
1                 EP 0 308 864 B1                    2 Description
mer beads and adding thereto, under polymeriza- tion conditions, an aqueous
emulsion formed by [Field of the Invention]
admixing styrenic monomer and a catalyst there- fore with water containing
a nonionic surfactant that -  The present invention relates to a process
for   6   is an ethylene oxide condensate of an alkylphenol, preparing fine
uniform-sized polymer particles by    which contains at least fifty moles
of ethylene oxide seed polymerization, and more specifically to a    per
mole of alkylphenol. The beads of preferred process for efficiently
preparing non-porous or po-  size are formed without formation of fine
styrenic rous fine uniform-sized polymer particles having a  polymer
particles and without significant amounts size of 1 to 30 [err] and an
excellent sphericity.  10  of clusters of beads. EP-A-0 055 132 describes
the process for pro- (Statement of Prior Arts)
ducing styrenic polymer beads of a preferred bead size which are produced
from styrenic polymer Polymer particles which are used as a spacer,   beads
of a smaller size by forming an aqueous a lubricant, a packing material for
chromatography,  15  suspension of the styrenic polymer beads with the
standard particles and a diagnostic drug, are      aid of a finely divided,
difficultly water soluble, strongly required to have a uniform particle
size.  inorganic phosphate suspending agent and a modi- Conventional
methods of obtaining such particles   fier therfore, and adding thereto,
under polymeriza- often involve classification of particles prepared  tion
conditions, an aqueous emulsion formed by mainly by suspension
polymerization according to  20  admixing styrenic monomer and a catalyst
therfore a dry or wet process to obtain uniform particles.  with water
containing a nonionic surfactant that is Although such classification makes
polymer par-    an ethylene oxide condensate of an alkylphenol, ticles
uniform to some extent to be recovered if no  which contains at least fifty
moles of ethylene oxide consideration is given to the yield thereof,
however,  per mole of alkylphenol. the uniformity of the recovered
particles is insuffi-  25  US-A-4 626 454 describes a process for for-
cient. There is also known a seed polymerization   ming styrenic polymer
beads which are modified method comprising causing a vinyl monomer to be
with styrenic monomer/divinylbenzene copolymer absorbed into fine
monodisperse particles of a sty-  for use in producing foamed cups with
improved rene polymer or the like and polymerizing the      strength and
thermal properties. monomer to increase the sizes of the particles. In  30
order to obtain particles having a size of 1 [err] or  Summary of the
Invention larger, particularly around 10 [err], by this method, the
procedure of absorption of a monomer into fine     As a result of intensive
investigations with a polymer particles and polymerization of the mon-
view to overcoming the above-mentioned problems omer must be repeated
several times. This meth-  35  to develop a seed polymerization method
aiming at od, however, involves problems of a reduction in   efficiently
obtaining a wide variety of fine uniform- the uniformity of the resulting
particles and a de-  sized polymer particles from  a wide variety of crease
in the rate of polymerization. Besides this  monomer compositions according
to a simple pro- method, there is known a method comprising two-    cedure,
the inventors of the present invention have , step swelling seed
polymerization to obtain uni-  40  found that a fine emulsion prepared by
adding a form-sized polymer particles as represented by the  specific
nonionic  organic  compound  to  an process of JP-B-57-24369 In this
method, a water   ethylenically unsaturated monomer and finely dis-
insoluble organic compound is preliminarily ab-    persing the resulting
mixture in water is quickly sorbed into seed particles to enhance the
swelling  absorbed into seed polymer particles. The present capability
thereof and the resultant particles are  46  invention has been completed
based on this find- swollen with a vinyl monomer, followed by poly-    ing.
