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t BACKGROUND OF THE INVENTION
[Field of the Invention]

The present invention relates to a process for
pxoduciﬂg polymer particles with an irregular _shape
useful as a water-absorbent resin having a small.gppar—
ent specific gravity and being excellent in water
absorption, gas permeability and 1liquid permeability
and also in gel strength after water absorption.
[Description of the Prior Art]

Water-absorbent resins has found a wide variety of
applications in the fields of medical service, such as
sanitary materials, food industry and agricultural
technology, etc., by taking advantage of their capabil-
ities of wa;er absorption and_water retention. In
particular, when the absorbent resins are used in

) sanitary materials, such as sanitary articles, disposa-
ble diapers, etc., a large water:absorptibn per unit
weight and a high absorption rate are required of them.
The water absorption depends upon the molecular struc-
ture of the resin, and it is considered that, among the
resins having the same weight, the smaller the particle

diameter of the resin powder, the larger the specific
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[ Descri‘ption of the Prior Art] Water-absorbent resins has found a w de
variety of applications in the fields of nedical service, such as sanitary
materials, food industry and agricultural technology, etc., by taking
advant age of their capabil- ities of water absorption and water retention.
In particular, when the absorbent resins are used in sanitary materials,
such as sanitary articles, disposa- ble diapers, etc., a |large water

absor pti on per, it Welaah i bl AlhAPSERE LaRekub U DY il FELLOF them

For this reason, various proposals have been made on
the process for producing a water-absorbent resin
comprising a resin powder having a small particle
diameter and being suitable for a water-absorbent
resin.

For example, Japanese Patent Laid-Open No.
167302/1982 proposes an attempt to improve the water
absorption rate by conducting polymerization using a
particular surfactant as a dispersion stabilizer for
thg polymerization to provide a water-absorbent resin
powder having a particle size reduced to 1 to 40 pm.
However, mere pulverization of the water-absorbent
resin causes the formation of curd during water absorp-
tion, so that no sufficient water absorption rate can
be attained.

Japanese Patent Laid-Open No. 106902/1987 de-
scribes a process for producing a water-absorbent
porous polymer having pores in the inside thereof and a
high specific surface area, which comprises preparing
an O/W/0 emulsion of a monomer and polymerizing the
monomer. In this process, however, the step of prepar-
ing the 0/W/0 emulsion is troublesome, and the pores of
the resultant polymer are not always interconnected

with each other, so that no water~absorbent resin
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The wat er absorption depends upon the nol ecul ar struc- ture of the resin,
and it is considered that, anong the resins having the sane wei ght, the
smal l er the particle dianmeter of the resin powder, the larger the specific
-2 0 DEC 1996 2 surface area and the higher the water absorption rate.

having a satisfactory initial water absorption rate can
be produced.

On the other hand, Japanese Patent Laid-Open No.
200102/1986 proposes a process for producing water-—
absorbent resin particles, which comprises initiating
W/0 type reverse phase suspension polymerization at 0
to 20°C, holding the reactiqn system at that tempera-
ture until the degree of polymerization reaches 30%,
and raising the temperature to complete the polymeriza-
tion. It discloses that this process provides water-
absorbent resin particles wherein fine particles having
a size of 1 to 40 pm are relatively loosely bonded to
each other and tﬁe particles have a high void fraction,
are porous and have a high water absorption rate. In
this process, it is necessary above all to control the
polymerization temperature to be in the range of 0 to
20° C until the conversion reaches 30%. It is very
difficult, however, to control the polymerization

) temperature by efficiently removing the heat of poly-
merization at such a low temperature, which renders
this process unsuitable for the mass production of
water—absdrbent resin particles. Further, the process
is disadvantageous in that it is poor in the productiv-
ity because a large amount of the polymer deposits on a

polymerization vessel in the course of the reaction.
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For this reason, various proposals have been made on the process for
produci ng a wat er-absorbent resin conprising a resin powder having a snal
particle dianmeter and being suitable for a water-absorbent resin. For
exanpl e, Japanese Patent Laid-Open No. 167302/1982 proposes an attenpt to
| nprove the water absorption rate by conducting pol ynerization using a
particul ar surfactant as a dispersion stabilizer for the polynerization to
provi de a wat er-absorbent reSUMMARY OF THE INVENTION

Accordingly, an object of the present invention is
to provide a process for producing polymer particles
with an irregular shape useful as a water-absorbent
resin having a small apparent specific gravitf and
being excellent in water absorption capacity such as
initial water absorption rate, gas permeability and
liguid permeability and also in gel strength.after
water absorption, which process is simple in the
operation and excellent in the productiVity_and enables
the polymer particles to be mass produced.

The present inventors have made intensive studies
and, as a result; have found that the above-described
object can be attained by using a specified glycoside
or gluconamide compound as a dispersant in the polymer-
ization of a water-soluble polymerizable monomer.

The present invention which has been'made on the
basis of the above-described finding provides a process
for producing polymer particles with an irregular shape
by polymerizing a water-soluble polymerizable monomer
in a system comprising a hydrophobic organic solvent
inert to the polymerization and an agueous solution of
the water-soluble polymerizable monomer, which process

is characterized in that the system further contains a

glycoside compound having such a structure that the
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powder ‘having a particle size reduced to 1 to 40 [err]. However, nere
pul veri zation of the water-absorbent resin causes the formation of curd
during water absorp- tion, so that no sufficient water absorption rate can
be attai ned. Japanese Patent Laid-Open No. 106902/ 1987 de- scribes a
process for producing a water-absorbent porous pol yner having pores in the
I nsi de thereof and a high specific surface area, which conprises preparing
an O WO emul sihydroigesn rarmamsf anchemwl acretrakibgndhén the compound has
been suﬁstituted for a hydrophobic group or a glucona-
mide compound as a dispersant.

The polymer particles with an irregular shape
produced by the process of the present invention have.g
shape utterly different from a spherical one'(a non-
spherical shape) and an average particle diameter of 10
pm or larger as measured by the sieving method (JIS)
and a high void fraction, thus imparting a high water
absorption rate and excellent gas permeability, liquid
permeability and gel strength after water absorption to
a water-absorbent resin as an aggregate of such polymer
particles.

According to the present invention, it s possible
to produce polymer particles with an irregular shape
useful as a water-absorbent resin having a low apparent
specific gravity and being excellent in water absorp-
tion capacity such as initial water absorption rate,

) ' gas permeability and liquid permeability and also in
gel strength after water absorption through a simple
operation at an excellent productivity in a mass-
producible manner by polymerizing a water-soluble
polymerizable monomer in the presence of a specified

dispersant.

Therefore, the polymer particles having an irregu-
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nmohomer-. In this process, however, the step of prepar- ing the QWO
enul sion is troubl esone, and the pores of the resultant polynmer are not
al ways interconnected with each other, so that no water-absorbent resin
REPLACEMENT SHEET 2 0 DEC 1996 3 :

lar shape produced by the process of the present inven-
tion are useful as a water—absorbent polymer to be used
in sanitary materials which come in contact with the
human body, for example, sanitary napkins, paper diap-
ers, sheets for adults, tampons and sanitary cottons by
virtue of the particularly excellent water absorption.
Further, since the polymer of the preseﬁt inventiqn is
less susceptible to deterioration in gel structure even
when used for a long period of time and further highly
elastic, it can be used as a water-retaining agent for
various horticultural purposes and a water cutoff agent
for civil engineering works and construction and fur-
ther can be expected to be applied to cosmetics wherein
importance is attached to the shape, elasticity, water
absorption and gas permeability.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of an apparatus for
measuring the water absorption as a measure of the
water absorption rate which is used in the Examples and
Comparative Examples.

Fig. 2 1is a schematic view of an apparétus for
measuring the physiological saline passing rate which
is used in the Examples and Comparative Examples.

DETAILED DESCRIPTIOﬁ OF THE INVENTION

The process for producing polymer particles with
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having ‘a satisfactory initial water absorption rate can be produced. On the
ot her hand, Japanese Patent Laid-Open No. 200102/1986 proposes a process
for produ0|ng wat er - absorbent resin particles, which conprises initiating
WO type reverse phase suspension polynerization at 0 to 20[err], hol ding
the reaction systemat that tenpera- ture until the degree of

pol ymeri zation reaches 30% and raising the tenperature to conplete the

pol ymer za- 1 g0 1t o38O atd el dh 81,84 OES L W EEen¥i5hent son

will now be described. In the description, "%" is "%
by weight" unless otherwise specifigd.

Preferable examples of the water-soluble polymer-
izable monomer to be used in the present invention
include vinyl monomers having a polymerizable unsatu-
rated group, such as olefinically unsaturated carboxyl-
ic acids and salts thereof) olefinically unsaturated
carboxylic acid esters, olefinically unsaturated sul-
fonic.acids and salts théfeof, olefinically unsaturated
phosphoric acids and salts thereof, olefinically unsat-
urated amines, olefinically unsaturated ammonium salts
and olefinically unsaturated amides. Among them,
olefinically unsaturated carboxylic acids or salts
thereof are particularly preferred in the present
invention. |

Examples of the olefinicélly unsaturated carboxyl-
ic acids and salts thereof include acrylic, methacryl-
ic, maleic and fumaric acids and alkali salts thereof.
Examples of the olefinica;ly unsaturated carboxylic
acid esters include methoxypolyethylene glycol
(meth)acrylate, phenoxypolyethylene glycol (meth)acry-
late and hydroxyethyl (meth)écrylate. Examples of the
olefinically unsaturated sulfonic acids and $alts

thereof include (meth)acrylamidomethylpropanesulfonic
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absorBent resin particles wherein fine particles having a size of 1 to 40
[err] are relatively |oosely bonded to each other and the particles have a
hi gh void fraction, are porous and have a high water absorption rate. In
this process, it is necessary above all to control the polynerization
tenperature to be in the range of 0 to 20[err] until the conversion reaches
30% It is very difficult, however, to control the polynerization

}e”peratureé}yaegfm fﬁé‘ﬁifoﬁ%@véé'ngheaﬁéataﬂfaPi)' Yeal®4i 221 éPBORL Such a
om1tenperature whi renders
Examples of the olefinically unsaturated phosphoric
acids and salts thereof include (meth)acryloyl(poly)-
oxyethylenephosphoric esters and alkali salts thereof.
Examples of the olefinically unsaturate amines include
dimethylaminoethyl (meth)acrylate. Examples of the
olefinically unsaturated ammonium salts include (meth)-
acryloyloxyethylenetrimethylammonium halides. Examples
of the olefinically unsaturated amides include (meth)-
acrylamide and (meth)acrylamide derivatives such as N-
methyl(meth)acrylamide, N-ethyl(meth)arylamide and N-
propyl(meth)acrylamide; and vinylmethylacetamide. They
may be used either alone or in the form of a mixture of
two or more of them. Examples of the alkali salts
. include alkali methal salts, alkaline earth metal salts
and ammonium salts.

The concentration of the water-soluble polymeriza-
ble monomer in an aqueous solution thereof is prefera-
bly 1 to 90%, still preferably 10 to 60%.

In the preseht invention, examples of the hydro-
phobic organic solvent inert to the polymerization
include aliphatic hydrocarbons such as n-pentane,
cyclopentane, n-hexane, cyclohexane, n-heptane and

methylcyclohexane, aromatic hydrocarbons such as .ben-

zene and tqluene, aliphatic alcohols having 4 to 6
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fhfs pfocess unsui table for the mass production of water-absorbent resin
particles. Further, the process is disadvantageous in that it is poor in
t'he productiv- ity because a |arge anmobunt of the polyner deposits on a
pol ymeri zation vessel in the course of the reaction. 4 SUMVARY OF THE
F NVENTI ON
carbon atoms, such as n-butyl alcochol and n-amyl alco-
hol, aliphatic ketones such as methyl ethyl ketone, and
aliphatic esters such as ethyl acetate. They may be
used alone or in the form of a mixture of two or more
of them.

The amount of use of the hydrophobic organic
solvent preferably ranges from 50 to 500% based on the
agqueous solution of the water-soluble polymerizable
monomer.

The dispersant to be used in the polymerization of
the above-described water-soluble polymerizable monomer
in the present invention is a glycoside compound having
such a structure that the hydrogen atom of the hemiace-
tal bond has been replaced with a hydrophobic group
(hereinafter referred to as "glycoside compound A") or
& gluconamide compound.

The glycoside compounds A are those derived from
the following saccharides by replacing the 'hydrogen
atom of the hemiacetal bond thereof with a hydrophobic
group: pentoses such as ribose, arabinose, xylose,
lyxose and ribulose; monosaccharides such as allose,
altrose, glucose, mannose, gulose, idose, galactose,
talose and fructose as 'weil as condensates of them;
maltooligosaccharides such as maltose, isomaltose,

isomaltotriose and cyclodextrin; cellooligosaccharides
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AEcordfneg, an object of the present ‘invention is to provide a process for

produci ng polyner particles with an irregul ar shape useful as a

wat er - absorbent resin having a small apparent specific gravity and being

excellent in water absorption capacity such as initial water absorption

rate, gas perneability and liquid pernmeability and also in gel strength

after water absorption, which process is sinple in the operation and

excel l ent” i n st RIsOHEANIOH ilos e3NGnAN A Rfoddechet ydes $adh | 85 e§alacbe nass

produced. tooligosaccharide, mannooligosaccharide, fructooligo-
saccharide, sucrose and lactose.

The hydrophobic groups include alkyl and alkenyl
groups having at least 6 carbon atoms, preferably at
most 22 carbon atoms, alkylaryl groups, polyoxyalkyle-
nealkyl groups and alkylphenyl groups; and acyloxyhy-
droxypropyl and alkoxyhydroxypropyl groups in whiéh the
acyloxy or alkoxy group has at leést 6 carbon atoms,
preferably at most 22 carbon atoms. Examples of them
include octyl, decyl, dodecyl octadecyl, octadecenyl
and 3-octadecanoyl-2-hydroxypropyl groups.

The glycoside compounds A are not particularly
limited and compounds represented by the following
general formqla 1 are preferred:

[General formula 1]
r1(0r%),6,

wherein Rl represents a linear or branched alkyl,

alkenyl group, or an alkylphenyl group having 6 to

22 carbon atoms, or a hydrokyacyloxyalkyl group

having at least 9 carbon atoms, R2 représents an

alkylene group ha§ing 2 to 4 carbon atoms, G

represents a reducing sugar residue having 5 or 6

carbon atoms, X represents a number of 0 to 10 on

average and y represents a number of 1 to 10 on

10
This Sheet Has Been Repl

Ll Illll! !Ml !ll il!



The present inventors have made intensive studies and, as a result, have
found that the above-described object can be attained by using a specified
gl ycosi de or gl uconam de conpound as a dispersant in the polynmer- ization
of a water-soluble polynerizable nononer. The present invention which has
been nade on the basis of the above-described finding provides a process
for producing polynmer particles with an irregular shape by polynerizing a
wat er - sol ubl e pol yreevezakglea nohthethien preyssemtdompr whiemg 2 Hygdrdpbaobi c

or gani ¢ sol vent 2
above, then R“s may be the same or different from

each other, and the hydrogen atom of the hydroxyl
group in G may be substituted for a methyl or
ethyl group or a unit having 12 or 1less carbon
atoms and at least one hydrophilic group such as
an ether oxygen, ester group, amido group, inonic

group, hydroxyl group or ammonium group.

In the above general formula 1, Rl is preferably
an alkyl, alkenyl or an alkylphenyl group having 6 to
22 carbon atoms, or a hydrocy-acyloxypropyl group
having 9 to 25 carbon atoms and x is preferably 0.

The compounds of the above general formula 1 are
preferably compounds of the following general formula
2, and alkyl glucosides and alkyl polyglucosides of the
above general formula 1 wherein the hydrogen atom of
the hydroxyl group in G is replaced with a functional

) group of the following general formulae 3 through 9,
and derivatives of them. 1In the compounds of the above
general formula 2, those wherein R3 has 8 to 18 carbon
atoms are preferred.

Examples of them include dodecyl glucoside, decyl
glucoside, tetradecyl glucoside, 6-polyoxypropylenedo-

decyl glucoside, octyl glucoside, 3-octadecanoyloxy-2-

11
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inert to the polynerization and an aqueous sol ution of the water-soluble
pol yneri zabl e. nrononer, which process is characterized in that the system
further contains a glycoside conmpound having such a structure that the 2
0 DEC 1996 5 hydrogen atom of a hem acetal bond in the conpound has

hydroxypropyl glucoside, dodecyl galactoside and dode-
cyl fructoside.
[General formula 2)

R’y
wherein R3 represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl -group
having 9 to 25 carbon atoms, G' rgpresehts a
reducing sugar residue ‘having 5 or 6 carbon atoms
and y' represents a.ﬁumber of 1 to 6 on average.

[General formula 3]

+CH2CIH°')T,TH

CH,

wherein ml represents a number of 0 to 10.

[General formula 4]
+CH,CH,03—5K

wherein m2 represents a number of 0 to 10,

[General formula 5]
£CH,>—5CO,;Na,

wherein m3 represents a number of 0 to 10,

12
Sheet Has Been Replaced

T




icen substituted for a hydrophobic group or a glucona- nide conpound as a
i spersant. The polynmer particles with an irregul ar shape produced by the
rocess of the present invention have a shape utterly different froma
pherical one (a non- spherical shape) and an average particle diameter of
0 pmor |larger as neasured by the sieving nethod (JI'S) and a high void
raction, thus inparting a high water absorption rate and .excell ent gas

ermeabi lity, IigU|d permeability and gel strength after water absorption
eneral formula 6] o

£CH,CH,03=S0,Na

wherein m4 represents a number of 0 to 10,

] : [General formula 7]

~CH,CHCH,0H,

OH

[General formula 8]

o)
|
-C~CH,CHCO,Na

SO,Na
[General formula 9]

-P(OH),
I

¢)

As the compounds of the above general formula 1,
those of the following general formula 10 are pre-
ferred.

[General formula 10]
4en
R*G y"

wherein R? represents a linear or branched alkyl,

alkenyl groﬁp, or alkylphenyl group having 6 to

13
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a’“wat er - absorbent resin as an aggregate of such polyner particles.
According to the present invention, it s possible to produce pol yner
particles with an irregul ar shape useful as a water-absorbent resin having
a | ow apparent specific gravity and being excellent in water absorp- tion
capacity such as initial water absorption rate, gas perneability and |iquid
pernmeability and also in gel strength after water absorption through a
sinpl e operation at2 afaskeal | akem$pr o@¥ct avihyAnaxy¥aGHkoxyalkyl group

having 9 to 25 carbon atoms, G" represents a
reducing sugar residue having 5 or 6 carbon atoms
wherein the hydrogen atom of the hydroxyl group is
substituted for a polyoxyethylene, polyoxypropyl-
ene or polyglyceryl group and y" represents a

number of 1 to 6 on average.

In the compounds of the above general formula 10,
preferred are those wherein R? has 8 to.18 carbon atoms
and the degree of polymerization of the hydroxyethyl-
ene, hydroxypropylene or glycerol group is 0 to 4.

The gluconamide compounds include those produced
by reacting the following amine with gluconolactone:
n-butylamine, sec-butylamine, t-butylamine, n-pentyla-
mine, n-hexylamine, n-heptylamine, 2-ethylhexylamine,
n-octylamine, n-nonylamine, n-decylamine, n-undecyla-
mine, n-dodecylamine, n-tridecylamine, n-tetradecyla-
mine, n-hexadecylamine, n-octadecylamine, n-eicosyla-
mine, diisobutylamine, di-n-butylamine, di~2-ethyl-
exylamine, 3-methoxypropylamine, 3-ethoxypropylamine,
benzylamine, toluidine, naphthylamine and p-
ethoxyaniline.

Although the gluconamide compounds are not partic-

ularly limited, preferred are compounds of the follow-

14
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Qréducible manner by polynerizing a water-soluble polynerizable nononmer in
the presence of a specified dispersant. Therefore, the polynmer particles
Eaving an irregu- 6 | ar shape produced by the process of the tion are
iseful as a water-absorbent polymer to be used

b

ing general formula 11, still preferred are compounds
of the following general formula 12 and particularly
preferred are compounds of the following general formu-
la 13:
[General formula 11}

R, O

I

R-N-C-(CH),-CH,0H

OH

wherein R and Ry each represents a hydrogen atom, a
linear or branched alkyl or alkenyl group having 5
to 25 carbon atoms, a phenyl group or an alkylaryl
group having 7 to 25 carbon atoms, with the proviso
tha; not both of R and R, are hydrogen atoms at the
same time, and R and Ry may contain a functional
group such as a hydroxyl, ether, oxyalkylene or
acetyl group.

_) [General formula 12]

' R, 0
|1
R,-N-C-(CH),~CH,0OH

OH

wherein R, and Ry each represents a hydrogen atom,
a linear or branched alkyl or alkenyl group having

5 to 25 carbon atoms, a phenyl group or an alkyla-

15
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in sanitary materials which come in contact with the human body, for
exanpl e, sanitary napkins, paper diap- ers, sheets for adults, tanpons and
sanitary cottons by virtue of the part|cularly excel | ent water absorption.
Further, since the polyner of the present invention is | ess susceptible to
deterioration in gel structure even when used for a long period of tinme and
further'highly elastic, it can be used as a mater-retaining agent for

various horticul t yydl proBISHRVERY & WBLeT2 UREboROGomsS" #ith! the
englneerlng wor ks and con ructi o and
proviso that not both of R, and R3 are hydrogen
atoms at the same time.

[General formula 13]

o)
o
R,-NHC-( (IZH)4-CH20H

OH

wherein R, represents a linear or branched alkyl
or alkenyl group having 5 to 25 carbon atoms, a
phenyl group or an alkylaryl group having 7 to 25

carbon atoms.

-Particularly preferred gluconamide compounds are
those of the above general formula 11, general formula
12 and general formula 13 wherein R represents an
alkyl, alkenyl or alkylphenyl group having 8 to 18
carbon atoms. Examples of them include N-(n-
decyl)gluconamide, N-(n-dodecyl)~gluconamide, N-(n-
tetradecyl)gluconamide, N-(n-~hexadecyl)gluconamide and
N-{(n-octadecyl)ygluconamide.

Although a satisfactory effect can be attained
even when the glycoside compound A or gulconamide
compound is used alone as a dispersant, they can be

used in the form of a mixture of two or more of them.

16
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t Her can be expected to be applied to cosnetics wherein inportance is
attached to the shape, elasticity, water absorption and gas perneability.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic view of an
apparatus for neasuring the water absorption as a neasure of the water
absorption rate which is used in the Exanples and Conparative Exanpl es.
Fig. 2 is a schematic view of an apparatus for neasuring the physi ol ogical

saline passing rateppbi gBfect of the dispersant can be attained even
when the amount thereof is small, and this amount
preferably ranges from 0.01 to 20%, still preferably
from 0.02 to 10%, still more preferably from 0.05 to
10% based on the-water—soluble polymerizable monomer.

The water-soluble polymerizable monomer can be
polymerized in a system comprising a'hydrophobic organ-
ic solvent inert to the polymerization and an agueous
solution of the water-soluble polymerizable monomer,
for example, by the following processes (1) to (4):

(1) a process comprising mixing an aqueous solu-
tion of a ﬁater—soluble polymerizable monomer with a
hydrophobic organic solvent at once and then polymeriz-
ing the monomer (batch polymerization);

(2) a process comprising conducting polymerization
successively while dropwise adding an aqueous solution
of a water-soluble polymerizable monomer to a hydropho-
bic organic solvent (successive polymerization);

) (3) a process comprising conducting polymerization
while dropwise adding a mixed solution produced by
previously mixing or dispersing an agqueous solution of
a water-soluble polymerizable monomer in part of a
hydrophobic organic solvent to a hydrophobic organic
solvent (predispersion); and

(4) a process wherein the processes (1) to (3) are

17
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is used in the Exanpl es and Conparative Exanpl es. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The process for produci ng polyner particles with 7 an

irregul ar shape according to the present invention will now be descri bed.
In the description, "% is "% by weight” unless otherw se specified.
used in combination.

In conducting the polymerizatioh, the dispersant
is incorporated in the reaction system by, for example,
the following methods (1) to (4):

(1) a method wherein the glycoside compound A or the
gluconamide compound is previously dispersed in a
hydrophobic organic solvént;

(2) a method wherein the glycoside compound A 61’ the
gluconamide c'bmpound is previouély dissolved or dis-
persed in an aqueous solution of a water-soluble poly-
merizable monomer;

(3) a method wherein the glycoside compound A or the
gluconamide compound is gradually added while conduct-
ing the polymerization; and

(4) a method wherein the methods (1) to (3) are em-—
ployed in combination.

In conducting the polymerization, it is preferred
to use a polymerization initiator. There is no par-
ticﬁlar limitation on the polymerization initiator so
far as it is a water-soluble free~radical initiator,
and examples thereof include ketone peroxides such as
methyl ethyl ketone peroxide and ﬁethyl isobutyl ketone
peroxide, dialkyl peroxides such as di-tert-butyl
peroxide and tert-butyl cumyl peroxide, alkyl peroxy

esters such as tert-butyl peroxyacetate, tert-butyl

18
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Pﬁeferable exanpl es of the water-soluble polyner- izable nononer to be used
| 't he present invention include vihyl nonomers having a pol ymeri zabl e
satu- rated group, such as olefinically unsaturated carboxyl- ic acids

d salts thereof, olefinically unsaturated carboxylic acid esters,
bflnlcally unsaturated sul- fonic acids and salts thereof, oleflnlcally
sat ur at ed phosphoric acids and salts thereof, olefinically unsat- urated

ines, ol efi ni gadigy yfté@s&wﬁée AP R SR L1 498 QLFELDLERLLY hyaro-

smurmedam

cpc o,m'c =

gen peroxide, persulfates such as potassium persulfate
: and ammonium persulfate, perchlorates such as potassium
E perchlorate and sodium perchlorate, halogenic acid
salts such as potassium chlorate and potassium bromate,

and azo compounds such as 2-(carbamoylazo)isobutyroni-

trile, 2,2-azobis(N,N'-dimethyleneisobutylamidine)
dihydrochloride, 2,2'-azobis(2-amidinopropane) dihydro-
chloride, 2,2'-azobis(N,N'-dimethyleneisobutylamidine),
4,4'-azobis(4-cyanopenténoic acid), azobisisobutyroni-
trile, 2,2'-azobis(4-methoxy-2,4-dimethylvaleroni-
trile), (l-phenylethyl)azodiphenylmethane, dimethyl 2,
2'-azobisisobutyrate, 2,2'-azobis(2-methylbutyroni-

trile), 1,1'-azobis(l-cyclohexanecarbonitrile), 2,2'-

azobis(2,4,4'-trimethylpentane), 2-phenylazo-2,4-di-
? methyl~4-methoxyvaleronitrile and 2,2'-azobis(2-methyl-
propane). They may be used alone or in the form of a
mixture of two or more of them.

The amount of use of the polymerization initiator
usually ranges from 0.01 to 10%, préferably from 0.02
to 5%, based on the water-soluble polymerizable mono-
mer.

Although there is no particular limitation on the
method for adding the polymerization initiator, it is

preferred to previously add the polymerization initia-
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ol efinically unsaturated carboxylic acids or salts thereof are particularly
preferred in the present invention. Exanples of the olefinically

unsat urated carboxyl- ic acids and salts thereof include acrylic,

met hacryl - ic, maleic and fumaric acids and al kali salts thereof. Exanples
of the olefinically unsaturated carboxylic acid esters include

nmet hoxypol yet hyl ene gl ycol (nmeth)acryl ate, phenoxypol yethyl ene gl ycol
(meth)acry- | &0 ahd Mhie osgridus (sRilyeLonl b theMPEBymbriikable

water-soluble monomer.

In conducing the polymerization, basically the
polymerization temperature is not particularly limited
so far as it is within a temperature range in which the
water—soluble polymerizable monomer can be polymerized.
However, in due consideration of the polymeriqation_

&

temperature and conversion, the polymerizatian is
preferably conduced at a temperature in the o;-;imum
polymerization temperature range for the water-soluble
polymerizablg monomer to.be'used. The temperature
usually ranges from 20 to 150°C, preferably 40 to
100° C.

In the present invention, it is preferred to use
only the water-soluble polymerizable monomer as the
polymerizable monomer to be homopolymerized or copoly-
merized. ‘It is also possible, however, to use the
water-soluble polymerizable monomer in combination with
& water-insoluble monomer copolymerizable therewith,
for example, a monomeric ester of an alkanol having 1
to 22 carbon atoms with an unsaturated carboxylic acid
such as acrylic, methacrylic, maleic or fumaric acid,
which is used in an amount of 50% or less based on the

whole monomer.

Besides the above-described hydrophobic solvent,
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olefinically unsaturated sulfonic acids and salts thereof include

(met h) acryl am donet hyl propanesul f oni ¢ and allyl sul fonic acids and al kal
salts thereof. Exanples of the olefinically unsaturated phosphoric acids
and salts thereof include (neth)acryl oyl (poly)- oxyethyl enephosphoric
esters and al kali salts thereof. Exanples of .the olefinically unsaturate

an nes i ncl ude

an amphipathic soivent may be added so far as the
amount thereof does not exceed that of the hydrophobic
solvent. Examples of the amphipathic solvents include
alcohols such as methanol, ethanol, propanol and 2-
propanol; ketones such as acetone; and ethers such as
diethyl ether, dipropyl ether, tetrahydrofuran and
dioxane.

Further, besides the dispersant, nonionic surfact-
énts, cationic surfactants, amphoteric surfactants,
anionic surfactants, polymeric dispersants, etc., can
be used in combination with the above-described disper-
sant in an amount of preferably 100 parts by weight or
less for 100 parts by weight of the dispersant.

