SPECTFICATION .
' PROCESS FOR PREPARING WATER-ABSORBENT RESIN

-FIELD OF THE INVENTION f.
.The present 1nventlon relates to processes forl
"upreparlng-a water—absorbent.re51n-and -moreff‘. |
-partlcularly,.to processes for.preparlng a water—lﬂ-“
'habsorbent resin by polymerlzatlon of a water soluble_

T'ethylenlc unsaturated monomer

BACKGROUND OF THE INVENTION
Water absorbent res1ns have found w1de
applrcatlon in. the flelds of sanltarylnaterlals such'asfa
.menstrual artlcles and dlsposable dlapers," | |

‘:jagrlcultural materlals such as’ water retentlon agentsf:*

fand 5011 condltlonlng agents,'and 1ndustr1al materlals__'f:

jf}such as. cutoff materlals and antlldew1ng agents.ff“f:
;Partlcularly, the 'water absorbent reslns are.f:'

f“iadvantageouSly used 1n the f1eld of the.sanltary

h materials,r Generally known as the.water absorbent

Qore51ns for use 1n the aforesald flelds are llghtly

crossllnked polymerlc resrns.u Examples thereof f'

.ﬁlnclude starch type water absorbent re51ns such as af'fbt

_hydrolyzate of a’ graft copolymer of starch and



'V;acrylonltrlle(JapaneseExamlnedPatentPubllcatlonNo.'

5349 43395 (1974)) and a. neutrallzed graft copolymer offﬂ::m

f‘istarch and acryllc ac1d (Japanese Unexamlned Patent

__ﬁiépubllcatlon No '51 125468 (1976)):.3 saponlfled
H'copolymer of v1nyl acetate and acryllc ac1d ester‘jh
_;ﬁYJapanese Unexamlned.Patent Publlcatlon No. 52 14539;m.4;

.:.-h(1977)), and a partlally neutrallzed polyacryllc ac1d1;;k;f”

'GV(Japanese Unexamlned Patent Publlcatlons No 62 172006 jﬂs"u

'(1987), No. 57 158209 (1982) and No 57 21405 (1982))

Propertlesrequlredforaiwater absorbentre51n,aml
iepartleularly, in the fleld of the sanltary materlals
) 1nclude a hJ.gh water—-ab-sorbency‘,- a h:Lgh water—absorblng'-"
.rate, a hlgh gel strength after water absorptlon, a low,nl-

'content of flne partlcles, and a sharp dlstrlbutlon of

- bpartlcle 51ze. Where the water—absorbent res;n.ls -

”compounded w1th a’ pulp materlal to form a Water?':‘r e

7.absorbent materlal for the sanltary materlals,;the

'f7water absorblng rate is an 1mportant factor whlch

jlnfluences the. propertles of the water absorbent

..materlal the reductlon 1n the release amount ofhh:'
“_once absorbed llquld from1ﬂmawater absorbent.materlal -
' j:and the 1ncrease 1n the dlffu51b111ty of the absorbed_x'

Tpllquld 1nto 1nterlor of the water absorbent materlal.f

Where a water absorbent re31n hav1ng a relatlvely

'lOW'water absorblng rate 1s employed for example, the



-'resultlng water absorblng materlal eXhlbltS an

':_excellent lquld dlffu51blllty However, whenrthejf~'

uwater absorbent materlal 1s pressed(e g., when,a baby3

"_wearlng a dlsposable dlaper comprlsed of such at

'ﬁfwater absorbent materlal 51ts 1mmed1ately after

'V~ur1natlon),_the release amount of llquld 1s 1ncreasedﬁ

=.becausethevmter absorbentre51nrequ1resmucht1mefor-3

'ithe llquld absorptlon._ In:addltlon,'lf the llquld

supply rate to the water absorbent materlal is: hlgherf.f

'_than the water absorblng rate of the water absorbentf'.

=:fre51n,lexcess llquld may leak from the water absorbentﬁ

'materlal.zf”

Whereavmter absorbentre51nhav1ngarelatlvelyhffg"ff"

f;hlgh water absorblng rate 1s employed for the water—'jﬁ

'*[Jabsorblngmaterlal ontheotherhand llquldabsorptlon'

' bythether absorbentre51nlocallyoccursJJxaportlondﬁf-'”: -

'of the water absorbent materlal to whlch llquld 1s"

| supplled, and the water absorbent res:.n J.n that portlon' g

:'-swells and gelatlnlzes to cause blocklng. In such af_r

- case, the lquld dlffu51on 1nto the water absorbent :,__Trﬂ_;;

'fmaterlal is blocked by the gelatlnous water absorbent.;“

'g~re51n,'so that the llquld 1s prevented from spreadlngfij

_ throughout the water absorbent.materlal As a result,f' |

. the release amount of the absorbed 11qu1d is :anreased

Therefore, a water absorbent re51n exhlbltlng-””
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'pplnltlally a. hlgh water absorblng rate and thereafter af’

o moderate water absorblng rate is desrrable for a.

'.water absorbent materlal in order to reduce the llquldinnd-'dl”‘"
-:rrelease amount and 1ncrease the llquld dlffus1b111tyl
tA mlxture of a water absorbent re51n.component hav1ng::
a hlgh water absorblng rate and a water absorbent res:.n‘.,
'd'component hav1ng a lOW“water absorblng rate may affordfae“'
baa water absorbent re51n hav1ng such propertles.;dThep“
:water absorbent re51n mlxture, however,jls less dbp_i
homogeneous because it lS prepared by m1x1ng a plurallty:

*of klnds of water absorbent re51ns hav1ng d1fferent_:

partlcle dlameters and dlfferent bulk den51t1es.

"Hence, no practlcal solutlon to. the aforesald problem'

"has been found yet._'

It-ls, therefore,.an object of the present

:1nventlon to prepare a water absorbent re51n ensurlng-

’H;the reductlon 1n the lquld release amount and the

'"1ncrease 1n the lquld dlffu51b111ty

It is- another object of the present 1nventlon to-~
:'“prepare a’ water absorbent re51n ensurlng the reductlonﬂ
' -tln the llquld release amount and ‘the. 1ncrease in the:'"

llquld dlffus:l.blllty, partlcularly, for use 1n sanltary .. =

-fmaterlals.aj'f;_V

SUMMARY, OF THE INVENTION =~ - . |



w.In accordance w1th one aspect of the present
;,iﬂventlon, there 1s prov1ded a process for Preparlng P

“'”water absorbent re51n by polymerlzatlon of a’ water—-

soluble ethylenlc unsaturated”monomer, whlch comprlsessf:j;fﬁﬂ”

| ythe step of polymerlzlng the water soluble ethylenlcf

'-,unsaturatedmonomerJJlthepresenceofaiwater absorbent.-”

,' _res:.n hav1ng a water absorblng rate dlfferent from that_._'-:' B

of ‘a water absorbent re51n resultlng from
'_polymerlzatlon of the water soluble ethylenlc :

' unsaturated-monomer.:

In a preferred mode of the present 1nvent10n, the S

~polymerlzatlon 1s performed by a reversed phase o

' suspen51on polymerlzatlon method

In accordance w1th another aspect of the‘presentff"h

.inventlon, there 1s prov1ded a process for preparlng a- S

- water absorbent resin: by polymerlzatlon of a water— _

, soluble ethylenlc unsaturated.monomer, whlch.comprlses q'°

2the steps of preparlng an aqueous solutlon contalnlng?'
.the water soluble ethylenlc unsaturated monomer -
dlssolved thereln and a water absorbent re51n hav1ng a
'water—absorblng rate'dlfferent from that of a water—q
'absorbent re51n resultlng from polymerlzatlon of the
water soluble ethylenlc unsaturated monomer, addlng.
dthe aqueous solutlon to a hydrocarbon solvent and

dlsper51ng the aqueous solutlon thereln, and heat:Lng the_-
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f{fhydrocarbon solvent contalnlng the aqueous solutlon'
'_dlspersed thereln to polymerlze the water solubleif
.ethylenlc tunsaturatednmnomercontalnedqutheaqueous:l

”.solution;

In accordance w1th further another aspect of the}

'fpresent 1nvent10n, there 1s prov1ded a process for
: preparlng a water absorbent res:.n by polymerlzatlon of'