merization thereof. This method, however, has a        Specifically, the
present invention provides a disadvantage of a low productivity because the
process for preparing fine uniform-sized polymer hydrophobicity of the
added compound in the first  particles  comprising  causing  an
oil-soluble step is so high and the vinyl monomer is added in  50
ethylenically unsaturated monomer to be absorbed the form of oily droplets
to a dispersion of the seed  into seed polymer particles dispersed in an
aque- particles so that a prolonged swelling treatment is  ous dispersion
medium and polymerizing the mon- usually required in order to obtain
swollen seed   omer in the presence of an oil-soluble polymeriza- particles
having a desired size.                   tion initiator, characterized in
that an oil-soluble US-A-4 333 969 describes styrenic polymer  66
ethylenically unsaturated monomer (A) is admixed beads of a preferred size
which are produced from  with 0.5 to 300 wt.%, based on the monomer (A),
styrenic polymer beads of a smaller size by for-   of a nonionic organic
compound (B) being liquid at ming an aqueous suspension of the styrenic
poly-   room temperatures, having a water solubility at 2  



3                 EP 0 308 864 B1                    4 25 [err] C of 0.01
wt.% or higher and does not cause a     Examples of the oil-soluble
ethylenically un- phase separation with the monomer (A), the result-
saturated monomer to be used in the present in- ing mixture is caused to be
absorbed into seed     vention include styrene compounds such as sty-
polymer particles (C) and the monomer (A) is poly-  rene, p-methylstyrene,
and p-chlorostyrene; ac- - merized therein.                               5
rylate monomers such as ethyl acrylate, 2-ethyl- The invention provides a
process for preparing  hexyl acrylate, lauryl acrylate, dimethylaminoethyl
uniformly sized, fine particles of a polymer, which  acrylate,   and
diethylaminoethyl   acrylate; comprises the steps of:
methacrylate   monomers  such   as   methyl (1) mixing (B) a nonionic
organic compound       methacrylate,   ethyl   methacrylate,   lauryl being
liquid at room temperature, having a solu-  10   methacrylate,
dimethylaminoethyl  methacrylate, bility in water at 25 [err] C of 0.01
wt.% or larger  and diethylaminoethyl methacrylate; polyethylene and does
not cause a phase separation with (A)   glycol mono(meth)acrylates; alkyl
vinyl ethers such an oil-soluble, ethylenically unsaturated mon-   as
methyl vinyl ether and ethyl vinyl ether; vinyl omer, with the monomer (A)
in an amount of 0.5   ester monomers such as vinyl acetate and vinyl to 300
wt.% based on the monomer (A),       15  butyrate;  N-alkyl-substituted
(meth)acrylamides (2) then adding the mixture of (A) and (B) to an  such as
N-methylacrylamide, N-ethylacrylamide, N- aqueous dispersion of (C)
particles of a seed    methylmethacrylamide,      and       N-ethyl-
polymer so as to absorb the mixture of (A) and   methacrylamide; nitrile
monomers such as ac- (B) onto the particles (C) and
rylonitrile and methacrylonitrile; and polyfunctional (3) polymerizing the
mixture of (A), (B) and (C)   20   monomers such as divinylbenzene,
ethylene glycol in the presence of an oil-soluble initiator for the
diacrylate, ethylene glycol dimethacrylate, polyeth- polymerization to
obtain said uniformly sized,   ylene glycol di(meth)acrylates, and
trimethylol- fine particles.                                  propane
triacrylate. Usable monomers are not limit- The process may comprise adding
the non-        ed to those mentioned above since oil solubility is ionic
organic compound (B) to the monomer (A)  25  the essential factor. These
monomers may be used and dispersing the resulting mixture in an aqueous
either alone or in mixture. solution of a surfactant to obtain an emulsion
there-  The nonionic organic compound to be used in of. It may comprise
adding the nonionic organic    the present invention is one which is liquid
at compound (B) to the monomer (A) and dispersing     ordinary
temperatures, has a water solubility at the resulting mixture in an aqueous
medium to  30  25[err]C of 0.01 wt.% or higher, more preferably 0.1 obtain
an emulsion having smaller particles of (A)  wt.% or higher, and is
compatible i.e. does not and (B) than the seed polymer particles (C).
cause a phase separation with the above-men- The invention further provides
uniformly sized,  tioned ethylenically unsaturated monomer. Exam- fine
particles of a polymer obtained by the process  ples of the nonionic
organic compound include as defined above, preferably porous ones.     35
alcohols such as methyl alcohol, ethyl alcohol, Any known seed polymer such
as a styrene        isopropyl alcohol, isoamyl alcohol, and octyl al-
polymer, acrylic polymer and the like used in the  cohol; esters such as
methyl acetate, ethyl acetate, conventional seed polymerization methods can
be    butyl acetate, and isoamyl acetate; ketones such as used as the seed
polymer particles in the present  acetone and methyl ethyl ketone;
sulfoxides such invention. Those particles of a non-crosslinked type   40
as dimethyl sulfoxide and diethyl sulfoxide; amides having an average
particle size of 0.1 to 20 [err]   such      as      dimethylformamide
and and a standard deviation in particle size distribution
dimethylacetamide; and nitriles such as acetonitrile of 10% or less based
on the average particle size  and propionitrile, which are
low-molecular-weight are particularly preferred. When fine crosslinked
compounds having a molecular weight of 30 to particles are used, the
sphericity of the resulting   45  300. polymer particles is often reduced
according to the    Among the aforementioned ethylenically un- process of
the present invention unfavorably. Seed  saturated monomers, those
satisfying the above- polymer particles can be obtained by repeating a
mentioned requisites can be used as the nonionic conventional seed
polymerization procedure using   organic compound. Such monomers include
vinyl fine uniform-sized particles of about 0.04 to 0.2 [err]    50
acetate, methyl methacrylate, acrylonitrile, and in size prepared by
soap-free polymerization or    methacrylonitrile. emulsion polymerization,
or expediently by using a     These nonionic organic compounds may be
dispersion polymerization method in a non-aqueous  used either alone or in
mixture. system as disclosed in J. Polym. Sci., Polym. Lett.    After the
ethylenically unsaturated monomer is Ed, 23, 103 (1985). Needless to say,
however, the   55  admixed with 0.5 to 300 wt.%, preferably 2 to 200
preparation of seed polymer particles is not limited  wt.%, based on the
monomer, of the nonionic or- to these methods.