In the present invention, a well-known crosslink-
ing agent méy be used before, during or after the
polymerization. Examples of the crosslinking agents
include polyallyl compounds such as N,N-
diallyl(meth)acrylamide, diallylamine, diallylmethacry-
lamine, diallyl phthalate, diallyl maleate, diallyl
terephthaléte, triallyl cyanurate and triallyl phos-
phate; polyvinyl compounds such as divinylbenzene,
N,N-methylenebisacrylamide, ethylene glycol diacrylate,
ethylene glycol dimethacrylate and glycerin trimetha-
crylate; polyglycidyl ethers such as ethylen glycol
diglycidyl ether, polyethylene glycol diglycidyl ether

21
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di met hyl am noet hyl  (neth)acryl ate. Exanples of the olefinically
unsat urated ammoni um sal ts-i nclude (neth)-

acryl oyl oxyet hyl enetri met hyl ammoni um hal i des.
unsat urated am des include (neth)- acrylam de-and (neth)acryl am de
derivatives such as N nethyl (neth)acryl am de,
N- propyl (nmet h)acryl am de, and vi nyl net hyl acet am de. They may be used
ei ther al one amdi rpalyeyXyereniof pollygilyicd dyfl t whter ;nphaleepdxam corempl es
of the alkali

salts include alkali nethal salts, alkaline earth netal
pounds such as epichlorohydrin and o,-methylchlorohy-

drin; polyaldehydes such as glutaraldehyde and glyoxal;
polyols such as glycerin; polyamines such as ethylene-
diamine: hydroxy vinyl compounds such as 2-hydroxyethyl
methacrylate, and inorgano- and organometallic salts
capable of yielding a polyvalent ion, such as those of
calcium, magnesium, zinc and aluminum. _

Further, it: is alsb possible.to use a monoglycidyl
compound such as phenol polyoxyethylene glycidyl ether
as a modifier.

The amount of the crosslinking agent or modifier
may be arbitrary according to desired properties of the
polymer as the final product and it is usually prefera-
bly in the range of 0.01 to 10% based on the resultant
polymer.

The polymer thus produced is dried by means of a
vacuum drier, fluid drier or the like, immediately
after the polymerization or after the removal of the
solvent by decantation or centrifugation to obtain the
polymer particles with an irregular shape. The parti-
cles thus obtained can-be pulverized or granulated, if
necessary, to a desired particle diameter.

It is well known that nonionic surfactants such as

sorbitan esters and sucrose esters are generally used
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and ammoni um salts. The concentration of the water-sol uble pol yneri za- ble
nononmer i n an aqueous solution thereof is prefera- bly 1 to 90% stil
preferably 10 to 60% In the present invention, exanples of the hydro-
phobi ¢ organic solvent inert to the polynerization include aliphatic
hydr ocar bons such as n-pentane, cycl opentane, n-hexane, cycl ohexane,
n- hept ane and net hyl cycl ohexane, aronatic hydrocarbons such as ben- zene
and toluene, aliphatic alcohols having 4 to 6
in the suspension polymerization of a water-soluble
monomer to stably produce spherical polymer particles.
Although a detailed mechanism of the production of the
polymer with an irregular shape has not yet been eluci-
dated, it is conceivable that the above-described
glycoside compound A or gluconamide compound suitably
and slightly destabilizes the shape of the dispersed
particles and also suitably stabilizes the dispersed
particles not to aggfegate them together, so that a
delicate balance 5etween the instability of the shape
of the dispersed particles and the resistance of the
dispersed particles to aggregation is maintained.

The present invention will now be described in
more detail with reference to the following Examples
and Comparative Examples, though it is not limited to
these Examples only.

In the Examples and Comparative Examples, the
following tests were conducted.

[Method for measuring equilibrium swelling water
absorption]

1 g of the polymer was dispersed in a large excess
of physiological saline (0.9% saline) to swell the
polymer until the absorption reaches the equilibrium

swelling state. Thén, the physiological saline was

filtered off through an 80-mesh wire gauze, the weight
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9’ carbon atons, such as n-butyl alcohol and n-anyl alco- hol, aliphatic
ket ones such as nethyl ethyl ketone, and aliphatic esters such as ethyl
acet at e. They may be used alone or in the formof a m xture of two or
nore of° them The anmount of use of the hydrophobic organic

(W) of the resultant swollen polymer was measured, and
this value was divided by the weight (W,) of the poly-
mer before the water absorption to provide a W/WO value
as the equilibrium swelling water absorption (g/g).

[Method for measuring an amount of water absorp-
tion as measure of water absorption rate]

Use was made of an apparatus (Demand Wbttab;lity
Tester) generally'known as a device for practic;ﬁé'the
DW test and shown in Fig. 1. As shown in Fig. 1, 0.3 g
of polymer P was spread on a polymer spreading stand 2
(a stand wherein No. 2 filter paper having.a diameter
of 70 mm@ was put on a glass filter No. 1) set in such
a manner that the levels of the physiclogical saline W

" -..are equal to each other. The absorption at the time
when the polymer was spread was taken as 0 (zero), and
the absorption 30 sec after the spreading of the poly-
mer was measured by reading the graduation of a buret
indicating the degree of lowering in the level of the
physiological saline W. The measured value was taken
as the water absorption (ml) as a measure of the water
absprption rate.

[Method for measuring passing rate of physiologi-

cal saline]

0.5 g of the polymer was packed in an apparatus 10

(a glass cylinderical tube equipped with a cock and
24
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sol vent preferably ranges from 50 to 500% based on the aqueous sol ution of
t he wat er - sol ubl e pol yneri zabl e nononmer. The di spersant to be used in the
pol ymeri zati on of the above-described water-sol ubl e pol yneri zabl e nononer
in the present invention is a glycoside conpound having such a structure
t hat the hydrogen atom of the hem ace- tal hond has been replaced with a
hydr ophobi ¢ group (hereinafter referred to as "glycosi de conpound A") or a

| uconam de conpound.
g havq%g an inner diameter of 25.6 mm and a length of the

cylindrical portion of about 500 mm) shown in Fig. 2,
and swollen with an excess of physiological saline
until-the swelling reached equilibrium. The level of
the physiological saline was adjusted to a position
corresponding to 200 ml from the bottom, and the cock
was closed. After the polymer P was sufficiently
settled as shown in Fig. 2, the cock was openéd to
measure the time taken for the physioiogical saline W
to pass through between two marked lines shown in the .
figure, that is, marked line L (a position correspond-
ing to 150 ml from the bottom) and marked line M (a
positioﬁ corresponding to 100 ml from the bottom)
(amount of liquid: 50 ml), and the amount.(ml) of
liquid between the marked lines was divided by the
measurement time (min) to give the passing rate
(ml/min).

[Method for calculating average particle diameter]

100 g of the polymer was classified with a JIS
sieve and the average particle diameter was determined
from the weight proportion of each fraction.

[Example 1]

.72.1 g of acrylic acid was diluted with 18.0 of
water and neutralized with 98.9 g of a 30 wt. % aqueous

sodium hydroxide solution under cooling, 5.6 g of 5.2

25
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The glycoside conpounds A are those derived fromthe foll owi ng sacchari des
by replacing the hydrogen atom of the hem acetal bond thereof with a

hydr ophobi ¢ group: pentoses such as ribose, arabinose, xylose, |yxose and
ri bul ose; nonosacchari des such as allose, altrose, glucose, mannose,

gul ose, ‘i dose, gal actose, tal ose and fructose as well as condensates of

them naltoollg acchari des such nmal t ose, l,.t oS isomaltotri ose and
cyclodextrln tCeﬁI88FF§5§H@bR§FFHg§ate was adé;dn%heré%o to prepare

a homogeneous solution as an aqueous monomer/initiator
solution.

Separately, a 500-ml flask equipped with a reflux
condenser, a dropping funnel, a stirring rod and a
nitrogen gas feed pipe was charged with 283 ml of
cyclohexane, and 1.8 g of dodecyl glucoside (degree of
saccharide condensation: 1.25) was added thereto.ifihey
were stirred (at 300 rpm) and dispersed in each alher,
‘and the flask was purged with nitrogen and heated to
75° C. The above-described aqueous moﬁomer/initiator
solution was dropwise added thereto over a period of 30
min. After the completion of the addition, the poly-
merization was conducted under stirring at 75°C for 1.5
h and then at 80°C for 4 h. After the completion of
the polymerization, the product was fractionated and
dried under reduced pressure to provide 88.4 g of a
polymer of acrylic acid (sodium salt). The resultant
polymer was in the form of granules of a distorted
shape having an averége'diameter of 650 uym and a bulk
density of 0.30 g/ml. The surfaces of the polymer
particles had such a structure that the particles
having irregular shapes and sizes of several to 20 ym
were fused each other and the unevenness of the sur-

faces was very large.
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10 such as cell obi ose; and oligosaccharides such as gal ac-

t ool i gosacchari de, mannool i gosacchari de, fructooligo- saccharide, sucrose
and | act ose. The hydrophobi ¢ groups include al kyl and al kenyl groups havi ng

at |east 6 carbon atons, preferably at nost 22 carbon atons,

al kyl aryl

groups, pol yoxyal kyl e- neal kyl groups and al kyl phenyl groups; and

acyl oxyhy-

[Example 2]

71.1 g of acrylamide was dissolved in 150 g of
wvater, and 10.7 g of a 2.8 wt. % aqueous 2,2'-
azobis(2-amidinopropane) dihydrochloride solution was
added thereto to prepare a homogeneous solution as an
agueous monomer/initiator solution. Thereafter, the
same procedure as that of Example 1 was repeated,
except that n-hexane was used as the solvent instead of
cyclohexane, thereby providing 69 g of an acrylamide
polymer. The resultant polymer was in the form of
granular particles of a distorted shape having an
average diameter of 1300 pum and a.bulk density of 0.45
g/ml. The surfaces of the polymer.particles had such a
structure that the particles Having irregular shapes
and sizes of several to 20 pm ware fused with each
other and the unevenness of the surfaces was very
large.

| [Example 3]

106.6 g of sodium acrylamidomethylpropane-
sulfonate was dissolved in 150 g of water, and 10.7'g
of a 2.8 wt. % aqueous 2,2'-azobis(2-amidinopropane)
dihydrochloride solution was added thereto to prepare a
homogeneous solution as an aqueous monomer/initiator
solution. Thereafter, the same procedure as that of

Example 1 was repeated, thereby providing 95 g of
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di oxypr opyl
group has at
Exanpl es of

and al koxyhydr oxypropyl groups in which the acyl oxy or al koxy

| east 6 carbon atons, preferably at nost 22 carbon atons.

t hem i ncl ude octyl, decyl, dodecyl octadecyl, octadecenyl

and

3-oct adecanoyl - 2- hydr oxypropyl groups. The gl ycosi de conmpounds A are not
particularly limted and conpounds represented by the follow ng general

forrmla 1 ar

e preferred: [General formula 1] Jerr]
sodimm acrylamidomethylpropanesulfonate polymer. The

resultant polymer was in the form of granular particles
of a distorted shape having an average diameter of 1000
pm and a bulk density of 0.52 g/ml. The surfaces of
the polymer particles had such a structure that the
particles having irregular shapes and sizes of several

to 20 pm were fused with each other and the unevenness

of the surfaces was very large.

{Example 4]

72.1 g of acrylic acid was diluted with 18.0 g of
water and neutralized with 98.9 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling, 10.7 g of a
2.8 wt. % aqueous potassium persulfate solution 'and
0.058 g of an epoxy bifunctional crosslinking agent
(ethylene glycol diglycidyl ether) was added thereto to
prepare a homogeneous solution as the aqueous
monomer/initiator solution. Separately, a 500-ml flask
equipped with a reflux condenser, a dropping funnel, a
stirring rod and a nitrogen gas feed pipe was chaiged
with 283 ml of cyclohexane, and 1.8 g of dodecyl gluco-
side (degree of saccharide condensation: 1.25) was
added thereto. They were stirred (at 300 rpm) and
dispersed in each other, and the flask was purged with
nitrogen'and heated to 75°C. The above-described

aqueous solution of a monomer of acrylic acid (sodium

28
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wherein [err] represents a linear or branched al kyl, al kenyl group, or an
al kyl phenyl group having 6 to 22 carbon atons, or a hydroxyacyl oxyal kyl
group having at |east 9 carbon atons, [err] represents an al kyl ene group
having 2 to 4 carbon atons, G represents a reducing sugar residue having 5
or 6 carbon atons, x represents a nunber of 0 to 10 on average and y
represents a nunber of 1 to 10 on

salt) was dropwise added thereto over a period of 30
min. After the complgtion'of the addition, the poly-
merizatioﬁ was conducted under stirring at 75 C for 1.5
h and then at 80°C for 4 h.

After the completion of the polymerization, the
product was fractionated and dried under reduced pres-
sure to provide 88.4 g of a polymer of acrylic acid
(sodium salt). The resultant polymer was in the:form
of distorted granular particles having an average
diameter of 680 pm and a bulk density of 0.32 g/ml.
The surfaces of the polymer particles had such a struc-
ture that the particles having irregular shapes and
sizes of several to 20 pm were fused with each other
and the unevenness of the surfaces was very large.

The equilibrium swelling water absorption, water
absorption as a measure of the water absorption rate
and physiological saline passing rate of each of the
resultant polymers were de£ermined. The results are
given in Table 1.

[Example 5]

36.1 g of acrylic acid was dissolved in 16.0 g of
water and neutralized with 53.0 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling. Thereafter,
101.3 g of a 40 wt. % aqueous sodium acrylamidomethyl-

propanesulfonate solution was added thereto, and 10.7 g

N e — o ————— . - PN . 2 9
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aVéragé; with the proviso that when x is 2 or above, then [err] may be the
sane or different fromeach other, and the hydrogen atom of the hydroxyl
group in G may be substituted for a methyl or ethyl group or a unit having
12 or less carbon atons and at | east one hydrophilic group such as an ether
oxygen, ester group, am do group, inonic group, hydroxyl group or anmoni um
group. In the above general formula 1, [err] is preferably )
of a 2.8 wt. % aqueous potassium persulfate solution
- was added thereto to prepare a homogeneous solution as
the aqueous monomer/initiator soiution. Thereafter,
the same procedure as that of Example 4 was repeated,
thereby providing 93.5 g of sodium acrylate/sodium
acrYlam;domethylpropanesulfonate copolymer. The re-
sultant polymer was in the form of distorted granular
particles having an average diameter of 550 pm and a
bulk density of 0.45 g/ml.

The measurement was conducted on the ‘resultant
polymer in the'same manner as that of Example 4. The
results are given in Table 1.

[Example 6]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with decyl
glucoside (degree of saccharide condénsation: 1.17) as
the dispersant; thereby providing distorted granular
particles having extremely uneven surfaces. The.aver—
age particle diameter and bulk density were 850 pm and
0.54 g)ml, respectively.

The measurement was conducted on the resultant

polymer in the same manner as that of Example 4. The

results are given in Table 1.
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an al kyl, al kenyl or an al kyl phenyl group having 6 to 22 carbon atons, or a
hydr ocy-acyl oxypropyl group having 9 to 25 carbon atons and x is preferably
0. The compounds of the -above general formula 1 are preferably conpounds of
the follow ng general formula 2, and al kyl gl ucosides and al kyl

pol ygl ucosi des of the above general fornula 1 wherein the hydrogen at om of
the hydroxyl group in Gis replaced with a functional group of the
foll owi ng general fornulae 3 through 9, and derivatives of them In the

conmpounds of the aQQ%Eanle 7]

The same procedure as that of Example 4 was re-—
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with tet-
radecyl glucoside (degrée,of saccharide condensation:
1.28) as the dispersant, thereby providing distorted
granular particles having extremely uneven surfaces.
The average particle diameter and bulk density were 710
pm and 0.45 g/ml, respectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Example 8] |

The same procedure_as that of Example 4 was re-
peated except that tetradecyl glucoside (degree of
saccharide condensation: 1.28) was used in addition to
0.9 g of the dodecyl glucoside (degree of saccharide
condensation: 1.25) as the dispérsant, thereby provid-
ing ,___c}_istorted granular particles having extremely
unev;h'surfaces. The average particle diameter and
bulk density were 800 pm and 0.47 g/ml, respectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The

results are given in Table 1.

—
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general formula 2, those wherein [err] has 8 to 18 carbon atons are
preferred. Exanples of theminclude dodecyl gl ucoside, decyl gl ucoside,

t et radecyl

gl ucosi de,

gl ucosi de, 6-pol yoxypropyl enedo- decyl gl ucoside, octyl
3- oct adecanoyl oxy- 2- 12 hydr oxypropyl glucoside, dodecyl

gal act osi de and dode-

[Example 9]

The same procedure as that of Example 4 was re-
peated.'except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with hex-
adecyl glucoside (degree of saccharide condensation:
2.5) as the dispersant, thereby providing distorted
granular particles having extremely uneven surfaces.
The average particle diameter and bulk density were 800
pm and 0.47 g/ml, réspectively.

The measurement was conducted on the ;esultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Example 101

The same procedure as that of Example 4 was re-
péated except that the dodecyl gluco;ide (degree of
saccharide condensation: 1.25) was replaced with 6-
polyoxypropylenedodecyl glucoside (degree of saccharide
condensation: 1.3, 3 equivalent of polypropylene oxide
adduct) as the dispersant, thereby providing distorted
granular particles having extremely uneven surfaces.
The average particle diameter and.bulk density were 850
pm and 0.45 g/ml, respectively.

The measurement was conducted on the resultant
polyﬁer in the same manner as that of Example 4. The

results are given in Table 1.

\_
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cyl fructoside. [Ceneral forrmula 2] [err] wherein R3 represents a |linear or
branched al kyl, al kenyl group, or an al kyl phenyl group having 6 to 22
carbon atons, or a hydroxyacyl oxyal kyl -group having 9 to 25 carbon atons,
G represents a reducing sugar residue having 5 or 6 carbon atons and y'
represents a nunber of 1 to 6 on average. [General formula 3]

[Example 11}

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with dode-
cyl glucoside (degree of saccharide condensation: 1.6)
as ﬁhe dispersant, thereby providing distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 950 pm and
0.50 g/ml, respectively.

. The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Example 12]

72.1 g of acrylic acid was diluted with 18.0 g of
water and neutralized with 98.9 g of a 30 wt. % agqueous
sodium hydroxide solution under cooling, and 10.7 g of
a 2.8 wt. % aqueous potassium persulfate solution was
added thefeto to prepare a homogeneous solution.

Separately, a 500-ml flask equipped with a reflux
condenser, a dropping funnel, a stirring rod and a
nitrogen gas feed pipe was charged with 283 ml of
cyclohexane, and 1.8 g of dodecyl glucoside (degree of
saccharide condensation: 1.25) was added thereto. They
were stirred (at 300 rpm) and dispersed in each other,

and the flask was purged with nitrogen and heated to
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Eerr]fmherein m represents a nunber of O to 10. [Ceneral fornmula 4] [err]
wherein n2 represents a nunber of 0 to 10, [General forrmula 5] [err]
wherein nB represents a nunber of 0 to 10,

75°C. The above-described aqueous acrylic acid.(sodium
salt) monomer solution was dropwise added thereto over
a period of 30 min. After the completion of the addi-
tion, the polymerization was conducted under stirring
at 75°C for 1.5 h and then at 80°C for 4 h. 1In the
course of the polymerization, only water was continu-
ously removed from the azeotropic reflux 1liquid com-
prising cyclohexane and water. When the water content
of the acrylic acid (sodium salt) polymer gel had
reached 30% by Weight, 0.18 g of an epoxy bifunctional
crosslinking agent (ethylene glycol diglycidyl ether)
was added to conduct the reaction for 30 min. The
resultant product was fractionated and dried under
reduced pressure to provide 88.0 g of a partially
crosslinked acrylic acid (sodium salt) polymer. The
resultant polymer was in the form of distorted granular
particles having an average diameter of 750 pym and a
bulk density of 0.32 g/ml.

The measurement was conducted on the resultant
polmer in the same manner as that of Example 4. The
resuifs are given in Table 1.

[Example 13]

30.0 g of acrylic acid was diluted with 7.5 g of
water and neutralized with 41.2 g of a 30 wt. % agueous
sodium hydroxide.solution under cooling. 2.2 g of a

34
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1§ [Geheral formula 6] [err] wherein md represents a nunber of 0 to 10,
[ General fornmula 7]. [err] [CGeneral fornula 8] - [err] [General formula 9]

5.2 wt. % aqueous potassium persulfate solution, 0.030
g of an epoxy bifunctional crosslinking agent (ethylene
glycol diglycidyl ether), 0.75 g of a sugar ester
(trade name: Ryoto Sugar Ester S-507; a product of
Mitsubishi~Kasei Foods Corporation) and 130 ml of
cyclohexane were added thereto. The resulting mixture
was stirred. After purging with nitrogen, an aqueous
monomer solution (W/0 emulsion) was obtained. Separate-
ly, a 500-ml flask equipped with a reflux condenser, a
dropping funnel, a stirring rod and a nitrogen feed
pipe was charged with 170 ml of cyclohexane, and 0.75
g'of octyl glucoside (degree of saccharide condensa-
tion: 1.35) was added thereto. They were stirred (at
300 rpm) and dispersed in each other, and the flask was
pdrged with nitrogen and heated to 75°C. The above-
described aqueous moﬁomer solution was dropwise added
thereto over a period of 30 min. After the completion
of the addition, the polymerization was conducted under
stirring at 75°C for 1.5 h and then at 80°C for 4 h.
Afterjthe completion of the polymerization, the result-
ant product was fractionated and dried under reduced
pressure to provide 36.5 g of acrylic acid (sodium
salt) polymer. The resultant polymer was in the form
of distorted granular particles having an average

diameter of 620 pm and a bulk density of 0.45 g/ml.
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[err] As the conpounds of the above general fornula 1, those of the
follow ng general formula 10 are pre- ferred. [General formula 10] [err]
wherein [err] represents a linear or branched al kyl, al kenyl group, or
al kyl phenyl group having 6 to
The surfaces of the polymer particles had such a struc-
ture that the particles having irregular shapes and
sizes of several té 20 pm were fused with each other
and the unevenness of the surfaces was very large.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. ihe-
results are given in Table 1.

[Example 14]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with 3-
octadecanoyloxy-2-hydroxypropyl glucoside (degree of
saccharide condensation: 1.27) as the dispersant,
thereby providing distorted granular particles having
extremely uneven surfaces. The average particle diame-
ter and bulk density were 930 um and 0.53 g/ml, respec-—
tively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
resulgs are given in Table 1.- . |

[Comparative Example 1]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that

the dodecyl glucoside (degree of saccharide condensa-

tion: 1.25) was replaced with 0.9 g of ethylcellulose
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14 22 ‘carbon atons, or a hydroxyacyl oxyal kyl group having 9 to 25 carbon
atons, G' represents a reducing sugar residue having 5 or 6 carbon atons
wherein the hydrogen atom of the hydroxyl group is substituted for a
pol yoxyet hyl ene, pol yoxypropyl - ene or polyglyceryl group and y" represents
a nunber of 1 to 6 on average. In the conmpounds of the above general
formula 10, |
as the dispersant. The resultant polymer of acrylic
acid'(sodium salt) was in the form of spherical parti-
cles having a particle diameter of 330 pm and a bulk
density of 0.94 g/ml.
The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.
[Comparative Example 2]
An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replacea with 2.9 g of sorbitan monos-
tearate (trade name : Rheodol SP-S10, a product of Kao
Corporation) as the dispersant. The resultant polymer
of acrylic acid (sodium salt) was in the form of a
mixture of spherical parﬁicles having an average parti-
cle diameter of 50 pm and secondary particles compris-
ing an aggregate of the spherical particles and having
an average particle diameter of 590 jm, and had a bulk
densigy of 0.65 g/ml. When the aggregate thus obtained
was thrown into physiological saline, part of the
secondary particles were easily converted into primary
particles. |

The measurement was conducted on the resultant

polymer in the same manner as that of Example 4.‘ The
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preferred are those wherein [err] has 8 to 18 carbon atons and the degree
of polynerization of the hydroxyethyl- ene, hydroxypropyl ene or glycerol
group is 0 to 4. The gl uconam de conpounds i nclude those produced by
reacting the follow ng am ne wi t-h gl uconol act one: n-butyl am ne,
sec-butyl am ne, t-butylam ne, n-pentyla- mne, n-hexylam ne, n-heptylam ne,
‘2-et hyl hexyl am ne, n-octylam ne, n-nonyl am ne, n-decyl am ne, n-undecyl a-
m ne, n-dodecyeBulss dré rgideanryl anmiTeble-letradecyl a- m ne,
n- hexadecyl am ne, n-octadecyl am ne, n-eicosyl a-

: [Comparative Example 3]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 1.8 g of polyoxyethylene
sorbitan monostearate (trade name: Rheodeol TW-S106, a
product of Kao Corporation) as the dispersant. The
resultant polymer of acrylic acid (sodium salt) was in
the form of comfit-shaped particles having a diameter
of 3 to 30 mm and a bulk densify of 0.68 g/ml.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Comparative Example 4]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of'Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 1.8 g of a sugar ester
(traéé.name: Ryoto Sugar Ester S-1170; a product of
Mitéabishi—Kasei Foods Corporation) as the dispersant.
The resultant polymer of acrylic acid (sodium salt) was
in the form of spherical particles having an average

diameter of 13 pm and a bulk density of 0.59 g/ml.

The measurement was conducted on the resultant
38
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m ne, diisobutylam ne, di-n-butylanine, di-2-ethyl- exylan ne,

3- net hoxypr opyl am ne, 3-ethoxypropyl am ne, benzyl am ne, tol uidine,
napht hyl am ne and p- ethoxyaniline. Although the gl uconam de conmpounds are
not partic- ularly limted, preferred are conpounds of the foll ow 15

polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Comparative Example 5]

An acrylic acid (sodium salt) polymer was produced
in éhe same manner as that of Example 12, except that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 0.9 g of ethylcellulose
as the dispersani:. The resultant polymer of acrylic
acid (sodium salt) Qas in the ﬁorm_of spherical parti-
cles having an average diameter of 350 pm and a bulk
density of 0.93 g/ml.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The

results are given in Table 1.
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i'ng general fornula 11, still preferred are conpounds of the follow ng

gener al

formula 12 and particularly preferred are conpounds of the

foll owi ng general fornmu- la 13: [CGeneral forrmula 11] [err] wherein R and
[err] each represents a hydrogen atom a linear or branched al kyl or

al kenyl

group having 5 to 25 carbon atons, a phenyl group or an al kylaryl

group having 7 to 25 carbon atons, with the provi so

[Table 1]
Equil. _ Water Passing
swelling water | absorption rate
absorption
(g/J) (ml) (ml/min)
4 59 4.1 11.6
5 " 56 3.8 ' 14.5
6 54 3.9 13.6
7 56 4.2 14.8
8 55 4.1 15.6
Ex. 9 55. 3.7 14.8
10 56 . 3.8 . 16.7
11 55 3.7 14.2
12 53 7.8 38.4
13 . 54 4.6 12.5
14 55 4.1 18.2
1 53 2.7 2.3
2 55 3.5 1.5
Comp. Ex. 3 53 : 3.6 5.4
4 51 2.5 1.3
5 53 2.8 5.4

[Example 15]
102 0 g of acrylic acid was diluted with 25.5 g of

water and partially neutralized with 140.0 g of a 30
wt. % aqueous sodium hydroxide solution under cooling,
and 7.9 g of a 5.2 wt. % potassium persulfate solution

was added thereto to prepare a homogeneous solution as

40
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that not both of R and [err] are hydrogen atons at the sane tine, and R and
[err] may contain a functional group such as a hydroxyl, ether, oxyal kyl ene
or acetyl group. [General formula 12] [err] [err] wherein R2 and R3 each
represents a hydrogen atom a linear or branched al kyl or al kenyl group
having 5 to 25 carbon atons, a phenyl group or an al kyl a-

the aqueous monomer/initiator solution. Separately, a
100-ml flask equipped with a reflux condenser, a drop-
ping funnel, a stirring rod and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-(n-dodecyl)gluconamide was added thereto. .They
were stirred (at 350 rpm) and dispersed in each other,
and the flask was purged with nitrogen and heated to
75° C. The above-described aqueous monomer/initiator
solution was dropwise added thereto over a period of 1
h. After the completion of the addition of the acrylic
acid monomer solution, the polymerization was conducted
under stirring at 75°C for 0.5 h and then at 80°C for
4h. After the completion of the polymerization, the
granular gel thus formed was fractionated and dried
under reduced pressure to provide 118.5 g of a polymer
of acrylic acid (sodium salt). The resultapt polymer
was in the form of distorted granﬁlar particles having
an average diameter of 530 pm and a bulk density of
0.36 g/ml. The surfaces of the polymer particles had
suchwa structure that the particles having irregular
shapes ‘and sizes of several to 20 um were fused with
each other and the unevenness of the surfaces was very
large. |
[Example 16]

100.6 g of acrylamide was dissolved in 212.2 g of
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16 ryltgroup having 7 to 25 carbon atons, with the proviso that not both of
R2 and [err] are hydrogen atons at the sane tinme. [General formula 13]
[err] wherein [err] represents a |inear or branched al kyl

water, and 7.9 g of a 2.8 wt. % aqueous 2,2'-
azobis-(2-amidinopropane) dihydrochloride solution was
added thereto to prepare a homogeneous solution as the
aqueous_monomer/initiator solution. Thereafter, the
same procedure as that of Example 15 was repeated,
except that n-hexane was used as the solvent instead of
cyclohexane, thereby providing 98.5 g of an acrylamide
polymer. The resultant polymer was in the form of
distorted granular particles having an average diameter
of 920 pm and a bulk density of 0.43 g/ml. The sur-~
faces of the polymer particles had such a structure
that the particles having irregqlar shapes and sizes of
several to 20 pm were fused with each other and the
unevenness of the surfaces was very large.

[Example 17]

150.8 g of sodium acrylamidomethylpropane-
sulfonate was dissolved in 212.2 6f water, and 7.9 g of
a 2.8 wt. % aquéous 2,2'-azobis(2-amidinopropane)dihy-
drochloride solution was added thereto to prepare a
homqgeneous solution as the aqueous monomer/initiator
solution. Thereafter, the same procedure as that of
Example 15 was repeated;-thereby providing 133.7 g'of a
sodium acrylamidomethylpropanesulfonate polymer. The

resultant polyme; was in the form of distorted granular

particles having an average diamgter of 1000 pm and a
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or al kenyl group having 5 to 25 carbon atons, a phenyl group or an

al kyl aryl group having 7 to 25 carbon atons. Particularly preferred

gl uconam de conpounds are those of the above general fornula 11, general
formula 12 and general fornula 13 wherein R represents an al kyl, al kenyl or
al kyl phenyl group having 8 to 18 carbon atons. Exanples of them

i nclude N-(n- decyl)gl uconani de, N- (n- dodecyl ) - gl uconam de, N-(n-
tetradecyl ) gl uconam de, N (n-hexadecyl)gluconam de and

bulk density of 0.52 g/ml. The surfaces of the poly-
mer particles had such a structure that the particles
having irregular shapes and sizes of several to 20 pm
were fused with eaéh other and the unevenness of the
surfaces was very large.

