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DESCRI PTI ON  PRODUCTI ON METHOD FOR WATER- ABSCRBI NG
RESIN 5 TECHNI CAL FI ELD [0001] The present invention
relates to a production nethod for a water-absorbing
resin. 10 BACKGROUND ART [0002] In recent years, in
hygi ene products such as di sposabl e diapers, sanitary
napki ns and i nconti nent pads, the water-absorbing
resin as a conposition material thereof has 15 been
wi dely used, in view of DABSRIMIAGNa body |iquid. As
such a water-absorbing resin, for exanple, there have
been known a cross-linked product of partially

neut r al ipredUDTIYAC METHOD aoRdwagERydsgbysake Aksay
starch-acrylic acid graft polyner, a saponified
product of a vinyl acetate-acrylate ester 20 copol yner,

arpyarelatsateref an acrylonitrile copolyner or an
acryl am de copol ymer and a cross-|inked product

t f, and a cross-linked product of a cationic
nononqmea i sorbing, resj
be used ?}g%gggn&ESFQEIB Eﬂe%t ?ﬂ ceion mdknod

ﬁkbeﬁ%md@eﬂmaUHdHMah@kee%dmnl and homever, 25 it is

generally used after converted to a powder-1like form
(particulate). As such powders (particles), for

erarereNDheRrTpar ti cul at e wat er - absor bi ng agent, havi ng

% g%ight average particle dianeter thereof of about
66Y¢d 800 )u m is used widely. 30 [0003] The

parti gyl ?é@eﬂ\@ty%rax%bs?llﬁ]?)@de?%eﬂkoaﬁcP% oduced, cilsd)osa%le

pol ynmeri zation step ste he crush
sigpers, 18aﬂhéa€Vassapkca5|oanStepmc¢mmﬂmnmﬁzupads, the

FEU5S ROEERg 5L £y A0 Dol 5 [t et CRRUTRILS, 2o
beanspoid bt uerdapparatWwsol sbosedihgla KOAPAGHNS. As such
a water-absorbing resin, for example, there have bean known
a cross-linked product of partially neutralized polyvacrylic
acid, a hydrolysate of a starch-acrylic acid graft polymer,
a saponified product of a winyl acetate-acrylate ester
copolymer, a hydrolysate of an acrylonitrile copolymer or
an acrylamide copolymer and a cross-linked product thereof,
and a cross-linked product of a cationic monomer and the 1ike.
This water-absorbing resin may be used after converted to
also a sheet-like, fiber-like or film-like form, and however,
it is generally used after converted to a powder-like form
(particulate) . As suchpowders (particles), forexampie, the
particulate water-absorbing agent, having a weight average
particle diameter thereof of about 200 to 800 um, is used
widely.
[0003]

The particulate water-absorbing agent is produced via

the polymerization step, the drying step, the crushing step,
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each step (Patent Docunment 5) . As a transportation
system 5 of the water-absorbing resin, nechanica
transportation and pneunatic transportation are

i ncluded (Patent Docunents 6 to 9) In mechanica
transportation, for exanple, a conveyor (a belt
conveyor, a bucket conveyor, a screw conveyor) is used
as the transportation apparatus. 10 [0004] In addition,
ither eéeasiyearsiohisglrer, phepentfiadrasrbeenl imedud sedpt cand

ch wat er - ab bing resi.n, and as_a result, fto
ch earjigé{epﬁ E%E??éo%?c‘frﬁ%m}ﬁ ghi*g \%gt e?I-rhﬁ'éloFBFiHatFééﬂrﬁcale
ﬁubdubﬁﬂnﬁxatkanepbaﬁﬁ&ibh%ﬁﬁiﬂﬁﬂﬂﬁi@UQ@dforconnecting
Patent 15 Docunents 12 to 17) for using

hnol oqi
%@%&g%g‘?’?%@% PeoveXaml e, ASadpbFynaPenrtakbealsysten
A theavaaderad 159Ul ekl Re Rattd.cle)) EEQBEPg&tation and

wat er - absor bi ng resin have been propose

DOSUVENTES t[re0s5prie tRATENTe DOCUVENTS Paaeent m@mgmts 6
: P . 4 L Lon Patent Docunment 2:
R e T AR T i R A T A R e
Ne. b&7116894vepeci f acatickat Paheayobpcanedtew: cdISRND:) 1is
49%59@18 S ecitfi cation %5 Pat ent Docunent 5: USP No.
68T7557 SPECciFrlaP o2 PR eAPPBERLHENt 6:

JP0A42004- 43102 Pat ent Docunent 7: WO 2007/ 104657

panphl et Patent Docunment 8: WO 2007/104673 panphl et

Pat ent "DBE#HEAPT 0: IIWDESEO T 193676 Ipist P oBeTPALnt Deen

: oS As 2006/,0204755, Speci ficat ¢
DoguTRen 19 st S asED lgf)éggjiefsilglét RAT apdl @ourt,
Bocempitca Progsre tioo £ 10e8R84dh $pew tfd watlismrd ngPasent, for

GOSHEED. 3l 0001 0010 e 58 s 2 e

Document s18 tUSA 200 A Dik0H0431spec ddiGditicdn (for example,

a polyvalent metal salt, a water-insoluble fine particle)

to the water-absorbing resin have been proposed.

PRIOR DOCUMENTS

[0005]

PATENT DCQCUMENTS
Patent Document USP No. 6727345 specification

: USP No. 7183006 specification

: USP No. 6716894 specification

USP No. 4985518 specification

: USP No. 6817557 specification

JP-A-2004-43102

: WO 2007/104657 pamphlet

: WO 2007/104673 pamphlet

: WO 2007/104676 pamphlet

Patent Document 10: US-A-2006/0204755 specification

Patent Document 11: US-A-2006/0073969 specification

Patent Document 12: USP No. 7098284 specification

Patent Document
Patent Document
Patent Document
Patent Document
Patent Document
Patent Document

Patent Document

e e & e & & 2 T S B o B

Patent Document
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Pat ent Docunent 16: WD 2008/ 092842 panphl et 5 Pat ent
Docunment 17: WD 2008/ 092843 panphl et DI SCLOSURE OF THE
I NVENTI ON PROBLEM TO BE SCOLVED BY THE | NVENTI ON [ 0006]
10 I'n a method for enhancing property of the _

wat er - absorbing resin, technol ogi es described in the
Pat ent Docunents 10 to 17 show a certain effect
(enhancenent of liquid perneation) in a |laboratory,

but , meWEEﬂKﬂDQHﬂ&hﬂDHdgiGB}€H+2&ﬂﬂﬂGﬁ$&M82 specification

i ndustrially for exa aJ production 15 of
gqual D 6} HGHEIEY gﬁfléﬁ%' gﬂﬂﬁVb &tilc §pgeitdgakron
to or mitgher DdiameH00G t ax-pern ove diios®a 3t ReLe WS ation
often _the case of not providing such high property as

i n t hd 4ol BIMEnY ddo770 26 OR/OSedidagbpmpint.ets an
obj ectpafetthe RIBREAL 171V eRE '2%8/‘0%2%&%‘%%&%&%@' y and

continuously the water-absorbing resin
industrially high property, in particular, the

Tﬂﬁg@{ ' igh liquid perneation.
F%%%%j gﬁgﬁgﬁfﬁ%@gﬂhﬁﬁN?he particul ate .
VRRCOH LA For B g cagant Byc amraiimivegTaonl i qui d per nmeati on

er such as the polyvalent metal salt or the
NgRLr-lnsoluble fine particle and the production

t hod rt hie €h 08 £ irhen i asa o+ BVERt Phs Héavy '—?é’é’c?fb%qu
gepartlcular robl e hatQJﬂatp 5 rgb g: _ec!reaseg
Q?%¥hn§ESPPQ P@heﬁﬁﬁﬁﬁﬁ%b%ﬁééwé géﬁﬁﬁﬂ@i@@u&@nvstyQto
@CICQHBQné/'dég:t\’éhtnheE?@cef érﬂ?ar#é 0. per ﬁgulgrp ermegtion)
i mprover, and decrease |n property acconp

tlmaﬁsb@b@a@t@nyafmetr, mbemgsutchetbcqtmﬂiogméﬁeatda cm:aled -up
production step fo

r artlcula ,
u%é?éﬁlégéo? .nsxaPB E?dc%PrEWrﬁF?Hﬂﬁu %qpﬁon
@)faegm; acbelt hﬁgn&ey@han 05T €Y cqweyﬁtla;l%k%tqual
for connecting 5 between th

%PgégygﬁggégégﬁﬁlIkeéQﬁyFoPnp%%r@%%slM@%s Chaige was often
the case of not providing such high property as in the
laboratory.

[0007]

Accordingly, it is an object of the present invention
to produce stablyeuuicontinuouslytﬂmawater—absorbingresin
with industrially high property, in particular, the
water-absorbing resin with high liquid permeation.

[0008]

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 preblem of
decrease in  transportation property (decrease  in
productivity)accompanyingwithlnmeoftheliquidpermeation

improver, and decrease in property accompanying with
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it was discovered that decrease in transportation

property and decrease in property acconpanying wth

use of the liquid perneation inprover are an obvious

and particular problem in pneumatic transportation. 10

MEANS FOR SOLVI NG THE PROBLEM [0009] In order to solve

the problens, the production nethod for the

wat er - absorbi ng resin of the present invention 15

iunanﬂpaxtaxq@mlgﬁberzmﬂﬂﬂmg-Shegthptuppbymeatzbngxmpmover
S ution af_a nsat ur at ed noner to obtain a

Jp%ﬁfyﬁélrt %PEP PG 8P Fof CBMACHER t $ie-absorbing

rne;yl@gemaﬁglqamryltr@ m@bhah8sa R bkGMbAES a belt conveyor,
wat er - absorbing resin; and a surface cross-|inking

St BPrIBFOBURYAE e AP Wk T PARTAYOE IRE %ﬁ tikal doe ggnecting
\%It%e%b%%bbegpg esk L0 i, 1hsv89§58§t§5y§,edand

by including a pneumatic transportation step
Gﬁewﬁﬁtﬁ@SC@V@h@@oﬁhatuﬁeﬁnmﬂaa'labSoabspgrteslungmmwmgrt

Y
ner D e ste in a el i Lth a,
PP LR0FE LR BR ALY SRS A P Bk BT et By e
@@rﬁ@a&d@hl&mptbaer8@@e25nnﬁbvbyuﬂsam@ ©ast Wi e A ewlem
- 100C. . ADVANTAGES OF THE | NVENTI ON
F@O?@Fumﬁ5&8r&Fﬁ&SPBrFﬁElBPesent i nvention, the

wat er - absorbing 30 resin with |ndustr|ally hi gh

& er%y articular, the water-absorbing resin with
E@%SI|Qﬁ|§Oé ENEalHEnPRAALBY  produced stably and
q@fignuously, by passing a specified 4 pneunatic

transportatlon step. BRI EF DESCRI PTI ON OF THE DRAW NGS
[OOlan50ngr o solaves dienptriob leowst, | ghe ap T omuvt sam method

§ho Frodggglon ggparatus Lg Ee use% %% pron%%lon
{RE paf |cu af e" Rt B0 AbdSPing aghhe . PEFGeNS i

dmhaiudig s haw Jlg e rSichaenirin etepnfégwodti@Rizing 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-linking step for surface cross-linking the particulate
water-absorbing resin 1In 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

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
resin with industrially high property, in particular, the
water-absorbing resin with high liquid permeation can be

produced stably and continuocusly, by passing a specified
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of a transportation apparatus capable of being used in
one 10 enbodi nent of the present invention. Fig. 3 is
a schematic view show ng nmaxi num cali ber part (Rl) of
t he upper part of a hopper, and caliber (R2) and hei ght
(H of the discharging part of the hopper, specifying
ratio of inclination angle and drawing rate of a cone
part, and 15 ratio of naxi mum caliber (dianeter) and
heicginta tdfc tthensgppder,t Lonelsatipng to t he hopper capabl e
of being used in one enbodi nent of the present
invention. Fig. 4 is a cross-sectional view where a

[ERE FOfDHSoRT P12 oNs oragmief DBAWIRGSFi g. 5 is a drawi ng
showi.ng a schematic configuration of a transportation
46%Hﬂdtus capabl e of being used in other enbodi nent of

the prggent; i nyent LoRenYOPE EORFCARRYLNG,OJT IH '
I NVENTI C 25 [ 0012] %ﬁe pregent i'nvention rgﬁa53§ﬂﬁ?%aa
prodvcttiion aprhodtubototie watktoabsordbiagthespartiloulate

the fresent . d cg%&%&on, the "wat er-absorbing resin"
means I 'ng

a water swel'l'ing and water-insol uble polyner
gel | i @jgageénts AbsorhiencshcGRE)y kSs3Rerssentdal figaguslon

tq or higher than 5 g/g, preferably 10 to 100 g/g,,6 and
S Pl CROREE96FDL80 ST adiRANS Oopabrg uied ir one
campenerht oEXthactbablkesr angcassentially O to 50% by
weight, 5 preferably O to 30% by weight, still nore

pref efabl-y3 03 8 SApmHL Gwilght Shanbh pareiiawaskyiber part
Rraf esabhy Gt 1% by ; ocg%i v, 499130 Lk Shoy gf’l?%l%ieqélt

noted that, the ter-a ng resinis 5 not
t{él) acf orme whiercdhawhylng pROONGE (KGO Wppbsra pebyiEying and ic

i ncl.ude.additives (to.be described |ater or the
P 4 R < B Y &P ah o PR RE AR cht o e P and
irat ieven nbaimua @8 ihenl(gtemvatel -ahtspebyng FYeAt Hpper,
maher;absorbinglresin composition) , it is called
JERE-EA T3 LRRE IR CaBIBE BIGTPAD Y 8§FA ThopRehasiamnt
brventi eReskAtt havRHE$BAL i Nvention,

Fig. 4 is a cross-sectional view where a part of Fig.
2 is magnified.

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 QUT THE INVENTION
[0012]

The present invention relates to a production method
for the water-absorbing resin. 1In the present description,
the "“water-absorbing resin” means a water swelling and
water-insoluble polymer gelling agent. Absorbency (CRC) is
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,
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when the water-absorbing resin is the particulate

wat er - absor bi ng agent (the water-absorbing resin

conposi tion), 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, nore preferably 80 to 99. 7% by

wei ght, and stillnore preferably 90 to 99. 5% by
\Leqegﬂﬁ:akﬂ@i e& itwe 306 bot akighbyunttiAS nopPOpestsraldifer +o

n_the .water-absor re vi ew of water
ir;bao?%l ée%fn Parr%ﬁgg‘llaﬂfzgl%? Ry Prie b%méfr‘ée—'%ht
(Mﬂnﬁﬂcles) water is preferable, and the additives to
be described |ater are contained as needed. [0014] In

the pridséRtUdeskri peten, thate s yfa@ﬁyral@sa@b@lng(saw) is
TRANS 1 A1 POLVIREL £9APQ$ET PiLHEL l@lgr}/lls a gcla yInZeSr,

(salt),asa repeating unit. SpeC||
@éllcvﬁréy inedmg arﬂqhzgtzacersyl £o kaa:delscsalbegi l@fteess;emhealljllge)

0 9 er abl 70 to 10 %
Slr ttahe%ggé) ér a%ﬂf%]d? t_teh E £5 aer‘f?/n for
plr[ed:etmlhyaselbstamkablsbyblﬁ@%gdnt I{T@Rv@,te&Sa@s@@BQ lresin

| udi agent. The 30 salt as the
S pHe oM al G b SEIEn PTE Nianvsbh Bt v A3 orbing
peefier abl yha pesevat eyl fon NORE ’@ﬁ@fﬁf@é’%% an-Alkaldy,

metal salt or an anmoniumsalt, particular
Whefer 408 afe bt kaaksodinmt areshit l§t|mhannpartlculate

Ruekerably B 1§8d | U g‘%ﬁltt {£3Q15] x.\lrlaﬁ:%él\lgb Sﬁgfb 10da g Fesin

abbrevi ati on of European D sposables an
AsBpesation) Acsommntd@tfathe ofa ttdre-dbwoapdany r&s shardar@nt

d t hod ( ERT/ EDANA
B EhrnBetBoct THETRSAE) (7 oo YA L ibebr g ) Dosec

waskm-absbebihg kaoin decpmrentrapeyi sedd 9929@2]&

ERT origin 10 In the present descri %lon
RGO L o @%Moycmgam e oLy oo e sy
suhst anced b?%ﬂg‘fh@:, relative tototal amount. Ascomponents
other than the water-absorbing resin, in view of water
absorbing speed or impact resistance of the powdars
(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
(salt), asarepeatingunit. Specifically, itmeans 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-linking agent. The
salt as the polymer contains essentiallyawater—-soluble salt,
preferably a monovalent salt, more preferably an alkali metal

salt or an ammonium salt, particularly preferably an alkali
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"wat er - absor bi ng resin powder substance (a powder
substance)" are defined as follows. [0017] 15 The
"hydrogel polyner (water-containing gel) " indicates a
hydrogel cross-Ilinked polyner of the water-absorbing
resin. As a representative, it neans water-containing
gel obtained in a polynerization step. Usually it
i ndicates a polyner having a noisture content of equa
reterl agher stthdl 30%ebyreZ@raeilght. sbAQL8] saThe "dri ed
agﬁg% nce" indicates a dried polyner of the
ter-'absorbing resin after a drying step. It usually

i ndi catmesiNa di keth RRLYER ARAVIKNGF MRISJER 698b88LL1Bs ang
the drying 25 step of bel ow 30% by weight, and stil

MY eoagaa Ao5ridtov@t thas Zo%m bjetvml ghef dhehdugtphdan
n istu nt er iLzation.

e Rt R

pERTERAY Adke ¢ drancsyratied Teat Met hpels)neo t taki ot ik ab igrbing

I L.zatign heat. or by heatin ur i
%%Fg%é¥?§g %o%?q”%ﬁ”%?@?fme%50?5?Vlgﬁg L%é%ﬁggjaﬁ§o?mﬁrﬁfT
rediginpdwder substance (a powder 7 substance) "neans

2 i lid having a certain fluidity as powders, and for
R ﬁﬁﬂe, it means the state in which Flow Rate

(ERT450. 2tQ2) sadsde MeasiHadasf | updi ty, sald
whi ch can belgieve classifigh by'(ERT42%¥%?%% % %%P%mer
dpaéprireantyingnpt 98lh”sold d "ok igdpastbetendednetmei dhe

e t I -t i fied si_ev v
oragert fearr oo i P BRTEL (Bt e it ariea
pokynefiofbdt he Wimfépwabsorbing resin, or powder
ﬁg%igince to be used as a solid as it is anong raw
térrals or the additives of the water-absorbing resin

(for Theexamegie Wed Bfmd NERLUBEecbNOL BN E gROVIEL S cates
g | yval ent netal  salt powders or hydrate Salts thereof
T kEYSS Wbt RkRR BOLEBAE & theWaberrphrpeliag Heshg -

A8 4 trdpyreie3@latd g ife drss water-containing gel cbtained
in a polymerization step. Usually it indicates a polymer
having a moisture content of equal to or higher than 30% by
welght,

[0018]

The “dried substance” indicates a dried polymer of the
water-absorbing resin after a drying step. It usually
indicatesadriedpolymerhavingmoisturecontentinthedrying
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 therecofisnot limitedanddrying
may be performed at the same time as polymerization (drying
by polymerization heat or by heating during polymerization,
etc.).

[0019]

The “water-absorbing resin powder substance (a powder
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usual Iy bel ow 30% by weight, and still nore equal to or

| ower than 20% by weight. The lower |limt of particle

di aneter is 15 not especially limted, and, for

exanpl e, 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 mmare called
particles, and those of below 1 mm are called powder
sultsitanees,” idns hRollie ESRM ckRYeNhifaNi di RESE: Rovaers
20 particle substances (the water-absorbing resin or
Fé\ﬂo efFaPRl e hetbofeagse s | Bt vely Mo &d avo Rate

"@rIawWder - 3YPSEANGE e 4N rRAdL L ?ﬂulaft%h%lpr eé&ﬂd th_ch

description, "the powder substance" wder™ are
f%%%ﬁ%alagegy@@@yﬁgedprOEBT4ZB F%@%IIqunqﬂpﬁmﬂfInally,

wil L ;be given o@aog%&wglgfdmse lgfog luct] on 134 %ggof {

partlculate wat er sorbing agen
rténsinn p mmLesaatlfDedhggpﬂ&&&ﬂbla@%&ﬁhbam;onandnahﬁm1ﬁ§hns

t he a ortatio od of the present |nvent|on
PGS S T HE LD LS Lof dip 1M, O FopAL e o Apeogbing resin,
seheontice SORs{ GUEAHOBVHEMH SIIPW 991@01 P oqdueki Ofcng raw
faC|I|t%_2 to be used to produce the water- absorblng 8

¥

Fedier 1t feC paMe eafat &vartad APt I higertna resbis{ for
%rx%%@é' %ﬁ@.‘l‘1dstc}fu%31@ﬂ@@f%&r’ﬁf’g?o&%rgeyﬁw Egn%%hcal

step are connect ed transpo 1 on f
Bl deats on hyaﬂfméleaﬁta.ﬂstfﬁtharelof/langl Appaiheéus Mpisgure

%léh\é%%&%%l ﬁgtafpﬁ{@écﬁlsass llozriac{ %S SSI fal ﬁ%(ta{,%ﬂg and it is

apparatus XI'hg Appar

patlé.twlse]l@w %&bplwmk&npahatMSﬂZ]Omo@egéWI &0 &+ 2@ r
par a fI|L@%§ apparatus 24, a fine powder
}YaaﬁéfJHFus > 16 Tal PAR I aPREh L1EpFal BilRt 98 15

@b@_ e;’s séahl Bgl 1iimithics Preductd eRafeh! idyuA +Ihe
wat er - gbsorb?%glié're5|n pomder sﬁbgtancé¥%btalnéa%%$ger

&8ptail ntst epl i shalghdsorréadt shehe hexyestepl bycitdre may
beacaporial J%Sﬁ%o%e ok0044k 1 The RONYTBLLZ2HLRM $LER .
called particles, and those of below 1 mm are called powder
substances, but, in the present invention, these powder
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]

Firstly, explanation will be given on cutline of the
production step of the particulate water-absorbing agent {the
water-absorbing resin) relevant to the present invention,
andthenonthe transportationmethodof the present invention.
[0021]

[The whole step (Fig. 1)]
Fig. 1 is a schematic configuration view showing a

production facility?2 tobeusedtoproduce the water-absorbing
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pol yneri zation apparatus S. The drying step is
performed 15 using the drying apparatus 10. The
pul veri zation step is performed using the pul verization
apparatus 12. The «classification step is perforned
using the classification apparatus 14. The surface
cross-linking step is perforned wusing the m xing
apparatus 16 and the heating apparatus 18. 20 The
cgalimg(Steppast peufotaedatsirrgbtbebingl iaggnappar atruschis
20. The .granul e sjzing step is perforned using the
St 1 Sr gL AbperarRe a3t UTRE HAk IR S eoRgh Step
patd ebiBdcstnBy thAgndpdit NG GPRAAIUS 24n Jhedd P ation
powders are collected using the fine powder capturing
APPREEUS D62 THELHF aﬁﬁﬁﬁﬁgéﬁ 1hep P28 vieg igaitionmparatus
i n Lanulbati.on S¢148. . T I he
o ot e BB o 8L o s RS 16,
gr &vaitanidonprppeptase lBecyctedl bygaappasaposwd2d, a granule

r | . 023]-.[-Fhe pal ynerization st 30
fﬁ%xgg:g%@%&%gyﬁo%gét%x;%%}% PPE A6 Bgfyﬁef § Rpvaer
mepamErinowabphreans beeprend ke gwahernazhser Bhpgraest wdare
pol rizaxiog,éhereafter may al so be referred to as "a
GOAGHER-)) CEbS JEREREEACR Pliyried Gel T HRjdHogRE0o bl ng
%'S)iﬂier%ow@eﬁmsh%rt!a%@e' oo PRIAOY 1 Lh&ertain step is
wat er - absorbing resin relevant to the present
iChpeRPrEH Sls tAothespeel ftgp kvnthedtraaspofoat example; 6.
hulpl ogol ynmeri zation, precipitation 5 polynerization,
aqueous sol ution polynerization, reversed phase
suspeffSeonppdlyypeer zzaibon, ssepayl ag pat fomwiezatiQmg the
liquid dropl.et polynerizatio or . the Iike is included.
R e 8E Bl POPARGE AR o UsEing oSy et RAcoec
cefhgokhe agyeaysapphuhtap POLYynEid Zatiwdr iOfati@els3eS is
hase suspension 10 pol ynerizati on where the nononer i s
Egggogglegn gtROudtsol BRI BRI 146 pPRefapRBNRLUT 0024]  [The

thesBresent ibAVeRELODs BAHEOHRS UM APt he classification
pol ynmeri zation, in particular, continuous agueous
gppatpbrs 14. The surface cross-linking step is performed
using the mixing apparatus 16 and the heating apparatus 18.
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 granulaticn step
is performed using the granulation apparatus 28. The fine
powders collected, or granulated particles granulated in the
granulationstepare recycledbya fine-powder recycling step.
[0023]
[The polymerization step]

The polymerization step is the step for polymerizing
a monomer, which can become the water-absorbing resin by

polymerization (hereafter may also be referred to as “a
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15 polynerization is preferable, which is significant

in solving a problemof carrying property, in view of
shape of the resultant polyner gel. In continuous
aqueous solution polynerization, in view of exerting
nore effect of the present invention, continuous belt
pol yneri zati on or continuous 20 kneader pol ynerization
may be used suitably. As preferable continuous

PEIATERT Zat iton gevemeitruauso kyreadere 1 pal Yerbgal.i pol her) .

exa 6987 51.specifjcation, USP No. ,
é§1§%2?m§§§gﬁ &t i By 1S é%d%gght#%%o&?qﬁﬁﬁgésoN%lng resin
p&ﬂyn&ﬁﬂZﬂbHﬂﬂa@ﬁ&Bent invention is not especially limited,

exa USPNo. 4893999, USPNo. 6241928, 25
‘J/lrp zfgb% AETEINE ar LVRE| UaRHYMERL $3eHORONt PREGLRI tation

ﬂﬂ%ﬁﬂﬂyh ‘é@%é@%%e%b@Q%QBQ'ﬁglgﬁékﬂzgéfoge reversed
pro uce in |gh productivity, and however ends

%ﬁﬁnﬁqﬁ§eWﬁyqﬂe@Pﬁame§ﬂZ@ﬁl@@eréaSQYlngpp©bEm¢@uzatlon,
but t t
qggﬁﬁnpa¥bggg%gé§%yﬁ%§i%%PP n, W E & Piﬁge% 1ncF6§§é?n

i s ctapable SO 'such "a problem
(Wlambném®$$fdimam¢e'ﬂm§ Haamnesslai'@oﬂyasme@aahbm control,

ted, | t ted
RO R MR s e MO N L A T R

ani 1oMmies: uRsAlcudiete IREOEREMSYGNR @Sed fFBhMNqRGM 481 ution
aci d, w? é% acid (anhydride), itaconic acid, 5
€§ﬁaﬁq €-vinyl sul fonic acid, aIIyItquene
Suwigani ¢ aC|d vi nyl t ol uene sulfonic acid, styrene
sulfonic acid, 2-(meth) acryl am do-2-net hyl propane
sul f odic aéhe, 2r€ﬁ§ﬂh)aciyV@yté©hane ayhdond ¢ aoildition

( I I fonic _acid, 2-hydroxyethyl .
%81 n%?haggﬁy Fﬁgﬁosp #ﬂ f{ ﬁ%ln oustﬁ ngg J?ﬁtlon
meﬂ@a&&aza@n@nm&npnéﬁenahgeumﬁ&deﬁsﬂgﬂDﬂQﬁ@ﬁt1@solv1ng

phenollc hy roup-contai ni ng unsat ur ated nononer;
S oUp oM P HRP ThsAt Ut EdeHoRomEnBec i tas e

&@%hhka@%fﬁhﬂﬂhﬂﬁs deet hylr neb M stiyh@Madeeous solution
EOT§%gg3%2¥Hon inview of exertingmore effect of the present
invention, continuous belt polymerization or continuous
kneader polymerization may be used suitably. As preferable
continuous pelymerization, continuous kneadar
polymerization (for example, USP No. 6987151 specification,
USP No. 6710141 specification) and continuocus belt
polymerization (for example, USPNo. 4893999, USPNo. 6241928,
US—A—2005—215734) are included. 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
also such a problem.