ganic compound, the resulting mixture is dispersed in an aqueous solution
of a surfactant such as 



3    5                 EP 0 308 864 B1                     6 sodium lauryl
sulfate with a homomixer or by an    ing the monomer with the nonionic
organic com- ultrasonic treatment to give a stable emulsion con-  pound and
the step of causing the fine disperse taining fine droplets dispersed
therein. When the  emulsion to be absorbed into the seed polymer amount of
the nonionic organic compound to be      particles. However, mixing of the
polymerization added to the ethylenically unsaturated monomer is   5
initiator together with the monomer and the non- bove the above-mentioned
range, the water solu-   ionic organic compound to incorporate the
initiator bility of the monomer is increased unfavorably,    in the
resulting fine disperse emulsion is most resulting in a trouble such as
formation of new    simple and hence preferable. particles other than seed
particles by polymeriza-     The polymerization temperature can be appro-
tion or loss of the sphericity of particles after poly-  10  priately
chosen depending on the kinds of poly- merization. On the other hand, when
it is below the  merization initiator and monomer and is usually in
above-mentioned range, the migration rate of the   a range of 25 to 100 C,
more preferably 50 to monomer into seed polymer particles is unfavor-
90[err]C. In the present invention, it is preferred that ably low to
provide a poor absorption efficiency.  the monomer mixture is completely
absorbed into The above-mentioned fine disperse emulsion pref-  15  the
seed polymer particles before heating and erably contains finely dispersed
droplets smaller  polymerization. The polymerization may be initiated than
seed polymer particles since such droplets    by starting elevation of the
temperature in the latter are more efficiently absorbed into the seed poly-
stage of the absorption step. In this case, however, mer particles.
conditions must be chosen so as to avoid formation According to the present
invention, the above-  20  of new polymer particles other than the swollen
mentioned fine disperse emulsion is mixed with a   particles described
above. dispersion of seed polymer particles to cause the      In the
polymerization step, any one of a variety seed polymer particles to absorb
the mixture of the  of surfactants and polymeric protective colloids
monomer with the nonionic organic compound and     may be used in order to
improve the dispersion be swollen thereby, followed by polymerization.  25
stability of the polymer particles. Examples of such The absorption and
swelling can be usually accom-  dispersion stabilizers include surfactants
such as plished in a short time by mixing the emulsion of  sodium  lauryl
sulfate, sodium  laurylbenzenesul- the monomer and the nonionic organic
compound      fonate, and sodium polyoxyethylene lauryl ether with the
dispersion of the seed polymer particles  sulfate; water-soluble polymers
such as gelatin, and stirring the resulting mixture at room tempera-  30
starch, hydroxyethylcellulose, carboxymethylcel- ture for 1 to 6 hours.
However, heating of the     lulose, polyvinylpyrrolidone, polyvinyl alkyl
ethers, mixture to about 30 to 40[err]C enables the absorp-    and
polyvinyl alcohol; and water-insoluble inorganic tion to occur more
quickly. The degree of swelling  salts such as barium sulfate, calcium
sulfate, bari- can be arbitrarily chosen by controlling the mixing  um
carbonate, calcium carbonate, magnesium car- ratio of the monomer emulsion
to the seed polymer  35  bonate, and calcium phosphate. particle
dispersion. It is usually in a range of 5 to  The dispersion stabilizer may
be added either 150. A degree of swelling substantially falling within
after the absorption of the monomer mixture into such a range is suitably
adopted in the present    the seed polymer particles or during the step of
invention. The degree of swelling mentioned herein  emulsification of the
monomer mixture to achieve is defined as a volume ratio of swollen
particles to  40  stabilization of the emulsion as well as to achieve seed
polymer particles before swelling thereof.    dispersion at the time of
polymerization. The completion of absorption can be easily         Fine
uniform-sized polymer particles can be confirmed by observation with an
optical micro-    obtained by the above-mentioned procedure of scope or the
like.                                 polymerization. The particle size may
vary depend- The monomer thus absorbed into the. seed   45  ing on the size
of the seed polymer particles used polymer particles is polymerized in the
subsequent  and the ratio of the monomer to the seed polymer step, in which
a common oil-soluble polymerization  particles. The present invention is
useful particu- initiator can be used as the polymerization initiator.
larly in the case where fine uniform-sized polymer Usable polymerization
initiators include peroxide  particles having a size of 1 to 30 [err] and a
initiators such as benzoyl peroxide, lauroyl perox-  so  standard deviation
in particle size distribution of ide, o-chlorobenzoyl peroxide, and
o-methoxyben-   10% or less based on the average particle size zoyl
peroxide; and azo initiators such as 2,2'-    thereof are obtained. Fine
polymer particles having azobisisobutyronitrile and
2,2'-azobis(2,4-dimethyl-  a smooth homogeneous or uneven porous surface
valeronitrile). The use of a water-soluble polymer-  can be arbitrarily
prepared if adequate conditions ization initiator unfavorably forms new
polymer par-  55  are chosen. Particularly, porous polymer particles ticles
other than the seed particles.               can be obtained using the
nonionic organic com- 



The addition of a polymerization initiator can  pound in a relatively large
amount of usually 15 to be appropriately chosen between the step of mix-
300 wt.%  based on the monomer. This can be 4    7                EP 0 308
864 B1                    8 achieved more easily when a compound other than
which is believed to accelerate diffusion of the polymerizable unsaturated
compounds is used as   monomer from the fine monomer droplets to the the
nonionic organic compound. The lower limit of  seed polymer particles.