[Example 18].

102.0 g of acrylic acid was diluted with 25.5 g of
water and partially neutralized with 140{0-9 of a 30
wt. % aqueous sodium hydroxide solution under cooling,
and 7.9 g of a 5.2 wt. % aqueous potassium persulfate
solution and 0.082 g of an epoxy bifunctional cross-
linking agent (ethylene glycol diglycidyl ether) were
added thereto to prepare a homogeneous solution as the
agueous monomer/initiator solution. Separately, a
1000-ml1 flaSk equipped with a reflux condenser, a
dropping funnel, a stirring rod and a nitrogen gas feed
pipe was charged with 400 ml of cfclohexane, and 2.55 g
of N-(n-dodecyl gluconamide was added thereto. They
were stirred (at 350 rpm) to obtain a dispersion, and
the flask was purged with nitrogen and heated to 75°C.
The above-described aqueous monomer/initiator solution
was dropwise added thereto over a period of lh. After
the completion of the addition of the acrylic acid
monomer solution, the polymerization was conducted

under stirring at 75°C for 0.5 h and then at 80°C for 4
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hﬁ(n-oétadecyl)gluconanide. Al though a satisfactory effect can be attained
even when the gl ycoside conpound A or gul conam de conpound is used al one as
a dispersant, they can be used in the form-of a mxture of two or nore of
t hem 17 The effect of the dispersant can be attained even
h. After the completion of the polymerization, the
resultant granular gel was fractionated and dried under
reduced pressure to provide 1l17.2 g of a polymer of
acrylic acid (sodium salt). The resultant polymer was
"in the form of distorted granular particles having an
average diameter of 570 pm and 5 bulk density of 0.38
g/ml. The surfaces of the polymer particles had such a
structure that the particles having irregular shapes
and sizes of several to 20 pm were fused with each
other and the unevenness of the surfaces was very
large{ The measurement was conducted on the resultant
polymer particles in the same manner as that of Example
4. The results are given in Table 2.
[Example 19]

51.1 g of acrylic acid was diluted with 22.6 g of
water and neutralized with 75.0 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling. Thereafter,
143.3 of a 40 wt. % aqueous sodium acrylamidomethylpro-
panesulfonate solution was added thereto, and then 7.9
g of?;~5.2 wt. % agueous potassium persulfate solution

_ and 6j082 g of epoxy bifunctional cross linking agent
(ethylene glycol diglycidyl ether) were added thereto
to prepare a homogeneous solution as.the'aqueous mono-
mer/initiator solution. Thereafter, the same procedure

as that of Example 18 was repeated, thereby providing
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when the amount thereof is small, and this anount preferably ranges from
0.01 to 20% still preferably fromO0.02 to 10% still nore preferably -from
0.05 to 10% based on the water-sol uble pol ynerizabl e nononmer. The

wat er - sol ubl e pol yneri zabl e nonomer can be polynerized in a system
conprising a hydrophobic organ- ic solvent inert to the polynerization and
an aqueous solution of the water-sol uble polynmerizable nmononer, for
exanple, by the follow ng processes (1) to (4): (1) a process conprising

mxing an aq“%%Hﬁé“H‘Bf a sodium acrylate/sodium acrylamidomethyl-
propanesulfonate copolymer. The resultant polymer was
in the form of distorted granular particles having an
average diameter of 580 pum and a bulk density of 0.44
g/ml. The measurement was conducted on the resultant
polymer particles in the same manner as that of Example
4. The results are given in Table 2.

[Example 20]

The same procedﬁré as that of Example 18 was.re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with N-(n-decyl)gluconamide as the dispersant,
thereby providing 116.7 g of distorted granular parti-
cles having extremely uneven surfaces. The average
particle diameter and bulk density were 670 pm and 0.47
g/ml, respectively. The measurement was conducted on
the resultant polymer particles in the same manner as
that of Example 4. The results are given in Table 2.

[Exaﬁple 21}

The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with N~(n-tetradecyl)gluconamide as the disper-
sant, thereby providing 117.5 g of distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 530 pm and

0.46 g/ml, respectively. The measurement was conducted
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ti-on of a water-soluble pol ynmeri zabl e nononer with a hydrophobi ¢ organic
sol vent at once and then polyneriz- ing the nononer (batch polynerization);
(2) a process conprising conducting polynerization successively while '
dropwi se addi ng an aqueous solution of a water-soluble polynerizable
nononer to a hydropho- bic organic solvent (successive polynerization); (3)
a process conprising conducting polynerization while dropw se adding a
m xed sol ution produced by previously mxing or dispersing an agueous
solution of on the resultant polymer particles in the same manner

as that of Example 4. The results are given in Table

2.

[Example 22]

The same procedure as that of Example 18 was re-
peated except that N-(n-decyl)gluconamide was used in
addition to 1.25 g of the N-(dodecyl)gluconamide,
thereby providing 118.1 g of distorted granular parti-
cles having extremely uneven surfaces. The average
particle diameter and'bulk density were 600 pm and 0.40
g/ml, respectively. The measurement was conducted on
the resultant polymer particles in the same manner as
that of Example 4. The results are given in Table 2.

[Example 23] |

The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with N-(n~hexadecyl)gluconamide as the disper-
sant, thereby providing 117.5 g of distorted granular
particles having extreﬁely unevén surfaces. The aver-
age.p;}fiéle diameter and bulk density were 630 pm and
0.52 g/ml, respectively. The measurement was conducted
on the resultant polymer particles in the same manner

as that of Example 4. The results are given in Table

2.



a wat er - sol ubl e pol yneri zabl e nononer in part of a hydrophobic organic

sol vent to a hydrophobi c organi c sol vent (predispersion);

and (4) a process

wherein the processes (1) to (3) are. 18 used in conbination. In

conducting the polynerization, the dispersant

[Example 241

" The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placedlwith N-(n-octadecyl)gluconamide as the disper-
sant, thereby providing 117.7 g of distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 720 pm and
0.55 g/ml, respectively. The measurement was conducted
- on the resultant polymer particles in the same manner
‘as that of Example 4. The results are given in Table
5 :

[Example 25]

The same procedure as that of Example 18 was re-
peaﬁed except that 0.50 g of a sugar ester (Ryoto Sugar
Ester S-570; a product of Mitsubishi-Kasei Foods Corpb-
ration) was used in addition to 2.55 g of N-(n-
dodeéyl)gluconamide as the dispersant, thereby provid-
ing 118.8 g of distorted granular particles having
extremely uneven surfaces. The average particle diame-
ter ﬁﬁd bulk density were 610 pm and 0.53 g/ml, re-
spectivelf. The measurement was cénducted on the
resultant polymer particles in the same manner as that
of Example 4. The results are given in Table 2.

[Example 26] |

102.0 g of acrylic acid was diluted with 25.5 g of
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I's incorporated in the reaction system by, for exanple, the follow ng
methods (1) to (4): (1) a nmethod wherein the glycoside conpound A or the

gl uconam de conpound is previously dispersed in a hydrophobic organic
solvent; (2) a nethod wherein the glycoside conpound A or the gluconam de
conpound is previously dissolved or dis- persed in an aqueous solution of a
wat er - sol ubl e poly- nerizable nononer; (3) a nmethod wherein the glycoside

conpound A OerQ%r and neutralized with 140.0 g of a 30 wt. % aque-
cus sodium hydrbxide solution under cooling, and 7.9 g
of a 5.2 wt. % aqueous potassium persulfate solution
was added thereto to prepare a homogeneous solution as
the aqueous monomer/initiator solution. Separately, a
1000-m1 flask equipped with a reflux condenser,_a
dropping funnel, a stirring rod and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-(n-dodecyl)gluconamide was added thereto. The
resultant mixture was stirred (at 350 rpm) to obtain a
dispersion, and the flask was purged with nitroéen and
heated to 75°C. fhe above-described agqueous
monomer/initiator solution was dropwise added thereto
over a period of 30 min. After the completion of the
addition, the polymerization was conducted under stir-
ring at 75°C for 1.5 h and then at 80°C for 4 h. 1In
the course of the polymerization, only water was con-
tinuously removed from the azeotropic reflux 1liquid
comprisihg cyclohexane and water. When the water
contégi of the acrylic acid (sodium salt) polymer
particles had reached 30% by weight, 0.25 g of an epoxy
bifunctional crosslinking agent (ethylene glycol digly-
cidyl ether) was added to conduct the reaction for 30

min. The resultant partially crosslinked acrylic acid

(sodium salt) polymer was taken out and dried. The
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gl uconam de conpound is gradually added while conduct- ing the

pol yneri zation; and (4) a nethod wherein the nmethods (1) to (3) are em

pl oyed in conbination. In conducting the polynerization, it is preferred to
use a polynerization initiator. There is no par- ticular limtation on
the polynerization initiator so far as it is a water-soluble free-radical
initiator, and exanpl es thereof include ketone peroxides such as nethyl

et hyl ketone peroxide and nethyl isobutyl ketone

granular particles thus obtained were fractionated and
dried under reduced pressure.to obtain 119.3 g of an
acrylic acid (sodium salt) polymer. The resultant
polyﬁer was in the form of distorted granular particles
having an average diameter of 510 pm and a bulk density
of 0.35 g/ml. The measurement was conducted on the
resultant polymer particles in the same manner as that
of Example 4. The results are given in Table 2.

[Comparative Example 6]

The same procedure as that of Example 18 was re-
peated except that the N_-(n-dodecyl)gluconamide was re-
placed with 0.9 g of ethylcellulose as the dispersant,
thereby providing 116.9 g of a polymer. This aérylic
acid (sodium salt) polymer was in the form of spherical
particles having an average particle diameter and a
bulk density of 330 pm and 0.94 g/ml, respectively.
The measurement was conducted on the resultant polymer
particles in the same manner as that of Example 4. The
results are given in Table 2.

[Comparative Example 7]

117.9 g of a polymer was produced in the same
manner as that of Example 18, except that the N-(n-
dodecyl)gluconamide.was replaced with 2.9 g of sorbitan
monostearate (trade name : Rheodol SP-S10) as the

dispersant. The resultant polymer of acrylic acid
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péroxfde, di al kyl peroxides such as di-tert-butyl peroxide and tert-butyl
cunyl peroxide, alkyl peroxy esters such as tert-butyl peroxyacetate,
tert-butyl 19 peroxyi sobutyrate and tert-butyl peroxypi gen peroxide,
persul fates such as potassi um persul fate and amoni um persul f at e,
perchlorates such as potassium
(sodium salt) was in the form of a mixture of spherical
particles having an average particle diameter of 50 pm
and secondary particles comprising an aggregate of the
spherical particles and having an average particle
diameter of 590 pm, and had a bulk density of 0.65
g/mi. When the aggregate thus obtained was thrown into
physiological saline, part of the secondary particles
were easily converted into primary particles. The
measurement was conducted on ‘the resultant polymer
particles in the samé manner as thét of Example 4.. The
results are given in Table 2.
[Comparative Example 8]
117.9 g of a polymer was produced in the same
manner as that of Example 18, except that the N-(n-
dodecyl)gluconamide was replaced with 1.8 g of polyox-
yethylene sorbitan monostearate (trade name: Rheodol
TW-S106, a product of kao Corporation) as the diéper—
sant. The resultant polymer of acrylic acid (sodium
salt). was in the form of comfit-shaped particles having
a Qtameter of 3 to 30 mm and a bulk density of 0.68
g/mi; The measurement was conducted on. the resultant
éolymer particles in the same manner as that of Example
4. 'The results are given in Table 2.
[Comparative Example 9]

118.6 g of a polymer was produced in the same
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pérchlorate and sodi um perchl orate, halogenic acid salts such as potassium
chl orate and potassium bromate, and azo conpounds such as

2- (car banoyl azo)i sobutyroni- trile, :

2, 2-azobi s(N, N -di met hyl enei sobut yl am di ne) di hydrochl ori de,

2, 2' -azobi s(2-am di nopropane) di hydro- chloride, 2,2

-azobi s(N, N' - di et hyl enei sobutyl am di ne), 4, 4'-azobi s(4-cyanopent anoic
acid), azobisisobutyroni- trile, :

2, 2' -azobi s(4- nmet hoxy- 2, 4- di net hyl val eroni - triI(?, e

(1- phenyl et hy [ manRek pAgnyihak hafie EXx@MRAeyi82, excephoptRatorthsr Ndn

2, 2' -azobi s(2-pet hyl butyroni - .

( dodeg&l)g uconamide was replaced with 1.8 g of a sugar
ester (trade name: Ryoto Sugar Ester S-1170; a product
of Mitsubishi-Kasei Foods Corporation) as the disper-
sant. The resultant polymer of acrylic acid (sodium
salt) was in the form of spherical particles having an
average diameter of 13 pm and a bulk density of 0.59°
g/ml. the measurement was conducted on the resultant
polymer particiés in the same manner as that of Example
4. The results are given in Table 2.

[Comparative Example 10]

118.3 g of a polymer was produced in the same
manner as that of Example 26, except that the N-(n-
dodecyl)gluconamide was replaced with 0.9 g of ethyl-
cellulose as the dispersant. The resultant polymer 9f
acrylic acid (sodium salt) was in the form of spherical
particles having an average diameter of 350 pm and a
bulk density of 0.93 g/ml. The measurement was con-
ducted on the resultant polymer particles in the same

manner as that of Example 4. The results are given in

Table 2.

51
This Sheet Has Been

LT



trile),” 1,1 -azobi s(1-cycl ohexanecarbonitrile), 2,2'-
azobis(2,4,4'-trimethyl pentane), . 2-phenyl azo-2, 4-di -
nmet hyl - 4- net hoxyval eronitrile and 2, 2'-azobi s(2-nethyl- propane). They may
be used alone or in the formof a mxture of two or nore of them The
amount of use of the polynerization initiator usually ranges fromO0.01 to
10% preferably from0.02 to 5% based on the water-sol ubl e pol ynertzabl e
nono- ner. Alt?gggg tgﬁre is no particular limtation on the

e

-Equil. Water Passing

swelling water | absorption rate
absorption

(g/g) (ml) (ml/min)
18 57 ’ 4.4 12.2
19 57 3.3 13.2
20 58 - 3.7 12.8
21 59 3.0 15.1
Ex. 22 - 59 4.0 . 13.7
23 58 3.3 ©13.3
24 58 3.5 18.9
25 59 3.2 12.6
26 52 _ 7.5 40.2
53 2.7 2.3
| 55 3.5 1.5

Comp. Ex. 8 53 ' 3.6 5.4
' 51 2.5 1.3
10 53 ) 2.8 5.4
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rféthoa for adding the polynerization initiator, it is preferred to

previ ously-add-the _pol yneri zation initia- 20 tor to the aqueous sol ution
of th ri zabl e water-sol ubl e monomer. In conduci ng the

poly Wm ’m,m‘ ly the polymarlzatlon tenperature i s not

partlcu m

WHAT IS CLAIMED IS:
l. A process for producing polymer particles with
an irregular shape by polymerizing a water-soluble

polymerizable monomer in a system comprising a hydro-

- phobic organic solvent inert to the polymerization and

an aqueous solution of the water-soluble polymerizable
monomer, characterized in that the system further con-

tains a glycoside compound having such a structure that

the hydrogen atom of the hemiacetal bond in the com-

pound has been substituted for a hydrophobic group or a

gluconamide compound as a dispersant.

2. A process for producing polymer particles with an
irregular shape according to Claim 1, wherein said
glycoside compoﬁnd is a compound of the following
general formula 1:
| Rl(ORZ)xGY | [1]
wherein Rl represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 tq
22 carbon atoms, or a hydroxyacyloxyalkyl group
having at leést 9 carbon atoms, r2 represents an

alkylene group having 2 to 4 carbon atoms, G

represents a reducing sugar residue having 5 or 6
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so farr as it TS wthi-n a_tenperature range in which the water-soluble

pol yneri ﬂw can be polynerized. However, in due consideration of
t he pol "WM@W rature and conversi on, t he pol ymeri zation is
preferablfy €o tenperature in the optinunlpolynerization

t enperature range for the water-sol ubl e pol yneri zabl e nononmer to be used.

The tenperature usually ranges from20 to 150 C, preferably 40 to 100[err].
In the present invegthoR atbmss B Hepredlrtd USchumber of 0 to 10 on

average and y represents a number of 1 to 10 on
aﬁerage, with the proviso that when X is 2 or
above, then R?s may be the same or different from
each other,'and the hydrogen atom of the hydroxyl
group in G ﬁay be substituted for a methyl or
ethyl group or a unit having 12 or 1less carbon
atoms and at least one hydrophilic group such as
an ether oxygen, ester group, amido group, inonic

group, hydroxyl group or ammonium group.

3. A process for producing polymer particles with an
irregular shape according to Claim 2, Qherein said
glycoside compound is a compound of the following
general formula 2: |
R3G', [2]
wherein R3 represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
k22 carbon atoms, or a hydroxyacyloxyalkyl group
having 9 to 25 carbon atoms, G' represents a

reducing sugar residue having 5 or 6 carbon atoms

and y' represents a number of 1 to 6 on average.
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dnly Ehe—hatew se+ub|e—porynerizable nononer as the polynerizabl e nononer

to -be honD oI nerlz copoly- nerized. It is al so possible, however,
to use tt “ pol ymeri zabl e nononer in conbination with a
mater-in opol yneri zable therewi th, for exanple, a nononeric

ester of an alkanol haV|ng 1 to 22 carbon atons mnth an unsat ur at ed
carboxylic acid such as acrylic, nmethacrylic, maleic or fumaric acid, which
is used in an amount of 50% or | ess based on the whol e nmononer

4. A process for producing polymer particles with an
irregular shape according to Claim 2, wherein said
glycoside compound is a compound of the following
general formula 10:
R4G" [10]
wherein R? represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl group
having 9 to 25 carbon atoms, G" represents a
reducing sugar residue having 5 or 6 carbon atoms
wherein the hydrogen atom of the hydroxyl group is
substituted for a polyoxyethylene, polyoxypropyl-

ene or polyglyceryl group and y" represents a

number of 1 to 6 on average.

5. A process for producing polymer particles with an
irregulai shape accordihg to Claim 1, wherein said
glucohamide compound is a compound of the following

general formula 11:

R, O
i [11}
R-N-C-(CH),-CH,0H

OH
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| Besidés above‘HESCLLbed hydr ophobi ¢ sol vent, 21 an anphi pat hi c
sol vent 2 so far ‘as the anount thereof does not exceed that of
t he hydro

AW Exanpl es of the anphi pathic sol vents include
al cohol s such’ aé et hanol , propanol and 2- propanol; ketones such

as acetone; and ethers slich as
wherein R and Ry each represents a hydrogen atom, a
11near or branched alkyl or alkenyl group having 5
to 25 carbon atoms, a phenyl group or an alkylaryl
group having 7 to 25 carbon atoms, with the proviso
that not both of R and R; are hydrogen atoms at the
same time, and R and R; may contain a functional
group such as a hydroxyl, ether, oxyalkylene or

acetyl group.-

6. A process for producing polymer particles with an
irregular shape according to any of Claims 1 to 5,
wherein said water-soluble polymerizable monomer is an
olefinically unsaturated carboxylic acid or an alkali

salt thereof.

e

7. 1§”process for producing polymer particles with an
irregﬁlar shape according to Claim 6, wherein said
water-soluble polymerizable monomer is acrylic acid,

methacrylic acid, maleic acid, fumaric acid or an alkali

salt thereof.

56
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di ethyl ether, dipropyl ether, tetrahydrofuran and di oxane. Further,

besi des the di spersant, nonionic surfact- ants, cationic surfactants,
anphoteric surfactants, anionic surfactants, polyneric dispersants, etc.,
can be used in conbination with the above-described disper- sant in an
anount of preferably 100 parts by weight or less for 100 parts by wei ght of
the dispersant. In the present invention, a well-known crosslink- ing agent
may be used before, during or after the "

ABSTRACT OF THE DISCLOSURE

The process of the present invention for producing
polymer particles with an irregular shapé by polymeriz-
ing a water-soluble polymerizable monomer in a system
comprising a hydrophobic organic solvent inert to the
polymerization and an agueous sqlution of the water-
soluble polymerizable monomer is chéracterized in that
the system a glycoside compound having such a structure
that the hydrogen atom of the hemiacetal bond in the
compound has been substituted for a hydrophobic group,

or a gluconamide compound as a dispersant.
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~ pol ymeri zati on.
conpounds such as

di al l yl met hacry- |lam ne, diallyl phthalate,-
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22wand pol ygl ycerin pol yglyci dyl ehter hal oepoxy. com.
epi chl or ohydrin and [err] nethylchlorohy dgi n; EsELgégﬁwm&HsﬁEsn&h
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PROCESS FOR PRODUCING PJ' 6 @@ﬁ%m‘tﬁ?ﬁ&dﬁm paged .=
WITH IRREGULAR| SHAPE OF RECEIPT Q‘GJ“'%

BACKGROUND OF THE INVENTION
 [Field of the Invention] |

The present invention relates to a process for
producing polymer particles with  an irregular shape
useful as a water-absorbent resin having a small Eppar—
ent specific gravity and being excellent in water
absorption, gas permeability and liquid permeability
and also in gel strength after water absorption.
[Description of the Prior Art]

Water-absorbent resins has found a wide variety of
applications in the fields of medical service, such as
sanitary materials, food industry and agricultural
technology, etc., by taking advantage of their capabil-
ities of water absorption and water retention. In
particular, when the absorbent resins are used in

) sanitary materials, such as sanitary articles, disposa-
ble diapers, etc., a large water absorption per unit
weight and a high absorption rate are required of them.
The water absorption depends upon the molecuiar struc-
ture of.the resin, and it is considered that, among the

resins having the same weight, the smaller the particle

d
1ame§e; Of the resin powder, the larger the specific

e This is the .l’ep!acement sheet
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For this reason, various proposals have been made on
the process for producing a water—-absorbent resin
comprising a resin powder having a small particle
diameter and being suitable for a water-absorbent
resin.

For example, Japanese Patent Laid-Open No.
167302/1982 proposes an attempt to improve the water
absorption rate by conducting polymerization using a
particular surfactant as a dispersion stabilizer for
the polymerization to provide a water—absorbent resin
powder having a particle size reduced to 1 to 40 pm.
However, mere pulverization of the water—absorbent
resin causes the formation of curd.during water.absorp—
tion, so that no sufficient water absorption rate can
be attained.

Japanese Patent Laid-Open No. 106902/1987 de-
scribes a process for producing a water-absorbent
porous polymer having pores in the inside thereof and a
high specific surface area, which comprises preparing
an O/W/0 emulsion of a monomer and polymerizing the
monomer. In this process, however, the step of prepar-
ing the 0/W/0 emulsion is troublesome, and the pores of
the resultant polymer are not always interconnected

with each other, so that no water-absorbent resin

This Sheet Has Been Replaced
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dhe pol ynmer thus produced is dried by neans of a vacuumdrier, fluid dri%!

or the like, imediately after the polynerization or after the renoval of
t he solvent by decantation or centrifugation to obtain_the polyner
particles with an irregul ar shape. The_parti- cleg

pul veri zed or granulated | f necessaryfito a desirgd

s well knoyn, {}gqlml}@#faéwmciﬁﬁur%ﬁf%gtaf 58554

esters are gene
be produced.

On the other hand, Japanese Patent Laid-Open No.
200102/1986 proposes é process for producing water-
absorﬂent resin particles, which comprises initiating
W/0 type reverse phase suspension polymerization at O
to 20°C, holding the reaction system at that tempera-
ture until the degree of polymerization reache§ﬁ30%,
and raising the temperature to complete the polymeriza-
tion. It discloses that this process provides water-
absorbent resin particles whe;ein fine particlés having
a size of 1 to 40 pm are relatively loosely bonded to
each other and tﬁe particles have a high void fraction,
are porous and have a high water absorption rate. 1In
this process,.it is necessary above all to control the
polymerization temperature to be in the range of 0 to
20" C until the conversion reaches 30%. It is very
difficult, however, to control the polymerization

) temperature by efficiently removing the heat of poly-
merization at such a low temperature, which renders
this process unsuitable for the mass production of
water-absorbent resin particles. Further, the process
is disadvantageous in that it is poor in the productiv-
ity because a large amount of the polymer deposits on a

polymerization vessel in the course of the reaction.
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43 inithe suspension polynerization of a water-soluble nononer to stably
produce {spherical polyner particles. Al though a detjai 1
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- productifon of the polyner with an irregul ar shape
i s conceivabl e that the above-descri bed
y and sllghﬁky destabilizes the shape of the
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SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is

‘to provide a process for producing polymer particles

with an irregular shape useful as a water-absorbent
resin having a small apparent specific gravit& and
being excellent in water absorption capacity such as
initial water absorption rate, gas permeability and
liquid permeability and also in gel strength after
water absorption, which process is simple in the
operation and excellent in the productivity and enables
the polymer particles to be mass produced.

The present inventors have made intensive studies
and, as a result, have found that the above-described
object can be attained by using a specified glycoside
or gluconamide compound as a dispersant in the polymer-
ization of a water-soluble polymerizable monomer.

The present invention which has been made on the
basis of the above-described finding provides a process
for producing polymer particles with an irregular shape
by polymerizing a water-soluble polymerizable monomer
in a system comprising a hydrophobic organic solvent
inert to the polymerization and an aqueous solution of
the water-soluble polymerizable monomer, which process
is characterized in that the sfstem further contains a

glycoside compound having such a structure that the
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"parti&les and also suitably stabilizes the dispersed particles not to

aggregate themtogether, so that a delicate bal ancgFetween nstabili
of the shape of the dispersed particles and the re-F&ﬂaﬁkﬁemMA§§% 3lper s
particles to aggregation is maintained. The prese L_liugﬁfﬁummeu nuM/be

described in nore detail with referenceo the folTo U arphes—as
Cormar ot 12 EABTELES: o10Ugh L yes 20l LA e cBhgBRnes - 1"
been substituted for a hydrophobic group or a glucona-
mide compound as a dispersant.

The polymer particles with an irregular shape
produced by the process of the present invention have a
shape utterly different from a spherical one (a non-
spherical shape) and an average particle diameter of 10
pm or larger as measured by the sieving method (JIS)
and a high void fraction, thus imparting a high water
absorption rate and excellent gas permeability, liquid
permeability and gel strength éfter water absorption to
a watef-absorbent resin as an aggregate of such polymer
particles.

According to the present invention, it s possible
to produce polymer particles with an irregular shape
useful as a water-absorbent resin having a low apparent
specific gravity and being excellent in water absorp-
tion capacity such as initial water absorption rate,

) : gas permeability and liquid permeability and also in
gel strength after water absorption tﬁrough a simple
operation at an excellent productivity in a mass-
producible manner by polymerizing a water-soluble
polymerizable monomer in the presence of a specified

dispersant.

Therefore, the polymer particles having an irregu-
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fiol | owt tests were conducted. [Method for measuring
wat er abisorption] 1 g of the polyner was dispersed in
physi ol gqgi cal saline (0.9%saline) to swell the polyne
absorptijon reaches the equilibriumswelling state. e
physi ol dgi cal saline was filtered off t ugh an 80-nmesh
a@$ ght lar shape produced by the process of the present inven-

1as ' tion are useful as a water—absorbent polymer to be used

in sanitary materials which come in contact with the

ipé human body, for example, sanitary napkins, paper diap-
> a ers, sheets for adults, tampons and sanitary cottons by
m= virtue of the particularly excellent water absorption.
10 : Further, since the polymer of the preseﬁt inventipn is
8 less susceptible to deterioration in gel structure even
.er when used for a long period of time and further highly
:id % elastic, it can be used as a water-retaining agent for
to § various horticultural purposes and a water cutoff agent
er § for civil engineering works and construction and fur-

ther can be expected to be applied to cosmetics wherein

e e T AL A AU

le importance is attached to the shape, elasticity, water

pe t absorption and gas permeability.

nt g BRIEF DESCRIPTION OF THE DRAWINGS

p=- Fig. 1 is a schematic view of an apparatus for

€, g measuring the water absorption as a measure of the

in § water absorption rate which is used in the Examples and

le % Comparative Examples.

$= ; Fig. 2 is a schematic view of an apparagus for

le measuring the physiological saline passing rate which

ed is used in the Examples and Comparative Examples.
DETAILED DESCRIPTION OF THE INVENTION

1= The process for producing polymer particles with

s Sheet Has Been Replaced
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[ Met hod for neasuring an anount of water_absorp- tio 1
absorption rate] Use was nade of an appélatus (Demand Wettability Tester)
generally known as a device for practicing the

an irregular shape according to the present invention

24 (W of the resultant swollen pol ynmer was neasured, L s _val ue was.-
divided by the weight [err] of the poly- ner before h$HMﬁé C t
provide a [err] value as the equilibriumswelling wa bﬁng&é gW :

will now be described.  In the descripfion, "g" is "%
by weight" unless otherwise specifigd.

