/s, more preferably
equal to or lower than 13 m/s, and more preferably equal to

25 or lower than 12 m/s. In view of transportation efficiency,
the terminal linear velocity Vy is preferably equal to or
higher than 7 m/s. Supply of secondary air is adjusted so
that theterminal linear velocity Vy becomes preferablevalue.
[0123]

30 (Diameter of the pipeline)

Inner diameter of the ©pipeline is determined

corresponding to production capacity, but, it is preferably



20 is R2 (kg-resin/kg-air). Preferable variation rate of the solid-gas ratio in the present invention is
equal to or higher than 1. [0138] In view of increasing transportation efficiency and 25 suppressing
property decrease caused by high initial linear velocity, the initial solid-gas ratio R1 is preferably equal
to or higher than 35 (kg-resin/kg-air), more preferably equal to or higher than 50 (kg-resin/kg-air), and
more preferably equal to or higher than 100 (kg-resin/kg-air). In view of 30 suppressing decrease in
transportation efficiency (transportation capacity per unit hour), the initial solid-gas ratio R1 is

preferably equal to or lower than 150 (kg-resin/kg-air) , and more preferably equal to or lower than
120 (kg-resin/RQ2iY: [693%&\%\1\%&? iﬁ%leaﬁﬁéqnlaﬁg%ﬁaﬁ’&?gﬁﬁe%]cy é/ SuBBresirg Sollision of

particles themselyes iragloating siate,1gnc sudpressing property decreasenthe terminal solid-gas ratio
R2is preferablyo%% | to or higher than 10 (kg-resin/kg-air), more preferably equal to or higher than 15
(kg-resin/kg-ail;), and more preferably equal to or higher 10 than 20 (kg-resin/kg-air). In view of

suppressing détreagelin transpertatioreéfficiehcy (transportation capacity per unit hour), and still more

suppressifg blockingiphenomenan of performange Jecraase. E*&%%&t‘)i%l solidrgas ratio R2 is
preferably equal to or lower than 50 (kg-resin/kg-air), more 15 preferably equal to or lower than 40
(kg-resin/kg-aif); andRR6iepreterabBrédeal toBtIowertHarr30 (kg pasSiRKYSEN T fo140] TMRIlti-stage

pneumatic transpartalieBl sur i 7 RNGUNALCFaNsportatien maybe perfarmed imonersiage 20or in
multi-stages. [0141] :)% 5 is a drawing showing a schematic configuration of multi-stage
K

F
pneumatic tran$pidtfatioh WHichFcah BetGeetntdthet RRTodIRMENE bF the’ Bresemt SmietibR! In this

the longer isthe transportationsection, effect of thepresent
10 invention, that is being capable of suppressing the initial
linear velocity Vx or the terminal linear velocity Vy, becomes
the more obvious.
[0125]
From this viewpoint, total length Lt of the
15 transportation pipelines included in the one transportation
section (fromthe starting point Bl of transportation section
to the terminal point F1 of transportation section) is
preferably equal to or longer than 50 m, and more preferably
equal to or longer than 100 m. In view of preventing blocking
20 phenomenon, or decreasing the initial linear velocity Vx or
the terminal linear velocity Vy, the total length Lt is
preferably equal to or shorter than 300 m. For example, in
the embodiment shown in Fig. 2, the total length Lt of the
transportation pipeline 1is equal to length of the
25 transportation pipeline 34. 1In addition, in the embodiment
of multi-stage pneumatic transportation tobe described later
such as shown in Fig. 5, the total length Lt is total of length
Lpl of the transportation pipeline P1l, length Lp2 of the
transportation pipeline P2, and length Lp3 of the
30 transportation pipeline P3. That is, it is expressed as
follows:

[0126]



25 transportation method, the water-absorbing resin powder substance obtained in the step X is
transported to an apparatus performing the step Y. The step Y is the next step of the step X. The step
Xis not limited, and also the step Y is not limited. In the pre sent embodiment , a plurality of (three) 30
pneumatic transportation apparatuses A, B and C are used in one transportation section.
Transportation of the water-absorbing resin powder substance starts from the transportation
apparatus A and reaches a storage part via the transportation apparatus B and the transportation
apparatus C. This stora egart IS a storage part for supplying the water-absorbing resin powder
substance to a[ﬂzéﬁ)ﬁfr%%fs 5 pérforming the step Y. This storage part is a part of an apparatus
performing the step Y.J0#42]p1 -A cefiguraticn of the transportation apparatus A is similar to that of
the pneumatic pzahrbsp rtation apparatus 10 30. A configuration of the transportation apparatus B is
similar to that of the pﬁ1eumatic transportation apparatus 30. A configuration of the transportation
apparatus C islSitrilat to that of the pneumatic transportation apparatus 30. Although not shown in Fig.

5, at the transportationy, 1o pipeline Fl the plgeling for seaondary giis installsd fogether, alpo at the

transportationpipeline P2, the pipeline for secondary air is installed together, and also at the

transportation Pisatine T3, tHe pipelifid for seEcHtRrg aftis inStfled ojethdr. 20{0143] theThe

transportation @pparaius Aand the trapsportationsapparalys B areLconnected By asiranspartation
pipeline PIl. The transportation apparatus B and the transportation apparatus C are connected by a

transportation piFElineP 225 HerBRSIGHR fohYaSRratus € &5d The Stordgé pamt at’cdhnected by a

transportation pipeline B3p Fbedransportation apparaius ke the-ranspartaionmapparatys Bwand the
transporr%t@ion aPp_aratus C are connected in series b thetrgns o_rtationpigeline. Inthis way, inthe

embodiment 30°f Fig 828 P&ty 6P thé Hransporalidh SpparatugeS AR ESHnaEea i Sbries by the
transportationpipelinenGambined tse pf stielr pheymadio dranspottation isyeapablerof stillnmore

suppressing property decrease after surace,cross-linking, and ig thus preferaple; {01431
preferably equal to or longer than 20 m, and particularly
preferably equal to or longer than 30 m.

15 [0129]

The above problem of transportation efficiency or
property decrease or the like tends to become obvious in
production in an industrial scale. From this point of view,
in the transportation method of the present invention, it

20 is preferable that transportation capacity of the
water—absorbing resin powder substance is equal to or higher
than 1000 kg/hr. [kg/hr] means transportation capacity (kqg)
per 1 hour. Inviewof decreasingthe initial linear velocity
Vx, transportation capacity of the water-absorbing resin

25 powder substance is preferably equal to or lower than 10000
kg/hr.

