-1- DESCRI PTI ON PRODUCTI ON PROCESS OF POLYACRYLI C ACI D (SALT)
WATER- ABSORBENT RESI N TECHNI CAL FI ELD The present invention rel ates
to a polyacrylic acid (salt) water-absorbent resin, a production
process thereof, and acrylic acid used in polynerization for
production of a water-absorbent resin. Mire specifically, the
present invention particularly related to a water-absorbent resin
havi ng i nproved rel ati onshi p between absorption capacity and

wat er - sol ubl e pol ymer, which are conflicting properties of the

wat er - absor bent resin. BACKGROUND BETSCRIPAJENY years,

wat er - absor bent resins having a high water absorbency are devel oped
and frequently used mainly for disposable uses, for exanple, as
absorbent articles (e.g. disposable diapers and sanitary napkins)
and further as PROEUCHONIFROLILIBSOFOPCHN ACRYLI® A0UD (SALT)
horticulture and for industrial sealing materials. As to such

wat er - absorbent resins, mnwADERTABESOREB RN GIMSINC pol yners are
proposed as their raw materials. O them acrylic water-absorbent
resins as obtained fromacrylic acid and/or 2 its salt as the
nononers are industrially nost commonly used because of their high

wat er absor bBROHNICAL FIELD

The present invention relates to a polyacrylic acid (salt)
water-absorbent resin, a production process thereof, and
acrylic acid used in polymerization for production of a
water-absorbent resin. More specifically, the present
invention particularly relates to. a water-absorbent resin
having improved relationship between absorption capacity
and water-soluble polymer, which are conflicting properties of

the water-absorbent resin.

BACKGROUND ART

In recent yea.rs, water-absorbent resins having a high
water absorbency are developed and frequently used mainly
for disposable uses, for example, as absorbent articles [e.g.
disposable diapers and sanitary napkins) and further as
water-retaining agents for agriculture and horticulture and
for industrial sealing materials. As to such water-absorbent
resins, many monomers and hydrophilic polymers are
proposed as their raw materials. Of them, acrylic

water-absorbent resins as obtained from acrylic acid and/or



Because wat er-absorbent resins are generally used for "disposable
uses (such as disposable diapers), it is essential that they are

i nexpensi ve. Therefore, the enhancenment of their productivity is in
hi gh demand. In addition, there is a natural high demand for the
absorbent articles to avoid problens wth respect'to the safety and
coloration of the absorbent articles. 2Specifically, the

wat er - absorbent resin contains the unreacted residue of acrylic

acid. Although the content of the unreacted acrylic acid is several
hundred to #f3ostlfl@@OtpEMmbyowee ghtareaimidasedadly modie coamirenilyotised
the wunreacted acrylic acid is demanded. In addition, the

wat er - absor beetat@s 6f itheiPHighed avek halvbdbil®eeyp in the absorbent '
articles. Therefore there is a high denand for the water-absorbent

resin also to be phiche s Wwatdob v et a3e¥in§onetJpefigballgnessed for
feeling or appearance caused by coloration. In addition, the

wat er - absor b&i‘épé_@éb!‘e !ﬁs&‘@t @uc&i(@ié W@osﬁﬂ_e“@tiﬁbekaﬁohﬂ%eessential
However, as described in Patent Docunent 1, in the water-absorbent

resin, thereihgt a'tﬁ@g G aiNBG AsivaCT a3sddthed Wl €T ea®ldtd&ment of
pol ymer (water-soluble conmponént) in the range of several Wt %to

several tens : 9 o f N{. 0 .
tHélﬂﬁ%”@dJ@ﬁVﬁg’fggﬁgﬁgﬁé‘é - MAMEN n0hdliMidn, there is a

wat er - sol ubl e conponent 1S Mor eover, a escribed in

Patent DOCUNRRY, 251t RGAPSPLREM 4 2Fbt ChAR b &HPSL O gk\h}\g?erto avoid

S
wat er - absor bent resin Es required to possess accept a%?

absorption pLOREILiSS WIF rdlFeS @ i Nsafety and coloration of the
absorbent articles. Specifically, the water-absorbent resin
contains the unreacted residue of acrylic acid. Although the
content of the unreacted acrylic acid is several hundred to
about 1000 ppm by weight, a decrease in the content of the
unreacted acrylic acid is demanded. In addition, the
water-absorbent resin is combined with white pulp in the
absorbent articles. Therefore there is a high demand for the
water-absorbent resin also to be white so as not to give any
foreign-substance feeling or appearance caused by coloration.
In addition, the water-absorbent resin is water-swellable

and water-insoluble. However, as described in Patent
Document 1, in the water-absorbent resin, there is also
contained an uncrosslinked water-soluble polymer
(water-soluble component) in the range of several wt % to
several tens of wt %. The decrease of the content of this
water-soluble component is also demanded. Moreover, as

deseribed in Patent Document 2, the absorbent articles



as absorption capacity under pressure and liquid perneation quantity
under pressure. In order to solve the above problem there has been
suggested the process including the step of polynerizing a nononer
having inmpurities in small amobunts to produce a water-absorbent
resin. Exanples of such a process include: the process including the
step of carrying out purification so -t3hat a nononer has a heavy

netal content of not nore than 0.1 ppmand the step of carrying out
pol ynmeri zati on of the nononer (Patent docunment 3); the process

i ncludi ng theostapniod e rynbgr-alisqemnerrezahi 00 BhwHieRy tacpddsess
acid including acrylic dimer or oligoner in small amounts (Patent

docunents 4 abdeprabldewptoOceasssomalivdi pgopleetizsemrider Gfdsshng:,08tich
purification of acrylic acid for polynerization to obtain an acetic

acid or propakOoAbeopkibrc WHN¢it9f ubees pPessuf@lapBNigRAHeBermeation
docunent 6); the process including the step of carrying out

pol ymeri zat i giyalytithe h¥9d @€ PHels el d i ncluding protoanenmonin in
smal | amounts (Patent docurnent 7); the process including the step of

carrying out pol yier b2akt Ofp P¥olHS i a8bYYEC paoitehiICl1Hlirag Hals f Begh
in small amounts (Patent docunent 8); and the process including the

step of carrgh%ggrsrgﬁi I@HEYES?EE%%U PRcRYd '%@C@Q%Coﬁie&l h@&h‘i‘i‘hgga

hydr oqui none | anou Pat ent doc nt 9). - proce

}2?' ;dilvggeﬁ [‘gvbcg%gﬁmeeg{ %%&*% Q?%%ﬂ?iﬁ‘g?“m Ohalt TR LHES 18 PRLGULR! a
water-absorbent resin. Examples of such a process include:
the process including the step of carrying out purification so
that a monomer has a heavy metal content of not more than
0.1 ppm and the step of carrying out polymerization of the
monomer (Patent document 3); the procéss including the step
of carrying out polymerization by using acrylic acid including
acrylic dimmer or oligomer in small amounts (Patent
documents 4 and 5); the process including the step of
carrying out purification of acrylic acid for polymerization to
obtain an acetic acid or proprionic acid content of less than
400 ppm (Patent document 6); the process including the step
of carrying out polymerization by using acrylic acid including
protoanemonin in small amounts (Patent document 7); the
process including the step of carrying out polymerization by
using acrylic acid including furfural in small amounts (Patent
document 8); and the process including the step of carrying
out polymerization by using acrylic acid including

hydroguinone in small amounts (Patent document 9). As the



foll ow ng processes have been suggested. That is, the process
including the step of treating acrylic acid with an al dehyde
treatnent agent (Patent docunent 10), and the process including the
step of treating acrylate with an active carbon (Patent docunent

11). As disclosed in Patent docunents 3 through 11, there has been
suggested the nethod for realizing a -water-absorbent resin with
excel l ent properties by the process including the step of purifying
acrylic acid or the like as raw material at a.high purity. However,

t here occursptbeessstinqiuetingm éhd tdweor offl eradhicidarcr ehge amount of
productivity. Furthernore, there has been suggested the

pol yneri zati o ppiieRss Qr maweredl- ahsor hentvatesidbsoriséniei Agsifipe the
step of adding trace conponents in certain anmnounts for the

i mprovenent fellpHapgr brese9fct eave B dn nohgy@d it abRat Nt iHEe Prideess
Exanpl es thereof includes: the process in which acrylic acid has a

met hoxyphenoineRidiiy t¥e ldtelD of 206 DIAR( Babplic desdnpith 12h; a‘lB@h%fde
process in which there coexists furfural of 11 to 2000 ppm (Paten

docunment 13) ireftilchii® JHOCESTPHBERNEY MRIRImERAt end) dogHAENfSe 14130 ss
15). However, in Patent docunents 12 and 13, there occurs the

pr obl em t hat i{ bt dI kRN B! 61 -GRBIAM o128k PEOOTER o€Aker Edrbon

(turns yellow) due to oxi on of nmethoxyphenol and -5- furfural,

which are cops@idieddoR An@RROef., in the course of the production of
a wat er - absorbent resin.

As disclosed in Patent documents 3 through 11, there
has been  suggested the method for realizing a
water-absorbent resin with excellent properties by the process
including the step of purifying acrylic acid or the like as raw .
material at a high purity. However, there occurs the cost
problem and the problem of decrease in productivity.

Furthermore, there has been suggested the
polymerization process for a water-absorbent resin, including
the step of adding trace components in certain amounts for
the improvement in properties of the resulting
water-absorbent resin. Examples thereof includes: the process
in which acrylic acid has a methoxyphenol content of 10 to
200 ppm (Patent document 12j); the process in which there
coexists furfural of 11 to 2000 ppm (Patent document 13j);
and the process using metal (Patent documents 14 and 185]}.
However, in Patent documents 12 and 13, there occurs the
problem that the resultant water-absorbent resin becomes

colored (turns yellow} due to oxidation of methoxyphenol and
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Eur opean Patent No. 1457541 DI SCLOSURE OF | NVENTI ON An obj ect of the
present invention is to provide a process for producing a

wat er - absor bent resin having an i nprovegd. rel ati onship between
absorption capacity and water-sol uble polyner, which are conflicting
properties of a water-absorbent resin, being mldly controlled for

pol ymeri zati on repgtdQfhtiofai rtablicagien dviows p8ed chi gh absorption
properties, being of no odor, being uncol ored water-absorbent resin

odor, and being producedovhiieatnigh productivity. In order to solve
the problem as a result of extensive research, the inventors of the

present inventionyhgveduidapphatatiba PLONEMisANNBE EPO¥2d 1M0OO14
produci ng a water-absorbent résin by using (i) an-acrylic acid

containing parti @@y ggeeseArongpts and (ii) a basic conmpound
having an iron content of 0.2 to 5 ppm by weight, and have -7-

conpl eted the pregegt ply B1i MY §nSPEBIId LA YN0 J064Y 0110897
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DISCLOSURE OF INVENTION

An object of the present invention is to provide a process
for producing a water-absorbent resin having an improved
relationship between absorption capacity and water-soluble
polymer, which are conflicting properties of a water-absorbent
resin, being mildly contreolled for polymerization reaction,
maintaining and improving high absorption properties, being
of no odor, being uncolored water-absorbent resin odor, and
being produced with a high productivity.

In order to solve the problem, as a result of extensive
research, the inventors of the present invention have found
that the ©problem can be solved by producing a
water-absorbent resin by using (i) an acrylic acid containing
particular trace components and (ii) a basic compound having

an iron content of 0.2 to 5 ppm by weight, and have



wat er - absorbent resin by polynerizing an acrylic acid conposition
including acrylic acid and/or its salt, the process conprising (a)
the step of neutralizing the acrylic acid conposition with a basic
conposition; and then polynerizing a resultant neutralized product,
thereby form ng a hydrogel crosslinked polynmer, the acrylic acid
conposition including: (i) a nethoxyplrenol content of 10 to 200 ppm
by weight relative to the weight of acrylic acid; and (ii) at |east
one conpound content of which is 0 to 10 ppm by weight relative to

the wei ght otoagsldted flet Grddeetciivpontidnhei ng sel ected fromthe
group consi sting of protoanenonin and furfural, the basic

conposi tion incl ugigig a Bpetieanpound anfirkt onwate- abasirbent resin
conposition having an iron content of 0.2 to 5.0 ppmby weight in

terms of Fe2EBodfictesANd Ml @sAbspy beat rgpbdeds 0dysti OpIAEES | Sa
a process for producing a water-absorbent resin by polynerizing an

acrylic aci dw‘éQ@POébEbPBeh@df@éﬁQ aéyylfsa Iﬁeri@lﬁ?d/ ah | axr§d, ddi|
process conprising (a") the step of “pol'ymerizing the acrylic acid

composi tion &Qﬁ;ﬁgwn d’[h%nn%ygépﬁghp&fl@sghl iROLYIEBIth@Mhocess

neutralizing t roge crosslink ymer with a basi’c

conposi tion, ?gﬁ.galtq%wbl C|tqlle cgp(p}gsbtfl q@e%@péiqgf tfl'e) gtceyuc tahceid

met hoxypheno ent “of 0 to 00 ppm by wei g relative to

e O, PEESF e 1 A B e AR i

afi e’ weig
the Cogp?éjglgltant neutralized product, thereby forming a hydrogel

aci d,
crosslinked polymer, the acrylic acid composition including:
(i) a methoxyphenol content of 10 to 200 ppm by weight
relative to the weight of acrylic acid; and (ii) at least one
compound content of which is 0 to 10 ppm by weight relative
to the weight of acrylic acid, the compound being selected
from the group consisting of protoanemonin and furfural, the
basic composition including a basic compound and iron, the
basic composition having an iron content of 0.2 to 5.0 ppm by
weight in terms of Fez0s;.

A second water-absorbent resin production process is a
process for producing a water-absorbent resin by
polymerizing an acrylic acid composition including acrylic
acid and/or its salt, the process comprising (a') the step of
polymerizing the acrylic acid composition to thereby form a
hydrogel crosslinked polymer; and neutralizing the hydrogel
crosslinked polymer with a basic composition, the acrylic acid

composition including: (i) a methoxyphenol content of 10 to



bei ng selected fromthe group consisting of protoanenonin and
furfural, the basic conposition including a basic conmpound and iron,
t he basic conposition having an iron content of 0.2 to 5.0 ppm by
weight in terns of Fe203. The above arrangenment nakes it possible to
produce, wth a high productivity, a water-absorbent resin having an
i nproved rel ati onshi p between absorptrd%’capacity and water-soluble
pol ymer whi ch are conflicting properties of the mater-absorbent

resin, being ntroII ol |zat|o ction, be g of
no odor, bei émc Yot s aﬁ%lf%té{’)‘ﬁgyg? fi ‘ﬁﬁ’l ocr‘ ﬁ%ﬁﬂc acid;” and
properties. Th st and second water-absorbent in productr on
processes prl’rlir% ?/a?hpﬂ?eFOFth?HHéi comtenty Wslpé’ i2)0 gp iﬂeppél%e‘?y
(a'), (b) the st dryi ng the hydrogel c¢rosslinked _poly

appl i cation &Y€ r&ﬂﬂ%ltl("é) %Phéhgté'ﬁlé aﬁjaeerm lig) agikb rte§upparapound
hydr ogel croirel i nked poI mer to surface cross-]inking treatnent by
appl i cati on o¥¢1R&atSe ?ﬁ%ﬂ%agoéncéhﬁoﬁﬁﬂ‘-ﬁps GRefiStipEyOf| REP ferRD ABIGRIN
hydroxi de or al kal i ne-netal carbonate, nore preferably sodium

hydr oxi de or a4l fmrégrabnatae Thésa@:rwqrep@@riérogbrrpagwdmg a basic
preferably has an é)ol yneri zabl e organic conpound content of 1 to
1000 ppm 9- EPmMEPHEd @Rdr dramng héhgngeﬁmcpmetm@ahwmgmmon
has a solubility paraneter of (1.0 to 2.5 x 104 (Jm 3)1/2. Further,
the first ang¢osdemidoingt @rtcabsOrment byewieaght in terms of Fe20s.

The above arrangement makes it possible to produce,

with a high productivity, a water-absorbent resin having an

r improved relationship between absorption capacity and
water-soluble polymer which are conflicting properties of the
water-absorbent  resin, being easily controlled for
polymerization reaction, being of no odor, being less colored,
and being of high absorption properties,

The first and second water-absorbent resin production
processes preferably further include, after the step (a) or the
step (a'}, (b) the step of drying the hydrogel crosslinked
polymer by application of heat and (c) the step of subjecting
the resultant hydrogel crosslinked polymer to surface
cross-linking treatment by application of heat.

The ©basic compound 1is preferably alkaline-metal
hydroxide or alkaline-metal carbonate, more preferably
sodium hydroxide or sodium carbonate.

The acrylic acid composition preferably has an

unpolymerizable organic compound content of 1 to 1000 ppm



production processes are preferably such that a chelating agent is
added to the acrylic acid conmposition or the hydrogel crosslinked
polymer. Still further, the iron is preferably Fe203. Yet further,
the acrylic acid conposition preferably has: (1) a phenothiazi ne
content of 0.to 0.1 ppmby weight relative to the weight of acrylic
acid; (Il) at |east one conmpound content of which is O to 5 ppm by
wei ght relative to the weight of acrylic acid, the conpound being
selected fromthe group consisting of al dehyde, except furfural, and

mal ei ¢ aci d; bandyeidht,) whet€ast tionensalolyaiadzadidosyghsiactdmpound
content of which is 10 to 800 ppm by weight relative to the weight

of acrylic agisé a §dbleilsidity’ phedncaterosy | 1© ae6i 2l Peknposesactpd2from
the group consisting of acetic acid and propionic acid. BEST MODE

FOR CARRYING QUT FEthbYENThEN fTRG "ShESSHddteed Wod &Ir-abeirBRMt resin

resin" in the present invention refers to a pol ymer having

vat er - svel | aBirbidie 1398 pialcRsskels ArdbididatraBlya §ﬁ§ﬁ| tereft it ERdYSiinG
a crosslinked structurée into the polyner, wherein the

“wat er - swel | ghkhit i’ ad@%@%op:!}i/é'a nggiccél:n&aédrﬂ?&@ﬁ%rrp%'}cﬁhé%&rogel

W t hout pressure of at |east preferab to 200 tines

nmor e prefera tlrres and Wnerelnthe
"wat er - i nsol EEMFFh})’?{edzgotw substantial water-insol ubili ty such that

e oL S0 PR OBk BT T 17,0 1
still Yet further, the acrylic acid composition preferably has:
(I) a phenothiazine content of O to 0.1 ppm by weight relative
to the weight of acrylic acid; (II) at least one compound
content of which is O to 5 ppm by weight relative to the weight
of acrylic acid, the compound being selected from the group
consisting of aldehyde, except furfural, and maleic acid; and
(I1I) at least one saturated carboxylic acid content of which is
10 to 800 ppm by weight relative to the weight of acrylic acid,

the saturated carboxylic acid being selected from the group

consisting of acetic acid and propionic acid.

BEST MODE FOR CARRYING OUT THE INVENTION

The "crosslinked water-absorbent resin” in the present
invention refers to a polymer having water-swellability and
water-insolubility as a result of introducing a crosslinked
structure into the polymer, wherein the "water-swellability"
means physiological saline absorbency (GVs) without pressure

of at least 2 times, preferably 5 to 200 times, more preferably



nore preferably O to 10 wt % These properties are neasured by

met hods defined in an exanple below. A polyacrylic acid(salt)

wat er - absorbent resin in the present invention is the one obtained
by polynerizing a nononer including acrylic acid and/or its salt as
a main conponent, wherein the acrylic acid and/or its salt is in a
total anmount of essentially 50 to 10Q ppl- % nore preferably 70 to
100 nmol 9% still nore preferably 90 to 100 nol % particularly
preferably substantially 100 nol % relative to the entire nononers

(excl usive oR(ckessol hikheg, ageat SherdeheththavatéhenkelbilNBIOMREAnS
herein refers to a nononer including acrylic acid and/or its salt as

a mai n conmposfistandikl | ¥adksAntAUMAELR SUEHYRhEQr thaCr Witeragdldible
conponent™. In terns of the properties, the acrylate used in the

present invepbwﬂléz«s ‘coH @iy abl )th@%‘é@hené §§b&ﬁtf£llﬁC0thbC5(ﬁC\kr@ %,
such as alkaline netal salts, ammoniumsalts, and amne salts; nore

preferably ag@féﬂ&%lgebakoaﬁsymt% nPoFk r%‘éfle!ram)i%%efl% %Pb%, still

al kal i ne et acryl ates selected from arong sodiumsalt, |ithium

salt, and pohassi Wy %@%&mfﬂ{agm wholoy VRLESL PRIpL: 8L [ Sre SHEDSARed

cal ciumsalts and“al um nu may be used | nation as [ong

as the - 11 b?eﬁ%rth%ta%oﬁl%ﬁﬁa%ﬁi qﬁl Qnae?h%\tkggngg Vp the present

i nvention ter- I ty ter- SOI’ bent resin, as

glry:a?iapggl ;n5ghteopé§%%131acr9¥ﬁntégﬂi(sa?t)s%Qtép-aébgoc}ﬁ&tggré@l /‘in the

present invention is the one obtained by polymerizing a
monomer including acrylic acid and/or its salt as a main
component, wherein the acrylic acid and/or its salt is in a
total amount of essentially 50 to 100 mol %, more preferably
70 to 100 mol %, still more preferably 90 to 100 mol %,
particularly preferably substantially 100 mol %, relative to
the entire monomers (exclusive of cross-linking agents). Note
that, the term "monomer" herein refers to a monomer
including acrylic acid and/or its salt as a main component,
and is also used as a synonym for "acrylic acid component”.
In terms of the properties, the acrylate used in the
present invention is: preferably monovalent salts of acrylic
acid, such as alkaline metal salts, ammonium salts, and
amine salts; more preferably alkaline metal acrylates; and
still more preferably alkaline metal acrylates selected from
among sodium salt, lithium salt, and potassium salt. Further,
polyvalent metal salts, such as calcium salts and aluminum

salts, may be used in combination as long as the



mol % nore favorably 60 to 90 nmol % in terns of neutralization
ratio, of the acid groups of the polynmer are neutralized. The
neutralization nay be carried out either to the nononer conponent,
i.e. acrylic acid conposition before polynerization, or to the

pol ymer, e.g. hydrogel crosslinked polyner during and/or after

pol ynmeri zation. Furthernore, the neutyalization of the nononer
conponent and the neutralization of the polynmer nmay be adopted in
conbi nation. However, it is preferable to subject acrylic acid as

the nmononer weakPoABBLrbEng. résityl 4 ebtainet! ifdethd nptdge@eritiention
acid conmposition, to alkali treatnment as will be hereinafter

descri bed. (ghSmebyn%bn@mlﬁty[gam ¢ conpound The unpol yneri zabl e
organi ¢ conpound is an organic conpound havi ng no pol yneri zabl e

unsat urated bond TREMELtaM- th@rYS'e!ﬂc)t' resRUP a2 ddivle OHAURHheOpid®nt
| i ke, and the present invention preferably uses a nononer i ncluding

an  unpol ymefh ¢abt i@ ol 98N ¢ckOMPHNED CRNENt Ml &, tﬁréﬁ@%‘rﬂ?msob)éo 95
wei ght, wherein the unpol ynerizabl e organic conpotnd has a

sol ubility paj@meser fiofel. Gadorah )Oéoloéo(%:’*)mélu%' NinOlf®ims  of

words, the acrylic acid conpositio the present - 12" invention

pref er abl y lggwgm tat%%m%“égbme%g ggzagggevnﬂagogb%&f are

to 1000 ppm by weig ereint unpoly or gani ¢ conpoun

has a sol ubi |, @frgf’ﬂ’zgﬁgfgﬁc e dthafidaion Sy 104 {IMidhloat Mfifer to

that, the unpolymeri
the monomer component, i.e. acrylic acid composition before

poelymerization, or to the polymer, e.g. hydrogel crosslinked
polymer during and/or after polymerization. Furthermore, the
neutralization of the monomer component and the
neutralization of the polymer may be adopted in combination.
However, it is preferable to subject acrylic acid as the
monomer component, i.e. acrylic acid included in the acrylic
acid composition, to alkali treatment as will be hereinafter
described.