[0025]

{A monomer)




10

15

20

25

30

15 (meth)acryl am de; an am no group-contai ni ng
unsaturated nononmer such as N, N-di met hyl am noet hyl
(rmeth)acrylate, N, N-dinethyl am nopr opyl

(rmeth)acrylate, N, N-dinethyl am nopropyl
(nmeth)acrylam de, or the like. These nononers may be
used alone or two or nore kinds may 20 be used in

conmbi nation as appropriate. These nononers may contain
i ron Eﬁleam(pmry@fedismﬁ eapenhabil y driniin cah amai)ulfbroéxample,

%WQ# £t %8%1#;? gﬁgfmﬁ%mwn%ﬁ%%%@gpj%%@ ef er

Iﬁbr fekampaﬁplean rﬁﬁiﬁh@b[ﬂMﬁyﬁﬂﬁﬂ®&e@qUﬂbnbﬁegr é@§§ as

th 25 whi ch t
UG PrTEA TR D RBLE7049360, |PObIET I ATORGOERBAF A0id,

Wyawmafi cpeet ar raneel and €astc ekitdhe aIf?P&é%ﬁ@he sulfonic
wat er - absorbing resin, it is preférable to

BStifac v tadivg nes antl)f anbas e iwht ertyaisser bingargsi meid,
@3'ﬁ%th@gcg§l§mﬂﬁbn§'B@kh??@??@gﬁy prefe@%.r%fé acid,

unsat ur at ed” nononer
@néa@&haa@dyﬁpméﬂEhanentalnlng asechaf boxy| group, andid,
- a salt

b d /
S CR DBl gh At RO MG 2L S andier, 2L 8,28l

pmbassauwylagmoph@@phaﬂbnean@ratﬁglkl&%er@@@'a%D%%rcapto
these the sodiumsalt is preferable in view of cost
9§8u8nﬁﬁﬁttaéfllnﬁcP?F@Euééftédaﬁ‘ﬁpﬁﬁle@fheasélhteﬂtoliérceé\‘y 125FeY

pireliprabhy¥aefualy to on ot Ry €4 hany Q¥ ol e, nor%mlde

preferably equal to or nore than 8 ol e, % urt Rer
greferaphnyaggial to onsadrsathdn 9@%hbmenole sant as

ﬁ@%gh??h?&hgmgﬁgf e%agltﬁgﬁqg%h}hg%cg&llg?l € al 3{1 h85% %hyl

e upper fimt
ﬂmeah)Hungmemldewpemen&mld@quudpngoaﬁanﬂiﬁ@n@hs@%urataﬂ
cross- | nkuﬂgmﬁgﬁnt to _be descrlbed |later) It should be

Roteder Hat Fhi- %Iﬂ%h%y einpetlyl ‘(meth)acrylate,

g) RUPiREBHAL B NEoPPHE such as a car boXxWe @ QURw1ate,
neutralization rate t ereof is not especially lint 5

Hnti-tlhBepbY Bt ngRFOR®Y benatdutacalyilzed deaf ter  the like.
PRL¥EERLABHLLE s HEeded: | b APRIL GAd QIS Jher g there. o

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
toorlesstharﬁlppm,andpreferableuseamountis,forexample,
methoxy phenols of equal to or less than 160 ppm by weight,
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,
as a principal component, an anionic unsaturated monomer,
particularly preferably, an unsaturated monomer containing

acarboxylgroup, andstillmorepreferablyacrylicacidand/or
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15 may be contact to a human body, such as hygi ene

goods, neutralization after polynerization is not
necessary. This neutralization rate is preferably from
40% by nole to 90% by nole, and nore preferably from
50% by nole to 80% by nole. [0027] 20 When the _
above- descri bed nononer is used as an aqueous sol ution
in the polynerization step, concentration of the

Mo nowek thereoé ddueoesaspllet i @n (dier eaf t €5d @y, alﬁlﬂlllbﬁn
r 0_as "a mononer sol ufjo IS not especially
E%@E{gsglql rafd e p?‘néjf%?%ﬁ’lry%{ﬁgﬁ]??'aapﬁr@%oréﬁ thgseothe
709 ihyn weilghti,s gaeaa@‘aﬁmbelﬁr@i@m&k& YedMthhi nyger §ﬂ8§n9fof
20 t 60@6b wei and still nore preferably 35

jﬁt angl Oﬁdfoﬁ% i56r." tRREROEhES aqiedeuabdol aguah to
QQJ%@%@ %@bhoﬁo@rb&@ﬂ@Iéeqmﬂﬂﬁﬁﬁ: ! 3§h§§a%hto or more

polynerlzatlon is perforned, a so ven
Wiy Bdy Piemaded Far clombi o fomblas am@dgdo bt mbﬁellthan
t [ yent, to be u in
CpiArr o (o B s dtpaer, BPrEerant ¥ oaes] to 13 more
(tmq@DBﬁﬁdvy zraiheomthm mpmnr])milrt iibelfpﬂ)% WyefbZal | Ofelative
S,Etep,t QI exa a radi cal nmerization initiator
o a :£ne

may be Used. ?@%aﬁ@%mﬁmi XYY nial atgrcgrnal

mﬂtoseﬁﬂamlk&dg)édérfﬂ t&He daBerened Qe H70r ez%bﬁ%ﬁlﬁ%\é R g
sel ected and used fromthose utilized in usual

poFymerZEt FBR BINeHRE” vt 61 a5$6r B AgPT esi PR in teperdiaug -
QR A8 DhalhexFRnoRERL, t %ek&%g@qlﬁég% ée]g?%%féﬁeref6 5 ot

pol ynmeri zati on Conditions and the IR
@ﬁ@ﬁﬁﬂéll& ﬂh@ﬁhﬁﬂrd@n@ﬂﬁusmkﬂgmmnygellmay|$ECHedﬁraﬂized
SO ersulfate

h
%é?gg |uﬁ?m%§¢§31 %}e Sg%ﬁ%%|un1 FBH fﬁ?ElO%SH@?SQGﬁﬁre

sagh kas dydragentopar oxinde, Bod&”yé@@moébdﬁggﬂ%h@yhoods,
et hyl ketone peroxide; .an azo compound such as an .
B or T A eORpbLH, DA TAEGAARNRE L8 ROt Recossary. 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]

When the above-described monomer is used as an agueous
solution in the polymerization step, concentration of Lhe
monomer in this aquebus solution (hereafter may also be
referredtoas“amonomersolution”)isnotespeciallylimited,
and it is preferably within a range of 10 to 70% by weight,
and more preferably within a range of 20 to 60% by weight,
and still more preferably 35 to 60% by weight. In additicn,
when the aqueous solution polymerization or reversed phase
suspension polymerization is performed, a solvent other than
water may be used in combination, as needed. Tt should be
noted that, kind of the solvent to be used in combination
is not especially limited.

[0028]
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15 conpound, a cyclic azoam di ne conpound, an azoamn de
conpound, an al kyl azo conpound,

2, 2' -azobi s(2- ani di nopr opane) di hydrochl ori de,

2,2' -azobi s[2-(2-imdazoline-2-yl) propane]

di hydrochl oride; and the like), or a

phot odeconposition-type initiator (for exanple, a
benzoin 20 derivative, a benzyl derivative, an
a@bﬂnphmw&nkzaﬂﬂdnuﬂﬂhniatqx)benzophenone derivative, an

azo c nd or.the like the like y be
inclu ¥ﬂ%§%2aF%O@|8gF8f 28§t63ﬁﬂm’ dictFamical
Qﬁcﬁ@bridﬂﬂz)atdforf esind¢ak to@nonBy, bde dheiml This radical

e OgFOSItIOﬂ type initiator is preferable, and a
SEH SIS D5 ARLTT ¢ phr 1T EGTaPPRSpr el LY dbird tech and one

afdindren i 1hgcanse bé;oé'@lé'@éjedjsd%é)fus%dr edugi pg,agen | LA ¢

pronote deconposition of the radical polynerization
il t Rauar, quyﬂﬁwltﬂre 130] Tﬁ.’m(ewatleedabsbypeng resin,

[ [y bY,Ccombi N both. The redu I S not

d@ g%?% %Pn1te gﬁh gkgrlg%g%% F8|%§€#¥Wﬁ?ﬁﬁ§d

@@hiM?ﬁﬂmﬁxﬁmmho&ﬁlid@ﬁﬁﬁﬁﬁdlthéeliﬁédlunl hydr ogen
Iflte L-ascorbic acid (salt) , a reductive netal

séF?% such as ferrous salt or the |like; amnes or the

| i ke Porlekansld ngkhdeflal deRO3RLsWse cAMRYRE 191f1tt1|31%0r (for
radi cal polynerlzatlon initiator to be Used in th

(S cir 2 &t PBRS'$L EPT ¢ S ass peeiiam perswl fate, wﬂmﬁlum
'p%r\é'uq\@a‘%f aarﬁr@érﬁ%?e%ﬂ@.@”ceor E@E?E{lﬁ lﬁpé}gagmft%%n

usual ly 0. 601 to 2% wei ght is era
Wro\x@d@httrlsumheem:ei@¢ allegshyQ. @tihyb @twﬁbyemkgm an
FF eferableO %nd 85 MEIght
|s cuPar prefergglg &t Fl ng8uﬁ Tfiine
tcbmpmmdne:{ cyd B]Ec 4@ 2l dareudngfurid)eak adioeah de compound
pol y F@%Zitlon initiator of bel ow O. 001@6 by wei ght,

F‘éll at PYéYLa%0se GABUATLGE t h o2 noteiRrs (4 TieHehqwpramras)

dahgached 1geAaeer, and 3 n@fﬁ%@&@[@ﬂ@é 1%&5!&%1&%% gzu
mononmers in the resultant water-absor I ng resin,

PEGEangot prAéhEfabreloohdehe oehér hiame, tlﬂkﬁhuxa or

gg%%%ﬁg%{ogngggEtéén %%(Bg X\ﬁigfgtbncfﬁgéegxa\{r\@ptleé, SOlb%%lz% in
derivative, a benzyl derivative, an acetophenone derivative,
a benzophenone derivative, an azo compound or the 1ike); 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
salt is particularly preferable. In additioﬁ, 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,
(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
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resul tant water-absorbing resin, and is thus not

preferable. It should be noted that, in this

pol ymeri zation step, instead of the above-described

radi cal polynerization initiator, the nonomer may be

pol yneri zed by irradiation of activated energy 20 rays

such as radi ation rays, electron beans, UV rays.

[00311 I (An internal cross-linking agent) In the

pal yimerligetd.on step, the internal cross-linking agent

g@%ggg used, as needed. As the internal cross-I|inking
nt, a conventionally known internal cross-I|inking

agent ,Ud’éaa\émﬁgnﬁ:V\@fOtthaﬁiMZly@S'éﬂlyﬁ@@l@awﬂéﬁt yhategdior to
%ﬁoups ar two or nore reactive groups, 1 n one

Beafen FRehndiviged.2atapacs Fer ais §ot fe@pe@mﬂcéwellmlted

t ,
A Lt 780 S o il g L Pk 68 oo

dispretlly) &cPPllate, Z%thrWﬂi@ﬂbk@H@p&ﬁerable, 0.01 to 1% by
th).a [i [ h) .acrylate,. .

é%v'erlﬁEa%?¥ %géfg %g?yﬂ%xif é%ﬁ@%en@y W%ﬁgggplim?tlll

mmr@epneﬂefahﬁetmunbﬂhﬂﬂobpmomaﬁebyﬁuﬁﬁﬁﬁhlaqgaﬂﬁﬁdhlarly
triallyl cyanurate,

penga Hrrlt hexa( et h) acryl at e,

DR 1 ey ahAT ot L0 LFS AMISA i hs: BOERERE [HILe tee
%ﬁﬂoﬁl@ht oPoh¥ @ab&tlc@&@ 1@[@:,12(&%\9 ﬁi@ﬂt%h%%@é%% 0.001%
Cldé et her, 5 gl ecerol ci dyl ether ethylene

éqyyyg%pgh 0|J§;:—élta,{yqv§—]§o Wg,@mounﬁr@%qu@ﬁemgpymgr, increases
GheCBhlBaclod A ANAC Qlog 3 REPLASLY NI o CL I 8N qua)

di am ne, ethyl ene car’bonate, ~ propyl ene carbo
p@tyﬁﬁhwleméﬂknrﬁeulgaytnm@derﬂahadfbam@yta$enpmnthﬁs‘thus
like is-inc th in,1 onsi deration o
PeSoPFFEDSobe G maPe kT AGS R DR LRatt SRRiar oF over
rzar the u{valighas itnhe-daieer Nad tF-0ssSHIBINKI BEMPEeMtts Ain the

ound having two or nore polynerizabl e unsaturated

gre& $308 W ¥ R 1% ECahBuritn bE StHRIS RoBrmRgTerable.
GROSiSoh 1 dkieNgo Age RhatTeYDe ndet s Tined As ARPLPREI Al aaqd

dependi ng on desired property

of the above-described radical polymerization initiator, the
monomer may be polymerized by irradiation of activated energy
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
agent, a conventionally known internal cross-linking agent,
having two or more polymerizable unsaturated groups or two
or more reactive groups, in one molecule, is included.
Specifically, for example,
N, N’ -methylenebis (meth)acrylamide, (poly)ethylene glycol
di(meth)acrylate, (poly)propylenc glycol di(meth)acrylate,
trimethylolpropane tri{meth})acrylate, glycerin

tri(meth)acrylate, glycerin acrylatemethacrylate, ethylene
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15 of the water-absorbing resin, and, usually use
anount of the internal cross-linking agent is
preferably in a range of 0.001 to 5%by nole, stil
nore 0. 005 to 2% by nole and particularly 0.001 to
0.5% by nole relative to the nononmer. Too | ow use
anount of the internal cross-linking agent tends to
decrease 20 strength of the polyner gel and increase

soligld e modiémed an it hgdrtlpaopant00 XL esst ived yr i ghe,
use ,anoun ecrease p{%gert such as

AR nqihla%fa Bt Rkt ety Helilflermgnurate,

QIrQSS- 1Iy|1nKtsBgyagaﬁhtaﬁytlbﬁmgydpg;hto%p@la&%actk@Qlng%n@ﬂie,
once as a whole, or nmmn di vi ded

M%Yﬁ@fﬂneﬁhépa%yi fﬁ@h%?e@pe pdveRe q‘:l@lryl ether,
Jiheyspal
Qﬁ)éld%& sheysRal petes, 196l hydr yneré/i;,?rfc) L ol ,;F’%ﬂ}ﬁ%ne

t'he polynerlzatlon step. The
e odl,y mep i d e st gpyasiing aﬂu&mﬁﬂ1n30 sbl Atbwmanediol,

A s e e T e

mnopyitelnlel mmebpheter abl yoOyebh{Dede MM i€y UShjINGE1dy1
[ 5 or. after polynerization. Because

r rmn
Hﬁggggcgﬁggt%f%Fhéjﬁ%lll$%09§a§8§ IHfCmakifRgng these, in
RANsiiClelrate oaeh ﬁé@cmv%d%%‘ér bheth rArindG RhEPLE

proceed snoot hly. The crushing neans is not especla Iy

iR & el C R - %itb@@glt@mah@r%%m@nkmg esanpl e caB@mund
@ I n
g RS pr S abTe YRGS o Pta Pl Chreugp. o
way fbeabded @sorecomt nfcmﬂz)llnnaielmmlasrappfbpmkimt@ ag;%nt
tho this dr S not especially
A E it & o g it g b B2 ftRuberty
bSi ige aratsiialabdioperingl rasheptdmy tunRACe Jddk BB URe of the
adopted _wi dely. Specifically, a conductive heat

ﬁPEﬁgﬁéH— Cil”y?a‘-‘e‘3 driyErinea gt acike Te@b ky dhefeangspé 0. 001
doyes by Ro ol &iN 1hgdte @@%f@& ZtOVB ng:@éeglnd%rtflcu&arly

i nductive heatlng dryer, or the e IS exe
Pn 0Pileine of - Bhdud Mefl edrgl alive hieo tﬁtﬂ manorkeat Too low use

BhBRLe e R A Y ek, { O L T 08 SHLEF FG 8o e

erabl e
ciltytength 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.

[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 aquecus
solution polymerization is preferably supplied to the drying
step, usually in a particulate state of about 0.1 to 5 mm,

stillmorepreferably 0.5 to 3mm, by crushing treatment during
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apparatus such as a through-fl ow band-type, a

through-flow circuit-type, a through-flow

vertical -type, a parallel flow band-type, a

t hrough-fl ow tunnel -type, a through-flow groove-type

stirring-type, a fluidized bed-type, an air 20

flowtype, a spray-type is included. In view of

easi ness of property control of the particulate

wateftahsgoh@mgragamupn thEe&Ewmbtsumfch;Hﬁﬁaﬂdﬂﬂﬁhe A%l

dryi ng tenperat ,_setti,n at relati y . hi gh ,
SErBRarr B Bl Se i U At ol Ui tandgperibed

ﬁlﬁ:@fle@abtyp 100, 00 280E. simteh 1pf ef enabdyu d120h @ Jieb@ s220Got

and still preferably 150 to 200C. Drying tine is not

especialily }imited, 2add, VaTiomsy cobtéby Hanshelor mxagwple,
aSmbQrathabpe fes rl%%%r&oéyp% eontent gaélgjb% ﬂgt ucter,

resul tant dried substance. I's pfefe
goAaténeryaterell Qﬁttame drﬁ@degdbstaacessbra;rmHW|bEtdued

S5XPPOP LR cLapesias, 30 gic kel “IURL 1R poa

tthas @O%rby swepght not res\pie@dlaaflyeﬁﬂhm a@ll, as the drylng
pul veri zati on. eral, in view of roductlon -

PPPEf Bty H}ettf%% 5 Bt Pabiue t ARy ST mrsa Bff?rh@%f%ace

mgyusjéalalcyopﬁ/&d hw_ﬂdéy\@ h0§ﬁ§01§i&£19]:'?h ht c%e%l@@%v@n heat
particle diameter of the

tepperarurePeailryob ma&lattﬁ@n heﬁé t%arﬁ@‘@@@jtsrmeﬂryer,
etfiovcegizagae%r%&léﬁbrT%gP Iﬁﬁerf z3} mauélﬁg@e h%a‘t*iﬁ o

for pulverizing t t'e wat er -absorbi ng &S,
as ahdrliied: sabsxarnpblbiedt hdertLyzmecuf gglesobbai dvegling) the
h oI ner. zati o This 10 i zati o
hOSaP Py e S2hea el Sone Grred Whsriess FRaprTed thgs
b&lcﬂﬁeﬁiﬁﬂﬂ‘?drﬁ ars pherppdyner gel tipbt ﬁbﬁ%d_ri dr$d¥e, a drying
pol ynmeri zati on step before dryin
6BP%F‘FEét PORR 2% e thEPLPETrabY aé@%rt%@,or%ltﬁ@%@-ﬁlow

a3 r@uRelyopbzed tneebghaRaew $&R: 08 ChtAIdNed parallel flow
band-type, a through-flow tunnel-type, a through-flow
groove-type stirring-type, a fluidized bed-type, an air
flow-type, a spray—type is included. In view of easiness of
property contrel 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
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. Tt i1s preferable that solid content rate
of the dried substance obtained in the drying step (specified
as residual amount after heating at 180°C for 3 hours) is
equal to or higher than 20% by weight, in view of easiness

of pulverization. In general, in view of production
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15 [0034] Pulverization is preferably perforned so that
the particulate water-absorbing resin with desired
particle dianmeter (preferably, a weight average
particle dianmeter of 200 to 800 ,un) can be obtained
as many as possible. A nethod 20 for pulverization is
not especially limted, and a conventionally known
nmet hod can be adopted. As the pul verization apparatus
X tigdsnasedtiie phiefepablerttedt this dxtyepg @ime is usually
three-s e, roll LS _exenp |f|e Because
Jghera &%% 8P FRe ?##%OB%QU% Bt ?anF§EFF£§I?%ﬁWeter
tde 2& fdaigrpowdens arrgrm@c:_lt@d@@;beut:e? Rart {6uhmd €or the
g? er- absorbing resin obtained in the pulverization

It should be noted that, when particle dianeter
qﬁxtng particul ate water- absorbing resin obtained in
the pol ynmerization step or in the drying step is
claiter oTHeg i adilan av¢pdufficiently 30 small, it is not
neces h |l verlz ste
neCCsSory ph By BBt LOLTM L o PULLEELZAEL 90 31 By L0033 <1
Steepd dicg ltahe waeprﬁabssrbvnggréhfn pas B aubiatiesubstance of

ter -?bsorb ng n_ wt i ev In.this

e bl PR g RY PEE Dt L U By ot Tt aFfiad (Tis

tpimelveaﬁ&\a&-ldms@g et puw yerirzakhbant 5t ehcanei 8hevathtddte,
g1|s 5 classification step, for exanple, the

Ugsi FilaY nPeahBERAE O 4 1ealp Anar s alobiradhefisin the
$2RGmel 7R Sn E‘:@ﬁsﬂ)éf&%'&fyjﬁ p’ ytﬁfé ?&%l%lzaﬂ:tlon,

particles having desired part anete
&ber ager pertiate UﬁaﬁﬁtébS@EEng Eﬁ&ﬂﬂfl@ﬂ by msilereerized

i.cati f f bly 200 to 800 10 u m nore
%Pg zéag%y g%g Pg 8g6glgn§ %y use of this

dl0asgilfi cation apparatus 14, the objective particulate
wat er - a sorbln .resin can be obtained. A classification

met hod i geﬁéﬁ $88citdl | GrETRTTREY aRG T4 OCBRFertq ohBpTy the
kaewh culatBod, LAt ke rdepted. rddishpuld BesRekad fhatiq1e

when particle
diameter (preferably, a weight average particle diameter of

200 to 800 um) can be obtained as many as possible. A method
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
fine powders are included in the particulate water-absorbing
resin obtailned in the pulverization step. It shouldbe 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
small, it isnot necessary toperformthis pulverization step.
[0035]

[The classification step]
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15 diameter of the particul ate water-absorbing resin
obtained in the polynerization step or in the drying
step is controlled in size and sufficiently small, it
is not necessary to perform this classification step.
[0036] 20 [The surface cross-linking step] The surface
cross-linking step is a step for <cross-linking the
particul ate water-absorbing resin obtained after the
dryi ngd'lsep; 1 gr=fferati iyon rstdre [icd at?rse fdtoat |mr| sgjligg,—lngl Nthe
resent descri the "surface cross-1linkin
I SAHH S RRRBng EHG: o Khe strtte. o tHes
neisgiiarikead croktbpe switace-of dhevales absailibng:in the
resin. In the present invention, the particulate
CaleSemBheG! RISl ¥R Adt ke Stemface edevhd. In this
[ f sur e C S
e oarti ool STe atBi- aboor b aent . TE - 4ol Shouid B on
@@@@¢6¢W§t léhehdwind ace oetadi giodr hded ofetihe In this

uaII art _of th urface
SLLa0e g galesy R P plet el heltRa S
Mai]rtarf:l& diarfléﬁ:epa@tw@igkﬁb@v&@&fy@%ﬂr@yﬂe whibReBer (D50),
thlckﬁess of e o or |less than_ 1/10 of total

PREERITESS, Pyt ‘f%. aeRitdifasd ons Of dteaif Gidd vag00 to 800

qmeOpmbaEGFQQm%EH Oﬁo@bhﬁﬁtgy@§z r)003 dse 5ok this
such surface cross- Ilnklng (1) a nethod %%r surface

€#§§§lﬁ#ﬁ@¢ﬁﬁmﬁaﬁﬁﬁﬁﬁ%uﬁ|éébaﬂéNMaPéﬂegbsw&Mpﬂ}hmayhate
i nk t SCI i
Wh%%r @b%%&gﬁﬁ%2%§%2§83 A Bisq Ioncp 25 #?ifqﬁ}

| at er speci
@ﬁ@@@dllﬁkﬂﬁgesp@byﬁéﬂyzhimbhe®ﬁnkhe 8@m$6m61@ﬁalhﬁknown
[ ulat te orb| reS|n ith a .
cr 0388 Ika%@ddma%%mr ?F@P QMEﬁﬁt$ﬁh?§@T§1101e
speaitecadf ohe pﬂkt@%ﬁl@t@ebﬁﬁartgbsbrb§H@fﬁ%éﬁn obtained
¢ross-linking, of the particul ate water-absorbing resin

Wt QPP AUTE AL 2R hL 0T a6 PR Ndi ke A5¥aRTist agsPs aptrolled
448351048 P il GalHaR, S$§ﬁf‘%QQ§£ggé%é%gssarytoperform

Ee0|f|cat|on) or the
tnis classification step

[0036]
[The surface cross-linking step]

The surface cross-linking step is a step for
cross-linkingtheparticulatewater-absorbing resinobtained
after the drying sep, preferably in the classification step.
Inthepresent description, the “surface cross-linking” means
to perform cross-linking 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-~linked is the particulate water—absorbing agent. It
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
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15 may be used suitably. In addition, it is preferable
that the cross-linking reaction of this particul ate

wat er - absorbing resin is pronoted by heating or

radi ati on rays (preferably UV rays as disclosed in EP
No. 1824910 specification). [0038] 20 As the surface
cross-linking agent which can be used in the surface
cross-linking step there are many kinds. In view of
praoperddy tlrtdweme:ﬂa&eeﬂeuy@lri ﬁnn'ie(dl a ¢hossnkibpkbAgeqgeDtto or

t a pol yhydric al coho
D Tt b g PR b s e o BHaL B Botinaes s
p:cﬁuémherud afs ng Ak oanReURt R id gh@ln%e%ﬁtg%eound

n. oxazol i ne conpound, a (nono-,
xazol i di none conpound an alkylene car bonat e

Cormo@?ldsgﬁhtgiﬁrfdé@cr@g% ﬂ?iﬁkjo_ﬁg' | ngkgr}?e%ec{]%orhsaﬁ/ripagce
i on binding property such as a p [yVal ent” am neé
nkiggpofywed eatrtietdbtsatdteorabidrerdirkeresin with

j.fd ace 30 ss-lin agent
Eggﬁ%ﬁ#%%% éﬁjﬁﬁimkf§§§%bq;s§§%ﬁ$ é%fg%§1Hi§9§«)JP
6@729%@E&ﬁeapkmd&hbam;oU$P Na) 62049884 §@§C¢féééﬂlfﬁklng
or .the lik %ﬁnay be used. These surface -

EPIFEST §lagent s &PE notiEdssci aPfy Whﬁltéﬁw@ﬂﬁulate

i teirewb sefrbe paneament, jofh 1d qui sk per; "{ﬁ@ﬁt I%E ¥nomer (for
absorbenc%%aga|nst pressure, the cross-lin agent

€eco Feﬁk’ﬁ?%ﬁé%@yspﬁglﬁi@$b¢@®]ecnaha Eheethod.for
%Ql@‘%%%%atcerog%t &k it o@ltxlvea g L 16 & Fanpot ri)nsc?%rlloqng

t he hal oepoxy conpou the o |none conpo
§@@hmﬂ;§h@xaﬂ@badumomaa¢b$ﬂd&ﬁ1§65&%391nUSP Ne. 4783510

T R e e R AN S RESRERE

- etlyybenseclasbopab By . ori i hedh i ken | Q%Plg‘l%r%zﬁ_% £hat the

speC|f|ca&|on ; or the like is 10 included. St
MOPES LA™ BA BFarekPmich hglef pactionlate wadqeers@msorblng

-B¥eRt ik 9N r AABNGS e 3R -SUH fgaBQ 958§§ﬁl$ﬁ]kf ably
in particular, the cross-linking agents ha ng cova &

HwoﬁéﬁﬁyasadQGﬁﬂﬁéédCEDS§P|Nﬂklh@2é@b®tsmawlf@patlon .

48 hggﬁatlon esterification reactivity with a carboxyl
group of the 15 water-absorbing resin is preferable,
speci Ascahkysuafateastoss-linking agent which can be used

in the surface cross-linking step there are many kinds. 1In
view of property, there is exemplified a cross-linking agent
having covalent property suchas apolyhydricalcohol cempound,
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
havingionbindingpropertysuchasapolyvalent amine compound,
apolyvalentmetal salt, or the like, Specifically, a surface
cross-linking agent exemplified in USP No. 6228930
specification, USPNo. 6071976 specification, USP No. 6254990

specification or the like may be used. These surface
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one kind selected fromthe oxazolidi none conpound, the

al kyl ene carbonate conpound, the pol yhydric al coho
conmpound, the oxetane conpound (US-A- 2002/ 72471
specification) and the cyclic urea conmpound is
preferable, and at |east one kind 20 selected fromthe
oxazol i di none conpound, the al kyl ene carbonate

compound, the pol yhydric al cohol conmpound with carbon
anmn$ﬂﬁidkﬂngé@bnﬂmdrbh&nonfpaﬁgﬁmmggﬁﬁmﬁfaJﬁ?@ﬁﬁgqmew
atoms . of 2 to 10 _is nore preferable, and the polyhydric
ﬁfga%ﬂanc Gpduid 'HHl@aBBB’ﬁeﬁFbﬁ% BF 3DPRriEREE RGNSt

brefdurteanedieot rodS- PLORYHENRH Y 8@k g FBSL1ent %ﬁﬁyerty

preferable. As the surface cross-1linking agent,
Rbenph i fihed dpbves ate/b deveer sHegiodny adentvanine

UonfRNBidK Nd$ FRY QQﬂﬂﬁﬁgn%%ng?ﬁggﬂQ&}o@P DUt d Y B none

l'iquid permeation aspect, d- usé of ‘the
cooesundnkingtagems havbrgzoobdvaieobepr dpert y Nand tdes BRBo

-d.1 nki.ng . agent having ion bindin operty is
e O g o R i B e UR S doound
et Btklachy paebenabd exddigiund Reichaber e BRSDERE NG MBTI dt e
pomggr fubstance relevant to the _present invention is
Sdr FABe! tFosAh ARed 4P h7 L P ol SARAlrian) alcgohbe. Linss is

winlol ube adesgt § bednd &t erqn tﬁ%ﬁb%ﬁﬁ&ihﬂ%?ﬂ%' OPedod \S?f. the
capabl e of suppressing an initial linear velocity VX
PEPREAL 1R HEH Y, emonpdhetces uabsot birngsrésnhipowdemts,

b e, at. ..t t Lng ' of rapsportation
roa e Bod t o ¥helrPoar t Py *hoBakp "DERaGrr y pLent
peebieng yof a sssufd @t e rosysedsslkimki agehayesvicaused ddation
g%%ual tri%tion bet ween ,10 particles, can be

STbpFésdsat 18R THIE PridpertytienRafceertyl e9Fds B the

surkbacabebeBbsni fki Y W Hhe tdeapDb y Mciicfi%la@@?@l at Qast
the like is difficult to be inpaired. [0040] n the

SUPf dcid'tr3R5eFFaki Agost dfie us¥aznbiminetie t Rempesnd, the
M e L L
tbabPHatrbp opmphend (US~A- 2002/72471 specification) and
the cyclic urea compound is preferable, and at least one kind
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,
propylene glycol is most preferable. As the surface
cross-linking agent, the compounds exemplified above may bhe
used alone or two or more kinds may be used in combination,
but, in a liguid permeation aspect, combined use of the
cross-linking agent having covalent property and the
cross-linking agent having ion binding property is
preferable.

[0039]
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surface cross-linking agents, but, use amount fronO 001

part by weight to 10 parts by weight is preferable,

and from0.01 part by weight to 5 parts by weight is

nore preferable, relative 20 to 100 parts by wei ght of

solid content of the particulate water-absorbing

resin. [0041] | It should be noted that, the surface

cross-linking step may be perforned two or nore tines

i n codsi depatiibadafbefd edtt i2pdhereadfariangriefetbBle that

;ﬁg@ ﬁ?s Lhﬁ sugtace cross-1inkin agent 10 be used at
YPEEF ERECSBABHAT TF e, PYTES &5 TPhEVanGsky the

rdhetf 1Mednt i 5 1 BRYL e déS@fh s 9L 1 Ani8aH §AEE the polyhydric

cross I|nk|ng Jo]gent different fromthat used at the

Ao el eyt bl Mesegscriibed2latzor 4 rmehérgaeﬂbc@ventlon

I,
SRR Bkt i Oy R BUEEASS v 1 sneas

Ofreg@mwya@lfdt@hawaltcra@bdorbmnm ceatindpowder substance at
a salt. the

F&ht Oé]l_.lg{lte %Ip & of 2 transpogtoaqcrl%rbpf.aﬁz}& SEeSTDueaQo the

i nor gani ¢ phosphori ¢ aci

Swhf ut pisiaci d)lrra:rara salbcihyzr anf,, pebashg SUbst anG&ace
drOX|de or sodi um car bonat e;

such ai H@Qlum a
FERPFaleRiIRg S et SAERSEs DY UAR R stIEf&téORo QREween
deseriched , Schates su%&fe@%eﬁseéjndl rtl—ﬁf%“"ﬁwﬁék ’eﬂﬁbr@é@f{‘ent

0% by melght and equal to or an 100 by wei g
ﬁérfteﬁérbbrse%ﬁae&ﬁ W@@érho%lw Wetfgmheanqlfeau@rw 0116101101

lQver, .t B3R SYaby s wel; gnﬁt @pdbep%bggyggrl y preferably

over O/bby wei ght and equal to or ower than

|[Pywei ght, rel ative to the water-absorbing resin. 10

[ 0043 In the sy rface_cros nki ng, st ep,

prefe]rIablge Sur &“wat8r°a l%kﬁ%gv%E?p1rP?ﬁ>ﬁWﬁquu?f the
pablvecdlat-e i beat eiir BH8OrdM dHE Y ESi M rANdgehe gUpEA8E on the
cross-linking agent. Use anmount of water depends on

RPRGGE TFRS Tad B 51 6EBTHgS A5 ¢ RE RT parFitdne tdpanet ane
ang reater - contenk 9y hhenpar digul gt e am%h@rfﬂgégr Qb ?Tg)art

resin or the |ike, but, use ampunt over 0 part
Bdvegoal to lér DABREMDY Wad R0 pamrseipramss asd from 0.01

part byweight tobpartsbyweight ismore preferable, relative
to 100 parts by weight of solid content of the particulate
water-absorbing resin.