[0130]
(Radius of a curvature)

Other than installment of the transportation pipeline

30 linearly in a horizontal directionor inavertical direction,
theremaybethecasewhereitisinstalledcurvedplane-likely,

curved sterically, or in curved polygon-likely, and in this



(A filter) 51t is preferable that a filter which is capable of capturing the fine powder s is installed at the
rece lying hopper 40. This filter is capable of capturing the fine powders present in gas in the receiving
hopper. By making gas in the receiving hopper pass through the filter by suction under 10 reduced pre
s sure or the like, the fine powder s can be captured. As this filter, a bag filter is preferable. By this
filter, pneumatic transportation can be performed while attaining reduction of the fine powders.
According to such an aspect, it is possible to remove the fine powders with the filter 15 at the same
time as pneumatic transportation. As the filter, a membrane filter is preferable. This membrane filter is
superior in trafping e fiGEREY: 1h addifior’ betausethis membrate filtet R Capabr ofsiaking off the
fine powders essilygclagging seldaaregeursand trappingreffieiehcy 20ditde dgareases hyruse. That
is, one embod'irg%ntec%f tlg%%[leszent inveIrgltioa[l igclgdes a g% st cglle%tionlsitggtf o&rl%rpogi giﬂs]e
water-absorbing resin powder Substance wﬁjh the filter at the Same time as pneumatic transportation.
[0145] 25As thisifilters aditter sapesioa irptrappih greffieiehcyford J v 24y percarbbmblack (article

diameter::0.03 g 19 Q.6 aim), IS preferable. In-uigw of,enapling to collect the fine. ppwders efficiently,

this trapping efficiency is preferably equal to or higher than 90%, more preferably equal 30 to or higher
than 95%, still¥Rdre3preferaplyléirdl 36 ©F highet thet 991996 fatdrparticdlafly prefetalsiy ®qual to or
higher than 99;99%; This trapping efficiency can be measured, for

(Production capacity)
The above problem of transportation efficiency or

10 property decrease or the like tends to become obvious in
production in an industrial scale. From this viewpoint, in
the transportation method of the present invention, it is
preferable that transportation capacity of the
water—-absorbing resin powder substance per one line is equal

15 to or higher than 1000 kg/hr. It should be noted that [kg/hr]
means transportation capacity (kg) per 1 hour. 1In view of
decreasing the initial linear velocity Vx and the terminal
linear wvelocity Vy, transportation capacity of the
water—-absorbing resin powder substance is preferably equal

20 to or lower than 10000 kg/hr, and preferably equal to or lower
than 8000 kg/hr. It should be noted that one line indicates
a series of production steps of the water—-absorbing resin,
and when the step branches, it is specified by treatment amount
in the surface cross-linking step (one apparatus).

25 [0132]
(Transportationunder pressurization or transportationunder
reduced pressure)

Pneumatic transportation of the present invention may
be transportation in a pressurized state or transportation

30 in a reduced pressure state. Pressure to be used may be
determined as appropriate, and, for example, in a range of

- 0.8bar tol0Obar. 1Inthecaseof transportation in a reduced



example, by amethod of JIS B9908 :2001, type 1. In a simplified way, the trapping efficiency can be
measured by use of a commercial dust meter. This trapping efficiency can be obtained substantially,
based on an amount of the fine powder s 5 before passing through the filter, and the amount of the
fine powders after pas s ing through the filter. specifically, from the amount of the fine powders before
passing through the filter WO (mg/m3), and the amount of the fine powders after passing through the
filter Wf (mg/m3), the trapping efficiency 10 can be calculated by the following expression. It should be
noted that, as this dust meter, for example, a product name "P5L Digital Dust Meter", manufactured by

Shibata ScienBfETEMToI85¢ 1. I RcRtIet: [T146] 1BFEXhreSSibh BCHABPing SIRERRCS (%) =
(1-Wf/WO0) x 106 [014Zh[#pplication® of the wtaterabsorhirg resinl-Applicationspaf the water-absorbing
resin (the 20 particaurlatguvgaterﬁﬁbst%[lfiSng:gﬁgnt) .9{‘ Sth% gre;gntsig\f%ng%n tqpéainfd as %kéov% IS not
especially Iimifaepa{) ana, prefera rfy itIs use in’aﬁl)sorblng Brticies containing agsgr%lng bodies such as
disposable diapets | sanitaryhirapkihgdacbetinentpasiss Uy particifart wheh livwasnesedsinigh

concentrafion 2p giapers (Ihose where alarge ameunt of the wajer-absorbing Jesinds Hisgd in one

piece of the diapers), where odor or coloring or the like derived from raw materials of the particulate
water-absorbifgagént hds Gonventidifedly beenr aqsrobreht,dR parfichlae SwHER res! iseditat the upper

layer 30 part of the abserbing bedy oftherhsorhing.articles, particularly supeder.performance is
exerted. [0148] Effect of the present invention is exerted when content (core concentration) of the

water-absorbifi§ F&Sin #PaREAbitg Todies Y YGET abEoPhem iiticles 8 ToP eXARPIBY 30H6*100% by
mass, preferably Astork0Qfotarmassdnore s preterabins ta 100%Jdy massrstllimore pieferably 60

f0 100% By e PEpEH LAY BITEIP Y IO RS DRSS 2RS [N LRIELYRRY T2 22 oY

pipeline is set higher than atmospheric pressure. By setting
at a pressurized state, it becomes difficult for dust or the
like to intrude inside the transportation apparatus or the
pipeline. This transportation in a pressurized state

15 contributes to reduction of foreign substances contained in
thewater—-absorbingresinpowder substance. Reductionof the
foreign substances is capable of contributing to property
enhancement of the water—absorbing resin powder substance.
[0133]

20 (Pneumatic transportation under high concentration)

In the present description, case where a terminal
solid-gasratioisequal toor larger thanl0 (kg-resin/kg-air)
is generally defined as pneumatic transportation in high
concentration. Pneumatic transportation in high

25 concentration is preferable because of being capable of
suppressing the initial linear velocity Vx and the terminal
linear velocity Vy, as well as suppressing property decrease
of thewater—-absorbingresinpowder substance. The “terminal
solid-gas ratio” is solid-gas ratio at the terminal Em of

30 the transportation pipeline. In addition, this “solid-gas
ratio” isavalueobtained frommass (kg) of thewater-absorbing

resin powder substance divided by mass (kg) of air, and unit



EXAMPLES 10[0149] Effect of the present invention will be clarified below with reference to
Examples, but, the present invention should not be construed restrictively, based on description of
these Examples. It should be noted that, a measurement method for 15 SFC or solid-gas ratio or the
like in the following Examples is as described above. [0150] [Production Example 1: Production of the
water-absorbing resin A] 20A continuous production apparatus of the water-abs orbing resin was used,
which is capable of performing each step continuously, and is composed by being connected with the
polymerization step (static polymerization on a belt), the gel grain refining (crushing) step, the drying
step, the 25 puiU&risation tep, the ¢ fﬁﬁﬁ]ﬁ%ﬁa&gﬁ, the fﬁarc%fc%gs-lin%%eg stép (&-&Btay step of
the surface cresstlking agenttand d heating step} cthegoaling stem dhe: geanige sizingistep, and the
transportation ste aget\clveeon%e%%% st%pCnggg%ctior}Bcgpgaq_jté/ olf this %Oé‘e“PUOHB g{ggl%cetion apparatus 30

was about 1500" g pér né hour. The water-absol |lng reswic’w%spp(x)ro tced continuousl %3r/ us ing this

continuous productionapparatuss Yodsie trfHistlyasad mondmeraseriedus solatiors (eh agueous
solution containing aparfialsodiumg Saltof aerylicacid.with 725, %:by male neufralized was, prepared.
Thi s monomer aqueous 5 solution (1) contains polyethylene glycol diacrylate (average number of n =

9), as an innef'&rd8s-liRKking Bgent, AaEToNtdTi Of BHi8 Polyetiiéne §lgrerdiacriides hroremer

concentration wasadjusted 40 0,06 % Dy male, selatiyedtg total inplesnumber, of the, monpmer. In this
monomer aqueous 10 solution (1) , concentration of the monomer ( the partial sodium salt of acrylic

acid) was set toP38% 5\ s FHeesuitant Fronbhfer Aqdebisoftionq B et tdhGiRuously with

a metering pumgp, sadiloyblowirg nittegen-gas somtinuously.in thiednidss o the: pipeliage Bxygen
concentra&ion of thi. s monomer 15 aqueogs solutéof_ 1) was adjusted to equal tq or lower than 0.5
S nber

ppm. It shouldbBe HotedRAL the *BisFAge Ad ‘heans avardde HumbBer 8fSofymérization
degree of a methytenef chain iartheqootyethylend dghycal chiaine meter or the like, and

fromthesesvaluesitmaybecalculatedusingaveragemolecular
weight of air.
[0134]

15 (Froude number)

Froude number is in a range of preferably 10 to 18, and
still more preferably 11 to 15. A measurement method for
Froude number or the like has been disclosed in WO 2007/104657
pamphlet.