Preferable examples of the water-soluble polymer-
izable monomer to be used in ﬁhe present invention
include vinyi monomers having a polymerizable unsatu-
rated group, such as olefinically unsaturated carboxyl-
ic acids and salts thereof, olefinically unsaturated
carboxylic acid esters, olefinically unsaturated sul-
fonic acids and salts théfeof, olefinically unsaturated
phosphoric acids and salts thereof, olefinically unsat-
urated amines, olefinically unsaturated ammonium salts
and olefinically unsaturated amides. Among them,
olefinically unsaturated cafboxylic acids or salts
thereof are particularly preferred in the present
invention. ‘

Examples of the olefinically unsaturated carboxyl-
ic acids and salts thereof include acrylic, methacryl-
ic, maleic and fumaric acids and alkali salts thereof.
Examples of the olefinically unsaturated carboxylic
acid esters include methoxypolyethylene glycol
(meth)acrylate, phenoxypolyétﬁylene glycol {(methlacry-
late and hydroxyethyl (meth)acrylate. Examples of the
olefinically unsaturated sulfonic acids and salts

thereof include (meth)acrylamidomethylpropanesulfonic

i i |
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DWtestfjand shown in Fig. 1. As shown in Fig. 1, ?j;ﬁésaEEmmﬂvhﬁﬁa$>mas

spread pn a pol ynmer spreading stand 2 (a stand mhfrein REPLACEDR | t er
having p dianmeter of 70 nmmferr] was put on a gl as&= : Se
such a jranner that the | evels of the ph%§iological saline Ware equal to
each ot per. The absorption at the tinme—=when the polyner was spread was

taken ap 0 (;gao)alﬁpﬁs%&% r BbiiQfk 38ndeCa #kbqf t%s%%@r egien®L f , the

boly- ngr was neasured by reading the graduation of uret 1 ndicating the
qegree pf | opRampPes N dfhe v ebi@feii®ally unsaturated phosphoric

acids and salts thereof include (meth)acryloyl(poly)-
- oxyethylenephosphoric esters and alkali salts thereof.
n Examples of the olefinically unsaturate amines include
- dimefhylaminoethyl {meth)acrylate. Examples of the
- olefinically uﬁsatu:ated ammonium salts include (meth)-
d acryloyloxyethylenetrimethylammonium halides. Examples
- of the olefinically unsaturated amides include (meth)-
d acrylamide and (meth)acrylamide derivatives such as N-
- | methyl(meth)acrylamide, N-ethyl(meth)arylamide and N-
s propyl(meth)acrylamide, and vinylmethylécetamide. They

may be used either alone or in the form of a mixture of

two or more of them. Examples of the alkali salts

wi

t include alkali methal salts, alkaline earth metal salts
and ammonium salts.

- h The concentration of the water-soluble polymeriza-
- ; ble monomer in an agqueous solution thereof is prefera-
bly 1 to 90%, still preferably 10 to 60%.

In the preseﬁt invention, examples of the hydro-

phobic organic solvent inert to the polymerization
include aliphatic hydrocarbons such as n-pentane,
: ' cyclopentane, n-hexane, cyclohexane, n-heptane and
b mgthylcyclohexa;ne, aromatic hydrocarbons such as .ben-—

zene and toluene, aliphatic alcohols having 4 to 6
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physi @l ogi cal saline W The measured val ue was taken as the water

and

absorption (nl) as a nmeasure of the water absorpbanccat-e=titRe g for
~ neasuring passing rate of physiologi- cal sali nig] THIS SHEEDHASIBERDOllly mer  was
packed in an apparatus 10 (a glass cyli nderl cal ||t ube RERLASESY witlt a cock

_——

carbon atoms, such as n-butyl alcohol and n-amyl alco-
hol, aliphatic ketones such as methyl ethyl ketone, and
aliphatic esters such as 'ethyl acetate. They may be
used alone or in the form of a mixture of two or more
of them.

The amount of use of the hydrophobic organic
solvent preferably ranges from 50 to 500% based on the
agueous solution of the water-soluble polymerizable
monomer.

The dispersant to be used in the polymerization of
the above-described water-soluble polymerizable monomer
in the present invention is a glycoside compound having
such a structure that the hydrogen atom of the hemiace-
tal bond has been replaced with a hydrophobic group
(hereinafter referred to as "glycoside compound A") or
a gluconamide compound.

The glycoside compounds A are those derived from
the following saccharides by replacing the hydrogen
atom of the hemiacetal bond thereof with a hydrophobic
group: pentoses such as ribose, arabinose, xylose,
lyxose and ribulose; monosaccharides such as allose,
altrose, glucose, mannose, gulose, idose, galactose,
talose and fructose as well as condensates of them;
maltooligosaccharides such as maltose, isomaltose,

isomaltotriose and cyclodextrin; cellooligosaccharides

Thllsllsllii‘l"tlliiilﬁileil liniiced
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25 havin
portion

physi ol o
t he phys
fromthe
sufficie
trme tak

1d
e

‘e

wi

p an inner dianeter of 25.6 nun and a length of the cyllndrlcal

bf about 500 mm shown in Fig. 2, and swoffferw Eﬂl -of
pi cal saline until the swelling r eached eﬁd?ﬁ? Avel of
ol ogical saline was adjusted to a positi : 200 m

bottom and the cock was cl osedd After the pol ymer P was

ptly sakhl 88 8813B88¥Bsken Ehﬁ 011G&iﬁédéﬁé&iﬁﬁ%‘%ﬂﬁﬂ@daéogarééure t he
en for the phy5|olog|cal sal i ne

tooligosaccharide, mannooligosaccharide, fructooligo-

saccharide, sucrose and lactose.

The hydrophobic groups include alkyl .and alkenyl
groups having at least 6 carbon atoms, preferably at
most 22 carbon atoms, alkylaryl groups, polyoxyalkyle-
nealkyl groups and alkylpﬁenyl groups; and acyloxyhy-
droxypropyl and alkoxyhydroxypropyl groups in whiéh the
acyloxy or alkoxy group has at least 6 carbon atoms,.
preferably at most 22 carbon atoms. Examples of them
include octyl, decyl, dodecyl octadecyl, octadecenyl
and 3-octadecanoyl-2-hydroxypropyl groups.

The glycoside compounds A are not particularly
limited and compounds represented by the following
general formula 1 are preferred:

[General formula 1}

rMor?) 46,
wherein R1 represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl group
having at least 9 carbon atoms, R2 represents an
alkylene group having 2 to 4 carbon atoms, G
represents a reducing sugar residue having 5 or 6
carbon atoms, x represents a number of 0 to 10 on

average and y represents a number of 1 to 10 on

mﬁﬁ?iﬁﬁiilﬂ"l i
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‘to pass through between two marked lines shown in the figure, that is,
marked line L (a position correspond- ing to 150 mi_fromthe botto
marked line M (a position corresponding to 100 m LS haktetEy
of liquid: 50 m), and the amount (m) of liquid eT{wequBFtL@gﬁarked
was divided by the neasurement tine (min}lto give '

| i nes

bol ymer uas ol asSPHARASE L hvd U G A6 pTov P80 khelt WAER! F1140% Sof! TNE

above, then rRZs may be the same or different from
each other, and the hydrogen atom of the hydroxyl
group in G may be substituted for a methyl or
ethyl group or a unit having 12 or 1less carbon
atoms and at least one hydrophilic group such as
an ether oxygen, ester group, amido group, inonic

group, hydroxyl group or ammonium group.

In the above general formula 1, R is preferably
an alkyl, alkenyl or an alkylphenyl group having 6 to
22 carbon atoms, or a hydrocy-acyloxypropyl group
having 9 to 25 carbon atoms and x is preferably O.

The compounds of the above general formula 1 are
preferably compounds of the following general formula
2, and alkyl glucosides and alkyl polyglucosides of the
above general formula 1 wherein the hydrogen atom of
the hydroxyl group in G is replaced with a functional

) group of the following general formulae 3 through 9,
and derivatives of them. In the éompounds of the above
general formula 2, those wherein R3 has 8 to 18 carbon
atoms are preferred.

Examples of them include dodecyl glucoside, decyl
glucoside, tetradecyllglucoside, 6-polyoxypropylenedo-

decyl glucoside, octyl glucoside, 3-octadecanoyloxy-2-

This Sheet Has
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d the average particle di anet er was determined fromthe weight
on of each fraction. [Exanple 1] 72.1 g of acr
O of water and neutralized with 98.9 g of
e solution under cooling, 5.6 g f% 5.2

}ieHESP ﬁN‘SI%Eﬂ
REPLACED

hydroxypropyl glucoside, dodecyl galactoside and dode-
cyl fructoside.
(General formula 2]

R36'y.
wherein R3 represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl -group
having 9 to 25 carbon atoms, G' represehts a
reducing sugar residue having 5 or 6 carbon atoms

and y' represents a number of 1 to 6 on average.

[General formula 3]

{-CHZC'Hoa—-,, -H

wherein ml represents a number of 0 to 10.

[General formula 4]
'(-'CHZCHZO-):—Z-H

wherein m2 represents a number of 0 to 10,

[General formula 5]
CH,3—5CO,Na,

wherein m3 represents a number of 0 to 10,
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wt. % potassium persul fate was added thereto to PireReE RORBHREsyS

sol ution as an aqueous nononer/initiator solution :ﬁﬁ®8H&EEHASEEENNnrﬂ
flask equi pped with a reflux condenser, a droppi ng fun@%ﬁtﬂcﬁnlrrl g r od
and a nitrogen gas feed pipe was charge Wt h 283=F—or—oy¢c ARV, .~ and

1.8 g of dodecyl glucoside (degree of s hari de condensatlon 1.25) was
added thereto. They were stirred (at 300 rpm and di spersed in each other

and the fIasFGg@grgfr§g§hMiéhepitrogen and heated to

£CH,CH,09=7SO,Na

wherein m4 represents a number of 0 to 10,

[General formula 7]

OH

[General formula 8]

o
!
-C-CH,CHCO,Na

SO;Na
[General formula 9]

-P(OH),

0

As the compounds of the above general formula 1,
those of the following general formula 10 are pre-
ferred.

[Genefal formula 10])
RiG"
wherein R4 represents a linear or branched alkyl,

alkenyl groﬁp, or alkylphenyl group having 6 to
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75 C. + |The above-descri bed aqueous nononer/initi gFor—so utloq5¥ﬁ§q opw se

added tRereto over a period of 30 mn. After the dﬁﬁﬁé?
addition, the poly- merization was conducted unde st i rRER or

1.5

h and thHen at 80[err] for 4 h. After tﬁﬁ conpl etion of the polynerization,

the proquct was fractionated and dried uwheer

reduced pressure to provide

88.4 g df a pol ynen20fcaebghi Gtagisd, (6edidinhydrokyacloxyeddtiangrpalpy ner
was in tfhe formof granules of a distorted shape having an average di aneter

of 650 [ferr]

i s SRR y

L RN

and ahauting 9 to 25 carbon atoms, G" represents a
. reducing sugar residue having 5 or 6 carbon atoms
wherein the hydrogen atom of the hydroxyl group is
substituted for a polyoxyethylene, polyoxypropyl-

ene or polyglyceryl group and y" represents a

number of 1 to 6 on average.

In the compounds of the above general formula 10,
preferred are those wherein R? has 8 to 18 carboq atoms
and the degree of polymerization of the hydroxyethyl-
ene, hydroxypropylene or glycerol group is 0 to 4.

The gluconamide compounds include those produced
by reacting the following amine with gluconolactone:
n-butylamine, sec-butylamine, t-butylamine, n-pentyla-

mine, n-hexylamine, n-heptylamine, 2-ethylhexylamine,

n-octylamine, n-nonylamine, n-decylamine, n-undecyla-

mine, n-dodecylamine, n-tridecylamine, n-tetradecyla-
mine,- n~hexadecylamine, n-octadecylamine, n-eicosyla-
mine, diisobutylamine, di-n-butylamine, di-2-ethyl-
exylamine, 3-methoxypropylamine, 3-ethoxypropylamine,
benzylamine, toluidine, naphthylamine and p-
ethoxyaniline.

Although the gluconamide compounds are not partic-

ularly limited, preferred are compounds of the follow-
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density of 0.30 g/m. The surfaces of the polymer particles had such a

structure that the particles having irregular sha
to 20 [err] were fused each other and the unevenn%sEHERSHEﬁifyuﬁBEENC-s was

very | arge.

REPLACED

e

27 [ Exanpl e 2] 15

ing general formula 11, still preferred are compounds
of the following general formula 12 and particularly
preferred are compounds of the following general formu-
la 13:
[General formula 11]

R, O

[ 1

-N-C~-(CH),~-CH,0H

OH

wherein R and Ry each represents a hydrogen atom, a

linear or branched alkyl or alkenyl group having 5 i
to 25 carbon atoms, a phenyl group or.an alkylaryl
group having 7 to 25 carbon atoms, with the proviso
that not both of R and Ry are hydrogen atoms at the
same time, and R and R; may contain a functional
group such as a hydroxyl, ether, oxyalkylene or

acetyl group.

[General formula 12}

(] Rz ?
R,-N-C-( ?H y,~CH,OH

OH

wherein R, and R3 each represents a hydrogen atom,
a linear or branched alkyl or alkenyl group having

5 to 25 qarbon atoms, a phenyl group or an alkyla-
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71.1 g of acrylam de was dissolved in 150 g of water,._.and 10.7 g of a 2.8

wt. % aqueous 2,2'- azobi s(2-am di nopropane) dihydrDqﬂkpégggrggé%&tﬂn!WﬁS
added thereto to prepare a honbgeneous sol ution as jan aq ACED 11
nonomer/§ nitiator sol ution. Ther eaft er t he sang | of

Exanpl e l was repeated, except that n-he%%ne was used as the sol vent

i nst ead fof cycl Oheﬁggeﬁgrgﬁﬁﬂe‘f%"ﬁ%%di'?’gg?? %la(}fboqp $€é¥%amvﬁeupoh¥ner.

Fhe res tant poly rmo ranul-ar par & of a drstorted
iﬁape hgving an  proviso that not both of R, and Ry are hydrogen

atoms at the same time.

[General formula 13]

0

|
R,-NHC-(CH),~CH,OH

OH

wherein R, represents a linear or branched alkyl
or alkenyl group having 5 to 25 carbon atoms, a
phenyl group or an alkylaryl group having 7 to 25

carbon atoms.

Particularly preferred gluconamide compounds are

those of the above general formula 11, general formula

- B O R I e i o IO

12 and general formula 13 wherein R represents an
alkyl, alkenyl or alkylphenyl group having 8 to 18
carbon atoms. Examples of them include N-(n-
decyl)gluconamide, N-(n-dodecyl)-gluconamide, N-(n-
tetradecyl)gluconamide, N-(n—-hexadecyl)gluconamide and
N-(n-octadecyl)Ygluconamide.

Although a satisfactory effect can be attained
even when the glycoside compound A or gulconamide
compound is used alone as a dispersant, they can be

used in the form of a mixture of two or more of them.

—_——
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average dianeter of 1300 [err] and a bulk density of 0.45 g/n1 ~The
surfaces of the polyner particles had such a s particles
havi ng irregul ar shapes and sizes of several t '
ot her and the unevenness of the surfaces_was wve #d 3] 106.6
g of sodi um acryl am donet hyl pr opane- su nat e was d 0 g of
water, and 10.7 g of a 2.8 w. % aqueous 2, 2'-azobi s(2-am di nopr opane)

The effect of the dispersant can be attained even

when the amount thereof is small, and this amount
preferably ranges from 0.01 to 20%, still preferably
from 0.02 to 10%, still more preferably from 0.05 to
10% based on the water-soluble polymerizable monomer.

The water-soluble polymerizable monomer can be
polymerized in a system comprising a hydrophobic organ-
ic solvent inert to the polymerization and an agqueous
solution of the water-soluble polymerizable monomer,
for example, by the following processes (1) to (4):

(1) a process comprising mixing an aqueous solu-
tion of a water-soluble polymerizable monomer with a
hydrophobic organic solvent at once and then polymeriz-
ing the monomer (batch polymerization);

(2) a process comprising conducting polymerization

successively while dropwise adding. an aqueous solution

of a water-soluble polymerizable monomer to a hydropho-
bic organic solvent (successive polymerization);

). (3) a process comprising conducting polymerization
while dropwise adding a mixed solution produced by
previously mixing or dispersing an agueous solution of
a water-soluble polymerizable monomer in part of a
hydrophobic organic solvent to a hydrophobic .organic
solvent (predispersion); and

(4) a process wherein the processes (1) to (3) are

A e i e - —
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di hydr gchl ori de sol ution was added thereto to prepare a hoaneneous

solutidn as an aqueous nononer/initiator solution. ; %%s [ Sge
procedyre as that of Exanple 1 was repeated, thereby]pro j@jﬁ
28 sodlun1acry|an1donethy|propanesulfoqﬁie pol ymer . 4er

was infthe formof granular particles —

‘n used in combination.

t In conducting the polymerization, the dispersant
y is incorporated in the reaction system by, for example,
o the following methods (1) to (4):

(1) a method wherein the glycoside compound A or the

gluconamide compound is previously dispersed in a

[{Y]

- hydrophobic organic solvent;

; ;2) a method wherein the glycoside compound A or the
gluconamide cbmpound is previously dissolved or dis-
persed in an aqueous solution of a water—-soluble poly-
merizable monomer;

(3) a method wherein the glycoside compound A or the
gluconamide compound is gradually added while conduct-
ing the polymerization; and

(4) a.method wherein the methods (1) to (3) are em-
ployed in combination.

In conducting the polymerization, it is preferred
to use a polymerization initiator. There is no par-
ticuiar limitation on the polymerization initiator so
far as it is a water-soluble free-radical initiator,

and examples thereof include ketone peroxides such as

methyl ethyl ketone peroxide and methyl isobutyl ketone
peroxide, dialkyl peroxides such as di-tert-butyl
peroxide and tert-butyl cumyl peroxide, alkyl peroxy

esters such as tert-butyl peroxyacetate, tert-butyl
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of a distorted shape having an average dianmeter of 1000 [err] _and a bulk -
density of 0.52 g/m. The surfaces of the pol ymer bqﬁkg sS4 a
structure that the particles having irregul ar shapegs ¢ '
to 20 [err] were fused with each ot her d the une\ _
was very large. [Exanple 4] 72.1 g of a lic acid was diluted with 18.0 ¢
of water and neutralized with 98.9 g of a 30 wt. % aqueous sodlunlhydrOX|qe

sol ution ung@roxndsomhtyrhte Grf tRrt-butyl peroxypivalate, hydro-

gen peroxide, persulfates such as potassium persulfate
and ammonium persulfate, perchlorates such as potassium
perchlorate and SOdium perchlorate, halogenic acid
salts such as potassium chlorate and potassium bromate,
and azo compounds such as 2-(carbamoylazo)isobutyroni-
trile, 2,Z—azobis(N,N'-dimethyleneisobutylamidine)
dihydrochloride, 2,2'-azobis(2~amidinopropane) dihydro-
chloride, 2,2'-azobis(N,N'-dimethyleneisobutylamidine),
4,4'-azobis (4~-cyanopentanocic acid), azobisisobutyroni-
trile, 2,2'-azobis(4-methoxy-2,4~dimethylvaleroni-
trile), (l-phenylethyl)azodiphenylmethane, dimethyl 2,
2'~azobisisobutyrate, 2,2'-azobis(2-methylbutyroni- :
trile), 1,1'-azobis(l-cyclohexanecarbonitrile), 2,2'-
azobis(2,4,4'-trimethylpentane), 2-phenylazo-2,4~-di-
methyl-4-methoxyvaleronitrile and 2,2'-azobis(2-methyl-
propane). They may be used alone or in the form of a
mixture of two or more of them..
| The amount of use of the polymerization initiator
usually ranges from 0.01 to 10%, preferably from 0.02 i
to 5%, based on the water-soluble polymerizable mono-
mer. |
Although there is no particular limitation on the
method for adding the polymerization initiator, it is

preferred to previously add the polymerization initia-
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2:8 wm* |% aqueous potassium persul fate solution and 0.058 g of an epoxy
bi functijonal crosslinking agent (ethylene glycol diglycroyr—ctrery—n :

added tHereto to prepare a honpgeneous sol ution as thg
nmononer /linitiator solution. Separately, a 500-m fl asfk
refl ux dondenser, a dropping funnel, a stdrring rod and a nitroger—gas=t
Ripe way charggd vid h3%3 Bhu@bu/Ckghgxalen adf %&gp@lﬂgée@ﬂatﬁ&co-

side (dgqgree of saccharide condensation: 1.25) was added thereto. They were
gtirredj(at 308tépr3onifle monomer.

n In conducing the polymerization, basically the
i . polymerization temperature is not particularly limited
so far as it is within a temperature range in which the
water~soluble polymerizable monomer can be polymerized.
However, in due consideration of the polymerization.

temperature and conversion, the polymerization is

'.5:3-:.:

preferably conduced at a temperature in the optimum

adesmstng,

polymerization temperature range for the water-soluble

polymerizable monomer to be used. The temperature

-

oaeve s

usually ranges from 20 to 150°C, preferably 40 to
100° C.

i In the present invention, it is preferred to use
only the water-soluble polymerizable monomer as the

polymerizable monomer to be homopolymerized or copoly-

by e

merized. It is also possible, however, to use the
water-soluble polymerizable monomer in combination with
a water-insoluble monomer copolymerizable therewith,
for example, a monomeric ester of an alkanol having 1
to 22 carbon atoms with an unsaturated carboxylic acid
such as acrylic, methacrylic, maleic or fumaric acid,
which is used in an amount of 50% or less based on the
whole monomer.

Besides the above-described hydrophobic solvent,
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di spersed in each other, and the flask was purged with nitrogen_a heat e
to 75 C The above- descrlbed aqueous sol ution of 4T '
acid (sodium 29 salt) was dropw se added theretoip
conpl etion of the addition, the poly- nerization wa
stirring at 75 Cfor 1.5 2,

an amphibathic solvent may be added so far as the
amount thereof does not exceed that of the hydrophobic
solvént. Examples of the amphipathic solvents include
alcohols such as methanol, ethanol, propanol and 2-
propanol; ketones such as acetone; and ethers such as
diethyl ether, dipropyl ether, tetrahydrofuran and
dioxane.

Further, besides the dispersant, nonionic surfact-
énts, cationic surfactants, amphoteric surfactants,
anionic surfactants, polymeric dispersants, etc., can
be used in combination with the above-described disper-
sant in an amount of preferably 100 parts by weight or
less for 100 parts by weight of the dispersant.

In the present invention, a wel;—known crosslink-
ing agent may be used before, during or after the
polymerization. Examples of the crosslinking agents
include polyallyl compounds such as N,N-
diallyl(meth)acrylamide, diallylamine, diallylmethacry-
lamine, diallyl phthalate, diallyl maleate, diallyl
terephthaléte, triallyl cyanurate and triallyl phos-
phate; polyvinyl compounds.such as divinylbenzene,
N,N-methylenebisacrylamide, ethylene glycol diacrylate,
ethylene glycol dimethacrylate and glycerin trimetha-
crylate; polyglycidyl ethers such as ethylen glycol
diglfcidyl ether, polyethylene glycol diglycidyl ether
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h*and then at 80[err] for 4 h. After the conpletion of the polynerlzatlon

the product was fractionated and dried under reduced] pﬁéé%

88.4 g [fof a polymer of acrylic acid (sodiumsalt). T N? BEBNy;
e

was in tjhe formof distorted granular pa ﬁicles havi i 'Ddla

of 680 gm and a bul k density of 0.32 g/ The surfaces of the pol ymer
particlgs hadggyc Iy€er 14T ©d1RN " tdipt &5; NaYA 18 bbk§Iutah- Shapes
and si zgs of seve:l?;l‘?*'ufé % ][erri?pvvreyagt #use }ﬁ‘l'each ot herb y

c pounds such as eplchlorohydrm and ol-methylchlorohy-

e drin; polyaldehydes such as glutaraldehyde_and glyoxal;

- polyols such as glycerin; polyamines such as ethylene-
3 diamine: hydroxy vinyl compounds such as 2-hydroxyethyl

i - methacrylate, and inorgano- and organometallic salts

capable of yielding a polyvalent ion, such as those of
! calcium, magnesium, zinc and aluminum.

Further, it:is alsé possible to use a monoglycidyl
compound such as phenol polyoxyethylene glycidyl ether
as a modifier.

The amount of the crosslinking agent or modifier

Atk SV s 0 By A et ar iy e AN e, o v

may be'arbitrary according to desired properties of the

polymer as the final product and it is usually prefera-
bly in the range of 0.0l to 10% based on the resultant
. polymer.
; The polymer thus produced is dried by means of a
’ vacuum drier, fluid drier or the like, immediately
after the polymerization or after the removal of the
solvent by decantation or centrifugation to obtain the
; polymer particles with an irregular shape. The parti-
cles thus obtained can be pulverized or granulated, if
necessary, to a desired particle diameter.
It is well known that nonionic surfactants such as

sorbitan esters and sucrose esters are generally used
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and the unevenness of the surfaces was very | arge.
wat er absorption, water absorption as a neasure of t
rate and physi ol ogi cal saline passing rate of each of
pol ymers were determ ned. The results gre given in
36.1 g of acrylic acid was dissolved in .0 g of wat ]
% agqueous sodlunlhydrOX|de solutlon under cool i ng.

Thereafter, jn the suspension polymerization of a water-soluble

with 53.0 g of a 30 wt.

P— Ve
=1
;

monomer to stably produce spherical polymer particles.
Although a detailed mechanism of the production of the
polymer with an irregular shape'has not yet been eluci-
dated, it is conceivable that the above-described
glycoside dompound'A or gluconamide compound suitably
and slightly destabilizes the shape of the dispersed
particles and also suitably stabilizes the dispersed
particles not to aggregate them together, so that a
delicate balance between the instability of the shape
of the dispersed particles and the resistance of the
dispersed particles to aggregation is maintained.

The present invention will now be described in
more detail with reference to the following Examples
and Comparative Examples, though it is not limited to
these Examples only.

In the Examples and Comparative Examples, the
following tests were conducted.

[Method for measuring equilibrium swelling water
absorption]

1 g of the polymer was dispersed in a large excess
of physiological saline (0.9% saline) to swell the
polymer until the absorption reaches the equilibrium
swelling state. Then, the physiological saline was

filtered off through an 80-mesh wire gauze, the weight

his Sheet Has Been Rerlaced

T

The eqw i br| um swel ling

fI'HFs me@@# HA -
Tabl entm.héisgtr‘?g

|

AT vmaint

B

T A SRR




:01.3:gfjof a 40 wt. % aqueous sodi um acryl am donet hyl - propanesulfonate

sol ution was added thereto, and 10.7 ¢ of a 2. 8rﬁ == AsSSi um
persul fqte solution was added thereto to prepare B t‘on as
t he agudous nononer/initiator sol ution. Thereaftr
t hat of |Exanpl e 4 was repeated, therebyEﬁLOV|d|ng

acrylat&/sod&%m of the resultant swollen polymer was measured, and

this value was divided by the weight (Wg) of the poly-
mer before the water absorption to provide a W/WO value
as the equilibrium swelling water absorption (g/g).

[(Method for measuring an amount of water absorp-
tion as measure of water absorption rate]

Use was made of an apparatus (Demand Wettability
Tester) generally known as a device for practicing the
DW test and shown in Fig. 1. As shown in Fig. 1, 0.3 g
of polymer P was spread on a polymer spreading stand 2
(a stand wherein No. 2 filter paper having a diameter
of 70 mm was put on a glass filter No. 1) set in such
a manner that the levels of the physiological saline-W
are equal to each other. The absorption at the time
when the polymer was spread was taken as 0 (zero), and
the absorption 30 sec after the spreading of the poly-

mer was measured by reading the graduation of a buret

: indicating the degree of lowering in the level of the
- physiological saline W. The measured value was taken
as the water absorption (ml) as a measure of the water
absorption rate.

[Method for measuring passing rate of physiologi-

cal saline]

0.5 g of the polymer was packed in an apparatus 10

(a glass cylinderical tube equipped with a cock and

et Has Been Taced This is the replacement sheet
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acryl am donet hyl propanesul fonate copol yner. The re- sultant. pol ynmer -~
was in the formof distorted granular particles havin

of 550 [err] and a bul k density of 0.45 g/m . The nf
on the resultant polyner in the sane manper as that|f o
results are given in Table 1. [Exanple The sane

T hat

an_average di aneter

AS BEERW,
AEE%' Eidh f

Exanple 4 was re- peated except that the dodecyl gl ucoside ﬁdegrggeOT'

having an inner diameter of 25.6 mm and a lengt

" cylindrical portion of about 500 mm) shown in Fig. 2,
and swollen with an excess of physiological saline
until the swelling reached equilibrium. The level of
the physiological saline was adjusted to a position
corresponding to 200 ml from the bottom, and the cock
was closed. After the polymer P was suff1c1ent1y
sett%fd as shown in Fig. 2, the cock was opened to

measﬁre the time taken for the physiological saline W

to pass through between two marked lines shown in the.

figuré, that is, marked line L (a position correspond-
ing to-150 ml from the bottom) and marked line M (a
position corresponding to 100 ml from the bottom)
(amount of ligquid: 50 ml); and the amount.(ml) of
liquid between the marked lines was divided by the
measurement time (min) to give the passing rate
(ml/min).

[Method for calculating average particle diameter]

100 g of the polymer was classified with a JIS
sieve and the average particle diameter was determined
from the weight proportion of éach fraction.

[Example 1] ,

.72.1 g of acrylic acid was diluted with 18.0 of
water and neutralized with 98.9 g of a 30 wt. % aqueous

sodium hydroxide solution under cooling, 5.6 g of 5.2

——————
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sacchar
sacchar
di stort
age par
respect
.Same m

de condensation: 1.25) was replaced with decyl
de condensation: 1.17) as the dispersant, ther
bd granul ar particles having extrenely uneven s
icle diameter and bul k density were 850 [err] =054 0/ M,
vel y. The neasurenent was condugfed on the resul tant polymer
ner a%.t Rapothsbiampperéul fate nemlddded ethereto i o Tpbepate

rfaceBEPL

a homogeneous solution as an agueous monomer/initiator
solution.

Separately, a 500-ml1 flask equipped with a reflux
condenser, a dropping funnel, a stirring rod and a
nitrogen .gas feed pipe was charged with 283 ml of
cyclohexane, and 1.8 g of dodecyl glucoside (degree of

saccharide condensation: 1.25) was added theretoiufThey

kA

in the

were stirred (at 300 rpm) and dispersed in each other,'

‘and the flask was purged with nitrogen and heated to

75° C. The above-described aqueous monomer/initiator’

solution was dropwise added thereto over a period of 30
min. After the completion of the addition, the poly-
merization was conducted under stirring at 75°C for 1.5
h and then at 80°C for 4 h. After the completion of
the polymeriéation, the product was fractionated and
dried under reduced pressure to provide 88.4 g of a
polymer of acrylic acid (sodium salt). The resultant
polymer was in the form of granules qf a distorted
shape having an averége'diameter of 650 ym and a bulk
density of 0.36 g/ml. The surfaces of the polymer
particles_had such a structure that the particles
having irregular shapes and sizes of several to 20 pm
were fused each other and the unevenness of the sur-

faces was very large.