[0041]

It should be noted that, the surface cross-linking step
may be performed two or more times in consideration of effect
thereof, and in that case, 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, or a surface cross-1linking
agent different from that used at the first time may be used.
[0042]

In the surface cross-linking step, in addition to the
surface cross-linking agent, an acid substance such as an

organic acid {(lactic acid, citric acid, p-toluenesulfonic
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preferable, and use anobunt wthin a range of 0.5 to 10
parts by mass is nore preferable, relative to 100

parts by nass 20 of solid content of the particulate

wat er - absorbing resin. In addition, in mxing the
particul ate water-absorbing resin and the surface
cross-linking agent, a hydrophilic organic solvent nmay
be used in conbination, as needed. In this case, as

the dyy draphiallicctios 88df £ 230k MeRGahOc ke us@@hbBphoric acid,
combi nation, 25 for exanple, |ower alcohols such as .
r?éﬁ%wrléi GO, SERyOus| 86hED , OR- propyt Bhewirf; a basic
isseRfopye alephal, sBaRulYhyaleQhak. ori sobuty! -alhcohal., 5

t-butyl al cohol ; ketones such as acetone; ethers suc
&9 lgive ané, matea ¥ ahydrofdy am 2 lamides sudhetasto be described

, j 1.de; . Ldes such as .30
Eﬁ%&?hgﬁégY$%g%%%?H%}C?ﬁgkﬁgéégﬁé P ded” ¥ e ah#inend
efyuatlhieo mmmoplaj:|u‘rcarorLgart'by;wsmbuentfldﬁpmxdﬁremekgmdyQj‘ver
the, water-absorbing resin, particle dianmeter and water
IGnfent'e l-gh%Zangf eflﬂﬁﬁngt PEuiﬁ‘t’%r Wé]?%‘? -2 B resiand
parttheuliakey Bubfertuseyagpupt oW b e fgkangey g pard or

y mass to 20 parts b mass i s preferable, and use

b . y ; . .
arvEatthan ht Ryasdahde 63l o8 g5 €0 the wadss B&stebpate iy -
ma®a3ijs nore preferable, relative to 5 100 parts by

mass of solid content of the particulate

wat er Tabsbe i aesicrospEe04akingnspep f driniiegesefé adele to

.Qss- i ing, first]y, a.sur.face, cross-linking agent
glg’lgut i“{%c%?s %rsepéar ed Qrerlﬁtxi ng wat'ér-to At or’pa‘g[tl%Llrlate
pdeaphblsbebanganéeisdiventhe wukliatbecstsd-arenking agent.

-1 i nki t ] dvance. ,Then, m xing nethod .
DR5c SPRPET GBI On 9P S8 NPEROE St e Torabdebing

lrelse nQrp Aronpeddi hRet B8 PRI T4 e abarvatelr RS YRNGu1ate
resin is preferable, and a nmethod for m xi ng by

gﬁ?ﬁyrﬁéﬁp§bﬁﬁger9ﬁéﬂe@ﬁb?é@ Blise, gfulls wsaraopiuett over O
BEDIED o ORI WL IR ZTOR 0000, 10 0 1
prmferablea, vohdinescawepage wartticlaerdhgaeti@n. 5[ 0045] parts
by mass is more preferable, relative to 100 parts by mass
of solid content of the particulate water-absorbing resin.
In addition, inmixing the particulate water-absorbing resin
and the surface cross~linking 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,
for example, lower alcohols such as methyl alcohol, ethyl
alcohol, n-propylalcohol, isopropyl alcohol, n-butyl alcohol,
isobutyl alcohol, t-butyl alcohol; ketones such as acetone;
ethers such as dioxane, tetrahydrofuran; amides such as
N,N-dimethylformamide; sulfoxides such as
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
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The particul ate water-absorbing resinis mxed wth the
20 surface cross-1linking agent, water and/or a

hydrophi lic organi ¢ solvent by use of the m xing
apparatus 16. This m xing apparatus 16 preferably has

|l arge mxing force to uniformy and surely m x both.

As the m xi ng apparatus 16, for exanple, a
cylinder-type m xi ng machi ne, a double wall cone-type
WEXitNg 2aroRehl Ate Wathd Ghaisneas 184 irdsifgoky PRe M XtdJ but,
machi ne, a V-type mxing nachine, a ribbon-type n1X|n%
NEEhPREUNE %Féwwp@an% Ahg Pl ke, masewka A0 irasise
kpeades. p Ae PALYSTE Z1 N0y L¥Re A nKNRRAS v Ay LIBRLAN EYPBart
m xi ng machine, an air flowtype mXxing machine,

Pur BakE Zee , 1 G peattehbyypes Riedingeenpxeferabl8p relative to

ti edi 1 xer._or the like is_.suitable., .
Fg&éi : n Eﬂe%g%r%f 28(}:% (?Pg%g- 159 tler]?gE s?fep%hg A )
twheer—ab3orpdnti cukane wat er - absorbing resin and the

jﬁrfz?e cross-1linking agent enables to perform surface
94 4linking even at roomtenperature, but, in view

of pr onid O @t ddheurFaaetdren al1aRg 1 Wgt he £ 8MMal 2Qfyrface
wat er and the solvent added, 5 it is preferable that,
SOEF ~HLRKAGIt BECPEr EiCdltdre lRataicrayssr Bivngirdsion vangr
thg /sur face, 6L 9ss:1 1 Qki nt t her., hea

tr ea/lt nment ﬁﬁs/ pgélﬁ%)r %rgdb?%agfglgsss-%‘{ﬁ%{%’h:‘ql%i Eﬁgorsl%lgggce
sfroshe ldnkfiagegshtt heagaanteul dthen,watein@bsonbiingat this

resin. Th i i n,ord to attain a reaction 10 of the
e R R gt ab Rt o U
ob the particillaiewnaterapbsobbh§rd€5 As pPeferable, and
consideration, of reactivity of the cross-Iinking

n
adEmt oS Tl MEKEPIOY SPLgdddct G TaBFFEeyaRAg.  Size of
Qr@ﬂé‘]glét\ﬂstpﬁjaﬁd Egepféf@rakb%%'vﬁtl'ﬁrneg% &of 0.7 to 300

toperformheat ‘treatnent. In this heat treatnent,

trieat Fech e kerparetanalis Wirtéfier gbirpnegual feolotohi@her m,
a a ' ds. surface

%?ogsyﬁgﬁﬁfnébgggﬁg bé@?ggigdﬁlgﬁ%égféatnent

téeapéiature of equal to or higher than 80C does not

ke Lpnoer Lo i Lhe heal Lreal e, andi s Sapable,
surface cross-linking agent, water and/or a hydrophilic
organic solvent byuse of themixing apparatus 16. Thismixing
apparatus 16 preferably has large mixing force to uniformly
and surely mix both. Asthemixingapparatus 16, for example,
acylinder-typemixingmachine, a doublewall cone-typemixing
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
continuous Rhedige mixer or the like is suitable.

[0046]

In the surface cross-linking step, a mixture of the
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20 wel | as attaining uniformsurface cross-I|inking.

I nthiscase, it is capable of preventing decrease in
absorption characteristics under pressurization of the
particul ate water-absorbing agent, as well as
remai ni ng of the unreacted surface cross-|inking
agent. Inaddition, in view of property, 25 the
treatment tenperature (tenperature of a heating nedi um

Ya dtErparatdr ewotca-aBE6Fbahdi N RAML CULRE, LeRPeralif Lo
of the heating nediu is preferably in a range of 100

tF PBOC, " igrea pret erabilysitp Rer4AgR of LEBE ¢o09s0Ginking
Tich LeMPeLat UERpeFaRgeaeXsii s S gﬁ'e{r{} %geﬁkém%%ﬁ' OF the

effect in a property 30 aspect, in ration
éﬁaér’qlqub afoon wekletiwe wir bdceater gasd Itlh@ksn@]vagEnztdded,

at| i r ef ny In a range of mnute to . -
;%' éEgEe %b ablghexanﬁ1es of "a &8ﬁb|%5?|o$ﬁ%ﬁlculate
maaierm@bstcermergaﬁ:arsenamdhaad Islmg?fbldéecabesallllﬁ@@gfﬁent
0.1 to 1.5 hour, and at 200C for 0. 1 to | hour
St Ibehﬁ%Fe&lﬁﬁaﬁen§ur%%c@er5P6§§dlNﬁklﬁﬁoﬁﬁ HF@H the

rRIREAI R Pr o¥idest he pawdescd subst apge W';% ﬂﬂ%late
noi st ure cont ent, and tends to generate a pro em of

ﬁ%ﬂ%%ﬁT%P%ﬁ?ﬁ%@ﬂ§éa%avseahﬁﬁiﬁana@@rﬁﬁﬁﬂhgattalniareactlon
torfaaﬁg%&toagg 9Nt & i&r}g 2 r%@%'eﬁghbt%ﬁ%'oéa a@lt;rs Lz ce

he present ‘i nventio or exa rese
Kﬁwéhﬁrpﬁrtscu$@t¢zﬂﬂ@ennaﬁsaxﬂﬂng'mesunanspomdmﬂidnraﬂlon

10 res owder s tance th t
ol RS RARToRt e Tt LIRSS bR $3Ey thetghior

ipr: ot el &Eﬂﬂlﬂb@ a%dﬂprdMﬁdﬂﬂM1t@Uddﬂ7ﬂﬁgtﬂ(Mgfﬂit(ls
to 196@% ght. [0047] As the heatrn% apparatus 18
PEELsE &ﬁrﬁ%@ermﬂﬁegﬁt trsatpeatnentn thisberdrityaniaient,

ek i tat BRAE LAGu FUTNACE oirs tUBe . e&@élQ§9gﬁjﬁlgﬁ%r than
dryer or a heating furnace of a conductive

@paﬁéf@ltbvﬁﬁhdﬁy@epeadﬁanrahammﬂﬁﬁnetmaﬁsférnkyp@agent
oAt ol el BLRL BRSBTS

@haa B0° ﬁedbeagnéﬂrﬁ&knakﬁhg&rbehmetyﬁetha.@&axntrdaﬂMént,

%%bf&%”%akégﬁé of preventing decrease in productivity, as
well asattaininguniformsurface cross~linking. Inthiscase,
it is capable of preventing decrease in absorpticn
characteristics under pressurization of the particulate
water-absorbing agent, as well as remaining of the unreacted
surfacecross-linkingagent. Inaddition, inviewof property,
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

aspect, in the dehydration esterification reactive surface

cross—linking agent.

Heating time is preferably in a range of 1 minute to
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a screwtype, a rotation-type, a disk-type, a

kneadi ng-type, a fluid bed-type, an air flowtype, an
infrared ray-type, an electron beamtype is included.
[0048] 25 In the surface cross-linking step, the heat
treatment may be perforned in a static state or under
stirring. Wien the heat treatnent is perforned under
stirring, the surface cross-linking my be conpleted

Ry Hieatd .ng e 48 D8 Ugeanghl  h1eo £ M Xickgbappaiahus fléeating
where the particul ate water-absorbing 30 resin and the
SEMPECE tOrEs3RY PRRILAG gt awera: dPRel, fand - 1tfel. 5 hour,

Skl AC2065 08+ d NKEHY B bere iRl aladk RY L HHGNG NG ce
m xture, for exanple, into a tw n-screw groove-type

seoesi-AgnkiBgdr§¥ nd ighpak arpsr ahdr heatiovg des sthe xtiureler
%%%%%hnkghﬁigﬁoi5@9n %§%q é”g% %%%kﬁngn t?@nag %%Sgéﬁ%rate
or “cool'1'ng, as heeded, e élparflcu ate
watmerclabsor bf ngragent vokicaimad cbycheadd ngyi dlathge during
%urface %rgss-ligk%ng stgp and ciossrlin i ng the
EPIBEFIBGd O of “Phe SHFFatel BRI TR el THAr Y mP e He the
pubseqteAhvehepohf Or Fo £Xau@h®l e | Nen Jranil dh 811 NG SeP) s
In order to termnate or control a cross-linkin 4
PEAERPN. APIMEL¢00l§ R TpErats Lomaf fhere irepiserbing
tRis§ nCORLYAG STERLE SaNAL  6SRECT @by hbTLEEH.  aNdhedOr of
exanpl e, a twin-screw stirring dryer or a groove-type
SRIUPBORg-O¢pef db yier 36r bvheclykie, Mheretdoolliemg Gaterzd Sy

g%g%ggérggggggh L0 Egglg% he.inner, wall.or other heat

t %y weidht
ac&S “Tcan“be used, “and?t &perature of

tlbiod 7¢ool i ng water is set 15 at bel ow heating
tenperature, that, is, equal to_ar higher _than 25C and

bel ow”80EMCah§ 3 Efe FREAF 250€ (18 60E PIEESBY Gt TSKolied ™

hechehedtt NatonkBntRenaurd g8 6Fosazht PKY MG rrdl8Pis used.
there nmay be the case where surface cross-1inking of

2ort REAPRAE cal drECRaPer 2 dpsdt bihigiwesiee iaf perdaordvwed ive
%%ﬁ??%%ﬁé?%@%L% %edrb%rth%SI%Qﬁ%ti ?Fqgﬁﬁ:%n%nsfer—type
dryer, a hot air heat transfer—type dryer, an inductive
heating-type dryer is suitable. Specifically, a dryer or a
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]

In 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 surface
cross-linking may be completed by heating the mixture in the
mixing apparatus 16, where the particulate water-absorbing
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




wat er - absor bi ng agent obtai ned by the surface
cross-linking 1is not heated, this cooling step may not
be perforned. Therefore, this cooling step is other
step which may be 25 contained further in this
producti on nethod, as needed. [0051] [The addition
step of additives] In the present invention, the
addition step for adding additives other than the
simfiaee appessthisnkingg hageihgmayibemigd@uirast al | ed
fz{tgﬁ This addition step is preferably installed at
dv@ 43t er the pol yneri zati on step, and nore preferably

ingslalded igly andpafter the drying step. The 26
addltlves may be added at the sanme tine as the surface

cross-henkPRgine Separia @ gtepoforxmnliely i ast heeded, the
o)

s S St Bl e Kol 40 ene

@pﬂﬁiﬂ%&dﬁqasiﬂxﬂkwmgﬁbmmanéntb5351@Bk1agpﬂkywadghﬁorhood
[t C C ncl udi n D

BBnb6s £ 8" (TSl AR ARG osREaey ebr s el atoor (£on

REamRAl, Olﬂhén@f@m[e £ 104 hetepddint bresrapd tdhemiike or

may be added. By this addition, various functions can

k‘fé’ntfrlﬁ’rln?schrébsst &%%%Fﬁﬁ@@ﬂ@ﬂe VB CosH< bR g2 hyews 20
kY bBehsedOih h@ﬂ@'é&ﬂﬁﬂg E@bchel ﬁB{:n%sﬁg@félﬂ?ﬁl%ted

added to this particul at'e water-absorbinhg agen

[fogs2for Benaksuri t@inm@r%m)stmrm}g oblmbr(@y ad;rﬁcfcere;type
.ng e Lons 1t:Q f urni shed,

JR0 20 SR} SELE SR PO HRELL LS R LU D e

ﬁﬁﬂ@@@hlnsndemﬁnge1nhe®uaild@opﬁ@tﬁebyunmmsfersurfaces,

pref rably 0.00 arts b and.  further

BoEr BraBirydo 2602t FoetRhNTe b5 TS, Cretind viate dgo oot
Rar be1by HasSiakh teﬁpéﬁbeﬁrabsgngtngsre@@@bluﬁy%h!%ugher
when this addition ampunt is |ower t 0. 001 part by

ﬁcél@él 226 Csanti brénr € Eet aaﬁdpraﬁ@ra%s 86°Beto 60°C.
flericshed by the additives cannot be obtained, and

mhen this addition anobunt s over,10 parts by nass,

ef f ectltcehpaidbbe na-edehaddi tinohhe surface cross-linking

step, there may be the case where surface cross-linking of
the particulate water-absorbing resin is performed at rocm
temperature. In this case, because the particulate
water-absorbing agent obtained by the surface cross-linking
is not heated, this cooling step may not be performed.
Therefore, this cooling step is other step which may be
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
installed further. This addition step is preferably
installed at and after the polymerization step, and more

preferably installed at and after the drying step. The

RESE
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amount cannot be obtai ned or water absorbing
performance decreases. 25 [0053] (A) The deodor ant
conponent The particul ate water-absorbi ng agent can be

formulated w th the deodorant conponent,

t he plant conponent, in the above anount,
exert deodorant property. 30 The plant conponent is not
especially limted, and exenplified in
WSIA+ARR4/ OkBO55e saa@bai eat it MWh2002042349 amhletace
The pol yval ent net al

or the_like. - 27 0054£
S8 tl%néﬂﬁtge‘?]élsﬁﬁﬁéaf?ﬁ 14

(B)

preferably

in order to

rtﬂﬂéf Eéiﬂiﬂpéﬁi digthe cooling step

WAl SFn@PSQRINg 229N 5 9bt Al Ned, Byt a%rgggpéjucﬁhbgfbw %W:Lng

met hod of the present 5 invention'is

m/l at'e

tlhe pofigoareant nearaorsit (Frr%fehyﬁdxlow depbént h:eDmponent)

valent

et a

V. f r th
I[s)(z%l ?,aﬁng?%yg?%%tr:a@ﬁ%/ag vvaatl)écr sg(FubFe RA IR %%Cle
Slalntclushmlqi (POr a pompesabéywatwtedsns@imhh@ @0l Janal ent)
tetraval ent neta

ta t f t, I t
Te i anarte i thnbniieen, £

Pl

TsRAdbE v ammsi bie 1ike

#aht beatadulag. SUB§H@E19fad&ﬁ@1&@Ie&aﬁi&ﬁgk&dﬁbﬂfﬁﬁéncaﬁjbe
order, to enhance liquid perneation and powder

dupsighed 57 Ghairey tisudsitetwa e r aevrtitehagepef erfabitder,

*IRUNG 10fod s po) y&agw%lﬂggapeﬁ@ ;m 2 mjlfésaasé ribed; o

above. |t has been di scove

hat

ati on 5 of

PﬁétﬂgmﬁaéﬁeWﬁtﬁ@tabssabungeageHSe transportation
Blglency and property during transportation in a
Iarge degree, and therefore the nethod of the present
i nvenUsenamoantb:ef apl (R sui tEAblayid AS) td Sred yealertti ng
net salt, %gﬁfg valent nmetal salt of an
2

%’9’\?‘&’1

organi ¢ acid

Chetaf el W lah achdiyant & 1adisgally,

Ggséﬁﬂbﬁﬂohna&&ﬁt 2&@%@2&%&@5}%&“ Qﬁtéof]ange of 0 to
US- A- 2006/ 204755 specification and thé Iike

eXeRPrifiled.n39s sy ik 19¢ Inbtle @ OiLh &b, 5t]h@r‘0\mtkar msoisubked
pak-y¥alente Fetal: $3 bS8 PRLyyal gnt, Bt al,

parts by mass of the water-absorbing resin.

are

iak v$h&9900

Usually, when

this addition amount is lower than 0.001 part by mass,

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.
[0053]

(A) The deodorant component

The particulate water-absorbing agent can be formulated

withthedeodorantcomponent,preferablytheplantcomponent,

in the above amount, in order to exert deodorant property.

The plant component isnot especially limited, andexemplified

in US-A-2004/048955 specification, WO 2002/42379 pamphlet

or the like.

27
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di ssolves in water at nornmal tenperature in equal to or
nmore 25 than 0.1 g/100 g, still nore equal to or nore
than 1 g/100 g, and particularly equal to or nore than
10 g/100 g, and it is mxed as the powder substance or
a solution, and the solution may be a di spersion
sol ution over saturation concentration. 30 [0055] As a
pref erabl e organi c polyval ent nmetal salt, al um num

| csatle, calciumlactate or the like is exenplified. In
- 28 Il addition, as the preferable inorganic

yvEieemo ndtrdierdametalf seléxanpl e, al uni num chl ori de
alu”‘@HﬂhBOF¥€EE95bg§ th@éQﬁkPP #Ftﬂgﬁe ﬁéyg%r%%gcrbing
nitrate assium al um num bissulfate, sodr um
aqﬂﬁmwﬂ@mwf bve th@otzamximmrumneshcacmmmﬁl lj:rheal g sent
| u I e calc um . ch
qﬁ%#ﬁ%?ﬁ ?%h?gg%#géﬁggiun?éh BFi 68 yﬁﬁbﬁ% %%Fal salt or

why@r@;mhagrﬁmammxtamre; mZtac, @hle@éb:dmyajn’écpolyvalent
n|tr Z|rcon|un1chlor|de zi rcon

sul.fate nc
Hhedh §218) Mose b T an iy Ont S Fase ] Rol s BonFrrigan 1asmL
mltt i 9Pill rfno\@eega&@feégbﬁplausl@atéiyswﬁﬁll@@o@%g&@hegnetal

ui d such as urine, use of a salt thereof "having
oL wat etrrm@lmné'f e?abletravapanti esltadl y Epfrleiflcularly

%ﬁﬁgﬁé%dwTﬁ 5 Sy é%ﬁdﬁﬁ@‘&%ﬂ%ﬁi@%. and %ﬂp@%e é FP8ce of

al um num conpounds um num ch e, alum
ﬁ@%ych&b@rd@bS@IMngunﬁsuMLatEn akdﬁmnwm»nehhahee ligquid

e TRP S aBUe IRl P o B Ve ot Wi iee

sd’xekldtmtalomlm nateféf&bl@raﬁfo@ﬁﬁb(bﬁfch@@,%cﬁimm sUbhatet
artlcularl% greferable Powder s of
w&t deIMEHY AT AGORRy st h’nbReasigcanrramthat formulation

o4l f ahe- st ppes ey dralig 15alkh cal Yok pum 5 %nf ﬁgatlon

sul fate-tetradeca 20 to octadeca hydrate sa
§$éd CRBSCYs GindanpreTiay dveyingbd nagegoas adrilop dme akilmdge

SpohiR a8 USSR BRUSEAND Tl IA A |0 RYon
wanebeabspt bedgsueisilnl powder thukspahgealéhe metal salt, a
polyvalent metal salt of an organic acid and a polyvalent
metal salt of an inorganicaciddescribedin US-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
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.

[0055]

As a preferable organic polyvalent metal salt, aluminum

lactate, calcium lactate or the like is exemplified. 1In
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pol yval ent netal salt is used preferably in a solution
state, 25 and is used particularly preferably in an
aqueous solution state. Qther than these, the
pol yval ent netal salt of an organic acid to be used
and a m xing nethod thereof are exenplified, for
exanpl e, in WO 2004/ 069936 panphlet. [0056] 30 Anbng
the polyvalent netal salts, as the water-soluble
ralgivalent apatial pgekéraewmrrw@amld‘@&@ @@ﬁeﬂerde%&i salt,
alums are_included. The production net%od of the
prdsefitarRyent idhminwgy chsopidect ialemiimuphepolychloride,
VAL GRS OB PG L eSI) RANIGT SUPSLANSE p G AU "h bl
wat er - sol ubl e pol yval ent neta The
\hmaﬂuiﬂﬁﬂﬂ4n$@ﬁxesralpmMUEm bulsstidfieé e¢ ontceiassngunt hel um,
val ent tal sa has.the surface di.fficult to
ﬁ b, Hand B Eﬁafge rléglg%uQOefﬁ? TRt SAETERE TS f e LY
loh Iparitdegul@rlcidm diter-oase igidel wat &t $ol ) enagnesium
pol.yval ent netal salt such .as al um num sul f at e,

|%fé‘§see PHORRTSUR AL EERBR . X Pl emtde i 3inpgilfiadgntzine

Pue @ o, hizS o8l ubl behbeRaeeLE HebRDtm s PEKLNG, 5 reonium
phenonenon tends to generate VWhen air pressure s 10

iMdrédse®n ﬁherdeﬁetéSsaﬁﬁﬁe§§dth|§ntﬁ@@kﬁ1@p, in view of
@a&mme%m V'a%gaﬁgbgﬁhhél Iﬁ@gura'g %éne Polney y5g of

vel ocit a termna ar ve ocCi
walealab$bebengrhﬁn1nmomﬂesta$u@ﬂummel$nptbéerable A
transportatgT e i.ne |ncreasﬁﬁ and thereb§ damage
THTE PRERR HonHEP ABSPIRCERY 5 and stong
ithef=eas 8$uthamp I €sehdundy entileminsnCcapabbei @, aluminum
decreasing the injtial l|inear velocity Vx and’ t he

EelATaIC T e a? L VB BEN Y1 Toy o sl i wa g 1§ apppresiitrgsium
therhheaking saheaeEpnonq; ahda L Lieheh of f i frd fe S RGHIMen

in the water-absorbing resin powd stance’
@d@mw|ﬁmmpmiwmmﬁﬂemrs@b@bwmrﬁﬂwWﬁleﬂdluetaﬂumahateZ@re

lspr}e%%%laﬁoll%n Iﬁ(ﬂglgmgﬁ aI lnéla%net Jl_So 1 I y&%%l gﬁ)&e%eerable

uppreéessi ng i'near TV el
tPermlienal biEneast et oohtyinMyg zﬁﬂyéﬂaareéabﬁ, Peeld nghinum

e aeenlen elah selcfom 1o, suface o LS s
SWPPE €58€6h hlRRLel0s £ t REQPSE ik RNhsrcemBRL Al eChhney may
be used as only one kind, or two more kinds may be used in
combination. Inviewofhandlingpropertyandmixingproperty
with the water-absorbing resin powder substance, the
polyvalent metal salt is used preferably in a soluticn state,
and is used particularly preferably in an agueocus 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]

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
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25 due to the polyvalent netal salt is difficult to be
inpaired. [0057] (C) The inorganic particle The
parti cul at e wat er - absor bi ng agent may be fornul at ed
with the inorganic particle, in particular, a

wat er-i nsoluble 30 inorganic particle (water-insol uble
fine particles) at the surface of the water-absorbing
resin, in order to enhance liquid perneation or

prseventcbl @eki A A RIS U ARSHIPLEAAN powd9r ASHINE ce
inorganic particle, specifically, Tor exanple, a netal
Gende 1edew ddesivatesir dilokilde wrlwialamtumend desalt .  The

il i Cl_ i€l a . su a li A
Y her e rear et ol o bhl AR EHER R0 LEnfhiniag che
e yiviakenitsme hel wdd. hArorige shesecebd sificoht dicoxi the, and
nd silicic.acid lt) are re preferable and ,

sﬁﬁﬁgonraFo%PHec%%ff%? e%éi%??%ﬁ?Ffffﬁ§9rngi%ﬁxﬁgéﬁ&&@r'
par thel eash aretae &t Hr-00LubDe 200 Wralenteasureds Dy theh
Coul ter, counter method, is further preferable. [0058]

6 PAYRYBIR DRI FC ordEiTSe5 e dr £hagpeF i oF L oy grasddopsiient

filsuididri difdaniidi typef POWHRE ssubghanes After ddericient,
wat er - absorbi ng resin or the water-absorbing agent
aBeskpad Pheheiene) tandsdeddengnetiuncthen =0fr phessure is

RALLLGULAL §  VALLN- .a:%s YNNG AN §,1GOMRGSI L8 o/ omeron,
wat €r-cont ai ni ng oxide 15 containing Zinc and sid1¢6n
orvangonpbsditey Wahernctord lailhhrgr wxicde ionkaimi ag czinticial

nd al um num. fo ated. [0059] Wen inqrganic
AreRe G TR RO avbathe BRb6FAPIPLLY BEga -deer emueier
snbktansporiratign efhihehbeREY Dén | 9&%@1 d86r 8as@ead@sl Nang

property during transportation has been di scovered,
baerepy e g adeie WaresrrbACrPhBYI G timpPorinegubstance

vekeehkysVx Tﬂéiﬁkﬁgéﬁ%?H%%%%ﬁi%E,EQec 161 ahs éyfg&sing
resin powder substance at the starting point of the
thansypdritedt 1 breapivpedbhey Veamdehstippnessed inand velocity

R S o RSl chen B BB ROh Rl Rl O
therefore it is effective in the water-absorbing resin powder
substance containingthewater-solublepolyvalentmetal salt.
In addition, the present invention is capable of suppressing
theinitial linearvelocityVxandthe terminal linearvelocity
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
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, a water-insoluble
inorganic particle (water-insoluble fine particles) at the ‘

surface of the water~absorbing resin, in order to enhance

liquidpermeation or prevent blocking inmoisture absorption.
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caused by nutual friction can be suppressed, and as a
result, property enhancenent effect by the pol yval ent
netal salt is difficulttobe inpaired. Therefore, the
met hod of the present invention is applicable

suitably. 30 [0060] (D) The pol yam ne conpound (the

pol yval ent am ne conpound) The pol yam ne nay be added
in order to enhance liquid - 31 perneation and

ehane e nshapa i caient i PEEPEL FYcOl 1§ e orpatdnsIl abeietal
wat er - absor bi ng. agent. For exanple, a water-soluble
BFLFENT el @Snpbliteen PA orfdFle apédipnddmgxide; silicic acid

R@LY &Y Nyh ERQISTHh e r BRI YR 1INWABE NS, n Bl i@l Lybam 0e 00y iy,
the 511 ke, having awel ght average nol ecul arwer ght of

200 ¢t oc1avo G tomdbgber eidenplikei 2el inod uded .pakmnooaltdtese,
ter-ab i . . for _surfac

U AEOCPL0 ROEDL 1 LDK O S MEE L R LB e,

resi BilApohyandredpdd yieri@ppliidcdbket) 9 hleing an average

wat er.- absorbi ng resi n | X ified, for exanple, in

P e 0Rn 8 Lkl BB o BoealseBanobhe ki tex
speeibircati-and, Ws2006+082107-panphiet, WO 2006/ 074816
panphl et, WO 2006/ 082189 panphl et, WO 2008/ 025652

padpAllet, WD 2008/ 025656 panphl et, WO 2008/ 025655A1
panphlet Jofithey | ke o 1R QU6 L) gﬁﬂéfﬂgquXﬁﬁpscopic

perneation i nprover The |iquid permeation inpr
feanslitie addividieyf orofi ngredsimg sabstendd owafter the

nduct i vi (SFC)_of th wat.er - absor bi.ng resi r the
RATEY SRR hiRg SRt oo n 2 AR e BEPAL FsobR
eondtictreyi t ynSFEo0braqual fvcotomi gher Hhan patlicnlate
10-7 . cnB s 8-1é to be descriped later, by equal to.
YALRTGREFCTPRAA F8°(tx F0°9MROTHE® iR m)contpidrididapryide
bbnrtaiaiﬁgmgnaomieimnewwcbmgaggt@%yMJ_émt%ning
mai ntai ni ng or expanding a space between particles, as
gxidencrnkaispager ipgatngni loninemanay epeoseopi baspacer
ng@@]particles) Therefore, even the additives
exenplfified in the (A) to (D) mght correspond to

When inorganic particles are formulated, a problem of

large decrease in transportationefficiency or large decrease
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
polyvalent metal salf 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, themethodofthepresent
invention is applicable suitably.