- a water soluble ethylenlc unsaturated monomer, whlchp'-

comprlses ‘the steps of addlng an aqueous solutlon.__

qcontalnlng the water soluble ethylenlc unsaturated
g~monomer "to a hydrocarbon solvent and dlsperSLng the;;[:.*
.epaqueous solution thereln, addlng a'water—absorbent
'dtre51n.hav1ng51water absorblng rate dlfferent from’thathf"

-of a water absorbent re51n resultlng from

polymerlzatlon of the water soluble ethylenlc

b75unsaturated monomer to the hydrocarbon solvent whlch?
f”contalns the aqueous solutlon dlspersed thereln,"anda
'pheatlng the hydrocarbon solvent contalnlng the aqueousp77“

i:solutlon and the added water absorbent re51n to'
'ﬁpolymerlze the water soluble ethylenlclunsaturated :
-monomer contalned 1n the aqueous solutlon.;.f

o In accordance w1th stlll another aspect of the::a
ﬂpresent 1nventlon, there 1s prov1ded a process for
:preparlng'a water absorbent re51n by’polymerlzatlon of_fr;Vt

a water—soluble-ethylen;c unsaturated-monomer, whlch

heetHasreenR i 6 o s SHEFT HASBEEN
w0 CEEE




comprlses the steps of polymerlzlng the water soluble_"

'ﬂ'ethylenlc unsaturated monomer to afford a slurry, and,fl"

-~further addlng the water soluble ethylenlc unsaturated

'=g'monomer to the slurry, and polymerlzlng the added

'_water soluble ethylenlc unsaturated monomer.i In at
}least one of the aforesald steps, the polymerlzatlon 1sf
b allowed to take place 1n the presence of a- water—b'.h
.j .'absorbent re51n hav1ng a water absorblng rate dlfferent .
.from that of a water absorbent res:.n resultlng from the.i_'-.
l polymerizatlon-of'the"waterfsoluble ethylenlc
“unsaturated monomer;_ | ” | |
In accordance w1th yet another aspect of the..
'-present 1nventlon, there 1s prov1ded a process for
_preparlng a water absorbent res:.n by polymerlzatlon of.'_'
a water soluble ethylenlc unsaturated monomer, whlch.
_comprlses the steps of polymerlzlng the. water soluble_

| ethylenlc unsaturated monomer to afford a slurry, and;{'

1add1ng to the slurry a water absorbent re51n hav1ng a."

'-water absorblng rate dlfferent from that of a water—h

yabsorbent're51n resultlng from the polymerlzatlon off:

the water soluble ethylenlc unsaturated monomer,'andy;

"addlng the water soluble ethylenlc unsaturatedlnonomer
‘to the slurry, and polymerlzlng the added water soluble._
-ethylenlc unsaturated monomer.

In the aforesald processes accordlng to the_f'b



.'dpresent inwention}da wateresolubie'ethyieniCV
bunsaturated monomer is- polymerlzed in the presence of.
a water absorbent resin hav1ng a ‘water- absorblng rate
F__dafferentfromthatofaawater absorbentresrnresultlng_:
h;from polymerlzatlonlof the water soluble ethylenlc
”iunsaturatedmonomera.Thus,avmter absorbentre51ncanb.bc'
L be preparedlln whlch therells a.compound of the. two
ircomponents of water absorbent resrn hav1ng dlfferentt
d~water—absorb1ng'rates, 1:e':wa compound of theipd
water absorbentre51nresult1ngfromdﬂuepolymerlzatlond:
_of the water soluble ethylenlc unsaturated‘monomer andlbb'
-pthether absorbentresrnpresentJJ1thepolymerlzatlonf
i:reactlon system. The water absorbent re51n thus
thprepared ensures the reductlon.ln the release amount offf
hllquld as well as: the 1ncrease in the llqurd
dlffu51blllty o o . o
A water absorbent.reSJ.n accord.’Lng to the p.resent'_._
Llnventlon comprlses a flrst water absorbent resrn
.'_ component resultlng from polymerlzatlon of a. water--
”:soluble ethylenlc unsaturated monomer and a’ second
ﬂwater absorbent resrn component havrng a w5£ér-ﬁ'
'absorblng rate dlfferent from that of the flrst
.dwater absorbent resrn component and compounded.w1th
. the flrst water absorbent resrn component

- Slnce the water absorbent resin contalns the
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-'flrst and second water absorbent reSln.components ;f"
'dhaVlng dlfferent water-absorblng rates, the reductlon.'I
f.ln the release amount of lquld as well as the 1ncreasefiﬂi
'Tln the llquld dlffu51b111ty can be, ensured S |
The foreg01ng and other objects and effects w1llz
‘become apparent from the follow1ng detalled

_descrlptlon;

DETAILED DESCRIPTION OF THE INVENTION

The polymerlzatlon method to be employed 1n the*""f

Tpreparatlon processes of the present 1nventlon is not'
'ypartlcularly llmlted but any of various known‘”T
"a polymerlzatlon methods such as reversed phase
':suspen51on polymerlzatlon and aqueous solutlon
'f:polymerlzatlon can be’ employedf- To produce.a better
'“effect,Thoweyer;.theTreyersed—phase suspen51on_. |
;;polymerlzatlon method 1s preferably employed.w. he_'
'preparatlon processes w1ll herelnafter'be descrlbed ons_”
- the premlse that the reversed phase suspen51on.
'i_polymerlzatlon method 1s employed ' |
- The water soluble ethylenlc unsaturatedlnonomerI'
: to be. used in the present 1nvent:|.on J.s not partJ_cularly

_'llmlted but any of those generally used for

'I_polymerlzatlon may be employed Examples of spec1f1c_7¥jf

‘”water soluble ethylenlc unsaturated monomers 1nclude.I.'-
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'tacryiiC”acid' methacryllc ac1d 2 acrylamlde 2—1-;;;f
t-methylpropanesulfonlc ac1d 2 methacrylamlde 2—".

.amethylpropanesulfonlc ac1d 1and.alka11.salts (e g.,hd

n-ammonlumsalts alkallmetalsaltsandthellke)thereofkprp,”

nonlonlc monomers such as acrylamlde, methacrylam1de,_;3

g-N N-= dlmethylacrylamlde, 2 hydroxyethyl acrylate,téefjig*

'TThydroxyethyl methacrylate, N- methylol acrylamlde andfpglff

*TiN methylol methacrylamlde, and unsaturated monomers B
-contalnlng ‘amino- group such as dlethylamlnoethyl
'hdacrylate, dlethylamlnoethyl methacrylate, o |
_diethYlamlnopropyL acrylate, dlethylamlnopropyl
-'methacrylate,-dlethylamlnopropyl acrylamlde and
--dlethylamlnopropyl methacrylamlde, and quaternary

dcompounds thereof; These water soluble ethylenlcl
”unsaturated monomers¢may;be used elther alone or rn-[:“

COmblnatlon R ” - | |
| Among the aforesald water soluble.ethylenrci
:unsaturatedmonomers;acryllcac1dandnwthacry11cac1di
:and alkall salts thereof acrylamlde, methacrylamldef
and N N dlmethylacrylamlde are preferred 1n.terms of-
1ndustr1al avallablllty | | .
. In the present 1nventlon,.the“wateresoiubie

ethylenlc unsaturated monomer is typlcally used 1n a

state of an aqueous solutlon. The concentratlon.of the'j'

" fwater soluble ethylenlc unsaturated monomer 1n the'

10 .



.aqueousasOIutiOn isrpreferably between:25wt%'andlaﬁ -
;saturated concentratlon.j

',The aqueous solutlon of the water soluble-h”

' -_lethylenlc unsaturated monomer is: added to a hydrocarbon__'

-'solvent and dlspersed thereln for the reversed phase,f
quspen51on polymerlzatlon of the water soluble .

: ethylenlc unsaturated monomer. ~Usable aS'the

o hydrocarbon solvent are allphatlc hydrocarbon

;solvents,_allcycllc hydrocarbon solvents and aromatlcrf
-fihydrocarbon solvents. Examples of specrflc allphatlc-
l hydrocarbon solvents 1nclude n hexane,i heptane and'
t.llgroln.. Examples of spec1f1c allcycllc hydrocarbonp:

ﬂsolvents.lnclude cyclopentane,_methylcyclopentane,u:

L cyclohexane and methylcyclohexane. Examples of.