Accordingly, the process of the above-mentioned amount may vary depending
the present invention is a novel seed polymeriza- on the kind of nonionic
organic compound. How-   5   tion method utterly different in mechanism
from the ever, the conditions under which fine particles hav-  conventional
seed polymerization methods and the ing a smooth surface are formed cannot
clearly be  two-step swelling seed polymerization methods in- distinguished
from those under which fine porous  volving increasing the swelling
capability of a seed particles are formed. Thus, polymer particles hav-
polymer and causing a monomer to be absorbed ing a surface state adapted to
the purpose can be  10  into the seed polymer particles, which are repre-
obtained by suitably choosing the amount of the  sented by the process of
JP-B-57-24369. nonionic organic compound.                           The
second feature that subsequent polymer- Fine polymer particles can be
isolated after the  ization of the monomer can give fine polymer par-
polymerization as a powder according to a proce-  ticles which are uniform
in size is believed to be dure comprising filtration to remove the aqueous
is  based on the same principle as that of the conven- phase, washing with
water and/or a solvent, and  tional seed polymerization methods that the
use of drying by a customary method such as spray dry-  uniform-sized seed
polymer particles as a starting ing or drying under reduced pressure. The
result-  material provides a good uniformity in particle size ing powder
comprises fine uniform-sized particles  of the product prepared by
absorption of a mon- capable of being sufficiently practically used even
20  omer thereinto and subsequent polymerization of if it is not subjected
to any particular classification  the monomer. treatment.
The third feature that fine porous particles can In the invention, a
monomer, admixed with a   be obtained if adequate conditions are chosen is
selected nonionic organic compound and then em-  presumed to be according
to a mechanism wherein ulsified, can be absorbed onto seed polymer par-  25
the use of the nonionic organic compound which is tides in a short time
even at room temperature,   compatible with the monomer but incompatible
with said subsequent polymerization of the above-men-  a polymer formed
therefrom allows the polymer to tioned monomer can give fine polymer
particles    precipitate with the progress of polymerization of which are
uniform in size, and said even fine uni-  the monomer on the swollen
particles to give a form-sized porous polymer particles can be ob-  30
nonuniform structure of particles having an uneven tained if adequate
conditions are chosen.        surface. The above shown feature is
considered to be       Such a precipitation action is believed to de-
caused by a reduction in the surface tension be-  pend on the amount of the
nonionic organic com- tween the aqueous phase and the monomer phase
pound used. In fact, when the above-mentioned which has been attributed to
the addition of the   35  compound was used in a relatively large amount of
nonionic organic compound.                       usually more than 15 wt.%
based on the monomer, Specifically, the nonionic organic compound   fine
porous particles each having an uneven sur- used in the present invention,
when mixed with the  face were obtained. In contrast, when the above-
monomer, acts to lower the interfacial surface en-  mentioned compound was
used in a relatively ergy between the oil droplets and the aqueous  40
small amount of usually 15 wt.% or less based on phase. For example, the
interfacial tension between  the monomer, fine spherical particles each
having a a liquid mixture of styrene (55%) with divinylben-  less uneven or
rather smooth surface were ob- zene (purity: 55%) (45%) and water was
7.52.10[err]  tained. N/cm (in a 0.12% aqueous SDS solution) and it
As described above, the ethylenically unsatu- lowered gradually, with an
increasing amount of  45  rated monomers satisfying the requisites of the
isoamyl acetate added thereto, to 2.94.10[err] N/cm  present invention can
be used as the nonionic when 100 wt.%, based on the above-mentioned
organic compound. In this case, it is believed that liquid mixture, of
isoamyl acetate was added there-  the above-mentioned compound participates
as a to.                                              comonomer component
in the polymerization reac- When the monomer emulsion is added to the  50
tion after the absorption thereof together with the seed polymer particles,
the nonionic organic com-  monomer into the seed polymer particles. In
fact, pound in the monomer oil droplets passes faster  in such a case, fine
spherical particles each having than the monomer molecules through the
water      a less uneven or rather smooth surface are often phase to the
seed polymer particles because it is  formed irrespective of the amount of
the above- 



more or less soluble in water. As a result, the   55  mentioned compound
used. interfacial surface energy between the remaining monomer oil droplets
and water is increased to cause destabilization of the monomer oil
droplets, 5    9                 EP0308884B1                        10
[Brief Description of Drawing ]                    Example 2 Figs. 1 and 2
are scanning electron micro-         Substantially the same procedure as
that of scope photographs showing the particle structure   Example 1 was
repeated except that 5.0 parts of of fine polymer particles obtained in
Examples 1   5   isoamyl alcohol were used instead of isoamyl ace- nd 5,
respectively.                               tate. The yield was 95%. The
average particle size of the resulting particles was 7.5 [err] while the
[Examples]                                         standard deviation in
particle size distribution was 3.2%. Referential Example (Preparation of
Seed Polymer  10 Particles)                                         Example
3 A solution of 7.2 parts of polyvinylpyrrolidone    Substantially the same
procedure as that of (molecular weight: 40,000) (the parts are by weight,
Example 1 was repeated except that 5.0 parts of the same will apply
hereinbelow), 2 parts of  15   methyl ethyl ketone were used instead of
isoamyl Aerosol OT (anionic surfactant manufactured by     acetate. The
yield was 93%. The size of the result- Wako Pure Chemical Industries, Ltd.)