[0060]

(D) The polyamine compound {(the polyvalent amine compound)

The polyamine may be added in order to enhance liguid
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this liquid perneation inprover. In this production
method, it is preferable that this |iquid perneation

i mprover is the (B) to (D). 30 [0062] Anobng these, the
wat er - sol ubl e pol yvalent nmetal salt such as al um num
sul fate, potassiumalum exenplified by the - 32 (B)
and bei ng capabl e of becom ng an ion-|like spacer, is
preferable in view of enhancing saline flow

eerdidalth wint Yand SEhantO083hped AdMAf thepdi@pi dr the
perneation inprover present in the particulate
RAFELCHBIEEDI WG tegenspapihe | mIgnpar ti cdloat e cxenatle, a
r A at i ate | ecu] ar._| ev [1¥,
R B B S i B e S = L.
srayethyhenedfninbowewervinlyéahiigei d ppdyeddyilaninepoavehe

i.s,10 .pref erabl yusedi nanaguequssol uti onf or LN Vi f
LA EE B A o] AR E AV PO AT AGa g T e ot D Lo diaRe0,
af ythtee xavab BI £ 8$ Or Dinngh ¢ £8k0i candt 8@asegragabirBingagent,
the like of the |iquid perneation inprover, The |iquid
SEENRAFE oS P APV 1L 8 S8 - 8PePADT YO F fi- BiRktnd f the

_ i ight, i | o
0:08 3oy g aotin gl o

water-abserbing resiin [e064tcnyp rhil el f doranetamplés in
tﬂfﬁ%@%?b%%@%fﬂ he é‘%%éifﬁ?%{%ﬂ‘,g agent —%"—@%%'523)&4@%84

e surfactant. Pres o) € surfactant ‘1 s ca
ebecemhantiing, pdi@leR08Gh8BaANE® qlatcadiedr,i SHODCL006/074816

horbbare” 4B so0E/gR70r S PR T Tertpe (1 2ot Paenisr

roebenabbestbhat phhghsef f aed andos o2 seaB Al edhei dther the
surface of the water-absorbing resin. 25 [0065] As the

ddkPact ant, an anionic surfactant such as a fatty
[0061]

(E) A liquid permeation improver

The liquid permeation improver means the additive for
increasing saline flow conductivity {STFC) of the
water-absorbing resin or the water-absorbing agent having
a saline flow conductivity (SFC) of equal to or higher than
6 (x107-cm®-s+g™!) tobe described later, by equal to or higher
than 10 (= 10“7-cm3-s-g'1) . Preferably, it is a compound for
enhancing liquid permeation by maintaining or expanding a
space between particles, as an ion-like spacer {caticn) or
a stereoscopilc spacer (fine particles). Therefore, even the
additives exemplified in the (A) to (D) might correspond to
this liquid permeation improver. In this production method,
it is preferable that this liquid permeation improver is the
(B) to (D).
[0062]

Among these, the water-soluble polyvalent metal salt

such as aluminum sulfate, potassium alum, exemplified by the
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acid salt or a higher alcohol sulfate or the like; a
noni oni ¢ surfactant such as a sorbitan fatty acid
ester (sorbitan nonol aurate, sorbitannonopal mtate,
sor bitannonostearate, 30 sorbitan tristearate) ; a
cationic surfactant such as an al kyl am ne salt
(coconut am ne acetate, stearyl am ne acetate or the
Iike) or an anphoteric surfactant is exenplified. Oher

- (33 driiarbd hes esapaisle fae tisddostase rabedshm UsP .sN?acer, is
6107358 is applicable to the present invention.
FHGAF B hotTed’ kHiatot HHEARRNT | Fhl Wt hbkow womqlmctmty
sie@ctant is not especially limted, and preferably
|t i s added at the granulation step 5

li fi edi nUSPNo. 6228930 USPNo. 6458921, USPNo.

7153910 8453. In addition, the a
timi ng’ SP?{A O%J"S”sﬁﬁr 5 Jtp“a’lrénezﬂtlonn%)?lplég‘ﬁ%]é|p£e|53?ndc inthe
|pamittieoh 1 saoed wary: rt- uams@gbmqyabenal hovwede {0raexarml@ilate
( the surfactant i s added in an aqueous solutlon of

acr\97cCalry %atq%‘tﬁ&%/%‘—i‘?%éﬂ%ﬁoiéc‘é%%ﬁleé(ﬁ& (usually,

ROlyaRIiinZatii@n &S spentobRed bp Hhe Qée:?ﬁn&ec&ﬁbﬂl@d state
surfactant; (b) the surfactant is added to the

e dont aﬁﬂW@g’egel ahﬁerlwwremezratena@ﬁou’m ihprover is
RlIBLIHA R %ﬁﬁgﬁ’aqﬁl‘é})gr rkeol%{rlo%cfc?%&d.) it?vilgg%% Auri n

or after ylng Int yl ng he "surfactan
iof amdee y@ld@mmmga@cdlmmrer tpult/keasl pabilen orrface of the

n _of the dri substa inthe .
wu%\%zfrl 730 frlg%ngr Slaﬁldeg?lso?g%‘?%ap 1qrepr 1’{}iﬁ@ellke of the
id@hadp@fm@&t:ﬂdld&dlpildﬁﬂe&g orhafliefuisUptagation improver
Gross- i nki t.he surface cross-1inking step;

tlﬁ’eu?ﬁijf%ﬁg%ak?]sy dddadr 2% tafe OndPértaddbr Bwn\gew@i% and
adre breabrPpoduGt o PEL1H& 4 ke 29 d¢ b%h&?éli&hfe f'éqtaﬁqve

that the surfactant may be added before” and after
$0r frhce veit6ssabspkPhgIstepise as to be contained at
thessyrface. [0066] Use anmpbunt of the surfactant is
preferably 0.0005 to 25 0.012 part by weight, nore
piékesablfyc®aB@05 to 0. 001 part

bywei ght,, stil Lnore erahly 0.001t 00. 0045part

oyvii GRS PERE R LT EUR G (R B 6P erabt 9+ 01 00155 conodne
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). In particular, it is preferable that the surfactant
is contained at the surface of the water-absorbing resin.
[0065]

As the surfactant, an anionic surfactant such as a fatty
acid salt or a higher alcohol sulfate or the like; a nonionic
surfactant such as a sorbitan fatty acid ester (sorbitan
monolaurate, sorbitanmonopalmitate, sorbitanmonostearate,
sorbitan tristearate); a cationic surfactant such as an alkyl
amine salt (coconut amine acetate, stearyl amine acetate or

the like) or an amphoteric surfactant is exemplified. Other
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part by weight relative to 100 parts by wei ght of the
wat er - absorbi ng resin. The anount bel ow 0. 0005 parts
by wei ght m ght provide 30 insufficient enhancenent of
fluidity and bul k density. On the other hand, the
amount over 0.012 parts by weight has a probl em of
decrease in surface tension of an absorption - 34
fluid, as well as could not provide effect conparable

tthanhe headdi tH o arEntnt anthd:S ddiis iingaonQyt calo7358 is
[0067] _The surfactant to be used in the present
PP & 's° themaesant twtetol athe dboveowsig basrastishat,

ATRNG, & 12RO VR TS athants édkf’i(ﬁgnoc;ni%afn%ty'eﬁ%ecially

nonionic surfactants are prefera anong em a
darmdittesn aadtyreakdchleky ét andaddepalty shpeyhyhehetion step

t fatt | I, ~ar ti fer .
R R i R R A D s i
pnaipies P Wchal ange) 3 of trhedditfant ame hadibeotsathiingy dhehe
pre%eng i nvention i s not esgeci 1y limted, _but, it
PLEIACEPANGE B OBr BPer BPYCER bV 1BIMHTRG i aribiyinisg

e ylide anthwdd) Irdmegappbeber abl yordo 40 thbe Whens HLRd$ in
wthin this range, fIU|d|t¥.and bul k density of the
Far PHEGPHREe SPEURAPBr OBb3BF BT Ay agbhtitahdbednmmtedtion

@Q%%,Séﬁg& A Hme 4100681 @éﬂ%i‘éﬂ&?ﬂ?@td gg %geeg&eggga:e of the

wat er - absorbi'ng resin powd stan € use
shefpcésent | nUent | shemayswoaiantt heighelaatdeny agent the

2 Lori.ng preventiaqn, urine.resistance .
ggﬁgﬁcgﬁéﬁ gg%nghe 75 e.E%ﬂ§Fép P8F¥P§Fﬁ§a£ﬁ8nchéﬁhtiﬁ&e
genheirs zaat oaspespal ) 1418 tsedfachuht b hedad efarial) er

&
t% t the cheLatlngdﬂgent Is mxed into the nmononer or
£hEChotbiErd 3@ GRE Y THe SEREr afl A hd eyenefpstansiis added

asreahabt ¥ rtieH p @0ye AD XaAPh €1 B4 79 -
S eanpl Lr e bEbves Agﬁ%risz DeSehLrekd) bl poentica

WBP2068L9008 1the av e niged.1 oFr om ahaeff itabbspecttep; (e)
ggg%%ﬁ%ﬁ%gégﬂg'égh é?M@%?gﬁ§%E%ghﬁﬂpgg%§gge%E%E%LHQ%king
in the surface cross-linking step; (f) the surfactant is added
to the water-absorbing resin as a final product; or the like.
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
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
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
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iIs 100 to 1000. As a specif ically preferable chelating
agent, for exanple, an am no carboxylic acid-based
netal chelating 30 agent such as i m nodi acetic acid,
hydr oxyet hyl i m nodi acetic acid, nitrilotriacetic acid,
nitrilotripropionic acid, ethylenediamne tetraacetic
aci d, hydroxyethyienediamne - 35 3 triacetic acid,
hexanet hyl enedi am ne tetraacetic acid,

diletiky,| enetdl BRsnecpRAtBAC Q& idel df fect comparable to the
trjiethyl enetetram ne  hexacetic acid, and a salt
&GN FHPUEY - afifFo 150 lBVEl SRECOBRBE BRSE ous conpound

gueir7as S et hyl enedi ami ne- N, N - di (et hyl enephosphi ni ¢
acid), ethyl enediam ne tetra(nethyl enephosphinic
aci d) Thepshbyierchpnénedi ke ured dty abwephypbentphosphiohdc is

i.d)- .. diethy|le rianne t hyl enephosphoni c
géﬁbl%ﬁéﬁg%-ﬁédgg%yégﬁi |d£§%£%§p %%%honggoggi&,eaﬁ'%¥e
salrtf aichiemeaf,; 110 view nd ude:t}t nenidesid ablefddtaintuseire

amouynt of the chel ati agent is equal to or nore than
BIG0L BRLE b el proral Bl yOrRhA K 'OF “Ropect hah 2nd
Q. 951 Pax e by DBSS s oad tShi Fit Ppeeidssf eF abbyp aqualyito 1y
or nore than 0. 1 part by nmass, relative to 100 parts

BY Sf8d$06F -t he wat efPabsorBhglesi n dbhk ai nethudrgapilic
fpl}%p\@@tt@r-h@laﬁ%%mcrﬁféﬁpef?y%%ﬁa%%ﬁt@9% e 8 PELLARS ko

equal to or less than 1 pa y mass, preferably equ
te used| Bsdhchamegens pavenbjomdss noandspetislhprieimited,

ferably .equal 0 I than 0., 2.part by mas
Bt 0ot a0 and €Ty TR it ol choBf olrrgoLy
19eisd 07, 2thd 6069] mbhe (B famblyCloaanl be wses suB iakliyynin
%%éa surface treatnment agent. Surface treatment in the

SefE86p| itdatifor Ym@as Piliatdel sidgi G diha e durkt e ©

ehtkhe apelbabbanhaednef chhepsuehagBce@fnb e suitably.
wat er - absor bi ng reésin has been surface cross-Iinked 25

BYO0éfdni cal or physical nodification. In this case,

myC LE [,on means a state of nodification
g?ﬁonpghfﬁﬁgqaﬁt%a%ggy chem cal bondi ng (coval ent bond

or ioffhe Behdrnghpsoanting resin powder substance to be used
in the present invention may contain the chelating agent for
coloring prevention, urine resistance enhancement or the like.
Astep formixingthechelatingagent isnotespecially 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
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 whose molecular weight
15100 to 1000. Asaspecificallypreferablechelatingagent,

for example, an amino carboxylic acid-based metal chelating
agent such as iminodiacetic acid, hydroxyethyliminodiacetic
acid, nitrilotriacetic acid, nitrilotripropionic acid,

ethylenediamine tetraacetic acid, hydroxyethylenediamine
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physi cal nodification neans physical covering or
attachnment w thout acconpanying with the chem ca
bondi ng. 30 [0070] (H) A lubricant (a slip property
inmprover) It is preferable that the particul ate

wat er - absorbing - 36 agent contains the |ubricant.

I nparticular, itispreferable that the lubricant is
contai ned at the surface of the water-absorbing resin.

tTHiedethid cantd, meansnee tSipisirantemipesent rRgLYeen tWo 4,
sur f aces nutuall slip and has an 5 action to

&é@rté%{s’l&nteﬁré@%ﬁe( P@@Eéﬁaﬁééy— aghe | ubkedantenaiifitarrnine
¢k Reusedaif, thea Y %%Q@ttﬂlé‘i’@@fl d .cS:lanIBllg ppﬁjglr}an%iﬂent

limted, as long as if is a solid Iubricant
P@@ﬁ@ﬁ@ﬁ@ﬁ@ (25C) and eprferummdr mal pressaneh(o 101 as

f USP . 7473739
B e A e e P 0 b B RBR BB 61t e | et
amdyﬂhaehubmumant emmmdadﬁeﬁhjﬂ@ﬂé@ﬂ®s®hﬁhacused acid},

I in th sent nventi on. For,K exanpl e,
By A6 60 0 ATRE! ub %Esmmeaﬂy%%mh%%oryaged feidy,

ubrhgarh otphiahehabl yekay imo: 1I8AUH e 31 Pho Y ea&béﬂ and
Cl2), a fatty acid am de-based | ubricant, an

ésbéfirﬁééf@ahw&wiﬁ@an@1pla<h89h1@@h@|a@@be@nﬁu@rwhmtthereof
Gl %60l ya D8, aThi iﬁﬁgéé&?gehé t ﬂ“ﬁgélam%%rﬁ éfjpﬁhcﬁl@la‘%lng

the like is inc in viewo avin
agensniasaall tlbrqrcannfealshamelol 0@& @d 50 Hyava ag, m@@ma@ny

BRSSP L el o058 ERED! By B, 5P T0%0

cant ‘exenp |f|e
memefcabatyl ofual O bk ch@wiefarsubsI 08 bONRES Al WL =0fi ve
ter-absorbin resin in mxing with the |ubricant
%@@éﬂ%ﬁ%&y Iaflsgq%%rchet Ya5PTRrERRFLERENT DPmcontained

tlamaﬁéawwr QHEEeranJ;SréTéi(ﬁdp@ifz@éﬁrﬁm,é’ta%ﬁz@t eauah 1t Qg

or higher than 40C, and nore preferably at equal to or
RHYAer tPhan 5665 thabbt abarstiabie vt e:rr@ﬁwm@yn@qual to

Eaf@bcg (Elhlaﬁt .rftka g Scpglggl?r ol%r Q:g’ét%/y egual
particu I ng agen e armu

ppecﬁerh@k@ than 0 2 part by mass, relatlve to 100 parts by

mass of the water-absorbing resin.

[0069]

The (B) and (C) canbeused suitablyas a surface treatment
agent. BSBurface 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
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.

[0070]
{H) A lubricant (a slip property improver)

It is preferable that the particulate water-absorbing
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0.0001 to 0.1% by weight, nore preferably 0.01 to 0.05%
by 30 weight, and particularly preferably 0. 001 to
0.01%y weight, relative to 100% by wei ght of the

wat er - absorbing resin. [0072] 37 |In particular, in
the present invention, as the additive to enhance
liquid perneation, (B) the polyvalent netal salt is
preferable. It is preferable that the pol yval ent netal

sgkh ticoriaied eié enbtheanddi tir0parAsc@le appan atgis fdfaple
n1X|n3$¥5 the m xi ng apparatus 16, which is sane as for

e tsUrFaceubEi 63RT [ ki FRP MY may BES neiiiRee of the
h@@é%Lab%Br%E%%lgeQ?nnOtfﬁhérﬁﬁbrf&ﬁhﬂ"ﬂﬂéﬁﬂéﬂg B Aance

salt is preferably mxed wth the water-absorbing
pasispnpabefekes 1o (Il grms mdnuatléywatleppabsorm%gnas an

a%%ll%}‘i 43 L9 es%usfrlscoélb%% OQC? %a aga drT%pI %Jtubq:flcant

Re “aqueous solution can appropri-ate.
wmmhemmﬂoepueeelnirh ndreppraBabt Cnfl’lveaﬂ:dLCd‘l fibusborespfecdally

ol yval ent nmetal ion (for, exanp al ym num i on)
S EBHe 1A, "1 Sene 'vait br SalOrst nhs bLie s 5at  Hormal
Rafbeehesret hesagyegns sohet i ks eferablyrdagm ao1 Mpa)y .
concentration of equal to or higher than 50% nore

preflerabicpntehtigreisl of L af dRétSH Nan 766@73ﬁtﬁﬁq¢érflcatlon,
Rbefﬁfoalp/'mo‘fﬁiléa' glﬁpmethhb h%et hain. o/ 0°anéu[§hae&ubmcant

preferably equal to or er than 80%
§aempémﬁaﬁﬁwhﬂRﬁMHQ@Y@eequaipreferahlgHéﬁCthahh@@mpszat

BBREYRe ST ot S eoche Mt e (e LA o Mg oY 2

sattrabedd-baneantoatrioayt | npmlﬂetmm Hdmg hepsi Imtcabr
reason use Js:é;lm)unt of mater |s about 0. 1 to 30@6b¥

ferghtthagnd” | 2dPd HYasid 0291¢9" %ﬁ/@%y%rgﬁﬁn
é@lté‘i:l—]éﬁsb@ wabgh&aﬁ{ the 2b-al el ahsorhing J-68 rtglgf@gl
e

dryin gerforned after the addition as nee -
pPoO074 quTﬁéCQ ahut e2 siok g 2Pap]lubriegpectdwahsf like is

adiLY3LERNt 8ﬁohaetaéhﬁiTﬁféﬂéwmﬁffh$$ﬁng 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
in USP No. 7282262 gpecification.

[0071]

Powder substance temperature of the water-absorbing
resin in mixing with the lubricant is usually set at equal
toor higher than room temperature, but, it ismixedpreferably
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-absorbing agent. The amount is preferably
0.0001 to 0.1% by weight, more preferably 0.01 to 0.05% by
weight, and particularly preferably 0.001 to 0.01% by weight,
relative to 100% by weight of the water-absorbing resin.

[0072]
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30 the pulverization step and classification step,
there may be the case where an aggregated substance
having |l arge particle dianmeter is included in the
particul ate water-absorbing agent - 38 VIII after the
surface cross-linking step or the cooling step. This
aggr egat ed substance may be generated principally in

m xi ng the surface cross-1linking agent, or in a surface

cross-Id pkibgcuacel ii@nthd prebiescorandde ¢, 2h88 het 81t ive
the 5 crushing treatnment and classification treatnent

of° ERPENCRgt BgLE é&%%ﬁbe (& _etlb‘érﬁﬂfﬁ?@d.ememﬁéﬁﬁi giglt
of Aejr 3G apdnbet + of 5 tlBs of, thirs, ¢r yghi gg%g}}ﬁg&q@%etal

and classification treatment are not espec
|9anitt 28 mipec afsegthrAddidiiamg Astapapparatderfdronixing,

' : icl [ ai r.the Like, 10_for, exa
??#gtjy ?ﬁéa%F%%%Fé%cggroﬁh?Fga%ﬁeﬁ?m?saspg?¥o?%%d£F dce
tdre sparltiinddilnat e gwaitte magb®er hnequagent . In this
chﬁﬁﬁhfication treatnment, a classification apparatus
suc as a sieve or an air flow classification machine

I's used saoulemB¥endhed agegated psubsthance wethil arge is
(0]

particle dianmeter 15 or the fine ers with smal

FaieR i aveeer Wikbr thRevabghreharedlisubstahearticles
O(l%th%' nﬁgrl@ycw%eclmﬁa%%?n%gngl r?é‘égﬁf‘;ﬁg‘ hgn a L%eeous

crushing treatment is per to cru separ
parltitdloss cBnpesih@ thherdgyr efatles ssubst@nceltibian can be

i_ndi Vi L .p Lcle, . In this crushing treatment, for .
SR AR E P E1alft ot YR PR U AR e at fon
@&eﬂﬁlﬁ(ﬂlﬁlw usthed p(ﬁl}bﬁil[ﬁmﬁn]@iaaj nech byfdMiciample, an
crushing treatpent, the classification treatnment is
ﬁéf%ﬂlﬂgalaagi WD TRmoVE itte O 1t FRE PaheeraP HakhHyg resin
palcli chaigt i clendi apglighusas JMahdL i@% t Goroftalgh f hey, s 4
particul ate water-absorbing agent having desired 25
FRPCEEE adil et B edUplefepabtygher wWhirgHiUavaepagereferably
C e f._200.t . ln. vi ew of

et Eve fy M £Ran?dPs ) et P gt co o
silgiheg Shep 163 peirashredpatferabl heeqonl ithgostieprhdt than

OIS PEEIoAEtahal LA i R stuhion, b phen
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
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
the pulverization step and classification step, there may
be the casewhere anaggregatedsubstance having largeparticle

diameter is included in the particulate water-absorbing agent
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30 dianmeter is not contained in the particul ate

wat er - absor bi ng agent before charging to this granule
sizing step, this granule sizing step may not be
performed. This granule sizing step - 39 is other
step which may be contained further in the production
nmet hod of the present invention, as needed. [0075]

[ The packagi ng step] 5 The packaging step is a step

wieleer tthe partbedl aresswatakiahsetbphngr agedtcdSling step.
ed. Wen the granule sizing step is perforned,
Tﬁlﬁh gﬁﬁ@ﬁ&&ﬁnéugﬁgﬁncﬁh@aﬁaP?|%%P%¥%¢ed principally in

#abkakoARSOr bl gk AGeNt oo YOI 1 MBSy ILG0HE e SEZ8E 1N i ce
above-described granule sizing step, Is package
P@O@ﬁaﬁémélngnrﬁﬁp§lﬁacka§mn@h5$e@ramwkﬁ;ﬁﬂilﬂgﬂsﬂap, the

\é@“ﬁ%ﬁ"ll% OJJ,IB eq,%e %rgfgggiffgaélon Qoggg gt ﬁ’é thisg

storage i's pac ag by use of _
hg@keg@tagpauaBMancé4ar@hpepabtmedLaIEewfﬁﬁmlﬁﬁxﬂﬂd@rn@nd

t ked i tori ba s shi pped as
Bl Lenen PRushrines T oe Cadte Bhion 2 Fod gpt fon
feAckitmenpantenot @Gy@ldiRg 1St ephi dde, fimeriPovEeEnule sizing
recycling step is a ste or returning the’fine

S&Rder <y @ﬁé@édteyaéuag i PREREEH BFZ¢ Modike fidre 1k,
%6@npla§amﬁ§ét | Cf £8:CONt i n@lB%EFEEEQﬁlgﬁl %é‘é&?&mf a3 s

a principa corrponent I n artl Ccu I N an anoun
eguarmed mr 20 éarhaﬂujza%z bz twei-ghisp rbé ngheyeprtodu hithn s

PAED SR athR s eLABRSRE D! 00T S2 ey DL ST A Bne such

recyc yhefi2arions
step, smmle roeimmahlanﬂlcmeuﬂ&s&ﬁqucatﬂiﬁbrf mAehPOWOEs i e to

i ble. Th nbodi t f th ent
R TRHEI Sie SPHG A 6 STl TRy ' BBl kR f5WRRT £ S e dfesor

eentBENside fpadondear i eamahieg subst angeapirdPe ror the
wat er - absorbing resin. In such a recycling step, the

PPAESIpbREer SURBYaBEe r Pt B As bmerﬁ@ﬁve@la@ﬁlrfaycatﬁeon
rc%@x%aﬁt%td@% tc%rus@ﬁ%ulc%g%ehe £5 PR ALLOP, SEAR L Qg

be ‘descri b
separate partlcles composing the aggregated substance to an

individual particle. Inthiscrushingtreatment, forexample,
a knife cutter-type crushingmachine isused. For the crushed
substance obtained by this c¢rushing treatment, the
clagsification 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
particle diameter (preferably, a weight average particle
diameter of 200 to 800 pm). 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 preduction
method, when the aggregated substance with large particle
diameter is not contained in the particulate water-absorbing
agent beforechargingtothisgranule sizingstep, thisgranule

sizing step may not be performed. This granule sizing step
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A recycling nethod includes: the fine powders are m xed
into a polynerization machine, preferably a stirring

- 40 Ir polynmerization machine such as a kneader to
make a unified substance; the fine powlers or a
granul at ed substance thereof are m xed wth polyner

gel separately after polynerization; for exanplo,
(crushing) mxing with a neat chopper; or mxing 5 in
dsdoylesr stepid]iciConverd conaklyedasiresicmbn etletmrd®iction
derlved %{%g)fractur or r generatlon f the fine

WELESE S&PB?HS PBsi A° P5ESFHg via such a

m@a5gomder recycling step, that is, the 10

wat er - absorblng resin containing the fine powder
rlddpcPed kagisguetpdnded to decrease property easily in

the thanshontali QN St&P. 1 DUl skt g S&Hﬁt ticulat
i nventi on, théﬁ% areﬁﬁg %uc% Sro | emrs 53 we I?a é%%ﬁébe
|w@y§ﬂraMmqﬂleMeageneJﬁp@w@@ﬁgedeceWWQndamageanule sizing
ress rfaa fine mmer 5re cli
g% §ggggr8?lfledqué?pgfanﬁﬁng Ph-bsp %% dfticulate

6&ﬁﬁ£ﬂ¥&bsU$BlN@ 652280930 wHiISH NeasS54hod84,e-USRNO. in  the
5342899, US- A- 2008/ 0306209, ,and anount, of the fine
&7 S TiEe e Bt Uy S4AERE (HEF nks pBREEFESHn t O™

RIxQEkAt on st eptafi st h%ad’]@ig@trrrzcﬁbs9f@ﬂ) Ng r@si N SUGh Aflate
the pol ynerization ste t he ul veri zati on st ep,

Wéedf g roiag, 26FPEhG RPRECTER badathl@@pew%cgﬂmatwgrage

f e d
AP A o By e P 0 0e by g
Stdi.l | Timer @aﬁmuza%ebwa\wwsog@nmcwlgmw B aked20% e
rroducti on ,capacit In_additjion, th

S5iars Bra 38" PEGGRRARORt hEOHPBHUEET or St aks Hrype
ﬁ@mﬁﬁkﬁlbhenselves or as a gell turned by adding

wat er _as needed, or in particular, recycled to a
rRdPdr and/ or gel (before drying or during

Re! TR 23LRR) rekQ018hg 30cpThe granul ation step]

The fine-powder recycling step is a step for returning
the fine powders removed by classification or the like {(for
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
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
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
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The granul ation step is a step for obtaining the

granul ated particle by adding aqueous liquid to the

fine 41 powders. The fine powders may be obtai ned by
the classification step. The fine powlers naybe those
collected with a fine powder capturing apparatus 26
from at nosphere of other step (the pulverization step
or the granule sizing 5 step or the like) The fine
RRWYRE rGaplubhngadRPAE A WSh {Hra k@RARRKEL oi B2 PE oa\”lﬁl'lequled
with a filter which is capable of capturin the fine
FORdEPECeTHE Q) ARBIRAYIE 5Pt Bcy B2l lorphegbatancy thereof

L dr f r tigl.e |
e e o B e A e e B P SR a8
Swel 3 0e t Hamu2dingy miefrey abkh Omedttadhck@am camd xing
qﬁrg Bgﬁgﬁrably 0.35 to 5 mn It should be noted that
the granulfation may be performed using only the
flongpowders (f or exanple, a substance passed 150 n m)

, or be perforned using the whole particles (the
wat er CRUYBRELAGU8 (7 O SbS MR Wit ek Fond g8 ure

Suhsd A  NATIES 8RAGNANSLEON AL RS wAt8¥D8HAREB i ng resin
passing 150 gmin predeternlned ampunt) containing the

PRAé 1pEvier s3UCDE7 G nTheowdan m%ﬂeﬂw sitebe bt aiimd the
Qﬁtggeag%gﬁ}ﬂ g PO $ e@on%i’n?ﬁg rﬁfheér ;%c{vgj gﬁé:%cggled

granul ate uct, but, It

p@OdnytoftBhdegtems URCWBaWeOfme@@W¢WIORaGﬁﬂyClencythe

%ang Rle thatbt % nulated articl %ﬁ& .
argl % aryPng st ept ° 5 Phr it ey ot g e

sﬁ:epnarwlmir |pe:d>1d1ramtghasc@epx,e3ﬁmsm‘ itbacpOkyIER Gf! fine

As shown in, Fi in this production facility 2, the

PPYASPBr TS e %an}%ﬁ tSU@PF&Sﬁ'F@d td P ofitkhd epbiife powder

capl,uiiAg ARRALAL YS 28che11iF9LAL e%oﬁsoekaﬁ pgkanyhagkany,,
aratus 28. This granu ation par at us 28 is jointe

B Ry alasararas 1@swq hé45t5r2@rasp@swqo@3¢a.sa9
gS KhQOB'E}V@Z%@@% r%ngi 9t£rgir5]tth§%wél Ne B%ecreased

capturing appara are c arge
anadHaUQOMhapﬁanatpswﬂ&rbylbemh@ pradspot bad sthpogghthe

%ﬂ ger aﬁgéggﬂﬁgt ché)s?ir?%rl}ch6 asﬂ‘gﬁef : nfyﬁgg\fzegfc’lc?r[ estaelps:othe
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
recycled to the production step, as dry powders themselves,
orasagell turnedby addingwater as needed, or inparticular,
recycled to a monomer and/or gel (before drying or during
polymerization) .
[0078]
[The granulation step]

The granulation step is a step for obtaining the

granulated particle by adding aqueous liquid to the fine
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wat er - absor bi ng resin powder substance. The granul ated
- 42 9 particle fornmed at this granul ati on appar at us
28 is also put to the drying apparatus 10 by bei ng
transported through the transportation part 6. It can
be confirnmed that the particul ate water-absorbing
agent is the granulated particle 5 fromthe fact that
an individual particle is aggregated by gathering in

icl=e Whithigs med il RidIdeIRaPgal,hefeof ohRLindhomf he e
act that it swells as a plurality of discontinuous

prarisditdsaita cabslerhi nghe @Jppwdserwntay lam thptsecatllected

cht 03C¢ %e [398% ]c;gtg 5%%{%{1?@2%%%%1 atmosphere

preferable Rat t od” f'or
pﬂibthata@tepwﬂuhE-@biaebungtagan$t¢piuz watedrasbs Hing ng

r S|n the vention inclydes the stora
SotnehdSiB or ik fﬁ&%@%}%@? PR kor S APt ARERS 47T

@Q@ﬁipabusls]ﬁré@l@@d used alﬂ’ilt’d@r&z}ﬁi&{ ageaphBPeict Gt 8dng

"a hogger" in the Ipresent i nvention. The hopper i's an

apFat abEsPIHeET or i'hG JAABUABRRAYI PRF tHe. avdtSe FOBBRBE B oy 2
Eﬁ%r@tlﬁ@\frdecff subst ance pheApesari by gh+f %rv%rja%g%)artlcle

period, and in the present invention, a sil
@ll@m@megdpﬁathy Jorgera i pe)r tong & 4 sabgoail ntd utledmager

o] Speci fijcall S
ThannlO i bbetEr 3Rl .\ LRSIPRG: | FREo e B er B 0.5
$@cﬁ a&14OI¢ashbeddi%En@oh@ﬂp&hbt 32« yrpmedsitiionethay be
4 st qorage hopper) or the like is
PﬁE 8&81 %6@1 f&%h%;lﬁg%?d’q grampl e hahRsd ance
passichl 1e5cﬁ @ hpedrima @he @@ﬁ%ﬁﬁé@ub@nﬁ%ﬂ@@ﬂol@ 23N cles
ste in quantitative mass flow, out damaging or