'"_spec1f1caromatlchydrocarbonsolvents1ncludebenzene,”

efftoluene and_xylene; Among these hydrocarbon solvents,r

ln hexane, n4heptane, cyclohexane, toluene and xylene'_'f

'Jare preferred because they are stable 1n quallty and“{ﬂlf

' favallable at a low cost.-ﬂfdf

The aforesald hydrocarbon solvents may be used-k“Vf'“

d-elther alone or 1n comblnatlon.
Preferably, a surface act1Ve agent or a polymer.
protectlve c01101d ls prellmlnarlly added to the

‘thydrocarbon solvent The surface actlve agent and the;pv

_ polymer protectlve c01101d may be used 1n comblnatlon.-”-lﬂfre

11



The surface actlve agent to be used 1s not

;gpartlcularly llmlted as long as the reversed phase I

jsuspen51on polymerlzatlon of the water soluble

"ethylenlc unsaturated monomer can be effected 1n thefl”

o aqueous solutlon.. Examples of usable surface actlve

'vagents 1nclude nonlonlc surface actlve agents such as_"

“:sorbltan fatty ac1d esters, polyglycerln fatty ac1d

' hesters, sucrose fatty ac1d esters, sorbltol fatty ac1d_,

'festers and polyoxyethylenealkyl phenyl ether._ These_jf'”

.~non10n1c surface actlve agents may'be used elther alone;=”" S

lor in comblnatlon._ﬁ

Examples<xfspec1f1cpolymerprotectlvec01101ds

.1nclude ethyl cellulose, ethylhydroxyethyl cellulose,:7:'

..gox1dlzed polyethylene, polyethylene modlfled w1th

:malelc anhydrlde, polybutadlene modlfled with malelc.
.ﬂ:anhydride, and'EPDM (ethylene propylene dlene o |
_terpolymer) modified. Wlth malelc anhydrlde :f.”

- The aforesald nonlonlc surface actlve agent and
- the polymer protectlve COllOld may be used :Ln comblnatlon' |
w:Lth an anlonlc surface actlve agent such as a fatty ac1d_
: salt, alkylbenzenesulfonate, alkylmethyltaurlne salt,.
bpolyoxyethylenealkyl phenyl ether sulfate or |
.:'ipolyoxyethylenealkyl ether sulfonate. |
| ' Thesurfaceactlveagent thepolymerprotectlve.

colloid_or_almlxture of;the;surface_actlye agent_and”thef



__’polymerprotectlvec01101dlstyplcallyusedJJlanamount

"_of 0. 1w.tg to 5wt% preferably 0 2wt% to 3wt%, with -

'”respect to the aqueous solutlon of the water solubleub_
'tfethylenlc unsaturated monomer.- If the amount.ls lessf
b_than 0. lwt% '1nsuff1c1ent emu151f1catlon may result
'._The use in an amount of greater than 5wt% :Ls uneconomlc.al,
”fbecause an effect to be produced 1s not correspondlng-””

-to the usage._

A crossllnklng agent may be optlonally used for-...

_3the polymerlzatlon., Preferably, the crossllnklng

: _f'-agent is prellmlnarlly added to the aqueous solutlon of'

'che water soluble ethylenlc unsaturated monomer ﬁThe;-f'

;crossllnklng agent to be used hereln ‘has. two or more"

;polymerlzable unsaturated groups or reactlve'“

'functlonal groups. Examples of spec1f1c crossllnklnguf-'":

p_agents hav1ng two or more polymerlzable unsaturated

'7groups 1nclude dl—-or trlacryllc esters and d1— or L

'ntrlmethacryllcestersofpolyolssuchasethyleneglycol S

.propylene glycol trlmethylolpropane, glycerol |
'ypolyoxyethylene glycol polyoxypropylene glycol and
d“polyglycerol, unsaturated polyesters obtalned by

'.reactlng the aforesald polyols w1th an unsaturated ac:Ld..:.
psuchasnmlelcac1dandfumar1cac1d blsacrylamldessuch.
'as N, N'—methyleneblsacrylamlde;_dl— or trlacryllc-f.

'esters and dl— or trlmethacryllc esters obtalned by -



'j'reactlng polyepox1des w1th acryllc ac1d and w1th

_mEthacryllcaCld resPeCtlveerCarbamyldlacrylateand"fr\

:?carbamyl dlmethacrylate obtalned by reactlng o
'fpolylsocyanates such as tolylene dllsocyanate and -
| hexamethylene dllsocyanate w1th hydroxyethyl acrylate?f”
:.and w1th hydroxyethyl methacrylate, respectlvely, *
allylated starch 'allylated'cellulose, diallyl_;.a*
_phthalate, NLN"N"etrlallyl 1socyanurate,_and.
'divinylbenéene: o o . ”
| ) Among the aforesald crossllnklng.agents hav1ngd
two or more- polymerlzable unsaturated groups, ethylene“
'f-glycol dlacrylate, ethylene glycol dlmethacrylate,_y_
dlethylene glycol dlacrylate, dlethylene glycol |
sldlmethacrylate,propyleneglycoldlacrylate propylenel*
~.glycold1methacrylate polyethyleneglycoldlacrylatefi

-J'polyethylene glycol dlmethacrylate, dlallyl phthalate

o _.and N, N'émethyleneblsacrylamlde are preferred.

Examples of the crossllnklng agents hav1ng two-l

; or’ more reactlve functlonal groups 1nclude dlgly01dyl=-'

.ether compounds/ haloepoxy compounds and 1socyanate:';"h

'mcompounds_ Amongthose thedlglyc1dylethercompoundsﬁ -
rfare preferred : |
Examples of spec1f1c d1glyc1dyl ether compounds.

:1nclude ethylene glycol d1glyc1dyl ether, polyethylene

-“ngycol dlglyc1dyl ether, propylene glycol dlglyc1dyl;iyff'. h
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:3: ether, polypropylene glycol d1glyc1dyl ether, glycer015; i

i'dlglycldyl-ether,-and polyglycerol d1glyc1dyl ether.'

'f;.Ambngjthoéé;'ethylene glycol dlglyc1dyl ether is:

- ;.partlcularly preferred

Examples1ofspec1f1chaloepoxycompounds1ncludeffhf'* o

'eplchlorohydrln,;eplbromohydrln and a—-'

'fmethyleplchlorohydrln.- Examples of spec1f1c

'xlsocyanatecompound51nclude2 4- tolylenedllsocyanatethT;

]jand hexamethylene dllsocyanate."'*
The aforesald crossllnklng agent@may‘have two orﬂ
:_more polymerlzable unsaturated groups and two or more'J

reactlve functlonal groups

The crossllnklng agent is typlcally used 1n an'fJ'

amount of 0 001wt% to 5wt% w1th respect to the

'fwater soluble ethylenlc unsaturated monomer.” If the {g_a

amount 1s'less than 0. OOlwt% the resultlng resin. hasr'

a hlgh.water solublllty and.ls hence less functlonal aSg:l

- a water absorbent resin. If the amount exceeds 5wt
the resultlng resin. does not eXhlblt satlsfactory
”water-absorblng_propertles.__l

A'radical polymerization in'itiator is u's'e'd"i.n the -

'_polymerlzatlonaccordlngtx>thepresent1nventlon f;The,_d

,radlcal polymerlzatlon 1n1t1ator to be used 1s'
'-preferably selected from conventlonal water soluble

-radlcal polymerlzatlon 1n1t1ators such as pota551um



persulfate, ammonlum persulfate and sodlum persulfate..'-"_ S

LThe radlcal polymerlzatlon 1n1t1ator can be used 1nl
‘-comblnatlon w1th a- sulflte as a redox type 1n1t1ator.i
| An 011 soluble radlcal polymerlzatlon.1n1t1ator-
' may also be used as the radlcal polymerlzatlon 1n1t1ator - "
-~Where such an 01l—soluble-rad1cal~polymerlzatlon:i

. 1n1t1ator 1s used the resultlng polymer 1s generally'

uwater soluble, hence the crossllnklng agent should beh'“.”

sed to prepare the water absorbent re51n of the present"
_:1nventlon;: Preferably used as the 01l.soluble radlcal“

'd_polymeriZatlon 1n1t;atorﬂare_benzoyl peroxlderaand

lazobisisobutYronitrile;' | B -

| "The radlcal polymerlzatlon 1n1tlator is.