and 0.5 parts  ing particles was 7.3 [err] while the standard de- of
azobisisobutyronitrile in 340 parts of ethanol was  viation in particle
size distribution was 3.8%. heated to 70[err]c under nitrogen gas with
stirring, and then admixed with 50 parts of styrene. The   20   Example 4
resulting mixture was kept at the same temperature for 24 hours to give
polymer particles having an       2.0 parts of polystyrene seed particles
having a average particle size of 1.83 [err] and a standard    size of 2.5
[err] and a standard deviation in particle deviation in particle size
distribution of 2.5%.   size distribution of 3.5% which were prepared ac-
25  cording to substantially the same procedure as that Example 1
of the above-mentioned Referential Example were admixed with 200 parts of
ion-exchanged water and 2.0 parts of dry particles obtained in Referential
0.14 parts of sodium lauryl sulfate, and then uni- Example were admixed
with 200 parts of ion-ex-     formly dispersed therein. Separately, a
solution changed water and 0.13 parts of sodium lauryl  30  composed of 120
parts of methyl methacrylate, 6 sulfate, and then uniformly dispersed
therein. A   parts of isoamyl acetate, and 0.6 part of lauroyl solution of
5.0 parts of isoamyl acetate and 0.6   peroxide was mixed with 400 parts of
ion-ex- parts of benzoyl peroxide in 50 parts of a monomer  changed water
and 0.8 parts of sodium lauryl sul- mixture composed of 55% of styrene and
45% of      fate, followed by an ultrasonic treatment. The re-
divinylbenzene (purity: 55%) was mixed with 200   35  sulting emulsion was
admixed with the above-pre- parts of ion-exchanged water and 0.3 parts of
so-  pared dispersion of the seed polymer particles, and dium lauryl
sulfate, followed by an ultrasonic treat-  the resulting mixture was
stirred at room tempera- ment. The resulting emulsion was added to the
ture for 2 hours to completely absorb the monomer above-mentioned
dispersion of the seed polymer     into the seed polymer particles. The
resulting dis- particles, and the resulting mixture was stirred at  40
persion was stirred under nitrogen gas at 70 [err] C for 30[err]C for 4
hours to completely absorb the mon-     12 hours to effect polymerization
to thereby obtain omers into the seed polymer particles. The result-  a
dispersion of fine uniform-sized particles. The ing dispersion was admixed
with 100 parts of a 3%  yield was 93%. The size of the resulting particles
aqueous solution of polyvinyl alcohol (GH-17 manu-  was 9.8 [err] while the
standard deviation in particle factured by Nippon Synthetic Chemical
Industry  45  size distribution was 4%. Co., Ltd.; degree of
saponification: 86.5 to 89 mol %). Polymerization was conducted, stirred,
under   Example 5 nitrogen gas at 80[err]c for 12 hours to obtain a
dispersion of fine uniform-sized particles each hav-   Polymerization was
conducted according to ing a smooth surface. The yield was 97%. The   50
substantially the same procedure as that of Exam- average particle size of
the particles was 7.40 [err]  ple 1 except that 50 parts of isoamyl acetate
was while the standard deviation in particle size dis-  used instead of 5.0
parts of isoamyl acetate to tribution was 3.0%. The scanning electron
micro-   obtain a dispersion of fine particles. The yield was scope
photograph of the polymer particles is       94%. The average particle size
was 7.3 [err] while 



shown in Fig. 1.                              55  the standard deviation in
particle size distribution was 3.0%. The scanning electron microscope pho-
tograph of the polymer particles is shown in Fig. 2, which shows fine
uniform-sized particles each hav-    11                EP0308864B1
12 ing a porous surface,                              a monomer mixture
composed of 75%  of ac- rylonitrile and 25% of divinylbenzene (purity: 55%)
Example 6                                          was mixed with 320 parts
of ion-exchanged water and 0.3 parts of sodium lauryl sulfate, and the
Substantially the same procedure as that of   5   resulting mixture was
subjected to an ultrasonic Example 5 was repeated except that 12.5 parts of
treatment to obtain an emulsion. The emulsion was isoamyl acetate and 37.5
parts of isoamyl alcohol  added to the above-mentioned dispersion of the
were used instead of 50 parts of isoamyl acetate.  seed polymer particles,
and the resulting mixture The yield was 95%. The size of the resulting
was stirred at 35 [err] C for 3 hours to completely particles was 7.4 [err]
while the standard deviation   io  absorb the monomers into the seed
polymer par- in particle size distribution was 4.2%. They were  ticles. The
resulting dispersion was admixed with fine porous particles.