FQ@t WA GRF t HeS el BP9 abSBEBI @@Wﬁi@@ rsukr@mme sibktlange. a
Is'[lb'%‘t%%)é pé&lfbeed’\@tfng r@bﬁﬂﬁb(’:&g:{) 5\3‘5 rweg}E?SSng 150
e pro uce st a

function and hi gh property can
Wi mhowt préde varmbtedrampyuri ot .cqri@82iing the fine powders

[0079]

The granulated particle obtainedby the granulation step
may be used as it is as a granulated product, but, it is
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
step anddried in the co-presence of the polymer gel. As shown
in Fig. 1, in this production facility 2, the transportation
part 6 jointed to the fine powder capturing apparatus 26 is
jointed to the granulation apparatus 28. This granulation
apparatus 28 is Jjointed 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
granulation apparatus 28 by being transported through the
transportation part 6. The fine powders are also the

water-absorbing resin powder substance. The granulated
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Fig. 3 is a schematic view of the hopper which can be
- 43 9 11 1!. used in one enbodi nent of the present
i nvention. As shape of the hopper, in view of carrying
property and transferring property of the powder
substance, in particular, the water-absorbing resin
powder substance, an inverse truncated 5 pyram d shape
or an inverse circular truncated cone shape, as shown
Ip&ﬂtn%lleeﬁgrﬂéavamgh@fs ﬁa&mﬁat%r@@@p\éﬁﬂa@u%h@mSMQ%S put
he maxi mum cal i ber part of the inverse truncated
m@r §ﬁ?ddr§al1fi@@trm7?g%ﬁta¥5 ¢8l bvbawifing e agaperskdpehieugh the
e at e I um e a f
TReRe R e o, fhE B0t bhoatTh Bonea kiTiail aphal! the
@ﬂnhﬂﬁmiaﬂéw&mEEﬁHmseﬂbqngageaddedthe@$aahmwmaﬂpaﬂﬁicle
ri ght drawi ng of Fi referably used
e 'glﬁ £h5, Shar Fdiici HiCHA b ER =L dF ﬁe%érag%%gated by
Reitgltringf ihhauheppes (ABXenudalgehiRekgofndhe hoppealr / or
helght of the hopper, for exanple, "RI/H" in Fig. 3)
i the rkafie tHR t17 4 6 v ko 2807 P UsHlIt vineF el iy @pritg nuous
yalf'tl%rl@ sPigd 51!3§H£1§[1|1§’ aldAJda ]'Wltl'll Qnto{i‘:’ ‘ic%ﬁsiﬁcrfo(gcope
the inverse truncated pyram d shape or thé inverse
dioos@llar truncated cone shape, as shown in the left
a hei ght of the hopper"” indicates
ﬁ ‘@t%%a t%%plnverse truncated pyram d part or the
|nver§e amrqubmenabuatmwmﬂeﬁmﬁanKEaﬁhd&'m thdvd f@r the
| ef wi,ng of Fig addition, for the inverse
ERAGEa By S 0 SHASE 617 h@ eyl SaSc AR o rping
tewneat ed eaBepghapataddednish i@@ludi@@t@[kgtﬁt&l{ré@@ W
or_the circular cylinder, as shown in the right
dfaviihyaserrpgsogbing HW%HP@@GFQ@SW%t bh Apgiagiat-us
23 oL Le r rd war gﬁ
circul %?gdfgﬁﬁgggb Egg% nggg ldégﬁﬂgi hgh%5 ?£ %{%%e
reetanguliarentdpbumm Xkﬂthampeuhescancmpaarawm$rﬁhﬂ sranting

" h h ] f.Fig. 3) . ddi ¢
e B B T <YRbE T DG ey £o AR ROFEAI e topioe

tteepheppen vicr speei fdfdot Aid@) BB in the present invention,

asilo-like (longitudinally longer shape) one igalso included,

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]

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

[0082]

Fig. 3 is a schematic view of the hopper which can be
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30 of a dianeter of a circle equivalent to the maxi num
cross-section thereof. As for shape of the inverse
truncated pyranid shape or the inverse circular
truncated cone shape, 44 as ratio of the inverse
pyram d (or the inverse circular cone) and the
truncated part, it is adopted one where height of the
truncated part is snaller, or in the case where the

RERRER N 6hESEMBEELhOR: has e RasetShARention. As shape
cross-section of Che 5 triangle part thereof is adopte

o heegwnBer TRhAtView of CpErrénpalramponant ofanderring
e b2 o TR BEoe pips iRy * UG PAET EFRERY, cne

pnae:bemblsy)r@q@@i regpiropondee duiart s80%, b@mwarvgtfrtse timancated
rami d qr_circular co

R3aard 1odoRShh T AT desfn i ShefhSatore Shape,

prsefieswblie: tBe Userd Beawhopret rhavingaspegiviwdsshppaineire
a cone inclination angle of equal to or |larger than 45
@etgFla% MEFH N FR ARG R%Te odf the iPveg 55 Brurfatapguranid

I 'Fefct%fngh'l%rc%B@uhﬁcbfnﬁﬁbogaﬁ@ggﬁaﬂé is piglerabl Yonape
bel ow 90 ‘degree. In the present description, the "cone

|MMﬂnen@¢|§ﬁ9amgﬁémumscaésbghoﬁﬁrtnOFu@heGﬁnvemﬂarﬂmnqmiar

angleof dazfgr;egg eh@péuelfa% Ja%%rﬂ\él‘?e 9,3 é}%céez%taa ded,

surface e cone 1 nclinat
amgbhomﬁ:thhehnpﬁﬁrdmhwuhg:mféSth3;nMEnpreﬁersb$§um&w.

ra Ly e u 20 to or |ar tha 50 degr ee, il
SRTE1 oo 6 OB b (R apEERE) 4nd Meight
I@rfetﬁé abbyp &b h@x&&uﬁegaggbeﬂrwk Bt hol@ﬂS@f er abliyh68 t @he
85 degree. It should be noted that, when the side wal

SGPPEce Formurannld, “Rd/IE $Retidi &d by Hyer agageval d¢ 10

f e e r t/he I f
30 BD8 Sy BT o RIS R R R 1y VT AseY ..

desthiptdans, tthe tie dwvegse dretichbed matarel bfheatior the
(R stk pesh Ul by Sl Boto o s aCOAN, P2t

@aﬁhlﬁb'bﬁeFﬂ@DGE pardi aft tifetheppeppé R ) Indieh tde height
cf the inverse truncated pyramid part or the inverse circular
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 tcotal height of height
of the inverse truncated pyramid part or the inverse circular
truncated cone part, added with height of the rectangular
column part or the circular c¢ylinder part (“H’” in the right
drawing of Fig. 3). In addition, when the hopper is not a
cylinder, maximum caliber of the hopper is specified in terms
of a diameter of a circle eqguivalent to the maximum
cross—section thereof. As for shape of the inverse truncated

pyramid shape or the inverse circular truncated cone shape,
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openi ng part of the bottom surface of the hopper
(caliber of the discharging of the hopper part (R2)),

expressed in - 45 percent. The drawing ratio of the
hopper is set at preferably 30 to 80% nore preferably
35 to 80% still nore preferably 40 to 80% and

particularly preferably 40 to 70% It should be noted
that, when the caliber is not a circle, for exanple, 5

an £hliPSE @e nPRLYErdrtid $o5RER Iﬁ@@réé‘01ﬂ:ﬂ§a9fccﬁle
circle -equivalent to the cross-section thereof

el Adspar ungatRdnPekE  abbvéesr adget &g osedine e lfd%ls;htedaf
e r h
R Qs BE ™S P LB PP SRS T g oo
Cavesage)rtabnt hes Watrer -labser bhagey esirpspeweetion of the
ubhstance in hopper over O?bb vol u and

LRl P o - Eitdn 805 6y L8 HrencLBRL br aly 0. ro @
0%y pual Wepdtddd &orenpr ebeeabbys30pka &Qes%hb}powder
vol unme, and particularly preferably 40 to go % b

VERERENCES Pﬁeefﬁéaai&s%ﬁ%aaé“s%rqrpmoaﬁ tht’iﬁe5@F|]1>Y mpight,

Lakest i 81 $Red Bksger%ly%ﬁ& Fcetépm(aégbyh O164B) Afe 1 ght
the wat er-absorbing resin be packe atlve ¥o

ilgnet o vl dmea gfartthef rmm@errld andzlbgculcaancooe lafihghethopper.

&gb%lq the above range, transfer property of the
ter-absorbi ng resin becones good. 20 [0086] A

nat er ilal the pheshoppeivérst imt, especi pkkyekbbiteds b the

tainless steel is,.preferable, and surface roughness or
PREbUe Ravantt AeethRor o hrns so P bt o TS e
wirt Bgtibe @i pelliangemhicaAncas deyused 4y a RPSWIRY i Gate of
transportatlon step 25 to be described | ater has.

Pogs?p Ot8-i sTipt efdieablldifapfathestelencieneimation angle
Gavg égs}agiytkﬁeuﬁv gs%éésmﬂi %erﬁf‘égeﬁ@ &&%ﬂ%@%&

IS a SO contr e residence tine
ﬁh@ﬂﬂﬁﬂﬂyn@@mmthn@mg$h6msemathWHB@Fiq BOWﬁElNWMBOH
preE%rOPIy g%&ﬂhpsg£f§g82§eaﬂﬂﬂ%ﬁtééiﬂgggzbntal surface
of the hopper installed. The cone inclination angle of the
hopper of the present invention is set at preferably equal
to or larger than 50 degree, still more preferably 60 te 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
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
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




10

15

20

25

30

still nore preferably equal to or shorter than 6 hours
and particularly preferably equal to or shorter than 2
hours, - 46 1i 11l although it depends on anount of
the wat er-absorbing resin filling in the hopper. The
case where the residence tine is over 24 hours may
generate property decrease or blocking, and is thus
not preferable. It should be noted that, the lower 5

biobnef thee tes,d8Rce: ti B (3R 898d r 9k ddteat praferably
wat er - absorbing resin in the hopper 1s not especially

BOn-e )% amgriat prefeprblerablte BO%heshsliwrte gyreferably
SS] : d t , ,an

BOTL N U el oTR Sy P LRy H,20 45 chourc

bevent ¢dihatthewhet hod: ob 1t her presenta iciventi, ofiot $xample,

ljed t ti .met hod | duci th ,
ot e O] R HOGIT T ot EBAGCHILSH CRgdCTEs, O6ra oirole

tauexamphe, toegHal ckos8FsBEgheh tHaPedPO kg PEr hROUbLpper
preferably equal to or higher than 500 kg per hour,

Yh8hpEr B ARy raRErelabisrd 1 5hegies i o o tsitgivdr orRan
r,€.10 0 0 t Lt is

I S S A R IR e RS AR S T

of0Bhé surface thereof is preferably in a range of 40

to 120C, L.L.mre preferably 50 to 90C, and 20
partigﬁla?rgfjﬁ?llkp—irlgiaéra%lyfé”&zil o 806§EFn gﬁgﬁfﬁgﬁ? i PTj gthe
paeterabkerbhat tdel mabetcabsal bt Mges 8sisl eowdernopper is

subst e stored in the hopper i.s al so heated, and
PEpe %ﬁm é’otlﬁjéf}eeéf‘g ?%%Jre%%ﬁwﬁﬁ ERRRNGES &Y F0lvse.

$20€crsbi k! 1omre BDI%GEFVK?@iMne,5%ttin99l§reag5‘§eferabl 30 to
Eartlcularly preferably 60 to 80C. The case 25 of %omer

EFheT & Lites + ABA PERE labidve Lyanpreiataltley 9 ghtS Qe rat ane .
B OOk SSAHEa88 Lo 061050 4 YAk LB 4 BBy
bgsvaluha radd tioby vhéunaseobdftind glre t-eriperdtinge resin
%que%ﬁﬁﬂggg%%lg%%ve to inner volume of the hopper, and by
controlling it within the above range, transfer property of
the water-absorbing resin becomes good.

[0086]

Amaterial 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
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
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,




10

i5

20

25

30

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] - 47 In
addition, a noisture content of the water-absorbing
resin powder substance to be stored in this hopper is
not especially limted, but, preferably 0.1 to 30% by
wei ght, and nore preferably 0.1 to 10% by weight. By

satthiotght he SepBhatUse HAAIANLfAkhEhg,ebOVEL EARYENy | 'lrés in
storing (or packing) the water-absorbing resin powder

ddddtianceni i hosrréppeFhe QﬁéﬁagéeéadﬂbéIﬁ@d@@@@eahdme is
RAQRERLY ndecLease ggﬂeiﬂstaugp 350 aed DO han D 8 ng,

powder subst ance e water a ng resin
supdst ahbey rict lha@ﬂdﬁsﬁibl@ edd:hs]sclnem beheteappiest j she lower

R Iled At each .ste i schar omder
%‘ tante a G F&7 1€ED org éﬂwegaYﬁga%%kﬁ%?EEﬁ Hc@hsPRing
Iz:aaath dme thie M RO0Sid MRS edpralivdiing 1and tsubseguent: is
to the ryln% ep. That is, the _hopper may be
PrecarPedeat %ﬁ fPmENaG A§ PRESHPYENG step: 15 during
tihespyl veri zation or classification step; during the
surface cross-linking step; between the drying step and
the Pl Yepikatbiconobrdciiaaisi fiscat isgbhostispntberaweeimy hest

@lflf%%rt' zatipg §£e§é@ésuwe°f?élo%n %%p %Qpio{jhgfst (438 cont

cross-1li1nking 'step; duri or dfte
ﬁmenrﬁgom he amah‘ueld tog @Ufeﬁ)lcal()ﬂnﬁeattl‘lftﬁi :Llna}gr@diucthreg the

b b d
G BP OB a1 S CAREEr RS St R CRes FPREPAgD e,

%t;{&ﬁ;l laet weenifher SURAACEOO CEPSSe imking E&teeﬂ%r%!myt Reual
filling step; or the like. In addltlon t he hopper may
be %Qﬁai’lﬁédﬂ%ﬁn BHE kot RRE hoyt , ANDBarReCBL 2 FbY @I TREES LY

@huﬁ@‘:lﬂoogrt lﬂ?ﬁhb?ﬁthgw §h€5%e Me{:?g?l %dﬁ)eo%tfaﬁ%r

pl'ural ity of the hoppers maybe ins I nuousl y,
0P08Pher step (or an apparatus) may be installed

bet We%ﬂrttﬁgr,hggpfgsprégg a211>le 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
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
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. In
addition, the case of higher temperature than the above may
generate a case of property decrease or increase in variation
width of property wvalue, as well as coloring of the
water—-absorbing resin,

[0090]
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30 Carrying of the water-absorbing resin powder
substance fromthe previous step to the storing step
or carrying from the storing step to the next step,
with this hopper is - 48 } i preferable perfornmed by
pneumati c transportation to be described later. The
production nmethod relevant to one preferable

enbodi ment of the present invention has a step for

storing hbeivabel -ARSALRLAE £6SE M POWIehe SHPSIANGE o rbing
after 5 the pneumatic transportation step. According to

JGeH apovaspestbstpare & he propedt yn deetedserrausied not

[ t . I qual. i gh,p 4 b
e Psa ey Simafer, BRsRBkLRY -l O ORI BET e.
[pPdoperey pok felrebhat 6r. LabsoiBRngyresight . ( Pay tdedteing the
shap Particle sha of. the water-absorbing resin |
ek o e Rt ban bR arr T PRIy AT Hking)
Ravet vakershBperbipgwees sn Powshekugakashapen fesd lbpper,

spherical-shage, 15 irregul ar pul verized shaped (which

M IF TP P ZEF USRS RN BEPPEhAY SHAFE S Pty 6 rfaiPstegFed -

q@@@q?e shape (for exanple; refer to USP No.4973632
specification), a particle with winkles (for exanple;
r ef er WhgnuSheNposdansedospai¢i Calre ortamddmrbirikeesin

re . ) [ I article, or .20 .
S S R A R S e
parddd] etemdinthie dragihattedt pewdd ckebstanaddift ket drage

rticle Y be . a foaned porous one. Preferably, a .
5%?“8 88}[@. €1 BURPFRATCE r R T af ST VG A0 &5 tdons
ghanubahgdasubstiassguéhereofihd sirdyighudedp . 25t D094, the

Particle size) Mass average particle dianmeter (D50) of

REPEfaTeY -Hbdartitdd sedf rebeflorte siuriagetier odsrininkitey

a8k the pulverization or classification step; during the
surface cross-linking step; between the drying step and the
pulverization or classification step; between the
pulverization or classification step and the surface
cross—linking step; during or after the step for filling {the
filling step) a container bag or the like with the
water-absorbing resin, obtained as the final product at and
after the surface cross-linking step; between the surface
cross-linking step and the filling step; or the like. In
addition, the hopper may be installed at one place, cor at
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]

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
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in the final product is preferably 200 to 600 y m nore
30 preferably 200 to 550 gm still nore preferably 250
to 500 mm and particularly preferably 350 to 450 g
m In addition, the particle below 150 y mis
preferably as |less as possible, - 49 ii and usually
adjusted at 0 to 5% by mass, preferably 0 to 3% by
mass, and particularly preferably 0 to 1% by mnass.
%ﬂéﬂera'mree %éf'ﬁoﬂﬁécﬁ' ke pﬁ%{fﬁ{aﬁﬂ: o£r£§§ 8ft$‘¥'?&1 898 9.
mis prefera as | es5 as possi bl e, usua
aﬂcﬂ&ml@@datlédletro 5%ty pasduchlipn emetlabdy r@lE(vaB% by one
G Yy _Rr rably 0. to 1%Db
RS e R L R HR o8 EBE Rttt Ppt i g o
dicat St@nim@mhﬁw@tefea]@hbybﬁej ratsif. }_Qfﬂﬂd@f QuAliLahBee&fter
referably 0.27 to 0.37, .and still nmore preferably 0.25
F5E Gresigs drr ARESE TASASH | T et ASES T80 Relied 27
t9 tBegtandard ety Ole @Rl equkbdl By dgRedide
e o cgeane pa%ﬁp(ﬁ?/et e L Rasbd, By [0%185]@1
M&ééoﬁ@eﬁté?lltmco{fhﬂé& SWSIHETY Fani be(m)yained stably,
Qﬁﬁfqrth% %@%fggégﬂgency agai nst non pressure 15
(CRC) for a normal saline solution of the
W@@@ﬁ]absorblng re3|n pomder substance after surface
9SS, E%nkb%gthand %t a 0 %enafter transportation is
qugp o Yor h|g el 3 R&n TS 5 ghe ABELP ency agai nst
ndma-rried eusdapeRC) of the wat er - absor bi ng resin powder

substance before surface cross-linking is not 20
espeC|§F%9 ium%iﬁ? HH? Lhe patprapBFaBPYyNEqigE i Bwder
RivgReknckhainb egipgacfgle_qapﬁ@{@@@t Al 416] £528¥¢R18%hape,

di sposabl e di apers, where this water-absorbing resin
@@W@@ﬂssub§ianééhﬁ§l9§éd8hah%sor@ebédy f |apteeorcalhehape,

ke Ll Ff oAU n%és»{%g&@qpﬂach%bggﬁg%%g%@m ek

SUrfdce ¢
@ﬂ@SShd@mkpn@ygsnpﬁeﬂEﬁablya@ﬂm@és%@perthmgheampmaﬂreZ@r

[ustl Haf e PLelerablc el o of bl gher, (hen 25
tHan SOa@dDe; rafar ew el Per oL MALe i ithe ahsen bend the
%E¥;ﬂ£¥% Egglﬂégger They may be a sgingle particle, or
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 with
irregular pulverized shape or a granulated substance thereof
is included.
[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 gm, more
preferably 200 to 550 gm, still more preferably 250 to 500
um, and particularly preferably 350 to 450 um. In addition,

the particle below 150 pm is preferably as less as possible,
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absorbency (CRC) is the better. However, in the view
poi nt 30 that the water-absorbing resin powder
substance can be produced stably and obtai ned at | ow
cost, this absorbency (CRC) is preferably equal to or
| oner than 60 g/g, still nmore - 50 preferably equa
to or lower than 50 g/g, and particularly preferably
equal to or lower than 35 g/g. It should be noted that

AR dt H8uRT 9eRd L oventdon, 8bsorhentcy aga 5
ﬁon-prgssu?e (%IKD IS s?ng%yﬁodgfas fﬁegkgééfﬁP%E 9&%?3
beassp at PERCLraYabéyrefefertbly laso Q% by sase. Still

S...[.0 - e f S cy agai.n
RR8 A DREl o e RAT TP Ok ] B8 Y 393 M ey v
resilaspasdppssiubitancel vissapngpad edstMss WeoB sty snass,
wat er - absor hi sin powder 10 substance js neasured.
?ﬁ?geﬁﬁgzy-gbggrggnéyr P Hr pddErat shpstamice Rrefspebly 0
i T06 hiksknN  aL bagh 1MBEke s 0hn AQPWRNEN aftabhi Co ¢ ) of particle

(60mx85nmm),. This bag is imersed in a normal saline
sérat FédatripPrRiant dfiperafarerad) st et &t - 205 t2@ - 4%r TRGe

@rg%gféglgfaﬂm thie. Pag Jy %LElill?Lde?g @P@f@yébi£t§.ﬁ to

centrifugal separation 15 apparatus onpact -type
Cerbri fgafos dferst o sappgagateshodepdet - 4 ypethddt 123 ng a

nuf.actur.ed by . Kokusan.Co.,, Ltd.). This, . centrifugal
SR aE s SR SRR s s Pl B Harp g oo s
PadpBl €256 r XEOABA-ARS2P0f{ DF03. M nutes. Mass W2 (g) of

tgﬁ? gag thereafter is nmeasured. On the other hand,
dPRPPar 20 processing is performed on the bag not

qapRkairpbAgyt hercWakeE-abseI Ping Feeis ggwi subst ance,
and mass V% VV?hereof is negsured. sofLency

agai n3t herRYR ke ((ORC) abBsrbaneul ag @l we condiong sso.re
{ e ok g, Bt eoal e el L0071y 5 Lo ngon. L OFF
pees e deAAR)b Absnrdelit y ragai Miste pressl an KAAP) ahdrstall
Pﬂggemrltfggé itq_%nsportation is equal to or higher than 15 g/g.
Absorbency against non-pressure (CRC) of the water-absorbing
resin powder substance before surface crogs-linking is not
especially limited, but, it is preferably equal to or higher
thanl15g/g. Theabsorbentarticlessuchasdisposablediapers,
where this water-absorbing resin powder substance is used,
absorb body fluid or the like well. From thig viewpoint,
absorbency (CRC) after surface cross-linking or before
surface cross—linking 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
that the watef—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
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30 solution under pressure (ERT422.2-02, under

condition of a l|oad of 50 g/cnR) of the

wat er - absor bi ng resi n powder substance after surface
cross-linking, and still nore after 51 transportation
is preferably 15 to 50 g/g, nore preferably 18 to 45
g/g, particularly preferably 20 to 45 g/g, and nost
preferably 20 to 45 g/g. The absorbent articles such as
drepesabhe dyanerse derdydhichameber gahsoibl h eIl arly
powder 5 substance is used, absorb body fluid or the

Hﬂ@§ﬁﬁ§M1Y'$ﬁua%ﬁﬁhPa5%@“ﬁb¢éénﬂﬁbﬁ/§bsoi%éﬁﬁyﬂébgﬁﬁ§ﬂ6d
Surs i rb it f -
Rh&t 1%(??2’% aBFeQQEE %ﬁ‘%}“&ﬁ%ﬁ f%{b%)lo etn%g,f against

swelling u oad of our “for a
Goevragssours SR Lerswiorsodiuma e Hlres ezl 1ing shoubd de ,

not e hat ereafter i.n Exanpl.es.of the present 10
s pos R A i s L R L

qgiomiglear |y  except that the load is changed to 50 g/cn®.
[0099% (Liquid perneation, SFC, between particles)
Sal i ne MG Y PPFOT e ERPPELIPEMENT B OE6 USEC GRS /

1ol ). 2, of 6F BnE9%R by DRSS HOT AR rSA i NEoie WD s tance
solution, of the water-absorbing resin powder

dgbpranesets dMams bl sHohhag whtqurdbperpeayiorsim powder

LLi g - . . | |
e e DRl L P PP IR U SR
salowe anclke 1 natelr ahiserdylng inesimpowder o$ ubstaeteen 2Zdbric
to_h t.he. hji gh liquid tion. SEC of -t
PP BB o P RS LA TER 8 g e M on
eHiessa Lenfedapatyacrylsitedaet ds@Esatt) fokasedinutes. Next,

mater-absprbin& resin powder substance) is preferably
¢4d & Pe9 1ot Prar§er 'R haild BBt (3R Al 1§ uonbrggparation

%b%%%%%gkyuggoh%a%gagygéLgﬁ%Q@%ﬁﬁéPgé%ﬁra@ﬂgn%gﬂératus,
nore preferably 30 to 500 (X10-7cnBS.g-1) In the
progsdnt: vicrv diit 1 4, npagdaséurhd hnKekabahiGeear L@l bci thpis

Vil e, RN 2800 SEELEASESL SEG LA Mlger canaipion
ic€ pebfor@ed Xn9.&8dcoy dancervs hi e sSFQUA estiAdgardbeche
%ggu%%eﬁ%é%%i%A%%'nﬁa% I%%RO] On the other hand, similar
processing is performed on the bag not containing the
water-absorbing resin powder substance, and mass W3 {g)
therecf is measured. Absorbency against non-pressure {(CRC)
is calculated according te the following Expression.
[0097]
[Expression 1]

CRC (g/g) = [(W2-W3)/Wl]-1
[0098]
(Absorbency against pressure, AAP)

Absorbency against pressure (AAP) for a normal saline
solution under pressure (ERT422,2-02, under condition of a

loadof 50 g/cm®) of the water-absorbing resinpowder substance

after surface cross-linking, and still more after
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It should be noted that, in general, AAP, CRC and SFC
tend to be contradictory, but, by adopting the above
range, - 52 Yl the water-absorbing resin having these
properti es balanced can be provided. [0101] (Misture
content) 5 Moisture content (specified by reduced
anount on drying in heating 1 g at 180C for 3 hours)
of the water-absorbing resin (the particulate

wabekpaksathbndi agsat fe oDt B ned + o spakhy, 'Iﬁ'ozpé gz%rf%qla)bly
égual to or |ower than 5% by wei ght, "nbre r abl

ubP 4o 99| BABELenhar Bromie iasiaghty, 20k aﬁEngig acmﬂmpst
f 1 vPeef erabl 4 h 0.b
ScvBtab pref a0l papal 1ho 9f IR LNALO DKoy o
weisgmsablesdzzmm,ewaﬁfenaeathialwamag:—aarhﬂoeMam@cra@m powder

orbing spe roperty. after. transpor i on
ROPRkARRE, TRCE0RY AP ol i RavRRe Leke hean o
appuopr bat aobydadhuast Apgo Heah ¢ N0addi €oNdidd KM (z2he)
gdltlon amount of water as needed. OlO%& [Features

6PSCRECPFEsemt: b :ngént PEREIUEIRL 1T ardepp korsl of 21 g/on’,
wat-el - RhSOr NG 1eSign a%fa@fo%eso%e%énl b Pkedy Qi coMalant. .

bond or surface pol ynerization wwth 20 the surface
tossotidhliengo B atl i lyed ¢o per rat Fowmp be eoffance g riement

aggﬁ%alca%ﬁ' Y b1 L) (0L 5,00 & WL % HBS kAl i1 a1y
meati on i nprover, separ atel at'is, as pre aple
aspeptsthet)thhelsadfasechangedltnkS@gg&géht Wi th

%ﬁpg ﬁ property, (2) the liquid perneation inprover
P oning as 25 a spacer-like (steric) or an ionic

qmqmal pkirnga8gent , sfd) patkubhigaptidpes)ip property
rover) is used, and still nore (4) pneumatic

transﬁé#ﬂﬁﬁl%H“V§9%ﬂﬂqtéﬁltpoi@%fea cgasdamed bpREE as
t/ag 1pr oguetd %H%Wﬁgs%%ofm 39 i E@ ah&gbégesoluuon, of

wat er - absor bi ng agent (wat er-absorbing resin)
the water-absorbing resin powder substance is a value showing

liguid permeation in swelling of the water-absorbing resin
powder substance or the water-absorbing agent. The larger
is this SKFC value, the water—absorbing resin powder substance
shows to have the higher liguid permeation. SFC of the
water-absorbing resin powder substance (a surface
crogs—linked polyacrylic acid (salt)-based water-absorbing
resin powder substance) is preferably equal to or larger than
10 (X107*em’+s+g™'), more preferably 20 to 1000 (X107 -cm®
S‘gﬁﬂ, and still more preferably 30 to 500 (>(1OJ'cnf°s'gd).
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 No.5849405.
[0100}

It should be noted that, in general, AAP, CRC and SFC
tend to be contradictory, but, by adopting the above range,
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of the present invention includes the pneumatic
transportation step for the particul ate water-absorbi ng
agent. 53 As for pneumatic transportation, a nethod
for pneumatic transportation described, for exanple,

in JP-A-2004- 345804, WD 2007/104657 panphlet, WO

2007/ 104673 panphl et and WO 2007/104676 panphl et may

be used. In the pneunatic 5 transportation step, the
RAEt 16 HE AL 8HMBEBI ngPSOs I NG vAgRNEheks bFraPSPOIELbdIR R ed
transportati on pipeline by use of a transportation
Sppakst BsoyAder-1 ow concentration, or a transportation
apRan 3t us under high concentration. In addition, into
the |nS|de of the transportation pipeline, 10

d¥odntary apntestjetted as needed [0104] Size of the
transportation a arat us un con entration | S .
not eggec?afﬁycﬂy éSpana d&@?erduce unt(ﬂl&rylng
dor hespondi ngy ta@ aeoantf@f 3 meumantbfutm a\;'ater absorbing
wat er - absorbln 15 i%ent to be transported or

FEEASpok R i Qﬁ‘ C&. THE TR Tt ?SﬁnEl? stoddne

e&ntaheypegtpgefefebwt&gu@pw QJIch)w@QeBBahSS%«‘W wllg%@
by adjusting length of the transportation pipeline.