This Sheet Has Been Re)

mmu mm mn m :in

Date: 26 SEP 19y



31 [Exanple 7] The same procedure as that of Exanple 4 was re- peated
except that the dodecyl glucoside (degree of saccharide condensation: 1.2%
was replaced with tet- radecyl glucoside (degree of saccharide

condensation: 1.28) as the dispersant, thereby provi (gt rtortetaan

| &r
particles having extrenely uneven surf THI8 SHEET HAS BEEN
REPLACED

[Example 2]
71.1 g of acrylamide was dissolved in 150 g of
water, and 10.7 g of a 2.8 wt. % aqueous 2,2'-

azobis(2-amidinopropane) dihydrochloride solution was

added thereto to prepare a homogeneous solution as an
agueous monomer/initiator solution. Thereafter, the
same procedure as that of Example 1 was repeated,
except that n-hexane was used as the solvent instead of
cyclohexane} thereby providing 69 g of an acrylamide
polymer. The resultant polymer was in the form of
granular particles of a distorted shape having an
average diameter 6f 1300 pm and a bulk density of 0.45
g/ml. The surfaces of the polymer particles had such a
structure that the particles héving irregular shapes
and sizes of several to 20 pm ware fused with each
other and the unevenness of the surfaces was very
large.
) {Example 3]

106.6 g of sodium acrylamidomethylpropane-
sulfonate was dissolved in 150 g of water, and 10.7'9
of a 2.8 wt. % aqueous 2,2'—azobis(2-amidiﬁopropane)
dihydrochloride solution was added thereto to prepare a
homogeneous solution as an aqueous monomer/initiator
solution. Thereafter, the same procedure as that of

Example 1 was repeated, thereby providing 95 g of

FI

l’ ’i,l ..+ s the replacement sheet
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fage particle dianmeter and bul k density were 710

sane manner as that of Exanple 4. The resultsfiare
8] The same procedure as that of Exanple 4 wd peat-et=
radecyl gl ucoside (degree of saéBhari de condensati on:
used inf addi So@ium AcPylamidbhetHplpepbadlestdfiotatiedepotgmel .sacahe i de

e

bspectivel y. The measurenent was conducted on [hg é%@@kﬁ@ﬂ@iﬁ&ﬁy
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resultant polymer was in the form of granular particles
of a distorted shape having an average diamg;er of 1000
pm and a bulk density of 0.52 g/ml. The surfaces of
the polymer particles had such a structure that the
particles having irregular shapes and sizes of several
to 20 pm were fused with each other and the unevenness
of the surfaces was very large. f{%Q

[Example 4] "

72.1 g of acrylic acid was diluted with 18.0 g of
water and neutralized with 98.9 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling, 10.7 g of a
2.8 wt. % aqueous potassium persulfate solution and
0.058 g of an epoxy bifunctional crosslinking agent
(ethylene glycol diglycidyl ether) was added thereto to
prepare a homogeneous solution as the aqueous
monomer/initiator solution. Separately, a 500-ml flask
equipped with a reflux condenser, a dropping funnel, a
stirring rod and a nitrogen gas feed pipe was chafged
with 283 ml of cyclohexane, and 1.8 g of dodecyl gluco-
side (degree of saccharide condensation: 1.25) was
added thereto. They were stirred (at 300 rpm) and
dispersed in each other, and the flask was purged with
nitrogen and heated to 75°C. The above-described

aqueous solution of a monomer of acrylic acid (sodium

. This Sheet Has Been Reﬁaced
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conderisation: 1.25) as the dispersant, thereby provid- i
granul ar particles having extrenely uneven surfaces. T ééé‘N
di aneter and bul k density were 800 pmand 0.47 g/, respecti éﬁ%&%

measur ement

eray

was conducted on the resultant polyner in thé=sape—mnner-as

that of Exanple 4. ‘The results are give#in Table 1.

salt) was dropwise added thereto over a period of 30
min. After the completion of the addition, the poly-
merization was conducted under stirring at 75°C for 1.5
h and then at 80°C for 4 h.

After the completion of the polymerization, the
product was fractionated and dried under reduced pres-
sure to provide 88.4 g of a polymer of acrylic acid
(sodium salt). The resultant polymer was in thé_:" form
of distorted granular particles having an average
diameter of 680 pm and a bulk density of 0.32 g/ml.
The surfaces of the polymer particles had such a struc-
ture that the particles having irregular shapes and
sizes of several to 20 pm were fused with each other
and the unevenness of the surfaces was very large.

The equilibrium swelling water absorption, water
absorption as a méasure of the water absorption rate
and physiological saline passing rate of each of the
resultant polymers were determined. The results are
given in Tablé 1.

[Example 5]

36.1 g of acrylic acid was dissolved in 16.0 g of
water and neutralized with 53.0 g of a 30 wt. % agueous
sodium hydroxide solution under cooling. Thereafter,
101.3 g of a 40 wt. % aqueous sodium acrylamidomethyi-

propanesulfonate solution was added thereto, and 10.7 g
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32 [EXa
except
was rep
2.5) as
havi ng
density

|

pl e 9] The sane procedure as that of Exanple 4 - \as re- peated
hat the dodecyl gl ucoside (degree of saccha ' ett@ie] .
aced with hex- adecyl glucoside (degree of $ [
t he di spersant, thereby providlc%%dlstorted 0
bxtrenel y uneven surfaces. The a

vere 88@ [£rp]sand.0.¢7aguBbusr G5PELds Y@hY persulfate solutlon

\‘" f
age particle dianeter anda—b5d

was added thereto to prepare a homogeneous solution as
the aqueous monomer/initiator solution. Thereafter,
the same procedure as that of Example 4 was repeated,
thereby providing 93.5 g of sodium acrylate/sodium
acrylamidomethylpropanesulfonate copolymer. The re-
sultant polymer was in the form of distorted granular
particles having an average diameter of 550 um and a
bulk density of 0.45 g/ml.

The measurement was conducted on the resultant
polymer in the-same manner as that of Example 4. The
results are given in Table 1.

{Example 6]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with decyl
glucoside (degree of saccharide condénsation: 1.17) as
the dispersant, thereby providing distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 850 um and
0.54 g/ml, respectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The

results are given in Table 1.
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The ntasurenent was conducted on the resultant polyner in the sanme manner-
[Exanple 10]

as that of Exanple 4. The results are given in Table 1,
sanme procedure as that of Exanple 4 was re- peated effE

gl ucosi de (degree of saccharide condensgé!on 1. 25)
pol yoxypr opyl enedodecyl gl ucosi de (degr of saccharj

3 equi val ent of pol ypropyl ene oxi de adduct) as the disper

provi ding distorted
[Example 7]

The same procedure as that of Example 4 was re-

peated except that the dodecyl glucoside

(degree of

saccharide condensation: 1.25) was replaced with tet-~

radecyl glucoside (degree of saccharide condensation:

1.28) as the dispersant, thereby providing distorted

granular particles having extremely uneven surfaces.

The average particle diameter and bulk density were 710

pm and 0.45 g/ml, respectively.

The measurement was conducted on the resultant

polymer in the same manner as that of Example 4. The

results are given in Table 1.

[Example 8]

The same procedure as that of Example 4 was re-

peated except that tetradecyl glucoside

saccharide condensation: 1.28) was used in

(degree of

addition to

0.9 g of the dodecyl glucoside (degree of saccharide

condensation: 1.25) as the dispérsant, thereby provid-

ing_gistorted granular particles having extremely

uneVén'surfaces. The average particle diameter and

bulk density were 800 pm and 0.47 g/ml, respectively.

The measurement was conducted on the resultant

polymer in the same manner as that of Example 4. The

results are given in Table 1.
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granuf al particles having extrenely uneven. surfaces. The average particle
di anetef and bul k density were 850 [err] and 0.45 g/-- es-ectlvel . The
measur efrent was conducted on the resultant polyner i ZIgh 3]s

that of | Exanple 4. The results are glv%g in Table %

—

PLACED

[Example 9]

The same procedure as that of Example 4 was re-
S peafed. except that ‘the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with hex-

adecyl glucoside (degree of saccharide condensatijon:

.d 5 2.5) as the dispersant, thereby providing distorted
granular particles having extremely uneven surfaces.
o : The average particle diameter and bulk density were 800
pm and 0.47 g/ml, réspectively.

t | : The measurement was conducted on the resultant

polymer in the same manner as that of Example 4. The

[{]

i results are given in Table 1.
. [Example 101}
- i The same procedure as that of Example 4 was re-
péated. except that the dodecyl glucoside (degree of
. ; saccharide condensation: 1.25) was replaced with 6-
polyoxypropylenedodecyl glucoside (degree of saccharide
condensation: 1.3, 3 equivalent of polypropylene oxide
adduct) as the dispefsant, thereby providing distorted
granular particles having extremely uneven surfaces.
The averade particle diameter and bulk density were 850
pm and 0.45 g/ml, respectively.
The measurement was conducted on the resultant
polymer in the same manner as thatlof Example 4. The

results are given in Table 1.
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[ Exanpl e 11] The same procedure as that of Exanple 4 was re- peated except
that the dodecyl glucoside (degree of saccharide c ond S at o2y
repl aced with dode- cyl glucoside (degree of sacchari eT'd@rﬁi'!ﬁfﬁid‘MS)BEEﬂ
as the dispersant, thereby providing distorted granul _par BERLGEBavi ng
extrenely uneven surfaces. The aver- a&é_partlcle di amet er and bul K

density were 950 [err] and 0.50 g/m, respectively. The neasurenent was

conducted on the regihhple 11]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of

.sacchafide condensation: 1.25) was replaced with dode-

cyl glucoside (degrée of saccharide condensation: 1.6)
'as éhe dispersant, thereby providing distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 950 pm and
0.50 g/ml, respectively.

The measqrement' was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Example 12]

72.; g of acrylic acid was diluted with 18.0 g of
water and neutralized with 98.9 g of a 30 wt. % aqueous
sodium ﬁydroxide solution under cooling, and 10.7 g of
a 2.8 wt. % aqueous potassium persulfate solution was
added thereto to prepare a homogeneous solution.

Separately, a 500-ml flask equipped with a reflux
condenser, a dropping funnel, a stirring rod and a
nitrogen gas feed pipe was charged with 283 ml of
cyclohexane, and 1.8 g of dodecyl glucoside (degree of
saccharide condensation: 1.25) was added thereto. They
were stirred (at 300 rpm) and diépersed in each other,

and the flask was purged with nitrogen and heated to

cet Has Been Reﬂlaced

\\ll\l\\ il e

Date: 96 SEP 19




pol ymér{in the same manner as that of Exanple 4. Th _ BT
Table 1} [Exanple 12] 72.1 g of acrylic acid was dil Jt HSWBHEET HAS BFEDS
water ahd neutralized with 98.9 g of a 30 wt. % aquedus_so&ERARERr oxi dp
solutioﬁ under cooling, and 10.7 g of a.2.8 w. % aqueous potassiu
persul fpte solution was added thereto teprepare a honogeneous sol uti on.
Separately, a 3680epl fhaskbede-gesd ribledd aduddux &OPFENScacid Us6BRUMI
funnel ,{a stirring rod and a

salt) monomer solution was dropwise added thereto over

14

e-
of a period of 30 min. After the completion of the addi-
e— tion, the polymerization was conducted under stirring
5) at 75°C for 1.5 h and then at 80°C for 4 h. In the
ar ‘ course of the polymerization, only water was continu-
— g ously removed from the azeotropic reflux liquid com-
d 2 prising cyclohexane and water. When the water content

of the acrylic acid (sodihm salt) polymer gel haa
it ; reached 30% by weight, 0.18 g of an epoxy bifunctional
e crosslinkiﬁg agent (ethylene glycol diglycidyl ether)

was added to conduct the reaction for 30 min. The

resultant product was fractionated and dried under
£ reduced pressure to provide 88.0 g of a partially
s crosslinked acrylic acid (sodium salt) polymer. The
£ g resultant polymer was in the form of distorted granular

particles having an average diameter of 750 pm and a

i

bulk density of 0.32 g/ml.

The measurement was conducted on the resultant

.

. : polyqer in the same manner as that of Example 4. The
resuiés are given in Table 1.

[Example 13]

30.0 g of acrylic acid was diluted with 7.5 g of
water and néutralized with 41.2 g of a 30 wt. % aqueous

sodium hydroxide solution under cooling. 2.2 g of a
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nitrogen gas feed pipe was charged with 283 nml of cycl ohexane, and 1.8 g of
dodecyl gl ucoside (degree of sacchari de condensati on: was _added

thereto. They were stirred (at 300 rpn) and dlspersed'rmﬁgggﬁgﬁ rBE ﬂ

the flask was purged with nitrogen and hgated to RepLA
above-descri bed aqueous acrylic acid (s m

5.2 wt. % aqueous potassium persulfate solution, 0.030
g of an epoxy bifunctional crosslinking agent (ethylene
glycol diglycidyl ether), 0.75 g of a sugar ester

(trade name: Ryoto Sugar Ester S-507; a product of

Mitsubishi-Kasei Foods Corporation) and 130 ml of
cyclohexane were added thereto. The resulting mixture
was stirred. After purging with nitrogen, an aqueous
monomer solution (W/0O emulsion) was obtained. Separate-
ly, a 500-ml flask equipped with a reflux condenser, a
dropping funnel, a stirring rod and a nitrogen feed
pipe was charged with 170 ml of cyclohexane, and 0.75
g of octyl glucoside (degree of saccharide condensa-
tion: 1.35) was added thereto. They were stirred (at
300 rpm) and dispersed in each other, and the flask was
-pﬁrged with nitrogen and hea;ed to 75 C. The above-
described aqueous monomer solution was dropwise added
thereto over a period of 30 min. After the completion
of the addition, the polymerization was conducted under
stirring at 75°C for 1.5 h‘and then at BO'C for 4 h.
Aftef;éhe completion of the polymerization, the result-
ant product was fractionéted and dried under reduced
pressure to provide 36.5 g of acrylic acid (sodium
salt) polymer. The resultant polymer was in the form
of distorted granular particlés having an average

diameter of 620 pm and a bulk density of 0.45 g/ml.
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salt) ngnoner solution was dropw se added thereto over a period of 30 mn.
After the conpletion of the addi- tion, the polyneri[Z3 ‘ eH

under sfirring at 75 C for 1.5 h and then at 80C fo[jﬁ“ﬁSHﬁﬁka&BEEMr.
the pol ynerization, only water was contipu- ously r:nnvedRE?bM$EMe
azeotropi c refl ux I|qU|d com prising cyégohexane and water. W

er content ofhéhsupeaybsCofCiRe (588 MBYSphk iRAledMadYudiita rEéPx*}@d 30%
by wei glpt, 0.18 g of an epoxy bifunctional crosslinking agent (ethylene

gﬂgcol i glyci dypiret tigt the particles having irregular shapes and

er sizes of several to 20 pm were fused with each other
~f and the unevenness of the surfaces was very large.

>f The measurement was conducted on the resultant
-e g polymer in the same manner as that of Example 4. the
1S é results are given in Table 1.

- é [Example 14]

a : The same procedure as that of Example 4 was re-
d % peated except that the dodecyl glucoside (degree of
5 g saccharide condensation: 1.25) was replaced with 3-
- : octadecanoyloxy-2-hydroxypropyl glucoside (degree of
t . % saccharide condensation: 1.27) as the dispersant,
s é thereby providing distorted granular particles having
- g extremely uneven surfaces. The average particle diame-
] ; ter and bulk density were 930 um and 0.53 g/ml, respec-
1 ; tively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1l.- . |

[Comparative Example 1]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that

the dodecyl glucoside (degree of saccharide condensa-

tion: 1.25) was replaced with:0.9 g of ethylcellulose

T e
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Wwas ddded to conduct the reaction for 30 mn. The resultant product was
fractionated and dried under reduced pressure to pripvioe=88=8=g—0f
partially crosslinked acrylic acid (sodiumsalt) pg QH%SSHEEWHAS
polynmer was in the formof distorted granular partiflcl e ﬁ

di aneter of 750 pmand a bulk density e#70.32 g/ni . T e ; AA S
conducted on the resultant polyner in the sanme manner as that of Exanple 4.
The results @= theedisperseng.l. The resultant polymer of acrylic

acid (sodium salt) was in the form of spherical parti-
cles having a particle diameter of 330 pm and a bulk

density of 0.94 g/ml.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Comparative Example 2]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 2.9 g of sorbitan monos-
tearate (trade name : Rheodol SP-Sl0, a produét of Kao
Corporation) as the dispersant. The resultant polymer
of acrylic acid (sodium salt) was in the form of a
mixture of spherical particles having an average parti-
cle diameter of 50 pm and secondary particles compris-
ing an aggregate of the spherical particles and having
an average.particle diameter of 590 pm, and had a bulk
densfgy of 0.65 g/ml. When the aggregate thus obtained
was thrown into physiological saline, part of the
secondary particles were easily converted into primary
particles.

The measurement was conducted on the resultant

polymer in the same manner as that of Example 4. The
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[Exanple 13] 30.0 g of acrylic acid was diluted with 7.5 g of water and
neutraljyzed with 41.2 g of a 30 wt. % aqueous sodi um oxi de sol ution

under cpol i ng. 2.2 g of a 35 5.2 wt. % aqueous OhA8 TH A&Drﬁ:@ﬁr
ng a Sﬁ%é

sol utloh, 0.030 g of an epoxy blfunctlon% crosslink

.c results are given in Table 1.

- [Comparative Example 3]

k ' An acrylic acid (sodium salt) polymer was produced
in the same'manner as that of Example 4, except that
t the dodecyl glucoside (degree of saccharide condensa-
e | tion: 1.25) was replaced with 1.8 g of polyoxyethylene
sorbitan monostearate (trade namé: Rheodeol TW-S106, a
product of Kao Corporation) as the dispersant. The
i resultant polymer of ;crylic acid (sodium salt) was in
z the form of comfit-shaped particles having a diameter
- of 3 to 30 mm and a bulk density of 0.68 g/ml.

The measurement was conducted on the resultant

) pblymer in the same manner as that of Example 4. The
results are given in Table 1.

[Comparative Example 4]

An acrylic acid (sodium salt) polymer was produced

in the same manner as that of Example 4, except that

the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 1.8 g of a sugar ester
(traaézname: Ryoto Sugar Ester S-1170; a product of

Mitsubishi-Kasei Foods Corporation) as the dispersant.

The resultant polymer of acrylic acid (sodium salt) was

in the form of spherical particles having an average
diameter of 13 pm and a bulk density of 0.59 g/ml.

The measurement was conducted on the resultant
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{

-gl ycol diglycidyl ether), 0.75 g of a sugar ester (trade nane Ryoto Sugal
Ester S-507; a product of M tsubishi-Kasei Foods fEoFporatian) 130 m of
cycl ohexane were added thereto. The resulting m
purging with nitrogen, an aqueous nonongr sol uti
obt ai ned. Separate- |y, a 500-m flask ui pped wt S ser, @&
dropping funnel, a stirring rod and a nitrogen feed pipe was charged mnth

170 m of cycbohgmene;nam&d)éth;mﬁnmmtyhsgbhahﬂaﬁaEﬁagpke df. satledari de
condensa-

results are given in Table 1.

{Comparative Example 5]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 12, except -that
the dodecyl gqlucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 0.9 g of ethylcellulose
as the dispersant. The resultant polymer of acrylic
acid (sodium salt) Was.in the form of spherical parti-
cles having an average diameter of 350 pm and a bulk
density of 0.93 g/ml.

The measurement was conducted on the resultant
polymer in the samé manner as that of Example 4. The

results are given in Table 1.
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tion: "1435) was added thereto. They were stirred (at
di spers¢d in each other, and the flask was purged mﬁtd
to 75 C| The above- described aqueous nononer sol utifn was'a e
theretojover a period of 30 min. After the conpletionLT e addltlon t he
pol ynmer jzati on was conducted under stirﬁﬂ%g at 75[err] for 1.5 h and- then
e 80[efr] for[2ableAlfer the conpletion of the polynerization, the result-
ant protuct was fractionated and dried under reduced pressure to provide

36.5 g ¢f acrylic acid (sodium
Equil. Water Passing

swelling water | absorption rate

ed absorption

(g/9) (ml) (ml/min)

at 4 59 4.1 11.6
a- ; 5 - 56 3.8  14.5
e 6 54 3.9 13.6
. ; 7 56 4.2 14.8
8 55 4.1 15.6
- Ex. 9 55 3.7 14.8
k 10 56 3.8 16.7
11 55 3.7 14.2
t 12 53 7.8 | 38.4
R | 13 54 4.6 12.5
14 55 4.1 18.2
1 53 2.7 2.3
2 55 3.5 1.5
Comp. Ex. 3 53 3.6 5.4
4 51 | 2.5 1.3
5 53 2.8 5.4

[Example 15]

——r b am

102.0 g of acrylic acid was diluted with 25.5 g of
water and partially neutralized with 140.0 g of a 30
wt. % aqueous sodium hydroxide solution under cooling,
and 7.9 g of a 5.2 wt. % potassium persulfate solution

was added thereto to prepare a homogeneous solution as

—_—
—_—
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salt) "polyner. The resultant polyner was in the forn1{\f'  ; .gr anul 3
particles having an average dianeter of 620 [err] and f Dbt | :
0.45 g/m . 36 The surfaces of the pol yner particlesL o]
ture that the particles having irregul ar,.,shapes and si zes of
pmwere fused with each other Al
the aqueous monomer/initiator solution. Separately, a
100-ml1 flask equipped with a reflux condenser, a drop-
ping funnel, a stirring rod and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-(n-dodecyl)gluconamide was added thereto. They
were stirred (at 350 rpm) and dispersed in each other,
and the flask was purged with nitrogen and heated to
75° C. The above-described aqueous monomer/initiator
solution was dropwise added thereto over a period of 1
h. After the completion of the addition of the acrylic
acid monomer solution, the polymerization was conducted
under stirring at 75°C for 0.5 h and then at 80°C for
4h. After the completion of the polymerization, the
granular gel thus formed was fractionated and dried
under reduced pressure to provide 118.5 g of a polymer
of acrylic acid (sodium salt). The resultant polymer
was in the form of distorted granular particles having
an average diameﬁer of 530 pm and a bulk density of
0.36 g/ml. The surfaces of the polymer particles had
sucﬁga-structure that the particles having irregular
shagfz and sizes of several to 20 pm were fused with
each other and the unevenness of the surfaces was very
large.

[Example 16]

100.6 g of acrylamide was dissolved in 212.2 g of

. This Sheet Has Been Reraced ’




and the unevenness of the surfaces was very large. The measur engol
conducfied on the resultant polyner in the sanme manner as :
the repults are given in Table 1. [Exanple 14] The sany
of Exafmple 4 was re- peated except that ithe dodecyl gl
sacchafi de condensatioh 1.25) was repl d wth 3-

@ct adefanoyl o dr oxy. pyl gl ucoside ( egree of sacch ride .
condenfat i on: ‘{ 5? 1358 t“ﬁ’g g épeg éhf % agqueous 2,2'-

azobis~(2-amidinopropane) dihydrochloride solution was

d added thereto to prepare a homogeneous solution as the
3 aqueous monomer/initiator solution. Thereafter, the
4 | same procedure as that of Example 15 was repeated,

! ? except that n-hexane was used as the solvent instead of
cyclohexane, thereby providing 98.5 g of an acrylamide
polymer. The resultant polymer was in the form of
distorted granular particles having an average diameter
of 920 pm and a bulk density of 0.43 g/ml. The sur-

faces of the polymer particles had such a structure

that the particles having irregular shapes and sizes of

f several to 20 pm were fused with each other and the
unevenness of the surfaces was very large.
{Example 17]

150.8 g of sodium acrylamidomethylpropane-

- N b o B v e s W gy a8

sulfonate was dissolved in 212.2 of water, and 7.9 g of
¢ a 2.8 wt. % aqueous 2,2'-azobis(2-amidinopropane)dihy-
drochloride solution was added thereto to prepare a
? homqgéneous solution as the aqueous monomer/initiator
solution. Thereafter, the same procedure as that of
Example 15 was repeated, thereby providing 133.7 g of a
so&ium acrylamidomethylpropanesulfonate polymer. The
resultant polymer was in the form of distorted granular

particles having an average diameter of 1000 pm and a
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thereby providing distorted granul ar particles having extrenely uneven
surfaces. The average particle dianme- ter and bul k density
and 0.53 g/m, respec- tively. The neasurenment was conducte
resul t ant polyner in the sane manner as at of Exanpl e 4.
given in Table 1. [Conparative Exanple n acrylic acid (
pol ymer was produced in the sanme manner as that of Exanple 4, except that

bulk density of 0.52 g/ml. The surfaces of the poly-

mer particles had such a structure that the particles

having irregular shapes and sizes of several to 20 um

wefe fused with each other and the unevenness of the
surfaces was very large.

[Example 18]

102.0 g of acrylic acid was diluted with 25.5 g of
water and partially neutralized with 140.0 g of a 30
wt. % aqueous sodium hydroxide solution under cooling,
and 7.9 g of a 5.2 wt. % aqueous potassium persulfate
solution and 0.082 g of an epoxy bifunctional cross-
linking agent (ethylene glycol diglycidyl ether) were
added thereto to prepare a homogeneous solution as the
agueous monomer/initiator solution. Separately, a
1000-m1l flask equipped with a reflux condenser, a
dropping funnel, a stirring ;od and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-(n-dodecyl gluconamide was added thereto. They
were stirred (at 350 rpm) to obtain a dispersion, and
the flask was purged with nitrogen and heated to 75°C.
The above—degcribed aqueous monomer/initiator solution
was dropwise added thereto over a period of lh. After
the completion of the addition of the acrylic acid
monomer solution, the polymerization was conducted

under stirring at 75'C for 0.5 h and then at 80°C for 4
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the détécyl gl ucosi de (degree of sacchari de condensa- tlon e S N
replacgd with 0.9 g of ethylcellul ose 37 as the di SPRTA& ?tSHEET‘HféSBEE

resultant polymer of acrtlic acid (sodiumsalt) was in \ onanAC

spheri ¢al parti- cles having a particle dlaneter of 330
h. After the completion of the polymerization, the

density of 0.94 g/m. =

resultant granular gel was fractionated and dried under
reduced pressure to provide 117.2 g of a polymer of

acrylic acid (sodium salt). The resultant polymer was

w

in the form of distorted granular particles having an
average diameter of 570 um énd a bulk density of 0.38
g/ml. The surfaces of the polymer particles had such a
structure that the particles having irreqular shapes
and sizes of several to 20 um were fused with each
other and the unevenness of the surfaces was very
large. The measurement was conducted on the resultant
polymer particles in the same manner as that of Example
4. The results are given in Table 2.

[Example 19]

51.1 g of acrylic acid was diluted with 22.6 g of
water and neutralized with 75.0 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling. Thereafter,
143.3 of a 40 wt. % aqueous sodium acrylamidomethylpro-
panesulfonate solution was added thereto, and then 7.9
g o£;;;5.2 wt. % aqueous potassium persulfate solution
and 6:082 g of epoxy bifunctional cross linking agent
(ethylene glycol diglycidyl ether) were added thereto
to prepare a homogeneous solution as the agueous mono-
mer/initiator solution. Thereafter, the same procedure

as that of Example 18 was repeated, thereby providing
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The neasurement was conducted on the resultant polyner in the same manner’
as that of Exanple 4. The results are given in Table 1. [Cbnparatlve
Exanple 2] An acrylic acid (sodiumsalt) polynmer was pfee riteiyees

manner as that of Exanple 4, except thatsthe dodecyl g ﬁﬁﬁééﬂEE@dﬂ@BBEENﬁ
saccharide condensa- tion: 1.25) was repgiaced with 2.9jg of EER&AGEDlnDnc.
tearate (trade nane : Rheodol SP-S10, a product of Kao=to e

di sper sant. TE§1E§S%'%%méF§%é&um acrylate/sodium acrylamidomethyl-
propanesulfonate copolymer. The resultant polymer was
in the form of distorted granular particles having an
average diameter of 580 pum and a bulk density of 0.44
g/ml. 'The measurement was conducted on the resultant
polymer particles in the same manner as that of Example
4. The results are given in Table 2.

[Example 20] .

The same proceduré as that of Example 18 was're—
peated except that the N-(n—-dodecyl)gluconamide was re-
placed with N-(n-decyl)gluconamide as 'the dispersant,
thereby providing 116.7 g of distorted granular parti-
cles having extremely uneven surfaces. The average
particle diameter and bulk density were 670 pm and 0.47
g/ml, respectively. The measurement was conducted on
the resultant polymer particles in the same manner as
that of Example 4. The results are given in Table 2.

{Example 21]

The same procedure as that of Example 18 was re-
peate& except that the N-(n-dodecyl)gqluconamide was re-
placed with N—(n—tetradecyl)gluconamide'as the disper-
sant, thereby providing 117.5 g of distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 530 pm and

0.46 g/ml, respectively. The measurement was conducted
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of acryllc acid (sodiumsalt) was in the formof a mxture of spherical
particlles having an average parti- cle dianeter of 50 pm-aRt—socorHary
particlles conmpris- ing an aggregate of the spherical pj p ¢

an averfage particle dianeter of 590 [err], and had a by k deﬂ&PL&CEP 0. 65
g/ m . Wfhen t he aggregate thus obtai ned thrown into ™ Tof ogr cal -
saline,}] part of the secondary particles were easily converted into primary
particljes. Theoneahe anesulvast cpoliymeed par titleesiht ahe same manner

5 as that of Example 4. The results are given in Table
1 2.
! [Example 22]

The same procedure as that of Example 18 was re-
peated except that N-(n-decyl)gluconamide was used in
addition to 1.25 g of the N-(dodecyl)gluconamide,
thereby providing 118.1 g of distorted granular parti-
cles having extremely uneven surfaces. The average

particle diameter and bulk density were 600 um and 0.40

g/ml, respectively. The measurement was conducted on
the resultant polymer particles in the same manner as
that of Example 4. The results are given in Table 2.