(2) Unpolymerizable organic compound

The unpolymerizable organic compound is an organic
compound having no polymerizable unsaturated bond formed
with a vinyl group, an allyl group, or the like, and the present
invention preferably uses a monomer including an
unpolymerizable organic compound content of 1 to 1000 ppm
by weight, wherein the unpolymerizable organic compound
has a solubility parameter of (1.0 to 2.5) x 104 (Jm-3)!/{2. In

other words, the acrylic acid composition of the present



organi ¢ conpound in the present invention is an organic conpound

wi th no pol ynerizabl e unsaturated bonds. Such an organic conmpound is
(i) a conmpound havi ng saturated bonds and bei ng unpol yneri zabl e by
radi cal polynerization, wultraviolet polynerization, or gamra-ray

pol ynmeri zation by thermal deconposition or an oxidi zing
agent/reducing agent, or (ii) an orgahfc- conpound such as an
aromati ¢ conpound. The solubility paraneter (5) is herein a cohesive
energy density and can be calfulated fromthe follow ng equation: 8
((Jm 3) 1/2) Dpeatgmhaeigrablyedgicdypdeg/ apg) uneelympesizahipy organic
cohesive energy constant, EGis a sum of cohesive energy constants

of conponen€oFBaAtGbEItantand & te el $BPuPP ™AL bR ngﬁat%hérem thee
1 C and Mis nolecular weight. In the present invention, if the

sol ubi |l ity pardnelvanesidadlecargania eempoums driig a( selnbilaiyl pRyramater
solubility paranmeter S is appropriately expressed in the unit

(Jm 3) 1/ 2. Thé (@restat2.iSivent VHnJas gy {meNpbadihsrt, i Hee udiinglymerizable
above particul ar conpound in certain anounts, thereby producing,

with a high prgdodti ¢omypoansht ot - thsopresentr asvantheni ng an) erganic
i nproved rel ati onshi p between absorption - 13 capacity and
wat er - sol ubl eopop ymerd whitbhnar poomfelriz4 b leg urpraoparatieds bolh dsheSuch an
wat er - absorbent resin, (ii) being easily controlled for
pol yneri zat i ongaedctcempdunt) ibding kesspouhar ddhvingnadatinrhtbdi bgnafs
hi gh absorption properties. A nononer
and being unpolymerizable by radical polymerization,
ultraviolet polymerization, or gamma-ray polymerization by
thermal decomposition or an oxidizing agent/reducing agent,
or (ii) an organic compound such as an aromatic compound.

The solubility parameter {8} is herein a cohesive energy
density and can be calculated from the following equation:

6 ((Jm-3}1/2) = pZG/M
where p is density (g/cm?3), G is the Holly cohesive energy
constant, ZG is a sum of cohesive energy constants of
component atom groups, p and G are values af a temperature
of 26 £ 1 °C, and M is molecular weight.

In the present invention, if the solubility parameter § is
calculated in the unit ((calm-3)1/2), the solubility parameter §
is appropriately expressed in the unit (Jm-3)1/2,

The present invention uses the monomer including the
above particular compound in certain amounts, thereby

producing, with a high productivity, a water-absorbent.resin

having (i) an improved relationship between absorption



havi ng an unpol yneri zabl e organi c conmpound content of less than 1
ppm by wei ght, wherein the unpolynerizale organic conpound has a
solubility paraneter of (1.0 to 2.5) x 104 (Jm3)'/2, is not
preferred because it has the difficulty in being controlled for

pol ynmeri zation, which is caused by an excessive rise in tenperature
of a polynerized substance due to heajgliberated by the

pol yneri zati on, and causes degradation in absorption properties.
Meanwhi | e, a nononmer having an unpol yneri zabl e organi ¢ conpound

content of meAGaditN alROOwRErbyoWehEht poheleei v hieh unel yeghflzediag
organic corrpound has a solubility pararret er of (1.0 to 2.5) x 104

(IJm3)' /2, ipebpPdesids00oiuehe ar®Lbdr-afh $d1® eH Ot /iRy, i Z@h! ebemgaea@,ﬂy
conpound to achieve the object of the present invention, and m ght

cause the pr 8911%%Ilﬁdgfopqwlyfﬁ&%ﬁmdr?%'atc@ﬂhV\@hﬁr b%@ﬁgrf%%%t cbeSteY,
Thus, such an unpol yneri zabl organlc conpound 1s ‘used rn an anount

of 1to 1000Qnmpn%by %&ggt 0 fP11Ef abeeo} tich 59%@@%%.\@1 IondBI&
preferably 1 to 300 ppmby weigft, stil m)re preferably 5 to 300

ppm by wei ghhg]wﬁgr Loyl Odl Iﬂéﬁfz%rbqgl Lfatl VgoQﬂ{H Yo RN f less

nost prefera 0Otol welg to the nononer -

14 - (acryll ?ﬁ' % 353%"9@} hF‘”vIrﬂ@ e1r¥ hﬁ%é’%%\@e &{)ex‘i?&féo%}%amc

(unpol yrrerlza onpo nd’) S |naI y re

particular heat|ng,nH 9Pal €aIsoftikiiiey A0Lr2iHd t@‘feo%rﬁa.b”ec%t)z.%? W hlpa

be descri bed
(Jm-3)1/2, is not preferred because it has the difficulty in

being controlled for polymerization, which is caused by an
excessive rise in temperature of a polymerized substance due
to heat liberated by the polymerization, and causes
degradation in absorption properties. Meanwhile, a monomer
having an unpolymerizable organic compound content of more
than 1000 ppm by weight, wherein the unpolymerizale organic
compound has a solubility parameter of (1.0 to 2.5) x 10¢
(Jm-3)1/2, includes too much amount of the unpolymerizable
organic compound to achieve the object of the present
invention, and might cause the problem, e.g. odor from a
resultant water-absorbent resin.

Thus, such an unpolymerizable organic compound is
used in an amount of 1 to 10000 ppm by weight, preferably 1
to 500 ppm by weight, more preferably 1 to 300 ppm by
weight, still more preferably 5 to 300 ppm by weight,
particularly preferably, 10 to 300 ppm by weight, .most

preferably 10 to 100 ppm by weight, relative to the monomer



hereinafter, so that the resultant water-absorbent resinis free
from odors and ot her problens. The solubility paraneter of the

unpol yneri zabl e organic conpound is normally (1.0 to 2.5) x 104
(Jm3)1/2, preferably (1.0 to 2.2) x 104 (Jm3) 1/2, nore preferably
(1.1 to 2.0) x 104 (Jm3) 1/2, still nore preferably 1.3 to 2.0) x
104 (Jm3) 1/2, and nost preferably.(145 to 1.9) x 104 (Jm3) 1/2.
More specifically, the unpol ynerizable organic conpound is at | east
one conpound sel ected fromanong heptane (boiling point: 95 C),

di net hyl cycladwepanedibdocdbmipsipmmt.: 132 C), ethyl cycl ohexane,
toluene (boiling point: 110 C), ethyl benzene (boiling point: 136 O,
xyl ene (boiling poirfher138he0 brtfdulal etcyhpleirane ((hopdbiyigepdidtile
101 ©, diisopropyl ketone (boiling point: 124 to 125 C), nethyl

propyl ketongrghfié i dempRutid) 192fichllyRevbvé s oYty lpXatiolear heating
met hyl -t - butyl "ketone, n-propyl acetate (boiling point: 101 C),

n-butyl acet (feok! i iBQ Bty 1 g YrilEtHer, i
(boiling poi ﬁ%gngggc)@alag %?ﬁhﬁﬁﬁfh?ﬁo?ﬁ%mﬁo?"ﬁ?ﬁ“ 25151,%%1:%a degeribed

these unpol yHeE-bZaRfte rOr 98Nk RatOFREURES U BIOTBH hEer COPPBIST 8F &sin is
preferable, and toluenée, diphenyl ether, and diphenyl are

particul arl ypretesAbb8ot 8 488 B ¥y ﬁgbﬁ[@l‘rﬂisz_ati on - 15 - properties

and productivity. The organi c conpou aving a solubility paraneter

ﬁ;vi ﬁ\é gnt gxczzéISI) e'ir‘l%légg?r{)%ﬁl [ {ptzayra%iteﬁgai:o?y |%qg%§§ilgn ha%P% organic
compound is normally (1.0 to 2.5) x 10% {(Jm-3)1/2, preferably
(1.0 to 2.2) x 104 (Jm-3) /2, more preferably (1.1 to 2.0) x 104
{(Jm-3) 1/2) still more preferably 1.3 to 2.0) x 104 (Jm-3) 1/2, and
most preferably (1.5 to 1.9) x 104 (Jm-3) 1/2,

More specifically, the unpolymerizable organic
compound is at least one compound selected from among
heptane (boiling point: 95 °C), dimethyl cyclohexane {(boiling
point: 132 °C}), ethyl cyclohexane, toluene (boiling point:
110 °C}, ethylbenzene (boiling point: 136 °C), xylene (boiling
point: 138 to 144 °C), diethyl ketone (boiling peoint: 101 °C),
diisopropyl ketone (boiling point: 124 to 125 °C), methyl
propyl ketone (boiling point: 102 °C), methyl isobutyl ketone,
methyl-t-butyl ketone, n-propyl acetate (boiling point: 101 °C),
n-butyl acetate (boiling point: 124 to 125 °C), diphenyl ether
(boiling point: 259 °C), and diphenyl (boiling point: 255 °C).
Of these unpolymerizable organic compounds, aromatic

compounds are preferable, and toluene, diphenyl ether, and

diphenyl are particularly preferable in terms of polymerization



no pol yneri zabl e unsaturated bonds, refers to a |ipophilic organic
conpound. O such unpol yneri zabl e organic conpounds, an organic
conpound of no hal ogen content is preferable, and hydrocarbon
consisting of only carbon and hydrogen is nore preferable, in terns
of environnental |oads. Further, a boiling point of the

unpol yneri zabl e organic conpound iS‘pﬂ§ferany 95 to 300 C, nore
preferably 130 to 260 C. The organic conpound having a solubility
paranmeter of nore than 2.5 x 104 (Jm3)1/2 is not preferable in
terms of polRFPRGTEEET G E BHOBIC AR Ypol yneri zati on reaction. The
unpol yneri zabl e organi c conpound is preferably included in a nononer
(acrylic acid co Ar&MHN IS OFPOBBIA, MAVing ool uhélifppaeameter of
i ncl udi ng unpol yneri zabl e organi c conpound may be prepared such that
the unpol ymbiQat 2 ctlgani EOLAMBBTMY 4 s Witiedd is0a® IRORGMF, CORnBotar
aqueous solution of acrylic acid conposition after the preparation

of the nonoméavifige agnpacyhenitzepmpaiigaite witbnpeuntici scitided thrawing
nononer i.e. an aqueous solution of acrylic acid conposition during

t he preparat itoh Bélymerizadnemainsaturaedinponyiser irzfdrtse tar ganlipophilic
conpound is included in advance or added to raw materials for a
mononer, 16 orgeniconpmmeposiod. acOfl i swachd cunpokimioizdnel udorganic
acrylic acid, cross-linking agents, water, and al kali conpounds. In
such pr epar atioonppeiitbsls art hergenpial yoenprabid of gani halegepooodtent is

hydr ophobi ¢ and general ly water-insol uble, and

preferable, and hydrocarbon consisting of only carbon and
hydrogen is more preferable, in terms of environmental loads.
Further, a boiling point of the unpolymerizable organic
compound is preferably 95 to 300 °C, more preferably 130 to
260 °C. The organic compound having a solubility parameter
of more than 2.5 x 104 {Jm-3)1/2 is not preferable in terms of
polymefization control and polymerization reaction.

The unpolymerizable organic compound is preferably
included in a monomer (acrylic acid composition) before
polymerization. The monomer including wunpolymerizable
organic compound may be prepared such that the
unpolymerizable organic compound is added to a monomer,
i.e. an aqueous solution of acrylic acid composition after the
preparation of the monomer, the unpolymerizable drganic
compound is added to a monomer i.e. an aqueous solution of
acrylic acid composition during the preparation of the
monomer, or the unpolymerizable organic compound is

included in advance or added to raw materials for a monomer,



therefore is preferably dissolved or included in acrylic acid, in
advance. In the present invention, it is preferable that the

unpol yneri zabl e organi c conmpound is included or added, in advance,
to acrylic acid as used in preparing the nononer. That is, it is
preferabl e that the unpol ynerizabl e organic conpound is dissolved in
advance in an unneutralized acrylic -aéPd-so that the unneutralized
acrylic acid is used for the preparation of an aqueous sol ution of
the nononer. (3) Acrylic acid used_in pqolynerizatjon for production_,
of a water- affsoFBERRPORERL ahRUFlA iacidcFAMBAPHIPR| brcl i aca ydic
known i ndustrial processes for producing acrylic acid_ include a
process of c&Caflyt¢roymdinhing ag¢@bti SrAtyt phchAl&ksdl gruppounds. In
acrol ein, an ethylene cyanohydrin process, a high pressure Reppe ‘
process, an SWtbvduraprpirtiopr ogeafdiods ketbfe pravdymerigabde organic
acrylonitrile hydrolysis process. O them the process of catalytic
gas phase oxreatponndfisphypybehehindaod g@rrxﬂr@ilﬁf ivsatmsingohabld,yand
enpl oyed. Then, in the present invention, acrylic acid as obtained
by such a cahergidne gapeiasebhxiddasobredoocessdluidedinfecabliy acidedn
This acrylic acid, as obtained by the catal ytic gas phase oxidation
process, usualdwarmont dnnghienmpureisenésinneaticanpuhtis phefepabhottHatsshe
t han approxi mately 2000 ppm by weight. Such an acrylic acid

i ncl udi ng t heurd pplyrhtreslwlan obgahée ecomsdentleds t mclasleah acradded, in
acid conmposition. In one of the processes for producing a

wat er - absor bedtvance, to acrylic acid as used in preparing the monomer.

That is, it is preferable that the unpolymérizable organic
compound is dissolved in advance in an unneutralized acrylic
acid so that the unneutralized acrylic acid is used for the
preparation of an aqueous solution of the monomer.

(3) Acrylic acid used in polymerization for production of
a water-absorbent resin and acrylic acid composition

Examples of known industrial processes for producing
acrylic acid include a process of catalytic gas phase oxidation
of propylene and/or acrolein, an ethylene c¢yanohydrin
process, a high pressure Reppe process, an improved Reppe
process, a ketene process, and an acrylonitrile hydrolysis
process. Of them, the process of catalytic gas phase oxidation
of propylene and/or acrolein is most commonly employed.
Then, in the present invention, acrylic acid as obtained by
such a catalytic gas phase oxidation process is preferably
used. This acrylic acid, as obtained by the catalytic gas phase

oxidation process, usually contains impurities in an amount



resin according to the present invention, used is the acrylic acid
conposition preferably including the unpolynerizable organic
conpound of 1 to 1000 ppm by weight, in addition to acrylic acid.
Preferably, the acrylic acid conposition further includes

(3- hydroxypropionic acid and/or acrylic acid dinmmer in total anmounts
of 1 to 1000 ppm by wei ght (based on_tphe - weight in terns of the
unneutralized acrylic acid; hereinafter omtted), preferably 1 to
500 ppm by weight, nore preferably 1 to 300 ppm by wei ght, and al so

i ncl udes net boxyphessk ﬂ{anwpﬁ@oﬁﬁﬁawry PO oei ghin LSpecdizic. exagpl an

of the aforenentioned nmethoxyphenol include o-, m, p-nethoxyphenol
and et hoxyphepplicVAEFd inkdMEidE 1HRa%n PR tsdP il BRNheYeeh ”Ferred to
met hyl, t-butyl, or hydroxyl. T'n the present invention,

p- met hoxyphepgl a4 3 c RAE iLUHAES M gE Ak RIrdbl e. A met hoxyphenol cont ent
is 10 to 200 ppm by "wei ght, preferably in the range of 10 to 100 ppm

by weight, nore iy &feraly ¥nknptdhe 9809 prAdl t0i P9 PRIARYr- M Hent
still nmore preferably 1n the range of 10 to 80 ppmDby weight, nost

pref erabl y iﬂ%%igf 498 g 18 me?lgrﬁmmn%@m h, ﬁQe%Pﬁ‘.fﬁ € AhSIR

a p-nmet hoxyp content 17 s.nore “than 200 ppm by wel g ere

T T S I e T T

Than 10 ppm CBgAHET SREABEFACeA 27 H) TERE WHER 0P e M AR ERn o

ot her acrylic acid. Preferably, the acrylic acid composition further
includes B-hydroxypropionic acid and/or acrylic acid dimmer
in total amounts of 1 to 1000 ppm by weight (based on the
weight in terms of the unneutralized acrylic acid; hereinafter
omitted), preferably 1 to 500 ppm by weight, more preferably
1 to 300 ppm by weight, and also includes methoxyphenol of
10 to 200 ppm by weight.

Specific' examples of the aforementioned methoxyphenol
include o-, m-, p-methoxyphenol and methoxyphenol which
have at least one substituent such as methyl, t-butyl, or
hydroxyl. In the present invention, p-methoxyphenol is
particularly preferable. A methoxyphenol content is 10 to 200
ppm by weight, preferably in the range of 10 to 100 ppm by
weight, more preferably in the range of 10 to 90 ppm by
weight, still more preferably in the range of 10 to 80 ppm by
weigﬁt, most preferably in the range of 10 to 70 ppm by

weight. In the case where a p-methoxyphenol content is.more

than 200 ppm by weight, there occurs a problem that the



words, in the case where the p-nethoxyphenol which is a

pol ynmeri zation inhibitor has been renoved by purification such as
distillation, not only is there, a danger that the polynerization
will take place before intentionally being initiated, but also,
surprisingly, the polynerization rate rather becones slow. The (i)
unpol yneri zabl e organi ¢ conmpound and -(&t8)- (3-hydroxypropionic acid
and/or acrylic acid dimer included in total anpbunts of less than 1
ppm by weight nmake it difficult to control for polynerization, which

is caused byresulexceswiaterralssoiibehenpesi ubecoinés pebyokdd Zehlecomes
substance due to heat |iberated by the polynerization, and causes

degradati on iih@hsoRPil Ofe 106 ARNINAS yelhgw[.i Dningot yoBidZ a4 Rd, in the
organi ¢ conpound and (ii) (3-hydroxypropionic acid and/or acrylic

aci d di mrer bﬁﬁb%ﬂe%ﬁ@%%@ﬁhb_&%@hé@uBbﬁ_teﬁﬁuﬁe%é@%ﬂaﬁpflﬁtﬁﬁﬁpm
of a residual nonomer content (residual acrylic acid) in the

wat er - absor bggt v&feﬁ%@lﬁ; PRAtEUIAPRY RS s Bt AAXEPHYA! byotfEkht, in other
pol ymeri zation inhibitors can bé used in the acryli ¢ aci

CONpOSi ti 0N g%, Red jp @hteh%ap;eocwﬁte;@ntﬁéogeﬁ&moﬁﬁh@mewhich is a
i nvention, For exanple, phenothiazine, hydroquinorie, copper salts,

and 19 Netnyloepe e e SIERGHLKS HO) WEEhZ8bhobvd BN ok Bisication

However, suc yneri zation i Itors inpair t pol y zati on,

uni i ke the mehgrypherobeinRishn, PRKMYHZAO IR B 18k gD et ihe
polymerization will take place before intentionally being
initiated, but also, surprisingly, thé polymerization rate
rather becomes slow.

The (i) unpolymerizable organic compound and (ii)
B-hydroxypropionic acid and/or acrylic acid dimmer included
in total amounts of less than 1 ppm by weight make it
difficult to control for polymerization, which is caused by an
excessive rise in temperature of a polymerized substance due
to heat liberated by the polymerization, and causes
degradation in absorption properties. The (i) unpolymerizable
organic compound and (ii) B-hydroxypropionic acid and/or
acrylic acid dimmer included in too much total amounts
causes the increase of a residual monomer content (residual
acrylic acid) in .the water-absorbent resin.

Apart from the methoxyphenol, other polymerization
inhibitors can be used in the acrylic acid composition as used
in the production process of the present invention. For

example, phenothiazine, hydroquinone, copper salts, and



and the content of the polynerization inhibitors is preferably 0 to
0.1 ppm by weight, nore preferably O ppm by weight (which is |ower
than a detection |imt). The acrylic acid conposition as used in the
production process of the present invention may have a protoanenonin
and/or furfural content. As the protoanenonin and/or furfural

content increases, not only does the -pbPymerization tine (time

el apsed until the polynerization tenperature reaches its peak)

beconme | onger to increase the residual nononer content, but also the
wat er - sol ubl Mednplement Bbont eate | nelfeaties mpsHymerzahion t hialkitprs.
I ncrease in the absorption capacity, resulting in relative
deteriorati obl@vevprppesticds. Podymdrazetiowpoi nuhobitore enitapeanenttdie
of the properties and performances of the resultant water-absorbent
resin, the ppoiparmanivatiwrmnd/ onrfliké ur al thoont enhethokhipheanrlyl i ¢ Quict
conposition is preferably in the range of 0 to 20 ppm by wei ght.

Mor e speci fi palymertihetiprot odndmbors andAolowkeur cotgke ntomtrentpreffettwd,
acrylic acid conposition is preferably not nore than 10 ppm by

wei ght, nor eaprdefrtbreabbytenttdie thangelymierfziohoidhpitorbyisvpirgfiérably
still nore preferably 0.05, to 2 ppmby weight, particularly

preferably 001tboCl1lppphy by 2Peightei ghdére Fprdfeeablyhe agml ibs aséight
conposition as used in the production process of the present

i nvention is(phetRriablowel abRIn iandakeetiveelingtgept furfural, and/or
mal ei ¢ acid content.