Thaepp et 4 bk retRddt @ rt hewpaittiagup aky welght. Certain
\é{%glgtag%%g'tag ag?@%&g@%gfe&@?rﬁé NG Mt e 6] evant .,

erabl present invention
WEl@hltretm@Jde pirert eaedhiliyge qurel tobe T cente tmeime OslSi%pby weight,

G L S T N DR S
@Jﬁ:@@%ﬂtynkfﬂgra@ﬂﬁsp&ﬁhﬂtdﬂﬁadl quidd uspeertabf othe moisture

I nprover. Therefore, the particul ate 25 wat er-absorbi ng
5@@ﬁ€HSUF%Yﬁeﬂp%§f?ﬁ@e%FﬁHﬁE?F%ﬁrh%Fﬁéﬁ’%@Ju?hen%?e§@ﬁﬁg

erhadreRt o beraUSRAPT i BReaRBGRL Obra L BYLT 2 9T neddi&y sl 1P
property inprover at the nost outside, that is, an

dppésilte side of the water-absorbing resin present at
{8 BRI DR RIURES LIy 0 roistre
t he pﬂEhB&ﬂbat&uswﬁberﬁﬂﬁﬂﬁiﬁé@kéﬁﬁﬁﬁbhﬁ@ geedn surface
g%g%gtggn Q) E%vggentbondcn:surfacepolymerlzatlonw1th
the surface cross-linking agent, liguid permeation is
enhanced in spacer-likely {(steric) or ionic way by the 1iquid
permeation improver, separately. That is, as preferable
aspects, (1) the surface cross—linking agent with covalent
property, (2} the liquid permeation improver functioning as
a spacer—like (steric) or an ionic cross-linking 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

particulate water-absorbing agent (water-absorbing resin)

of the present invention includes +the pneumatic

transportationstep fortheparticulatewater-absorbingagent.
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transportation, and has | ess attachnent to an apparatus
or - 54 the like. In addition to this, the particul ate
wat er - absor bi ng agent is superior in |iquid permeation
due to having the layer of the |iquid perneation
inmprover. As a result, the particul ate water-absorbing
agent has small 5 decrease rate of saline flow
conductivity (SFC) caused by pneumatic transportation,
apd fSr SYPSRMSF i & ntgaﬁgﬁsrt§@§b§$ apCeethdt NeJn plkedheic
production nethod for the particulate water-absorbing
dgems Howdedl-ogbde? o Hge d e diow) exaipide ipr E8emt2004-345804,
gV , pLES [ 0 0
A IR i S R L o Tt S
By (7et1tidreg €s epemghilgtaimay ntbe t heednsi dé@nof thhe pneumatic
transportati.on i_pel j.ne. 105 It shoul d be noted
REP R Fhudh BAPRLUE ot et e eV hRE rCRParBInS agent
val efrahsoidaty ageat teantpbhtHgidheph baui de ppimeaki @F -
&gprover such as the pol yval ent neta? salt or the
PEPHSHEIRe IRRREPEIT | BRESTad®™ heOpr ot orn, or a

methagto e eforaphd r 4@Sss dudeeyenedp PaRLEAULARE o In
problemin a practical production,”that is, a pro%fem

eilddédiosasérnicn thandpoitat PéntRe propepeyt{iderr gaigeliime,
%%%%%%{a'ry %), %%Cg@&%%)ﬁ' ﬂg w.thouse of the Iiquid
perneati on inprover, and decrease’in property
dddddgdanyi ng with transportation after mxing the

liquid, perneation inprover. In particular, in such |
prope%?fe dg%regg%, LY YBdtdy  epPaperty dﬁ&%@és@lgh
fooemca tirakabat 98 Yo% dise & Qi 16aNted, Nahhel PreseMni ned

i nvention, by gassing the follow ng gneunatlc .
CPIFEFEPPELREnt St F Ukfe Hedbe PArtpreduks ivwatgr mhporbing

deehease Lo pfémswtgfgbﬁg %QBB%F%%@Qt%Xﬁndiéﬁaﬁ% 9€ rne

scCal e production. It be no that, proper

thensactitedlisted hat encabsbdibienga agéotl & beliveates-absorbing
BRET LY PSSl aPLOBEt S Bcte,Prodicllon, S e .
prigeerty .at ame i piredmwdiiane st€podn dhe PioOdyctdOrulate
%%%%rgg%s%%%agguggght (water-absorbing resin) relevant to
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—-linked structure, after
adding the surface cross-linking agent and the liguid
permeation improver. Therefore, the particulate
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
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
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- 55 property after surface cross-linking or after
adding the |liquid perneation inprover, in particular,
property before carrying, after adding the |iquid
perneation inprover). [0106] 5 [The pneumatic
transportation step] Qutline of the production step of
the particul ate water-absorbing agent relevant to the
present invention is as described above. Explanation
Whil b6 @i ven next ofgifigon LT aHSPeREat i op et ticulate
relevant to the present invention. Thé 10 present
MW@ﬁrﬁbﬁorbmngh@gﬁmbdm:tatmerrmm@d biquhe permeation due
t orpi.ng.resin incl | |zat|onste
s S b e A
dryeagltstepeoparhEChydt@g@étﬁﬁ%@%ﬁﬁrhﬁﬁgﬂagﬂhﬂrhdduzmall
gg nerlzat% steE anglthe surface cros I|nk|
E5°P8F LarfaBt 18lirssElPyY nke MY EHe Paf t § SEH atcé'msed by

patafm=ahsor Biragspest At 0bh Al Ngda i Nst heygyidW StfP.damage
I ncl udes the step (the pneumatic transportation step)

repighanrati c Trddsdor timgthRe pWUé?rt—lai’@sdﬁ%t‘rW r é8rnthe
t I
ng%uig% @QE@rggﬂsééﬁfg%z%r@&?&t (i whHEP-~ awsoa_»f égfrlfg%n

W th a surface roughness I nner sur
of eheapbreecdt snuéheionhant 8OOt nvf the usiguprgas nwierit ian

oi.nt  of C.to_- 0 t hi s, et hod opert
BPUenBS hndoes 55 bitag v et hochnt bb® shRaneeat Rozo 7P
BiygietZ.iirsy aescheany iad rvirevs ohe d nprelen®t ke transportation
transportation 25 apparatus 30 which can be used in
BhEenB&di nent of the present invention. The pneumatic
trpapsportati on apparatus 30 has a pressurized tank
hopper 32, a transportation pipeline 34, i peline

for thé sheshdaby aptednsbashows) degoribed ggovea val ae

{8t By aeeonian abeoibuytn o nerm Al h.  The 30
peppeatleﬁ wviar ¢her vakhea 8 TheByotl heatenpmessdr s38f or the

gégﬁ}%gg&ug{lgszgr&%fS%ﬁ%%g%ehogggr t%ze %%rc])d%%tlon method
therefor, itwasdiscoveredaparticularprobleminapractical
production, that is, a problem of 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 such property
decrease, ascale factor (property decrease froma laboratory)
is significant. Tn 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
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,
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Il the conpressor 38 is connected to the

transportation pipeline 34 via the valve 37. The

conpressor 38 can supply air of the transportation

pi peline 34. The secondary air is supplied via the

val ve 36. The secondary air is supplied to the pipeline

5 for the secondary air via the valve 36. The

conpressor 38 can supply air (the secondary air) of

bhepkirpel bFe ch-okut-fe ceSegeREANY ndiihg bR Biffer?ad@N@qg the

conpressor 38 is drawn, but, the conpressor 38 mmy be

érlésléﬁltP?ﬁm‘ﬁﬁltt@%lJénpqctv%lhor}lndpﬁetlﬁ@ 24, tiherpert Hed e
y h n y S ly

an% ?gﬂﬁét EFQeE Eq38RQNEARLY @ ﬁéao?g%:ﬁéé?@{o& 1 R A-PUS)

|mte to"the met e present

- éAbodilment. [0108] In the enbodi ment of Fig. 2, the

aﬂﬁunatic t%ansgortatlo aggaég E 30 transports t he
S

8 ranspor
er asor Ing resi tance froma

recei @unglheppﬂ #l0e t prbhecsteha%dppp@er thé2.pah@riculate
exa assuned is the case where the gneunatlc
FELR pépﬁﬁfpéﬁga%%%?%t{EQ?ﬂ?Qﬁaﬁﬁeéps &h %%%%r%ﬁ?ﬁ??%ﬂ“ is

Rer feshiknged stH&Pe X A raARRAkALUSLEOf 1 Pef o % @ne
step Y. The step X and the step Y are not especially

transearthecnmedihgsl r\elqurh‘etnéiate steerof invensiap. XThe
kgeggh% Cageenthohhe jfec 1d ”%J&P&e{o F0nddifa ok:)ff the

ter-absorbing resin po st ance generated
waeesPepsxrbsngtrmsmh i ladtirtg d@he pohemmaieata@saﬁbﬂngf

' wd b t t ted, b th
EPEnRRRP T St Woplf atug a0 PatLEBraN T NG o5 6t Sygas
Reppes £ Ahaangdsugplli 6l fife t hdtstiepdYinThad goelynigtizbReon

present enbodi nent, the hoppers (40, 32) are installed
aFeer t%@dsﬁ%ﬁ5Xsuéﬁﬂcéft%ﬁo%qﬁ;%%ﬁ¥wlaE§8Pb|%@fr@§ﬁﬁace

BPWHEL 1 i SUPALANEEA St SLAT AL R LAL$H HOPPEL 4 EEE?n%‘b% 239€d

step) , this™ water-absorbing resin powder” substance is
pne unee | alyilyg30sterans poctladesi athde steans polne apingnmatic

PLERLLDES 34, (LTS BORITTLLS LLANRROTLEL Lo Lemh pBr
wsteteabdomb1hb&dﬂﬂﬁpﬂwdéﬁﬁubetnneeg&ﬁeratedlneachstep
inapipelinewithasurface 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. By this method, property of the
water—absorbing resin can be enhanced.

[0107]

Fig. 2 is a schematic view of a pneumatic transportaticn
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 33. The
compressor 38 1s connected to the pressurized tank hopper

32 via the walve 37. By the compressor 38, inside the

pressurized tank hopper 32 can be pressurized. In addition,
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the step Y (the storage step) . It should be noted
that, the storage hopper 42 corresponds to a storage
part in the enbodinment of Fig. 5 to be described

| ater. The water-absorbing resin powlder substance
stored in the 5 receiving hopper 40 falls into the
pressuri zed tank hopper 32 by opening a val ve 44.
Next, the valve 44 is closed to introduce pressurized

&itle d:cmﬁ@réé@omewebﬁﬁect:@a&dﬂ@]@@%&an%%or@xt%ﬁwﬂeqme
of this air( grlnar yair),thewat er-absorbing resin

péwle? SibFraiee3Tn tTlliJée pPeBssaspeedf aﬁn hepipley 232 of the
e %g%gtaﬁﬁbgepggglﬁﬁén§fprjng%gcghagkgn§1§4hs%ﬁ%plled

reac the sto opper neuma
wﬁaﬁépbvahv$aﬁ|sﬂmmmstbhéaeyenrmﬁsmpplma@tatheqmpﬁllne
%%r tb t he resent enbodi t he secondar

"l

OB T e TR o b B0 i [ e 58

@ehfeuppdy é5r[0ﬂ£@]séﬁ&ﬂdﬁﬁy(élknaﬂ$pﬁhbaﬁip@li@éQMﬂﬂ&he
to the present |nvent|on is applied to transportation
SECCREARAL BT abs'dt Bildy 2r e POWISS bStaneedrafip but,

RPAL! E@M%@é@s&’;\@t:@é 1RRSBEDLPYsERET h NG AR Daﬂlﬁ%ﬁtc@ be
wat er - absor bi ng agent) generated in eac 20 of
seépsl that pametbeddror anpet v sug taees asroskily okl ag present

1P I GoLr o] s C I to the
TRESchr RS, ol IAPELAL LML o B0l SEP 4 Dot
emdosipoenati on i s not suitable between the
@gﬁ%%zrization apparatus 8 and the drying apparatus
tween the m xing 25 apparatus 16 and the heating

appar ahushelémbadthdet ween of.he, tHE dnvhaki-on BRRAAIUS 280
and the drglng appar atus 10, ‘because a substance to be

PPRASBOPFed Vi SLABISOOL LEUtthe W abeierbsorkigporestnopovder
RABLS 2B cePREYITES | G dd Ay m@tgeqn 43P, gazﬁsgtdog%asgla bR -

because the substance to transporte
Wat er Fabsexdhmbe « e@wrmm Hubstamrcedhdrs ithea poreymatic

e e PN S M
pveafispoihgt 4 @tedb&,| bhd an apparatus for performing a step
Y. The step X and the step Y are not especially limited. The
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
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
transportedvia the transportationpipeline 34 {the pneumatic
transportation step), and the water-absorbing resin powder

substance transported is stored in the hopper (42) before
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of the present invention may be used in at | east one

pl ace, or at two or nore places anong the
transportation parts 6 of Fig. 1. For the _
transportation part 6, where pneumatic transportation

i s not adopted, a. . nechanical transportation, 5 for
exanpl e, a conveyor or the like can be adopted. [0110]

(A material) As a material of the transportation
pirpelsicee, Yi tris stpieber abby) t o usenstabnbesHtdEehat Thene
i nner surface of the 10 transportation pipeline is

pHeF &Y %Dh| YO e F of 2 f ICRirgRe@onBy tfl sa nBEPBRIEI Piaghi gy the
AR08 ihiCh dihe MRYer sabsey DIR0 188 pRAWIGL ey e
substance receives can be suppressed. By mrror
fiedisshiadgp oo igioai meess speelier dansye suppr essired ef fiecthe

' L] enhangce As the.stainless,steel,
Ssson g B8R I8 KT o e BBt 4 Bpcr i dropper
ﬂﬁﬂl@ﬂopbnih@eapveseet4&nvgnbﬁgﬂmhkhaaﬂﬂasﬂ4Sﬂ§f@m§?é& to
t.h jpeline is controlled to have a surface roughness
(R IR F Pl 67| S B D60 D00 P 6P BGRER Fon brhopper
sml | e pirharu2Q c&ﬁ@@i@aiTBqp%%%@?%i&%%a%éﬁabéérbing
snmoot hened topref erably equal to or smaller than 500
frfS 1o @Y R e FEPABRY Ceduar e BregrushgberanhhnpBe0 38moves
tdd-l . t f~, S t than,20Q0 nm
TS Ty e epr et S b Abs tpE g PR eh 0P R el e
fmprrand 4¥ost Roeestrertdlsl vt reguglo ttatdons ne Ipers A% Iteharv b7 Gy
nm. It _should be noted that, the surface roughnpess ,
PRI Rdans t RBiki DRomHl (a5t e RinFBPgHETED om D ras ing
sinef aceondisiregulrast iyl mbhe, | wyes plricfet-a0f et i P8GR 1 on

r oughness %Rz is O nm but, because there is no big
GoFY EFe ke dpy about 10 nm it is enough by about
1@y and still nmore 20 nm 30 QG her surface roughness

(Ra) can be also specified by JIS B 0601-2001, and
pr ef efallEafalcuet rhespoftisiahsoslatvalt t he Shee pralssat

SR S BEELEAULY, Bl el L6 00 B S
seglingrowder substance (theparticulatewater-absorbing resin
and the particulate water-absorbing agent) generated in each
of the steps, in particular, after surface cross-linking.
That is, 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
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 because the substance to be transported (the
water-absorbing resin powder substance) is in a dry state.

Preferably, the pneumatic transportation step is included

atter the surface cross-linking. Pneumatic transportation

wmm e
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than 200 nm Such a surface roughness may be neasured
wWth a probe-type surface roughness neter, in
accordance with JIS B 0651-2001. 5 [0112] (Dew point)
In this transportation nethod, in the view point that
superior property of the water-absorbing resin powder
subst ance can be nai ntai ned stably and bl ocki ng
phenonenon 10 can be suppressed, as primary air and

%%CQHQ Ye @bt 1ﬁvér§tld?fﬁ1%§rr]§@|1§séc§'alt %rt' edadtrols Lace,
used w point of this aif is preferably equéf g

Pewet thanor E@renpiécgﬁeam@@lyh@qu:ﬂnsmmﬁrtﬂmarts 6

ap.- 10C, I r f erabl to 0 | ower
H28i5- 100 L TRCS BLSSLRLK BIUR, o1 2B 8o
toaespolaatiohb not stdepcod, enmbcpenioalmﬂnnhsgbﬂﬁﬁumbn,

f deM/ int is equal to or,k higher than -

305t ERABP) CeqaaroRPETaF RFQHEF Lhih SA706 aHLesI |
moneopr ef erably about - 50C is enough. Still nore, it
IS preferable that tenperature of gas is about 10 to
46cmagRgisti | nore 15 20 to 35C. [0113] O her than

dri edagas, &%k%kuaﬁe%EeQiﬁ9§u£ﬁf§%ECIaﬁ%% %ﬁ%%llg e EQ'%S

case, a heating neth IS not e
@agfeaab)lyma@/ Use heatededs rotdly. by?hasztrngalaslmeﬁacagof the

gas Io be .pas
% gbfﬁgtﬁcnh% ?&f % tr&%&ﬁ%ﬁtapl i%%?%%@?%r
thés&ﬂ&%&ﬁﬂSnlghEnQDWBmabemﬂchﬁhéaﬁpekahbﬁerﬁinghﬁ%ln
heat ed ga eferably equal to or higher than
peEd ean%%& of et q%\f{ be &HPRIgRERI -t hAW Fderer
FAnaddihiyonr 4hei Mpes dﬁé@ﬂ afamtaaé g@ﬁpﬁé@é%& e%%eca{t is
the heated gas (air) is Ereferabl bel' ow 70C, and nore

ﬁﬁéﬂéﬁﬁﬁﬁyebhﬁﬁﬁﬁgecﬂkig ﬁéﬁaiﬂéﬁsﬁﬁi%ﬁkoﬁﬂﬁép4néﬂﬁ@d6
%9%3&%@ dew,.p Iﬂgk?ggg tLHgffgéébly air may be dried as

appropriate. Specifical nmet hod for
[0111]

In the present invention, the inner surface of the
pipeline is contreolled to have a surface roughness (Rz),
specified by JIS B 0601-2001, of equal to or smaller than
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 smalier
than 170 nm. It should be noted that, the surface roughness
(Rz) means the maximum value of maximumheight (pm) of surface
irregularity. The lower limit of the surface roughness (Rz)
is 0 nm, but, because there is no big difference even by abeut
10 nm, 1t is enough by about 10 nm, and still more 20 nm.
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 1s equal to or smaller
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using a nmenbrane dryer, a nethod for using a cooling
adsorption-type dryer, a nethod for using a diaphragm
dryer, 5 and a method for using these in conbination
are included. When the adsorption-type dryer is used,
it my be a heating regeneration-type, or may be a
non- heati ng regeneration-type, or may be a
non-regeneration-type. [0115] 10 It should be noted
thah 80 HrEWaah SeEF £a81 08 f 83kdab, 1F00IRT S0 bk difller
preferable that dew point of the gas in dried state,
ithapakPPcunar Sdel pobutfate mugineds @y be MO red with
st T 4 70C Lt h e .
Ao iR o PR F i e PO TR Biieh 18
$t avel-andlsetting at 15 extrenely | ow dew poi nt of
i@ﬁgl]to or lower than - 5C during transportation, the

@-absorbing resin with high property is obtained.
Thaty ipsinkn the production step of the water-absorbing
resin, difference of dew point is equal to or higher
t han 38CthpEFERRBPYLFRLEOR AiRfdast 35 the1vdey pohiandat
mRpe rR6ef 85 abby-Bp 1 1200 JALL6], 1 I8 TR of at-yx ey of r
powder substance)” In the present invention, tenperé%ure
sfibshencraten-ad goy it veak st apdwd e ndslubst e ffttedremencn

tigu ter-absorhing agent) to he supplied .

?%Eth% %ﬁéﬁg%gg?ﬁ?i%él%ﬁﬁ%ﬂﬁ¥u§ i's Bge%%?aBgﬁf%qﬁngﬁo 18
prelficgher et hlant 30G edraie ipnefet.abbDyweguaht tof ehibighers
thaﬁ 40%1 and st%ll re defer Blly equal to or higher
Phan *86€! Yt hPATABCT t-émper at tr " UfS PRETerably equal
wat ek~ ab&eF b mgh ueSﬂchcnow:szrl1sme§tea?§§f§9ampeequa1 to or
particul ate water-absorbing agent) to be supplied to
tRESET BR3PorT thd 1on Pierinkd cal agduapredeorb by ghaiak hanor
RLGAS! RN e JRIPERAL VI &y PF ODRI! YIREERARELOM o g o
61l parti cul ate wat er-absorbi ng agent can e
sepresseds e@pecithi wahligheirtthvas -si@fid,i paafeesbbgtecpal
%%'g}ahgbﬂgr than - 70°C, and still more preferably about
- 50°C is enough. Still more, 1t is preferable that
temperature of gas is about 10 to 40°C, and still more 15
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} maybeheateddirectlybyusingaheatingmedium,
or gas (air) to be passed may be heated indirectly by heating
the transportationpipelineor theapparatus. The lower 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
of the heated gas (air) is preferably below 70°C, and more
preferably below 50°C.

[0114]
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property such as normal saline flow conductivity (SFC)

or the like. 5 [0117] Tenperature of the

wat er - absor bi ng resin powder substance (the

particul at e wat er-absorbing agent) to be supplied to
the transportati on pipeline can be determ ned by ,
nmeasuring the tenperature of the water-absorbing resin
10 powder substance (the particul ate water-absorbi ng
agent hsah céfer&NtiantR ebrt bee tdangReniat 598, RiRetdNg 1y
Here, the "entrance of the transportation pipeline"
FEdNSaY R déedphe r@icpatti ateom dheehfipelly, a methed for

W@ﬁfﬂfaQSQEQﬁH%nkﬁs%ggggyd%rIn f&a%gg éhgﬁgglg cocling

particul ate water-a I ng agent) enter
ttdargpdrivat-itopepil peet ne hethpddiumatstnyraadspphtatinaicyer,

T u limt of .the tenperature of the .
ot BBEGeH: RbTr 85t hI phade: LCuetabie (There included.
Plavehni ¢hkadés wapief orbsgsdidiyagest hsks, NOM=6SPECch aldating
limted, hut, too high tenperature of the ,
WEOEFEZRE APy PPe STMPORE M RUPSEErdY (1 FRN et ul tatre -

20 wakehrabsenhing agenh)ieauldpdecrease property as
the particulate water-absorbing agent. In addition, it
rf@ddiddes a | arge amount of energy to maintain

t enperat - absor i _n esi owder .
subst ance (rhe hareied crat BR e e e sdeat
hicghmeesper atiw preFeoabdl bdadmt28evievipoi pifsthd enppet atdiried

of _the water-absorbing resin powder  substance (the
BB B BRRERE b o drt: R RBeRE ) hto B el 1t 097
the linassportoat b om 4@ .pefrhae i prefier pbk¥cfgUadlpl it tQlon,
| ower than 100C, still npre equal to or |ower than
95C>Chhd ot t ilciitardey Bperkribldricglarate . ornd owrt itant
Q€A 14M Addictd 98 nt SEPEL LS of ]{o&%r‘“@ﬁ% ~AbsOIPI NG g
resin powder substance (the particulate

wapappabseitbong Hyenafeatabperkekny resfintwiech high property

SRELLA 00 BELI D L5;ool Lol aNer ane - e
water-pbebebabbyregiml dof rrdrighert Hhanpb0 is equal to
or higher than 35°C, preferably in a range of 35 to 170°C,
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
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
(the particulate water-absorbing agent) to be supplied to
the transportation pipeline at equal to or higher than

predetermined temperature, property decrease of the
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[0118] A nmethod for controlling tenperature of the 5
wat er - absor bi ng resi n powder substance during
transportation is not limted. Preferably, a neans for
heating the storage part (a storage apparatus) such as
a hopper or the transportation pipeline from outside
maybe used. Preferably, the storage part (a storage
apparatus) and/or the 10 transportation pipeline is
spheamrhnaeed. wkobreXo8Plein®y afddtaNtidl) HLCORRRH rRIsRed.
at the exterior surface of storage art (a storage
apparatte}lindAdr bae elgndpécent cﬁ§ eaﬁd ohakiadg tedasdny
h r
P Be Bs o Bl e et e D ohaer S uba g a1y A sre) or
fmhentakaed 15 at equal to or higher than predeternined
&oTE? ature [0119] Preferably, this copper pipe is
und-around the exterior surface of the storage part
(a sto Iéﬁgéraﬁﬂﬁéatuﬁ) anel/ oratde-addanspes t atdsdm  powder

i ne. deMIcondensatlon i s _generated 20 inside
RN A RN e Y e NN

éépﬁl@éégﬁoa@]@@r@i#ﬁépoﬁiéﬁw Of i€ an be determined
wat er - absorbing resin powder substance to the surface

BY TARSHFARgpbRe ot viepe i Pere el dihaggrtegatitew rbiinghgesin
YRLaL: ahSANING. 1AL, PR o SURSLANEEOURY ACHHn.) ac

erefore, in VIGM/Of suppr essi ng
ahd suﬁpa393|mgftt&eewrathQIMatromhglpelansporﬂarepnthe

L pel he f. th bi
PR R R Bacr cubaT ances T ki | GO pr BEER bl bhe

phatphheal ransp ertbat wmc]pltp@ waecandhobrbheg Sd-0rAgewder
part éa storage apparatus) are heated. As a heating 30

ﬁJéPﬁB neg (i BsC ikt Weéara%wrﬁayg@éje@&dp@%ﬂ# ghe
t:?an%@fr%@%ﬁ Esﬂ?élltrhee foapaRaht et & ot MR8l 4Ne apd/ o'i“he

he storage part (a storage apparatus) are heated t
@apar tionit og3thertenphertutrw 50 vaarfdemlc@qsrkeﬂm abbyn

Giok LA D ANSEng AN, 606 A0 L L BLELES S5 31
ho\neesphamalﬂ)@Cllﬂnmtaddlbubn, too high temperature of the
water-absorbing resin powder substance (the particulate
water-absorbing agent) could decrease property as the
particulate water-absorbing agent. Inaddition, it regquires
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
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.
In addition, temperature of the water-absorbing resin powder

substance (theparticulate water-absorbingagent) at the exit

of the transportation pipeline is equal to or higher than
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it is preferable that the transportation pipeline is
not 5 exposed outdoors, in view of tenperature control.
In view of controlling tenperature of the

wat er - absorbi ng resin powder substance during
transportation, it is preferable that the
transportation pipeline is arranged indoors. [0120] 10
(Li near velocity) In the present description, "linear

\BeleaGi tpre fdyhirlat esqudVvi fdo¥eheghty @hahheoec, and more
wat er - absor bi ng _resin powder substance, and

aRFLEHIIA Bjivehe toare Qégﬁﬁﬁlﬁﬁa@eﬁgcpty of air.
Lariggness of this linear velocity is neasured along a

15 longitudinal direction of the transportation

pipel@ne naeod | i fear \aﬂnﬂﬁQ%ﬂﬁng'catemp@r@uqréorcnf the

I
S Rpostr T e et r B AR e s A o

drdndt Viidiinged hi gregasabed, ValdanByfoenmess-isecthenalorage
ar ea of t he transportatlonsﬁlpellne As 20 _shown in

BAGE 221 i PedradRl GARRF a3t he SRl erd bsor BPRESFes?h the
QM@@&%&&%&%@&H@@&@B%B%Q%@}b&ﬁb 8f.thee ferably ,

transportation pipeline is referredto as initial
thgearstyalc@E t papt. 1@  dddindgosn, dapvemtusd ocind/caf the

te”rﬁvg%to?rta%% rpﬁgglaﬁa' B poynder, tﬁgBapancﬁe tegg?n%le, by

Em o transportation prp
ﬁeﬁ@mge@qta aspper it di rder evékodbtysiyfata @fusﬁﬁnnge
transpgrtation pi L velocity tends to

R o e o2 R PR REaF F UpbsT CH R Lo e LR T i ofend

e ihrasspant phsanmpmél thes dhspef @pe ) Ndiee SaiBe of
transportation pipeline, termnal |inear velocity
S enfyHer e %WiFﬁﬁﬂ%Rﬁ%ﬁe%éubéF66??Y*V&beﬂﬁﬁntalned

lé%“@z'qb)élt %rrb@ahlbh%aehxﬁl BELhYE Mymk Seli NEemPBX
linear velocity in the sanme transportation plpe |ne

[[@128] - 64 11 it !l By decreasing the initial |inear

Ve' OC'pE%fgﬁgsg ¥y iﬁ%;)sv@%%?f’?‘?%%r k_)LI & aroum‘:’l\%%e exterior

subst ance
surface of the storage part (a storage apparatus) and/cr the

transportationpipeline. When dew condensation is generated
inside the transportation pipeline or inside the storage part
(a storage apparatus), attachment of the water-absocrbing
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
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
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 egqual to
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speed of the particles and the transportation pipeline,
or collision speed of the particles thensel ves
decreases. By 5 lowinitial linear velocity Vx, damage
the wat er-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
%quﬁhgh@rofhé@%ﬂ"d h@'ﬂd7mmr§ pFOf & 2 Bf /IARNY t8AYRIh Irer
or 10 | ower than nore preferably equal to or

It&wer 69 had gl 1hris Plé%ﬂeh@?be 5 etla%ulppeewlaimr@oérheatlng
L QRS ERRR- 2 :Lgieéquéﬂ t Qyrd Ef‘rllz] SROHp@brON 1 addition,

eff1ciency, mitia I near ocity Wx is
prtefl@r ablof cggirdle ttdhadr ﬂheghe:rartd;a:rrt&tadﬂ $ipdlGH22]ilmot

decreaS| the t erm nal i,near ocit f the
Per—a ggFglng f e$i n" potudt é%‘%ﬁﬂ? 856(6§P¥¥8Ee) In view
ﬁoldoﬁMlﬁ@%@efmmrbeEﬁ& andtdhebsorbing resin

transportation eline, or collision speed of the
BRMEEE %éb%fr?éﬁ%ﬁ@e&ﬂa scpagoes tapiony Gy tePreAaIrabladaat

\tﬁleO%Irfa)&s}é)émtgﬁ%aepﬁﬁel\%beELsaQ§959!_:188 2Rab&8L N powder
subst ance receives cah be suppressed. In view of

dUppPdssing property decrease of t hewat er - absor bi ng

es p r stance, the termnal linear velocity
éy Pgarp?e gFéE&? equal to or lower than 15 m's, nore

prefeﬁabﬂyepeqaahtkﬁmmndpmMant?mmméarnbsocand”mm@acates
ref.erably wer than 12 nm’s. In view of

DB F PP - R Biths ot R POHeAF S ubetanos,

\-aaldocsﬁlysﬁé/nﬂﬁalplfsefehéms)én%quﬁk evahg haharithapr7air.
nm's. Sup of secondary air is adjusted so that the

%eFﬁffﬁﬁPﬂ .CrfeaF V8l deindp vy v HERehEs aﬁefr@rwl@c{/aahenq a
t[l@%%%ku%@né@'@i?é@fl&{ tfhgh@'tri%l gjpon RASH Egi {é ofThe

he pipeline I1s determ ned corre |ng to ctlon
eapaeirtyeleeaty s ¢l pakbitedblipr ex@@lebwme@smm@ air

290 o Bb} RS LFT BN o0 40 200 T 20, o
flow meter or the like, and dividing this measured value by
crogs-sectional area of the transportation pipeline. 2As
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. In
addition, linear velocityof the water-absorbing resin powder
substance at the terminal Em of the transportation pipeline
is referred to as terminal linear velocity Vy. In the same
transportation pipeline, linear velocity tends to increase
at the nearer position to the terminal Emof the transportation
pipeline. Therefore, in the same transportation pipeline,
terminal linear velocity Vy is higher than initial linear
velocity Vx, and usually terminal linear velocity Vy is the

maximum linear velocity in the same transportation pipeline.