20 [0135]
(Secondary air)

In the present invention, pneumatic transportation is
possible even by primary air only, but, by using the secondary
air still more, more preferable transportation can be

25 performed. 1In the present description, the secondary air 41
is air supplied to the transportation pipeline 34 via the
pipeline for secondary air. On the contrary, air supplied
to the transportation pipeline 34 without passing via the
pipeline for the secondary air is also called the primary

30 air in the present application. The primary air includes air
flowing in from the pressurized tank hopper 32 to the

transportation pipeline 34, or air supplied from the



[0152] 20Next, to the monomer aqueous solution (1), sodium persulfate andl-ascorbic acid were mixed
continuously with a line mixer. In this line mixing, mixing ratio of sodium persulfate and I-ascorbic acid
was set at 0.12 g/0.005 g, relative to 1 mole of the monomer. The continuous mixture 25 obtained by
this line mixing was supplied to a flat surface steel belt having weir s at both s ide s thereof , s o that
thickne s s thereof became about 30 mm to perform static aqueous solution polymerization
continuously for 30 minutes and a hydrogel cross-linked polymer (1) was obtained. This hydrogel 30
cross-linked polymer (1) was segmentalized to about 1 mm by using_a meat chopper with a pore
diameter of 7 AR HE was spredd Gnd TdLiHted oA & HOVIng Hdrols pratebr2"Edntihtous
air-flow band dryer tard ¢hickness of 50anmg taobe subjectethtoldryingeat 1856cfot 3 minutes, and a
dried polymer was obtained, Whole.mass of the relevant dried polymer was.continuously supplied to a
three-atage rol AT 0 B & Sulver SR ot T aton 1 T G S T s from thes
top, 1.0mm/ 055mif / 0.82nnt After thisopglverzation, & Wwas etassifiee by mactassification apparatus

having a metab mesh, with 2, sigve mesh size 6t,850 /inland g metal mesh with,a,sigye mesh size of 150
gm to obtain 10 the particulate water-absorbing resin (1), wherein about 98% by mass was the

particles with T30 k6 S50 g CREof s wvatedabRerbing Fedn {1pvwas85 BRy. 10 153)1Still more,

this particulatg,wgter-absoring resinyl) 1o.wascontiruiously sypplied:indS09kahg Lo ahigh speed
continuous mixing machine (Turbulizer/1000 rpm), and the surface treatment agent solution was mixed
by spraying with! 2<payer - PRis’SUrfadeltr@atntélit atfemt SeRABNWES a Mixed SOIBtGT oF Y

1,4-butanediok propyleneglycohandpise walehal direction of the transportation
10 pipeline 34, the introduction hole hl of the secondary air
is installed. The pipeline for secondary air 39 has a
discharging hole h2 of the secondary air. At a plurality of
positions in a longitudinal direction of the pipeline for
secondary air 39, the discharging hole h2 of the secondary
15 air is installed. The position of discharging hole h2 of the
secondary air corresponds to the position of the introduction
hole hl of the secondary air. At each introduction hole hl
of the secondary air, each of the discharging hole h2 of the
secondary air is connected. By this connection, secondary
20 air is introduced from each of the introduction hole hl of
the secondary air. It should be noted that, in Fig. 4, the
introduction hole hl of the secondary air is drawn as a hole
with large inner diameter, but, practically, the introduction
hole of the secondary air hl is a nozzle (air nozzle).
25 [0136]

By secondary air introduced from the introduction hole
hl of the secondary air, the water—-absorbing resin powder
substance as a substance to be transported is divided. The
water—-absorbing resin powder substance thus divided moves

30 inside the transportation pipeline 34 while forming a plug
Pg (refer to Fig. 4). Pneumatic transportation in high

concentration is defined as pneumatic transportation of the



20 This surface treatment agent solution was obtained by mixing with 1,4-butanediol of 0.3 part by
mass, propylene glycol of 0.5 part by mass and pure water of 2. 7 part by mass, relative
tol0Opartsbhymassofthewater-absorbingresin. Next, after the resultant mixture was subjected to heat
processing 25 continuously at 198C for 40 minutes with a paddle dryer (a groove-type stirring-type
dryer), it was forced to cool down to 6 0 C us ing a s =liar paddle dryer (the cooling step) . Still more, a
substance passing 850 gm was classified by using a sieving apparatus, and a product on the mesh (a
substance 30 not passing 850 gm) was pulverized again and mixed with the substance rfas s ing 850

gm, toobtainthdHater-abSothnGPEsTower Albstante AT4d & rantie sised prodidS Whelé the whole
amount was thegsubstance passing ESOsng]IdShImlﬁkbﬁedotﬂcbﬁhatpract ically, it is

thewater- absorblngrecshnAhacqlCRCiAAP 3 w1 te.}q gggg){ 25.5 flgé{gg 30 ( J}ngncr@ SE%GI'.)' [0154]
4 is maintained always during transportation. In practical
5 pneumatic transportation in high concentration,
transportation is performed while repeating a series of
behaviors. This series of behaviors are as follows: a
deposited layer of the powder substance is formed at the bottom
of the transportation pipeline; this deposited layer grows
10 to become a hill-1like bulk; this bulk grows further to become
the plug Pg; this plug Pg moves; and this plug Pg collapses.
[0137]
(Variation rate of solid-gas ratio)
In the present invention, preferably still more,
15 variation rate of a solid-gas ratio (R1/R2) is taken into
consideration. It shouldbe notedthat, aninitial solid-gas
ratio at the starting point Km of the transportation pipeline
34 is Rl (kg-resin/kg-air) and a terminal solid-gas ratio
at the terminal point Em of the transportation pipeline 34
20 is R2 (kg-resin/kg-air). Preferable variation rate of the
solid-gas ratio in the present invention is equal to or higher
than 1.
[0138]
In view of increasing transportation efficiency and
25 suppressing property decrease caused by high initial linear
velocity, the initial solid—-gas ratio Rl is preferably equal
to or higher than 35 (kg-resin/kg-air), more preferably equal
to or higher than 50 (kg-resin/kg-air), and more preferably
equal to or higher than 100 (kg-resin/kg-air). In view of
30 suppressing decrease in transportation efficiency
(transportation capacity per unit hour), the initial

solid—-gas ratio R1 is preferably equal to or lower than 150



5[Production Example 2: Production of the water-absorbing resin B] The water-absorbing resin B
was obtained similarly as in Production Example 1, except that 1 part by mass of a 50% by mas s
agueous s citation of aluminum sulfate was addedrelative 10 to 100 parts by mass of the particulate
water-absorbing resin (1) , in the cooling step . The water-abs orbing re s in B obtained in the
Production Example 2 had CRC/AAP/SEC = 30 (g/g)/ 24.5 (g/g) / 50 ( X1077=3.sg71) . [0155]
15[Production Example 3: Production of the particulate water-absorbing resin (3)] The water-absorbing
resin powder substance, (the particulate water-abs orbing re s in ) (3) having nearly the same particle
size as in ProdutfiohEkample 1 bht’a CREGF 55°26 Hf, Was'o %ﬁédt&/%déﬂf(?ﬁﬁiﬁgtgiﬁﬂlarly as in
Production Example k gexeept thatginsthe )Production Example 1, after pulverizing with a three-stage
roll mill and cla[ﬁggﬁ with a sieve classification apparatus having a metal mesh of a sieve mesh size
gm,

of 850 gm and to obtain particles 25 of 850 to 150 gm, recycling of the fine powders was
performed In view of increasing transportation efficiency,