The acrylic acid composition as used in the production
process of thelprcsent invention may have a protoanemonin
and/or furfural content. As the protoanemonin and/or
furfural content increases, not only does the polymerization
time (time elapsed wuntil the polymerization temperature
reaches its peak) become longer to increase the residual
monomer content, but also the water-soluble component
content increases much more than the small increase in the
absorption capacity, resulting in relative deterioration of
properties. From the viewpoint of the enhancements of the
properties and performances of the resultant water-absorbent
resin, the protoanemonin and/or furfural content of the
acrylic acid composition is preferably in the range of 0 to 20
ppm by weight. More specifically, the protoanemonin and/or
furfural content of the acrylic acid composition is preferably
not more than 10 ppm by weight, more preferably in the range

of 0.01 to 5 ppm. by weight, still more preferably 0.05,to 2

ppm by weight, particularly preferably 0.1 to 1 ppm by



The al dehyde and/or maleic acid content is preferably O to 5 ppm by
wei ght, nore preferably 0 to 3 ppmby weight, still nore preferably
O to 1l ppmby weight, particularly preferably 0 ppm by weight (which
is lower than a detection limt), relative to the weight of acrylic
aci d. Exanpl es of al dehyde except furfural include benzoic al dehyde,
acrolein, and acetal dehyde. Still furbpher, the acrylic acid
conposition as used in the production process of the present
invention includes a saturated carboxylic acid consisting of acetic
acid and/or wpsigpitoni ¢ acid. A saturated carboxylic acid content is
preferably not nmore than 1000 ppm by weight, nore preferably 10 to

800 ppm by wei ght g p@pkh-Cuiige ! xppyﬁf:era%%y cotiBokPtis®0 APMR¥aWehIhthe

relative to the weight of acrylic “aci The saturated carboxylic

acid is Unpow%ﬂ&?@he UL O! & 1 {1fe e§!3'%tﬂ1 ihbensaiyr @éegoreferably

carboxylic actid content 'of nore than 1000 ppm by wei ght causSes the

odor pr obl e”})ow'é'?"ﬁlvgrldeﬁgld%‘év ?ﬁééﬁ@?&fﬁﬁ%ﬁ?%& z 6r qﬁ%\?%ﬁom':?@tcdrﬁeont.

preferable Dbecause it causes the resultant water-abs ent resin t
T 3,7 T St R o ALY SR T 0 ¢ 5
201 00O, LR e, el FRbESky 'S s S8 R, s
icﬂrz)rrgt gg;g;%‘@orea%r%fglqggf)ysié it8”1CSBn9%yC%5éiig% ,Oﬁjértthullérqﬂri C}j)refc:-,ralblj,r
0 ppm by weight (which is lower than a detection limit},
relative to the weight of acrylic acid. Examples of aldehyde
except furfural include benzoic aldehyde, acrolein, and
acetaldehyde.
Still further, the acrylic acid composition as ﬁsed in the
production process of the present invention includes a
saturated carboxylic acid consisting of acetic acid and/or
propionic acid. A saturated carboxylic acid content is
preferably not more than 1000 ppm by weight, more
preferably 10 to 800 ppm by weight, particularly preferably
100 to lSOO ppm by weight, relative to the weight of acrylic
acid. The saturated carboxylic acid is unpolymerizable and
volatile. As such, the saturated carboxylic acid content of
more than 1000 ppm by weight causes the odor problem.
However, a low saturated carboxylic acid content is preferable
because it causes the resultant water-absorbent resin to have

a safe antibacterial activity. .

In the present invention, examples of the process for



or gas chromat ography. Process (A): A process including the step of
distilling comercially available acrylic acid containing

p- met hoxyphenol as a polynerization inhibitor in an amunt of not

| ess than 200 ppm by wei ght or an aqueous solution of this acrylic
acid, thereby adjusting the nmethoxyphenol (e.g. p-nethoxyphenol
(boiling point: 113 to 115 C/5 mHg) ). o¢antent to the above-specified
content. Process (B): A process including the step of adding

met hoxyphenol as a pol ynerization inhibitor to acrylic acid

initially copbghimiifs NthéehhvrehbarMnedUaBrific RoTH! RO BBENGbn, Obut
to an aqueous solution of this acrylic acid. Process (C: A process

I ncluding thgret€et AinAdedStd NthéRede BNGSVBRERY HridcEREREXYANBO(D).
content to the content as defined in the present invention, in the

course of thepRr QeRSPtificdti OhOIHTHRI B YbhendS! the RIASESH R abrylic
process including the step of blending Tacrylic acids having

di fferent mefROXPNARYsi S canP UL AAXXANENAR! By 1i50TH *HHmEREEERY hy
Phe <RethoR) AREnGT he Com TRt SErRIprRea Th

adjusting . phenol content to the contéent as I ne

e o B Mt YO glaphe processes (A tirauah (0,

to 5 (Jem3) 172 pp L hes A nC AYL SLICINLiRY Phe $32pChs! Bidfifling
commercially available acrylic acid containing
p-methoxyphenol as a polymerization inhibitor in an amount
of not less than 200 ppm by weight or an aqueous solution of
this acrylic acid, thereby adjusting the methoxyphenol (e.g.
p-methoxyphenol (boiling point: 113 to 115 °C/5 mmHg))
content to the above-specified content.

Process (B}: A process including the step of adding
methoxyphenol as a polymerization inhibitor ;co acrylic acid
initially containing no methoxyphenol, such as
p-methoxyphenol, or to an aqueous solution of this acrylic
acid. |

Process {C): A process including the step of adjusting the
methoxyphenol (p-methoxyphenol) content to the content as
defined in the present invention, in the course of the process
for producing acrylic acid.

Process (D): A process including the step of blending
acrylic acids having  different methoxyphenol (e.g.
p—'methoxyphenol)» contents, thereby adjusting . the

methoxyphenol content to the content as defined in the



above-speci fied amounts, and (3-hydroxypropionic acid and/or acrylic
acid dimmer in the above-specified anounts may be prepared
concurrently. Specific exanples of the process for obtaining the
acrylic acid conposition (also referred to as acrylic acid having
trace conponents as inpurities) in the process (A), include
processes involving distillation, crysjallization, or adsorption by
i on-exchange resins. Hereinafter, exanples of the process involving
the distillation and crystallization are described. A process
including thgretens iakerdishi | 1ing the commercially available
acrylic acid wth a distillation colum having a condenser, a

di stillate-extracti nghtubeocasded (ART{IHPoSERPID) N0ahURM FS1yanksZable
portion of the colum and further having a boiler and a

raw materi al &%&Hi@-égﬁ@wﬁﬂa HaiG Ata asdRVRIiROTHd QmRk et hes ol ¥gNs

and still further havi a stabi |1z ng-agent-supplying tube at an
upper portiopyof,-$he: v1g0d I e i A RL hexyphenol; .f &
the stabili Qlér?{gil algentl?fs)upp f/]&?lr tubaé(,:iégb(t ailniq%gqtg?%e acrylic cinél e

Compost o, LBSLASL B IFLESHRRERS, oo D OURESLE D OB g o

1 abl i - T 7
acryl o aci ceebHiseRby ARafebiuE R ilnsmiiisind FHOLURI AR be
content. Howp}gpgzdgdr%ecmgé}(pggﬂgfl_ during the distillation in the

Specific examples of the process for obtaining the acrylic
acid composition (alsc referred to as acrylic acid having trace
componenfs as impurities} in the process (A), include
processes involving distillation, crystallization, or adsorption
by ion-exchange resins. Hereinafter, examples of the process
involving the distillation and crystallization are described.

A process including the steps of: distilling the
commercially available acrylic acid with a distillation column
having a condenser, a distillate-extracting tube, and a
reflux-supplying tube at a top po.rtion of the column and
further having a boiler and a raw-material-liquid-supplying
tube at a lower portion of the column and still further having
a stabilizing-agent-supplying tube at an upper portion of the
condenser; and, while adding methoxyphenol f{rom the
stabilizing-agent-supplying tube, obtaining the acrylic acid .
composition including methoxyphenol in a predetermined
content. . '

A process including the step of introducing the



former process above is not particularly limted. The nethoxyphenol
may be added either directly in the formof a powder, or in the form
of a solution in the acrylic acid. Suitable devices that can be used
in the latter process above are disclosed in Japanese Exam ned

Pat ent Publication No. 41637/ 1978 (Tokukousho 53-41637). There are
al so known techni ques involving renovapzaf inpurities, such as

pol ynmeri zation inhibitors and acrylic acid dinmer, by purification
of acrylic acid (acrylic acid containing trace conponents as

i mpurities) bBrrﬁh%l@@ﬁ@Ii?%véﬂhbl@dd&@ﬂ[d Zali Hoth o aPe PEdHG M elrh@ here by
wat er - absor bent resin Japanese Unexam ned Patent Publication No.

211934/ 1994, ondanggge Ungxani dodyfat entadfubl i e poshior31306(i0%ing
Eur opean Patent No. 0942014, and European Patent No. 0574260).

However, in H@cm%epweﬁb?zaCéy;Lwd@t@r%fr&dilowtle&ﬁd in preparation
for its polynerization, the p-nethoxyphenol content of acrylic acid

is substantially NBw (tNOQEIJ% &E@@i}f}é‘hggb?céuﬁ% IRt d}stﬂPIQtEéln in the

wei ght/ quantified wth after istill on due to t

difference beiugen BoLLESg PobBLS A Aty 'ﬁéﬁ?&ﬁileﬁqg limited, | The

p- met hoxypheno rngly, even | nirgues as c nventlona

carried out n?e‘lthcfyﬁfa%ﬁqgflbﬁyﬂj% e ngd%hda%'zﬁi@f @izl k xyp en(r)fl%rm of a

comerci al |l y  aval e acryl c acl aV|ng a p-ne

content of ggfa?dér a r201(r)1 b%'qr{\e%' %?;‘[3 1(515“)? S' Pll e Ocrrﬁhc t%(éld'

extrenely d cul’t to adjus p- oxyp enol content
Suitable devices that can be used in the latter process above

are disclosed in Japanese Examined Patent Publication No.
41637/1978 (Tokukousho 53-41637]).

There are also known techniques involving removal of
impurities, such as polymerization inhibitors and acrylic acid
dimmer, by purification of acrylic acid (acrylic acid containing
trace components as impurities) in preparation for
polymerization in producing the water-absorbent resin
(Japanese Unexamined Patent Publication No. 211934/1994,
Japanese Unexamined Patent Publication No. 31306/1991,
European Patent No. 0942014, and European Patent No.
0574260). However, in the case where acrylic acid is distilled
in preparation for its polymerization, the p-methoxyphenol
content of acrylic acid is substantially ND
(Non-Detectable/detection limit 1 ppm by weight/quantified
with UV) after the distillation due to the difference between
boiling points .of acrylic acid and p-methoxyphenol.

Accordingly, even if techniques as conventionally carried out



specific range of 10 to 200 ppm by wei ght. For such an adjustnent,
it is necessary to intentionally carry out the process like the
above processes (A) through (D). (4) Basic conposition "Basic
conposition" herein means a conposition containing a basic compound.
In the present invention, the basic conposition preferably contains
iron as wll be described hereinafterggi.e. iron-containing
conpound, as well as the basic conpound. Exanples of the basic
conpound as used in the present invention include al kaline-netal

(hydrogen) caspopatrefying kadrylec metad Bydr appdesd edmpRea.cofithercially
organi c am nes. ~However, in order to obtain a water-absorbent resin

having stil kvhipghsle &r&ﬁ}?{é 225 d sSha@Rfzabkpl-in SURSEAPEER Ol - Eontent of
al kal i ne-mmetal hydr oxi de5 such as sodi um hydr oxi de, ~ ‘potassi um

hydroxi de, aggh}d tdhm Bydr pemdenar & epsRE e phlse §14 h6r ext 1
al kal i ne-net al hydroxi des ??t ed gbO\?eé SOCliI ur% uﬁllﬁgc?gl de Is eRtremely

par ti cul arl ygpreLery ofl ?h‘aﬁg%?“d'eﬁ‘%{) O¥L e HBUakIHen BB BNl Uhto the

carbonat e an sodi um ent of bou to 5 %. Such a

di hyd
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aqueous sol u T ffononmer 1'Ncreas oIer -content
In awater- aB?‘gc QUi kESIHE ag%vchSrSgQéégs XA) through (D).

(4) Basic composition

"Basic composition" herein means a composition
containing a basic compound. In the present invention, the
bas.ic composition preferably contains iron as will be
described hereinafter, i.e. iron-containing compound, as well
as the basic compound.

Examples of the basic compound as used in the present
invention include alkaline-metal (hydrogen)carbonate,
alkaline-metal hydroxides, ammonia, and organic amines.
However, in order to obtain a water-absorbent resin having
still higher properties, strong-alkali substances 1i.e.
alkaline-metal hydroxides such as sodium hydroxide,
potassium hydroxide, and lithium hydroxide are preferable.
Among the alkaline-metal hydroxides listed above, sodium
hydroxide is particularly preferred. Sodium hydroxide usually
has a sodium carbonate and/or sodium chloride content of
about 0 to 5 %..Such a sodium hydroxide is also applied

preferably to the present invention.



according to the process of the present invention, i.e. the process
including the step of preparing a nononer by using (i) acrylic acid
containing particular trace conponents and (ii) a basic conposition
containing iron in particular amounts (0.2 to 5 ppm by wei ght)
(based on the weight in ternms of ~Fe2Q3) (Preferably, a 'basic
conposition containing iron and caust2% soda), it was found out that
the process of the present invention realized shortening of a

pol ymerization time, reduction in water-soluble conponent content,
and a | ess col or&¢ veserilapdorbdtaterdsidecRuetiied, Pahest bessutenewa
di scloses distillation of acrylic acid and activated carbon

treat nent of thatst iheasgdaetascohtentetfninpuestiian dekbrrpmi by weaght in
heavy nmetal content to 0.1 ppm by weight, preferably not nore than
0.02 ppm by awei ghtieodmneverytiPat enf docucwmmer dossreasedi scl vegidual
met hoxyphenol as used in the present invention. Even if the acrylic
aci d of Pat emiofomuterbnichasimmanwtitexyyieodbentonsent (oi thet cbessary,
than 200 ppm by wei ght, nethoxyphenol having a high boiling point

( p- met hoxyphaaebrtésgatbothengropesst off tid3presddd iréhhivg) iis. the
removed by distillation and purification of the acrylic acid

(boi l'ing poi procésd8 fclasdizfy tHesetépeds iprepalieng doammaime: bs wsing
result of this, a methoxyphenol content in the distillated acrylic

aci d becones(i)sibstiadtdadl ¥oRtRpMAY pagtBiildd ovede thanpbhendet et am)

limt). |In addition, Patent docunent 3 is totally silent about
a basic composition containing iron in particular amounts
(0.2 to 5 ppm by weight} (based on the weight in terms of
Fe203) (Preferably, a basic composition containing iron and
caustic soda), it was found out that the process of the present
invention realized shortening of a polymerization time,
reduction in water-soluble component content, and a less
colored water-absorbent resin.

Further, Patent document 3 discloses distillation of
acrylic acid and activated carbon treatment of caustic soda,
as the techniques for decreasing the heavy metal content to
0.1 ppm by weight, preferably not more than 0.02 ppm by
weight. However, Patent document 3 does not disclose
methoxyphenol as used in the present invention. Even if the
acrylic acid of Patent document 3 has a methoxyphenol
content of not less than 200 ppm by weight, methoxyphenol
having a high boiling point (p-methoxyphenol has a boiling

point of 113 to 115 °C /SmmHg) is removed by distillation

and purification of the acrylic acid (boiling point: 139 °C) as



ef fectiveness of heavy netal for the polynerization in the process
for producing a water-absorbent resin. More specifically, a basic
conposition as used in the present invention contains a basic
conmpound and iron. The basic conposition has essentially a iron
content (based on the weight in terns of Fe2Q3) in the range of 0.01
to 10.0 ppm by weight, preferably in 4ge range of 0.2 to 5.0 ppm by
wei ght, and nore preferably in the range of 0.5 to 5.0 ppm by
weight, relative to solids content of the basic conposition. The

iron contengegtrivv@r ihhava @1 apBURYMRI BNt Lauses dRiItoNfY tHie, a
risk that the pol ynerization can possibly take place before the

addi tion of ﬁié’t‘ﬂéf%héﬁbﬁ%ﬁiﬁﬂﬂ #h0he REtAlSQRd BRryPRS B IhdYodfes
a slow polynerizati'on even with the polynerization i n| tiator added
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is preferably triva of effectiveness, particularl
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havi ng an iroén-¢con g~ coripotind ‘conten .0 ppm by
wei ght (based on {Vlhre slgemf Caﬁye’rms ngasﬁezcoogr}lpoamgmn as used in the

present invention contains a basic compound and iron. The
basic composition has essentially a iron content (based on the
weight in terms of Fez03) in the range of 0.01 to 10.0 ppm by
weight, preferably in the range of 0.2 to 5.0 ppm by weight,
and more preferably in the range of 0.5 to 5.0 ppm by weight,
relative to solids content of the basic composition. The iron
content of lower than 0.01 ppm by weight causes not only the
risk that the polymerization can possibly take place before
the addition of a polymerization initiator, but also the
possibility of a slow polymerization even with the
polymerization initiator added. The iron as used in the
present invention may be Fe ion; however, it is preferably
trivalent iron in terms of effectiveness, particularly preferably
Fe20s.

In the present invention, examples of the method for
obtaining a basic composition having an iron content of 0.01
to 10.0 ppm by weight, which are not limited to, includge the

following methods (A) and (B):



Met hod (B): A nethod of renmoving or reducing iron from a basic
conpound havi ng an iron-containing conpound content of not |ess than
10.0 ppm by wei ght (based on the weight in terns of Fe203), by using
an activated carbon, a chelate-ion exchange resin, a chelating
agent, or the like, and thereafter adjusting the basic conpound so
as to have an iron content in the rangg of 0.01 to 10.0 ppm by

wei ght by adding iron thereto. In the present invention, if the
addition of iron such as Fe2Q3 is necessary, the iron may be added

to ei t_he_r a rmnom%rt_hdd e.(A3n agr yhiexhaed d sonpeséttiag, Ofrdmbasirfong
conposition. (5) Subjecting an acrylic acid to alkali treatnent The

process for phafuerithdyWaieialsohkent E68ipoundesosdbagit océfpound
present invention, includes the step of preparing the nonomner

conponent frgaawiAg éﬁowﬁrﬁd&mﬁingcwhiﬁoaﬁudcgeﬁbﬁitnbpqy.tdla% 10.0
conponents. In the step, it is preferabl’e to neutralize the acrylic
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al kali treat af orenent 1 oned basi c conposition. For
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not content of not less than 10.0 ppm by weight (based on the

weight in terms of FezO3), by using an activated carbon, a
chelate-ion exchange resin, a chelating agent, or the like, and
thereafter adjusting the basic compound so as to have an iron
content in the range of 0.01 to 10.0 ppm by weight by adding
iron thereto.

In the present invention, if the addition of iron such as
Fez0O3 is necessary, the iron may be added to either a
monomer, i.e. an acrylic acid composition, or a basic
composition.

(5) Subjecting an acrylic acid to alkali treatment

The process for producing a water-absorbent resin,
according to the present invention, includes the step of
preparing the monomer component from the aforementioned
acrylic acid containing trace components. In the step, it is
preferable to neutralize the acrylic acid with the basic
composition by subjecting the acrylic acid to alkali treatment
with the aforementioned basic composition. For example, it is

preferable to neutralize the acrylic acid composition with the



| ower than a certain tenperature (high-tenperature neutralization)
or neutralization at a neutralization ratio not |ower than a certain
neutralization ratio (high neutralization). Such an al kali treatnent
greatly pronotes the polynerization of acrylic acid. Specific
exanpl es thereof include: a process in which the acrylic acid
conposition is gradually added to a _cggtain anount of basic
conposition to get a strong al kaline region; and a process in which
the alkali treatment is carried out sinultaneously with the

neutral|zat|gasgyckhﬂ%0@hﬁbﬁg the acrylic acid conposition and a
strong-al kali basic conmposition together. As to the high-tenperature

neutralization, tige tLNRALALVERIRAHE A&l KidflertEQaltHENn | $hBI P&isent
than a tenperature in nornal neutralization. More specifically, the
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Such an alkali treatment greatly promotes the polymerization
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are

of acrylic a(;id. Specific examples thereof include: a process in
which the acrylic acid composition is gradually added to a
certain amount of basic com;po.sition to get a strong alkaline
region; and a process in which the alkali treatment is carried
out simultaneously with the neutralization by line-mixing the
acrylic acid composition and a strong-alkali basic.composit‘ion
together.

‘As to the high-temperature .neutralization, the
temperdture in the alkali treatment 1is higher than a
temperature in normal neutralization. More specifically, the
temperature in the alkali treatment is preferably in the range
of 30°C to the boiling point, more preferably in the range of
40°C to the boiling point, still more preferably in the range of
50°C to the boiling point, particularly preferably in the range
of 60°C to the boiling point. In the alkali treatment, in cases
where the temperature is low and where no strong alkali is

used and further where the neutralization has not yet been



preferably in the presence of an excess of alkali so that the
neutralization ratio of acrylic acid is substantially 100 nol % The
anount of alkali can be nore than is necessary to neutralize 100

nol % of the acrylic acid. Exanples of the basic conpound contained in
the basic conposition as used for the neutralization include

al kal i ne-net al hydroxi des such as sodi @ hydroxide, potassium

hydr oxi de, and |ithium hydroxi de. Anong the al kaline-netal

hydroxi des |isted above, sodium hydroxide is particularly preferred.
In the al kal Fompkatednt theppelyeuttiziapilitstisosg- e Watliat iederiont resRkts
acrylic acid is treated in such a manner to form an aqueous sol ution
or di spersi omanchedikey ofgetinadumithi regansh tactheapsopentiest exeinokl 2
of which is preferably 10 to 80 vt % nore preferably 20 to 60 Wt %
still nore pueifiedbbyrglctacEDisvuspd.The tine of such an al kal i
treatnment, particularly the treatnment tinme in the case of carrying
out the alkali traAatrenhe higheignasdizetioh, ahesec edkaliofredtenahksalare
is appropriately determned in the range of preferably 1 second to 2
hours, nore prefarsbly ih slkeoptssdwce lothaur exaersishef mlleglit he EHikalthe
treatnment is carried out in the 30 presence of oxygen for stability.