[0121]
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(Length of the pipeline) 5 To prevent bl ocking
phenonmenon (cl ogging), the |onger transportation
section requires the higher pressure. This high
pressurization tends to increase the initial |inear
velocity Wx or the termnal linear velocity V.
Therefore, the longer is the transportation section,
effect of the present 10 invention, that is being

capablsg Ofe SWRRMASSSIIG kg Hikit '1q|neaf RRAN el 0gj.d >er>&he
or the'termnal |i'near velocity Vy, econes the nor
oBVEsasbspePABp rerignpeiniler wbwp@nne (peattalc legngtdl lLJtSlon

e 1 r e n_the one
t%gﬁgpoth¥éJ%£§ec |on6%?%gh§tkkgﬁ ?%ggég é&p e
bpaﬂQBQDMaBpeedseﬁtthﬂ1paﬂilkﬂemiehﬁmﬂaﬁvpeiﬂécf%agés. By

rans 0 I on sectian) jis referably equal, to or
HEROSREHAR BOMTHE SHRErr s et BRBRAG - St 4 Beorbing
E@@gﬁrpbhéérléﬁbéﬁaﬂdb‘ﬁe@@1@%spé§MQﬂi%ﬂ@pQEQ%EHngI%Qv1ew
phenonenon, or decreasing the initial |inear velocity

99? PP EARS { RTPBRLFY AERT PPt e Witethebperhing resin
b%%fﬂ stébgtsdncrg ef Rt @Bulﬁgqg.neta% R Shard ek &gg_@f@zﬁ;@t%hbely

For exanpe in ment shown I n
equall rtengufhlpweof thhe 7tmanspovtatpiont@igel ¥ reeyisl to or

I | engt h_of the 25 rans| portation pipeline .
?%%% iagngg% t hnr(leoreen’r?oroleft ofeq}%ﬁillt i ?ggjeower %Em 3
pMeunathmbranﬁp@féﬁmbrwléqumpiﬂfsﬁruba@rlahah 2 shith. agn

shown , total Length Lt total of_ Iength
V,}F%ff')f hé rt%\%) &PMGE%%?%%YM Cenyfhtiph dfihear
tva@octlrcgfnwox&qgf@fbﬁm d2.28¢ hegeth Lpdof 4 hes.

30 transportation pipeline P3. That is, it is expressed
4812841 I ows: [0126] - 66 { [Expression 2] Lt = Lpl +

Lp2 +B§paec&gégZLg the terminal linear velocity Vy of the
water-absorbing resinpowder 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
resin powder substance receives can be suppressed. In view
of suppressing property decrease of the water-absorbing resin
powder substance, the terminal linear velocity Vy is
preferably equal to or lower than 15 m/s, more preferably
equal to or lower than 13 m/s, and more preferably equal to
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 sc
that the terminal linear velocity Vybecomes preferable value.
[0123]
(Diameter of the pipeline)

Inner diameter of +the pipeline 1s determined

corresponding to production capacity, but, it is preferably
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[0128] 5 In view of reducing the termnal |inear
velocity VW and suppressing bl ocki ng phenonenon, each
length Lp of the transportation pipelines is
preferably equal to or shorter than 500 m nore
preferably equal to or shorter than 200 m and nore
preferably equal to or shorter than 150 m In view 10
of increasing design freedom of production apparatus

bayout 30 hikecbengd hmkp, i 81 0red£E ablyreualy ) G o 200
| onger than 10 m nore referablé equal to or | onger

fHanans partécplprigr prepespbtabl() smuae te0 ormi onger
WB§Q4 O m and particularly preferably equal to or
'onger than 30 m 15 [0129] The above probl em of
t(Eengpor bt cbr efipetienaty or property decrease or the

li ke tends to obvi ous in roducti on jn an
indus?rl Fe¥e Eggﬂgﬁgﬁ} ﬁ'?nﬁgﬁﬁFgo? g?%ﬂ}ng'h1ﬁﬁélonger
transportation sethosh ofeduterdy esentipnyenti&fsutd, 2@his

IS preferable that transportation capacity of the
\%9 rP58§6P6|lﬁ@tF—8§| GEpORdEr ShSEaRce thS dgdditato dnear

bkghen ¢ ytHan, 106Q Kgfﬁfnaikﬂﬁﬂiﬁfg@§8§1E§aﬂ§poﬁ§é&%%%re,

capacity (kg) per hour. In view of deCreasing the
thetlicalod rehhe \tefaﬁéppytaw ontyearrdporn tet et ehpheiprgseht

| vgder nce ..s

SRS PRy SR8 L BB RS B PR A B B s
@EadamyﬂﬂbqiﬂMWxammhﬁtétMenalhamemmﬁeﬂddmﬂyvpfbbhemes
gﬁans ortation glpellne 30 linearly in a horizontal

F6n°8V*PHa vertical direction, there maybe the
¢asespere it is installed curved plane l'i kely, curved
sterically, or in curved polygon-likely, and in this -
67 ca¥&Smcuidtur & eagistof  thrtadur vieen@dit b of the

e&sﬁggémmsa plageﬁqlfeag ﬁareleaeha{rg%wﬁ m&?{ t:!ra oA L ion

stil nor e equa to or ger t han tlon
5hgtmppdﬁﬂqm¢heﬁ%@m§gﬁq§plntIﬂ_oftransportatlonsectlon

to the terminal point Fl 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 preventingblocking
phenomenon, or decreasing the initial linear velocity Vx or
the terminal linear wvelocity 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 18 equal to length of the
transportation pipeline 34. 1In addition, in the embodiment
of multi-stage pneumatic transportation to be described later
such as shown in Fig. 5, the total length Lt is total of length
Ipl of the transportation pipeline P1l, length Lp2 of the
transportation pipeline P2, and 1length Lp3 of the
transportation pipeline P3. That is, it is expressed as
follows:

[0126]
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sufficient to be about 10 in, and still nore 5 m
Nunmber of |i 5 the curved part in one transportation
section is preferably set at 2 to 10 places, and nore
preferably 2 to 5 places. [0131] (Production capacity)
The above problem of transportation efficiency or 10
property decrease or the |ike tends to becone obvi ous
in production in an industrial scale. Fromthis
Vipgp@isRtionl 2] the transportati on nmethod of the present
invention, it is preferable that transportation
capacilty =of-ftlhd Liggt ér L&Bsor bi ng resi n powder substance
Rer one line is equal 15 to or higher than 1000 kg/ hr.
I't should be noted that [kg/hr] neans transportation
d&dgadilty (kg) per 1 hour. In view of decreasing the

initial linear.vel,ocit x and the_termnal _linear

vel o iy YEY 5 EREREL B o Wimaerd, ThFe f R e 1018 vy an
Walereals abi B dleisid prudehesubst aBes i1eryef ergbby the
equal 20 to . or |ower than, 10000 kg/ hr, and preferably
ggﬁQFPP&téFlP&\A@FPeﬂ-ﬁ%ﬁsSb%)ché‘g?erﬁetb]m egHad| Bober fdrader

thah 908 hi N NY:ea8%1,18 8805ESOfoPIpdUeLIOPLSH RSy 1,
of the water-absorbing reSin, and when the step
Branenes  prefgpkie catipddt byon pdatriremt tamoulrfi0 m.n Imeriew
r =Rk ratus). 25 [0132
R ke SRR G e E e
theed engetubed ps gesafe)alPneunptslc thr anspongat i Omarofl0 m,
the present invention may be transportation in g
BPeSs i Lea bl €P 1t FRnSForCaEan tPE0 4 or dtfddq nore
pregsute 19t atiealPEessYr Boh§eberised may, ehdetararidadrly
as appropriate, _and, for exanple, in a range of 0. 8
parfesabd ybaAvalnteherc4sBI8F thanspBriation in a
nedyegd 68 pressure state, the water-absorbing resin

powder substance is transported by suction force of
t he t Famspdraes | pnobagparcdt usranspohist basegfifnsidrcy or

BrERRNLE GboLResi BE! LHE 19 ke ThnR"Rh IR TRRATY G
production in an industrial scale. From this point of view,
in the transportation method of the present invention, it
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 (kg)
per 1 hour. Inviewof decreasing the initial linear velocity
Vx, transportation capacity of the water-absorbing resin
powder substance is preferably equal to or lower than 10000
kg/hr.
[0130]
(Radius of a curvature)

Other than installment of the transportation pipeline
linearly inahorizontal direction or ina vertical direction,

theremaybethecasewhereitisinstalledcurvedplane-likely,

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



10

15

20

25

30

5 transportation of the present invention, |ike an

enbodi nent shown in Fig. 2, is set transportation in a
pressuri zed state. In the case of transportation in a
pressuri zed state, the water-absorbing resin powder
substance is transported by high pressure generating
fromthe transportation apparatus. In 10 transportation
in pressurized state, inside pressure of the pipeline
ic586t chirghenré had AlIRIPhBET CUPF&SIA. iBYpSetéiagly alet
a pressurized state, it becomes difficult for dust or
e dlpket PoCT nt2 TERY i i heaFafspoltBproncqual to or
ARRALAL ¥99r 2t he P PEALNE oDl Snd rafsPortali O Hdk R 15
pressurized state 15 contributes to reduction of
foiféiign estibs b ape e @intldl nedand sthel watrer cabsorlbimgpr of
L73! D, POUder, subs! ance.  Reduckian of Lhe, Loreidh eerap1y
substances ‘i's capabl'e of ‘contributi'ng to property
eehancetent 0b phecwal esrndbsordi pgefesinl padwder 5 places.
ﬁ%gﬁajnce. [0133] 20 (Pneumatic transportation under

i oncentration) In the present description, case
whebguattienhm-AghcigQhi d-gas ratio is equal to or larger
than 10 (kg-resin/kg-air) is generally defined as
pneunghic & %ﬁ%pBFPg@?@nCﬂh Brghspebrieltnr agifépciency or
EQ%?%%'KC del-3a3Rar tat 'tgl%. 0 A gl 2B GoNGeAl I QRS in

referabl e because of being caparﬂe of suppressing the
prrictiualt 1binneara endeistty 1%t analée he Rmmmichdk viewieaint, in

Sl e br Aot abiedoPh BRRcer RS AN TSR s

Phefttenpilpal tsalti d- gasnspoir@atii®nsol iGpgas.thati @fat the
the term nal Em of 30 the transgortation pi peline, In
HAGPETBRECERI-EI SOt 1RIPGHEICE St tPCT 854 VBT dé et aiced
FLOIFRSHHNKOEneh 1010 WBY AL, absehbiNg KESIt SOVEEE [k 9/hr]
substance divided by mass (kg) of air, and unit - g
eeneot rasspRygLabs PN/ kypad iy Thetlefrme 1 hihert er bt nalew of
li d- ratjo.j | at i.vi di,ng .
SR SsaT gt PR AR B T R e B T e raeeal
pawnder swhdbance péry, unidantsipostianipneungiacity of the

ran [on f oar n
%a%e%E%B%%Ebgnngeg§§%x%xk%?Su %t%%%%dis preferably equal

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 stepbranches, it is specifiedby treatment amount
in the surface cross-linking step (one apparatus).

[0132]

(Transportationunderpressurizationor transportationunder
reduced pressure)

Pneumatic transportation of the present invention may
be transportation in a pressurized state or transportation
in a reduced pressure state. Pressure to be used may be
determined as appropriate, and, for example, in a range of

-0.8bartol0bar. Inthecaseof transportationina reduced




10

15

20

25

30

5 in transportation per unit tinme thereof. For exanple,
when nmass of the water-absorbing resin powder
substance transported in 1 mnute is 100 kg, and mass
of air consumed in 1 mnute thereof is 10 kg, the
solid-gas ratio is calculated to be 100/10 =
10(kg-resin/kg-air). Wien mass neasurenent 10 of air
anount consuned is difficult, pressure and vol une fl ow

bAte SOk cabEoBEE el QlTidIed a1 it |gOWeg§he}50v9cﬂef hedditkSice
and from theses values it maybe cal cul at'ed usi ng

é@er%@@ﬁ*ﬁﬂ’w aPY vigightonof faree [@f38he 15 yrRmsudation
AUERELL LB OUFE (UIDEL LS | fud pRagal PILLALADl Yo 10,d 9

St nor e prefer enen
ﬁethkmwérnthaﬁraumespmabeczxneadurd i kBrh@srbeen, pneumatic

i | 7/ 104657 | et. 0.10135 ,
LR ERRE o tar o f T e ab b Bt o Bt ayogtiment
tsham&pﬁ{ rayi. czn, i.8 seposBhbbSoeVeN &y 1prd pRE¥sakl z8Altate.

but, by u3|ng the secondary air still nore, nore
BPetBFabRECt PANSHRRFRPT DAL EAM bl 2P TRITHHHARE Ib4s lche the

Wa%%%mabg%§ﬁﬁh8tﬂe%rln é@v@dé@%%g%ﬁcé'fs fhlanéﬁo@&éd by high
supplied to the transportation pipeline 34 via

pirpesime ﬂ@ﬁesebm@laﬁlgormuhhe manﬁeoasbﬁtnanyapmratus In
wgﬂlshsgtamohhfnga&ae@ﬁ%% 4 8P PLPENG S LA ¢ che

passi viat Secondar i's also
pabbédnehespetﬂaghdﬂkhamatmoebhepﬂe$emmsmnﬁ|caykmntlng

he pri mar a|r E udes fromt
o

Bres Ber adergmened Erhort fgRt or the

pi pel tBelrsﬂru@é laisrlc@mlel edahEpRrt e of OapSOFPIES SR the
38 to the transportation pipeline 34 directly. Fig. 4

PdPgléPEss- sERtF ofdaVARS ISidWngl R hé t PEASPOEEAtd orptate
eba%h_»matéé @@dfetdﬂu%t%%ebf%zf@f mﬁ%@%&%@@féfonglﬁl&@m

Cross-sectional vi e ere a pars,;
5h2waiannﬁmahnainwxﬁshbmnwdﬂrEu@stancsecdmegtz@noﬂthe
%%r%%@glgsgstances is capable of contributing to property
enhancement of the water-absorbing resin powder substance.
[0133]

(Pneumatic transportation under high concentration)

In the present description, case where a terminal
solid-gasratioisequal toorlarger thanl0 (kg-resin/kg-air)
is generally defined as pneumatic transportation in high
concentration, Pneumatic  transportation in  high
concentration 1s 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-absorbing resinpowder substance. The “terminal
solid-gas ratio” is solid-gas ratio at the terminal Em of
the transportation pipeline. 1In addition, this “solid-gas
ratio” isavalueobtained frommass (kg) of thewater—-absorbing

resin powder substance divided by mass (kg) of air, and unit
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fromthe pipeline 39 installed together at the
transportation pipeline 34. The transportation
pi peline 34 has an introduction hole hl of the
secondary air. At a plurality of positions in a
| ongi tudi nal direction of the transportation 10
pi peline 34, the introduction hole hl of the secondary
air is installed. The pipeline for secondary air 39
hasraofdi sghangi-ngshel/eghlief .t heriseconsiasy ahe. tAlrminal
plurality of positions in a Iongltudlnal direction of
©ed 1fipalsi fétier 15 el rbxegil‘fwrtﬁ sletrrgiaigation
t secondar dg
%%?%F?%n %F gﬁ%charglné¥%$ﬁth£ gbgéégondgry %ﬁ? per
@@ﬂﬁé@p@ﬁd$1pmemM®tp@§mﬁm&@oatathenﬂnimedaaﬂiamrdwﬁaymed
f the secondary air. each introdu i on ho
? coﬁ g%?/n i uélal(: % ofCt 1L_h eaestgha%)l ng %%Iljfe fhen
tmfastshe oﬁemar%taaﬂ—amdzmm@ct ath s By tﬁumaﬁn@mgmme
secondar 20.aif is introd d fromeach of _the
TAETSERE Fe(_'}]nlﬂo{ dufrutsy 15 ﬁéss]é%or?d}ﬂ yagisr of | #ls i pmed

he natedibhalorddr FEd.0 ¥y, the mm@%ﬁw& hal e 1y 10fcea
the secondary air is drawn as a hole with | arge inner

doaket &P 0/ bbits It Eedinas iy, kq—wen nt r Yagethans Fedmlrensht
F&eaff% MY At Suddy 5S & PPZ %se%é'aﬁa}d v6Pume flow

By secondary air intro uced rom
iratteoddca i omiwldetehimigfedt hg seCbmdarateai pr the like, and

ter absorb stance as a substanc
e por et R koo et Rt e s debis iy P
m%agntp@wd@ﬁrsubstance t hus divi ded noves 30 inside the
transportatlon pi peline 34 while formng a plug Pg
(péﬁér to Fig.. 4). Pneumatic transportation in high
qqqg%@@r%hhg@rls defined as pneumatic transportation of
wat er - absor bi ng resin powder substance while
for mi ﬁqomhi@ lpwml@erpgs i @hﬂ“és’l%@f prefooably 0é hot Bel, and

that, pract E%%'f@f:a gon'li aﬁ% tg‘gtméahseu n‘t‘e%tpgn "%hod for

regular °shaps “as s i'S" Tl ntai ne

duoiung tumsnsportiatd Cl)li]kell’rasphja@m |dcialc15>s|@nleirmt)|zno7/1o4657

trangﬁﬁrtation in high concentration, transportation
drmed whil e repeating a series of

[0135]
(Secondary air)

In the present invention, pneumatic transportation is
possible even by primary air only, but, by using the secondary
alr still more, more preferable transportation can be
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
alr 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
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behaviors. This series of behaviors are as follows: a
deposited | ayer of the powder substance is forned at
the bottom of the transportation pipeline; this
deposited | ayer grows 10 to becone a hill-Iike bulk;
this bulk grows further to becone the plug Pg; this
plug Pg noves; and this plug Pg collapses. [0137]
(Variation rate of solid-gas ratio) In the present

Ic@m@te's%,r peetgr ahbyt shhbboMPL€ion 19iNar i ad 100 JatL.af,
a solid-gas ratio (RI/R2) is taken i'nto consideration.

It sh&dkd bd ndtSedathatrO%rﬁemttho@lalsolvil@«gaS%h%ﬂgo athe
ihen b%yt 19 0B 1e KROL, Lhes LR 2RIRANLAL AL Phg%ge%%dary

kg r g arr) an rm nal
patri ®°. atiitched tm mqtajsmautlanadfviate mﬂreamquratrat bOIFig.

i.peli 0is k eS| -air Preferabl e
PRt ade 6 Th GaFFR: dack Bida i Al RA8 b umm Lo
ifRventieoOpipbsleqeao mseélh@@m@@ethaaratlth[e%%&] é:)drrtatlon
vi ew_of |ncrea3|n%?transportat|on efficiency an

Phpprassi ng? propé e SR ek d PBperilgh i Aftilds an

1h@%@6u%%ﬁ%ﬁ'h¥letﬂf éf“ﬂHéﬂséﬂyﬂd%r@aélEat'ﬁ%Fglﬂfﬁrallty
preferably equal to or higher than

Crgrarsasi imnegl miprong imcd ngrled letcab] Jyoreqﬁ ahe ttralrmpdnt@helon
-r ef er abl

PeR egndr ERan A0 hol Mg By TR TR
ssppmmmﬂhﬂ@ddecﬂﬁaseplpeltmmspomt&@ommdmﬂycafﬁmy9 ?as a
tranpsportatio per it hour), the |n|t|a
S Saénpake?ﬂ B2PE tiePeres ré’q%JaF t &ToP PoweA ¥ HaRt
bBOitioh2 16KE- 168G NEKG: RRT)d 1Bk 1Y ebﬂorﬁ—fee éﬁ e)il%%u@or
to or lower than 120 (kg- reS|n/k -air

VPERNERTYNRHBad nd-he Qﬁs%‘é}atréftm@n ef-pi %2 enEyhe §econdary
%HE%@%%‘E%%B' | Shol (s sRALYI GF €S stcﬁ%qg&'gg%w £3 of the

[ oating state suppressi ng propert crease,
ﬁecnndaryailfcorrespondstx)thep081tloncxfthe1ntroductlon

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
alr 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 introducticn
hole of the secondary air hl is a nozzle (air nozzle).
[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
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
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solid-gas ratio R2 is preferably equal to or higher
than 10 (kg-resin/kg-air), nore preferably equal to or
hi gher than 15 (kg-resin/kg-air) , and nore 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 stil
nor e suppressi ng bl ocki ng phenonenon or performnce
leaeeass.sdiie ngefdd Nabos Ak b dudat ahdkih % FSrming the plug
preferably equal to or lower than 50 (kg-resin/kg-air),
wor é1 15 bY dFer-ably Seuibld ke Betedvidiat hagaggically, it is
- e$l.R/ Kg-.ai , pand. e : -
Fode e KsAblha, p IOL RIS BOAY R oD 2L Fio-
@nea rmeet J et 3 ireavs powbasi dund 1 in duretspe ritrdn spor t At ippraatey:al
rformed in one-stage 20 or in, nulti-stages. .
?%f% = E?%%F%Prfﬁﬁfﬂb sholli ng &9 cheﬁﬁﬁﬁ?ntratlon’
canhisguratitonn dfs Mt fosiaperphbumipeat i 8§SROBLatikan of
ich can be used in, other enbodinent of the present
' AERER. | A s595-¢5 aRS p FRVIOF Smettfodast hellows: a

Wabel 2Bsior P dWo  @Sieb ARNGeE b SURSERRGE AR 8ednk dbttom
t he steg X i's transported to an apparatus performng

Phetbeepransapetatbpn Yipe time ndkt ssdepost tefel a e mrngys
. ofsL1mited. : ot

T P b b P g he s g i e e P

3beppbuadtd ic thrianspog tEd momeappandttusies pAngBPand 1Q aqrse s .
%%§g7in one transportation section. Transportation of

he &ater-absorbing resin powder substance starts from

tivariatidn %ateanspebtati-gasapgaiaius A and reaches a
storage part via the transportati on apparatus B and
the transpoft &bess tappRraRtsom,  THicfdpblagesphtt mera,

$henage opakt tEobrSHPRLY 8Ygad hes wal e(@)@éﬂr biNG &3 Anto

powder substance to an apparatus 5 perform ng the step
vongpdsretaépage pashoudddepartedfhan, appaiatasd solid-gas

9‘3@‘18%{@ @gletg]t.eal%:ﬁ’pg E'oint 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
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
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 cof
suppressing decrease in transportation efficiency
(Eransportation capacity per unit hour), the initial

solid-gas ratio R1 is preferably equal to or lower than 150
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[0142] A configuration of the transportati on apparatus
Ais simlar to that of the pneumatic transportation
apparatus 10 30. A configuration of the transportation
apparatus Bis simlar to that of the pneumatic
transportation apparatus 30. A configuration of the
transportation apparatus Cis simlar to that of the
pneumati c transportati on apparatus 30. Although not

mgw&ésﬁnﬁk%—ﬁﬁr)?EMRP&OE&%ﬂ§ﬂ§£&ﬂ$ﬁp@q%%lEbgﬁéhB@ﬁ?%man

R ; ; .
the pipeline for secondary air is installed together,

8o (Fu-tkeinwiasport ati on pipeline P2, the pipeline
ﬁ%ﬁ3§$condary air is installed together, and al so at

the ransportation pipeline P3, the pipeline for
secondar yvaew of iimstralasedot ogetheporl28ti®143ffBhd ency,

SRR aRae R SR R E e e s TG P arettr M b T g o
BtateTheadd apspprtaking ppRpatys Harchide the terminal

transportation apparatus C are connected bgla
Branspertat fbho pﬁi%éﬁ REcfigrabs yThauet dits 9ar haghen than 10

aRBarakys /5qand ot hen st onager pand) @, 600Re6t et Bye At han

transportation pipeline P3. The ‘transportation
appékat ues W/ kdrea 1 angpdrmate e cdippabdtyusgB 1 drdot d gher

sSpor t.ati . rat.us C are connected in serie b
R P aroTGrTat T OR i barine " T Sday CPHOFpeny Feordase
enbodanmepbr8@tabnFegfiSiencpl tradnéyoofatihen capacity per
r ortgtion a ,%B?tuses are connected in series by
[

trans
Bhe t PARE bor 4 1Sl 1t PEIEna P BERBPARA D LRek 19 Slitemenehon

pREJEBE b Emif 8O RAUHRAIONthe €aPRbAS1 Ao1StdldasMPER: 0-RT4 s
suppr essi ng ﬁroperty decrease after surface

{@_Féégrfabﬂm g aane P8 omies pher dlabke-repdrihy-¢ir), more
[ALiBrLoty kg ipter M, g LG ST M PRLLE )
theerecefsfalgl hepgped to or lower than 30 (kg-resin/kg-air).
[0140]

(Multi-stage pneumatic transportation)

Pneumatic transportation may be performed in one-stage
or in multi-stages.
[0141]

Fig. 5 is a drawing showing a schematic configuraticn
of multi-stage pneumatic transportation which can be used
in other embodiment of the present invention. In this
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 X is not limited, and also the step Y is
not limited. Inthepresentembodiment, apluralityof {(three)
pneumatic transportation apparatuses A, B and C are used in
one transportation section. Transportation of the

water-absorbing resin powder substance starts from the
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40. This filter is capable of capturing the fine
powders present in gas in the receiving hopper. By
maki ng 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,
pneunmati c transportati on can be perforned while
&kbmsydﬂlatﬁ%ﬁu@b@@&aﬂhstheaﬁunﬁeﬁéﬁgﬁré-sf@ﬁ@?@'ﬁﬁkﬁ‘kia
such an aspect, it is possible to renove the fine
poVideF82RFPATERBLIPN | P tars t Re afdhe thenet pansportation
[ ra r : b, -
R R R i e
ithet wappirngbebtbehencysinh roadibt isowsthecause &hispparatus
e filter is_capable.of shaking off the fine
P erlind, o S Epodtr b SBRE L A T el p
effdaciseney p2@ floriihe deer eases Yby use. That is, one
3gﬁﬁginent of the present invention includes a dust
dti on step for renoving the water-absorbing resin
powdern SWRgtianea tWohhokhenti LEghspatthPEosaiEpd+ MBLASR 15
pneumatic transportation. [0145] 25 As this %llter, a
fSimtidarsGgetinei P thapphagnetidciemeyroriont oIS apasyjas
rbo Lcl e-di : 0 '
R rabl e PR ot Lo o« crpl 1o TRt Tt e e B 3
povwdérs ¢bf itbagnblfyhehpsetmappe ngrafdpeiencyon sapparatus

referably_.equal to or_hjigher than 90%. nore preferab]y,
FidgReildas e R RSHA AR AL ER o Bl S
equallatro ter thiagher thbapn8Om&Ph c andapasdi€att 8ot Yapparatus

preferably equal to _or higher than 99.99% This .
tlappfhgletPicPehcyhodn Be dedsured alf drhe -transportation

X @ia,nﬁfﬂ%o%ﬁ_fpeyi%eB%Q&%da%ﬁp%i]r 18 nstalled
sinplified way, the trapping efficiency canjbe
reasihed byl uset shed ravsmrartatdlondeiste nsteP?2 , Thiepipeline

[ fficiency . .ca e .-.obt ai ned.substantially,
%%32%%%%@§€r mé%ﬁ)%% 4%%%%%%%#35“5%F§I5 e of@fﬁﬁﬁgiﬁ&e
tthosg rtthe ibnl pepeland Phe Amwipedfinehéoki fecopmweleras r

af ter passing through the filter. specifically, from
e LA a6k ﬂ@tg?ge powders before passing through
trlvg 431

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.
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
by the transportationpipeline. Inthisway, intheembodiment
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




10

15

20

25

30

filter WO (ng/ nB), and the anmobunt of the fine powders
after passing through the filter W (ng/nB),the
trappi ng efficiency 10 can be cal cul ated by the
foll owi ng expression. It should be noted that, as this
dust neter, for exanple, a product nanme "P5L Digital
Dust Meter", manufactured by Shibata Scientific

Technol ogy, Ltd. is included. [0146] 15 [ Expression 31

[Eru@@ﬁjb@g iehf b@b?@ﬁt’y (deWd N 2%tLQ05uk838d]cross-1inking,

Appl i cations of the water-absorbing resin]

Appl iieathons Perfenabhgt er - absorbing resin (the 20
q@ﬁghqulate wat er - absor bi ng agent) of the present
invention obtained as above is not especially |limted,
dadfiprtefréerably it is used in absorbing articles

contsy0ing shg i ng. bod 2, SpeD B8 01SRESRN ppanne o

pabtiuetiharchavhiene bbwiiass Useithd th 1icgha € 0ne eRldatii 08 per
di apers éthose where a | arge anount of the

Wit er TabSor bt FEE FesFiPiRltisel FaPloHe! 1 ddie dfiinneowders
gir@e%%)in wher fnfactpg rBEciGOhgridb o, t R rhi]kfn%%raisvﬁq the

2
romraw materials of the particulate water-absorbing
agentivhag bonveit PoAal thrpeeh the pfbbiemby rsuction under

rt.eul L tLS sused . I 3 art
DR Mo o L9 SR AL (IR DR d AP TRATL,
par thtalf@rltyesupevaort iferefrol ramoef ¢ sakexer t 8¢. th 04 48] ter,

76 Effect of the present invention_ is exerted when,K .
EBRUBRE LS LOPBSRGRCBREPHL FOR) DOfPT RS MRt or abSor i ad-n L 79
resubtibn abIODENgelndies-d N suebrabsgrientucarih dsct,

is, for exanple 30 to 100% by mass, preferably 40 to
1@0%?b90ﬁﬁ§§,en%Persm9V%f%b%bﬁyn%op@%ﬁqxﬁm%4ﬁklﬁﬁ§sﬁllter
e EOM é{mgpa'tcp 00X P 1 heular
%Fé%é?gglgAggﬁ%gé%%%@6 y:hagg, g%d¥%g§§§pre eﬁggﬁ;ﬂ%gk’
tomeBYrbpemidd LeEXANPRES erable. 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
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]

As this filter, a filter superior in trapping efficiency
for JIS 12-type carbon black (particle diameter: 0.03 um to
0.2 pm) is preferable. In view of enabling to collect the
fine powders efficiently, this trapping efficiency is
preferably equal to or higher than 20%, more preferably equal
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
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10 [0149] Effect of the present invention will be
clarified below with reference to Exanples, but, the
present invention should not be construed
restrictively, based on description of these Exanples.
It should be noted that, a neasurenment nethod for 15
SFC or solid-gas ratio or the like in the follow ng
Exanpl es is as described above. [0150] [Production

Bxanplie, by Pnedusticanyof b bes wabef ; @9@@ nbi Ngp ar &SIk #Ali g
20 Aconti nuous producti on apparatus 0

R&wa e AFSEIEingg e ifdsilenwas casede Wisiasries! dapatsiee off a

%%5&% i g ??5} %ﬁ@ﬁgerﬂgonw%wle;gg%@gdeﬁ CQ @1(98§e%a¥1y be

bei ng conne e yner on ste atic
pbitpreeidzath o =l el balsedtolman gmbugt aiinthefinEngpwders

(U5 08 TR G L 1910, 108,20, BUL P20

@bﬂsi%rlsla’ﬂﬂjd’}gp§§ @pmﬁ a8heplught tHeepi Dfeit he spukfi&&@ally, from
CrOSs- Ilnklng ent and a heatln%%Etep) t he coo |n%
$PepampRatyp nab §1D¢ ngovWeeEp, PaFRIe Hed % idis fdrioad on he

stiepchefpeany A0 $hePthe PLRYUSE iGN chapacht p&gdélhi%fter

conti nuous productlon appar at us 30 was about
peEséne tHowughrhlee WAl serabs ondimg relse rqramasngreo‘i:ﬁme@ncy

‘&Qﬂ%é‘%% %Ma%&?gn%ﬁt I%l ﬁlggghlgs zfl:l)‘lJ_Se srloodnl’ICt II%nshoulcl be

appar at us nonorer
agqtiedushsb) s ami(sluahn m@U@DuS&&Db&hm@ﬂeQoatpﬂddunx:aame

t, of lic acid . . .
S H 7By ror BHEu i T RSB F BEAREGY bihPl aRpiSiantLE e
aguBadsogy,sokuti o8 (Ar1ceskai ns pol yethyl ene glyco
dlacr¥late (average nunber of n = 9) , as an inner

dPb4811i nki ng agent, and content of this polyethyl ene
qbggggsg&gﬁrghate mononer concentration was adj usted
.06 % by nole, relative to total nole nunber of
t he nBnepeingl Affhirsenorohtlr aqieows/w0d) seol L0 on
Q&iﬂg?ncentration of the nononmer (the partial sodium

[Applications of the water-absorbing resin]

Applications of the water-absorbing resin ({the
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
suc.h as disposable diapers, sanitary napkins, incontinent
pads. In particular, when it was used in high concentration
diapers (those where a large amount of the water-absorbing
resin is used in one piece of the diapers}), where odor or
coloring or the like derived from raw materials of the
particulate water—absorbing agent has conventionally been
a problem, in particular, when it is used at the upper layer
part of the absorbing body of the absorbing articles,
particularly superior performance is exerted.