:i;”typlcally'usedJJ1an.amount.of 0. 005m019'to 1 Omol% w1tha
"respect to the water soluble ethylenlc unsaturated |
llmonomer | Iftheamountlslessthano 005mol%.mucht1me-
h:ls requlred for the polymerlzatlon. -If-the amount_t;
”dexceeds l Omol 3'a rapld polymerlzatlon reactlon.7

'entalllng a. danger may result

The polymerlzatlon temperature'varles dependlngl.?

”j'upon the polymerlzatlon 1n1t1ator to be used, but

_ tYPlcally 20°¢ to 110 C,_preferably 40 C to 80 C _Ifj“
~the polymerlzatlon temperature 1s lower than 20 C thefg*
dpolymerlzatlon rate 1s reduced so that the

polymerlzatlon process requlres much tlme and 1s hence



5%uneconomical': If the polymerlzatlon temperature 1s"_

' @ghlgher than 110 C,-lt 1s dlfflcult to remove ﬁ_:

._polymerlzatlon heat to fac1lltate the polymerlzatlon.

y:The polymer of the water soluble ethylenlc unsaturated“f~*“'

':ﬁmonomer 1s generally obtalned in a state of a slurry S

'=The water absorbent re51n to be present 1n therff'”'-

'"polymerlzatlon reactlon system has a water absorblngV”'

',rate dlfferent from that of a water absorbent re51n .l_?f

resultlng from polymerlzatlon of the water soluble ;

'-ethylenlc unsaturatedlnonomer,'l e_,‘a water absorblng'f“

'urate hlgher or lower than that of the water absorbenta'n'
resin’ to be prepared | |
The water absorbent resin to be - present 1n the.
'polymerlzatlon reactlon system 1s not partlcularly
'llmlted but any of various, commer01ally avallablelaé

water absorbent re51ns may be used Examples of

'] spec1f1c water- absorbent re51ns 1nclude starch type'd'

: water absorbent re51ns such as a hydrolyzate of a graft

copolymer of starch.and acrylonltrlle andaineutrallzed:.
graft copolymer of starch and acryllc ac:Ld "a saponlfled :
"copolymer of Vlnyl acetate and acryllc a01d ester,"
“[partlally neutrallzed.polyacryllc ac1d a copolymer of;y.
'V:malelc anhydrlde and 1sobutylene, and a. polymer of them
.;aforesaldvmter solubleethylenlcunsaturatedmonomer.l

”]These water absorbent re51ns may be used elther alone.“v



lor in comblnatlon.;-g

Preferably used as the water absorbent re51n to -

-_be present in the polymerlzatlon reactlon system 1s of -

thesametypeasthevmter absorbentre51nresult1ngfrom'
",the polymerlzatlon of the water soluble ethylenlcrii.
T;unsaturated monomer. Examples of spec1f1c water—7
5:absorbent resins to be preferably used are.water;d
ﬁ.absorbent.re51ns resultlng from reversed phase-i““
”'suspen51on homopolymerrzatlon or copolymerlzatlon_ofd
hwater soluble ethylenlc unsaturated monomers. |
"1nclud1ng'acry11c ac1d” methacryllc.ac1d:_2—g
'u_acrylamlde 2 methylpropanesulfonlc acid, 2g.f
hzmethacrylamlde 2 methylpropanesulfonlc ac1d .and:d
"”alkall salts (e g ammonlum salts,-alkall metal salts*

_cand the llke) thereof, non;onlc monomers Such as

;_'acrylamlde,'methacrylamlde, ‘N, N- dlmethylacrylamlde,i""”

. 2 hydroxyethyl acrylate, 2 hydroxyethyl methacrylate,"'

- N- methylol acrylamlde and N methylol methacrylamlde, 'Lo..:

amlno contalnlng unsaturated monomers such as

'ﬁ;:d1ethylam;noethyl*acrylate, dlethylamlnoethyl

méthadrjlate, dlethylamlnopropyl acrylate,f

fddlethylamlnopropyl methacrylate, dlethylamlnopropyl B

r~acrylam1de and d1ethy1am1nopropyl methacrylamlde, andi":

quaternary compounds thereof _ Among those, a water—

absorbent resin comprlsed of a homopolymer or copolymer -

. 18



: of acryllc ac1d or methacryllc ac1d or an alkall salt
fthereof acrylamlde, methacrylamlde orQNlefjd

:dimethylacrylamlde 1sfpreferredg"

The:amount'Of'the'water—abSOrbentTresin-to"beﬁ;"”

Present in the polymerlzatlon reactlon system 1s
.-'_'_preferably 1wt% to. 100wt% more preferably 5wt% to 50wt%"'-.'

-fw1th respect to the- water soluble ethylenlc

: unsaturated monomer to be polymerlzed : If the amount“_f*f

is less than lwt% 1t 1s dlfflcult to afford the'
water—absorbent resin of lnterest in the:presenthn
-invention} If the amount exceeds 100wt%, an

5uneconomical.process-mayiresult'and'-infaddition; the

-'.polymerlzatlon reactlon system for the reversed phaseﬁ

"suspen51on polymerlzatlon becomes unstable so that the _
resultlng re51n-tends to bulk;

The method of allow1ng the water absorbent re51n ) -

o ,_to be. present in the polymerlzatlon reactlon system isco 0

f,notpartlcularlyllmlted Thewater absorbentre51nls

.'“allowed to be present in any of varlous methods in, the:

_course of polymerlzatlon of the water soluble ethylenlc

wunsaturated-monomer -More spec1f1cally, the water—“"

""-absorbent re51n is allowed.to be present 1n the aqueousn;;

.7_solutlon of the water soluble ethylenlc unsaturated o

'fmonomerfromthekmglnnlng Alternatlvely,theaqueous7 T

solutlon of the water soluble ethylenlc unsaturated

16



'“hmonomer 1s flrst added to.the hydrocarbon solvent and:
2dlspersed thereln, and then the water absorbent re51n:

':.1s added to the hydrocarbon solvent

'l'_In accordance Wlth the present-lnventlon, thei

' water absorbent re51n of 1nterest may be prepared by qdff

'fmultl.stage polymerlzatlon process.d At the f1rst

'Apolymerlzatlon stage, the water soluble ethylenlc;{

o };unsaturated monomer 1s polymerlzed At the second

.'polymerlzatlon stage, the water soluble ethylenlc
unsaturated monomer lS added to a slurry obtalned by the_
'fpolymerlzatlorlat the flrst stage, andgpolymerlzed '-Inf.

'thls case,_the water absorbent re51n may be allowed to:'

"be present elther in- the flrst stage polymerlzatlon f,l Qh?

V_reactlon system or in the second stage polymerlzatlon,g'“”

'reactlon system or, alternatlvely, 1n both of the fJ.rst—
3rand second- stage polymerlzatlon reactlon systems;-hd:
The water absorbent re51n prepared by the fh'
.-preparatlon process of the present 1nventlon is A‘f;

compound of a water absorbent re51n component hav1ng a

h1gherwater absorblngrateandeawater absorbentre51n;;:5

component hav1ng a lower water absorblng rate. dTheﬁ
Hwater absorbent re51n contalnlng the water absorbent-
re51ncomponentshav1ngd1fferentwater absorblngrates

does not take a partlcular form, but. can be in any of'

varlous_forms such~as;powdery, granular, spherlcal and_'
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- scale forms.

In the water absorbent re51n prepared by“thefp

-lpreparatlon.process of thejpresent 1nventlon, the re51n._ﬁ

component hav1ng the hlgher water absorptlon rate T
: preferably offers a water absorblng tlme of less than

) 10 seconds, more preferably less than 5.seconds .. If the"

' water.absorblng tlme is not less than 10 seconds,.thef
f‘resultlng water absorbent resin. does“not eXhlblt a

7;1 satlsfactory 1n1t1al water absorbency.u On the other.'

