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The present invention relates to an additive for use in the
molding of a ceramic material, which exhibits satisfactory
water absorption performance in a ceramic green ceramic
clay, can highly achieve both high fluidability and low load-
ing performance during extrusion molding and high shape-
retaining performance after extrusion at the same time, and
comprises polymer microparticles. This additive for use in the
molding of a ceramic material comprises polymer micropar-
ticles, is characterized in that the polymer microparticles have
an average particle size between 10 and 150 pm when the
polymer microparticles are swollen with ion exchange water
until the swollen polymer microparticles reach a saturated
state and can absorb 10-60 m[/g of ion exchange water under
ordinary pressure, and is also characterized in that an aqueous
dispersion prepared by dispersing 1 part by mass of the poly-
mer microparticles in 110 parts by mass of ion exchange
water has an electrical conductivity of 1500 pS/cm or less at
25° C.



Patent Application Publication Aug. 15, 2013 US 2013/0207055 A1

FIG. 1

u-——-————a—u“-l

1

L
-u——«.——wﬁ

-
=
P
-
—
»
-4
H
-
2
-
-
]
H
-
=
-
-

AR A e

<




US 2013/0207055 Al

ADDITIVE FOR MOLDING OF CERAMIC
MATERIAL

FIELD OF THE INVENTION

[0001] The present invention relates to an additive for
molding a ceramic material which consists of a polymer
microparticle with a higher cross-linking density, and which
is effective to improve kneadability and moldability of a
ceramic material for forming a highly precise molded article
with excellent reproducibility particularly when the material
is subjected to water-based ceramic molding.

BACKGROUND ART

[0002] Examples of typical molding methods of ceramics
include various methods such as extrusion molding, injection
molding, and slip casting. With respect to the extrusion mold-
ing, for example, this is a method configured to conduct
molding by applying a pressure to a kneaded composition
(hereinafter referred to as “green ceramic clay”) obtained by
kneading a ceramic powder, a binder, water, and the like to
thereby extrude a green ceramic clay through a die, and is thus
suitable for producing rod-like or pipe-like products each
having a constant cross-sectional shape, with a good effi-
ciency. Although the extrusion molding is also used to pro-
duce filters, catalyst carriers, and the like, it has been strongly
desired in recent years to achieve highly precise extrusion
molding so as to improve performances of such products.
[0003] To obtain a highly precise extrusion molded article,
it is required to improve moldability of a green ceramic clay
upon extrusion molding. Patent Literature 1 discloses a
method configured to add a dispersant comprising a specific
fatty acid salt to thereby lower a viscosity of a green ceramic
clay. This method is problematic in that the moldability is still
insufficient, and in that smooth molded bodies are hardly
obtained. Further, Patent Literature 2 discloses a dispersant
containing a polyoxyalkylene unit excellent in lubricating
ability of a molded article. It is required to use a large amount
of dispersant in order to sufficiently lower a viscosity of a
green ceramic clay, such that the dispersant obstructs an inter-
action between binder molecules, thereby occasionally and
considerably deteriorating a shape-retaining ability, a molded
article strength, and the like.

[0004] In turn, the present applicant has aimed at simulta-
neously providing a green ceramic clay with a higher
flowability upon extrusion molding and ensuring a shape-
retaining ability of a molded article after extrusion, and thus
has proposed a production method of a porous ceramic, con-
figured to adopt specific polymer microparticle having a
water absorbing ability in Patent Literature 3. In order to
simultaneously achieve a higher flowability upon extrusion
molding and ensure a shape-retaining ability after extrusion
by adopting such polymer microparticle, it is required to
attain such a design that: part of water is released from the
polymer microparticle by a pressure applied upon extrusion
molding, and then the polymer microparticle quickly absorb
the water therearound after the pressure is released to thereby
enhance a hardness of a molded article.