[0148]
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~continuo I ne m xer.

Il1, salt of acrylic acid) was set to 38% by mass. The
resul tant nononer aqueous solution (1) was fed
continuously with a netering punp, and by bl ow ng

ni trogen gas continuously in the mdst of the

pi pel i ne, oxygen concentration of this nononmer 15
aqueous solution (1) was adjusted to equal to or |ower
than 0.5 ppm It should be noted that, the "average

nunber fekcht” of FRRNSraYEKAGe v 9 PQIMWRY 1Rehi Qhtent
degree of a nethylene chain in the polyethylene glyco

dR&ITR. FORS2RLrabimekt ,of o Wite WehenerbaqUBODS sbPwin orin
Gbko s apet syl Lale AU ASASCOLP C18614A VRLe J0X6d
usly with a nthrs™Iid

e m xi'ng,
Fixiteg IHtE dowfnsssi uprepersiul fate and1DO&sbger miagsacimtbre

et at 12 9{0.005 relative to 1 nole of_ th
Bt tnaoctatimbuy Hardl o 3eloBbapnaths it K0 to
lLone biyxinagswasasuppliedlyopaeféaibByri@ce, sieelhbeldss,
having weirs at both s i des thereof, so that thickness
@ﬂ@r@gﬁtbgfﬁﬁﬁréﬁgﬁt7§Otﬁn9?6 B¥rfeffr stati c aqueous
solution polynerization continuously for 30 mi nutes
and a hydrogel cross-linked polynmer (1) was obtained.
TRPYPRYdr ogel 30 cross-1inked polyner (1) was
§ggqg@talized to about 1 mmby using a neat chopper
with a pore dianeter of 7 nm and this was spread and
nount &d fen tao frdhiengr poentud nyleatte oaf wial € art ¢ haolibied bAS ow

is,air-flow band dryer, to a thickness of 50 ,to be
St N By e reee 1 GPed0r S it S8vRRhke] Shoud
doicesk pohymetevas stalitaiined.y, Wl el Basse Mrihe drebevarke
dri ed_ polyner was_ continuously supplied to a
trraelepagel b gihoudd pe s Ehphy verieasdrersplt mpiphod for

8001 QAL LS b LS dNieE- o1 pga T Ohb £l 1dy W05 Hidfies
the top, 1.0 mm/ 0.55 nm/ 0.42 nm After thi s g
pal eer dgacicdhedi ebams. cl assified by a classification
ggggb?tus having a netal nmesh with a sieve nesh size of
mand a netal nesh with a sieve nesh size of 150 ¢

fProdabtabn ERatpeepart Pevliat-eivat eif- ahsorlitRg @SR bing
glé. ﬁ@erein about 98%
egih

Acontinuous productionapparatusof 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
pulverization step, the classification step, the surface
cross-linking step (a spray step of the surface cross-linking
agent and a heating step), the cooling step, the granule sizing
step, and the transportation step between each step.
Production capacity of this continuous production apparatus
was about 1500 kg per one hour. The water-absorbing resin

was produced continuously by using this continuous production

apparatus.
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by mass was the particles with 150 ,u mto 850 /i m

CRC of this water-absorbing resin (1) was 35 g/g.

[0153] Still nore, this particul ate water-absorbing
resin (1) 15 was continuously supplied in 1500 kg/hr

to a high speed continuous m xi ng machi ne
(Turbulizer/ 1000 rpn), and the surface treatnent agent
sol ution was m xed by spraying with a sprayer. This
q@qﬁqqe treatment agent solution was a m xed solution
of 1, 4-butanediol, propylene glycol and pure water. 20
Thi s $iirpade BFeat FeRPIAgentUISoLat SR WasD obt )alerredaqayaous

'E‘o)ilu%gon ch;t:lm?ﬁlplgf 59g9£a9f %df’ulgagélpdo Ut XI\IaJtC acild

propyl ene gly nass an
@ﬂth75Pmmmmdbymnasﬁguzd&ﬂawprep@rd@oTpash@nmm@mﬁquﬁbus
ter-absorbing re fte t he resultant
e e SR A RO T s P rabE s sTtth py 35 V15T (Wrage
®0AbleRUSEIS] ¥ tat 1986 immﬂ%%@%@m%t;%@ﬂ@dghﬁ et
%a groove-type stirring- tyEe dryer), it was forced to
dol Howh  tRYBEEREIHE a FiLHFPAr wRSeer (t Awnomer

%%%b'eﬁ%r%ﬁ:@%h wast hhhusfBEeroa SHPst ang %&@S'Mfé%&%

was classified by using a sieving appar at us,
ﬁpﬁé&cmoéﬂ phebaesht (féﬁesmmoame 30nnolhi paswhange 1850 TS

ze d Mﬁth t he ubst nc .
§§§§?%g 8@H Qogggﬁ %343) (e ST AT b %Pﬁﬁ F@iﬁﬁdlum
paﬂv@r oﬁuabstyalmce a/écja:’s) aagr aatleo sizgethyphaduct Thavierse ltthet

79 - j | the subst ance paSS|ng 850
BRoE S R e SHOPEAON i RS Warer Stdor BTy With 2
ﬁl@&blﬁé\h@d@%%é;"}@ B13Hi2g( ﬁ&ﬁ):o[genzéaé ({CSHTQl)nL:{OL?é)_Ly( in
X10-'cnBsg-1) [0154] 5 [Production Exanple

PREAUCtS TN bTe PHe e e AT mer e e il @) oﬁhéls nonomer
SELLL ARSI Y 101081 9.8 MES,BPLE FELIT LY 6 Toee
QO@bmena§§:ahueédsb@@kumxbnhat athmnhnneaa@efatmbmasﬁfn”
%%%ﬁlgcheel atle://\gl%ﬂéﬁr enQ |p8|15{8”r :rzggﬁlon egreé oef a methylene
chain in the polyethylene glycol chain.

[0152]

Next, to the monomer agueocus solution (1)}, sodium
persulfate and L-ascorbic acid were mixed continuocusly with
a line mixer. In 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
obtained by this line mixing wasg supplied to a flat surface
steelbelthavingweirsatbothsidesthereof, sothat thickness
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
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 andmounted on amoving porous plate of a continuous
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(1) , in the cooling step. The water-absorbing resin B
obtained in the Production Exanple 2had CRC AAP/ SFC =
30 (g/g)/24.5 (g/g)/ 50 (X10-7 cnBsg-1) [0155] 15

[ Production Exanple 3: Production of the particul ate
wat er - absorbing resin (3)] The water-absorbing resin
powder substance (the particul ate water-absorbi ng
resin) (3) having nearly the sane particle size as in

Rrieduatdwobabxadipyer Lo anth BcI6RG ©fo 35026 9/t@ peSubjected
obtai ned by performng simlarly as in Production

Beafplve g, 2ExE8pt Ct Bt , 3¢ AdTHE Frodist BoATERAnpPEYIST Was

ff@lineRUl VEHAIN IS o 1HECS=3L98 L Aril IdoBRr was
cIaSS|fy|ng, wth a sieve classification apparatus
a

Feitigug symshledf ta & gvewramwstitagjezerofl 8801 utm be
n i rticles 25 of 850.to 15
Byeied ROl Ehat e hr gy 2att rous

kridddivag fabeuth8%dyy, Meioght L0 . Ebend i/ne. powaer sAregpve s

bst ances passi.ng through 150 i n accoydance wth

Sgtbiﬁﬁﬁff- PF8291 Tt offet h %ﬁ%ﬁ?j%gl’ﬁ?ﬂr%ge@laSSlficatlon

@Wﬁ&a'tiu@kﬁﬂviﬁﬁ| ¥YRst{Phestl Hcd geatefhRREr siBY of 850
observation with an 30 el ectron m croscope, it was

dhBaPItTehAl THE WatEra SBSTEOTAY Sidsi af goRdenm to obtain
%%%S;%Qf‘{éfc&f td peluded;a %gﬂg,' Al el gyhst in WBELE o83
t he i e op W thH &

)
I ne powders are uni articlés
par naed erasgOhe Nartiicledi wirkh &5 bfw 1850 300 160. rGRAnd this

hus _yiel d _and water-a rbing.speed (for exanple,
grFg¥agﬁOﬁ%ﬁ%gageﬁépangagﬁPe%§n99ﬁ9thod, refer to
UBR:5NG. 6849665) were enhanced due to recycling of the

fine powders, as caonpared with the water-absorbing .
resinsgﬁggmB%Fes REEL TV LTEe stfd o e diew £hatn (1)
Wae remaligsigf dhipfide powdess t9/8kMbak high speed
wat er - contai ning gel is possible al3o0 by a continuous
lereadamouss egd nef matvd imesat (TohidpPdrze r /L0196 e argide the
:E]urface Ltreatment agent solution was mixed by spraying with
a sprayer. This surface treatment agent solution was amixed
solution of 1, 4-butanediol, propylene glycol and pure water.
This surface treatment agent solution was obtained by mixing
with 1,4-butanediocl of 0.3 part by mass, propylene glycol
of 0.5 part bymass and pure water of 2.7 part bymass, relative
to 100 partsbymass of thewater-absorbing resin. Next, after
the resultant mixture was subjected to heat processing
continuously at 198°C for 40 minutes with a paddle dryer (a
groove-type stirring-type dryer), it was forced to cool down
to 60°Cusing a similar paddle dryer (the cooling step). 8till
more, a substance passing 850 pum was classified by using a
sieving apparatus, and a product on the mesh (a substance
not passing 850 pum} was pulverized again and mixed with the

substance passing 850 um, toobtain the water-absorbing resin

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




10

15

20

25

30

10 A transportation test of the water-absorbing resin
powder substance was perforned using a transportation
apparatus simlar to the pneunatic transportation
apparatus 30 shown in Fig. 2. As a transportation air
source, a conpressor 38 shown in Fig. 2 was used, and
after 15 dehum dification (not shown) dew point was set
at - 15C. Air tenperature was 35C, and testing tine

wasuB00yseaaNdsubsAsntBep & B g IO NT gﬁbalaw@%ted
substance, the water-absorbing resin A obtained in

Pha s BH: R @ P ieage s 1is B 82 ARG A AR /Shster 36F St 9)
@ga@sggyb§ylg@ RbPEY70E, B4 . yas 20 set at 83.1 nm and
the i nner "surface of the transportation pipeline was
§Q&Pédted to buffing with a #400 paper (surface
%uglﬁne%lon Ex%%%%an E%’Chd%fcttlrg)% tor ortaattl abs rbing
|pe ES or i“Zonta” yart "ar a ver |'cal” Part,
andiheBgth of the transportation pipeline was 104 m

for the horizontal part, 25 and 19 mfor the vertjca
part . TReVBFBF e PRAGPHIY - ot 1t e o GREpbREd§ Bt larly as

RhPelbfagcaneh thianiotah | | 8R8EPt Lithvenepd 28 v maker AEnalsos
| inear velocity was 11.5 m's. Trans ortatlon capacity

M AU RasUEFOT Olfg-?)fjlwﬂl hpek B te eaphdghd relative
Btf@d‘gg 2k Eﬁﬁats%aé‘éfﬂ% fel LqQ%e?f-a%ggrﬁ%% resin
wat er sSor bi g resin po er SU stance was , ahn

tiénpenathir ecol inpeterit TiewebérwalssGECing 0457h Bo8hined

er ab or bi resi ce rt
S Ca il el L ey e LA (T T IE
afy/ghe sor anspor'tami-engskction, had a CRC of 30.5
%g/g%, an SFC of 30.0 (X 10-7 cnBsg-1) , an AAP of

g/g) , and a noisture 5 content of 3.0% by

\it@hcgﬁhctéohedﬂ%ﬂnﬁﬂe raj e ofrodnethn LERNSPRLt §fdon dﬁﬁ%te

% Bl ocki ng phenonenon was not observed. It shoul
betrotedschaingwheni8FC3béf ore transportatlon and SFC

?feger y a”faBQr%aE\bQ” Bis eXPégj?r%e Rowe Jé Lﬁg%aa%‘ (the
pecCtive he“re Pon ra can be

pah:cubaﬂadebgattdreafknﬁdmmrmm)ess) Giaving nearly the same
particle size as in Production Example 1, and a CRC of 35
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 ymand 150 um, to obtain particles
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 um), in accordance with
JP-A-2001-079829, together with the hydrogel cross-linked
polymer (2), with a meat chopper. By observation with an
electronmicroscope, it was observed that the water—-abscrbing

resin powder substance (3) included a granulated substance,

where the fine powders areunifiedtoparticleswithaparticle
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[0158] [Expression 4] Rs = [(SfI-Sf2)/Sfl]xI 0O [0159]
15 [ Conparative Exanple 1] A transportation test of the
wat er - absorbi ng resin powder substance was perforned
using a transportation apparatus simlar to the
pneumati c transportation apparatus 30 shown in Fig. 1.
As a transportation air source, a Roots 20 bl ower was
used instead of the conpressor 38 shown in Fig. 1,

W it@ite deh @weodt & i1Gat Lo, aﬁﬂ@kﬁ@“ﬁ;ﬂ@i@%n%a’@@%b%ﬁs@lo&ng

Air tenperature was 35C, and testing tine was
SEESHUSE O A¥PRE St eabR B FBRAG & B8T A Mpswdigienent method,

ghanceyst e, AR oR L RIPSE BHMLELES o

ditgnBiee wivdaws, aeanspoatad wohhpilpeiate rwabssebiaty resin
t he i.nner_ _surface of the transportatio
S A TR SR SR A R T EER

(furiacene poghbesse RZim200r W8t er-E86ba0hihd8el ispossible
transportation pi pelines has a horizontal part 30 and a
verdl @Al ap&PPFlgHSUPeﬁBPF\dSF tneterdnehokhatnom: chopper.
piopsldine  was 104 mfor the horizontal part, and 19 m
for the vertical part. Therefore length Lp of the
tlE&38paet atli on pipeline and 82 the total length Lt

were 32 inal i | agi t s__11.5m.s. ,
Transhortatlon cananty ear 4 Beo RisabbeRihe. esin
Pemdlerat swles ofintde verst r pacéoofiet herdiransport@dnggivortation

i pel i of the water-absorbing rosin powder substance
BRBEsRis find B5F U3 Eha T o1t ih s akr P BT e e6F HRetEus
35C.sHdB60in The. wat.er rabsor bf@@\slﬁéﬁi:@tp@r\i\dgﬂrs dBst-aace 5
after the transportation test, ich reached the fina
FOMRESEFOST £he SEPWRspHR t dtiidon fectén, U@ a TRC @ifter

3 gk @) ca@n o SE 0 -7 : _ 1590,
AR 5y Ak caugt ion Fave Lo e ot - 1s°c
Planspopeattene wiss 4590, Bhdcokdsiglipheériomenen §&% 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
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,
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
water-absorbing resin powder substance was 50°C, and
temperature of the exit thereof was 35°C.

[0157]
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not observed, but, transportation capability was
decreased and al so SFC val ue was decreased. [0161] 15
[ Conparative Exanple 2] A transportation test of the
wat er - absorbi ng resin powder substance was perforned
using a transportation apparatus simlar to the
pneumatic transportation apparatus 30 shown in Fig. 1.
As a transportation air source, a Roots 20 bl ower was

used st @adcetabBerpoApr ess0h B8w8beWNL S Ih&: afier the
wi t hout dehum dification, and dew point was set at 20C.

AFPTEERFE AL GPet fBls/ %@C%ﬁaaﬁaéﬂuw fimalveeimo@l of the

$eGoRIS Tt 2R chNEcWRE Bh; BRSQTDIG: 185K, BO
substg%gea tﬁe aater abs%rblng reS|g@p§ Wg ubs?%ﬁ%gjﬁf

868 hedli A’ o8 pr aduot PONAER a0 2 L vigg susedndlameristure
h t | 34 t
SSPTERE Tno’ 1 Phnariehlrr ade SRR Srabor e rel bv

pirpekipoe taag onotwd $ nilskéed speccknﬁglkymﬁ&m&ﬁﬁﬁﬁ was not
%gu%hness Rz: . 1000 n ach of the  trans ortation

[F'fEs hadta FOPTFLOnER PaFECand ® vertirdal 589 pafore

ardnkesathtebnt Baqt BQDSQQEéﬁtt@é‘nﬂb@ﬁ’iéi‘&r\(\’a&%é%ﬁ?essed
for the horizontal part, and 19 mfor the vertical

par 651 andrefor W U9 of tite recaASpORt BEFOrRS of SFC
%'a[%elo'en%aﬁﬁgl‘éla%d 88he! fgﬂalflhgng%ﬁrég#g%e 123 m

Term nal i near veF30|ty was Sportation
ddpagilty per unit hour was 3500 kg/hr. Tenperature of

ntrance ,of the transportation pipeline of the
&ggg?eé go%blig resin powder substance was 50C, and 5

t enperat &r ¢ (8f1tBE2exXBr1l keoeof was 35C. [0162] The
%gigr-absorbing resin powder substance after the
dportati on test, which reached the final point Fl

Qﬁoh 8rathansperhatkomnysection, had a CRC of 30.5
(g/g an SFC of 10 28.5 (X10-7cnBsg-1), anAAPof 24.9

g/g)AAﬁé@@@mqmﬁaﬁap@ QﬁSExwfbyh@raﬁ§§@raéﬁpahlmasreSLH
90@9er8h9§gﬁﬂg%n&pe%%gqugrf@§ﬁed. using a transportation

apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 1. As a transportation air source, a Roots
blower was used instead of the compressor 38 shown in Fig.
1, without dehumidification, and dew point was set at 20°C.
Alr 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
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
and a vertical part, and length of the transportationpipeline
was 104 m for the horizontal part, and 19 m for the vertical

part. Therefore lengthLp of the transportation pipeline and
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not observed, but, transportation capability was
decreased and al so SFC val ue was decreased. [0163] 15

[ Exanpl e 2] A transportation test of the

wat er - absorbi ng resin powder substance was perforned
using a transportation apparatus simlar to the
pneumatic transportation apparatus 30 shown in Fig. 1.
As a transportation air source, a 20 conpressor 38
shewdot 81 Aighgth nasvdisedy3and aktelinadehimd O eathien was
(not_ shown) dew point was set at - 15C. Air

tempdt/at ur & TRESPISEATARE e ity Reen WaboBpY asedidiides/hr .

—ab . . o ' )
R rea N bt eube ansa Eabrar han I Feine
Rrotihiet wdlbe Exalpmpd e 2 gvers uigedovwianesule taretewasf 5S0R@, and
r rtati Lpel.i at 83.1.mm and the
%ﬁh r %§&% agg % %tﬁgq?rgﬁéﬁggﬁawﬁgn§8igéline was
Jubjeddted to buffing with a #400 paper (surface
roughness : 200 nm) .. Each,of the transportation
o1 pol o8s “REETa 2REPT PARFar SaRt PYOTaR RO TEF RS at L s thhe
and nl=@RGith tabont hest | ansRor takbpaqapimelring1 ¥asnd G4 B the
for the horizontal part, and 19 mfor the vertica
FEPDSOPRECER OPe SPERGPR, LA Bf 2 tIRC 1afaddpér farpon an SFC of
Rionel | A& ANy o84 [ dSphBed S5 2 (LORGLN kLcWRLe 2% ate
m Termnal linear velocity was 15. S.
TriaBEQOPY dtiicomreapadiion per 4nit. h@lookasg9pbkgbhenon was

f.th f. th . [
SRR P e Ve L e BOCG iy FabPR pondicr  SubeTaRRE

wasl 53060 and vhluenpagativrecaketine exit thereof was
ig&. [[0164] The water-absorbing resin powder substance
&1t he transportation test, which reached the fina

Relbhbalhtafret Rganpransportation section, had a CRC of
30 (g/g) , an SEC of 49.5 10 ( X 10-7 cn8 s g-1) , an

AAP oft 2 apgrginpaticand-estopst the ooeantebsorbing resin

powder substance was performed using a transportation
apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 1. As a transportation air source, a Roots
blower was used instead of the compressor 38 shown in Fig.
1, 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
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
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
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of 2.5% by weight. A reduction rate of SFC by
transportation was 1.0% Bl ocking phenonmenon was not
observed. [0165] |[Exanple 3] 15 The transportation
test of the water-absorbing resin obtained in
Production Exanple 3 was perfornmed using simlar
operation as in Exanple 1, and transportati on was able
to be perforned simlarly as in Exanple 1. [0166] 20
ftCarparatdgtte L Exangd £23m.A Teanspal tldtieen wtr@}sctcptfy wag 11 5
ter- bsorbing?{e3|n omﬂer subst ance was perfor

ng af PPanshof t &t eitF Apdal REGs st hiltat” f”é‘st fell kg/hr

n@ﬁ@@&bwr@r anspes tatd ﬁh&pw aheSt r3Rs8HPWRL L o Rl e 1kne
a transportation air source, a Roots 25 bl ower was

9§e6|h13m%@aﬁsq%%#ﬁﬁé&@@w@wsmmmtancemwgs 59°C, and
thﬂ%%%t@%gu%Edkﬁgcggggpth@ odew, pokpbwas set at 20C

Air tenperature was testlng tinme was 600

40d6Bds. As the water-absorbing resin powder

subst ance er-absorbing re wder subst anc

2 obt A e R E 30 P EhIEE: ShoEAoRBratD SENTTRuGE Aoty the

dmaﬁepenctafc ibhetedt ANSHQH abhoNePitiel ifnAad3dpias: setoftthe
and the inner surface of the transportat on

E}FB@FPﬁét%%OHOFeFFthhéH& G Sfecr PcaPl ¥ ( st e of
Q@ughmq@ Rzzn?1009-1nm; EREbh @ 24 he it gV GRNSPRLEALERRon rate

i pel I nes has a horlzontal part and a vertical part,
aidS Feriyt ﬁr@msmétﬁﬁa@@p@w aﬁqﬁm pﬁé@pkmegmmu@nemn was

z | pay vertic
B PR B s orne Brhb D6V i Goreased
phpekilse &R0 tvhéuect stal deengbbhedlt were 123 m Ternlna

[ i r velocity was 15. 0 nis. Bl ocking phenonenon
é@ﬁgg ted and it was inpossible to continue the test.

IIrspegticonjof the transportation pipeline by

dlsassenbly reveal ed an aggregated substance which
flrniﬁ f@gﬁgﬂg&g}qq@aqﬁ | $hethe water-absorbing resin

powder substance was performed using a transportation
apparatus similar to the pneumatic transportation apparatus
30 shown in Fig. 1. As a transportation air source, a
compressor 38 shown in Fig. 1 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
Production FExample 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
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
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[0167] Table 1: Specification of Exanples and
Conpar abl e Exanpl es and Eval uation Results Conparabl e
Conpar abl e Conparable Exanple 1 Exanple 1 Exanple 2
Exanple 2 Exanple 3 Water-absorbing resin AAABB
powder substance Terminal linear 11.5 11.5 11.5 15.0
15.0 velocity(nfs) Transportation capacity per unit
hour 4700 4000 3500 4900 d ogging (kg/hr) SFC after
ttha@nspodl ateinoit h30t 22 r2815340. STerfXh817itddr v8168city was
Eg)déct' on rate of sF'¢c 1.6%4.9%6. 6%1.0%- 15 [0168

VT | ATTRBPET FAtLPRICEPARAENV ROt hAPUENARGIYES kg /hr.

ﬁ@%@erﬁh%@eeﬁﬁ|H@é'éﬁtﬁdﬁ%@y%kiQﬂerﬁigngﬁo§%g31§§ ipeline
nEared with Conparative Exanples, and are capéﬁi &P
e

BatvWaige Tt Ay 1y 0 r@fsmhnowd@elsutestaﬁr@ﬂmﬁegwc and

@P&Eﬁéwﬁ%ﬁ%&fﬂkﬂgﬁﬁhFE%@FE?T%SEEB5F%igéi e

ﬁﬂd@&dtlon met hod for a water-absorbing resin pomder
substggpe r Ieva t ot gresent I nvention can
¥

.th
oo O HhE R R AR P HOLRE BB in PP B e B Efat g after the

W&bﬁ@p@@%@tbbﬁ@‘té@@} mfhl%hpﬁwgne&tbfé aneg1Wdihized &P the
gi ene materials containing absorbi ng bodies such as,

Féﬁnéﬁﬁﬁﬁﬁéloa1%%@§§B?eh@ﬁa®é3§30§r3%g@Vﬂéﬁya®éﬁﬁl 9§ 49.5
L(DCOmtl. PRALS -RATS . a8 AAP of 24.4 (g/g), and a moisture content

of 2.5% by weight. A reduction rate of S¥FC by transportation
was 1.0%. Blocking phenomenon was not observed.

[0165]

[Example 3]

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]
[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. 1. Ag a transportation air source, a Roots
blower was used instead of the compressor 38 shown in Fig.
1, without dehumidification, and dew point was set at 20°C.
Alir temperature was 35°C, and testing time was 600 seccnds.
As the water-absorbing resin powder substance, the
water—absorbing resin powder substance B obtained in
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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CLAIMs: 1. A production nethod for a water-absorbing
resin conprising: a polynerization step for

pol ymeri zi ng an aqgueous solution 5 of an unsaturated
nmonomer to obtain a hydrogel polyner; a drying step for
drying the hydrogel polynmer to obtain a particulate

wat er - absorbing resin; and a surface cross-linking step
for surface cross-linking the particulate

wakenfabsaonki ngurestcs; rd@ghhes iRz campd $ed .i SE&ch of the

gneunatlc transportation step for pneumtic
FARSPOrtRhdgOR Ri ee]r”heo%eﬁﬁl%ﬁoi:éé?ﬂt%%@@éﬁ: angigstediideal

ganer abed hBneaRhost €Rel PranPhbBBEAPEoM L@ SA FA6e 104
roughness (Rz) of the inner surface of ‘equal to or

$mal [the hoydm o806 1nima iy @@dnéf%;@s i Hhe deswtpoiant mofrt.
Thége%‘&re 100G E%%%Té?a %%%g%'r%ﬂtﬁ‘%hhg S‘E&% 09 the
to claim1 erel wat er - absor bi ng 'S a
mortxaacleythidi atlvder(eshﬂﬁm ba@eﬂmlwal én{Masmvé)laskgltps’iaBJS .0
The uct i net hod accord to c#a|n1l or

Wﬁgre|% ? it ORFS P RY GF% qﬁgglgp0581ble to

suhf-agtanthoteat . ZQHS{tﬁ’dtCiaﬂi of dhe 'Eh:%m@b@(ﬂi%ttll@ﬁ pihage
according to any one of clains 1 to wherein the

‘é%‘SW@h§eﬁé§ﬁﬁdp%mg9r§ﬁﬁ§ﬁﬁnﬁ}@s@lﬁﬂ peéghgfirmly
Eug@kggmqg@ b§ %gled substance of the water-absorbing
resin. . e production method according to any one
dﬂléﬁélns 1 to 4, wherein the water-absorbing resin
CappE $€SS@ecﬂ\ﬁ1@ét§c§Hl A expelyival aRl OBhBbr S d Mlardles
wat er -insol uble fine particle. 6. The production
ABth&yaaLésrarngeeslady one of clains 30 1 to 5,
wherein dew point of the gas in dried state is 30C to

100C 7 The production ording to any one of

clains - 88 1 U@m@}eMkéﬁgﬁﬁfﬁblyﬁﬁiiﬁﬁﬁl DWmmnephe(Egﬁfff

Dol YITer T Zat T on Srep
powder substance A A A B B
Terminal linear
velocity(m/s) 11.5 11.5 11.5 15.0 15.90
Transportation

capacity per unit hour 4700 4000 3500 4900 Clogging

{kg/hr)

8rC after

transportation 30 29 28.5 49,5 —
(x107-cm®-5-g™)

feduction Sate of STC 1 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, superiority of the

present invention is obvious.

INDUSTRIAL APPLICABILITY




i s aqueous solution polynerization with a conti nuous
belt or a continuous kneader. 8. The production nethod
according to any one of claims 5 1 to 7, wherein the
wat er - absor bi ng resin powder substance satisfies at
| east one of absorbency agai nst non-pressure (GVY) ? 25
g/ g, absorbency agai nst pressure (AAP) ? 15 g/g and
saline flow conductivity (SFC) for 0.69% by mass nor nal
dalicsé solution ? 10 (x10-7-cnBsg-1) 10 9. The
produgtion nethod accor di to any one of claims, 1 to
8, compFitsi CEE%@EE%WEgﬁaoﬂagﬁba%?ﬂ?%wﬁgntwder
Wwabetaabsorbi Bgahestd fH@RAMIRr iWtRtAcAEARE aNe applied
filter at the same time as pneumatic transportation.
PO1t7Re YpFodbict PP wet hod sdctordithy votanyabperbing resin
%b%kl@ stBstahBeut EPTPLLSI A {HEPOGBLL Ci1 s containing
ransportation step after the surface cross-1in I ng
sbeprbing Thdipeoduchi an, nEehoskageor di digsasdnye ahiapefrs
laims.. .1 to 10, .conprising.a sfep for storing the
Gacernibesrorag fle hogalsfolliobedite. arter the
pneumati c transportation 20 step. 12. The production
nmet hod according to any one of clains 1 to 11, wherein
a production capacity of the water-absorbing resinis
a conti nuous production of equal to or higher than
1000 kg/ hr. 25 13. The production nethod according to
any one of clainms 1 to 12, wherein the surface
cross-linking step is performed wth a cross-1inking
agent havi ng dehydration esterification reactivity. -
89
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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-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 each step in a pipeline with a surface
roughness (Rz) of the inner surface of equal to or smzaller
than 800 nm, by using gas with a dew point of - 5°C to - 10C°C.
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 1 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
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 dew point of the gas in dried state is 30°C
to 100°C.

7. The production method according te any one of claims
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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 clainms
1 to 7, wherein the water-absorbing resin powder substance
satisfies at least one of absorbency against non-pressure
(GV) 2 25 g/y, absorbency against pressure (AAP) = 15 g/g
and saline flow conductivity {SFC) for 0.69% by mass normal
saline solution 2 10 (x1077-cm®-s+g7').

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 Lime 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.

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 cne of claims
1lto 11, 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-linking step is performed
with a cross-1linking agent having dehydration esterification

reactivity.