Preferably, heetabkialaitiohreaioe atsyliardaciediounhatamhilye 100eheol b
aqueous acrylic acid (or salt) solution, i.e. an aqueous sol ution of

gcgylti C aci dTheonP@siihenofcankalinscoxy B wicrkeerdidy 9 hhkeesaagy abo
| ° neutralize 100 mol% of the acrylic acid.

Examples of the basic compound contained in the basic
composition as used for the neutralization include
alkaline-metal hydroxides such as sodium hydroxide,
potassium hydroxide, and lithium hydroxide. Among the
alkaline-metal hydroxides listed above, sodium hydroxide is
particularly preferred. In the alkali treatment, particularly,
strong-alkali treatment, the acrylic acid is treated in such a
manner to form an agqueous solution or dispersion including
post-neutralization acrylate conpentration of which is
preferably 10 to 80 wt %, more preferably 20 to 60 wt %, still
more preferably 30 to 50 wt %. The time of such an alkali
treatment, particularly the treatment time in the case of
carrying out the alkali treatment in the presence of an excess
of the alkali, is appropriately determined in the range of
preferably 1 second to 2 hours, mc;re preferably S seconds to
1 hour.

Furthermore, the alkali treatment is carried out in the



20 ppm nore preferably 1 to 15 ppm still nore preferably 1.5 to 10
ppm In the case where the oxygen content is low, there are problens
of the stability of the nononer in the alkali treatnent. The al kal
treatment is preferably carried out under an oxygen or air

at nosphere, nore preferably, while oxygen or air is blown in and/or
drawn in. The oxygen content is neasutghle with a dissolved oxygen
neter (e.g. nenbrane-type poIarograpﬁ%. The nononer thus obtained
has preferably a turbidity. (specified by JI'S K-0101) of not nore

than 0.5. (6préwehber gpPNYWigethe f@”%@biﬁﬁ?.@ﬁﬁe@?éﬂlﬁ? aled alkali
and/or its salt in the range as previously defined. Such a nononer

may be used tﬁ@ét@néﬁ?tﬁeﬁﬁwmuﬂ i COHYNBL W Pferel PLOLHGL W dacriTic

the present invention, the acrylic acid conposition may contain
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acid, itaconh%eggigfevﬁ?gtﬁ%EEOthtﬁ%i%tabihty of the monomer in the

alkali treatment. The alkali treatment is preferably carried
out under an oxygen or air atmosphere, more preferably,
while oxygen or air is blown in and/or drawn in. The oxygen
content is measurable with a dissclved oxygen meter (e.g.
membrane-type polarograph). The monomer thus obtained has
preferably a turbidity (specified by JIS K-0101) of not more
than 0.5.

(6) Another monomer

The monomer includes acrylic acid and/or its salt in the
range as previously defined. Such a monomer may be used
with another monomer in combination. In other words, in the
present invention, the acrylic acid composition may contain
acrylic acid and/or its salt in the aforementioned range and
also contain another monomer.

Examples of this monomer that can be used in
combination include monomers as disclosed in U.S. patents

and European patents as will be described later. Specific

examples thereof further include copolymers as obtained by



2- (met h) acryl am do- 2- net hyl propanesul foni ¢ aci d,

(met h) acryl oxyal kanesul fonic acid, and their alkaline netal salts
and ammoni um salts, and further, N-vinyl-2-pyrrolidone,

N-vi nyl acet am de, (meth)acrylam de, N-isopropyl (nmeth)acrylam de;
N, N- di met hyl (net h) acryl am de, 2-hydroxyethyl (neth)acryl ate,

met hoxypol yet hyl ene gl ycol (neth)acryg te, polyethylene glycol
(meth)acrylate, isobutylene, and [auryl (meth)acrylate. The
crosslinking method as used in the present |nvent|on i s not

especial ly |4 g#&gdmfw%l améea&gﬁﬁeoé id nabgesy (Al AT Rpehi
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N-vinylacetamide, | {meth)acrylamide,
N-isopropyl(meth)acrylamide, N,l\i-dimethyl(meth)acrylamide,
2-hydroxyethyl (meth)acrylate, methoxypolyethylene glycol
(meth)acrylate, polyethylene glycol (methjacrylate, isobutylene,
and lauryl (meth)acrylate.

The crosslinking method as used in the present
invention is not especially limited, but examples thereof
include: (A) a method which involves the step of adding a
cross-linking agent during and/or after the polymerization,
thereby post-crosslinking; (B) a method which involves radical
crosslinking with radical polymerization initiators; and (C) a
method which involves radiation crosslinking such as by
electron beams. However, a preferable oﬁe is (D) a method
which involves the steps of beforehand adding a
predetermined amount of internal cross-linking agent to a
monomer, and then carrying out polymerization
simultaneously with and/or after which a crosslinking

reaction is carried out.



tri(nmeth)acrylate, trinethyl ol propane di (neth)acrylate, polyethylene
gl ycol di ((3-acryl oyl oxypropionate), trinethylol propane
tri((3-acryl oyl oxypropi onate), poly(neth)allyloxyal kanes,

pol yet hyl ene gl ycol diglycidyl ether, ethylene glycol, polyethylene
gl ycol, and glycerol. These internal-crosslinking agents may be used
either alone or in conbinations with gach other. Incidentally, when
at least one internal-crosslinking agent is used, it is favorable in
consi deration of, for exanple, the absorption properties of the

| t ant ter- t j - - W t '
o yrert sabre nSgt 0 GTous kAL ARl M 48 48,

) _ _ rouﬁ%tas an essenti ( ent i s used
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t he concentration of _the nononer conmponent in_this agyeous sol ution
(her ei naf t ertrimethylolpropane tr1(B~acrylo§Hoxyprop1onate),

poly(meth)allyloxyalkanes, polyethylene glycol diglycidyl ether,
ethylene glycol, polyethylene glycol, and glycerol. These
internal-crosslinking agents may be used either alone or in
combinations with each other. Incidentally, when at least one
internal-crosslinking agent is wused, it is favorable in
consideration of, for example, the absorption properties of the
resultant water-absorbent resin that a compound with's;Lt
least two polymerizable unsaturated groups as an essential
component is used during the polymerization.

The amount of the above internal cross-linking agent is
preferably in the range of 0.005 to 2 mol %, more preferably
0.01 to 1 mol %, still more preferably 0.05 to 0.2 mol %,
relative to the aforementioned monomer. In the case where
the amount of the above cross-linking agent used is smaller
than 0.005 mol % or larger than 2 mol %, there is the
possibility that the desired absorption properties may not be
obtained.

When the monomer component is used in the form of its



referred to as "aqueous nononer solution®) is in the range of
preferably 10 to 70 wt % nore preferably 15 to 65 w % still nore
preferably 30 to 55 wt % in terns of the resulting properties,

al t hough not especially limted. In addition, when the above aqueous
sol ution polymerization or reversed-phase suspension polynerization
is carried out, a solvent other than Mat er may be used therewith in
combi nation if necessary, and the kind of this solvent as used in
conbination is not especially limted. In carrying out the
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properties, although not especially limited. In addition, when

the above aqueous solution polymerization or reversed-phase

suspension polymerization is carried out, a solvent other than

water may be used therewith in combination if necessary, and
the kind of this solvent as used in combination is not

especially limited.

In carrying out the polymerization, a water-soluble resin
or a water-absorbent resin of 0 to 50 t %, for example,
preferably 0 to 20 wt %, as various foaming agents (e.g.
carbonate, azo compounds, bubbles), surfactants, chelating
agents, and chain transfer agents in amoﬁnts of 0 to 5 wt %,
for example, preferably 0 to 1 wt % can be added for
improving the properties of the water-absorbent resin.

(7) Step of carrying out polymerization (Step (a))

In the step of polymerizing the monomer component,
from the viewpoint of the performance or the ease of
controlling the peolymerization, agueous solution

polymerization or reversed-phase suspension polymerization



carried out in an atnosphere of an inert gas such as nitrogen or
argon (e.g. 1% oxygen or oxygen |lower than 1% . In addition, the
nmonomer conponent is used for polynerization preferably after oxygen
di ssolved therein has sufficiently been displaced with the inert gas
(e.g. oxygen lower than |Ippm). The present invention is particularly
preferable for the aqueous solution _pojynerization which is of high
productivity and gives high properties but conventionally involves
difficulty in controlling the polynerization. Exanples of

! Hlfhomer
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preferably after oxygen dissolved therein has sufficiently been
displaced with the inert gas (e.g. oxygen lower than lppm).
The present invention is particularly preferable for the
aqueous solution polymerization which is of high broductivity .
and gives high properties but conventionally involves
difficulty in controlling the polymerization. Examples of
particularly preferable aqueous solution polymerization
include continuous belt polymerization and continuocus or
batch kneader polymerization.

The reversed-phase suspension polymerization is a
polymerization method in which the aqueous monomer
solution is suspended into a hydrophobic organic solvent, and
examples thereof are disclosed in U.S. patents such as U.S.
Pat. No. 4,093,776, U.S5. Pat. No. 4,367,323, U.S. Pat. No.
4,446,261, U.S. Pat. No. 4,683,274, and U.S. Pat. No.
5,244,735. The aqueous solution polymerization is a

polymerization method in which the aqueous monomer

solution is polymerized without using any dispersion solvent,



5,264,495, U S. Pat. No. 5,145,906, and U.S. Pat. No. 5,380,808, and
i n European patents such as EP 0811636, EP 0955086, EP 0922717, and
EP 1178059. Mononers, cross-linking agents, polynerization
initiators, and other additives which are described in the patent
docunents |isted above are applicable to the present invention.
Furthernore, in the present invention,;®n the occasion when the

af orenenti oned nononer conponent is polynerized, the total tine
between the end of the preparation of the nonomer conponent and/or
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cross-linking agents, polymerization initiators, and other
additives which are described in the patent documents listed
above are applicable to the present invention.

Furthermore, in the present invention, on the occasion
when the aforementioned monomer component is polymerized,
the total time between the end of the preparation of the
monomer component and/or neutralization of the acrylic acid
and the initiat‘ion of the polymerization. is preferably as short
as possible in order to attain (i) the improved absorption
properties and (ii) the less colored water-absorbent resin,
both of which are the goals of the present invention.
Specifically, the polymerization is initiated preferably within
24 hours, more preferably within 12 hours, still more
preferably within 3 hours, particularly preferably within 1
hour, after the preparation of the monomer component and/or
neutralization of the acrylic acid. Industrially, the
neutralization and/or the preparation of the monomer

component are carried out in large quantities in tanks.



t he residual nononer content and the coloration are deteriorated.
Thus, to shorten the residence tine, the neutralization and the
preparation of the nononmer conponent are continuously nade to carry
out the polynerization batchw se or continuously. Preferably, the
pol ymeri zation is carried out continuously. On the occasi on when the
above aqueous nmononer solution is quégp[ized, at | east one of the
follow ng polymerization initiators, r exanple, can be used:

persul fate salts such as potassium persul fate, anmmoni um persulfate,
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there is no particular limtation thereto, The anount of the above
pol yneri zat i @@qtﬁaﬁ@tépnoandeﬁ%im‘gparatlon of the monomer component

are continuously made to carry out the polymerization
batchwise or continuously. Preferably, the polymerization is
carried out continuously.

On the occasion when the above aqueous monomer
solution is polymerized, at least one of the following
polymerization initiators, for example, can be used: persulfate
salts such as potassium persulfate, ammonium persulfate,
and sodium persulfate; and t-butyl hydroperoxide, hydrogen
peroxide, 2,2'-azobis(2-amidinopropane) dihydrochloride,
2-hydroxy-1-phenylpropan-1l-one, and benzoin methyl ether.
Furthermore, a redox initiator is also available by using the
above polymerization initiator jointly with a reducing agent
which promotes decomposition of the above polymerization
initiator and thus combining both with each other. Examples
of the above reducing agent include: sulfurous acid (or
(bi)sulfite) such as sodium sulfite and sodium
hydrogensulfite; L-ascorbic acid (or its salts);. reducible

metals (or their salts) such as ferrous salts; and amines; and



agent as used is usually in the range of preferably 0.001 to 2 nol
% nore preferably 0.01 to 0.5 nmol % relative to the nononer
conponent. O these polynerization initiators, preferably for
attaining still |ower colorability and | ower yellow ng of the

wat er - absorbent resin of the present invention, the hydrogen

per oxi de and/ or the (‘hydrogen)sulfite, ?Jr_e preferably the hydrogen
peroxi de, are used. Ot her polynerizati Initiators, particularly
the persulfate or the azo corrpounds may further be used in
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Of these polymerization initiators, preferably for

?)001 to 2

attaining still lower colorability and lower yellowing of the
water-absorbent resin of the present invention, the hydrogen
peroxide and/or the (hydrogen]sulfitc, more preferably the
hydrogen peroxide, are used. Other polymerization initiators,
particularly the persulfate or the azo compounds, may further
be used in combination with the hydrogen peroxide and/or
(hydrogen)sulfite, The quantity of the hydrogen peroxide-
and/or the (hydrogen)sulfite as used is preferably in the
range of 0.00001 to 0.1 g/(mol of monomers), more preferably
0.0001 to 0.01 g/{mol of monomers), and further is smaller
than that of the above other polymerization initiators as used
jointly therewith. Incidentally, the azo compounds display a
good effect on a low coloring, but excessive use of the
persulfate results in property deterioration and/or coloration.
Therefore the persulfate are used in combination preferably in
the aforementioned range.

In addition, the polymerization reaction may be carried



with the above polynerization initiator. The reaction tenperature and
time in the above polynerization reaction is not particularly
limted and nay appropriately be set according to factors such as
the respective kinds of the hydrophilic nonomer and pol ynerization
initiator and the reaction tenperature. However, the polynerization
is usually carried out at not higher_%%gg the boiling point
preferably within 3 hours, nore prefe ly within 1 hour, still nore
preferably within 0.5 hour, and at a peak tenperature of preferably

not hi gher tfbﬁ}ﬁ éﬁ%%rsg‘%’%reif aeéibrtgll?%ﬁé%x@ txfé%crtgér}g/eg&fst O Lt gia%tive.
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smal ler than 700 Kg/hour, in ternms of production per line, it has
been polymerization reaction is not particularly limited and may

appropriately be set according to factors such as the
respective kinds of the hydrophilic monomer and
polymerization initiator and the reaction temperature.
However, the polymerization is usually carried out at not
higher than the boiling point preferably within 3 hours, more
preferably within 1 hour, still more preferably within 0.5 hour,
and at a peak temperature of preferably not higher than
150°C, more preferably in the range of 90 to 120 °C. In
addition, it is also preferable that water and/or acrylic acid
as vaporized during the polymerization is, if necessary,
collected and then recycled to the process for producing the
water-absorbent resin.

In addition, the present invention is fit for production,
particularly, continuous production, on a large scale of not
smaller than a certain guantity per line. There is a possibility
that the effects of the present invention may not sufficiently
be displayed in - production on a laboratory level er in

production at pilot or small-scale plants. However, as to



di scovered by the present inventors that, also fromthe viewoint of
such as nononer stability and pol ynerization rate, unless the
present invention is applied thereto, the desired water-absorbent
resin having sufficient properties is not obtained. (8)
Neutralization after polynerization In a first production process of
the present invention, generally, a nggtralized

aci d- group-cont ai ni ng unsaturated nononer is polynerized
(post-neutralization polynerization). A second production process of

the present iIpeRidQBr2AAPt S pa%gplgcrgei, zghirgieuTairhpd ofugliefépd bBCi ot

groups of an” unneutralized aci d-group-contai ni ng unsaturated nononer

cont ai ni ng payhh ful-ag &nagd@ﬁ%'}ﬁéhE?%p§6riéi‘éfér%.@ﬂl? AdtasmHidr than
conponent, are neutralized after polymerization (pre-neutralization
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desired water-absorbent resin having sufficient properties is
not obtained.
(8) Neutralization after polymerization
In a first production process of the present invention,
generally, a neutralized acid-group-containing unsaturated
monomer is polymerized (post-neutralization polymerization).
A second production process of the present invention adopts a
polymerization method such that acid groups of an
unneutralized acid-group-containing unsaturated monomer
containing particularly an unneutralized acrylic acid as a
main component, are neutralized after polymerization
(pre-neutralization polymerization) (For example, U.S. Patent
Nos. 6187872, 6060557, 5145906, 543323, 6602950, and
4985514, and Patent document 1),
In the second production process, a crosslinked polymer
based on a monomer having an unneutralized acrylic acid

content of particularly 30 to 100 mol %, further 90 to. 100

mol %, particularly 100 mol % can be also used in producing



al kali ‘netal conpound as a basic conpound. The water-absorbent resin
obtai ned by the polynerization method in the present invention
further inproves the relationship between absorption capacity and
wat er - sol ubl e polynmer. Thus, it is possible to obtain an absorbent
structure having a high absorptive power and an excellent stability
for urine. In addition, the use of thgdforegoing basic conposition
realizes a |ess-colored and | ess-degraded wat er-absorbent resin. In
t he second production process, a hydrogel crosslinked polyner after
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range of 50 Letween absorption capacity and water-scluble polymer. Thus,
it is possible to obtéin an absorbent structure having a high
absorptive power and an excellent stability for urine. In
addition, the use of the foregoing basic composition realizes a
less-colored and less-degraded water-absorbent resin.

In the second production process, a hydrogel crosslinked
polymer after polymerization is essentially neutralized. In
terms of the resultant water-absorbent resin's performance,
industrially easy availability, and safety, sodium salt and
potassium salt are preferable. In the present invention, 50 to
90 mol %, preferably 60 to 80 mol % of acid groups in the
polymer is converted into alkali metal salt by neutralization
reaction with alkali metal compound. The neutralization of a
hydrogel crosslinked polymer with an alkali metal compound
can be realized in such a manner that the hydrogel
crosslinked polymer obtained by the polymerization of a
scolvent is added to an aqueous solution of the alkali metal

compound while the hydrogel crosslinked polymer is cut into



100 C, nore preferably 60 to 90 C. Preferably, the neutralization is
carried out so uniformy that a first neutralization coefficient
(neutralization degree in 200 polyner particles) recited in Claiml
of U S. Patent No. 6187872 is not nore than 10. (9) Drying step
(Step (b)) If necessary, the hydrogel crosslinked polyner .
(hereinafter, also referred to as " hyplgﬂggl crosslinked polyner")
havi ng been obtained in the polynerizati'on step is disintegrated
into small pieces with a gel pulverizer or the |I|ike as needed. The
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Specifically, the hydraogel crosslinked polyner, starts to be dried
(is placed i megadizatipnpr eosifisigni t Mentralization  degree in

polymer particles) recited in Claim 1 of U.S. Patent No.
6187872 is not more than 10.

{9) Drying step (Step (b))

If necessary, the hydrogel crosslinked polymer
(hereinafter, also referred to as "hydrogel crosslinked
polymer") having been obtained in the polymerization step is
disintegrated into small pieces with a gel pulverizer or the
like as needed. The disintegrated resultant is dried under a
particular temperature condition. Thereafter, if necessary, the
dried resultant is pulverized or classified, and further
granulated and crosslinked under a particular temperature
condition. The water-absorbent resin according to the present
invention has excellent properties. Undergoing the foregoing
steps realizes the water-absorbent resin having further
improved properties and reduced odors.

In addition, in order to attain the objects of the present
invention, i.e. the reduction of a residual monomer content

and a less colored water-absorbent resin, the time from the



hour, nore preferably within 0.5 hour, still nore preferably wthin
0.1 hour, after the polynerization is conpleted. In addition, in
order to attain the reduction of a residual nonomer content and a

| ess col ored wat er-absorbent resin, the tenperature of the hydrogel
crosslinked polynmer is controlled to be preferably in the range of
50 to 80 C, nore preferably 60 to 7Q_Q, for the duration between the
end of the polynerization and the star@ of the drying. On industria
occasions, the polynerization is carried out in large quantities,

therefore it Jsya . he 1 i frer ih .
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powder or particles at 180 C for 3 hours) is adjusted to be )
preferably addition, in order to attain the reduction of a residual

monomer content and a less colored water-absorbent resin,
the temperature of the hydrogel crosslinked polymer is
controlled to be preferably in the range of 50 to 80 °C, more
preferably 60 to 70 °C, for the duration between the end of
the polymerization and the start of the drying. On industrial
occasions, the polymerization 1is carried out in large
quantities, therefore it is also usual that the residence time,
after the polymerization, exceeds 3 hours. However, it has
been discovered by the present inventors that as the time
increases before the start of the drying and/or as the
temperature deviates from the above range, the residual
monomer content increases or a resultant water-absorbent
resin becomes remarkably colored. Thus, preferably,
continuous polymerization and continuous drying are carried
out to shorten the residence time.

In the present invention, the drying is primarily the
operation for removing water, and also for removing an

unpolymerizable organic compound having the solubility



not less than 80 wt % nore preferably in the range of 85 to 99 w
% still nore preferably 90 to 98 wt % particularly preferably 92
to 97 wt % In addition, a drying tenperature is not particularly
limted, but is preferably such that heating in the step (b) is
carried out at a, tenperature not |ower than the boiling tenperature
of the unpolynerizable organic conpoung.; Specifically, the drying
tenperature is preferably in the range “of 100 to 300 C, nore
preferably 150 to 250 C. Exanpl es of usable dryi ng nmet hods i ncl ude

vari ous et 'f)oﬂ%rﬁgigracfeflﬂgéﬁxdé\ym hot-air drying; vacuum drying;

infrared dryi'ng; mcrowave d dr| er drying; dehydration by
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not particularly limited, but is preferably such that heating in
the step (b) is carried out at a temperature not lower than the
boiling temperature of the unpolymerizable organic compound.
S'pecifically, the drying temperature is preferably in the range
of 100 to 300 °C, more preferably 150 to 250 °C.

Examples of usable drying methods include various
methods such as: heat-drying; hot-air drying; vacuum drying;
infrared drying; microwave drying; drum drier drying;
dehydration by azeotropy with hydrophobic organic solvents;
and high-moisture drying by high-temperature steaming. The
preferred drying method is the hot-air drying with a gas
having a dew point of preferably 40 to 100 °C, more preferably

. 50 to 100 °C, still more preferably 60 to 90 °C, in terms of
propérties of the water-absorbent resin and efficiency in
removal of the unpolymerizable organic compound.