5 suppressing collision of particles themselves in a floating
state, and suppressing property decrease, the terminal
solid-gas ratio R2 is preferably equal to or higher than 10
(kg-resin/kg-air), more preferably equal to or higher than
15 (kg-resin/kg-air), and more preferably equal to or higher

10 than 20 (kg-resin/kg-air). In view of suppressing decrease
in transportation efficiency (transportation capacity per
unit hour), and still more suppressing blocking phenomenon
or performance decrease, the terminal solid—-gas ratio R2 is
preferably equal to or lower than 50 (kg-resin/kg-air), more

15 preferably equal to or lower than 40 (kg-resin/kg-air), and
more preferably equal to or lower than 30 (kg-resin/kg-air).
[0140]

(Multi—-stage pneumatic transportation)

Pneumatic transportation may be performed in one-stage

20 or in multi-stages.

[0141]

Fig. 5 is a drawing showing a schematic configuration
of multi-stage pneumatic transportation which can be used
in other embodiment of the present invention. In this

25 transportation method, the water-absorbing resin powder
substance obtained inthe step X is transported to an apparatus
performing the step Y. The step Y is the next step of the
step X. The step X is not limited, and also the step Y is
not limited. Inthepresentembodiment, apluralityof (three)

30 pneumatic transportation apparatuses A, B and C are used in
one transportation section. Transportation of the

water—-absorbing resin powder substance starts from the



by kneading about 8% by weight of the fine powders removed (substances passing through 150 gm),
in accordance with JP-A-2001-079829, together with the hydrogel cross-linked polymer (2), with a
meat chopper. By observation with an 30 electron micro s cope , it was observed that the
water-absorbing resin powder substance (3) included a granulated substance, where the fine powders
are unified to particles with a particle diameter of 850 to 150 gm, and thus yield and water-absorbing
speed (for example, Vortex or FSR : as for a measurement method, refer to USP No. 6849665) were
enhanced due to recycling of the fine powders, as compared with the water-absorbing resin 5 powder

substance (1).5f 8R6Nd Be ol tREE e ety cling B tHe it Fwae s 15 & HhaP#ater’cshtaining gel
ispossible alsa-hy a caentinietstkineader Instpad of the neatehibppere [01 56l {Exampie 1ph0A
transportation (;tlestaorf tr%% gveter-ﬁl?lsosrbsirt\% £%Sil‘el ov%/gelrssaulbS tance was ?%r rmegl1 us'nt\gj]:an
transportation aratus similar to the pneurﬁat a’[ransporta ion a%pgra Us 30 Shown | |8. 2. Asa
transportation @irssowrtera eompréssoy 38showp wEgy 2whs usedcahnd after dficdetaimidification

(not shown) dew ppintas,setal - 106, Al te@ﬂ%@t%r@o‘é%?{)é%a%d festingfime was 690 seconds.

As the water-absorbing resin powder substance, the water-absorbing resin A obtained in Production
Example 1 wa3Rized2 friher Bifamerer bR the-fransportatidn pipeline 34 was 20 set at 83.1 mm, and the
inner surface qfthe jransportation pipeline was subjected to buffing with a #400 paper (surface

roughness Rz: 200 nm). Each of the transportation pipelines has a horizontal part and a vertical part,
and length of the trarfsportafioA piselinewas 164 % fdrah&PorizhtaPPafPPs aAd1Y M foF the vertical
part. Therefore length £ptaf the transporatonpipeline andihe tetablengthi bihwearg 123 s T erminal
linear vel%city é(vas 11.5 m/s, Transportation cagﬁlcit)é per unit hour was 4707 kg/hr. Temperature of the
entrancé Bf thé trandpof@ilon Pietine @t td the transportation apparatus BTis

similar to that of the pneumatic transportation apparatus
30. A configuration of the transportation apparatus C is
similar to that of the pneumatic transportation apparatus
30. Although not shown in Fig. 5, at the transportation
15 pipeline P1l, the pipeline for secondary air is installed
together, alsoat the transportationpipeline P2, thepipeline
for secondary air is installed together, and also at the
transportation pipeline P3, the pipeline for secondary air
is installed together.
20 [0143]
The transportation apparatus A and the transportation
apparatus B are connected by a transportation pipeline P1.
The transportation apparatus B and the transportation
apparatus C are connected by a transportation pipeline P2.
25 The transportation apparatus C and the storage part are
connected by a transportation pipeline P3. The
transportation apparatus A, the transportation apparatus B
and the transportation apparatus C are connected in series
bythetransportationpipeline. Inthisway, intheembodiment
30 of Fig. 5, a plurality of the transportation apparatuses are
connected in series by the transportationpipeline. Combined

use of such pneumatic transportation is capable of still more



30 water-absorbing resin powder substance was 50C, and temperature of the exit thereof was 35C.
[0157] The water-absorbing resin powder substance after the transportation test, which reached the
final point Fl of the transportation section, had a CRC of 30.5 (g/g), an SFC of 30.0 (X10-7.cm3.s.g/1),
an AAP of 25.2 (g/g), and a moisture 5 content of 3.0% by weight. A reduction rate of SFC by
transportation was 1.6%.Blocking phenomenon was not observed.It should be noted that, when SFC
before transportation and SFC after transportation are expressed as Sfl and Sf2, respectively, the
reduction rate Rs of SFC 10 can be calculated by the foIIowin% expression. [0158] _[Exp%ession 4] Rs =

[(S-S2)/STLIZ O 01861 T6[EomBaTatve EXpeL T CoF Surface cross-linking

and is thus preferable.
[0144]
(A filter)

5 It is preferable that a filter which is capable of
capturingthe finepowders isinstalledat thereceivinghopper
40. This filter is capable of capturing the fine powders
present in gas in the receiving hopper. By making gas in the
receiving hopper pass through the filter by suction under

10 reduced pressure or the like, the fine powders can be captured.
As this filter, a bag filter is preferable. By this filter,
pneumatic transportation can be performed while attaining
reduction of the fine powders. According to such an aspect,
it is possible to remove the fine powders with the filter

15 at the same time as pneumatic transportation. As the filter,
a membrane filter is preferable. This membrane filter is
superior in trapping efficiency. In addition, because this
membrane filter is capable of shaking off the fine powders
easily, clogging seldom occurs, and trapping efficiency

20 little decreases by use. That is, one embodiment of the
present invention includes adust collection step for removing
the water—-absorbing resin powder substance with the filter
at the same time as pneumatic transportation.
[0145]

25 As this filter, a filter superior in trappingefficiency
for JIS 12-type carbon black (particle diameter: 0.03 um to
0.2 um) is preferable. In view of enabling to collect the
fine powders efficiently, this trapping efficiency 1is
preferably equal to or higher than 90%, more preferably equal

30 to or higher than 95%, still more preferably equal to or higher
than 99.9%, and particularly preferably equal to or higher

than 99.99%. This trapping efficiency can be measured, for



A transportation test of the water-absorbing resin powder substance was performed using a
transportation apparatus similar to the pneumatic transportation apparatus 30 shown in Fig. 2. As a
transportation air source, a Roots 20 blower was used Instead of the compressor 38 shown in Fig. 2,
without dehumidification, and dew point was set at 20C. Air temperature was 35C, and testing time
was 600 seconds. As the water-absorbing resin powder substance, the water-absorbing resin powder
substance A obtained in 25 Production Example 1 was used. Inner diameter of the transportation
pipeline was set at 83.1 mm, and the inner surface of the transportation pipeline was ,su%ected to

buffing with a #X65BaperEiHaeE 18aghnads RZ-200 A EdcrPSt the trahgporiation pigélines has a
horizontal partiaQ; and lacvetticad parigard fengtlk of thectsansportatias pipeline wassE04 m for the
horizontal part, and 19 m fgr the verticaﬁggrt. Thﬁlr(ffor%!:earg th L ofeggit(r:al%s ortation pi}geline and

[ /

the total Iengtﬁf?%%?ecﬁ m.dJIJéS’rtmi?\naGI Inear velocfy was 11.5m/s. Transpor acﬁ]oncéaarbaci?y per unit

hour was 400_@>kgﬁhi_ar.lé@mpémxaﬂetdfathéEn@aﬁwmmmmmponmﬁmpméﬁn@mamers
water-absorbing. resin %‘;%%ef@ hsience,was 206 and,S tempergiure.of the exit thereof was 35C.