1.2 parts of sodium lauryl sulfate and 150 parts of water, and the
resulting mixture was stirred under Example 7
nitrogen gas at 65[err]c for 12 hours to effect poly- is merization to
thereby obtain a dispersion of fine Substantially the same procedure as in
Exam-    uniformly sized porous particles. The size of the ple 5 was
repeated except that 50 parts of methyl  particle was 6.4 [err] while the
standard deviation in ethyl ketone were used instead of 50 parts of
particle size distribution was 5.4%. isoamyl acetate. The yield was 89%.
The size of the resulting particles was 7.6 [err] while the stan-  20
Comparative Example dard deviation in particle size distribution was 3.6%.
The porousness was good.                         Substantially the same
procedure as in Exam- ple 1 was repeated except that a monomer emul-
Example 8                                          sion was prepared
without addition of isoamyl ace- 25 tate to a monomer mixture. The monomer
emulsion The same dispersion of polystyrene seed par-    was added to a
dispersion of a seed polymer and ticles as in Example 4 was prepared.
Separately, a  the resulting mixture was stirred for 4 hours, result-
solution  composed  of 100  parts of methyl        ing in separation of the
monomers as an oil phase. methacrylate,  20  parts  of  ethylene  glycol
Polymerization was conducted while leaving the dimethacrylate, 20 parts of
isoamyl acetate, and   30  state intact to give polydisperse particles
having a 0.6 parts of lauroyl peroxide was mixed with 400   size ranging
from 1 to 30 [err]. parts of ion-exchanged water and 0.8 parts of so- dium
lauryl sulfate, and the resulting mixture was  Claims treated with a
homomixer (at 13,000 rpm for 10 minutes) to obtain an emulsion.
35  1. A process for preparing uniformly sized, fine The emulsion was added
to the above-men-            particles of a polymer, which comprises the
tioned dispersion of the seed polymer particles,       steps of: and the
resulting mixture was stirred at room tem-      (1) mixing (B) a nonionic
organic compound perature for 2 hours to completely absorb the mon-
being liquid at room temperature, having a omers into the seed polymer
particles. The result-  40   solubility in water at 25 [err] C of 0.01 wt.%
or ing dispersion was stirred under nitrogen gas at         larger and does
not cause a phase separa- 70[err] C for 12 hours to effect polymerization
to there-    tion with (A) an oil-soluble, ethylenically un- by obtain a
dispersion of fine uniform-sized par-        saturated monomer, with the
monomer (A) ticles. The yield was 90%. The size of the particles     in an
amount of 0.5 to 300 wt.% based on was 9.85 [err] while the standard
deviation in par-  45     the monomer (A), ticle size distribution was
3.8%. Some particles          (2) then adding the mixture of (A) and (B) to
were observed with a scanning electron micro-            an aqueous
dispersion of (C) particles of a scope to reveal that the surfaces thereof
were           seed polymer so as to absorb the mixture uneven.
of (A) and (B) onto the particles (C) and 50        (3) polymerizing the
mixture of (A), (B) and Example 9
(C) in the presence of an oil-soluble initiator for the polymerization to
obtain said uni- 2.0 parts of seed particles obtained in the
formly sized, fine particles. 



above-mentioned Referential Example were admix- ed with 200 parts of
ion-exchanged water and 0.13   55  2. A process as claimed in claim 1,
which com- parts of sodium lauryl sulfate, and then dispersed     prises
adding the nonionic organic compound therein. A solution of 17.5 parts of
isoamyl acetate   (B) to the monomer (A) and dispersing the and 1.5 parts
of azobisisobutyronitril in 50 parts of  resulting mixture in an aqueous
solution of a 7    11                EP 0 308 864 B1                     12
ing a porous surface.                              a monomer mixture
composed of 75%  of ac- rylonitrile and 25% of divinylbenzene (purity: 55%)
Example 6                                          was mixed with 320 parts
of ion-exchanged water and 0.3 parts of sodium lauryl sulfate, and the
Substantially the same procedure as that of   5   resulting mixture was
subjected to an ultrasonic Example 5 was repeated except that 12.5 parts of
treatment to obtain an emulsion. The emulsion was isoamyl acetate and 37.5
parts of isoamyl alcohol  added to the above-mentioned dispersion of the
were used instead of 50 parts of isoamyl acetate.  seed polymer particles,
and the resulting mixture The yield was 95%. The size of the resulting
was stirred at 35 [err] C for 3 hours to completely particles was 7.4 [err]
while the standard deviation   10  absorb the monomers into the seed
polymer par- in particle size distribution was 4.2%. They were  ticles. The
resulting dispersion was admixed with fine porous particles.