[Example 23]

The same procedure as that of Example 18 was re-
é peated except that the N-(n-dodecyl)gluconamide was re-
| placed with N-(n-hexadecyl)gluconamide as the disper-
sant, thereby providing 117.5 g of distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 630 pm and
0.52 g/ml, respectively. The measurement was conducted
on the resultant polymer particles in the same manner
as that of Example 4. The results are given in Table

2.
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50Iyn§r in the sane manner as that of Exanple 4. The 38 results are

given in Table 1. [Conparative Exanple 3] An acryli
pol ymer was produced in the same manner as that of aﬂmﬁeHEETHASéﬁEN:zH

t he dodecyl gl ucoside (degree of sacchq{lde condensia- REPLACED

anm——

[Example 24]

The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with N-(n-octadecyl)gluconamide as the disper-
sant, thereby providing 117.7 g of distorted granular
particles having extremely uneven surfaces. The aver- .
age particle diameter and bulk density were 720 pm and
0.55 g/ml, respectively. The measurement was conducted
on the resultant polymer particles in the same manner
as that of Example 4. The results are given in Table
2.

[Example 25]

The same procedure as that of Example 18 was re-
peated except that 0.50 g of a sugar ester (Ryoto Sugar
Ester S-570; a product of Mitsubishi-Kasei Foods Corpo-
ration) was used in addition to 2.55 g of Nf(n—
dodeéyl)gluconamide as the dispersant, thereby provid-
ing 118.8 g of distorted granular particles having
extremely uneven surfaces. The average particle diame-
ter and bulk density were 610 pm and 0.53 g/ml, re-
specfivelf. The measurement was conduéted on the
resultant polymer particles in the same manner as that
of Example 4. The results are given in Table 2.

[Example 26]

102.0 g of acrylic acid was diluted with 25.5 g of

—
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,.,I

t'i on: L. 25) was replaced with 1.8 g of pol yoxyethyl ene sorbltan
nonost parate (trade nane: Rheodeol TW S106, a product of=¥Kae .
as the} di spersant. The resultant polynmer of acrylic .'HGMSSHBEUﬂuﬁﬁéééu

was injthe formof confit-shaped particles having a di
and a pul k density of 0.68 g/nl. The nedturenment was co

resul tpnt polyner in the sane nner as t f Ex Th results are
gi ven | n Tabl évalter[ dﬂ%d}%\ﬁ ‘I"btﬁ] E%IOB g o ae30 wt. E

ous sodium hydroxide solution under cooling, and 7.9 g

of a 5.2 wt. % aqueous potassium persulfate solution

was added thereto to prepare a homogeneous solution as

the aqueous monomer/initiator solution. Separately, a
1000-ml1 flask equipped with a reflux condenser, a
dropping funnel, a stirring rod and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-(n-dodecyl)gluconamide was added thereto. The
resultant mixture was stirred (at 350 rpm) to obtain a
dispersion, and the flask was purged with-nitrogen and
heated to 75°C. The above-~described agqueous
monomer/initiator solution was dropwise added thereto
over a period of 30 min. After the completion of the
addition, the polymerization was conducted under stir-
ring at 75°C for 1.5 h and then at 80°C for 4 h. In
thé course of the polymerization, only water was con-
tinuously removed from the azeotropic reflux 1liquid
comprising cyclohexane and water. When the water
contég; of the acrylic acid (sodium salt) polymer
particles had reached 30% by weight, 0.25 g of an epoxy
bifunctional crosslinking agent {(ethylene glycol digly-
cidyl ether) was added to conduct the reaction for 30

min. The resultant partially crosslinked acrylic acid

(sodium salt) polymer was taken out and dried. The

This Sheet Has Been R ..
ei This is the replacement sheet

||IIIII| IIIIII 11

Date: 26 SEP .19%



An actylic acid (sodiumsalt) polynmer was produced in the sane manner as-
that of Exanple 4, except that the dodecyl gl ucosidg i i de
condensa- tion: 1.25) was replaced with 1.8 g of a B
nane: Ryoto Sugar Ester S-1170; a progyct of Mt stihi-shi-XKa _
Corporation) as the dispersant. The resus~ant polyner of acrylic acid
(sodiumsalt) was in the formof spherical particles having an average

diameter of 13-bRLiR- 20k fHds W ' dphiRed® Wirl -£rHth (BRSLEETERE 1WA

conducted on e resm
dried under reduced pressure to obtain 119.3 g of an

acrylic acid (sodium salt) polymer. The resultant
polymer was in the form of distorted granular particles
having an average diameter of 510 pm and a bulk density
of 0.35 g/ml. The measurement was conducted on the
resultant polymer particles in the same manner as that
of Example 4. The results are given in Table 2.

{Comparative Example 6]

The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with 0.9 g of ethylcellulose as the dispersant,
thereby providing 116.9 g of a polymer. This acrylic
acid (sodium salt) polymer was in the form of spherical
particlés having an average particle diameter and a
bulk density of 330 pm and 0.94 g/ml, respectively.
The measurement was conducted on the resultant polymer
particles in the same manner as that of Example 4. The
results are given in Table 2.

,ﬁCOmparative Example 7] _

117.9 g of a polymer was produced in the same
manner as that of Example 18, except that the N-(n-
dodecyl)gluconamide was replaced with 2.9 g of sorbitan
monostearate (trade name : Rheodol SP-S10) as the

dispersant. The resultant polymer of acrylic acid

— _
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in Table 1. [Conparative Exanple 5] An acrylic acid (so |EHﬁ%%HE5r$m$BEgN
was prjoduced in the sane manner as that of Exanple 12, ¢xcept RERBACEDe

39 poTyner in the sane manner as that of Exanple 4. TngrVu;!‘ B0
dodecy] gl ucoside (degree of saccharide &Pndensa-

(sodium salt) was in the form of a mixture of spherical
particles having an average particle diameter of 50 pm
and secondary particles comprising an aggregate of the
spherical particles and having an average particle
diameter of 590 ym, and had a bulk density of 0.65
g/mi. When the aggregate thus obtained was thrown into
physiological saline, part of the secondary particles
were easily converted into primary particles. Thg
measurement was conducted on the resultant polymer

particles in the same manner as that of Example 4. The

i results are given in Table 2.
[Comparative Example 8]

117.9 g of a polymer was produced in the same
manner as that of Example 18, except that the N-(n-
g dodecyl)gluconamide was replaced with 1.8 g of polyox-
| yethylene sorbitan monostearate (trade name: Rheodol
TW-S106, a product of kao Corporation) as the diéper-
sant. The resultant polymer of acrylic acid (sodium
salt). 'was in the form of comfit-shaped particles having
- a dé?ﬁéter of 3 to 30 mm and a bulk density of 0.68
g/mi; The measurement was conducted on the resultant
polymer particles in the same manner as that of Example

4. The results are givgn in Table 2.

[Comparative Example 9]

118.6 g of a polymer was produced in the same

i
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tion: 1. 25) was replaced with 0.9 g of ethylcellul ose as the dispersant. .*
The resultant polynmer of acrylic acid (sodiumsalt) was in the fornlof
spherical parti- cles having an average diameter of 350 [ETTI=2
density of 0.93 g/m . The neasurenment was conducted on

pol ymer in the same manner as that of Exzhple 4. The res
Tabl e 1. =

manner as that of Example 18, except that the N-(n-
dodecyl)gluconamide was replaced with 1.8 g of a sugar

ester (trade name: Ryoto Sugar Ester S-1170; a product

of Mitsubishi-Kasei Foods Corporation) as the disper-
sant. The resultant polymer of acrylic acid (sodium
salt) was in the form of spherical particles having an
average diameter of 13 pm and a bulk density of 0.59
g/ml. the measurement was conducted on the resultant
polymer particiés in'fhe same manner as that of. Example
4. The results are given in Table 2.

[Comparative Example 10] |

118.3 g of a polymer was produced in the same
manner as that of Example 26, except that the N—~(n-
dodecyl)gluconamide was replaced with 0.9 g of ethyl-
cellulose as the dispersant. The resultant polymer of
acrylic acid (sodium salt) was in the form of spherical
particles having an average diameter of 350 um and a
bulk density of 0.93 g/ml. The measurement was con-
ducted on the resultant polymer particles in the same
mann?é as that of Example 4. The results are given in

Table 2.

i i \ﬂ‘“’"

This is the replacement sheet

Date: 26 Sep 199




H
ot

40 -[—'Tabl e 1] Equil. Wat er Passing swelling water absorption
rate apsorption (g/g) (m) (M/mn) 4 59
4.1 11.6 5 56 3.8 -‘ N
3.9 13.6 52 RepigégBEEN
[Table 2] -
Equil. Water Passing
swelling water | absorption rate
absoxrption
(g/g) (ml) (ml/min)
18 57 ' 4.4 12.2
19 57 3.3 13.2
20 58 3.7 12.8
21 , 59 3.0 15.1
Ex. 22 ' 59 4.0 . 13.7
23 58 3.3 13.3
i 24 58 3.5 18.9
25 59 3.2 12.6
‘ 26 52 7.5 40.2
53 2.7 2.3
55 3.5 1.5
Comp. Ex. 8 53 3.6 5.4
| 51 2.5 1.3
10 53 - 2.8 5.4

—
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WHAT IS CLAIMED IS:

l. A process for producing polymer particles with
an irregular shape by polymerizing a water-soluble
polymerizable'monomer in a system comprising a hydro-
phobic organic solvent inert to the polymerization and
an aqueous solution of - the water-soluble polymerizable
monomer, characterized in that the system further con-
tains a glycoside compound having such a structure that
the hydrogen atom of the hemiacetal bond in thg com~
pound has béen,substituted for a hydrophobic group or a

gluconamide compound as a dispersant.

2. A process for producing polymer particles with an
irregular shape aécording to Claim 1, wherein said
glycoside compound is a compound of the following
general formula 1:
rlor?) 6, 11

wherein Rr! represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group héving 6 tq
22 carbon atoms, or a hydroxyacyloxyalkyl group
having at least 9 carbon atoms, Rz-represents an

alkylene group having 2 to 4 carbon atoms, G

represents a réducing sugar residue having 5 or 6
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Conp.
2.5
102.0
neutra
under
added

glmmlmm/mguu 2

g of acryllc ‘acitd wass ted with 25.5 g o
ized with 140.0 g of a 30 wt. % agpeous so
cooling, and 7.9 g of a 5.2 wt. Wﬁgﬁiassium

[ hereto to prepare a honogeneous sol uti on as
carbon atoms, x represents-a number of 0 to 10 on

average and y represents a number of 1 to 10 on
average, with the proviso that when x is 2 or
above, then R2s may be the same or different from
each other, and the hydrogen atom of the hydroxyl
group in G may be substituted for a methyl or
ethyl group or a unit having 12 or less carbon
atoms and ét least one hydrophilic group such as

an ether oxygen, ester group, amido group, inonic

group, hydroxyl group or ammonium group.

3. A process for producing polymer particles with an
irregular shape according to Claim 2, wherein said
glycoside compound is a compound of the following
general formula 2:
R3G', [2]
.wherein Rr3 represents a linear or branched alkyl,
;élkenyl group, or an alkylphenyl group having 6 to
KEZ carbon atoms, or a hydroxyacyloxyalkyl group
having 9 to 25 carbon atoms, G' represents a

reducing sugar residue having 5 6r 6 carbon atoms

and y' represents a number of 1 to 6 on average.
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21 the aqueoué nDnoner/initiatdr'solution. Separately, a 100-m flask

equi pped with t"ﬂ "uml , a drop- ping funnel, a stirring rod and a
nitrogen gas f lﬂi ged with 400 m of cyclohexane ngd 2-&5 g
of N-(n-dodecyl Jgl conari dé mas added t hereto. They_ wete=%F ﬁg

b Ealtrogrn

rpm and dlspersed I n each other, and t fl ask was \\purgenty

and heated to _*~’_552—~—“”""

4. A process for producing polymer particles with an
irregular shape according to Claim 2, wherein said

glycoside compound is a compound of the following

general formula 10:
R%G" [10]
wherein Rr? represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl group
having 9 to 25 carbon atoms, G" represents a
reducing sugar residue having 5 or 6 carbon atoms
wherein the hydrogen atom of the hydroxyl group is
substituted for a polyoxyethylene, polyoxypropyl-

ene or polyélyceryl group and y" represents a

number of 1 to 6 on average.

5. A process for producing polymer particles with an
irregulai shape according to Claim 1, wherein said
glucoﬁamide compound is a compound of the following

general formula 11:

R, 0
' [11]
R-N-C~(CH),-CH,0H
OH
is Sheet Has Been Rei This is the ,ep{a‘;ement gheet
T 26 S M
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75 C. | The above- d‘scrlbed agueous nononer/initiator solution

added t{hereto 1 h. After the conple u—v”‘“’f’q“ i tion of
the acfylic acﬁuﬂm m!"m t he pol yneriz T””u- 3 dunder
It Orn

stirrihg at 75[%r rf] and then at_80[err] -

for AEPLACEY o 10
conpl efion of the polynerization, the gr | ar ge bas=FoT T6d Was
fractipnated and dried under reduced pressure to provide 118.5 g of a

pol ymef of acrylicwherdifisBdand Ral¢dch rdpreesentst anhy@obyenratom,ia t he

formof distorted %ranular particles having
inear or branched alkyl or alkenyl group having 5

to 25 carbon atoms, a phenyl group or an alkylaryl

group having 7 to 25 carbon atoms, with the proviso

that not both of R and R; are hydrogen atoms at the
same time, and R and R; may contain a functional
group such as a hydroxyl, ether, oxyalkylene or

acetyl group.

6. A process for producing polymer particles with an
irregqular shape according .to any of Claims 1 to 5,
wherein said water-soluble polymerizable monomer is an
olefinically unsaturated carboxylic acid or an alkali

salt thereof.

e

7. giprocess for producing polymer particles with an
irregdlar shape according to-CIaim 6, wherein said
water-soluble polymerizable monomer is acrylic acid,

methacrylic acid, maleic acid, fumaric acid or an alkali

salt thereof.

is Sheet Has Been Re; laced

"l

This is the replacement sheet

Date: g ggé 1%



£ I

an average di aneter of 530 [err] and a bulk density of 0.36 g/m. The
surfaces of the polymer particles had such a structure that the partlcles

having irregul ar shapes and sizes of several to 20 pm w 7 =S

ot her and the unevenness of the surfaces syas very large T@&*@&E@@@]Bﬂm ‘
REP CED -

PROCESS FOR PRODUCING POLYMER PARTICLES

g of acrylam de was dissolved in 212.2 g-ef

WITH IRREGULAR SHAPE

ABSTRACT OF THE DISCLOSURE

The process of the present invention for producing
polymer particles with an irregular shape by polymerizing
a water-soluble polymerizable wmonomer in a system
comprising a hydrophobic organic solvent inert to the
polymerization and an aqueous solution of the water-
goluble polymerizable monomer is characterized in that
the system a glycoside compound having such a structure
that the hydrogen atom of the hemiacetal bond in the
compound has been _substituted for .a hydrophobic group, or

a gluconamide computer as a dispersant.
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42 water, and 7.9 g of a 2.8 wt. % aqueous 2,2'-

azobi s- (2- am di nopr opane) di hydrochl ori de sol ution was added/t etoto
prepare a honbgeneous sol ution as the aqueous nononer/initiagtor/solution.
Thereafter, the sane procedure as that_ of Exanple 15 was réepedted, except
that n-hexane was used as the solvent iHdtead of cycl ohexgs b
providing 98.5 g of an acryl am de pol yner.
t he form of

I
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di-st ort ed granul ar particles having an average di aneter REBEACENEEHHSHEET

bul k density of 0.43 g/m. The sur- faces of the polyne articles ha
such a structure that the particles having irregul ar shapeg a0 5 SEE 999 f
several to 20 [err] were fused with each other and the upeVenness of t
surfaces was very large. [Exanple 17] 130.8 g of sodium

acryl am donet hyl propane- sul fonate was -gtssolved in 212.2_of water, and 7.

g of a2.8ut. qbaq%%%%%s% %dkaﬁ%%dﬂéiﬁﬂ“§B£§ﬁﬁﬁpﬁﬂﬁifbﬂﬁs

WITH IRREGULAR SHAPE

BACKGROUND OF THE INVENTION
[Field of the Invention] |

The present invention relates to a process for
producing polymer particles with an irregular shape
useful as a water-absorbent resin having a small Eppar—
ent specific gravity and being excellent in water
absorption, gas permeability and liquid permeability
and also in gel strength after water absorption.
[Deséription of the Prior Art]

Water—-absorbent resins has found a wide variety of
applications in the fields of medical service, such as
sanitary materials, féod industry and agricultural
technology, etc., by taking advantage of their capabii-
ities 6f water absorption and water retention. In
particular, when the absorbent resins are used in
sanjtary materials, such as sanitary articles, disposa-
ble diapers, etc., a large water absorption per unit
weight and a high absorption rate are required of them.
The water absorption depends upon the molecular struc-
ture of the resin, and it is considered that, among the
resins having the same weight, the smaller the particle

diameger ©f the resin powder, the larger the specific
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S
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H
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drochl ori de solution was added thereto to prepare a hofREPhACEMENT SHEET
t he aqueous nononer/initiator solution. Thereafter, tlh E
t hat of Exanple 15 was repeated, thereby providing 133.{7{g Qf ﬁg&é m
acryl am donet hyl propanesul f onat e pol yner. The resul t gnt pgﬁ§§€ n
the formof distorted granular particlesyhaving an avera ' |1
[err] —

as
as

D00

surface area and the higher the water absorption rate.
For this reason, various proposals have been made on
the process for producing a water-absorbent resin
comprising a resin powder having a small particle
diameter and being suitable for a water—absorbent
resin.

For example, Japanese Patent Laid-Open No.
167302/1982 proposes an attempt to improve the water
absorption rate by conducting polymerization using a
particular surfactant as a dispersion stabilizer for
the polymerization to provide a water—absorbent resin
powder having a particle size reduced to 1 to 40 pm.
However, mere pulverization of the water~absorbent
resin causes the formation of curd during water absorp-
tion, so that no sufficient water absorption fate can
be attained.

Japanese Patent Laid-Open No. 106902/1987 de-
scribes a process for producing a water-absorbent
porous polymer having pores in the inside thereof and a
high specific surface area, which comprises preparing
an 0/W/0 emulsion of a monomer and polymerizing the
monomer. In this process, however, the step of prepar-
ing the 0/W/0 emulsion is troublesome, and the pores of
the resultant polymer are not always interconnected

with each other, so that no water-absorbent resin



bul K ‘density of 0.52 g/m.

Rt

The surfaces of the p REPLAEEW SHEE;I

such a structure that the particles having irregul dr [Shapes and si je
to 20 pmwere fused with each other and thg
surfaces was very large. [Exanple 181 102.0 g of adgry
with 25.5 g of water and partially neutgalized wth 146-
aqueous sodi um hydroxi de sol uti on under Tooling, a 7.9 g of a 5.2 .

h¢

q
<

I
!

k

agueous pot asviimy persat fsfisctory initial water absOrption rate can

be produced.

On the other hand, Japanesé Patent Laid-Open No.
200102/1986 proposes a process for producing water-
absorbent resin particles, which comprises initiating
W/0 type reverse phase suspension polymerization at O
to 20°C, holding the reaciion system at that tempera-
ture until the degree of polymerization reache§:30%,
and raising the temperature to complete the polymeriza-
tion. It discloses that this process provides water-
absorbent resin particles wherein fine particles having
a size of 1 to 40 pm are relatively loosely bonded to
each other and tﬁe particles have a high void fraction,
are porous and have a high water absorption rate. In
this process, it is necessary above all to control the
polymerization temperature to be in the range of 0 to
20°C until the conversion reaches 30%. It is very
difficult, however, to control the polymerization
temperature by efficiently removing the heat of poly-
merization at such a low temperature, which renders
this process unsuitable for the mass production of
water—-absorbent resin particles. Further, the process
is disadvantagebus in that it is poor in the productiv-
ity because a large amount of the polymer deposits on a

polymerization vessel in the course of the reaction.
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solution and 0.082 g of an epoxy bifunctional cross- |ink »
(ethylene glycol diglycidyl ether) were added thereto to BEM%NT SHEET
honbgeneous sol uti on as the aqueous nononer/initiator solfution.
Separately, a 1000-m flask equi pped with a reflux condefs ar,2g§E§g®£g
funnel, a stirring rod and a nitrogen gas feed pi pe was ¢harged Wth 0
of cycl ohexane, and 2.55 g of N-(n-dodec¢yl gluconam de was-added—thereto'
They were stirred (at 350 rpriUMMARIDIQR (TBE dINYBNEI@GR, apd the flask was

purged with nitrogen and heated to 75 C. . . .
Accordingly, an object of the present invention 1s

to provide a process for producing polymer particles
with an irregular shape useful as a water—absorbent
resin having a small apparent specific gravity and
being excellent in water absorption capacity such as
initial water absorption rate, gas pérmeability and
liquid permeability and also in gel strength after
water absorption, which process is simple in the
operation and excellent in the productivity and enables
the polymer particles to be mass produced.

The present inventors have made intensive studies
and, as a result, have found that the above-described
object can be attained by using a specified glycoside
or glﬁconamide compound as a dispersant in the polymer-
ization of a water-soluble polymerizable monomer.

The present invention which has been made on the
basis of the above-described finding provides a process
for producing polymer particles with an irregular shape
by polymerizing a water-soluble polymerizable monomer
in a system comprising a hydfophobic organic solvent
inert to the polymerization and an agueous solution of
the water-soluble polymerizable. monomer, which process
is characterized in that the sfstem further contains a

glycoside compound having such a structure that the




3
The above-descri bed aqueous nononer/initiator solution M
thereto over a period of Ih. After the conpletion of thg gE%?:vnﬁﬂ;gHEFF
acrylic acid nononmer solution, the polynerization was cpnfgluct ed under

stirring at 75[err] for 0.5 h and then at 80[err] for 4 2 0rDEC 1994 ¢
the conpletion of the polynerization, thg

174

=

hydrogen atom of a hemiacetal bond in the ‘compound-has |
been sut;stituted for a hydrophobic group or a glucona-
mide compound as a dispersant.

The polymer particles with an irregular shape
produced by the process of the present invention have a
shape utterly different from a spherical one (a non-
spherical shape) and an average particle diameter of 10
pm or larger as measured by the sieving method (JIS)
and a high void fraction, thus imparting a high water
absorption rate and exéellent gas permeability, liquid
permeabili;cy and gel strength after water absorption to
a water-absorbent resin as an aggregate of such polymer
particles.

According to the present invention, it s possible
to produce polymer particles with an irregular shape
useful as a water-absorbent resin having a low apparent
specific gravity and being excellent in water absorp-
tion capacity such as initial water absorption rate,
gas permeability and liquid permeability and also in
gel strength after water absorption through a simple
operation at an excellent productivity in a mass-
producible manner by polymerizing a water-soluble
polymerizable monomer in the presence of a specified
dispersant.

Therefore, the polymer particles having an irregu-



resul tant granul ar gel was fractionated and dried unde

provide 117.2 g of a polyner of acrylic acid (sodiums
polymer was in the formof distorted granular particle
di ameter of 570 [err] and a bulk density of 0.38 g/m.

The resu

Vi O 1996er|ad

The surftaces off t

pol ymer particles had such a structure téat the partic{e
shapes and sizes of several to 20 pmwere fused Wi e
unevenness of3fh&haRes &’E@gqﬁﬁéi %\Yerﬁ;‘q aﬁ"g%‘.:eﬁﬂeogsggﬁr
on the resul%g

Q% are useful as a water—absorbent polymer

havT g~ TTE

to be used

in sanitary materials which come in contact with the

human body, for example, sanitary napkins, paper diap-

ers, sheets for adults, tampons and sanitary

cottons by

virtue of the particularly excellent water absorption.

Further, since the polymer of the present invention is

less susceptible to deterioration in gel structure even

when used for a long period of time and further highly

elastic, it can be used as a water-retaining agent for

various horticultural purposes and a water cutoff agent

for civil engineering works and construction and fur-

ther can be expected to be applied to cosmetics wherein

importance is attached to the shape, elasticity, water

absorption and gas permeability.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of an apparatus for

measuring the water absorption as a measure of the

water absorption rate which is used in the Examples and

Comparative Examples.

Figes 2 is a schematic view of an apparatus for

measuring the physiological saline passing

rate which

is used in the Examples and Comparative Examples.

DETAILED DESCRIPTION OF THE INVENTION

The process for producing polymer particles with
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polyﬁer particles in the sanme manner as that of Exanpl
given in Table 2. [Exanple 19] 51.1 g of acrylic acid

g of water and neutralized with 75.0 g of a 30 w. % qqueo sodi um
afibDEC. afjupous

hydr oxi de sol uti on under cool i ng. Thereafter, 143.3
sodi um acryl am donet hyl pro- panesul fonate sol uti on wajs

ed_thereto,

then 7.9 g of a 5.2 wt. % aqueous pot assium persul f at

> solution and 0.0B82 g

of epoxy bifunc

i onal _.cross |inking agent - .
an Erregular shape acékrglng to the present invention

will now be described. In the descripfion, "' is "%
by weight"™ unless otherwise specifigd.

Preferable examples of the water-soluble polymer-
izable monomer to be used in the present invention
include vinyi monomers having a polymerizable unsatu-
rated group, such as olefinically unsaturated carboxyl-
ic acids and salts thereof, olefinically unsaturated
carboxylic acid esters, olefinically unsaturated sul-
fonic acids and salts théfeof, olefinically unsaturated
phosphoric acids and salts thereof, olefinically unsat-
urated amines, olefinically unsaturated ammonium salts
and olefinically unsaturated amides. Among them,
olefinically unsaturated caﬁboxylic acids or salts
thereof are particularly preferred in the present
invention.

Examples of the olefinically unsaturated carboxyl-
ic acids and salts thereof include acrylic, methacryl-
ic, maleic and fumaric acids and alkali salts thereof.
Examples of the olefinically unsaturated carboxylic
acid esters include methoxypolyethylene glycol
(meth)acrylate, phenoxypolyetﬁylene glycol (methraqry-

late and hydfoxyethyl (meth)acrylate. Examples of the

olefinically unsaturated sulfonic acids and salts

thereof include (meth)acrylamidomethylpropanesulfonic
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Qethyrene gl ycol diglycidyl ether) were added thereto prepare o

honogeneous sol uti on as the aqueous nono- ner/initiatdr soé Lon.
r zigﬁgﬁﬁgéhe

Ther eafter,
provi di ng

the sane procedure as that of Exanple 18 Jag

45 131.5 g of a sodium acryl ate/ sodi um aqgr WLan donethyl-
propanesul fonate copol ynmer. The resulta@nt polynmer was

a4

re

and allylsulfonic acids and alkali salts thereof.
Examplés of the olefinically unsaturated phosphoric
acids and salts thereof include (meth)acryloyl(poly)-
oxyethylenephoéphoric esters and alkali salts thereof.
Examples of the olefinically unsaturate amines include
dimethylaminoethyl (meth)acrylate. Examples of the
olefinically unsaturated ammonium salts include (meth)-
acryloyloxyethylenetrimethylammonium halides. Examples
of the olefinically unsaturated amides include (meth)-
acrylamide and (meth)acrylamide derivatives such as N-
methyl(metb)acrylamide, N-ethyl(meth)arylamide and N-
propyl(ﬁeth)acrylamide, and vinylmethylacetamide. They
may be used either alone or in the form of a mixture of
two or more of them. Examples of the alkali salts
include alkali methal salts, alkaline earth metal salts
and ammonium salts.

The concentration of the water-soluble polymeriza-
ble monomer in an aqueous solution thereof is prefera-
bly 1 to 90%, still preferably 10 to 60%.

In the preseﬁt invention, examples of the hydro-
phobic orgénic solvent inert to the polymerization
include aliphatic hydrocarbons such as n-pentane,
cyclopentane, n-hexane, cyciohexane, n-hebtane and
methylcyclohexane, aromatic hydrocarbons such as ben-

zene and toluene, aliphatic alcohols having 4 to 6



I.n the formof distorted granular particles having an av dHﬁ&J«U g _
580 [err] and a bulk density of 0.44 g/m . The neasurenent wua cotreee4
the resultant polymer particles in the sane manner as that Ef
The results are given in Table 2. [Exanple 20] The same fdrdc a @E25996a1
of Exanple 18 was re- peated except that, the N-(n-dodecylj) d-uconan de wa$
re- placed with N-(n-decyl)gluconam de &s the dispersant thereby providin
116.7 g of distorted granular parti- : )
carbon atoms, such as n-butyl alcohol and n—-amyl alco-

hol, aliphatic ketones such as methyl ethyl ketone, and
aliphatic esters such as ethyl acetate. They may be
used alone or in the form of a mixture of two or more
of them.

The amount of use of the hydrophobic organic
solvent preferably ranges from 50 to 500% based on the
agueous solution of the water-soluble polymerizable
monomer.

The dispersant to be used in the polymerization of
the above-described water-soluble polymerizable monomer
in the present invention is a glycoside compound having
such a structure that the hydrogen atom of the hemiace-
tal bond has been replaced with a hydrophobic group
(hereinafter referred to as "glycoside compound A") or
a gluconamide compound.

The glycoside compounds A are those derived from
the following saccharides by replacing the hydrogen
atom of the hemiacetal bond thereof with a hydrophobic
group: pentoses such as ribose, arabinose, xylose,
lyxose and ribulose; monosaccharides such as allose,
altrose, glucose, mannose, gulose, idose, galactose,
talose and fructose as well as condensates of them;
maltooligosaccharides such as maltose, isomaltose,

isomaltotriose and cyclodextrin; cellooligosaccharides




¢l es havi-ng extrenely uneven surfaces. The average'RERBAﬁﬁm@E r¥ and
bul k density were 670 [err] and 0.47 g/m, respectively. The measuf ehent
was conducted on the resultant polyner particles in th sgquEgnmeﬁ s{t hat
of Exanple 4. The results are given in Table 2. [Exanplie 21] The sa

procedure as that of Exanple 18 was re-lgfated except| trat—The
N- (n- dodecyl ) gl uconam de was re- placed=wi

th N-(n-tet%g%gngLQLuananLde as
the disper- gakh ashe/ealbricud didil 1dVidogaééhdrs8esl ety azulgalac-

tooligosaccharide, mannooligosaccharide, fructooligo-

saccharide, sucrose and lactose.