[0160] The water-absorbing resin powder substance after the transportation test, which reached

the final point PPEFthEeIrahspérition Segtic; tiaghatGRE of B85 (9P San SFCAdfLE0 20071 X
10/7cm3. s g/i} nan AR QE 230 (9/Q). Airedugtion tate af SHG- by dranspatation wasgit9%:. Blocking

phenomenon was not observed, but, transportation capabilitg was decreased and also SFC value was

b
decreased. [0T6HS[CBP&IELTe Exdhplede 2R Wahspbriafion tdStofREIFHEr-ab56Ming resin

powder substanceswas; performed wsing i trarspertatipndpparatus sikpitar g themnewmatic
transpor]t[ tion a%g) ratus 30 sE;owann FigF] 1.'12 As ri\transrgortation air source, aI Ro(?lts ZlO bJower was
used Instead S tHe Comprésbor 38 SHEWh IR Figl2 WithSUEdERimitifitation” ard 48w hdifit was set at

20C. Air temperature was 85G andthtestifigtimeavas-60@ secordspAs the wateriabsorng:resin
powder substanee, teyaler ahsorbipa.tesin pouer subistance A pbiainetin 23 Pradygtion Example 1
was used. Inner diameter of the transportatioh pipe ine 34 was sef at 83.1 mm, and the inner surface
of the transporatidmpipetine waschot finishedspéeifically (surface roughness Rz: 1000 nm). Each of
the transportatign pipelines has a horizontal part and a vertical 30 part, and length of the transportation
pipeline was 104 m for the horizontal part, and 19 m for the vertical part. Therefore length Lp of the
transportation pipelinesmnPies ]

Trapping efficiency (%) = (1-Wf/W0) x 100
[0147]
[Applications of the water—-absorbing resin]
Applications of the water-absorbing resin (the
20 particulate water—-absorbing agent) of the present invention
obtained as above is not especially limited, and, preferably
it is used in absorbing articles containing absorbing bodies
such as disposable diapers, sanitary napkins, incontinent
pads. In particular, when it was used in high concentration
25 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
particulate water—-absorbing agent has conventionally been
a problem, in particular, when it is used at the upper layer
30 part of the absorbing body of the absorbing articles,
particularly superior performance is exerted.

[0148]



total length Lt were 123m. Terminal linear velocity was 11.5 m/s. Transportation capacity per unit hour
was 3500 kg/hr. Temperature of the entrance of the transportation pipeline of the water-absorbing
resin powder substance was 50C, and 5 temperature of the exit thereof was 35C. [0162] The
water-absorbing resin powder substance after the transportation test, which reached the final point Fl
of the transportation section, had a CRC of 30.5 (g/g), an SFC of 10 28.5 ( X 10/7cm3. s g/i) , an AAP
of 24.9 (g/g). A reduction rate of SFC by transportation was 6.6%. Blocking phenomenon was not
observed, but, transportation capability was decreased and also SFC value was decreased. [0163]
15[Example 2] A trhhSFdrtafiontest oF fife Wwater&bdorBifg FeSt Powde S aRaE Was performed
using a transportatien appacatus similarto the pnetimmaticitranspartationapparatssithshawn in Fig. 2.
As a transportalion, ajr sourge, 2 20 compressor. 38 shown in 19, 2 was used, and after,
dehumidification fnot shown) dew point was set at - . Alrrtemperature was %fé ar‘Fd1 testing time
was 600 seconds. s the Watérvabsossing pesin poneley sdbstancel A& watersabsorbing resin power

substance B objaiped in,25 Prgdpction Exapiplg 2.was used. Infer diameter of fhe irapspoytation

pipeline was set at 83.1 mm, and the inner surface of the transportation pipeline was subjected to

buffing with a #8406 paperEstffaceabtglindss Rz Z00AMY ARdch dPtherdrisportatioipiselines has a

horizontal part;3Q;and a-vestieal Pakt, apd-fength of the ganspertation pipeline was 104 m for the
horizontal part, and 19 m for the vertical part. Therefore length Lp of the transportation pipeline and

the total length Lt were 123m. Terminal linear velocity was 15.0m/s. Transportation capacity per unit
hour was 4 9 @ QAkghre sSTemperature of the entrance of the transportation pipeline of the
water-absorbir}% res(;r] powder substance was 50C, and 5 temperature of the exit thereof was 35C.
[0164] *° e

Effect of the present invention will be clarified below
with reference to Examples, but, the present invention should
not be construed restrictively, based on description of these
Examples. It should be noted that, a measurement method for

15 SFC or solid-gas ratio or the like in the following Examples
is as described above.

[0150]
[Production Example 1: Production of the water-absorbing
resin A]

20 Acontinuousproductionapparatus of thewater—-absorbing
resin was used, which is capable of performing each step
continuously, and is composed by being connected with the
polymerization step (static polymerization on a belt), the
gel grain refining (crushing) step, the drying step, the

25 pulverization step, the classification step, the surface
cross—1linking step (a spray step of the surface cross-linking
agent and a heating step), thecooling step, thegranule sizing
step, and the transportation step between each step.
Production capacity of this continuous production apparatus

30 was about 1500 kg per one hour. The water—-absorbing resin
was produced continuously by using this continuous production

apparatus.



The water-absorbing resin powder substance after the transportation test, which reached the final
point FI of the transportation section, hada CRC of 30 (g/g), an SFC 0of 49.510( X1 0-7cm3sg/l),
an AAP of 24.4 (g/g) , and a moi sture content of 2.5% by weight. A reduction rate of SFC by
transportation was 1.0%. Blocking phenomenon was not observed. [0165] [Example 3] 15The
transportation test of the water-absorbing resin obtained in Production Example 3 was performed
using similar operation as in Example 1, and transportation was able to be performed similarly as in
Example 1. [0166] 20[Comparative Example 3] A transportation test of the water-absorbing resin
powder substantewas performed using a transportation apparatus similar to the pneumatic
transportation apparatis 301shown i Rign2mhs adranspostation airisnurge,)a Roots 2k blower was
used Instead oSf otEg% com ressqcra3i8 srrllowr;j1 in El]gt lZa\i\/ithogti gl%hurg' {ficayogb%nq dgw pcoligt was set at
20C. Air temperature was §g8, anajfeﬁing time was 600 seconds. As the wate?]-aﬁsor%lng resin
powder substaricel) theweatercalyssorbing egsin powdernsubstaree -Blobtained am30 Pyoduction Example

2 was useg. 'fkﬂ?iS&%@%t?&9%@%&@{@8%315&?&919%}% A4 was satal 83,1 mio. @nd the joner surface

of the transportation pipeline was not finished" specifically (surface roughness Rz: 1000 nm). Each of
the transportafiofprelifes tas brhafizdntaPpat &HPs Yerticak pad, anaéngeof #ve fraRsportation

pipeline was 194 m fof, the hoﬂgqg@{gng&d 1991111;@6'[1@ vgr{ig@g@,qrgft%Therefg{gﬂgﬁgt{n Lp of the
transportation pipeline and the total length Lt were 123 m. Terminal linear velocity was 15.0 m/s.