'H_hand the re51n component hav1ng the lower water—”

| '.'-_absorblng rate preferably offers a water absorblng tlme _
,iof longer than 20 seconds, more preferably longer than:
.30 seconds. If the water absorblng tlme 1s not longer_'

:‘than 20 seconds the water absorblng rate is so hJ_gh that |

-the resultlng water absorbent re51n is gelatlnlzed andf."'

| tends to cause blocklng‘ Therefore, 1f the two
,b.water absorbent re51n components of the present
'7‘water absorbent re51n do not satlsfy the aforesald

g;requlrements for the water absorblng tlme, 1t 1s =

dlfflcult for the water absorbent re51n to ensure thel:pj.

-l;_reductlon in- the amount of llquld released as well asalf-

“lthe increase in the llquld dlffuslblllty

It is noted that the term “water absorblng rate

n’fls hereln meant by the t1me requlred for 1g of a.

f_water absorbent resin to completely absorb 25ml of a .
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'ﬁ;O 99‘sallne solutlon w1th stlrang The water—-f*ffi

'- _' absorblng rate can be determlned in the follow:Lng manner .

atFlrst 25ml of the 0 9% sallne solutlon 1s poured 1nto”l;a.

da 50 ml beaker contalnlng a rotator hav1ng a length of~ih

hf20mm and a dlameter of 7mm.¢, and then l Og of the_f

-:water absorbent re51n is added to the sallne solutlon'a":"

hy,w1th stlrrlng at a rotatlon speed of 500rpm by means of_-

h.a magnetlc stlrrer The water absoblng rate is

o determlned by measurlng the elapsed tlme before 1t 1s

‘ v1sually conflrmed that there 1s no free water in the:-~”

{beaker-'
- As descrlbed aboye,' the water absorbent re51n}_h
prepared by the preparatlon process of the present
B .. 1nvent:Lon 1s a compound of a plurallty of water- absorbent o
'_re51n components hav1ng dlfferent water absorblng.
erates._ Therefore,-a water absorbent materlal 'forf'
e ._: example, a sanltary materlal such as a menstrual artJ.cle
g or a dlsposable dlaper whlch employs the present .'.
'-water absorbent res:Ln can be 1mparted w1th a homogeneou.s |
:water absorblng property,,unllke a:case where a
'w:water absorbent re51n mlxture prepared by 51mply
_hm1x1ng a plurallty of water absorbent re51n hav1ng
";dlfferentwater absorblngrate51semployed Thus,the_;
present 1nventlon can 1mpart the water absorbent re51nf

gw1th superlor water absorblng propertles whlch ‘is



.dlfflcult to be. achleved by the conventlonal water—'

"'-absorbent re51ns.' That 1s, the water absorbent re51n_

"accord1ngtx>thepresentlnventlonensuresthereductlon'
-1n the release amount of the llquld as well as the

thncrease 1n the llquld dlffu51b111ty 'More.'

"qspec1f1cally, -a water absorbent materlal produced by_

}spreadlng the water absorbent re51n of the present
ulnventlon in a pulp materlal can rapldly absorb llquld-.

U and exten51vely dlffuse the absorbed llquld thereln.ﬁ'

Therefore even lf the supply rate of the llqu:Ld is hlgh SR

'Tithe supplled llquld hardly leaks
The water absorbent re31n accordlng to the

']present 1nventlon can be used in a w1de range of .

: _"_'aple.catJ.on flelds 1nclud1ng sanltary materlals such as-_ S

':}fmenstrualartlclesanddlsposabledlapers agrlculturaluf'

.materlals such as’ water retentlon agents and 3011

o condltlonlng'agents, and 1ndustr1al materlals such as” =

'-cutoff materlals and antl dew1ng agents, but ‘is

fpartlcularly sultable for the sanltary materlals
The present 1nventlon w1ll herelnafter be-:'

.'descrlbed in greater deta:l.l by way of examples thereof

'QIn the follow1ng descrlptlon,,Examples are set forth 1nju'

.conjunctlon w1th correspondlng Comparatlve Examples,'

”whlch each precede Examples for easy understandlng

'-Comparatlve Example 1
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Flrst 550m1 of n- heptane was put 1n a. l llteri

- four necked round flask prov:Lded w:Lth a stlrrer ‘a reflux S

'condenser, a- dropplng funnel and a. nltrogen gas

) :'i.'ntroduct:l.'on tube. _ Then, 0. 97g of sorbltan monolaurate”--:'- ..

(surface actlve agent NONION LP ZOR avallable from
-Nlppon Yushl Co ) hav1ng an HLB of 8. 6 was added to theup
'wsolvent and dlspersed thereln. The solutlon was once
heated up to 50°¢C to dlssolve the surface actlve agentf
thereln, and then cooled to . 30 C. | | |
In turn, 92g of an 80wt% acryllc acld aqueous.
'solution'was prepared-ln-a SQO—ml_Erlenmeyer s flask,
.and152 Ggofaizo lwt%sodiumhydroiideaqueoussolutlon
'_ was added thereto drop by drop for 75mol% neutrallzatlon'
in an ice bath to afford an aqueous solutlon of partlally' :
hneutrallzed acryllc ac1d Then, O llg of pota551um
'fpersulfate was added to the partlally neutrallzed
.acryllc ac1d aqueous solutlon and dlssolved thereln.:
| The aqueous solutlon contalned in the.500 ml
'q_Erlenmeyer s flask was all added to the solutlon 1n the-”
.fgfour necked round flask and dlspersed thereln Afterfr;

”ﬂ the atmosphere of the reactlon systenlwas replaced.w1th_f

'"'nltrogen gas, the reactlon system was heated up to 70

C, at whlch polymerlzatlon was allowed to proceed for
'f35hoursf. Then, water and:n heptane were dlstllled off

'and the resultlng product was drled _ Thus, 97 Zg of a
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biuater absorbent re51n was obtalned ;Thveateré'

'absorblng t1me of the water absorbent reSln thus

obtalned was 3 seconds.;:'i | |

| E_xamm_l-_a

o :First 550ml of n- heptane waslbut in. a.l llterd
B ,four lnecked round flask prov1ded w1th a stlrrer .a reflux‘_
'condenser,-a dropplng.funnel and a nltrogenlgas
":in’trodu'ctlon tube. Then, O 97g of sorbltan monolauratez, -

ﬁ*,(surface actlve agent NONION LP 20R avallable from
'_Nlppon Yushi Co ) hav1ng an’ HLB of 8 . 6. wWas added to the_b.
“solvent and dlspersed thereln._ The-solutlon-was oncej'
._heated up to 50 .C to dlssolve the.surface actlue agent:1
'.thereln,.and then cooled to 30° C'. : B -

.In turn, 92g of an. 80wt9 acryllc ac1d aqueous -

'hsolutlon was prepared in a 500 ml Erlenmeyer s flask,_ifi

-:and152 6gof2120 1wt%sod1umhydrox1deaqueoussolutlon’
.' was added thereto drop by drop for 75mol% neutrallzatlon"

in an 1ce bath _ Then, 0 1lg of" potass:Lum persulfate was - "

| added to the resultlng solutlon and dlssolved thereln.“h.'