1.2 parts of sodium lauryl sulfate and 150 parts of water, and the
resulting mixture was stirred under Example 7
nitrogen gas at 65[err]c for 12 hours to effect poly- 15   merization to
thereby obtain a dispersion of fine Substantially the same procedure as in
Exam-    uniformly sized porous particles. The size of the ple 5 was
repeated except that 50 parts of methyl  particle was 6.4 [err] while the
standard deviation in ethyl ketone were used instead of 50 parts of
particle size distribution was 5.4%. isoamyl acetate. The yield was 89%.
The size of the resulting particles was 7.6 [err] while the stan-   20
Comparative Example dard deviation in particle size distribution was 3.6%.
The porousness was good.                         Substantially the same
procedure as in Exam- ple 1 was repeated except that a monomer emul-
Example 8                                          sion was prepared
without addition of isoamyl ace- 25  tate to a monomer mixture. The monomer
emulsion The same dispersion of polystyrene seed par-    was added to a
dispersion of a seed polymer and ticles as in Example 4 was prepared.
Separately, a  the resulting mixture was stirred for 4 hours, result-
solution  composed  of 100  parts of methyl        ing in separation of the
monomers as an oil phase. methacrylate,  20  parts  of  ethylene  glycol
Polymerization was conducted while leaving the dimethacrylate, 20 parts of
isoamyl acetate, and   30  state intact to give polydisperse particles
having a 0.6 parts of lauroyl peroxide was mixed with 400   size ranging
from 1 to 30 [err]. parts of ion-exchanged water and 0.8 parts of so- dium
lauryl sulfate, and the resulting mixture was  Claims treated with a
homomixer (at 13,000 rpm for 10 minutes) to obtain an emulsion.
35  1. A process for preparing uniformly sized, fine The emulsion was added
to the above-men-            particles of a polymer, which comprises the
tioned dispersion of the seed polymer particles,       steps of: and the
resulting mixture was stirred at room tem-        (1) mixing (B) a nonionic
organic compound perature for 2 hours to completely absorb the mon-
being liquid at room temperature, having a omers into the seed polymer
particles. The result-  40    solubility in water at 25 [err] C of 0.01
wt.% or ing dispersion was stirred under nitrogen gas at         larger and
does not cause a phase separa- 70 [err] C for 12 hours to effect
polymerization to there-   ton with (A) an oil-soluble, ethylenically un-
by obtain a dispersion of fine uniform-sized par-        saturated monomer,
with the monomer (A) ticles. The yield was 90%. The size of the particles
in an amount of 0.5 to 300 wt.% based on was 9.85 [err] while the standard
deviation in par-  45     the monomer (A), ticle size distribution was
3.8%. Some particles           (2) then adding the mixture of (A) and (B)
to were observed with a scanning electron micro-             an aqueous
dispersion of (C) particles of a scope to reveal that the surfaces thereof
were            seed polymer so as to absorb the mixture uneven.
of (A) and (B) onto the particles (C) and so        (3) polymerizing the
mixture of (A), (B) and Example 9
(C) in the presence of an oil-soluble initiator 



for the polymerization to obtain said uni- 2.0 parts of seed particles
obtained in the           formly sized, fine particles. above-mentioned
Referential Example were admix- ed with 200 parts of ion-exchanged water
and 0.13   55  2. A process as claimed in claim 1, which com- parts of
sodium lauryl sulfate, and then dispersed     prises adding the nonionic
organic compound therein. A solution of 17.5 parts of isoamyl acetate   (B)
to the monomer (A) and dispersing the and 1.5 parts of
azobisisobutyronitril in 50 parts of  resulting mixture in an aqueous
solution of a 7    13                EP 0 308 864 B1                     14
surfactant to obtain an emulsion thereof.          dung (B) zu dem
Monomeren (A) und Disper- gieren der resultierenden Mischung in einer 3. A
process as claimed in claim 1, which com-         wassrigen Losung eines
oberflachenaktiven prises adding the nonionic organic compound
Mittels, um eine Emulsion davon zu erhalten. (B) to the monomer (A) and
dispersing the   5 resulting mixture in an aqueous medium so as   3
Verfahren nach Anspruch 1, umfassend das to obtain an emulsion having
smaller particles     Zugeben der nichtionischen organischen Ver- of (A)
and (B) than the seed polymer particles     bindung (B) zu dem Monomeren
(A) und Dis- (C).                                               pergieren
der resultierenden Mischung in ei- 10      nem wassrigen Medium, urn eine
Emulsion mit 4. A process as claimed in claim 1, in which the
kleineren Tellchen von (A) und (B) als den seed polymer particles (C) have
an average         Keim-Polymerteilchen (C) zu erhalten. particle size of
0.1 to 20 [err] (microns) and a standard deviation in particle size
distribution  4. Verfahren nach Anspruch 1, wobei die Keim- of 10 percent
or less.                     15      Polymerteilchen (C) eine
durchschnittliche Teil- chengroBe von 0,1 bis 20 um (microns) und 5. A
process as claimed in claim 1, in which the       eine Standardabweichung
fOr die Teilchengr6- nonionic organic compound (B) has a solubility
Beverteilung von 10% oder weniger besitzen. in water at 25 [err] C of 0.1
wt.% or larger. 20  5. Verfahren nach Anspruch 1, wobei die nichtio- 6. A
process as claimed in claim 1, in which the       nische organische
Verbindung (B) eine LWs- product particles are porous.