Blocking phenbfiriontgetierateddd & WisShipossbId tdCorttinte thet8st. Tispettish of the
transportation pipelineny disassesblyreventednan aggregated substangsnwhish fiumbe 40 blocked the

mpdwmiO solution (1), concentrationof themonomer (thepartial sodium
salt of acrylic acid) was set to 38% by mass. The resultant
monomer aqueous solution (1) was fed continuously with a
metering pump, and by blowing nitrogen gas continuously in
themidst of thepipeline, oxygen concentrationof thismonomer

15 aqueous solution (1) was adjusted to equal to or lower than
0.5 ppm. It should be noted that, the “average number of n”
means average number of polymerization degree of a methylene
chain in the polyethylene glycol chain.
[0152]

20 Next, to the monomer aqueous solution (1), sodium
persulfate and L-ascorbic acid were mixed continuously with
a line mixer. 1In this line mixing, mixing ratio of sodium
persulfate and L-ascorbic acid was set at 0.12 g/0.005 g,
relative to 1 mole of the monomer. The continuous mixture

25 obtained by this line mixing was supplied to a flat surface
steelbelthavingweirsatbothsidesthereof, sothat thickness
thereof became about 30 mm to perform static agqueous solution
polymerization continuously for 30 minutes and a hydrogel
cross—linked polymer (1) was obtained. This hydrogel

30 cross—linked polymer (1) was segmentalized to about 1 mm by
using a meat chopper with a pore diameter of 7 mm, and this

was spread and mounted on a moving porous plate of a continuous



[0167] Table 1: Specification of Examples and Comparable Examples and Evaluation Results
Example 1 Comparable Example 1 Comparable Example 2 Example 2 Comparable Example 3
Water-absorbing resin powder substance A A A

air-flow band dryer to a thickness of 50 mm, to be subjected
to drying at 185°C for 30 minutes, and a dried polymer was
obtained. Whole mass of the relevant dried polymer was
continuously supplied to a three-stage roll mill to be
5 pulverized. Roll gap configuration of this three-stage roll
mill was from the top, 1.0mm / 0.55mm / 0.42 mm. After this
pulverization, it was classified by a classification
apparatus having a metal mesh with a sieve mesh size of 850
umand a metal mesh with a sieve mesh size of 150 um to obtain
10 the particulate water—-absorbing resin (1), wherein about 98%
by mass was the particles with 150 umto 850 um. CRC of this
water—absorbing resin (1) was 35 g/g.
[0153]
Still more, this particulate water—-absorbing resin (1)
15 was continuously supplied in 1500 kg/hr to a high speed
continuous mixing machine (Turbulizer/1000 rpm), and the
surface treatment agent solution was mixed by spraying with
a sprayer. This surface treatment agent solution was a mixed
solution of 1,4-butanediol, propylene glycol and pure water.
20 This surface treatment agent solution was obtained by mixing
with 1,4-butanediol of 0.3 part by mass, propylene glycol
of 0.5 part by mass and pure water of 2.7 part by mass, relative
tol00partsbymass of thewater—-absorbingresin. Next, after
the resultant mixture was subjected to heat processing
25 continuously at 198°C for 40 minutes with a paddle dryer (a
groove-type stirring-type dryer), it was forced to cool down
to60°Cusingasimilar paddledryer (the coolingstep). Still
more, a substance passing 850 um was classified by using a
sieving apparatus, and a product on the mesh (a substance
30 not passing 850 um) was pulverized again and mixed with the
substance passing 850 um, toobtainthe water—-absorbingresin

power substance A as a granule sized product, where the whole



B B Terminal linear velocity(m/s) 11.5 11.5 11.5 15.0 15.0 Transportation capacity per unit hour (kg/hr)
4700 4000 3500 4900 Clogging

amount was the substance passing 850 um. It should be noted
that thewater—-absorbingresinAhadCRC/AAP/SFC= 30.5(g/qg)/
25.5 (g/g)/ 30 (X10 '-cm’+s-g™').
[0154]
5 [Production Example 2: Production of the water-absorbing
resin B]
The water-absorbing resin B was obtained similarly as
in Production Example 1, except that 1 part by mass of a 50%
bymass aqueous solutionof aluminumsulfatewas addedrelative
10 to 100 parts by mass of the particulate water—-absorbing resin

(1), inthecoolingstep. Thewater—-absorbingresinBobtained

in the Production Example 2 had CRC/AAP/SFC = 30 (g/qg)/ 24.5
(g/g)/ 50 (X10 "-cm’-s-g™).
[0155]

15 [Production Example 3: Production of the particulate

water—-absorbing resin (3)]

The water—-absorbing resin powder substance (the
particulate water—-absorbingresin) (3) havingnearly the same
particle size as in Production Example 1, and a CRC of 35

20 g/g, was obtained by performing similarly as in Production
Example 1, except that, in the Production Example 1, after
pulverizing with a three-stage roll mill and classifying,
with a sieve classification apparatus having a metal mesh
of a sievemesh size of 850 umand 150 um, to obtain particles

25 of 850 to 150 um, recycling of the fine powders was performed
by kneading about 8% by weight of the fine powders removed
(substances passing through 150 pum), in accordance with
JP-A-2001-079829, together with the hydrogel cross-linked
polymer (2), with a meat chopper. By observation with an

30 electronmicroscope, it was observed that the water—-absorbing
resin powder substance (3) included a granulated substance,

where the fine powders areunifiedtoparticleswithaparticle



SECafter transportation (x10 7cm3sg 1) 30 29 28.5 49.5  Reduction rate of SEC :96) 1.6% 4.9%
6.6% 1.0% -

diameter of 850 to 150 um, and thus yield and water—absorbing
speed (for example, Vortex or FSR: as for ameasurement method,
refer to USP No. 6849665) were enhanced due to recycling of
the fine powders, as compared with the water—absorbing resin
5 powder substance (1). It should be noted that, the recycling
of the finepowderstosimilarwater—-containinggel ispossible
also by a continuous kneader instead of the meat chopper.
[0156]
[Example 1]

10 A transportation test of the water-absorbing resin
powder substance was performed using a transportation
apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 2. As a transportation air source, a
compressor 38 shown in Fig. 2 was used, and after

15 dehumidification (not shown) dew point was set at - 15°C.
Air temperature was 35°C, and testing time was 600 seconds.
As the water—-absorbing resin powder substance, the
water—-absorbing resin A obtained in Production Example 1 was
used. Inner diameter of the transportation pipeline 34 was

20 set at 83.1 mm, and the inner surface of the transportation
pipeline was subjected to buffing with a #400 paper (surface
roughness Rz: 200 nm) . Each of the transportation pipelines
has a horizontal part and a vertical part, and length of the
transportation pipeline was 104 m for the horizontal part,

25 and 19 m for the vertical part. Therefore length Lp of the
transportation pipeline and the total length Lt were 123 m.
Terminal linear velocity was 11.5 m/s. Transportation
capacity per unit hour was 4707 kg/hr. Temperature of the
entrance of the transportation pipeline of the

30 water—absorbing resin powder substance was 50°C, and
temperature of the exit thereof was 35°C.