EM)apartlallyneutrallzedacryllcac1daqueoussolutlone
thu.'s obtained was _added 18 . 4g of a. W_at"e.r—a_bs_or_bent re51n
(polymer of partiallydneutralized'polyaorYlicﬁaordd;;
;favallable under the trade ‘name of &AQUAKEEfﬁrfrom'
Sumltomo Selka Chemlcals Co ) hav1ng'a'water absorblng_

- tlme-of.45_seconds,'
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Thesolutloncontalnedelthe500 mlErlenmeyer s;'

'tfflask was ‘all added to the solutlon 1n the four necked[ﬁ

kjround flask and-dlspersed thereln. After the
_atmosphere of the reactlon system was- replaced w1th
f-nltrogen_gas, the-reactlon:system.was-heated_up_to_?Ol
'C,.atrwhich polymerizationﬂwas alloWedrto.proceed'for°
h 3pnou:;;- Then, water and.n heptane were dlstllled off
n.and the resultlng-product was-drled.- Thus,'115 7g of_f
'~ha compounded water absorbent re51n was obtalned

rExalee 1- b

" In the:sameVmanner_as-ln ComparatiVe Example:lr
'thepartiallyneutraliiedacrylicacidaqueoussolution{
-fln the Erlenmeyer s flask was added to the solutlon )
;contalnlng the surface actlve agent dlssolved thereln;
'ipln the four necked round flask and dlspersed thereln.i

.To the resultlng solutlon mlxture was added 46, Og of af'

'water—absorbentre51n(polymerofpartlallyneutrallzedfa=

'.polyacryllc ac1d avallable under the trade name of'

'7ZZ“AQUAKEEP" from Sumltomo Selka Chemlcals Co ) hav1ng a'~*'

.l-water absorblng tlme of 45 seconds.' Thereafter, the

lrpolymerlzatlon and subsequent steps were carrled out Ain -

"_.the-same manner as 1n Example“l—a"' Thus,,144.5g.ofraQ

'compounded water absorbent re51n was obtalned

. Combaratlve Example 2

.zrlrst,_SSlefof n—heptane_was'put.inﬂa_l—liter"'
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]four neckedroundflaskprov1dedw1thastlrrer arefluxgl
fjcondenser, ‘a dropplng funnel and a nltrogen gas'
-1ntroductlon tube._ Then, 1 38g of hexaglyceryl

.'monobehenylate (surface actlve agent NONION GV 106

havallable from Nlppon Yushl Co ) hav1ng an HLB- of 13. 1“--t

rwas added to the solvent, ‘and dlspersed thereln. 'The-"'
'solutlon was - once heated uplto 50 c. toldlssolve the_,”-
;surface_actlve agent_thereln,_and then cooled to 30
. , _ S

Tn.turn, §Zg:of;an EOwt%aacrylic¢acid%aqueou§;
'solutiontwas prepared in”ai5004nl.Erlenmeyer’s flask
and152 6gofa120 lwt%sod1umhydrox1deaqueoussolutlon
.'was added thereto drop by drop for 75mol neutrallzatlon
in a.n.lce.bath..- Then, 0. 11g of pota551um persulfate and |
' 0. 019g of ethylene glycol dlglyc1dyl ether as a.. .
.crossllnklngagentwereaddadtotheresultlngsolutlon,
1and.dlssolved thereln. Thus, a. partlally neutrallzedl_'
hhacryllc ac1d aqueous solutlon was prepared |

The aqueous solutlon contalned in the 500 ml

'.Erlenmeyer s flask was all added to the solutlon 1n.thed"

'four necked round flask and dlspersed thereln._ After )

}the atmosphere of the reactlon systenlwas replaced.w1th

'--.nltrogen gas, the reactlon system was heated up to 70

- C, ‘at whlch polymerlzatlon was allowed to proceed forliﬂ

Ti3fhours. Then, water and.n heptane were dlstllled.off d'



}and the resultlng product was-drled..iThus; 98. 3g of a
{;water absorbent resin was obtalned . The water—.
kabsorblng tlme of the water absorbent re51n.thus
“_obta1ned was 48_seconds; . . |
.hExample 2 S | B
. .In the same manner-as in- Comparatlve Example.z

thepartlallyneutrallzedacryllcac1dadueoussolutlonf
"'1n the Erlenmeyer s flask was added to” the solutlon
'ufcontalnlng the surface actlve.agent dlssolved thereln
in the four necked round flask and dlspersed thereln.
 To. the resultlng solutlon mlxture was ‘"added 9 2g.of ai
. water- absorbentre51n(polymerofpartlallyneutrallzed
Jpolyacryllc ac1d avallable under the. trade name of
j“AQUAKEEP" from Sumltomo Selka Chemlcals Co ) hav1ng a

fwater absorblng tlme of 2 seconds. Thereafter,'the:”'

'polymerlzatlon.and subsequent steps were’ carrled.out 1n_

- the same manner as in Comparatlve Example 2. Thus;f
106 Og of a compounded water absorbent re51n was
'obtalned. | | | L
:Comparative'Example-3--

First, 550ml of n- heptane was- put in a l llter

-four necked round flask prov1ded w1th a stlrrer a reflux_

ucondenser, a dropplng funnel.and aunltrogen gas
'“1ntroductlon tube.. Then; 1. 38g of hexaglycerylf'

-,monobehenylate (surface actlve agent NONION GV 106
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' 'a_va_i,iabl_'_é fr.'om ,Nippéh- fa.e,hiﬁéo-.“) __'having:- an :H"LB_o_f.'-l_S'-.,__:l
'T;was'added toztheasolyentz-and:dispersed tﬁégeiﬁ,ffrﬁé~-'
nsolution was onCe'heated'up.to'Sb'ChtofdlsSOlvetthed
".surface active agent thereln, and then cooled to- 30
'rC»_' |

‘In turn, 92g of7an 80wtEL acrylic acid'aqueous'

solutlon was prepared in-a 500 ml Erlenmeyer s flask' a

'-and152 6gof5120 lwt%sod1umhydrox1deaqueoussolutlon"
'-',.was added thereto drop by drop for 75mol% neutrallzatlon-'_":_
' --..._'J.n an 1ce bath. Then, 0 1lg of potass:.um persulfate and B
TO 019g of ethylene glycol dlglyc1dyl ether as a
{crossllnkrngagentwereaddedtotheresultrngsolution,
“n{and dlssolved thereln.' Thus, a partially heﬁtfali;édjz
'acryllc ac1d aqueous solutlon was prepared. | |
The aqueous solutlon contalned in the 500 ml
B TErlenmeyer s flask was all added to the solutlon 1n the

j-four necked round flask and dlspersed thereln. -Afterf

the atmosphere of the reactlon systemﬁwas replaced w1th.'5

.a nltrogen gas, the reactlon system was heated up to 70
B Q-at Wthh flrst stage polymerlzatlon was allowed to

pproceed for 3 hours.-,r

' A.polymer slurry resultlng from the flrst stage~-'r

'-polymerlzatlon was cooled to 20 c, and then a partJ_ally L i

: neutrallzed acryllc ac1d aqueous solutlon prepared lnf

;'the aforesald manner was added thereto drop by drop 1nt_p:'
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the same amount as used 1n the fJ.rst stage polymerlzatlon. .'
";After the atmosphere of the reactlon system was fully
replaced.w1th.n1trogen gas for 30:m1nutes, the reactlon, '

”system was: heated up to 70 C, at whlch second stage

.-_polymerlzatlon was allowed to proceed for 3 hours . Then,-__ o

: waterandn heptaneweredlstllledoff andtheresultlng_j:

'_-productwwas_drledg Thus, 196 5g of a. water absorbentff

resin was'obtained . The water absorblng tlme of the..

re51n thus obtalned was 57 seconds |

_;Example 3

The.polymerlzatlon process was performed 1n

| substantlally the same manner as ‘in Comparatlve Example- :
3,exceptthat18 4gofaawater absorbentre51n(polymer
of partlally neutrallzed polyacryllc ac1d avallable__t

'under the trade name of “AQUAKEEP" from Sumltomo Selkazl

',Chemlcals Co ) hav:Lng a. water absorblng tlme of 2 seconds

was prellmlnarlly added to the partlally neutrallzedl
Vacryllc resin aqueous solutlon to be used 1n thel

"-ﬁsecond stage polymerlzatlon.l Thus, 212 2g of a

'.?compounded water- absorbent re51n was obtalned
f:Evaluatlon |

| . The' amount of water absorbed ”initiaf:wateré_

fabsorblngtlme water absorblngtlme releaseamountofl

' water and longltudlnal dlffu51on expanse of water—.

'.absorbent re51ns prepared 1n Examples 1 to’ 3 and SR

: 3'0_--.



.Comparatlve Examples 1 to 3 were measured in . the,
foollow1ng manner for evaluatlon of the re51ns.?7The:'”
'results are-shown 1n-Table 1.-

:(l)b~ Water absorptlon amount (g/g)

A rotator and 200ml of a O 9% sallne solutlon were :

-lput 1n a 300 ml beaker, and l Og of ‘a. water absorbent”

"-re51n was added thereto w1th stlrrlng by means of a .f

'iimagnetlc stlrrer.: After the solutlon was- stlrred for' .