(10) Surface-crosslinking step (c)

Next, a further explanation is made about. the

surface-crosslinking in  the present -invention. The



wat er - absorbent resin having a uniformy crosslinked structure
inside the polyner. The water-absorbent resin obtained in the
present invention has a | ow water-soluble conponent content and a
hi gh absorption capacity, thus attaining excellent
surface-crosslinking effects thereon, exerting nore excellent
properties and performances, |ncrea5|qgklts absorption capacity
under pressure (AAP) and liquid perneability under pressure (PPUP),
and reducing its odor. Various surface-crosslinking agents are

usable for eanfylpg. 9+§ s S0kl RECOBE NInBUIL AEE: CIARRIHIHY Nfleo HOVRYELn s

in terns of the properties, |nk|n agents, at can react

with a car bo}@(‘llrtﬂr Qupo%?ngfepﬁg%lrﬂgn hngx%oun IM&X’%/ density in

crossllnklng agents are:
d at
comounds: PIAILE G g%ﬁg@u S &I@%sﬁas SLigaBoARoss
I I d t I d al.kyl
car bonat o cotbUERaY “ﬁ*ﬁg‘?euﬁ?‘é%aﬁ%séa i ﬁEPH@”eﬁéﬂf “SRERGE) e e
pr esent |nvent{on |bs eC|f|caII\é EWHfled in sg h s U. S P.?.t ked
No. 6,228, 930218 1 1%hd . sHB . Lrggsiinke

6, 254, 990. Exa | es t hereqf Iude c alcohol ounds
such as nonoStr FturFr|1n31fi§tr h h%newa Sor ent resin

nonopr opyl ene gl ycol, 1, 3-pr opanedl oI d| pr opyl ene glyc I
2,3,4-trinet mhgﬂainﬁdpém i BYCS et yimvsstieRe hf s ool low water-soluble

component content and a high absorption capacity, thus
attaining excellent surface-crosslinking effects thereon,
exerting more excellent properties and performances,
increasing its absorption capacity under pressure (AAP) and
liquid permeability under pressure (PPUP), and reducing its
odor.

Various surface-crosslinking agents are usable for
carrying out the foregoing surface-crosslinking. However, in
terms of the properties, crosslinking agents. that can react
with a carboxyl group are generally used. Examples of such
crosslinking agents are: polyhydric alcohol compounds; epoxy
compounds; polyamine compounds or condensation products
of polyamine compounds and haloepoxy compounds; oxazoline
compounds; mono-, di-, or polyoxazolidinone compounds;
polyvalent metal salts; and alkylene carbonate compounds.

The surface-crosslinking agent as used in the present
invention is specifically exemplified in such as U.S. Pat. No.

6,228,930, U.S. Pat. No. 6,071,976, and U.S. Pat. No.



gl ycerol, polyglycerol, 2-butene- 1,4-diol, 1,4-butanediol,

1, 3- but anedi ol, 1,5-pentanediol, 1, 6-hexanediol, and

1, 2- cycl ohexanedi net hanol ; epoxy conpounds such as ethyl ene gl ycol

di gl ycidyl ether and gl ycidol; polyanm ne conmpounds such as

et hyl enedi am ne, diethylenetriamne, triethylenetetram ne,

t et raet hyl enepent am ne, pentaethyleneg am ne, polyethyl enimne, and
pol yam dopol yan nes; hal oepoxy conpoun such as epichl orohydrin,

epi bromohydrin and a-net hyl epi chl orohydrin; condensati on products

bet ween t he v, ya ounds and e_h

conpounds; Oéa%£%n6E§§%§3n L*%chrﬁ"z t‘-Q:EioxazolPH%&@EJ an&lwhOI
al kyl ene car bonate coﬁqrg)ound{sﬁ1 such as et hyl ene onate

there is no r? FEPEHTES | PR PafiSodOR8r tHese r&r’osg T8k r?& g&ﬁﬁgﬁfly}ﬁne
| east the po:% LIC al cohols .are u d pr rabl for rT? ﬁnzm
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to 10 carbon _ato r er.abl 0.8 carbon. atons, .are us d. The
Guant ity of EHECOhr PaBederase Sy ﬁlge’d@]%‘?ﬁa%gdlféledpoéﬁébé‘?\ﬁg honslveol.
factors such as the types of the conmpounds used and conpi nation

t hereof, but Bl¥CpFeher mkwalﬁcw@hr arfg@u¥aLe o 4036‘65 t ot 0 % I%%d’if’gl
wei ght, nore preferably 0.01 to 5 parts by weight, relative to 100

parts by wei dh@'bﬂltﬁﬁ’@%lélli d dontrRemtamedid.r esih® “‘mxteﬁéetblfoésent and

invention, water is_  preferably used for the surface-crosslinkin
The quantity loR- cyclohexanedimethanol; epoxy compounds suc as

ethylene glycol diglycidyl ether and glycidol; polyamine

compounds such as ethylenediamine, diethylenetriamine,

triethylenetetramine, tetraethylenepentamine,

pentaethylenchexamine, polyethylenimine, and
‘ polyamidopolyamines; haloepoxy compounds such as

epichlorohydrin, epibromohydrin and

o-methylepichlorohydrin; condensation products between the
above polyamine compounds and the above haloepoxy
compounds; oxazolidinone compounds such as
2-oxazolidinone; and alkylene carbonate compounds such as
ethylene carbonate. However, there is no particular limitation.
Of these crosslinking agents, at least the polyhydric alcohols
are used preferably for maximizing the effects of the present
invention, and polyhydric alcohols having 2 to 10 carbon
atoms, prefei‘ably 3 to 8 carbon atoms, are used.

The guantity of the surface-crosslinking agent as used
depends upon factors such as the types of the compounds

used and combinations thereof, but is preferably in the range



wat er, as used on this occasion, depends upon the water content of
t he wat er - absorbent resin as used, but is usually in the range of
preferably 0.5 to 20 parts by weight, nore preferably 0.5 to 10
parts by weight, relative to 100 parts by weight of the

wat er - absorbent resin. In addition, in the present invention, a
hydrophilic organic solvent may be usedg as an alternative to water.
The quantity of the hydrophilic organic solvent, as used on this
occasion, is usually in the range of preferably 0 to 10 parts by

wei ght , mor e 37 ef. 6pAb %, 0 0t Bapt P SwhYaWel HHbreS rH‘ef%lgr 0.01 to 5
preferably O to 3 parts by weight,” rel %lve to 100 parts by weight

of ihe uat et Ph3qr BNty p83l N1 Hhfvd RBDE0R) aertefbgh AERTSHT Ml dolid

agent sol uti efe set in the range of
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wat er - absor bent eS£P to
preferably O

())( {8 parts by weight, relative to 100 parts by
weight of the water-absorbent resin. In addition, in the
present invention, a hydrophilic organic solvent may be used
as an alternative to water. The quantity of the hydrophilic
organic solvent, as used on this occasion, is usually in the
range of preferably 0 to 10 parts by weight, more preferably O
to 5 parts by weight, still more preferably O to 3 parts by
weight, relative to 100 parts by weight of the water-absorbent
resin. The temperature of the crosslinking agent solution is
preferably set in the range of 0 °C to boiling point, more
preferably 5 to 50 °C, still more preferably 10 to 30 °C, in
terms of the mixability and stability. In addition, before
mixing with cross-linking agent solutioh, the temperature of
the water-absorbent resin powder is preferably in the range of
0 to 80 °C, more preferably 40 to 70 °C, in terms of the
mixability.

Furthermore; in the present invention, one preferred

mixing method is a method including the steps of premixing



together. The size of the liquid droplets as sprayed averages
preferably 1 to 300 pm nore preferably 10 to 200 }im In addition,
in the mxing step, there may be allowed to coexist water-insoluble
fine; particulate powder and/or surfactants wthin the range not
damagi ng the effects of the present invention, for exanple, within
the range of 0 to 10 wt % preferably to 5w % nore preferably O
tolw % relative to the water-absordent resin. The surfactants as
used and their quantities are exenplified in the International

publication 005JP1689 (I nter:natignal filing .date: February, 4
2005). A pr e1\‘@§r%ablseur '%ﬁenér%%%%%%lﬂg a?gﬁ"%lécd folgﬁt hé”a% Tor %{Pgneﬁhe
m xi ng step needs tp.be able to nerate.great mxin ower to .
ensure homgg}%cg{%pﬁfkifna?g%fci o] ?Vﬁpgi n‘é NHEEERPAES é'%é‘ﬁ)u@g%’liespﬁaﬂfég
present invention, but, pref bl t hey a hi gh- speed, agj,t ati on e
P Yore. part Bdul ArEPWister BUMNE  HLTCLADLY agiiEbiBR) (e resultant
conti nuous m xers. Exairpl es of such m xers_are_ Turbulizer (prqduck
name; produCSP BB SOKARE ™™ 1K thE craterpdpsagb ety IFPIRNEP LBHrgéhem
M xer (product . ﬂarre; produced by Gebruder Lodige Maschinepbau GrbH
of Germany). to88thart Fhe xizggohi the dHeuidirdurpiets 038 $RRAKEd agBRTages
the resulting water-absorbent resin preferably is sug{(ected to the

heating trea¥eheralphe hbtwe3fBatithg mosgt RISEeTablf ef@r tm1 Y00c a4m; ol

out under the conditiaons where the heating ]
addition, in the mixing step, there may be allowed to coexist

water-insoluble fine-particulate powder and/or surfactants
within the range not damaging the effects of the present
invention, for example, within the range of 0 to 10 wt %,
preferably O to 5 wt %, more preferably 0 to 1 wt %, relative
to the water-absorbent resin. The surfactants as used and
their quantities are - exemplified in the International
publication WO2005JP1689 (International filing date:
February 4, 2005).

A preferable mixing apparatus as wused for the
aforementioned mixing step needs to be able to génerate great
mixing power to ensure homogeneous mixing. Various mixing
machines are usable in the present invention, but preferably
they are high-speed agitation type mixers, particularly
preferably, high-speed agitation type continuous mizxers.
Examples of such mixers are Turbulizer (product name;
produced by Hosokawa Milkron Co., Ltd. of Japan} and Ldédige
Mixer (product . name; produced by Gebruder Ldédige

Maschinenbau GmbH of Germany).



tenperature in the step (c) is not lower than a boiling tenperature
of the unpolynerizabl e organi c conpound. The heating tenperature is
preferably in the range of 120 to 250 C, nore preferably 150 to 250
C. The heating tinme is preferably in the range of 1 mnute to 2
hours. The heating treatnent can be carried out by using
conventional dryers or heating-furnap%35_Exanples of the dryers

i ncl ude channel type blending dryers, rtotary dryers, disk dryers,
fluidized-bed dryers, gas blow ng type (pneunmatic type) dryers, and

infrared dryers. Jpcpddibin. glier kel 08 heal Sodfing agent, the
wat er - absor bent resrn nay cooled, 1f necessary. ese

f - | i nki d | di scl in: . i
e TR A A B
0812873, 045Q0924,. 0668080; i J
Japanese Un%&ﬁﬁlﬁgqfﬁ?w ubT]%'/%;%ggie I\ﬁgg ]%%ngg%te%s &lsglr%’%sferably

24304/ 199 5; varioys U S. patents such as U,S. Pat. S. 409771, ..
5597873, 5385¢g31c 6182’?0, 9‘%’6‘2%%16’5“%67‘&%% 1t109:34 B’ﬂ%gé%z;ét&%d hieating
various international patent publications . such as WD 99[42494, \V\Q..
00/ 43720,  andCHRP SR IIHOEIN tHEcSER f fo-isr dAST | FRVAE 48’ Beling
al so applicable to the - 49 - present inventjon. (11), Properties, an

p €
shape of the tRERRETABAEE pehithednPobfResizaklco o8l ik COM BB bent e

resin as obtained in the present_invention.is not especially
limted, but hsalipgestemperature is preferably in the range of 120 to

250 °C, more preferably 150 to 250 °C. The heating time is
preferably in the range of 1 minute to 2 hours. The heating
treatment can be carried out by using conventional dryers or
heating-furnaces. Examples of the dryers include channel
type blending dryers, rotary dryers, disk dryers, fluidized-bed
dryers, gas blowing type (pneumatic type) dryers, and infrared
dryers. In addition, after being heated, the water-absorbent
resin may be cooled, if necessary.

These surface-crosslinking methods are also disclosed
in: various European patents such as European Patent Nos.
0349240, 0605150, 0450923, 0812873, 0450924, and
0668080; various Japanese patents such as Japanese
Unexamined Patent Publication Nos. 242709/1995
and224304/1995; various U.S. patents such as U.S. Pat. Nos.
5409771, 5597873, 5385983, 5610220, 5633316, 5674633,
and 5462972; and various international patent publications
such as WO 99/42494, WO 99/43720, and WO 99/42496.

These surface-crosslinking methods are also applicable to the



t hereof include: particulate or powder form such as irregul ar

pul veri zed form and spherical form and gel form sheet form

rodlike form fibrous form and filmform In addition, the resin
may be conbined with or supported on naterials such as fibrous
mat eri als. However, generally, the water-absorbent resin is
preferably in particulate or powder formg considering the uses for

t he wat er - absor bent resin, such as absorbent articles and gardening
and tree planting. In the case where the water-absorbent resinis in

powder form i | ated particles or primary particles,
and the wei I{e-sgé\iyétrgrg‘ée%gfotq#cle di aneter thereof before or after the

surface cross-1inki LS. US | h the 0 0.t09,2000 m. _In
t he present invenﬂgg,#ﬁ ee%{?%%éda@esélarﬁé; {%?gtl%ees(”a &t lsogorggpécﬁees&nto
as aggl onerate parhicles. In terns of the,properties,. the . .
wei ght - aver age paﬁh%l%ﬁ?ﬁn@feﬁhq sWﬁF%’%'éﬂ’%ﬂ SH fREIPafige”PsRingg in
to 1000 m e preferably 200. to.600 articularl referably 300
to 500 m ThengURTERER ot vEaHerL iastAb SRE AL (it ndiet Exampies
range of 850 bo 150 ., mis,in the rgnge of 90 éo Owm %.in the
fange of 95 tBErERh OIS APRFEGHIARS 9T RATELPEGE RIS WED 85 Tseqnlar
% The wat er-ahsor ben esin of the present invention 50 inproves
the rel ati onaﬂlsesé%%ée{ﬁrgbsao%ﬁ%ewﬁé crjardd gl forsp ghest form,
pol ymer which are conflicting properties of a. water-absorbent resin.

Thus, the waf@fldpsolten: Hbsprsoforme asrdskiln ifpvant ilon adiitiene the

still higher properties by being i )
resin may be combined with or supported on materials such

as fibrous materials. How.ever, generally, the water-absorbent
resin is preferably in particulate or powder form, considering
the uses for the water-absorbent resin, such as absorbent
articles and gardening and tree planting. In the case where
the water-absorbent resin is in powder form, it may be
granulated particles or primary particles, and ‘the
weight-average particle diameter thereof before or after the
surface cross-linking is usually in the range of 10 to 2000 pm.
In the present invention, the granulated particles are also
referred to as agglomerate particles. In terms of the properties,
the weight-average particle diameter is preferably in the range
of 100 to 1000 pm, more preferably 200 to 600 pum,
particularly preferably 300 to 500 um. The guantity of
particles having particle diameters in the range of 850 to 150
um is in the range of 90 to 100 wt %, in the range of 95 to
100 wt %, particularly in the range of 98 to 100 wt %.

The water-absorbent resin of the present invention



subj ected to surface-crosslinking. Mre specifically, the
wat er - absorbent resin according to the present invention preferably
has a absorption capacity of not less than 15 g/g, nore preferably

not less than 20 g/g, still nore preferably not |ess than 23 g/g,
yet nore preferably 25 g/g for a physiological saline solution under
pressure (4.8 kPa). In addition, the_ orption capacity for a

physi ol ogi cal saline solution under pressure (1.9 Pa) is also
usually not Iless than 15 g/g, preferably not | ess than 20 g/g, nore

breferany ndmbeavebnife22eM donShibl HIRME A SLBLBPLUCAD MBacity and

particularly preferably not [ess t
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different fromthe absorption capacity under pressure (AAP. 0.9 g),
is a neasure?t W@S%b{)rﬁ??/“@@ Méf‘%’fﬁ%lrypthiao’snac rpfpion Capamgty of

not less than 15 g/g, more preferably not less than 20 g/g,
still more preferably not less than 23 g/g, yet more preferably
25 g/g for a physiological saline solution under pressure (4.8
kPa}. In addition, the absorption capacity for a physiological
saline solution under pressure (1.9 Pa) is also usually not
less than 15 g/g, preferably not less than 20 g/g, more
preferably not less than 25 g/g, still more preferably 28 g/g,
particularly preferably not less than 32 g/g. The absorption
capacity without pressure (GVs) is also not less than 25 g/g,
more preferably not less than 28 g/g, particularly preferably
not less than 32 g/g. There are no particular upper limits for
the absorption capacity under pressure and the absorption
capacity without pressure. However, the upper limits therefor
are usually in the order of 60 g/g, in terms of (i) balance with
other properties and (ii) costs.

Furthermore, liquid-permeability under pressure (PPUP)
is preferably in the range of 20 to 100 %, more preferably 30

to 100 %, still more preferably 40 to 100 %, most preferably



under pressure (AAP) (freedom fromreduction in absorption capacity
under pressure) when the anmount of water-absorbent resin (the anpount
of resin per unit area in neasurenent) is increased from0.90 g to
5.0 g. The liquid perneability under pressure is a new paraneter
defined in the present invention. For exanple, the anount of

wat er - absorbent resin (the anount of %§S|n per unit area in
measurenent) can vary by site even in“the sane di aper. Varied
absorption capacity under pressure (AAP), which is caused by the

amount of V\%tde E@@ Qent resin varying by site in the diaper, is
the cause o d: propertles of the diaper in actual use. Wen

the liquid perrrea I|t und ess PPUR).. def i n
Wil be herbinaft O FetbRrboe] ypﬁi(la?ati 185 ks, PESESE{YTEM"{/&CI‘
exhi bit high,pr rtles reg ss_of .the ampunt ncentration
wat er - absor beRITHESIGR Y K9 a%%ﬁorptama caRAg o utetn At ea shargn(ARP:
liquid pernmeability, Detalls of t I, abi ity under
prossure (PPORP Bl ifedcriBRaMFR oty ﬁb% b gﬁeqﬁ e {?Bﬁrﬁ\lsapamty
109779/ 2005 (flled on April 6 20 5) and the descrlptlon
Japanese Pat 8Htd2ppPTESRER (ARP POFEO Ry &€ %1%5pweabtserpﬁlé>n
present invention. The Water-sol ubI e conponent content of the -
wat er - absor hERP AWEEY M BEEA PRAS W A hw heto dhst 2B R b swaser- aelh%orbent
present invention is preferably not nore than 25 w % nore
pref erabl y noesiar dhehamenng o, regin pegou@iprataes bl yneapuyemgnt) is
Further, a GEX value (defined in Exarrpl e) defi ned

increased from 0.90 g to 5.0 g. The liquid permeability under

pressure is a new parameter defined in the present invention.
For example, the amount of water-absorbent resin (the
amount of resin per unit area in measurement) can vary by
site even in the same diaper. Varied absorption capacity
under pressure (AAP), which is caused by the amount of
water-absorbent resin varying by site in the diaper, is the
cause of degraded. properties of the diaper in actual use.
When the ligquid permeability under pressure (PPUP) defined
in Example as will be hereinafter described is very high, the
diaper can stably exhibit high properties, regardless of the
amount {concentration) of watler-absorbent resin in the diaper,
and can also exhibit a high liquid permeability. Details of the
liqguid permeability under pressure (PPUP) is described in
Japanese Patent Application No. 109779/2005 (filed on April
6, 2005) and the descriptions of Japanese Patent Application
No. 109779/2005 are also applied to the present invention.

The water-soluble component content of the



according to the rel ati onship between absorption capacity (Gvs) and
an soluble content is preferably not less than 17, nore preferably
not less than 18, particularly preferably not Iess than 19. In
addition, as is specified in the bel ownmentioned description of
exanpl es of sone preferred enbodi nents of the present invention and
in the aforenenti oned object of the prgsent i nvention, the

wat er - absorbent resin according to the "present invention is |ess
colored (little or no yellow coloration), and has a |ow residual

Val ve. (Yol T o T HoR DSl ¥osth o pERA NS FiS BN, Padbasy of
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carboxylic 6?5}3’ acid, water-i soI ubl e i nor anl c

wat er - i nsol u .acnp%web e gepdsnt s Prefey Mﬂsgrr&m é?s%lgté}ﬁ% 17,

and olyner polyamne, in a uantlt of O to 10 parts by wej
pr ef ePab?/y Onfrl)gr%/_ B&?@a@ymgﬁ ¥ han 18, parti%ularlyyprefe?'abiy not

less than 19,

In addition, as is specified in the below-mentioned
description of examples of some preferred embodiments of the
present invention and in the aforementioned object of the
present invention, the water-absorbent resin according to the
present invention is less colored (little or no yellow coloration),
and has a low residual monomer content. Specifically, its
colored state indicates a YI value (Yellow Iindex, see European
Patent Nos. 0942014 and 1108745} preferably in the range of
0 to 15, more preferably O to 13, still more preferably 0 to 10,
most preferably O to 35, so there is almost no tinge of yellow.
Furthermore, the residual monomer content is low and
preferably in the range of 0 to 400 ppm by weight, more
preferably O to 300 ppm by weight.

In order to cause the water-absorbent resin of the
present invention to have various functions, materials such
as chelating agents, oxidizers, reducing agents such as

(hydrogen)sulfite, chelating agents such as amino carboxylic



(12) Addition of chelating agent For the pronotion of polynerization,
the prevention of <coloration, and the prevention of deterioration,
the present invention can preferably add a chel ati ng agent,
particularly a polyvalent carboxylic acid and its salt of nore than
O ppm preferably 10 ppmto 1 % to (a) a nononer before being

pol ynmeri zed or (b) a hydrogel crosslin d pol ymer after been

pol yneri zed, prior or subsequent to th neutrallzatlon of the (a) or
(b). The chelating agent is preferably added in an aqueous solution

form (0.1 to % wat r.el t r ent. r r
chel ati ng age]ctquzi“{%g?r flgghﬁégei 211 "X\g[('e El%g\; lb % er‘gé és%rlgig\r?gljublc
agent of theopresent i_nventi onc} (_]Preferablylgtl clhe pg ag nES and
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specifically, the chel en |s efer byacelatln ent
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| east 20; nore ref a ol ycar oxyllc acid and |ts salt,
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t hree car boxyl nd.its | es of am no pol ycarboxylic
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triethyl enetetraan nehexaacet ate, cycl ohexane-
2- di ami net et r aacet' e thenARAIRBIIPE: M Mymréaﬁaxﬁrhettheameé{@@twn of

et hyl ene gl ycol
coloration, and the prevention of deterioration, the present

invention can preferably add a chelating agent, particularly a
polyvalent carboxylic acid and its salt of more than O ppm,
preferably 10 ppm to 1 %, to (a) a monomer before being
polymerized or (b) a hydrogel crosslinked polymer after been
polymerized, prior or subsequent to the neutralization of the
(a) or (b). The chelating agent is preferably added in an
agqueous solution form (0.1 to 10 % water relative to a
water-absorbent resin).