[0157]



15 [0168] As shown in Table 1, it is understood that Examples have high evaluation (reduction
rate of SFC) as compared with Comparative Examples, and are capable of preventing clogging 20 of
the pipeline. From these results, superiority of the present invention is obvious. INDUSTRIAL
APPLICABILITY [0169] The production method for a water-abs orbing re s in powder substance
relevant to the present invention can be applied suitably in the production step of the water-absorbing
resin 5 powder substance utilized in hygiene materials containing absorbing bodies such as, for
example, disposable diapers or sanitary napkins, incontinent pads. CLAIMS: 1. A production method
for a water-absorbing' f&sirl 86MbrigiRg 58 pdR méEZatidhMEs forptiyiahzingHn&quedlis solution of
an unsaturated morgpnertiotohiair a siydregelqpolymerhed adsyingstepdot drying the hydrogel
polymer to obtain,a partiquigte water.absorbing 1esin; 80 ¢ 30.5 (g/g), an srC of

30.0 (><1OJ'CH9'S'g”d, an AAP of 25.2 (g/g), and a moisture

5 content of 3.0% by weight. A reduction rate of SFC by

transportation was 1.6%. Blocking phenomenon was not
observed. It should be noted that, when SFC before

transportation and SFC after transportation are expressed

as Sfl and Sf2, respectively, the reduction rate Rs of SFC
10 can be calculated by the following expression.

[0158]

[Expression 4]

Rs = [(Sf1-Sf2)/Sf1]1x100
[0159]

15 [Comparative Example 1]

A transportation test of the water-absorbing resin
powder substance was performed using a transportation
apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 2. As a transportation air source, a Roots

20 blower was used instead of the compressor 38 shown in Fig.
2, without dehumidification, and dew point was set at 20°C.
Air temperature was 35°C, and testing time was 600 seconds.
As the water—-absorbing resin powder substance, the
water—absorbing resin powder substance A obtained in
25 Production Example 1 was used. Inner diameter of the
transportation pipeline was set at 83.1 mm, and the inner
surface of the transportation pipeline was subjected to
buffing with a #400 paper (surface roughness Rz: 200 nm).
Each of the transportation pipelines has a horizontal part
30 and a vertical part, and length of the transportationpipeline
was 104 m for the horizontal part, and 19 m for the vertical

part. Therefore length Lp of the transportationpipeline and



10a surface cross-linking step for surface cross-linking the particulate water-absorbing resin;

wherein comprised is a pneumatic transportation step for pneumatic transporting a water-absorbing
resin powder substance generated in at least one step selected from the 15 drying step, a
pulverization step, a classification step, the surface cross-linking step, a cooling step, a granule sizing
step, and a fine powder capturing step, in a pipeline with a surface roughness (Rz) of the inner surface
of equal to or smaller than 800 nm, by using gas with a dew point of 20- 5C to - 100C. 2. The
production method according to claim 1, wherein the water-apsorbing resin is a polyacrylic acid
(salt)-based whikF-5086rbiG PEiR. 25 " The profuction Mietfod AckBrAAG'® CIAIRT 14 67, wherein
the water-absarbirigntésin camprisgs atsattfactant pra 1ubricantu 30 Yhiche-praduction kaethed according
to any one of cllgims 1t g \évhgfe}: tgeevx t%-aggort];:ingﬁgsicn rp%wd%rrscuabsg%r}lce (iomEriisees a
fine-powder recyrcnI%% substance of the wa er-gbsor%lng resin. 5. The proéuctlorpn%?hocpaccording to
any one of claimis tthto #awherei the-Wwatey-atssorbingrresar compsisesasbwas 50°C, and

water-solyblepolyyalentmetal salt qrawatet-insoluble fine paticle.o .
[0160]

The water—-absorbing resin powder substance after the
transportation test, which reached the final point F1 of the
transportation section, had a CRC of 30.5 (g/g), an SFC of

10 29.0 (XlOJ'cmLS'gﬂj,eﬂlAAPonS.O(g/g). A reduction rate
of SFC by transportation was 4.9%. Blocking phenomenon was
not observed, but, transportation capability was decreased
and also SFC value was decreased.

[0161]

15 [Comparative Example 2]

A transportation test of the water-absorbing resin
powder substance was performed using a transportation
apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 2. As a transportation air source, a Roots

20 blower was used instead of the compressor 38 shown in Fig.
2, without dehumidification, and dew point was set at 20°C.
Air temperature was 35°C, and testing time was 600 seconds.
As the water—-absorbing resin powder substance, the
water—absorbing resin power substance A obtained in

25 Production Example 1 was used. Inner diameter of the
transportation pipeline 34 was set at 83.1 mm, and the inner
surface of the transportation pipeline was not finished
specifically (surface roughness Rz: 1000 nm). Each of the
transportation pipelines has a horizontal part and a vertical

30 part, and length of the transportation pipeline was 104 m
for the horizontal part, and 19 m for the vertical part.

Therefore length Lp of the transportation pipeline and the



6. The production method according to any one of claims 1 to 5, wherein the dew point of the gas
when drying prior 10to the transportation step is 3000 to 100C. 7. The production method according to
any one of claims 1 to 6, wherein polymerization in the polymerization step is aqueous solution
polymerization with a continuous belt 15 or a continuous kneader. 8. The production method
according to any one of claims 1 to 7, wherein the water-absorbing resin powder substance satisfies at
least one of absorbency against non-pressure 20 (GV) 25 g/g, absorbency against pressure (AAP) 15
g/g and saline flow conductivity (SFC) far 0.69% by mass normal saline solutijon 10
(21077-om3-S!G15.1 & T BrbcEROR B adkBHiing 16 Ary5ré SFAAiTTS 35°F fo'sl cmprising a
dust collectiorstep for remaevying the water-absarbing pesindimetpowder with & fogmbeahe-filter at the

same time as E)g%urggti% 1tlrragsggrt@}li%n.en t119 ng pOerg tior% maeggod ggg%rg(i)nrg to, any one of claims
301to 9, compns%g the pneumatic transpor?a{hon step a fer the surface cross-liﬁklﬁg s%ep. 11. The

production metiod laecoedirg tehapoherof claimsilnodde comprising astep fobstdfingathe
water-absorbing resin poywder 89b§t§g0%@£erﬁg%pgggrr\%ig trapsportation step. 12. The

production method according to any one of claims 1 to 11, wherein a production capacity of the
water-absorbind tésin is a continuous production of equal to or higher than 1000 kg/hr. 13. The

production method ageprdipgte.anyana-eficlgimse. 1 1 12, ywherein the syriace grasselinking step is
e W B ettt g o L Y N BRI RS MIY #T of the
transportation section, had a CRC of 30.5 (g/g), an SFC of
10 28.5 (X10 cm’*s*g™t), anAAP of 24.9 (g/g). Areductionrate
of SFC by transportation was 6.6%. Blocking phenomenon was
not observed, but, transportation capability was decreased
and also SFC value was decreased.
[0163]
15 [Example 2]

A transportation test of the water-absorbing resin
powder substance was performed using a transportation
apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 2. As a transportation air source, a