1 hour, the swollen water absorbent re51n was flltered--x-"u

Tby means- of a. 200 mesh w1re gauze and welghed for

ﬂ-determlnatlon of the amount of water absorbed (g) per:

j,'gram of the water absorbent ‘resin.

(2) :- Inltlal water absorblng tlme

A rotator hav1ng a length of ZOmm and.a dlameter_:--rf

_fof 7mm X and.lOml of a 0 9 sallne solutlon were put 1n?

a. 50 ml beaker._ Then, 1 Og of a water absorbent re51n_

was added thereto w1th stlrrlng at a’ rotatlon speed of_

:500rpm by means ‘of .a magnetlc stlrrer, and the elapsed"'

'rtlme before 1t was v1sually conflrmed that there was no”';'

ffree,water was.measured.
(3) : Water absorblng tlme

. The water absorblng tlme was measured in the'
manner prev1ously mentloned | | .
(4)=}; Release amount and longltudlnal drffu51onj

expanse

31



Flrst, 5g of a water absorbent re51n wasd
t: unlformly spread on a cut pulp sheet hav1ng dlmen51ons:5
of 40cm><14cm and a unlt welght of 80g/m ,_and then _
-another cut pulp sheet hav1ng the same dlmen51ons and~i
welght'was overlald thereon. Next the- comblned pulp-;
"esheets thus formed were pressed with a load of 2kg/cm r
thereby a water absorbent materlal was prepared |
: _Subsequently, 150ml of a 1 6% sallne solutlon was poured.

aroundthecenterofthevmter absorbentmater1alw1th1ns

N 1 mlnutes, and the water absorbent materJ_al was allowed

'to stand for 5 mlnutes. Then, a plle of 20 cut fllter -

Jpaper sheets (Toyo fllter'paper'No 2) hav1ng'd1men51on5'

.of 10cm)<10cm were. placed on the center of the

rwater absorbent materlal and a 3. Skg welght (hav1ng a

'l:bottom.area of 10cm)<10cm) was. placed.on'the fller paperi p7d

- sheets to :meose a load thereon for 3 mlnutes . The amount e

';_of the sallne solutlon absorbed by the fllter paper o

sheets was measured for determlnatlon of the release.'

";amount Thelongltudlnalexpanseofthesallnesolutlonf-5H

absorbed and dlffused 1n the water absorbent materlal
was measured for determlnatlon of the longltudlnal

}dlffus;on expansen
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Table 1

| ‘Amount | rnitial | water- | Release _Longxtudinal"g
' 'of ‘water wat_er"- a_:b"s'oris,izig" _ '.a_x'nount ' d:.ffusion
absorbed abs‘_ol'r'b_:i.pg. ) ‘time BT expanse .
(g/g) [time(sec) | (see)- S . gem)
Ex.l-a 67 2 - 18 1.5 22
Ex.1-b 65 5 . 25 1.3 24
BEx. 2 . 63 -7 - . 35 0.5 28 .
-BEx.3 ;. 62, 8. 42 | 0.2 29
Com.Ex.1|] 72 o1 -3 -1 15.2 15
. |Com.Ex.2] - - 61 18 .48 | .5.5 . 30
{Com.Ex.3| 63 S 29 57 6.2 . 32

Tl_'__1e p_resent io_veﬁtion .ca'n blepe.__mbodied J.n varJ.ous _'
fpforms Withoottdepartiné fromithe'spirit and principal"
features of the present'inventioh. 'Therefore,ptheil“
.aforementloned embodlments are merely 1llustratlve.of
the J.nventlon in every aspect, and not llmltatlve of the -
'same..'The scope of the present 1nventlon 1s deflned byt
_the appended clalms, and 1s not restrlcted by the
]descrlptlonherelnsetforth fFurther Varlouschangest:
..and modlflcatlons to be made.w1th1n the scope of the-
'oappended clalms and equlvalents thereof are to fall

37w1th1n the scope of-the present,lnventlon;'
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1. . A process for preparing a waterJabsorbent“résinn

by polymerlzatlon of a water soluble ethylenlc :
'funsaturated monomer, comprlslng the step of

polymerlzlng the water soluble ethylenlc

funsaturatedmonomerJJ1thepresenceof51water absorbent

of. a water absorbent re51n resultlng from
'bpolymerlzatlon of the water soluble ethylenlc:

'unsaturated monomer.

',2.; o A process as set forth 1n clalm l 'Wherein thef

. water solubleethylenlcunsaturatedmonomerJj;atleast

" res:Ln haVJ.ng a water absorblng rate dlfferent from that-::-'

one selected from.the group con51st1ng of acryllc ac1d f_i

"methacryllc ac1d an alkall salt of acryllc ac1d -anb[:

ralkall salt of methacryllc ac1d acrylamlde,

1-methacrylam1de and N, 'N- dlmethylacrylamlde..7

';3.:g_ A process as set forth in clalm 1 whereln the; -

polymerlzatlon is. performed by a reversed phase

'.suspen51on polymerlzatlon method

4. A process as set forth in- clalm 1 -Wherein-the-
amount of the water absorbent res:l.n to be present durlng '

‘the polymerlzatlon is. 1wt% to 100wt% w:Lth respect to the : _.

water soluble ethylenlc unsaturated monomer.

5. ) A process as’ set forth in clalm 4 whereln theh-
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'water?absorbent-resin to'be presentuduring the -
' polymerlzatlon 1s at least one selected from the group..

licon51st1ng of a hydrolyzate of a graft copolymer of

.'starch and acrylonltrlle a neutrallzed graft copolymer_ B

:of starch and acrylic. ac1d a.sapon;fled_copolymer of_'
.vlnyl acetate and_acryllc acid'ester; partiallyvf
neutralized.polYacryllc'acidr_a.copolymer of maleich
'anhYdride.and'iSObutylene, and a polymer of a waterﬁ‘
5ﬁsoluble ethylenlc unsaturated monomer. |
56.-._. A process as set forth in claim- 5 whereln the
jpolymer of the water- soluble ethylenlc unsaturated
.'monomer is at least one selected from homopolymers and .
,_copolymers of monomers selected from the group_l. .
ﬂfconsisting'ofﬁacrylic acidq;methacrYllcfacid,ﬁan.alkalif
_salt' -of_.acry.li-c.a.ci-.d '.a-n.'a.l.ka'li,s.alt of metha'c:r'yli'cl_é_cid,
acrylamide, methacrylamlde and N, N- .

Jdlmethylacrylamlde.'

"f;?;f'; A process as. set forth 1n clalm 4 'wheréinlthé*;5;*

;fwater absorbent re51n to be present durlng the ﬁ_f
b_polymerlzatlonlsofthesametypeasthewater absorbentﬂ
resin resultlng from ‘the polymerlzatlon of the"
_;water soluble ethylenlc unsaturated monomer.e
B; 15_ A process for preparlng'a water absorbent féslnf
_2by polymerlzatlon of a water soluble.ethylenlc |

'gfunsaturated monomer, comprlslng the steps of
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preparlng an aqueous solutlon contalnlng the .
'fwater soluble ethylenlc unsaturated monomer dlssolvediﬁ
';thereln and a water absorbent re51n hav1ng.a water—.:
: _.j_'_absorblng rate dlfferent from that of a water absorbent-' '
”re51n resultlng from polymerlzatlon of the water—'.“
ﬁ’fsoluble ethylenlc unsaturated monomer,
'addlng the aqueous solutlon to a hfdrocarbonip

_solventanddlsper51ngtheaqueoussolutlonthereln,and:

heatlng the hydrocarbon solvent contalnlng the;f'*

;;_aqueous solutlon dlspersed thereln to polymerlze the.
?water soluble ethylenlc unsaturated monomer contalned"*
in the aqueous solutlon.:' |
:-9 . Aprocess as set forth 1n cla1m 8 whereln at least "
.one of a surface actlve agent and a polymer protectlve?
c01101d is prellmlnarlly added to the hydrocarbon"'h