A chelating agent suitable for use in a particulate
water-absorbing agent of the present invention is preferably a
chelating agent having high ion blocking or chelating ability
to Fe or Cu. More specifically, the chelating agent is:
preferably a chelating agent having a stability constant to Fe
ion of at least 10, preferably at least 20; more preferably
amino polycarboxylic acid and its salt, particularly preferably
amino polycarboxylic acid having at least three carboxyl
groups and its salt.

Examples of amino polycarboxylic acid include



di et hyl ether diam netetraacetate, ethylenedi am netetrapropionate,
N-al kyl - N - carboxynet hyl aspartate, N-al kenyl-N -carboxynet hyl
aspartate, and their alkaline netal salts, alkaline earth netal
salts, ammonium salts, and am ne salts. Anong these,

di et hyl enetri am nepent aacetate, triethyl enetetraam nehexaacetate,
N- hydr oxyet hyl et hyl ei nedi ami netri aceta _,and their salts are nost
preferable. (13) Uses of the water-absorbent resin according to the
present invention The process according to the present invention

provi des thqﬁ%@ﬁ)t(dQﬁggﬁ(é%ﬂpﬂgén@a%@%&[&absor bent resin having good
ce a

absorption properties in ex ent ancé between the absorption
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retention capaci € absorption capacity under pressure (AAP),

and the sol u@ﬁl%ﬁ%&%\r}}s&1T56-diéx%siﬂlettieﬂlgaé"@ét%rtbabsOr bent resin is

wi dely used for vario pUr poS€s such as agri ctul tural and

horticul tural,, water-ret,aini a ts, .industri.al _water-retainin
ngents. humNiATAEREEE LR IR e SRt e hgert SYIERY . "Gy col
bui | di ng mat eﬁ{.i gﬁs but the water-absorbent resin agcordi ng to thtet
present inveftif6Yls particul arl V¥ &ferably used fdfaTgfiteiEapcetate,
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aspartate, N-alkenyl-N'-carboxymethyl aspartate, and their
alkaline metal salts, alkaline earth metal salts, ammonium
salts, and amine salts. Among these,
diethylenetriaminepentaacetate,
triethylenetetraaminehexaacetate,
N-hydroxyethylethylenediaminetriacetate, and their salts are
most preferable.

(13) Uses of the water-absorbent resin according to the
present invention

The process according to the present invention provides
the easy production of a water-absorbent resin having good
absorption properties in excellent balance between the
absorption capacity without pressure (= GVs = Gel Volume in
saline = Centrifuge retention capacity}, the absorption
capacity under pressure (AAP), and the soluble content. The
resulting water-absorbent resin is widely used for various
purposes such as agricultural and horticultural
water-retaining agents, industrial water-retaining agents,

humidity-absorbing agents, dehumidifying agents, and



napki ns. Furthernore, the water-absorbent resin according to the
present invention is so excellent with regard to the above
properties being in good bal ance that the water-absorbent resin can
be used in the sanitary materials (e.g. disposable diapers) in high
concentrations where the water-absorbent resin concentration (weight
ratio of the water-absorbent resin tggg‘ue, total weight of the

wat er - absorbent resin and fibrous materials), is preferably 30 to
100 wt % nore preferably 40 to 100 wt % still nore preferably 50

to 95 w % [ﬁﬁﬁmh%s]matgfiﬁilg?fﬁlgfitﬂé‘erE@F—%!HsdﬂW&ﬁtir%'}.i%‘i'i lalcc%‘?ding

described according to Exanples bel ow. However, the presen

nvention | $o\dhd |Bid&th AV d68CHS PhAPBR UL R APl Rrablly used for

addition, the properties, as recited in € present

invention and i EvammLesQfist @%hcg{jgfﬁg”ﬁ}éﬁﬁgﬂfndi%&% dﬁ%x?orﬂtri'ggnt

by the follow ng asurenent net ( or pti on <Téapdci

W t hout pres (= =.Cel u j i = Centr, fuge .
retention caé%%‘??y) n@_@i%r% ljf/\rl;etle}é{egrt- ﬁ%%gbiﬁblrrgg% n%cis)uni%?ms?mtary
pl aced into rgagﬁglém nm x 60 mm) nmade of nonwoven fabric. The bag -
56 was seale nd then imersed into 100 g of a 0.9 wt % aqueous

2odi um chl ot de G40 hENSLEL OBk SelhEeniob Rl ol <

bag was pu"%drelégenatnqrfv%%ntion is so excellent with regard to the above
properties being in good balance that the water-absorbent
resin can be used in the sanitary materials (e.g. disposable
diapers) in high concentrations where the water-absorbent
resin concentration (weight ratio of the water-absorbent resin
to the total weight of the water-absorbent resin and fibrous
materials}, is preferably 30 to 100 wt %, more preferably.40 to
100 wt %, still more preferably 50 to 95 wt %.

[Examples]

Hereinafter, the present invention will be described
according to Examples below. However, the present invention
is not limited to the descriptions of Example. In addition, the
properties, as recited in the claims of the present invention
and in Examples of the present invention, were determined by
the following measurement methods.

(1) Absorption capacity without pressure (= GVs = Gel
Velume in saline = Centrifuge retention capacity)

0.2 g of water-absorbent resin was uniformly placed into

a bag (60 mm x 60 mm) made of nonwoven fabric. The bag



drai ned of water by a centrifugal force of 250 Gwith a centrifugal
separator for 3 mnutes, and then the weight W of the bag was
nmeasured. In addition, the sanme procedure as the above was carried
out without the water-absorbent resin, and the resultant weight W
was neasured. Then, the absorption capacity was cal cul ated from
these WL and W2 according to the fol Layyng equation (1): Gv/s = (W -
W)/ 0.2 - 1 ...(Equation 1). (2) vater-soluble pol ynmer content
(which nmay be also referred to as "sol ubl e conmponent content” and

"sol ubl e congart "JedIRHO sf'th' @ﬁéh%frﬁﬁ%%é‘&'%% 799 1 LP £apasi (% o

having a |id, 184.3 g of O. Wt % aqueous sodi um chl®ride sol ution

was wei ghed oaguedhan, (ﬂ t OEh‘{‘@I-ﬁe at}&ﬁgﬁ? @ﬂlﬁsﬂﬁ%g %ergsoal?ne

this aqueous SO| ution, ey were stirre ours

sol ubl e Coﬁposfl?ﬂfﬁo}ﬂlff&f% t?ﬂeftre %P&tuf‘?sﬁgd fhg §gh"§§”& to 25

extract liquid | trat paper (pro uc

ADVANTEC Toy i‘é@ pCLtﬂ frod [HIEIANRLs (S 380%&3"&@%‘15%}%%5{] SShen

0.26 mm dia cap ured par I'Cl es?

sol ut i on. - €A Al BRbeIa aftaroLaPRiL €3 mithure

bii reached 165 E%%%ﬁ‘%%@ar”@ggﬁff n SiMelon RRE tearld el 1

aqueous O. 1N ﬂhs%gt I%gsurnr}éalls&peed plf'n a ?teignz t7he same procedure as
the above was carried out without the watcr-absorbcnt resin,
and the resultant weight W2 was measured‘. Then, the
absorption capacity was calculated from these W1 and W2
according to the following equation (1):

GVs = (W1 - W2)/ 0.2 -1 ..(Equation 1).

(2) Water-soluble polymer content (which may be also
referred to as "soluble component content” and "soluble
content")

Into a plastic receptacle of 250 ml in capacity having a
lid, 184.3 g of 0.90 wt % aqueous sodium chloride solution
was weighed out. Then, 1.00 g of water-absorbent resin was
added to this aqueous solution, and they were stirred for 16
hours, thereby soluble components were extracted from the
resin. The resultant extract liquid was filtrated with a filter
paper (produced by ADVANTEC Toyo Co., Ltd., trade name:
(JIS P 3801, No.2}, thickness: 0.26 mm, diameter of captured
particles: 5 umj, aitnd then 50.0 g of the resultant filtrate was

weighed out and used as a measuring solution.



t hus obtaining blank titration amounts ([bNaOH m and [bHC] m).
The sanme titration procedure was carried out also for the neasuring
solution, thus obtaining titration anounts ([NaOH m and [HC1] m).
For exanple, if the water-absorbent resin conprised acrylic acid and
its sodiumsalt in known anounts, the sol uble conponent content
(content of an extracted water-sol ubl e _polymer as a main conponent)

of the water-absorbent resin was calcfl’afed from the average

nol ecul ar wei ght of the rmnoners and the titration anmounts,

obt ai ned fromthe,ab v%gr&}? n%%ﬁp%gi‘@gﬁca"i‘ §thtehgo1]9 (ﬁ

equation (2). Int average

wei ght of thg, Jg%igffaﬁawvﬁ%cahaaga& LB, URE S 2 ua@far% B fhe

as det ermi ned" by hetl ration —acc ngto OW ng equalon
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wat er - absor bggt trl-f'es'rﬂea-gtﬂﬁ‘l%xso}ut1on, thus obtaining titration amounts
(INaOH] ml and [HCI] ml). For example, if the water-absorbent
resin comprised acrylic acid and its sodium salt in known
amounts, the soluble component content (content of an
extracted water-soluble polymer as a main component) of the
water-absorbent resin was calculated from the average
molecular weight of the monomers and the titration amounts,
as obtained from the above procedures, in accordance with
the following equation (2). In the case of unknown amounts,
the average molecular weight of the monomers was calculated
from the neutralization ratio as determined by the titration
according to the following equation (3).

Soluble component content (wt %) = 0.1 x (average
molecular  weight) x 184.3 x 100 x (fHC1] -
[bHCI1])/1000/1.0/50.0 ...(Equation 2).

Neutralization ratio (mol %) = [1 - ({[NaOH] -
[bNaOH])/([HCI] - [bHCI1})] x 100 ...(Equation 3).

(3) GEX value

Normally, the higher the absorption capacity (GVs], the

higher the water-soluble component content. Thus, important



value is a neasure for evaluating the above relationship in the case
when x exceeds 1 weight % The higher the GEX value, the higher the
performance. Wien the GVs val ue and the sol ubl e conponent content

are denoted by y (g/g) and x (weight %, respectively, the GEX val ue
is defined by the follow ng equation 4: GEX value = (y) / In(x) ...
(Equation 4). Note that, as to the G\/§¥831I_ue y (g/g) and the soluble
conponent content (wt % required for the calculation of the GEX

val ue, the values obtained in Sections (1) and (2) above are used.

(4) Rest dual Gangrge Eony s s, 1estAUal ¢ G4 314l RELY 1 Bvs

acid and its ‘sal conten e wat er- absorbent resin powder,

after drying, s determ i f ol | owi ecli C
above, ay f?l‘{arl\gee,a%s gsl%ﬁgfé%u&ﬁgpg%r?dg\%??g\reaé?}lrlt%lﬁg b(r)"(hé‘(lgl)1 are
hours, was UV-analyzed by |iquid chromatogr tq al so anal t
losl Gual - rondarRathEn PR per ity o bR T SRR RNl RS TR s | G X
t he Water-absorlbent. resin. In additi on,1 t he reg%du%} nonojrer. _cont ent
of the hydr ogd@ Usoli§ner MEBPEFE (Y UL qEI6 APREE ESLAtP] SRR
a finely disintegrated dr ogel 0 r of, o] 0 .1.n sol.id
osin ot entiieoraes e ¥ e bSad TR ntighings e, Higher i g, gEX
by I'iquid chromatography .likew se; .and then correcting the solid

content. (5) VAI&SHpthofigRSACHRS RETERF MG Ssure (AAP)

‘When the GVs value and the soluble component content
are denoted by v (g/g) and x (weight %), respectively, the GEX
value is defined by the following equation 4:

GEX value = (y) / In(x) ... (Equation 4}.

Note that, as to the GVs value y (g/g) and the soluble
component content (wt %) required for the calculation of the
GEX value, the values obtained in Sections (1) and (2) above
are used.

(4) Residual monomer content

The residual monomer (residual acrylic acid and its salt)
content of the water-absorbent resin powder, after drying,
was determined in the following way. In Section (2} above, a
filtrate, as separately prepared after stirring for 2 hours, was
UV-analyzed by liquid chromatography to also analyze the
residual monomer content ppm (relative to water-absorbent
resin) of the water-absorbent resin. In addition, the residual
monomer content of the hydrogel polymer, before drying, was
deterinined by: .stirring a finely disintegrated hydrogel

polymer of about 500 mg in solid resin content for 16 hours;



(b) Absorption capacity for 0.9 Wt % aqueous sodium chloride

sol ution under pressure of 4.8 kPa (AAP: 0.90g/ Absorbency Agai nst
Pressure) A stainless netal gauze, which was a screen of 400 neshes
(mesh opening size: 38 pm, was fused to a bottomof a plastic
supporting cylinder having an inner dianmeter of 60 mm Then, onto

t he above netal gauze, there was unif_orstgy spread 0.900 g of

wat er - absorbent resin (particul ate water-absorbing agent), and
further thereon, there were nounted a piston (cover plate), wherein

e Bt D P AL 2N L 6S0E o £

and made no gap W surface o supporting

l'inder, b ot _hi : j - : ,
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conpl eted one set 0 nmeasurenent  appar at us. glass fi ft_er aving :
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meshes (mesh opening size: 38 pym), was fused to a bottom of
a plastic supporting cylinder having an inner diameter of 60
mm. Then, onto the above metal gauze, there was uniformly
spread 0.900 g of water-absorbent resin (particulate
water-absorbing agent), and further thereon, there were
mounted a piston (cover plate), wherein the piston had an
outer diameter of only a little smaller than 60 mm and made_
no gap with the inner wall surface of the supporting cjlinder,
but was not hiﬁdered from moving up and down. Then, the
weight W3 (g}, i.e. total weight of the supporting cylinder, the
water-absorbent resin (or particulate Water-absorbiné agent),
and the piston was measured. Onto this piston, a load was
placed on the piston, wherein the load was adjusted so that a
load of 4.9 kPa including the weight of the piston could
uniformly be applied to the water-absorbent resin (or
particulate water-absorbing agent). This completed one set of

measurement apparatus. A glass filter having a diameter of 90

mm and a thickness of 5mm was mounted inside a Petri dish



filter, on which a filter paper (produced by Toyo Roshi Kai sha,
Ltd.; No. 2) having a dianmeter of 9 cmwas then nounted so that its
entire surface would be wetted, and further, an excess of liquid was
renoved. The one set of neasurenent apparatus was nounted on the
above wet filter paper, thereby getting the liquid absorbed under
the load. The liquid |level was topped off by adding the Iliquid from
t he upper side of the glass filter, s0%Phat "t he liquid was kept at a
constant liquid level. After 1 hour, the one set of neasurenent
apparatus was lifted to renove th | oad, and weight WI (q) (total ..
M ght of { nBasipBoRt fiRmalsl QAB0 B Bwe At bR B By st Beteal satine
(or particulate water-absorbing agent), and the piston) was .
measur ed. ThéRlution ebsbhith oHl¢ dpaRPEyatnBer VEsesiMsted/ §y #at2 C
calculated fromthe WB and WA _in accordance with the foll ow ng
equati on: Ab¥EHraddedapuritoy thedsanpe eleile agatpe mpddg) of glys glass
(Wi ght Wi (?) - Weight W3 (%Q@/ wei ght (g) of _water-absorbent
resin (or paftlieul anewidcsr a ropapeadeapyuqed by dave Beskedbrisky.,
under | oad (PPUP/ Perneability Potential Under Pressure) In the
measur ement  btdth& ¢ bR)abevipgi ardicapater wiuRdem s1as pitees ume yiNgrl so
0.90 g) under 4.9kPa, the sane procedure as above was carried out
except that thatartsinendire wettefacbseohddt besimetiedchangedivntémr, an
0.900 g to 5.000 g, in

excess of liquid was removed.

The one set of measurement apparatus was mounted on
the above wet filter paper, thereby getting the liquid absorbed
under the load. .’I‘he liguid level was topped off by adding the
liquid from the upper side of the glass filter, so that the
liquid was kept at a constant liquid level. After 1 hour, the
one set of measurement apparatus was lifted to remove the
load, and weight W4 (g) (total weight of the supporting
cylinder, a swelling water-absorbent resin (or particulate
water-absorbing agent}, and the piston) was measured. Then,
the absorption capacity under pressure (g/g) was calculated
from the W3 and W4 in accordance with the following
equation:

Absorption Capacity under Pressure (AAP: 0.90 g) (g/g) =
(Weight W4 (g - Weight W3 (g)) / weight (g) of
water-absorbent resin {or particulate water-absorbing agent).

(c) Ligquid permeability under load (PPUP/Permeability
Potential Under Pressure)

In the measurement of the (b) absorption capacity under



order to obtain a value of the absorption capacity under pressure
(AAP: 5.0 g). In this procedure, a high absorption capacity under
pressure (AAP: 5.0 g) can possibly cause an extrenely high | ayer of
a swol l en wat er-absorbent resin (or .particul ate water-absorbing
agent). In view of this, the supporting cylinder as used needs to be
of a sufficient height. By using the %gsorption capaci ties under
pressure (AAP: 0.90 g and AAP. 5.0 ¢g) “as obtained in the above
procedure, a liquid perneability under pressure (PPUP) is obtained

by the follow ng equatiaqn: Liguid perneapil,i der pressure (PPUP
(v = (anm: BResbyiart ased sl oBSfy g‘f‘%“iﬁ%’ 156, STRLS IBEIF o UGS &S
kPa (0.90g of water-absorbent .resin) is alsqg reterred.to as AAP 4.9 ¢
kPa. If the BRRYS s Pledngd®ircq. 9 OWpa XL Y oddat o i PR} r el
to as AAP1.9kPa. (7) Peak tine and inductiaon_.tinme; The te ture of
the nonomer Sr2BT-ghsaordent FRBIN 38| Ghanesd TR RggPE?eg 185 908 %, mn
pol ynmeri zati on was neasured with a thernoneter. Assunme that the tinpe
(ninut es) beOwd&xr thee ohtRint i dnveluan of ntheatRsolniioRe GaRACILY under
tenmperature of the nononer or of the resultant polyner gel is .
defined as apressaue i(8AR: 0 ghd IhdhisnBroeedién, theh bl 2PsATBEiON
an - 62 initiator and the reach to the maxi mum tenperature (peak
t enper at ur e) cefpadisy punda iprgsisawesy8Adn PsO def iavdd pesaiblyegrusen@n
extremely high layer of a swollen water-absorbent resin (or
particulate water-absorbing agent). In view of this, the
supporting cylinder as used needs to be of a sufficient height.
By using the absorption capacities under pressure (AAP: 0.90
g and AAP: 5.0 g) as obtained in the above procedure, a liquid
permeability under pressure (PPUP) is obtained by the
following equation:
Liquid permeability under pressure (PPUP) (%) = (AAP:
5.0 g (g/g) / AAP: 0.90 g (g/g)) x 100,
The load of 4.9 kPa (0.90g of w—ater—absorbent resin) is
also referred to as AAP 4.9 kPa. If the load is changed to 1.9
kPa, the load 1.9 kPa is referred to as AAP1.9kPa.
(7) Peak time and induction time:
The temperature of the monomer or of the resultant
polymer gel during the polymerization was measured with a
thermometer. Assume that the time (minutes) between the
addition of an initiator and the rise in temperature of the

monomer or of the resultant polymer gel is defined as an

induction time, and the time between the addition of an



(8) Weight-average particle dianeter (D50) The water-absorbent resin
powder or water-absorbing agent was classified by sieving wwth JI'S
standard sieves (JIS Z8801-1(2000) or the Iike sieves) having nesh
opening sizes of such as 850 m 710 m 600 m 500 m 425 m 300 m
212 m 150 m 106 gm and 75 m and then the percentages of the
resi dues on these sieves were plotted a logarithmc probability
paper. Therefrom the weight-average" %griicle di aneter (D50) was
read. The classification was carried out as follows. Under

condi ti ons of .roomte ature (20 to, 25 O _.and a relativ

humi dity of ket el %E{E%F 0@5?8%— gﬁsgPﬁeﬁ?‘)"%‘é’?in&ﬁHH?“ao re (peak
wat er - absor bi ng agent s npl ed onto the JIS standard. si.eyes (THE

| | DA TESTI NGt Aty ngl %Faﬁé’ﬁ%@g Iéﬁgﬁ% , Sy Héndc‘?;f’a%% f P8d &
with a sieve shaker (sieve shaker produced by |1 DA SElI SAKUSHO Type:

ES-65) for 1BCR¥nit™BE: The weight-average particle di aneter (D50)

is, as described in U S = Patent No. 5051239 and ot her publications,
a size of a part|@uMsighdsRVEPRET RpUIClE diameied Q%QE capabl e of
causing 50 wt % particles relative to the entire particles to_ pass
through it. (9) Chhér avpber-@hiurhanh BSifatRe WaSSorPenvatesiabgonbing
-63- value) This was carried out in accordance w th European  Patent
Nos. 942014 aBentiwerislaspidisd |lenlsigvingewidh oflat igandard sieves (JIS

Z8801-1(2000) or the like sieves) having mesh opening sizes
of such as 850 ym, 710 ym, 600 pm, 500 um, 425 pm, 300 pm,
212 pm, 150 pm, 106 pm, and 75 pm, and then the
percentages of the residues on these sieves were plotted on a
logarithmic probability paper. Therefrom, the weight-average
particle diameter (D50) was read.

The classification was carried out as follows. Under
conditions of a room temperature (20 to 25 °C) and a relative
humidit’y of 50x5% RH, 10 g of water-absorbent resin powder
or water-absorbing agent was placed onto the JIS standard

. sieves (THE IIDA TESTING SIEVE: internal diameter = 80 mm)},
and then classified with a sieve shaker (sieve shaker produced
by IIDA SEISAKUSHO; Type: ES-65) for 10 minutes. The
weight-average particle diameter (D50) is, as described in U.S.
Patenf No. 5051259 and other publications, a size of a
particular mesh opening of a standard sieve capable of
causing 50 wt % particles relative to the entire particles to
pass through it.