lichkeit in Wasser von 25-C von 0,1 Gew.-% oder hoher besitzt. 7. Uniformly
sized, fine particles of a polymer obtained by the process as defined in
claim 1,  25  6. Verfahren nach Anspruch 1, bei dem die Pro- having a size
of 1 to 30 [err] and a standard         duktteilchen por6s sind. deviation
of the particle size distribution of 10% or less based on the average
particle size  7. Feine Polymerpartikel mit einheitlicher GroBe, thereof.
erhalten durch das Verfahren gemaB Anspruch 30      1, mit einer GroBe von
1 bis 30 Um und einer PatentansprUche
Standardabweichung far die Teilchengr6Bever- teilung von 10% oder weniger,
bezogen auf 1. Verfahren zur Herstellung feiner Polymerparti-      deren
durchschnittliche TeilchengroBe. kel mit gleichformiger GroBe, umfassend
die Schritte:                                  36   Revendlcatlons (1)
Mischen von (B) einer nichtionischen organischen Verbindung, die be!
Raumtem-     1. Proc6dd  de preparation de fines particules peratur flUssig
ist, eine Loslichkeit in Was-    d'un polymbre a taille uniforme,
comprenant: ser von 25' C von 0,01 Gew.-% oder hoher           (1) le
m~lange d'un compos6 organique (B) besitzt und keine Phasentrennung verur-
40        non ionique liquide A la temperature am- sacht mit (A) einem
6ll6slichen, ethylenisch       biante, ayant une solubilit4 dans l'eau a 25
ungesattigten Monomeren, wobei das Mo-             C de 0,01 % en poids ou
plus et ne don- nomere (A) in einer Menge von 0,5 bis 300          nant pas
lieu & une separation de phases Gew.-%, bezogen auf das Monomere (A),
avec un monombre (A) a insaturation 6thy- vorliegt,
45         l~nique soluble dans l'huile, avec un mono- (2) anschlielendem
Zugeben der Mischung            mbre (A), en une quantit6 de 0,5 & 300 %
von (A) und (B) zu einer wassrigen Disper-         en poids par rapport au
monombre (A), sion von (C) Teilchen eines Keim-Polyme-           (2)
I'addition ensuite du m6lange des com- ren (seed polymer), derart, daB die
Mi-            posants (A) et (B) dans une dispersion 



schung von (A) und (B) auf den Teilchen (C)  5o    aqueuse de particules
(C) d'un polymbre absorbiert wird, und
formant germes de fagon & absorber le (3) Polymerisieren der Mischung von
(A),           mdlange des composants (A) et (B) dans (B) und (C) in
Gegenwart eines olloslichen         les particules (C), et
Polymerisationsinitiators, um feine Partikel       (3) la polym~risation du
m~lange des corn- gleichformiger GroBe zu erhalten.       65
posants (A), (B) et (C) en presence d'un initiateur de la polym~risation
soluble dans 2. Verfahren nach Anspruch 1, umfassend die
l'huile, pour obtenir ces fines particules a Zugabe der nichtionischen
organischen Verbin-         taille uniforme. 8    15           -    EP 0
308 864 B1316    I 111111 lilA 11111 liii II HI 2. Proc6d6 selon la
revendication 1, comprenant l'addition du compose organique non ionique (B)
dans le monombre (A), et ia dispersion du m~lange rdsultant dans une
solution aquouse d'un tensioactif pour obtenir une emulsion de   5
celui-ci. 3. Procid: selon la revendication 1, selon lequel on ajoute le
compos6 organique non ionique (B) dans le monomere (A) et on disperse le
10 melange r6sultant dans un milieu aqueux de fagon & obtenir une 6mulsion
comprenant de plus petites particules des composants (A) et (B) que les
particules de polymbre formant germes (C).                               tS
4. Proc~d4 selon la revendication 1, dans lequel les particules de polymere
formant germes (C) ont une taille particulaire moyenne de 0,1 a 20 am
(microns) at un ecart-type de la distribu-  20 tion de taille particulaire
de 10 % ou moins. 5. Proc~di selon la revendication 1, dans loquel le
compos6 organique non ionique (B) a une solubilit4 dans l'eau a 25  C, de
0,1 % en   25 poids, ou plus. 6. Procdd4 selon la revendication 1, dans
lequel les particules de produit sont poreuses. 30 7. Fines particules a
taille uniforme d'un polymb- re, obtenues selon le procede de la revendica-
tion 1, ayant une taille de 1 & 30 Lm et un dcart-type de la distribution
de taille particulai- re de 10 % ou moins par rapport a leur taille  35
particulaire moyenne. 40 45 50 55 9    