"fsolvent. | | |

10.° A process as set forth ‘in. cla1m 8 whereinfthe}

amount of the water absorbent re51n contalned 1n ther B

u_aqueous solutlon 1s 1wt% to lOOwt% w1th respect to the:
water- soluble ethylenlc unsaturated monomer. |
."]-__1...-._j A process as set forth in clalm 10 wherern the
water absorbentresrncontalnedJJ1theaqueoussolutlon_”'

.. is | at least one selected from the group conSLStlng ofi”
;a hydrolyzate of a graft copolymer of starch and |

'facrylonltrlle, a neutrallzed graft copolymer of starch'-
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andacryllcac1d asaponlfledcopolymerofv1nylacetate

._and acryllc ac1d ester, partlally neutrallzed f:"

_ polyacryllc-aC1d a copolymer of malelc anhydrlde and"_~

' ) 'J_sobutylene, and a polymer of a water soluble ethylenlc_: .
unsaturated monomer.. | | |
12. o A process as set forth in clalm lll wherein'the

zzpolymer of the water soluble ethylenlc unsaturated L
imonomer is at least one selected from homopolymers and'
Hcopolymers of.monomers selected from the group - |
_ -cons:.stlng of acryl:Lc ac:Ld .methacryllc ac1d an alkalJ. _
':'-.salt of acryllc ac:Ld an alkal:L salt of methacryllc ac1d,
acrylamlde, methacrylamlde and N N— :' |
:;dlmethylacrylamlde. |

:l3,hf“ A process as set forth in clalm 10 _whereinfthe.

'water absorbentre51nconta1ned311theaqueoussolutlonﬁ,“"

-tls of the same type as the water absorbent re51n
-3g.result1ng from the polymerlzatlon of the water soluble'
'ethylenlc unsaturated monomer.

'14}f” A process as set forth in clalm 8 whereln the

'aqueoussolutlonfurthercontalnsaicrossllnklngagent.f =

--f15 A process as set forth 1n clalm 14 whereln theg‘f'

amount of the crossllnklng agent to be used is- 0 001wt9"
;to 5wt% w1th respect to the water soluble ethylen1C'

-unsaturated monomer._

- 16. A process for preparlng'a water absorbent re51n__'
is Sheet Has Been Reﬂlaced ' -
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'by polymerlzatlon of a. water soluble ethylenlc_p-""

-_unsaturated monomer,_comprlslng the steps of° '

addlng an aqueous solutlon contalnlng the

'water soluble ethylenlc unsaturated monomer to a

-hydrocarbonsolventanddlsperSLngtheaqueoussolutlon'

lthereln,

addlng a water absorbent re51n hav1ng a_“
water- absorblng rate dlfferent from that of a water—f“

absorbent resrn resultlng from polymerlzatlon of the

' water—soluble'ethylenlc unsaturated'monomer to the_h‘

'hydrocarbon'-solvent which contains the aguecus solution

'dlspersed thereln, ‘and

heatlng the hydrocarbon solvent contalnlng the::

'-aqueous solutlon.and.the added&water absorbent re51n to .

'rpolymerlze the water- soluble ethylenlc unsaturated

,monomer contalned 1n the aqueous solutlon.

17., A process as set forth ln clalm 16 wherein'at-

uleast one of a surface actlve agent and ‘a polymer'

protectlve c01101d is prellmlnarlly added to the

fnhydrocarbon.solvent@

18, '; A process'as‘set'forth'in claim 16'ﬁwherein'thef

: amount of the Water absorbent re51n added to the

f”fhydrocarbon solvent is- 1wt9 to 100wt% w1th resPeCt t° fﬁ

.the ‘water- soluble ethylenlc unsaturated monomer.p

;19; ' A process as set forth in clalm 18 wherein the-'

Thls Sheet H

N I"Illl Ilﬂll i Iill



/ll/

II///II//III////I/I/III I

_water—absorbent resin-addedzto thefhydrocarbon solVent

-is. at least one selected from the group con51st1ng of.

a hydrolyzate of a graft copolymer of starch and

ffacrylonltrlle, a neutrallzed graft copolymer of starch-ﬂ

, andacryllcac1d asaponlfledcopolymerofv1nylacetatel.'.

'_and acryllc ac1d ester,,partlally neutrallzed
_polyacryllc ac1d, a’ copolymer of malelc anhydrlde andlg-
"'1sobutylene, and a polymer of a water soluble ethylenlc-:
unsaturated_monomer. gf' o | )

~.20.." A.processuas set:forth inrclaim'197fwhéreinithe
lpolymer of the water soluble ethylenlc unsaturated

- monomer is at least one. selected from homopolymers andl

'~.copolymers of monomers selected from the group o

con51st1ng'of acryllc ac1d. methacryllc ac1d an.alkallu""

salt of acryllc acid, an alkall salt of methacryllc ac1d
,acrylamlde,'methacrylamlde and N, N—
sdlmethylacrylamlde.'

21, A process a's set forth in clalm 18, whereln the;d
water- absorbent res1n added to the hydrocarbon solvent:
is of the same. type as the water absorbent resln
fresultlng from the polymerlzatlon of the water soluble
ethylenlc unsaturated monomer.__ﬂ' | | |
22 . A process as- set forth in claim 16 _Wherein'the -
aqueous solutlon contalnlng ‘the water- soluble
.ethylenlc unsaturated monomer further.contalns ai

~__-;_,;;;;_;_—;5
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:crossllnklng.agent
23.--: A process as set forth 1n clalm 22 .wherein the
amount of the crossllnklng agent to be used is 0. OOlwt%'
.to Swt% ‘with respect to. the water soluble ethylenlc-'
.unsaturated monomer. |
”24, : A.process for preparlng a water absorbent resin
:by polymerlzatlon of a water soluble ethylenlcu
unsaturated monomer,:comprlslng the steps of:
polymerlzlng the water soluble ethylenlc-.
1unsaturated monomer to afford a slurry, and
| further adding the water soluble ethylenlc
-_unsaturated;monomer t0'the slurry, and@polymerlzlng'the
'added water soluble ethylenlc unsaturated monomer;
whereln, in at least one. of the aforesald steps;lf

| the polymerlzatlon is allowed to take place 1n the ::

'presence of a water absorbent fesin hav1ng a water—f-

absorblng rate dlfferent from that of. a water absorbent_'__

-ﬂre51n resultlng from the polymerlzatlon of the
Waterfsoluble;ethylenlc unsaturated monomer; |
_.25,“_ A process”forspreparing;a water;absorbent'resin
bynpolymerization of a water—soluble,ethyleniC“
unsaturated monomer,-comprising'thersteps_of:yp
:polymeriZing'the water;SOlublejethylenic
unsaturated monomer to afford a slurry, and-; -

addlng to the slurry the water soluble ethylenlc "

This Sheet Has Been Relilaced 40 '

(AT




Sk [ L M S *

unsaturated monomer: prellmlnarlly mlxed w1th a
water absorbent re51n hav1ng a water absorblng rate

rdlfferentfromthatcﬂfawater absorbentre51nresult1ng ‘

afrom the polymerlzatlon of the water soluble ethylenlc"'

- unsaturated monomer,; and polymerlzlng the added
“water- soluble ethylenlc unsaturated monomer.
26 : __'_A water‘—.absorbent _r_es;Ln prepare_d by a__proces__s.'__as'_'
_recited"in,claim'i. o | B
27, A water_—absorbent resin prepared by a process as
rec1ted in clalm 8. -
28. A water absorbent resin prepared by a process as
rec1ted in. clalm 16. |
29. A water absorbent res:Ln prepared .by a process as
recited_in.clalm 24. |
- 30. A water.—abs'orbe.nt r.es'in,pr.ep.ared by _a.pr'_olce.ss_" as -
recited in'claim 25. | | o .
1313“ . A water- absorbent.re51n comprlslng'
| ;a first water absorbent resrn component
dresulting;from polymerlzatlon ofpa water—solubler
: ethylenic'unsaturatedhmonomerfIandy
a second watereabsorbent"resin component-
‘compounded with the flrst water absorbent re51n
'component and hav1ng a water absorblng rate dlfferent

: from.that of‘the flrst:water absorbent re51n.component -
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