20 compressor 38 shown in Fig. 2 was used, and after
dehumidification (not shown) dew point was set at - 15°C.
Air temperature was 35°C, and testing time was 600 seconds.
As the water—-absorbing resin powder substance, the
water—absorbing resin power substance B obtained in
25 Production Example 2 was used. Inner diameter of the
transportation pipeline was set at 83.1 mm, and the inner
surface of the transportation pipeline was subjected to
buffing with a #400 paper (surface roughness Rz: 200 nm).
Each of the transportation pipelines has a horizontal part
30 and a vertical part, and length of the transportationpipeline
was 104 m for the horizontal part, and 19 m for the vertical

part. Therefore length Lp of the transportationpipeline and



14. A production method for a water-absorbing resin comprising: a polymerization step for
polymerizing an aqueous solution of an unsaturated monomer to obtain a hydrogel 20 polymer; a
drying step for drying the hydrogel polymer to obtain a particulate water-absorbing resin; and a
surface cross-linking step for surface cross-linking the particulate water-absorbing resin; 25wherein
comprised is a pneumatic transportation step for pneumatic transporting a water-absorbing resin
powder substance in the dried state having a solid content rate of equal to or higher than 90% by
weight, in a pipeline with_a surface roughness %F%z) of the inner surface of equal to 30 or smaller than

800 nm, by usiriyghs With Bty pditt BF 5c o 2 fboc ferminal Tinear velocity was

15.0m/s. Transportationcapacityperunithourwas4900kg/hr.

Temperature of the entrance of the transportation pipeline

of the water—-absorbing resin powder substance was 50°C, and
5 temperature of the exit thereof was 35°C.

[0164]

The water—-absorbing resin powder substance after the
transportation test, which reached the final point F1 of the
transportation section, had a CRC of 30 (g/g), an SFC of 49.5

10 (X110 7+cm’+s+g™'), anAAP of 24.4 (g/g), and a moisture content
of 2.5% by weight. A reduction rate of SFC by transportation
was 1.0%. Blocking phenomenon was not observed.

[0165]
[Example 3]

15 The transportation test of the water—-absorbing resin
obtained in Production Example 3 was performed using similar
operation as in Example 1, and transportation was able to
be performed similarly as in Example 1.

[0166]

20 [Comparative Example 3]

A transportation test of the water-absorbing resin
powder substance was performed using a transportation
apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 2. As a transportation air source, a Roots

25 blower was used instead of the compressor 38 shown in Fig.
2, without dehumidification, and dew point was set at 20°C.
Air temperature was 35°C, and testing time was 600 seconds.
As the water—-absorbing resin powder substance, the
water—absorbing resin powder substance B obtained in

30 Production Example 2 was used. Inner diameter of the
transportation pipeline 34 was set at 83.1 mm, and the inner

surface of the transportation pipeline was not finished
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specifically (surface roughness Rz: 1000 nm). Each of the
transportation pipelines has a horizontal part and a vertical
part, and length of the transportation pipeline was 104 m
for the horizontal part, and 19 m for the vertical part.
Therefore length Lp of the transportation pipeline and the
total length Lt were 123 m. Terminal linear velocitywas 15.0
m/s. Blocking phenomenon generated and it was impossible to
continue the test. Inspectionofthetransportationpipeline
by disassembly revealed an aggregated substance which firmly
blocked the pipeline.

[0167]

Table 1: Specification of Examples and Comparable Examples

and Evaluation Results

Comparable Comparable Comparable
Example 1 Example 1 Example 2 Example 2 Example 3
Water-absorbing resin
powder substance A A A B B
Terminal linear
e 11.5 11.5 11.5 15.0 15.0
Transportation
capacity per unit hour 4700 4000 3500 4900 Clogging
(kg/hr)
SFC after
transportation 30 29 28.5 49.5 —
(x10"-cm’+s-gh)
Reduction rate of SFC
& 1.6% 4.9% 6.6% 1.0% -

[0168]

As shown in Table 1, it is understood that Examples have

high evaluation

(reduction rate of SFC)

as compared with

Comparative Examples, and are capable of preventing clogging

of the pipeline.

From these results,

present invention is obvious.

INDUSTRIAL APPLICABILITY

superiority of the




[0169]

The productionmethod for a water—-absorbing resin powder
substance relevant to the present invention can be applied
suitably in the production step of the water—-absorbing resin
powder substance utilized in hygiene materials containing
absorbing bodies such as, for example, disposable diapers

or sanitary napkins, incontinent pads.
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CLAIMS:

1. A production method for a water—-absorbing resin
comprising:

a polymerization step for polymerizing an aqueous
solution of an unsaturated monomer to obtain a hydrogel
polymer;

a drying step for drying the hydrogel polymer to obtain
a particulate water—-absorbing resin; and

a surface cross—-1linking step for surface cross-1linking
the particulate water—-absorbing resin;

wherein comprised is a pneumatic transportation step
for pneumatic transporting a water-absorbing resin powder
substance generated in at least one step selected from the
drying step, a pulverization step, a classification step,
the surface cross-1linking step, a cooling step, a granule
sizing step, and a fine powder capturing step, in a pipeline
with a surface roughness (Rz) of the inner surface of equal
to or smaller than 800 nm, by using gas with a dew point of

- 5°C to - 100°cC.

2. The production method according to claim 1, wherein the
water—absorbing resin is a polyacrylic acid (salt)-based

water—-absorbing resin.

3. The production method according to claim 1l or 2, wherein
the water—-absorbing resin comprises a surfactant or a

lubricant.

4. The production method according to any one of claims
1 to 3, wherein the water—-absorbing resin powder substance

comprises a fine-powder recycled substance of the
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water—-absorbing resin.

5. The production method according to any one of claims
1 to 4, wherein the water—-absorbing resin comprises a
water—-soluble polyvalent metal salt or awater—-insoluble fine

particle.

6. The production method according to any one of claims
1 to 5, wherein the dew point of the gas when drying prior

to the transportation step is 30°C to 100°C.

7. The production method according to any one of claims
1 to 6, wherein polymerization in the polymerization step
is aqueous solution polymerization with a continuous belt

or a continuous kneader.

8. The production method according to any one of claims
1 to 7, wherein the water-absorbing resin powder substance
satisfies at least one of absorbency against non-pressure
(GV) 2 25 g/g, absorbency against pressure (AAP) 2 15 g/g
and saline flow conductivity (SFC) for 0.69% by mass normal

saline solution = 10 (X10ﬂ'cm§'S'g{)-

9. The production method according to any one of claims
1 to 8, comprising a dust collection step for removing the
water—-absorbing resin fine powder with a membrane filter at

the same time as pneumatic transportation.

10. The production method according to any one of claims
1 to 9, comprising the pneumatic transportation step after

the surface cross-linking step.
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11. The production method according to any one of claims
1 to 10, comprising a step for storing the water—-absorbing
resin powder substance, after the pneumatic transportation

step.

12. The production method according to any one of claims
1 to1ll, wherein a production capacity of the water—absorbing
resin is a continuous production of equal to or higher than

1000 kg/hr.

13. The production method according to any one of claims
1 to 12, wherein the surface cross—-1linking step is performed
with a cross—-1linking agent having dehydration esterification

reactivity.

14. A production method for a water-absorbing resin
comprising:

a polymerization step for polymerizing an aqueous
solution of an unsaturated monomer to obtain a hydrogel
polymer;

a drying step for drying the hydrogel polymer to obtain
a particulate water—-absorbing resin; and

a surface cross—-1linking step for surface cross-1linking
the particulate water—-absorbing resin;

wherein comprised is a pneumatic transportation step
for pneumatic transporting a water—-absorbing resin powder
substance in the dried state having a solid content rate of
equal to or higher than 90% by weight, in a pipeline with
a surface roughness (Rz) of the inner surface of equal to
or smaller than 800 nm, by using gas with a dew point of -5°C

to -100°C.