(9) Coloration evaluation of water-absorbent resin (YI



eval uati on of the water-absorbent resin powder was carried out in
the follow ng way using a spectroscopic color difference neter

(SZ- L80 COLOR MEASURI NG SYSTEM produced by N ppon Denshoku Kogyo
Co., Ltd.). About 6 g of the water-absorbent resin was filled into

t he bel ow nenti oned powder-paste sanple stand (filling of about 60 %
of this sanple stand) to neasure the surface color (Yl value (Yellow
I ndex)) of the water-absorbent resin'uéﬁng t he above spectroscopic
color difference nmeter under its set conditions (reflection

measur enent/ appendi x powder-paste sanple stand (inner dianeter: 30
nn)/standardvﬁgﬁﬁﬂ white board No. 2/30 mmc projector pipe for
powder - paste as the standard) under conditions of a room{enperature
(20 to 25 C)- andT&isreWasi vea Hiffldi 2yt of N5RFEPEIFRCad I itPonE VSRR
difference (L, a, b) or WB (Hunter Color) which is another yardstick
i s al so measdiedsmg St-h@"fzg)aln’e angel Y81 HS - sapecHEcRYY Wik h qlerasipn

apparatus as the above. The larger L/WB and the smaller a/b indicate
that dye cokgrilugtien| efethandatentahsnrhanbresinngaveder owpsi ggrried
substantially white. (10) Odor evaluation A sanple was prepared by
the follow ngutaimaihe foldopfing w4y wsing-alsprdeascrpi¢ wojartdidference
are sprayed in a polypropyl ene cup having an internal dianeter of 55
mm and a heingétenf (TD-LH/0 (HOLEIR g MEASIARENEhafYSTBM erppeduced by
Nippon Denshoku Kogyo Co., Ltd.). About 6 g of the
water-absorbent resin was filled into the below-mentioned
powder-paste sample stand (filling of about 60 % of this
sample stand) to measure the surface color (YI value (Yellow
Index)) of the water-absorbent resin using the above
spectroscopic color difference meter under its set conditions
(reflection measurement/appendix powder-paste sample stand
(inner diameter: 30 mm)/standard round white board No.
2/30 mm < projector pipe for powder-paste as the standard)
under conditions of a room temperature (20 to 25 °C) and a
relative humidity of 50 RH%.
In addition, color difference (L, a, b) or WB (Hunter
Color) which is another yardstick is also measurable at the
same time by the same method with the same apparatus as
the above. The larger L/WB and the smaller a/b indicate that
dye coloring is lower and that the color is nearer to being
substantially white.

(10) Odor evaluation

A sample was prepared by the following manner: 2 g of



poured into the cup so that the water-absorbent resin particles were
gelled. After the gelation, the gelled water-absorbent resin
particles were sealed hernetically and heated at 30 C for 1 hour.
Thereafter, the odor of the gelled water-absorbent resin particles
was evaluated by 10 adult test subjects. As to a polyner gel, the

odor of the polymer gel was eval uated \Q{I_t_h t he polyner gel itself
directly placed into the pol ypropyl en8 cup, W thout being mxed with
i on- exchanged water. The eval uation was determ ned in the follow ng

. Eval ' I whi_ch. i ndi 5 d f._odor,
Given in T1vd TVEPLREHRIo SEB (COSTRE {0t et r oRgTSHET (B1° 2
point). From toge eval lfati on vabues reported by,the 10 _adul

Dubjeti s, Lheolyertylens tubs BRI nE ARt caaal M HEFED Ol Stari, and

odor point. The odor paj low in n i ndicates_ less odors. (11
Measur ement  &f %Mn?%f%tr%@ﬁg%g{ ga@é *ﬂ%emg%g Watel! Was
ul traviol et rays s .neasur.ed by using  an accumul at ed ter .
Ul T- 150 (nman@odEiat ednh9 UdHi oCWrhc Sy Witaf atlilécéﬁ’@%?r'@%%%@?t resin

o b’ 4A%) oMb oo 05 TREARARY TR e
| ocation and - - 65 ultraviolet irradiation tinme, as those for the
pol ymer i zat i ¥Rtar-abiseThesducesbn prjdeles grere wardedabssmticallyspmd
heated at 30 °C for 1 hour. Thereafter, the odor of the gelled
water-absorbent resin particles was evaluated by 10 adult
test subjects. As to a polymer gel, the odor of the polymer gel
was evaluated with the polymer gel itself directly placed into
the polypropylene cup, without being mixed with
jon-exchanged water.
The evaluation was determined in the following manner:
Evaluation values, which indicate the degree of odor, were
given in five levels from "no odor" (0 point) to "strong odor" (5
point). From the evaluation values reported by the 10 adult
test subjects, the average evaluation value was determined to
obtain an odor point. The odor point low in number indicates
less odors.
(11) Measurement of the amount of ultraviolet rays
The amount of ultraviolet rays was measured by using
an accumulated UV meter UIT-150 (manufactured by Ushio
Inc.) with a receiver UVD-8365 (manufactured by Ushio Inc.)

attached thereto. 'The measurement was carried out under the

same conditions, i.e. ultraviolet irradiation location and



(12) Quantification of p-nethoxyphenol UV analysis was carried out by
i quid chromat ography. (13) Protoanenonin content and furfural
content These were quantitatively analyzed on the basis of standard
sanples with a gas chronmat ograph (GC7A nodel, produced by Shimadzu
Corporation) and a data processor (C-R6A nodel, produced by Shinadzu
Cor poration) under the follow ng conditions: Detector: FID Quantity
of hydrogen: 30 nL/mn Quantity of ai 5 0.5 L/min Colum: Hard gl ass
tube of 3 NMmin inner diameter and 3.1 min length Filler:
Chronosorb W Te e_re?tur_e of . cqol um, i ncuba%or: 0 "Tenperature.of .
sampl e-i nj ecHlFPgap‘b‘é’r et iynpdiatippoiime: @sofhese Jfod, the PolyimPeyatian in
mL/mn [Production_Exanple 1] Preparation of acrylic acid

Conposi tion QMF%@EPFW%\MQ%%OB&Vlaitéré%l?’ﬂo’(%%’éﬁirglslﬁr ade
reagent avail able from Wako, Pure Chemical |Industries, Ltd.), as

obt ai ned by cat al { 2L Qasngiicetien gam-srcthRXyBEsGled into the
colum bottom of a 66- high-boiling-point-inpurities-separating

col umm havi ng fifHV aqualysisoneperduied albban Hguidhaht s nsianhed

inareflux ratio )
(13) Protoanemonin content and furfural content

These were quantitatively analyzed on the basis of
standard samples with a gas chromatograph (GC-7A model,
produced by Shimadzu Corporation} and a data processor
(C-R6A model, produced by Shimadzu Corporation) under the
following conditions:

Detector: FID

Quantity of hydrogen: 30 mL/min

Quantity of air: 0.5 L/min

Column: Hard glass tube of 3 mm in inner diameter and
3.1 m in length

Filler: Chromosorb W

Temperature of column incubator: 100 °C

Temperature of sample-injecting part: 150 °C

f‘low rate of carrier gas: nitrogen 40 mL/min

[Production Example 1]

Preparation of acrylic acid Composition

Commercially available acrylic acid (special-grade
reagent available from Wako Pure Chemical Industries, Ltd.},
as obtained by catalytic gas phase oxidation, was supplied

into the column bottom of a



of 1 and then further re-distilled, thus obtaining an acrylic acid
conposition (A) (also referred to as purified acrylic acid)

conprising acrylic acid at a concentration of not |less than 99 % and
only trace anounts of inpurities (mainly, water). This acrylic acid
conposition (A) had a p-net hoxyphenol content of ND (less than 1 ppm
by weight) and al so a protoanenonin cggtent of ND (less than 1 ppm
by weight) and also a furfural content~of ND (less than 1 ppm by
weight). In the acrylic acid conmposition (A), a phenothi azi ne

content was ,0 ppm by weight. .an_al dehyde cont.ent was.not re. tha
opm by et o188 Har g BOTa dBRPBR CRAC S HUPE ORAH AP Dy ey
wei ght, an aceti.c, acid s 200, ppm by wei ght, and ,.praopionic acid .
content was mlpﬂﬂ%f%&aﬁ?‘?d/@?ﬁgcaélagahwn%b%ﬁlﬁ? A Y ratlo
obt ai ned by addi ng - et ho enol of, 8 m wei ght., . .
pr ot oanenoni H?o¥ Bmﬁﬁﬁﬁ%’y 1)\}%%&{, r‘é‘rfln‘sitﬁ}g‘gr &?X’bﬁ‘ HRBE R frylic
(relative to solid content of acrylic acid), to the agryljc acil,d )
conposi tion acAl cempasitign @dr(alse sefegredno &t PMlEl afgglic acid)
obt ai ned by addi ng p-nmethoxyphenol of 80 ppm by wei ght
pr ot oanemoni AOTEPT RiNgy MY liteiafie, adng CeMAFHTasion shrine} Isisghhan
to the acrylic acid conposition (A). [Production Exanple_ 2]
Preparation 89 Yyuevlonlydirashpareninds shimpuwitiessmainly, water).
comrercially available 48 wt 9% aqueous sodi um hydroxi de sol ution
(Kanegaf uchi ChenfTbds aenylicmcid camposition (A) had a p-methoxyphenol
content of ND (less than 1 ppm by weight) and also a
protoanemonin content of ND (less than 1 ppm by weight) and
also a furfural content of ND (less than 1 ppm by weight). In
the acrylic acid composition {(A), a phenothiazine content was
0 ppm by weight, an aldehyde content was not more than 1
ppm by weight, a maleic acid content was not more: than
lppm by weight, an acetic acid was 200 ppm by weight, and
propionic acid content was 200 ppm by weight.

Acrylic acid composition (Al) was obtained by adding
p-methoxyphenol of 80 ppm by weight, protoanemonin of 5
ppm by weight, and furfural of 2 ppm by weight (relative to
solid content of acrylic acid) to the acrylic acid composition
(A). Similarly, acrylic acid composition (A2) was obtained by
adding p-methoxyphencl of 80 ppm by weight, protoanemonin
of 14 ppm by weight, and furfural of 2 ppm by weight to the-
acrylic acid composition (A).

[Production Example 2]

Preparation of aqueous sodium hydroxide solution



Fe203 content was neasured by the ICP light em ssion analysis, which
is described in JI SK1200-6. As a result of the neasurenent, the
Fe203 content was 0.5 ppm by weight. From 0.5 ppm by weight, an iron
content was cal culated. The iron content was 0.35 ppm by weight (0.5
x 55.85 x 2 - 158.7 = 0.35). Further, an iron content relative to
the solid content of sodium hydroxide _was 0.72 ppm by weight (0.35 Xx
100 = 48 = 0.72). This aqueous sodiunﬁﬁyﬁroxide solution is referred
to as an aqueous sodi um hydroxi de solution (Si). To the aqueous

sodi um hydroxi de solution (Si),. 203 s, add to bt ai n aqueous.
sod um hydr oxi de 181 B isanegsialiavallante (Bf) WhPngaeiit onpaine
of 5 ppm by ight, 8 ppm by [ ght, ngyll pm by ight (relatjye
to the solid toéﬁfieofsorp%kﬁ% HPBQ?\H ! Qg§5‘é¥?ﬁl\\ll\§?a: Férodﬂ%i'xor?
Exanpl e 3] Preparation of aqueous sodium acrylate solutiqn A ..
five-necked Flealle ofoBtenter¥agn mapasired, BE di\n ppell Mebh sfgission
dropping funnels, a pH neter, a thernoneter, and stirring bl ades,
was charged #nalyssss whisth isrdesenikedetn JiStel20Pnbadts & sasult of the
separately, 1280 g of the acrylic acid conposition (AJ% obt ai ned _in
Producti on Exaes$eremsntobhe RexPpecandeatanas A48prmoby /8eight, From
aqueous sodi um hydroxide solution (Si) at room.tenperature described
in - 68 Profubtppm Erunpleeghtwvare ippacedntend wae ealswedpgi njhe iron
funnel s respectively, and the 5-litter flask was inmersed into
content was 0.35 ppm by weight (0.5 x 55.85 x 2 + 158.7 =
0.35). Further, an iron content relative to the solid content of
sodium hydroxide was 0.72 ppm by weight (0.35 x 100 + 48 =
0.72). This aqueous sodium hydroxide solution is referred to
as an aqueous sodium hydroxide solution (S1). To the
aqueous sodium hydroxide solution (S1), Fe203 was added to
obtain aqueous sodium hydroxide solutions (S2), (83}, and
(S4) having iron contents of 5 ppm by weight, 8 ppm by
weight, and 11 ppm by weight (relative to the solid content of
sodium hydroxide), respectively.
[Production Example 3]
Preparation of aqueous sodium acrylate solution
A five-necked flask of 5 liters in capacity, as equipped
with two dropping funnels, a pH meter, a thermometer, and
stirring blades, was charged with 1598 g of ion-exchanged
water. In addition, separately, 1280 g of the acrylic acid
composition (Al) obtained in Production Example 1 at room

temperature and: 1488 g of 48 wt % aqueous sodium

hydroxide solution (S1) at room temperature described in



a water-cooling bath. Next, while the tenperature of the
neutralization reaction systemin the 5-litter flask was maintained
at not higher than 35 C. Under stirred conditions, the 48 wt %
aqueous sodi um hydroxi de solution (Si) and the acrylic acid
conposition (Al) were dropwi se added into the flask at the sane tine
as each other. The dropw se addition of the acrylic acid conmposition
(Al') was conpleted in about 35 m nutes, 8 and the dropwi se addition of
the 48 Wt % aqueous sodi um hydroxide solution (Si) was conpleted in
about 45 mnytes, After_the conpletion of, the, dropw se addition of.
the acrylic éﬁde%HHﬁosEf‘?‘erAlé, Were REssihg' né?e %’Owa‘g%pmg
with 100 g of ion-exchanged water, and al]. the_used washi ng water .
was then addédningls {‘Fl%PFP%lé’ﬁ.Y’F&F’tqﬁéBﬁogéilt%ﬁ”{g@ é"a%dﬁfﬁ%&ﬁs&ﬁ{ gpto
the dropw se addition of the 48 w % aqueous sodi um hydroxi de
sol ution (Si B waterdeephinggPethnel was simlarly washed with 100 g
of ion-exchanged water, and all the used washing water was then )
added into the fl&s&t,Af wlrilg hedhonpraperaire oft hEher opargealization
additions, the tenperature of the resultant solution was adjusted
into the ramgectioosystads dnt shage-litter dirskowad xpaietaigregdoat not
mnutes. After this aging, an extrenmely small quantity of the
acrylic aci dhdghasithiaon 338l JCwa¥iepws iereddednddtiagisusthe 68 whe%
pH to 10 (0.1), thus obtaining an aqueous sodium acrylate solution
(SA1) havi ngasmwsmasnsodivon hgfdkive $odation (S1) and the acrylic acid
composition (Al) were dropwise added into the flask at the
same tine as each other. The dropwise addition of the acrylic
acid composition (Al} was completed in about 35 minutes,
and the dropwise addition of the 48 wt % aqueous sodium
hydroxide solution {S1) was completed in about 45 minutes.
After the completion of the dropwise addition of the acrylic
acid composition (Al), its dropping funnel was washed with
100 g of ion-exchanged water, and all the used washing water
was then added into the flask. Furthermore, after the
completion of the dropwise addition of the 48 wt % aqueous
sodium hydroxide solution (S1}, its dropping funnel was
similarly washed with 100 g of ion-exchanged water, and all
the used washing water was then added into the flask.
After the completion of all the dropwise additions, the
temperature of the resultant solution was adjusted into the
range of 20 to 35 °C to age the reaction mixture for 20
minutes. After this aging, an extremely small quantity of the

acrylic acid composition (Al) was dropwise added to adjust



a neutralization ratio of 100 nmol % [Production Exanples 4 through
7] The sanme procedure as in Production Exanple 3 was carried out,
but the conbination of the acrylic acid conposition (A) and the 48
wt % aqueous sodi um hydroxide solution (SI) was replaced with the
conmbi nation of the acrylic acid conmposition (Al) and the 48 Wt %
aqueous sodi um hydroxi de solution (S2)ggt-he conbination of the
acrylic acid conposition (Al) and the 48 wt % aqueous sodi um
hydroxi de solution (S3), the conmbination of the acrylic acid

conposi tion {H¢) pdnd tbhel A8 (3. P, aqHeRUSo BOSirimd ygﬁoﬁﬁeéﬁkmédﬁlum
($4), the conbination of the acrylic acid conposition

48 wt % aqueossrysiedicusy Ny bex Agsiﬁlfq{ékh'r@a(&ﬁceﬁiré?’b?ﬁﬂk%? WY R a

SOdI um acryl ate solutions (S SA3) and

obt ai ned, each méuwhiishahidn RafRNOMI00 wepreptration of 37 wt %and a
neutralization ratio of 100 nmol % [Production of water-absorbent

resin] (Exanple J{prua@césaﬁaﬂ%ﬁg&aeﬁq@%noﬁgrs' gma type bl ades,

prepared was an aqueous acrylic (salt solutlon havi ng

a nonomer concent rﬂgéogaﬁc ér%egﬁggd allqt %ld@t%ho ﬁeﬁ,fg 7“5,‘ELS

nmol % This aqueous acry nononer so

EL?Q?F}ZS P% gr%xl gﬁg%%&gerb‘lﬁl@e tl’?ecryclchﬁb?ﬁa% OMRYST t{,gn gcr}whc acid
composition {Al) and the 48 wt % aqueous sodium hydroxide
solution (S1) was replaced with the combination of the acrylic
acid composition (Al) and the 48 wt % aqueous sodium
hydroxide solution (S2), the combination of the acrylic acid
composition (Al) and the 48 wt % aqueous sodium hydroxide
solution (83), the combination of the acrylic acid composition
(Al) and the 48 wt % aqueous sodium hydroxide solution (S4),
the combination of the acrylic acid composition (A2) and the
48 wt % aqueous sodium hydroxide solution (S1). As a result,
agueous sodium acrylate solutions (SA2), (SA3), (SA4), and
(SA5) were obtained, each of which has a monomer
concentration of 37 wt % and a neutralization ratio of 100
mol %.

[Production of water-absorbent resin]

(Example 1)

In a kneader equipped with two sigma type blades,
prepared was an aqueous acrylic acid (salt} monomer solution

having a monomer concentration of 38 wt % and a

neutralization ratio of 75 mol %. This aqueous acrylic acid



1 and the aqueous sodium acrylate solution (SAl) obtained in
Production Exanple 3, and ion-exchanged water. Into the aqueous
acrylic acid (salt) nononer solution, polyethylene glycol diacrylate
.(n=9) as an internal-crosslinking agent was dissolved in an anount
of 0.05 nol %to the nononer. Then, nitrogen gas was introduced into
t he agueous nononer solution, whereby_the aqueous nononer sol ution
was deaerated with nitrogen gas in the’@ntire reaction cont ai ner,
and an oxygen content of the aqueous nononer solution was reduced to

| than 1 Then, while th | Ut
simlarly stiPRL) MAHOTIS SRIMCOHAT e R e LS OPHY oo HHEC LBRE the

was added a polynerization initjator conprising.sodiu ersulfate

an anount oY ﬁﬁ’llg%‘éﬂ"cpq_s-%%r(ﬁilé ‘ggf:%lq an %ﬁﬁ?ﬁf‘:tﬂ)‘?n é?‘@é’@)@ﬁe
nmol % wherehy pol ymerization was carried_out in the kneader. As 3_
resul t, a hydr 8§¢l theoggMemesy spaiymragylatasalngion Hfethgbtained in
particle dianeter of about 2 nmwas obtained. |mediately after the
pol yneri zat i &rodiuetiopt ERampPley dft oendpdepnerchanggss wates flrtysthe
mnutes in a hot air dryer at 170 C. The resultant dried product was
crushed withaneoisepcaylic @aidhdpaltdnaenpageprdelitiiopar podyethylene
having passed through JIS standard sieve of 850 mwere- then
classified, wghpsobpliaionyhate. (watSdr aabsor beternalsinopslisdiingPragent7was
havi ng a wei ght-average particle diameter of 390 mwherein the

per cent age ofdipacivad e hAavampumpaftd.€% miphifettertlod monomer.

Then, nitrogen gas was introduced into the aqueous
monomer solution, whereby the aqueous monomer solution
was deaerated with nitrogen gas in the entire reaction
container, and an oxygen content of the aqueous monomer
solution was reduced to less than 1 ppm. Then, while the
agqueous monomer solution was similarly stirred with the two
sigma type Dblades going round, there was added a
polymerization initiator comprising sodium persulfate in an
amount of 0.05 mol % and L-ascorbic acid in an amount of
0.0006 mol %, whereby polymerization was carried out in the
kneader. As a result, a hydrogel crosslinked polymer (1)
having an average particle diameter of about 2 mm was
obtained. Immediately after the polymerization, the obtained
hydrogel polymer (1) was dried for 45 minutes in a hot air
dryer at 170 °C. The resultant dried product was crushed
with a roller mill crusher, and dried product particles having

passed through JIS standard sieve of 850 pm were: then

classified, thus obtaining a water-absorbent resin powder (P1)



nore than 150 mis 3 % (Exanple 2) A water-absorbent resin powder
(P2) was obtained as in Exanple 1, but the aqueous sodium acryl ate
solution SA2 was wused instead of the agueous sodium acryl ate
solution SAl. (Exanple 3) A solution (1) was prepared by m xi ng
together 229 g of the acrylic acid conposition (Al.), 0.75 g of

pol yet hyl ene glycol diacrylate (n=9), q.pl4 g of 45 wt % aqueous
trisodium diethylenetriamne pentaacetate solution, and 0.028 g of

| rgacure 184 (manufactured by Ci ba Specialty Chenmicals). An aqueous

o0 " SHGATIEA AR b5 L et o J0gchi v

g of 48 wt % aqu S SO e

i on- exchange .. T ol pt ] AL L.l e _being. sti Lk S

i xed i thc HReagesssR Eed b patirlsd melinele BRI HigRe S gr mot
a nononer sol ution,of ich ligyig tenperature had risen to

appr oxi mat el f}r'@’ée%hﬁsp @t“%flsngu%ral i zati on and heat of dissol ution
was obt ai ned. Thg}gk 3. SfFe% of 10 wt % aqueous sodi um persul fate
solution was add fPp ébt ai ned nmononer solution. The resultant

solutton, med: ajely, A ShaiRNLa beSh Sireed B9 ererslsesonds,
bR AR R R DE
Pol yneri zat| %nse%r (i)r(igt?ggg of the aqueous sodium acrylate solution SA1l.