The hydrophobic groups include alkyl and alkenyl
groups having at least 6 carbon atoms, preferably at
most 22 carbon atoms, alkylaryl groups, polyoxyalkyle-
nealkyl groups and alkylphenyl groups; and acyloxyhy-
droxypropyl and alkoxyhydroxypropyl groups in whiﬁh the
acyloxy or alkoxy group has at least 6 carbon atoms,'
preferably at most 22 carbon atoms. Examples of fhem
include octyl, decyl, dodecyl octadecyl, octadecenyl
and 3-octadecanoyl-2-hydroxypropyl groups.

The glycoside compounds A are not particularly
limited and compounds represented by the following
general formula 1 are preferred:

[General formula 1]

R1(0R?) G,
wherein Rl répresents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl group
having at least 9 carbon atoms, R2 represents an
alkylene group having 2 to 4 carbon atoms, G
represents a reducing sugar residue having 5 or 6

carbon atoms, x represents a number of 0 to 10 on

average and y represents a number of 1 to 10 on



particles having extrenmely uneven surfaces. The aver-
and bul k density were 530 [err] and 0.46 g/m, respecti
measur enent was conduct ed 46 on the resultant poly
samne manner as that of Exanple 4. The results are

}&_
average, with the proviso that when x is 2 or
above, then RZs may be the same or different from
each other, and the hydrogen atom of the hydroxyl
group in G may be substituted for a methyl or
ethyl group or a unit having 12 or 1less carbon
atoms and at least one hydrophilic group such as
an ether oxygen, ester group, amido group, inonic

group, hydroxyl group or ammonium group.

In the above general formula 1, Rl is preferably
an alkyl, alkenyl or an alkylphenyl group having 6 to
22 carbon atoms, or a hydrocy-acyloxypropyl group
having 9 to 25 carbon atoms and x is preferably 0.

The compounds of the above general formula 1 are
preferably compounds of the following general formula
2, and alkyl glucosides and alkyl polyglucosides of the
above general formula 1 wherein the hydrogen atom of
the hydroxyl group in G is reﬁlaced with a functional
group of the following general formulae 3 through 9,
and derivatives of them. In the éompounds of the above
general formula 2, those wherein R3 has 8 to 18 carbon
atoms are preferred.

Examples of them include dodecyl glucoside, decyl
glucoside, tetradecyl glucoside, 6-polyoxypropylenedo-

decyl glucoside, octyl glucoside, 3-octadecanoyloxy-2-



[ Exanpl e 221 The sanme procedure as that of Exanple REPLACEMENT except
t hat N-(n-decyl)gluconam de was used in addition tp
N- (dodecyl ) gl uconam de, thereby providing 118.1 g pf{ di nyl ar
parti- cles having extrenmely uneven surfaces. The
di aneter and bul k density were 600 [err],and 0.40 p/w | . The
measur enment was conducted on the resul takt polyner{ particles in the jsane

manner as t gl Ak EXaIRNE ghucH dESWdEe8lS Y Ud5 AP End- aode-

cyl fructoside.

[General formula 2]
R3c'y,
wherein R3 represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl -group
having 9 to 25 carbon atoms, G' represehts a
reducing sugar residue ‘having 5 or 6 carbon atoms

and y' represents a”number of 1 to 6 on average.

[{General formula 3]

|
CH,

wherein ml represents a number of 0 to 10.

[General formula 4]
+CH,CH,09—H

wherein m2 represents a number of 0 to 10,

[General formula 5]
€CH;9+35CO;Na,

wherein m3 represents a number of 0 to 10,



5[Exanple 23] The same procedure as that of Exanple 1
that the N-(n-dodecyl)gluconan de was re- placed wit REPLACE
N- (n- hexadecyl ) gl uconanmi de as the disper- sant, ther
of distorted granular particles having extrenely une e 2fjﬁﬁgs%9 T
aver- age particle diameter and bul k degsity were 63 %2
respectively. The measurement was condétted on the r

he

particles in the same manner as that of Exanple 4 The results are glv

Tabl e [General formula 6]

{+CH,CH,03-S0,Na

wherein m4 represents a number of 0 to 10,

[General formula 7]

-CH,CHCH,O0H,

OH

[General formula 8]

o)
|
-C-CH,CHCO,Na

SO,Na
[General formula 9]

-P(OH),

o)

As the compounds of the above general formula 1,
those of the following general formula 10 are pre-

ferred.

[General formula 1.0]
LI

wherein R4 represents a linear or branched alkyl,

alkenyl groﬁp, or alkylphenyl group having 6 to



2. ‘47 [ Exanpl e 24] The sane procedure as that M@MMM re-
peat ed except that the N-(n-dodecyl)gluconam de vap re- placed w tih

N- (n-oct adecyl ) gl uconam de as the di sper- sant, }herebg WQW g117.7 g
of distorted granul ar = _

=

14

22 carbon atoms, or a hydroxyacyloxyalkyl group
having 9 to 25 carbon atoms, G" represents a
reducing sugar residue having 5 or 6 carbon atoms
wherein the hydrogen atom of the hydroxyl group is
substituted for a polyoxyethylene, polyoxypropyl-
ene or polyglyceryl group and y" represents a

number of 1 to 6 on average.

In the compounds of the above general formula 10,
preferred are those wherein R has 8 to.18 carboq atoms
and the degree of polymerization of the hydroxyethyl-
ene, hydroxypropylene or glycerol group is 0 to 4.

The gluconamide compounds include those produced
by reacting the following amine with gluconolactone:
n-butylamine, sec-butylamine, t-butylamine, n-pentyla-
mine, n-hexylamine, n-heptylamine, 2-ethylhexylamine,
n-octylamine, n-nonylamine, n-~decylamine, n-undecyla-
mine, n-dodecylamine, n-tridecylamine, n-tetradecyla-
mine, n-hexadecylamine, n-octadecylamine, n-eicosyla-
mine, diisobutylamine, di-n-butylamine, di-2-ethyl-
exylamine, 3-methoxypropylamine, 3—ethoxypropylaﬁine,
benzylamine, toluidine, naphthylamine and p-
ethoxyaniline.

Although the gluconamide compounds are not partic-

' ularly limited, preferred are compounds of the follow-



particles having extrenmely uneven surfaces. The avej Pﬂﬁi, fbrr Qo "‘T
di aneter and bul k density were 720 [err] and 0.55 g/ (cswabh 2 1The
measur enent was conducted on the resultant polynmer pprgticles in the {sgnme
manner as that of Exanple 4. The results are given |n T 19IE<qdnyl e
25] The sane procedure as that of Exanp 18 was re-{ peated except tjhgt
0.50 g of a sugar ester (Ryoto Sugar E r S-570; a product of
M t subi shi - Kasei Foods Cor po-

ing general formula l1ll, still preferred are compounds

of the following general formula 12 and particularly
preferred are compounds of the following general formu-
la 13:
[General formula 11]
R, O
|1
R-N-C-(CH),=CH,0H

OH

wherein R and R, each represents a hydrogen atom, a
linear or branched alkyl or alkenyl group having 5
to 25 carbon atoms, a phenyl group or an alkylaryl
group having 7 to 25 carbon atoms, with the proviso
that not both of R and Ry are hydrogen atoms at the
same time, and R and R; may contain a functional
group such as a hydroxyl, ether, oxyalkylene or
acetyl group.
[General formula 12]

) R, 0
L
R,~N~C-(CH),~CH,OH

OH

wherein R, and R3 each repreéents a hydrogen atom,
a linear or branched alkyl or alkenyl group having

5 to 25 carbon atoms, a phenyl group or an alkyla-



ration) was used in addition to 2.55 g of N-(n- dode
di spersant,
havi ng ‘extrenely uneven surfaces. The average particlg di 4993"C
density were 610 [err] and 0.53 g/m, re- spectively ?ﬂgTﬁgggﬁﬁen
was conducted on the resultant polyner rticles in thelsafre—manmer
of Exanple 4. The results are given in
acrylic acid was fyiu%ed with 25 5 g q;

PRRACEMENT SHEE

thereby provid- ing 118.8 g of distorted jgrlanular particl

e

S

ble 2. [Exanple 26] 102.0 g of

= 30

t he
ul k

t hat

¥oup havirig o 25 carbon atoms, with the
proviso that not both of Ry and Ry are hydrogen
atoms at the same time.

[General formula 13]

0
i
R,-NHC-(CH),-CH,OH

OH

wherein R, represents a linear or branched alkyl
or alkenyl group having 5 to 25 carbon atoms, a
phenyl group or an alkylaryl group having 7 to 25

carbon atoms.

Particularly preferred gluconamide compounds are
those of the above general formula 11, general formula
12 and general formula 13 wherein R represents an
alkyl, aikenyl or alkylphenyl group having 8 to 18
carbon atoms. Examples of them include N-(n-
decyl)gluconamide, N-(n-dodecyl)~-gluconamide, N-(n~-
tetradecyl)gluconamide, N-{(n-hexadecyl)gluconamide and
N-(n-octadecyl)Ygluconamide.

Although a satisfactory effect can be attained
even when the glycoside compound A or gulconamide
Compound is used alone as a dispersant, they can be

used in the form of a mixture of two or more of them.



.47 [ Exanpl e 24] The sanme procedure as that of Exa
except that the N-(n-dodecyl)gluconam de was re-

N- (n- oct adecyl ) gl uconanmi de as the disper- sant, tHherjeby providing{l
of distorted granular particles having extremely uUngqveR 0 QECH96.

aver -

17

_1

The effect of the dispersant can ﬁe'attained even
when the amount thereof is small, and this amount
preferably ranges from 0.01 to 20%, still preferably
from 0.02 to 10%, still more preferably from 0.05 to
10% based on the water-soluble polymerizable monomer.

* The water-soluble polymerizable monomer can be

polymerized in a system comprising a hydrophobic organ-

ic solvent inert to the polymerization and an aqueous

solution of the water-soluble polymerizable monomer,
for example, by the following processes (1) to (4):

(1) a process comprising mixing an aqueous solu-
tion of a water-soluble polymerizable monomer with a
hydrophobic organic solvent at once and then polymeriz-—
ing the monomer (batch polymerization);

(2) a process comprising conducting polymerization
successively while dropwise adding an aqueous solution
of a water-soluble polymerizable monome; to a hydropho-
bic organic solvent (successive polymerization);

(3) a process comprising conducting polymerization
while dropwise.adding a mixed solution produced by
previously mixing or dispersing an aqueous solution of
a water-soluble polymerizable monomer in part of a
hydrophobic organic solvent to a hydrophobic .organic
solvent (predispersion); and

(4) a process wherein the processes (1) to (3) are

LACEMENT SHERE} e

7.7 ¢
he



particles in the same nmanner as that of Exanple 4.
in Table 2.
peated except that 0.50 g of a sugar egger (Ryoto
product of M tsubi shi-Kasei Foods CorprJ~ ration)

2.55 g of

[ Exanpl e 25] The sane procedure as that

Nusd in combination.

In conducting the polymerization, the dispersant
is incorporated in the reaction system by, for example,
the following methods (1) to (4):

(1) a method wherein the glycoside compound A or the
gluconamide compound is préviously dispersed in a
hydrophobic organic solvent;

(2) a method wherein the glycoside compound A or the
gluconamide cbmpound is previously dissolved or dis-
persed in an aqueous solution of a water—-soluble poly-
merizable monomer:;

(3) a method wherein the glycoside compound A or the
gluconamide compound is gradually added while conduct-
ing the polymerization; and

(4) a method wherein the methods (1) to (3) are em-
ployed in combination.

In conducting the polymerization, it is preferred
to use a polymerization initiator. There is no par-—
ticular limitation on the polymerization initiator so
far as it is a water~soluble free-radical initiator,
and examples thereof include ketone peréxides such as
methyl ethyl ketone peroxide and methyl isobutyl ketone
peroxide, dialkyl peroxides such as di-tert-butyl
peroxide and tert-butyl cumyl peroxide, alkyl peroxy

esters such as tert-butyl peroxyacetate, tert-butyl

di ven

re-

to



(._-,..--.—-.--— o

dodecyl ) gl uconam de as the di spersant, thereby provi ' b

A

distorted granular particles having extrenely uneve
particle dianme- ter and bul k density were 610 [err] fa
spectively. The neasurenent was conducted on the rfe u
particles in the same nmanner as that of;fxanple 4. Th
Table 2. [Exanple 26] 102.0 g of acrylicacid was di

'u 5§"g/ m

ults are c

f@r age

en in

~g |of

peroxyisobutyrate aﬁd tert-butyl peroxypi ate, hydro-
gen peroxide, persulfates such as potassium persulfate
and ammonium persulfate, perchlorates such as potassium
perchlorate and sodium perchlorate, halogenic acid
salts such as potassium chlorate and potassium bromate,
and azo compounds such as 2-{(carbamoylazo)isobutyroni-
trile, 2,2-azobis(N,N'~dimethyleneisobutylamidine)
dihydrochloride, 2,2'-azobis(2-amidinopropane) dihydro-
chloride, 2,2'-azobis(N,N'-dimethyleneisobutylamidine),
4,4'-azobis(4-cyanopentanoic acid), azobisisobutyroni-
trile, 2,2'-azobis(4~-methoxy-2,4~dimethylvaleroni~
trile), (l-phenylethyl)azodiphenylmethane, dimethyl 2,
2'—-azobisisobutyrate, 2,2'—-azobis(2-methylbutyroni-
trile), 1,1'-azobis(l-cyclohexanecarbonitrile), 2,2'-
azobis(2,4,4'-trimethylpentane), 2-phenylazo~2,4-4i~
methyl-4-methoxyvaleronitrile and 2,2'-azobis(2-methyl-
prepane). They may be used alone or in the form of a
mixture of two or more of them.

The amount of use of the polymerization initiator
usually ranges from 0.01 to 10%, preferably from 0.02
to 5%, based on the water-soluble polymerizable mono-
mer. |

Although there is no particular limitation on the
method for adding the polymerization initiator, it is

preferred to previously add the polymerization initia-



48 water and neutralized with 140.0 g of a 30 wt.
hydr oxi de sol uti on under cooling, and 7.9 g of a 5.2{wW
pot assi um persul fate sol uti on was added thereto to p
solution as the aqueous nononer/initiator solution.
flask equi pped with a refl ux condenser,Z@.dropplng f
and a nitrogen gas feed

e
Se

na

o aqueous

z’::zpzwéﬁﬁg%iz 0
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tor to the aquecus solution of the polIymérizable
water-soluble monomer.

In conducing the polymerization, basically the
polymerization temperature is not particularly limited
so far as it is within a temperature range in which the
water—~soluble polyme;izable monomer can be polymerized.
However,

.ﬁ"’
the polymerlzation is

ety

temperature and conversion,
preferably conduced at a temperature in the optimum
polymerization temperature range for the water-soluble
polymerizable monomer to be used. The temperature
usually ranges from 20 to 150°C, preferably 40 to
100° C.

In the present invention, it is preferred to use
only the water-soluble polymerizable monomer as the
polymerizable monomer to be homopolymerized or copoly-
merized. It is also possible, however, to use the
water-soluble polymerizable monomer in combination with
a water-insoluble monomer copolymerizable therewith,
for example, a monomeric ester of an alkanol having 1
to 22 carbon atoms with an unsaturated carboxylic acid
such as acrylic, methacrylic, maleic or fumaric acid,
which is used in an ambunt of 50% or less based on the
whole monomer.

Besides the above-described hydrophobic solvent,

in dQue consideration of the polymerizatlon_

L

I od




pi pe was charged with 400 m of cycl ohexane, and 2_55-g—e+
N- (n- dodecyl ) gl uconam de was added t hereto. Th
stirred (at 350 rpn) to obtain a dispersion, and t
nitrogen and heated to 75 C The above-descri
nmononer/initiator solution was dropw sezf\dded t herlet
mn. After the conpletion of the addit+en, the poly
conducted under stir- ring at 75 Cfor 1.5 h and then at 80[err
In the courae efmphipabhygesicdaént, may ybeatadd -

amount thereof does not exceed that of the hydrophobic
solvent. Examples of the amphipathic solvents include
alcohols such as methanol, ethanol, propanol and 2-
propanol; ketones such as acetone; and ethers such as
diethyl ether, dipropyl ether, tetrahydrofuran and
dioxane.

Further, besides the dispersant, nonionic surfact-
énts, cationic surfactants, amphoteric surfactants,
anionic surfactants, polymeric dispersants, etc., can
be used in combination with the above-described disper-
sant in an amount of preferably 100 parts by weight or
less for 100 parts by weight of the dispersant.

In the present invention, a well-known crosslink-
ing agent may be used before, during or after the
polymerization. Examples of the crosslinking agents
include polyallyl compounds such as N,N-
diallyl{meth)acrylamide, diallylamine, diallylmethacry-
lamine, diallyl phthalate, diallyl maleate, diallyl
terephthaléte, triallyl cyanurate and triallyl phos-
phate; polyvinyl compounds such as divinylbenzene,
N,N-ﬁethylenebisacrylamide, ethylene glycol diacrylate,
ethylene glycol dimethacrylate and glycerin trimetha-
crylate; polyglycidyl ethers such as ethylen glycol
diglycidyl ether, polyethylene glfcol diglycidyl ether




ti nuously renoved fromthe azeotropic reflux |iqui i"}ﬁﬁﬁ
and wat er. :
pol ymer particles had reached 30% by wei ght, 0.25 g bf an epoxy

When the water content of the acrylic

bi functional crosslinking agent (ethylene glycol d}giy-2pinyt 9969 )

added to conduct the reaction for 30 m The resu
crosslinked acrylic acid (sodiumsalt) | ymer wasj

The

hnt partially
E an

and polyglycerin polyglycidyl ehter]
pounds such as epichlorohydrin and o-methylchlorohy-
drin; polyaldehydes such as glutaraldehyde.and glyoxal;
polyols such as glycerin; polyamines such as ethylene-
diamine: hydroxy vinyl compounds such as 2-hydroxyethyl
methacrylate, and inorgano- and organometallic salts
capable of yielding a polyvalent ion, such as those of
calcium, magnesium, zinc and aluminum.

Further, it:is alsé possible to use a monoglycidyl
compound such as phenol polyoxyethylene glycidyl ether
as a modifier.

The amount of the crosslinking agent or modifier
may be arbitrary according to desired properties of the
polymer as the final product and it is usually prefera-
bly in the range of 0.01 to 10% based on the resultant
polymer.

The polymer thus produced is drieq by means of a
vacuum drier, fluid drier or the like, immediately
after the polymerization or after the removal of the
solvent by decantation or centrifugation to .obtain the
polymer particles with an irregular shape. The parti-
cles thus obtained can be pulverized or granulated, if
necessary, to a desired particle diameter.

It is well known that nonionic surfactants such as

sorbitan esters and sucrose esters are generally used




49 granul ar particles thus obtained were fracti onREELAdeI
reduced pressure to obtain 119.3 g of an acrylic gciyd{sSodi um sal

pol yrer .

particles having an average di aneter of 510 [err]

0.35 g/ni.

The resultant polymer was in the form

The nmeasur ement was conducg d on the

particles in the sanme manner as that of anple 4.1The results

Tabl e 2.

in the suspension polymerization of a water-soluble
monomer to stably produce spherical polymer particles.
Although a detailed mechanism of the production of  the
polymer with an irregu_lar shape has not yet been eluci-
dated, it is conceivable that the above-described
glycoside compound A or gluconamide compound suitably
and slightly destabiliies the shape of the dispersed
particles and also suitably stabilizes the dispersed
particles not to aggregate them together, so that a
delicate balance between the instability of the shape
of the dispersed particles and the resistance of the
dispersed particles to aggregation is maintained.

The present invention will now be described in
more detail with reference to the following Examples
and Comparative Exampleé, though it is not limited to
these Examples only.

In the Examples and Comparative Examples, the
following tests were conducted.

[Method for measuring equilibrium swelling water
absorption]

1 g of the polymer was dispersed in a large excess
of physiological saline (0.9% saline) to swell the
polymer until the absorption reaches the equilibrium
swelling state. Then, the physiological saline was

filtered off through an '80-mesh wire gauze, the weight




: {RE _
[ Conpar ati ve Exanple 6] The same procedure as that] c g re-
peat ed except that the N-(n-dodecyl)gluconam de wg Iaced wi fhjo. o g
of ethylcellul ose as the dispersant, thereby provi DET 1996f {a
polymer. This acrylic acid (sodiumsalt) polymer jwds..Ln_the formiof
spherical particles having an average pg/ticle di neter and a bul'k gflensity

of 330 [err] and 0.94 g/ m, respectivel¥y+ The nea :
the resul t aRi)pey e %édﬁ&&l&éffeﬁaﬁ%lwrwﬁ ﬁxeaku&fea:—xaéﬂ)ée 4.

The this value was divided by the weight (Wg5) of the poly-
mer before the water absorption to provide a W/Wo value
as the equilibrium swelling water absorption (g/g)}.

[Method for measuring an amount of water absorp-
tion as measure of water absorption ratel

Use was made of an apparatus (Demand Wettability
Tester) generally known as a device for practicihézthe
DW test and shown in Fig. 1. As shown in Fig. 1, 0.3 g
of polymer P was spread on a polymer spreading stand 2
(a stand wherein No. 2 filter paper having a diameter
of 70 mm@ was put on a glass filter No. 1) set in such
a manner that the levels of the physiological saline W
are equal to each other. The absorption at the time
when the polymer was spread was taken as 0 (zero), and
the absorption 30 sec after the spreading of the poly-
mer was measured by reading the graduation of a buret
indicating the degree of lowering in the level of the
physiological saline W. The measured value was taken
as the water absorption (ml) as a measure of the water
absorption rate. _

[Method for measuring passing rate of physiologi-

cal saline]) |

0.5 g of the polymer was packed in an apparatus 10

(a glass cylinderical tube equipped with a cock and



results are given in Table 2. [Conparative Exanp
was produced in the sanme manner as that of Exanp
N- (n- dodecyl ) gl uconam de was replaced with 2.9
(trade nane : Rheodol SP-S10) as the dispersant.
acrylic acid 25

@ GEMENTQSIEE pol yner
Tez&bltgﬁ? opt ear at e

| yner of

l.

having an inner diameter of 25.6 mm and a length of the

cylindrical portion of about 500 mm) shown in Fig. 2,
and swollen with an excess of physiological saline
until the swelling reached equilibrium. The level of
the physiological saline was adjusted to a position
corresponding to 200 ml from the bottom, and the cock
was closed. After the polymer P was sufficiently
settled as shown in Fig. 2, the cock was opened to
measure the time taken for the physiological saline W
to pass through between two marked lines shown in the .
figure, that is, marked line L (a position correspond-
ing to 150 ml from the bottom) and marked line M (a
position corresponding to 100 ml from the bottom)
(amount of 1liquid: 50 ml); and the amount-(ml) of
liguid between the marked lines was divided by the
measurement time (min) to give the passing rate
(ml/min).

[Method for calculating average particle diameter]

100 g of the polymer was classified with a JIS
sieve and the average particle diameter was determined
from the weight'proportion of each fraction.

[Example 1]

'72.1 g of acrylic acid was diluted with 18.0 of
water and neutralized with 98.9 g of a 30 wt. % aqueous

sodium hydroxide solution under cooling, 5.6 g of 5.2



di aneter of 590 [err], and had a bul k density of 0.§
aggregate thus obtained was thrown int%6physiolog!c.l sal i ne,
secondary particles were easily converted into pring P-5 ES.
neasurenentWmas%c@ﬂ&@@ﬁé@moDerﬁﬁéfﬁéﬁﬂwaﬁnaééﬁgnﬁhereto to prepare
a homogeneous solution as an agueous monomer/initiator
solution.
Separately, a 500-ml flask equipped with a reflux
condenser, a dropping funnel, a stirring rod and a
nitrogen .gas feed pipe was charged with 283 ml of
cyclohexane, and 1.8 g of dodecyl glucoside (degree of
sacchéride condensation: 1.25) was added thereto:gffhey
were stirred (at 300 rpm) and dispersed in each élher,'
‘and the flask was purged with nitrogen and heated to
75° C. The above-described aqueous monomer/initiator
solution was dropwise added thereto over a period of 30
min. After the completion of the addition, the poly-
merization was conducted under stirring at 75°C for 1.5
h and then at 80°C for 4 h. After the completion of
the polymeriéation, the product was fractionated and
dried under reduced pressure to provide 88.4 g of a
polymer of acrylic acid (sodium salt). The resultant
polymer was in the form of granules of a distorted
shape having an averége'diameter of 650 um and a bulk
density of 0.30 g/ml. The surfaces of the polymer
particles_had.such a structure that the partigles
having irregular shapes and sizes of several to 20 pm

were fused éach other and the unevenness of the sur-

faces was very large.



particles in the same manner as that of Exanple 4. The results are given in

Tabl e 2.

in the formof confit-shaped particles having

[Example 2]

[ Conparative Exanple 8] 117.9 g of a poly EEERCEME%HFSHEET

same nmanner as that of Exanple 18, except that the
dodecyl ) gl uconam de was replaced with 1.8 g of polyg¢gx{ yethyl ene so
nonostearate (trade name: Rheodol TWS106, a product ¢f 2&DECrP8E a
the disper- sant. The resultant pol ymer~ef acrylic gcijd (sodi um sal
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71.1 g of acrylamide was dissolved in 150 g of
water, and 10.7 g of a 2.8 wt. % aqueous 2,2'-
azobis(2-amidinopropane) dihydrochloride solution was
added thereto to prepare a homogeneous solution as an
aqueous monomer/initiator solution. Thereafter, the
same procedure as that of Example 1 was repeated,
except that n-hexane was used as the solvent instead of
cyclohexané, thereby providing 69 g of an acrylamide
polymer. The resultant polymer was in the form of
granular particles of a distorted shape having an
average diameter 6f 1300 pym and a bulk density of 0.45
g/ml. The surfaces of the polymer particles had such a
structﬁre that the particles héving irregular shapes
and sizes of several to 20 pm ware fused with each
other and the unevenness of the surfaces was very
large.

[Example 3]

106.6 g of sodium acrylamidomethylpropane-
sulfonate was dissolved in 150 g of water, and 10.7'g
of a 2.8 wt. % aqueous 2,2'-azobis(2-amidinopropane)
dihydrochloride solution was added thereto to prepare a
homogeneous solution as an aqueous monomer/initiator
solution. Thereafter, the same procedure as that of

Example 1 was repeated, thereby providing 95 g of



a di érreter of 3 to 30 m and a bulk density of 0.68 g/ M?DA@EMLSW’E

was conducted on the resultant polyner particles in the §ane nmanner t hat
of Exanple 4. The results are given in Table 2. [Conpajati v, 9
118.6 g of a polymer was produced in the sane 51 fOEﬁéEﬁb%

28

sodium acrylamidomethylpropanesulfonate p&TymeY.  The
resultant polymer was in the form of gréﬂﬁizf particles
of a distorted shape having an average diameter of 1000
pm and a bulk density of 0.52 g/ml. The surfaces of
the polymer particles had such a structure that the
particles having irregular shapes and sizes of several
to 20 pm were fused with each other and the unevenness
of the surfaces was very large. fi%?

[Example 4] -

72.1 g of acrylic acid was diluted with 18.0 g of
water and neutralized with 98.9 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling, 10.7 g of a
2.8 wt. % aqueous potassium persulfate solution and
0.058 g of an epoxy bifunctional crosslinking agent
(ethylene glycol diglycidyl ether) was added thereto to
prepare a homogeneous solution as the agqueous
monomer/initiator solution. Separately, a 500-ml flask
equipped with a reflux condenser, a dropping funnel, a
stirring rod and a nitrogen gas feed pipe was chaiged
with 283 ml of cyclohexane, and 1.8 g of dodecyl gluco-
side (degree of sacéharide condensation: 1l1.25) was
added thereto. They were stirred (at 300 rpm) and
dispersed in each other, and the flask was purged with
nitrogen and heated to 75°C. The above-described

aqueous solution of a monomer of acrylic acid (sodium



manner as that of Exanple 18, except that the N (n-
replaced with 1.8 g of a sugar ester (trade nane: 0 Sugar—ESE
S-1170; a product of M tsubishi-Kasei Foods Corporafi ¢n s_t he dispef -
The resul tant pol ymer of acrylic acid (sod u§1 EGAR94

form of spherical particles having an axgrage di amef ebwot..l3 [err] fand a
bul k density of 0.59 g/nl. t he nmeasur-enent was cohducted on the re
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are given in
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min. After the completion of the addition, the poly-
merization was conducted under stirring at 75°C for 1.5
h and then at 80°C for 4 h.

After the completion of the polymerization, the
product was fractionated and dried under reduced pres-
sure to provide 88.4 g of a polymer of acrylic acid
(sodium salt). The resultant polYmer was in the?form
of distorted granular particles having an awverage
diameter of 680 pm and a bulk density of 0.32 g/ml.
The surfaces of the polymer particles had such a struc-
ture that the particles having irregular shapes and
sizes of several to 20 pm were fused with each other
and the unevenness of the surfaces was very large.

The equilibrium swelling water absorption, water
absorption as a méasure of the water absorption rate
and physiological saline passing rate of each of the
resultant polymers were determined. The results are
given in Tablé 1.

[Example 5]

36.1 g of acrylic acid was dissolved in 16.0 g of
water and neutralized with 53.0 g of a 30 wt. % agqueous
sodium hydroxide solution under cooling. Thereafter,
101.3 g of a 40 wt. % aqueous sodium acrylamidomethyi-

propanesulfonate solution was added thereto, and 10.7 g

e was

the

| t ant

ults



[ Conparative Exanple 10] 118.3 g of a pol yner was procREBhACENHﬂE?SHEET
manner as that of Exanple 26, except that the N-(n- dodecyl)gluconamjde
was replaced with 0.9 g of ethyl- cellulose as the di 4pe

resul tant polynmer of acrylic acid (sodiumsalt) was ijn %iﬁpgpﬁpég
spherical particles having an average gpaneter of 35Q [~er+i—ame—a—btfk
density of 0.93 g/nl. The nmeasurenment Was con- ductgd on the resultan
pol ymer parti ofed i d.8h#tsank mgmeonsaspohassdimbpensBlrATte [FONESION S ar e
given in

was added thereto to prepare a homogeneous solution as
the aqueous monomer/initiator solution. Thereafter,
the same procedure as that of Example 4 was repeated,
thereby providing 93.5 g of sodium acrylate/sodium
acrylamidomethylpropanesulfonate copolymer. The re-
sultant polymer was in the form of distorted granular
particles having an average diameter of 550 pm and a
bulk density of 0.45 g/ml.