(Example 3)

A solution (I} was prepared by mixing together 229 g of
the acrylic acid composition (Al), 0.75 g of polyethylene glycol
diacrylate (n=9), 0.014 g of 45 wt% aqueous trisodium
diethylenetriamine pentaacetate solution, and 0.028 g of
Irgacure 184 (manufactured by Ciba Specialty Chemicals). An
aqueous sodium hydroxide solution (II) was prepared by
mixing together 187.6 g of 48 wt % aqueous sodium hydroxide
solution (S1) and 200 g of ion-exchanged water. The solution
(I), while being stirred, was mixed with the aqueous sodium
hydroxide scolution (II). As a result, a monomer solution of
which liquid temperature had risen to approximately 98 °C by
heat of neutralization and heat of dissolution was obtained.
Then, 3.86 g of 10 wt % aqueous sodium persulfate solution
was added to the obtained monomer solution. The resultant
solution, immediately after having been stirred for several

seconds, was injected into an aluminum container hawing a

bottom surface of 250mm x 250 mm in an open system. The



whi | e wat er vapors, expansion, and foam ng occurred in al

directions. After a lapse of 3 mnutes fromthe injection, a

hydr aged pol yner in thin-sheet formwas obtained. During the tinme
peri od between the point when 1.5 m nutes had el apsed and the point
when 3 mnutes had el apsed after the injection, the solution was
irradiated with ultraviolet rays at an_ irradiation intensity of 1.15
mVcn2 by using a W |unp (TCSCURE401?2pToduced by Toshi ba). The
resul tant polymer, after having been cut finely, was dried for 40

mnutes in a hot . air drier .in ich the tenmperature was set. tq 180
C. The resuﬁr‘émnﬂﬁ%fﬂﬂ%w ér &§I¢éﬁ”‘n‘§n tapg ggqqcé}erﬁﬂqmde and
crusher, and_dried product paiéi cl es havi p& pﬁs ed through JI'S
standard si ePé26¢dgom @ wBPE PlRYF @tadsi®i d: Ph BizaPRg Preceeded
wat er - absor bent_resin powder (P3) having a wei ght-average partjicle
di anet er of Wdtlen Wedesi Napea SpePXRARSHRN of aNPafQREHEE RAAWHGes in all
particle dianeter of not nmore than 150 m is 3 % (Exanple 4) A .
cylindrical gérsgpriops.eAdtenrt diaise of 3 mpimates freapaehe yingechion, a
lid was prepared as a polynerization container. An aqueous nononer
sol uti on (4) hiyshriags dh podymehonyigiansheegdprantwas cotgipedeyDueigatthe
a nononer concentration of 20 wt % and a neutralization ratio of 0
mol % - 73 twaseoptaioddoiwetni tle togettheherr, 0B gnoiutde had ytliapsed
acid conposition (A) obtained in Production Exanple 1, 293.06 g
and the point when 3 minutes had elapsed after the injection,
the solution was irradiated with ultraviolet rays at an
irradiation intensity of 1.15 mW/cm? by using a UV lump
(TOSCURE401; produced by Toshiba). The resultant polymer,
after having been cut finely, was dried for 40 minutes in a hot
air drier in which the temperature was set to 180 °C. The
resultant dried product was crushed with a roller mill crusher,
and dried product particles having passed through JIS
standard sieve of 850 um were then classified, thus obtaining
a water-absorbent resin powder (P3) having a weight-average
particle diameter of 390 um wherein the percentage of
particles having a particle diameter of not more than 150 pm
is 3 %.
(Example 4) ~
A cylindrical polypropylene container of 1 liter in
capacity with a lid was prepared as a polymerization
container. An aqueous monomer solution (4) having a

p-methoxyphenol -content of 20 ppm by weight, a monomer

concentration of 20 wt % and a neutralization ratio of O mol %



of ion-exchanged water, and pol yethyl ene glycol diacrylate

(ol ar - nunber - aver age degree "n" of addition polynerization of

et hyl ene oxi de=8.2) as an internal-crosslinking agent in an anount

of 0.05 nol % (to the entire nononers). Furthernore, while being

kept at 20 C, this aqueous nononer solution (4) was charged into the
above cylindrical container, and then nitrogen gas was introduced
into the solution to deaerate the sol@Bion with nitrogen gas to
reduce its dissolved oxygen content to not nore than 1 ppm Next,
while the cylindrical container was thermally insulated in an _ )
adi abatic st #as cbtaislednry ZaiKbre i trgsthesr 7 2cBipei sfngha acrylic acid
conbi nati on of an aqueous sodi um persul fate solution (of the ratio

of 0.12 g/ (wompbsinonr éA hprdrtsined( berRigrdifetiorafptamirdeed, t293.06 g
g/nmol)) wth an aqueous solution of L-ascorbic acid (of the ratio of
0.0018 g/ nol pf Wes-exidedniged hwasguecusd npodpethyleang | glycql4)diagrylate
initiate static polynerization. After a certain tinme, the

pol yneri zat i ¢modharhednbod-dhengasailecentd"t of prdddédnapdlytrmnzation
after having reached the peak tenperature, the polynerization was
conti nued fobfastdilene30xitiaaBe?) ashus imtdraial-ogosskipkingr agaht in an
hydr ogel crosslinked polyner (4). The resultant hydrogel crosslinked

polynmer (4) wasohinteby 0.055ubked dtedhentatiticcenesnomdnyg. Huetldrmore,
about 1 mm and then thereto 62.5 g of 48 wt % aqueous sodi um

hydr oxi de sokyHilenbdihg (&Pt was2added thos ey éalisZ@otbomier Yobhtiaci ¢4)

groups of the polyner.
was charged into the above cylindrical container, and then
nitrogen gas was introduced into the solution to deaerate the
solution with nitrogen gas to reduce its dissolved oXygen
content to not more than 1 ppm. Next, while the cylindrical
container was thermally insulated in an adiabatic state, a
polymerization initiator, comprising a combination of an
aqueous sodium persulfate solution (of the ratio of 0.12
g/(mol of entire monomers) (hereinafter abbreviated to g/mol})
with an aqueous solﬁtion of L-ascorbic acid (of the ratio of
0.0018 g/mol), was added to the agqueous monomer solution
{4) to initiate static polymerization. After a certain time, the
polymerization started and then was allowed to proceed and
then, after having reached the peak temperature, the
polymerization was continued for another 30 minutes, thus
obtaining a cylindrical hydrogel crosslinked polymer (4). The
resultant hydrogel crosslinked polymer (4} was f{inely

disintegrated into pieces of the size of about 1 mm, and then

thereto 62.5 g of 48 wt % aqueous sodium hydroxide solution



Wth regard to the neutralized hydrogel crosslinked polyner (4) as
obtained in the above manner, the polynerization conversion was 98.4
% (the residual nononer content was 16000 ppm by wei ght). Next, the
above hydrogel was spread onto a netal gauze of 850 m and then
hot-wi nd-dried with a gas of 160 C (dew point: 60 C) for 60 m nutes,
and then pulverized with a vibration mll, and dried product
particles having passed through JI'S stdfidard sieve of 850 mwere
then classified, thus obtaining a water-absorbent resin powder (P4)
havi ng a wei ght - average, . particle di ameter of wherein the

% %é@“ﬁg %Peg}

per cent age of® lpaV@isc Vicngeatsalizecie H9 SCiHoBTRBPS Chathe
150 m is 2 % (Exanple 5) 100 parts by wei ght of the water-absorbent
resin powder POIP®}ehas spraywi se mixed with a surface-crosslinking
agent conprising 0.4 parts by weight of 1,4-butanediol, 0.6 parts by
wei ght of propyl eNéitdt yeegard. dopdfies ppuksrbigedof hyrisagekcrangskinked
water, and 0.5 -parts by weight of isopropanol, 0.01 parts by weight
of di et hyl en@dyanehe é’ént@eﬁ:etcdfﬁ@,m&dd iphe thesulab@ve ni Rtameehas the
heat-treated at 210 C for 40 minutes, thus- obtaining a
sur f ace- cr os pldlpkeerrizagien -choeton mas P Hdwder(thrsyesitheal monomer
wat er - absorbent resin -75- powder (P5) had the foll ow ng properties:
AAP1. 9kPa = 28rdkgt wasPA &kPa. ppr?yg/vgcighty. PRUEX,=tBO 4bove hydrogel
was spread onto a metal gauze of 850 um, and then
hot-wind-dried with a gas of 160 °C (dew point: 60 °C) for 60
minutes, and then puiveﬁzed with a vibration mill, and dried
product particles having passed through JIS standard sieve of
850 um  were then  classified, thus obtaining a
water-absorbent resin powder (P4) having a weight-average
particle diameter of 380 um wherein the percentage of
particles having a particle diameter of not more than 150 pm
is 2 %.
(Example 5)
100 parts by weight of the water-absorbent resin powder
(P4) was spraywise mixed with a surface-crosslinking agent
comprising 0.4 parts by weight of 1,4-butanediol, 0.6 parts by
weight of propylene glycol, 3.0 parts by weight of
ion-exchanged water, and 0.5 parts by weight of isopropanol,
0.01 parts by weight of diethylenetriamine pentaacetate, and
the resultant mixture was heat-treated at 210 °C for 40

minutes, thus obtaining a surface-crosslinked

water-absorbent resin powder (P5). The water-absorbent resin



(Exanmpl e 6) A water-absorbent resin powder (P10) was obtained as in
Exanpl e 5, but the water-absorbent resin (Pl1) was used instead of
t he wat er - absorbent resin powder (P4). The water-absorbent resin
powder (P10) had the followi ng properties: AAPl.9kPa = 30 g/g;
AAP4. 9kPa = 28 g/g; and PPUP = 60 % (Exanple 7) A water-absorbent

resin powder (P11) was obtained as in_ .;?a_rrpl e 5, but the
wat er - absorbent resin (P2) was used instead of the water-absorbent
resin powder (P4). The water-absorbent resin powder (P11l) had the

fol l owing pr ?@wdéﬁ%fnsﬁéﬁild Qﬁ%agﬁg&i\ﬂ{%g?réf?ﬁi%gg@?.‘e‘%gg%&)%ﬂrg/ g

PPUP = 58 % (Conparative Exanpl er- absor
(P6) was obtajhpeth a3.ph = %gzge av]r}d Big;bhe fQugous sodium acryl ate
d instead o '

solution (SA3) was use the”aqueous sodi um acryl ate

solution (SAl). (m Eig{e Exanpl e 2) A water-absorbent resin
powder (P7) was obtairned as 1n Exanple 1, but the aqueous sodi um

eyl ate Sol ution 4 s RERLIPRET Rk bipd R4S Bt as in
i Example 5, but the water-absorbent resin (P1) was used
instead of the water-absorbent resin powder {P4). The
water-absorbent resin powder (P10) had the following
properties: AAP1.9kPa = 30 g/g; AAP4.9kPa = 28 g/g; and

PPUP = 60 %.

(Example 7)

A water-absorbent resin powder (P11) was ébtained as in
Example 5, but the water-absorbent resin (P2) was used
instead of the water-absorbent resin powder (P4). The
water-absorbent resin powder (P11) had the following
properties: AAP1.9kPa = 29 g/g; AAP4.9kPa = 24 g/g; and
PPUP = 58 %.

(Comparative Example 1)

A water-absorbent resin powder (P6) was obtained as in
Example 1, but the aqueous sodium acrylaie solution (SA3)
was used instead of the aqueous sodium acrylate solution
(SA1).

(Comparative Example 2}

A water-absorbent resin powder (P7) was obtained as in
Example 1, but the aqueous sodium acrylate solution {SA4)

was used instead of the aqueous sodium acrylate solution



A wat er - absor bent resin powder (P8) was obtained as in Exanple 1,
but the acrylic acid conposition (A2) was used instead of the
acrylic acid conposition (A), and the aqueous sodium acrylate
solution (SA2) was used instead of the aqueous sodium acrylate
solution (SAl). (Conparative Exanple 4) A water-absorbent resin
powder (P9) was obtained as in Exanplg 3, but the aqueous sodi um
acrylate solution (S4) was used inste & of the 48 wt % aqueous

sodi um acryl ate solution (S1). (Conparative Exanple 5) A
mater-absorbzgt resin powder (P12) was obtained as in Exanple 5, but
the water-ab nt resin (P9) was used instead of the

wat er - absorbent resin powder (P4). The _ water-absorbent resin powder
(P12) had the fol (Com arﬁFWﬁeE(’%&Pﬂ%&M. okPa = 15 g/g; AAP4.9kPa =
12 g/g; and PPUP = 11 % Anahysi s results &f v&%3 r - absor bent )
resins) Table 1 TapByater-aRspsbissity resiny RAVHCT i H) Waerhdginpeas in
conponent content, and col or Ehase of. the water-absorbent resins
obt ai ned i n B&ARAE 1.t RMdu§hcs agrYlicoREaT ab PPRPOBIEARHI £42) VRSouFd
4. As described in Patent document 3, it has_ been known 77 that a
heavy metal éBatead of thsracrnlis acid gomBYSiEPgh{Alh 2@ ihsesgseous
nmononer sol ution increases a residual nononer
sodium acrylate solution (SA2) was used instead of the
aqueous sodium acrylate solution (SA1l).
(Comparative Example 4)
A water-absorbent resin powder (P9) was obtained as in
Example 3, but the aqueous sodium acrylate solution (S4) was
used instead of the 48 wt % aqueous sodium acrylate solution
(S1).
{Comparative Example 5)
A water-absorbent resin powder {P12) was obtained as in
Example 5, but the water-absorbent resin (P9) was used
instead of the water-absorbent resin powder (P4). The
water-absorbent resin powder (P12) had the following
properties: AAP1.9kPa = 15 g/g; AAP4.9kPa = 12 g/g; and
PPUP = 11 %.
(Analysis results of water-absorbent resins) Table 1
Table 1 shows polymerization time, water-soluble
component content, and color phase of the water-absorbent
resins obtained in Examples 1 through 4 and Comparative

Examples 1 through 4. .

As described in Patent document 3, it has been known



content in a water-absorbent resin. On the contrary, as is apparent
from conpari sons between Exanples 1 and 2 and Conparative Exanples 1
through 4 all of which. adopted the sane polynerization nethod, the
process of the present invention including the step of preparing a
nmononer by using (i) acrylic acid containing particular trace
conponents and (ii) a basic conmposition containing iron (Fe2Q3) in
particular amounts (0.2 to 5 ppm by weight) and a basic conpound
(caustic soda), realizes the shortening of the polynerization tineg,
reduction in water-sol uble conponent content, the inprovenent of the
GEX val ue, arithat kebsayyl mraddl eentantapforpaatthassith I@PRPHRIVEEIt in
Different fromthe water-absorbent resins obtained in Conparative
Exanpl es 1 amin2agtieeusmtrepnamser beriutiesi incresincs Redepid ERhnplogwper
and 2 showed no deterioration of the gel (urine deterioration) even
after the watesntdisorimerd wesensabserizenmbisresiol | ©m atheincebtamt, as is
capacity of 25 tines at 37 C and left standing for 16 hours,

al t hough not sppuwhehb friahl eolnparid®ng Tadliveedrh Exagnples B anto N and
rNmUN-~n  amp'.omo 'DO C2np 4t vsov a. ~. a m.nom
ca.D' ;7 Comparative Examples 1 through 4 all of which. adopted the

same polymerization method, the process of the present
invention including the step of preparing a monomer by using
(i) acrylic acid containing particular trace components and (ii)
a basic composition containing iron (Fez203) in particular

) ~ amounts (0.2 to 5 ppm by weight) and a basic compound
(caustic soda), realizes the shortening of the polymerization
time, reduction in water—solubl'e component content, the
improvemén't of the GEX value, and la less-colored
water-absorbent resin having no odor.

i Different from the water-absorbent resins obtained in
Comparative Examples 1 and 2, the water-absorbent resins
obtained in Examples 1 and 2 showed no deterioration of the
gel (urine deterioration) even after the water-absorbent resins
were was swollen at an absorption capacity of 25 times at

' 37 °C and left standing for 16 hours, although not shown in

- Table 1.



00.., F mca.... o =a ~vcnD3 aF |NDUSTRI AL APPLI CABI LI TY The
present invention nmakes it possible to produce, with a high
productivity, a water-absorbent resin having an inproved

rel ati onshi p between absorption capacity and water-sol uble pol yner,
whi ch are conflicting properties of the water-absorbent resin, being
easily controlled for polynerization reaction, being of no odor
being | ess colored, and being of h|gh7§bsorpt|on properties. - 79 -
CLAIMS 1. A process for producing a water-absorbent resin by

pol yneri zing an acryllc acid conposition including acrylic acid
and/or its salt, {habpeodess conprising (a) the step of neutralizing
the acrylic acid conposition with a basic conposition; and then

pol ynerizing a resultant neutralized product, therghy fornng

hydrogel crosslinked pblynmer, the acrylig ag c% ofE0sktd 9l ncl idi ng:
(i) a methoxyphenol congent of °105 o%’20§) m y V\gl g tig%,l ative to
t he wei ght of acrylic dcg,d andn(|r=) gt g’e % ) ousid| content
of which is 0 to 10 ppm by wei ght relg] i¥e £p The. §| wei g’h% of acrylic
acid, the conpound bei nggsel ected frog g Egroup &pnsisting of .
pr ot oanenoni n and furfurgl g = §
...® Es |§g|gig
E w4a38 = oz 8 3T g sl= gmmag
T pemz o= o= o8 3 B e se~o=E
: g2Ez2 % £ 8 3 g s é~sz
$ zezz 8 = 8 2 g 37 s~oz
=
E oriEE = o= B 3 B o8 =~z
=5
% seme 5 o2 B 3 B ¢ seozil
e g
£g
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INDUSTRIAL APPLICABILITY

The present invention makes it possible to produce, with
a high productivity, a water-absorbent resin having an
improved relationship between absorption capacity and
water-soluble polymer, which are conflicting properties of the
water-absorbent resin, being easily controlled for
polymerization reaction, being of no odor, being less colored,

and being of high absorption properties.



t he basi c conposition including a basic conpound and iron, the basic
conposition having an iron content of 0.2 to 5.0 ppmby weight in
ternms of Fe2(3. 2. A process for producing a water-absorbent resin by
pol ymeri zing an acrylic acid conposition including acrylic acid
and/or its salt, the process conprising (a') the step of polynerizing
the acrylic acid conposition to thereby forma hydrogel - 80
crosslinked polymer; and neutralizi ng ¥Re- hydrogel crosslinked
polymer with a basic conposition, the acrylic acid conposition
including: (i) a nethoxyphenol content of 10 to 200 ppm by wei ght
relative to the weight of acrylic aci%tABM® (ii) at |east one
conpound content of which is O to 10 ppm by weight relative to the
wei ght of acrylic acid, the conpound being selected fromthe group
consi sting of protoanenonin and furfural, the basic conposition
i ncl udi ng a basi c leoApaunedeasdfor rprodenndasi waderpserbanhals sig &y
iron content of 0.2 to 5.0 ppmby weight in terns of Fe203. 3. The
process accopdilymenizehgi mnl acryliccaspdi siomyppRitiont dnoludiok @entic
1 or the step (a') of claim2 as one step, the process further
conprising, atctidranddostdps $alt,or the step (a'), (b) the step of
drying the hydrogel crosslinked

the process comprising (a) the step of neutralizing the

acrylic acid composition with a basic composition; and then
polymerizing a resultant neutralized product, thereby forming
a hydrogel crosslinked polj}mer,

the acrylic acid composition including: (i} a
methoxyphenol content of 10 to 200 ppm by weight relative to
the weight of acrylic acid; and (ii) at least one compound
content of which is 0 to 10 ppm by weight relative to the.
weight of acrylic acid, the compound being selected from the
group consisting of protoanemonin and furfural,

the basic composition including a basic compound and
iron,

the basic composition having an iron content of 0.2 to

5.0 ppm by weight in terms of Fez0Os.

2. A process for producing a water-absorbent resin by
polymerizing an acrylic acid composition including acrylic
acid and/or its salft,

the process comprising (a') the step of polymerizing the

acrylic acid composition to thereby form a hydrogel



pol ynmer by application of heat and (c) the step of subjecting the
resul tant hydrogel crosslinked polynmer to surface cross-Ilinking
treatnent by application of heat. 4. The process according to any one
of clainms 1 through 3, wherein: the basic conpound is alkaline-netal
hydr oxi de or al kali ne-netal carbonate. 81 5. The process accordi ng
to any one of clainms 1 through 4, wherein: the basic conpound is
sodi um hydr oxi de or sodium carbonate: 8) -The process according to
any one of claims 1 through 5, wherein: the acrylic acid conposition
has an unpol ymeri zabl e organic conpound content of 1 to 1000 gpm by
wei ght, wherasiossiirekedpol pabrmeabl e aotganie e bidéeimE hashs ydrogel
solubility paraneter of (1.0 to 2.5) x 104 (Jm3)1/2. 7. The process
accordi ng t o caepsdirekefl pohimer Withy eulphsic comtpeeitaona chel ati ng
agent is added to the acrylic acid conposition or the hydrogel
crosslinked pol ynghe 8. athglipr ocess! accmmdprgitionanyinobiding:l ai g 1 a
through 7, wherein: the iron is Fe203. 9. The process according to
any one of clmetbokyplrenugihcontent of 10 to 200 ppm by weight relative to

the weight of acrylic acid; and (ii) at least one compound

content of which is 0 to 10 ppm by weight relative to the

weight of acrylic acid, the compound being selected from the

group consisting of protoanemonin and furfural,

the basic composition including a basic compound and
iron,
the basic composition having an iron content of 0.2 to

5.0 ppm by weight in terms of Fe20s;.

3. The process according to clzlaim 1 or 2, comprising the
step (a) of claim 1 or the step (a') of claim 2 as one step,

the process further comprising, after the step (a) or the
step (a'), {b) the step of drying the hydrogel crosslinked
polymer by application of heat and (c) the step of subjecting
the resultant hydrogel crosslinked polymer to surface

cross-linking treatment by application of heat.

4. The process according to any one of claims 1 through

3, wherein:

the basic compound is alkaline-metal hydroxide or

alkaline-metal carbonate.



8, wherein:

the acrylic acid conposition has: (lI) a phenothiazine -

82 content of O to 0.1 ppmby weight relative to the weight of
acrylic acid; (If) at |east one conpound content of whichis O to 5
ppm by weight relative to the weight of acrylic acid, the conpound
bei ng selected fromthe group consisting of al dehyde, except
furfural, and maleic acid; and (I11) at |east one saturated
carboxylic acid content of which is 1084 o 800 ppm by wei ght relative
to the weight of acrylic acid, the saturated carboxylic acid being
selected fromthe group consisting of acetic acid and propionic

aci d.

5. The process according to any one of claims 1 through
4, wherein:
the basic compound is sodium hydroxide or sodium

carbonate.

6. The process according to any one of claims 1 through
5, wherein:
the acrylic acid composition has an unpolymerizable

organic compound content of 1 to 1000 ppm by weight,

.wherein the unpolymerizable organic compound has a

solubility parameter of (1.0 to 2.5} x 10% (Jm-3)t/2,

7. The process according to any one of claims 1 through
6, wherein:
a chelating agent is added to the acrylic acid

composition or the hydrogel crosslinked polymer.

8. The process according to any one of claims 1 through
7, wherein:

the iron is FezOs.

9. The process according to any one of claims 1 through

8, wherein:

the acrylic acid composition has: (I) a phenothiazine



- 82 -

content of 0 to 0.1 pprh by weight relative to the weight of
acrylic acid; (II) at least one compound content of which is O
to 5 ppm by weight relative to the weight of acrylic acid, the
compound being selected from the group consisting of
aldehyde, except furfural, and maleic acid; and (III) at least
one saturated carboxylic acid content of which is 10 to 800
ppm by weight relative to the weight of acrylic acid, the
saturated carboxylic acid being selected from the group

consisting of acetic acid and propionic acid.