The measurement was conducted on the resultant
polymer in the.same manner as that of Example 4. The
results are given in Table 1.

[Example 6]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: l1.25) was replaced with decyl
glucoside (degree of saccharide condénsation: 1.17) as
the dispersant, thereby providing distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 850 pm and
0.54 g/ml, respectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The

results are given in Table 1.



Tabl e 2. 52 [Table 2] Equil. Wat er Passi ng swel li ng wat er

absorption rate absorption (g/9) ( [0in)
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[Example 7]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with tet-
radecyl glucoside (degree of saccharide condensation:
1.28) as the dispersant, thereby providing distorted
granular particles having extremely uneven surfaces.
The average particle diameter and bulk density were 710
pm and 0.45 g/ml, respectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Example 8]

The same procédure as that of Example 4 was re-
peated except that tetradecyl glucoside (degree of
saccharide condensation: 1.28) was used in addition to
0.9 g of the dodecyl glucoside (degree of saccharide
condensation: 1.25) as the dispérsant, thereby provid-
ing ._._ghistorted granular particles having extremely
une;;h'surfaces. The average particle diameter and
bulk density were 800 pm and 0.47 g/ml, respectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The

results are given in Table 1.
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[Example 9]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with hex-
adecyl glucoside (degree of saccharide condensation:
2.5) as the dispersant, thereby providing distorted
granular particles having extremely uneven surfaces.
The average particle diameter and bulk density were 800
pm and 0.47 g/ml, reéspectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

(Example 10]

The same procedure as that of Example 4 was re-
péated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with 6-
polyoxypropylenedodecyl glucoside (degree of saccharide
condensation: 1.3,‘3'equivalent of polypropylene oxide
adduct) as the dispersant, thereby providing distorted
granqlar particles having extremely uneven surfaces.
The average particle diameter and bulk density were 850
pm and 0.45 g/ml, respectively.

The measurement was conducted on the resultant
pol&mer in the same manner as that of Example 4. The

results are given in Table 1.
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[Example 11}

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with dode-
cyl glucoside (degrée of saccharide condensation: 1.6)
as Ehe dispersant; thereby providing distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 950 um and
0.50 g/ml, respectively.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Example 12]

72.; g of acrylic acid was diluted with 18.0 g of
water and neutralized with 98.9 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling, and 10.7 g of
a 2.8 wt. % aqueous potassium persulfate solution was
added thereto to prepare a homogeneous solution.

Separately, a 500-ml flask equipped with a reflux
condenser, a dropping funnel, a stirring rod and a
nitrogen gas feed pipe was charged with 283 ml of
cyclohexane, and 1.8 g of dodecyl glucoside (degree of
saccharide con&ensation: 1.25) was added thergto. They
were stirred (at 300 rpm) and diépersed in each other,

and the flask was purged with nitrogen and heated to




an irregul ar shape by polynerizing a water-sol uble pq Ber in
a system conprising a hydro- phobic organic sol vent Z !

pol ymeri zati on and an aqueous sol ution of the water-goj nerijzgbl e
nononer, characterized in that the systemfurther cop- ECé%ﬁbcside
conpound having such a structure that tfe hydrogen afom of the hen dceqt al
bond in the com pound has been substittted for a hyorophoblc group orf a

gl uconani de c@hp6GundThe abdvepdesmnibad aguepnscessivid ey e r

particles with an

salt) monomer solution was dropwise added thereto over
a period of 30 min. After the completion of the addi-
tion, the polymerization was conducted under stirring
at 75°C for 1.5 h and then at 80°C for 4 h. In the
course of the polymerization, only water was continu-
ously removed from the azeotropic reflux liquid com-
prising cyclohexane and water. When the water content
of the acrylic acid (sodium salt) polymer gel had
reached 30% by weight, 0.18 g of an epoxy bifunctional
crosslinking agent (ethylene glycol diglycidyl ether)
was added to conduct the reaction for 30 min. The
resultant product was fractionated and dried under
reduced pressure to provide 88.0 g of a partially
crosslinked acrylic acid (sodium salt) polymer. The
resultant polymer was in the form of distorted granular
particles having an average diameter of 750 um and a
bulk density of 0.32 g/ml. |

The measurement was conducted on the resultant
polyger in the same manner as that of Example 4. The
resuiés are given in Table 1.

[Example 13]

30.0 g of acrylic acid was diluted with 7.5 g of
water and néutralized with 41.2 g of a 30 wt. % aqueous

sodium hydroxide solution under cooling. 2.2 g of a



|rregular shape according to Caim1l, wherein said gly é&%ﬂ
conpound of the follow ng general formula 1. [err] mhere

a linear or branched al kyl, al kenyl group, or an alkyl gé roup hav
to 22 carbon atoms, or a hydroxyacyl oxyal kyl group haV| n BE€t1996c
atons, [err] represents an al kyl ene groyp haV|ng on _at ons,

represents a reduci ng sugar residue havimg 5 or

5.2 wt. % aqueous potassium persulfate solution, 0.030
g of an epoxy bifunctional crosslinking agent (ethylene
glycol diglycidyl ether), 0.75 g of a sugar ester
(trade name: Ryoto Sugar Ester S-507; a product of
Mitsubishi~Kasei Foods Corporation) and 130 ml of
cyclohexane were added thereto. The resulting mixture
was stirred. After purging with nitrogen, an aqueous
monomer solution (W/0 emulsion) was obtained. Separate-
ly, a 500-ml flask equipped with a reflux condenser, a
dropping funnel, a stirring rod and a nitrogen feed
pipe was charged with 170 ml of cyclohexane, and 0.75
g of octyl glucoside (degree of saccharide condensa-
tion: 1.35) was added thereto. They were stirred (at
300 rpm) and dispersed in each other, and the flask was
pﬁrged with nitrogen and heated to 75° C. The above-
described aqueous monomer solution was dropwise added
thereto over a period of 30 min. After the completion
of the addition, the polymerization was conducted under
stirring at 75°C for 1.5 h and then at 80°C for 4 h.
Aftei:ﬁhe completion of the polymerization, the result-
ant product was fractionated and dried under reduced
pressure to provide 36.5 g of acrylic acid (sodium
salt) polymer. The resultant polymer was in the form
of distorted granular particles having an average

diameter of 620 pm and a bulk density of 0.45 g/ml.
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represents a nunber of 1 to 10 on average, with the praqvi

a en
2 or above, then [err] may be the sane or different frgmjea %?9@9 a
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The surfaces of the polymer particles ha&—sucn a struc-

ture that the particles having irregular shapes and
sizes of several to 20 pm were fused with each other
and the unevenness of the surfaces was very large.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. the
results are.given in Table 1.

[Example 14]

The same procedure as that of Example 4 was re-
peated except that the dodecyl glucoside (degree of
saccharide condensation: 1.25) was replaced with 3-
octadecanoyloxy-2~hydroxypropyl glucoside (degree of
saccharide condensation: 1.27) as the dispersant,
thereby providing distorted granular particles having
extremely uneven surfaces. The average particle diame-
ter and bulk density were 930 ym and 0.53 g/ml, respeé—-
tively.

The measurement was conducted on the resultant
polymer in the same manher as that of Example 4. The
results are given in Table 1.- .

{Comparative Example 11

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-

tion: 1.25) was replaced with 0.9 g of ethylcellulose




ethyf’group or a unit having 12 or |ess carbon atons and BEPE&@B
hydrophilic group such as an et her oxygen, ester group, Anj e 1w7€$HEEI

Tro—¢gH
group, hydroxyl group or amoni um group. 3. A process fo nE!roducing
pol yner particles with an irregular shape according to d di Z?DGHEEEBn
sai d glycoside conpound is a conmpound of,the follow ng dge formul a
[err] [2] wherein [err] rep¥esents a Iinearigr br anche:

as the dispersant. The resultant polymer of acrylic€
acid (sodium salt) was in the form of spherical parti-
cles having a particle diameter of 330 um and a bulk
density of 0.94 g/ml.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

[Comparative Example 2]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 2.9 g of sorbitan monos-
tearate (trade name : Rheodol SP-510, a product of Kao
Corporation) as the dispersant. The resultant polymer
of acrylic acid (sodium salt) was in the form of a
mixture of spherical particles héving an average parti-
cle diameter of 50 pm and secondary particles compris-
ing an aggregate of the spherical particles and having
an average particle diameter of 590 um, and had a bulk
densfgy of 0.65 g/ml. When the aggregate thus obtained
was thrown into physiological saline, part of the
secondary particles were easily converted into primary
particles.

The measurement was conducted on the resultant

polymer in the same manner as that of Example 4. The



<al kenyl group, or an al kyl phenyl group having 6 to 22
hydr oxyacyl oxyal kyl group having 9 to 25 carbon atons,
reduci ng sugar residue having 5 or 6 carbon atonms and
nunber of 1 to 6 on average. 55 4. A process for
particles with an 38

results are given in Table 1. ‘

[Comparative Example 3]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 1.8 g of polyoxyethylene
sorbitan monostearate (trade namé: Rheodeol TW-S106, a
product of Kao Corporation) as the dispersant. The
resultant polymer of ;crylic acid (sodium salt) was in
the form of comfit-shaped particles having a diameter
of 3 to 30 mm and a bulk density of 0.68 g/ml.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The
results are given in Table 1.

" [Comparative Example 4]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 4, except that
the dodecyl glucoside (degree of saccharide condensa-
tion:__ 1.25) was replaced with 1.8 g of a sugar ester
(trg@é.name: Ryoto Sugar Ester S-1170; a -product of
Mitéiﬁishi-Kasei Foods Corporation) as ﬁhe dispersant.
The resultant polymer of acrylic acid (sodium salt) was
in the form of spherical particles having an average
diameter of 13 pm and a bulk density of 0.59 g/ml.

The measurement was conducted on the resultant
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group having 6 to 22 carbon atons, or a|hydroxyacyl oxyaf k¥l

6 carbon atons wherein the iydr ogen atofn of the hydroxy

polymer in the same manner as that of Example 4. The

resﬁlts are given in Table 1.

[Comparative Example 5]

An acrylic acid (sodium salt) polymer was produced
in the same manner as that of Example 12, except -that
the dodecyl glucoside (degree of saccharide condensa-
tion: 1.25) was replaced with 0.9 g of ethylcellulose
as the dispersant. The resultant polymer of acrylic
acid (sodium salt) was in the form_of spherical parti-
cles having an average diameter of 350 pm and a bulk
density of 0.93 g/ml.

The measurement was conducted on the resultant
polymer in the same manner as that of Example 4. The

results are given in Table 1.

roup
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produci ng polyner particles with an irregular shape a¢cording to C ai
wherein said gluconanm de conpound is a conpound of th¢ foly@\prg Ve
formula 11: [err] [err] 40
[Table 1] -
Equil. Water Passing
swelling water | absorption rate
absorption
(g/g) (ml) (ml/min)
4 59 4.1 11.6
5 " 56 3.8 14.5
6 54 3.9 13.6
7 56 4.2 14.8
8 55 4.1 15.6
Ex. 9 55 3.7 14.8
10 56 3.8 16.7
11 55 3.7 14.2
12 53 7.8 38.4
13 54 4.6 12.5
14 55 4.1 18.2
1 53 2.7 2.3
2 55 3.5 1.5
Comp. Ex. 3 53 3.6 5.4
4 51 2.5 1.3
5 53 2.8 5.4

[Example 15]

102.0 g of acrylic acid was diluted with 25.5 g of

water and partially neutralized with 140.0 g of a 30

wt. % aqueous sodium hydroxide solution under cooling,

and 7.9 g of a 5.2 wt. % potaséium persulfate solution

was added thereto to prepare a homogeneous solution as



56 wherein R and [err] each represents a hydrogen at'o
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branched al kyl or al kenyl group having 5 to 25 car bonmwwwp

or an al kylaryl group having 7 to 25 carbon atons, with }he prOV|so th
not both of R and [err] are hydrogen atons at the sane
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may contain a functional group sugh as a hydroxy

the agueous monomer/initiator solution.
100-ml flask equipped witﬁ a reflux condenser, a drop-
ping funnel, a stirring rod and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-{(n-dodecyl)gluconamide was added thereto. They
were stirred (at 350 rpm) and dispersed in each other,
and the flask was purged with nitrogen and heated to
75° C. The above-described agueous monomer/initiator
solution was dropwise added thereto over a period of 1
h. After the completion of the addition of the acrylic
acid monomer solution, the polymerization was conducted
under stirring at 75°C for 0.5 h and then at 80°C for
4h. After the completion of the polymerization, the
granular gei thus formed was fractionated and dried
under reduced pressure to provide 118.5 g of a polymer
of acrylic acid (sodium salt). The resultant polymer
was in the form of distorted granular particles having
an average diameter of 530 pm and a bulk density of
0.36 g/ml. The surfaces of the polymer particles had
sucﬁxa structure that the particles having irregular
shap:; and sizes of several to 20 pym were fused with
each other and the unevenness of the surfaces was very
large.
[Example 16]

100.6 g of acrylamide was dissolved in 212.2 g of

gg%er oxyalk




acetyl group. 6. A process for produci ng pol yner part EM@EMENT@HEET
I rregul ar shape according to any of Cains 1 to 5, whefefn sard ]
wat er - sol ubl e pol yneri zabl e nononmer is an olefinically Jnsazjb @g
carboxylic acid or an alkali salt thereof. 7. A procepsj f 315 &%%
pol ymer particles with an irregular shapg according to [ & :
sai d wat er-sol ubl e pol yneri zabl e nonomer—i s acrylic acid, nethacrylic aci

maleic acid, {urddc amd oF. anplkdlia 2.8 wt. % aqueous 2,2'-

azobis-(2-amidinopropane) dihydrochloride solution was
added thereto to prepare a homogeneous solution as the
aqueous monomer/initiator solution. Thereafter, the
same procedure as that of Example 15 was repeated,
except that n-hexane was used as the solvent instead of
cyclohexane, thereby providing 98.5 g of an acrylamide
polymer. The resultant polymer was in the form of
distorted granular particles having an average diameter
of 920 pm and a bulk density of 0.43 g/ml. The sur-
faces of the polymer particles had such a structure
that the particles having irr.egu_lar shapes and sizes of
several to 20 pm were fused with each other and the
unevenness of the surfaces was very large.

[Example 17]

150.8 g of sodium acrylamidomethylpropane-
sulfonate was dissolved in 212.2 of water, and 7.9 g of
a 2.8 wt. % aqueous 2,2'-azobis(2-amidinopropane)dihy-
drochloride solution was added thereto to prepare a
homqg:eneous solution as the aqueous monomer/initiator
solution. Thereafter, the same procedure as that of
Example 15 was repeated, thereby providing 133.7 g of a
sodium acrylamidomethylpropanesulfonate polymer. The
resultant polymer was in the form of distofted granular

particles having an average diameter- of 1000 pm and a
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bulk density of 0.52 g/ml. The surface®¥e the poly-'
mer particles had such a structure that the particles
having irregular shapes and sizes of several to 20 um
wefe fused with each other and the unevenness of the
surfaces was very large.

[Example 18]

102.0 g of acrylic acid was diluted with 25.5 g of
water and partially neutralized with 140.0 g of a 30
wt. % aqueous sodium hydroxide solution under cooling,
and 7.9 g of a 5.2 wt. % aqueous potassium persulfate
solution and 0.082 g of an epoxy bifunctional cross-
linking agent (ethylene glycol diglycidyl ether) were
added thereto to prepare a homogeneous solution as the
aqueous monomer/initiator solution. Separately, a
1000-m1 flask equipped with a reflux condenser, a
dropping funnel, a stirring ;od and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-(n-dodecyl gluconamide was added thereto. They
were stirred (at 350 rpm) to obtain a dispgrsion, and
the flask was purged with nitrogen and heated to 75°C.
The above-degcribed aqueous monomer/initiator solution
was dropwise added thereto over a period of lh. After
the completion of the addition of the acrylic acid
monomer solution, the polymerization was conducted

under stirring at 75°C for 0.5 h and then at 80°C for 4
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resultant granular gel was fractionated and dried under
reduced pressure to provide 117.2 g of a polymer of
acrylic acid (sodium salt). The resultant polymer was
in the form of distorted granular particlés having an
average diameter of 570 pm and a bulk density of 0.38
g/ml. The surfaces of the polymer particles had such a
structure that the particles having irreqular shapes
and sizes of several to 20 pm were fused with each
other and the unevenness of the surfaces was very
large. The measurement was conducted on the resultant
polymer particles in the same manner as that of Example
4. The results are given in Table 2.

[Example 19]

51.1 g of acrylic acid was diluted with 22.6 g of
water and neutralized with 75.0 g of a 30 wt. % aqueous
sodium hydroxide solution under cooling. Thereafter,
143.3 of a 40 wt. % aqueous sodium acrylamidomethylpro-
panesulfonate solution was added thereto, and then 7.9
q ofE;_S.Z wt. % aqueous potassium persulfate solution
and 6i082 g of epoxy bifunctional cross linking agent
(ethylene glycol diglycidyl ether) were added thereto
to prepare a homoéeneous solution as the agueous mono-
mer/initiator solution. Thereafter, the same procedure

as that of Example 18 was repeated, thereby providing
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131.5 g of a sodium acrylate/sodium acrylamidomethyl-
propanesulfonate copolymer. The resultant polymer was
in the foxm of distorted granular particles having an
average diameter of 580 pm and a bulk density of 0.44
g/ml. ‘?he measurement was conducted on the resultant
polymer particles in the same manner as that of Example
4. The results are given in Table 2.

[Example 20] | _

The same proceduré as that of Example 18 was-re—
peated except that the N-{(n-dodecyl)gluconamide was re-
placed with N-(n-decyl)gluconamide as the dispersant,
thereby providing 116.7 g of distorted granular parti-
cles having extremely uneven surfaces. The average
particle diameter and bulk density were 670 pm and 0.47
g/ml, respectively. The measurement was conducted on
the resultant polymer particles in the same manner as
that of Example 4. The results are given in Table 2.

[Example 21]

The same procedure as that of Example 18 was re-
'peatea except that the N-(n-dodecyl)gluconamide was re-
placed with N-(n-tetradecyl)gluconamide as the disper-
sant, thereby providing 117.5 g of diétortedlgranular
particles having extremely uneven surfaces. The aver-—
age particle diameter and bulk density were 530 pm and

0.46 g/ml, respectively. The measurement was conducted
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on the resultant polymer particles in the—same—manmer—
as that of Example 4. The results are given in Table
2.

[Example 22]

The same procedure as that of Example 18 was re-
peated except that N-(n-decyl)gluconamide was used in
addition to 1.25 g of the N-(dodecyl)gluconamide,
thereby providing 118.1 g of distorted granular parti-
cles having extremely uneven surfaces. The average
particle diameter and bulk density were 600 pm and 0.40
g/ml, respectively. The measurement was conducted on
the resultant polymer particles in the same manner as
thgt of Example 4. The results are given in Table 2.

[Example 23]

The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with N-(n-hexadecyl)gluconamide as the disper-
sant, thereby providing 117.5 g of distorted granular
partiglgs having extreﬁely unevén surfaces. The aver-
age-pégfible diameter and bulk density were 630 pm and
0.52 g/ml, respectively. The measurement was conducted
on the resultant polymer particles in the same manner
as that of Example 4. The results are given in Table

2.
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[Example 24]

The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with N-(n-octadecyl)gluconamide as the disper-
sant, thereby providing 117.7 g of distorted granular
particles having extremely uneven surfaces. The aver-
age particle diameter and bulk density were 720 pm and
0.55 g/ml, respectively. The measurement was conducted
on the resultant polymer particles in the same manner
as that of Example 4. The results are given in Table
2.

[Example 25]

The same procedure as that of Example 18 was re-
peated except that 0.50 g of a sugar ester (Ryoto Sugar
Ester S-570; a product of Mitsubishi-Kasei Foods Corpo-
ration) was used in addition to 2.55 g of Nf(n—
dodec&l)glnconamide as the dispersant, thereby provid-
ing 118.8 g of distorted granular particles having
extremely uneven surfaces. The average particle diame-
ter §ﬂd bulk'density were 610 ym and 0.53 g/ml, re-
spectivelf. The measurement was conducted on the
resultant polymer particles in the same manner as that
of Example 4. The results are given in Table 2.

[Example 26]

102.0 g of acrylic acid was diluted with 25.5 g of
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water and neutralized with 140.0 g of L—Sﬂnmt*_&_égﬂsz_‘

ous sodium hydroxide solution under cooling, and 7.9 g

of a 5.2 wt. % aqueous potassium persulfate solution
was added thefeto to prepare a homogeneous solution as
the aqueous monomer/initiator solution. Separately, a
1000-ml1 flask equipped with a reflux condenser, a
dropping funnel, a stirring rod and a nitrogen gas feed
pipe was charged with 400 ml of cyclohexane, and 2.55 g
of N-(n-dodecyl)gluconamide was added ﬁhereto. The
resultant mixture was stirred (at 350 rpm) to obtéin a
dispersion, and the flask was purged with.nitrogen and
heated .to 75° C. The above-described agqueous
monomer/initiator solution was dropwisé added thereto
over a period of 30 min. After the completion of the
addition, the polymerization was conducted under stir-
ring at 75°C for 1.5 h and then at 80°C for 4 h. 1In
the course of the polymerization, only water was con-
tinuously removed from the azeotropic reflux 1liquid
compggsing cyclohexane and water. When the water
conéégi of the acrylic acid (sodium-salt) polymer
partiéles had reached 30% by weight, 0.25 g of an epoxy
bifunctional crosslinking agent (ethylene glycol digly-
cidyl ether) was added to conduct the reaction for 30
min. The resultant partially crosslinked acrylic acid

(sodium salt) polymer was taken out and dried. The
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granular particles thus obtained were fractionated and

dried under reduced pressure to obtain 119.3 g of an
acrylic acid (sodium salt) polymer. The resultant
polymer was in the form of distorted granular particles
having an average diameter of 510 pm and a bulk density
of 0.35 g/ml. The measurement was conducted on the
resultant polymer particles in the same manner as that
of Example 4. The results are given in Table 2.

{Comparative Example 6]

The same procedure as that of Example 18 was re-
peated except that the N-(n-dodecyl)gluconamide was re-
placed with 0.9 g of ethylcellulose as the dispersant,
thereby providing 116.9 g of a polymer. This acrylic
acid (sodium salt) polymer was in the form of spherical
particlés having an average particle diameter and a
bulk density of 330 pm and 0.94 g/ml, respeétively.
The measurement was conducted on the resultant polymer
particles in the same manner as that of Example 4. The
results are given in Table 2.

_IComparative Example 7]

117.9 g of a polymer was produced in the same
manner as that of Example 18, except that the N-(n-
dodecyl)gluconamide was replaced with 2.9 g of sorbitan
monostearate (trade name : Rheodol SP-S10) as the

dispersant. The resultant polymer of acrylic acid
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(sodium salt) was in the form of a mixture of spherical
particles having an average particle diameter of 50 pm
and secondary particles comprising an aggregate of the
spherical particles and having an average particle
diameter of 590 pm, and had a bulk density of 0.65
g/mi. When the aggregate thus obtained was thrown into
physiological saline, part of the secondary particles
were easily convérted into primary patrticles. The
measurement was conducted on ‘the resﬁltant polymer
particles in the same manner as thét of Example 4. The
results are given in Table 2.

[Comparative Example 8]

117.9 g of a polymer was produced in the same
manner as that of Example 18, except that the N-(n-
dodecyl)gluconamide was replaced with 1.8 g of polyox-
yethylene sorbitan monostearate (trade name: Rheodol
TW-S106, a product of kao Corporation) as the diéper—
sant. The resultant polymer of acrylic acid (sodium
salt;jwas in the form of comfit-shaped particles having
a dé?&éter of 3 to 30 mm and a bulk density of 0.68
g/mi; The measureﬁent was conducted on the resultant
polymer particles in the same manner as that of Example
4. The results are givgn in Table 2.

[Comparative Example 9]

118.6 g of a polymer was produced in the same




[Table 2]
Equil. Water Passing
swelling water | absorption rate
absorption
(g/g) (ml) (ml/min)
18 57 ' 4.4 12.2
19 57 3.3 13.2
20 58 3.7 12.8
21 59 3.0 15.1
Ex. 22 59 4.0 . 13.7
23 58 3.3 13.3
24 58 3.5 18.9
25 59 3.2 12.6
26 52 7.5 40.2
53 2,7 2.3
55 3.5 1.5
Comp. Ex. 8 53 3.6 5.4 .
| 51 2.5 1.3
10 53 ) 2.8 5.4
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WHAT IS CLAIMED IS:

1. A process for producing polymer particles with
an irfegular shape by polymerizing a water-soluble
polymerizable monomer in a system comprising a hydro-
phobic organic solvent inert to the polymerization and
an aqueous solution of the water-soluble polymerizable
monomer, characterized in that the system further con-
tains a glycoside compound having such a structure that
the hydrogen atom of the hemiacetal bond in the com-
pound has been substituted for a hydrophobic group or a

gluconamide compound as a dispersant.

2. A process for producing polymer particles with an
irfegular shape according to Claim 1, wherein said
glycoside compound is a compouhd of the following
general formula 1:
rlor?) 6, [1]
wherein Rr! represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group héving 6 tq
22 carbon atoms, or a hydroxyacyloxyalkyl group
having at least 9 carbon atoms, Rz-represents an

alkylene group having 2 to 4 carbon atoms, G

represents a reducing sugar residue having 5 or 6
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carbon atoms, X represents-a number 6T U tO IU oOn
average and y represents a number of 1 to 10 on
average, with the proviso that when x is 2 or
above, then R?s may be the same or different from
each other, and the hydrogen atom of the hydroxyl
group in G may be substituted for a methyl or
ethyl group or a unit having 12 or less carbon
atoms and at least one hydrophilic group such as
an ether oxygen, ester group, amido group, inonic

group, hydroxyl group or ammonium group.

3. A process for producing polymer particles with an
irregular shape according to Claim 2, wherein said
glycoside compound is a compound of the following
general formula 2:
R3G'y, (21

.whergin Rr3 represents a linear or branched alkyl,

éélkenyl group, or an alkylphenyl group having 6 to
532 carbon atoms, or a hydroxyacyloxyalkyl group
having 9 to 25 carbon atoms, G' represents a

reducing sugar residue having 5 or 6 carbon atoms

and y' represents a number of 1 to 6 on average.
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4. A process for producing polymer paitietes—withram —
irregular shape according to Claim 2, wherein said
glycoside compound is a compound of the following
general formula 10:
R%G" v [10]
wherein R? represents a linear or branched alkyl,
alkenyl group, or an alkylphenyl group having 6 to
22 carbon atoms, or a hydroxyacyloxyalkyl group
having 9 to 25 carbon atoms, G" represents a
reducing sugar residue having 5 or 6 carbon atoms
wherein the hydrogen atom of the hydroxyl group is
substituted for a polyoxyethylene, polyoxypropyl-

ene or polyglyceryl group and y" represents a

number of 1 to 6 on average.

5. A process for producing polymer particles with an
irregulaf shape according to Claim 1, wherein said
glucoﬁamide compound is a compound of the following
general formula 1ll:
i - [111
R-N-C-( (l:H ),~CH,OH

OH
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wherein R and R; each represents a hfdro
linear or branched alkyl or alkenyl group having 5
to 25 carbon atoms, a phenyl group or an alkylaryl
group having 7 to 25 carbon atoms, with the proviso
that not both of R and R; are hydrogen atoms at the
same time, and R and R; may contain a functional
group such as a hydroxyl, ether, oxyalkylene or

acetyl group.

6. A process for producing polymer particles with an
irregular shape according .to any of Claims 1 to 5,
wherein said watér—soluble polymerizable monomer is an
olefinically unsaturated carboxylic acid or an alkali

salt thereof.

7. 'g'process for producing polymer particles with an
irregdlar shape according to Claim 6, wherein said
water-soluble polymerizable monomer is acrylic acid,

methacrylic acid, maleic acid, fumaric acid or an alkali

salt thereof.
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o

PROCESS FOR PRODﬁCING POLYMER PARTICIHS—

WITH IRREGULAR SHAPE

_ABSTRACT OF THE DISCLOSURE

The process of the present invention for producing
polymer particles with an irregular shape by polymerizing
a water-soluble polymerizable monomer in a gystem
comprising a hydrophobic organic solvent inert to the
polymerization and an aqueous solution of the water-
soluble polymerizable monomer is characterized in that
the system a glycoside compound having such a structure
that the hydrogen atom of the hemiacetal bond in the
compound has been substituted for a hydrophobic group, or

a gluconamide computer as a dispersant.
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manner as that of Example 18, ekcept that the N-(n-
dodecyl)gluconami&e was replaced with 1.8 g of a sugar
ester (trade name. Ryoto Sugar Ester S-1170; a product
of M1tsub1sh1 -Kasei Foods Corporatlon) as the disper-
sant. The resultant polymer of acryl1c ‘acid (sodium
salt) was in the form of spherlcal particles having an

average diameter ofpl3 pm and a bulk density of 0.59

1V§/m1. the measurement was conducted on the resultant

_mmmwpolymer particles inthe same manner as that of. Example

4. Therésuits~are given in Table 2.
ICOmparativewExample-lO]

118.3 g of a polymer was produced in the same

_manner .as that of Example 26 except that the N-(n-

o
B g

dodecyl)glucon" ,las replacednulth 0.9 g of ethyl-
cellulose as the dispersant. The resultant polymer of
acrylic acid (sodium salt) was in the form of spherical
particles having..an average diameter of 350 fm and a
bulk density of 0.93 g/ml. The measurement was con-
ducted on the resultant polymer partlcles in the same

manner as that of Example 4. The results are given in

Table 2.