[0005] Nonetheless, even in case of adopting the polymer
microparticle according to the disclosure of Patent Literature
3, ionic impurities are released when residual monomers
therefor are present in a large amount, such that the impurities
obstruct the water absorbing ability of the polymer micropar-
ticle in a manner to occasionally lead to an insufficient water
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absorbing ability of the polymer microparticle in a green
ceramic clay, thereby resultingly and occasionally failing to
satisfactorily achieve simultaneous establishment of a higher
flowability of the green ceramic clay upon extrusion molding
and an assurance of a shape-retaining ability of a molded
article after extrusion.

PRIOR ART LITERATURE

Patent Literature

[0006] Patent Literature 1: JP A 2002-293645
[0007] Patent Literature 2: JP A 2009-46385
[0008] Patent Literature 3: JP A 2004-262747

DISCLOSURE OF THE INVENTION

Problem that the Invention is to Solve

[0009] Tt is therefore an object of the present invention to
provide an additive for molding a ceramic material which
consists of a polymer microparticle and exhibits a sufficient
water absorbing ability in a green ceramic clay, thereby
enabling to simultaneously and highly establish a higher
flowability and a lower loading property of the green ceramic
clay upon extrusion molding, and a higher shape-retaining
ability after extrusion.

Means for Solving the Problem

[0010] The presentinventors have earnestly investigated an
additive and resultingly found that it is effective to adopt
polymer microparticle which contains an ionic functional
group as an additive upon ceramic molding when the polymer
microparticle exhibit: (a) an average particle size between 10
and 150 um when the polymer microparticle is swollen with
ion exchange water until the swollen polymer microparticle
reaches a saturated state; (b) anion exchange water absorbing
amount between 10 and 60 m[./g at an ordinary pressure; and
(c) an electroconductivity of 1,500 pS/cm or less at a tem-
perature of 25° C., in a form of aqueous dispersion obtained
by dispersing 1 part by mass of the polymer microparticle in
110 parts by mass of ion exchange water; thereby completing
the present invention.

[0011] The present invention is as follows.

1. An additive for molding a ceramic material which consists
of a polymer microparticle having an ionic functional group,
characterized in that the polymer microparticle exhibits:
[0012] (a) an average particle size between 10 and 150 um
when the polymer microparticle is swollen with ion exchange
water until the swollen polymer microparticle reaches a satu-
rated state;

[0013] (b) an ion exchange water absorbing amount
between 10 and 60 mL/g at an ordinary pressure; and
[0014] (c) an electroconductivity of 1,500 pS/cm or less at
a temperature of 25° C,, in a form of aqueous dispersion
obtained by dispersing 1 part by mass of the polymer micro-
particle in 110 parts by mass of ion exchange water.

2. The additive for molding a ceramic material according to 1
above, wherein a content of the ionic functional group in the
polymer microparticle is between 1.5 and 9.0 mmol/g.

3. The additive for molding a ceramic material according to 1
or 2 above, wherein the ionic functional group is an acidic
functional group neutralized with alkali.

4. The additive for molding a ceramic material according to
any one of 1 to 3 above, wherein a content of an adduct of
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ammonia and/or volatile organic amine of unsaturated mono-
mer containing the polymer microparticle is not more than
5.0% by mass.

5. The additive for molding a ceramic material according to
any one of 1 to 4 above, wherein the polymer microparticle is
produced by inverse suspension polymerization method.

6. The additive for molding a ceramic material according to 5
above, wherein the inverse suspension polymerization
method is a method in which an oil-soluble oxidizing agent
and a water-soluble reducing agent are used as a polymeriza-
tion initiator.

7. The additive for molding a ceramic material according to
any one of 1 to 6 above, wherein the polymer microparticle is
obtained by polymerizing a monomer mixture comprising, as
anindispensable component, one or morekinds selected from
(meth)acrylic acid, and 2-(meth)acrylamide-2-methylpro-
pane sulfonic acid.

8. The additive for molding a ceramic material according to 7
above, wherein the monomer mixture further comprises a
nonionic vinyl monomer.

9. The additive for molding a ceramic material according to
any one of 1 to 8 above, wherein a content of a particle having
a size of 200 um or larger when the polymer microparticle is
swollen with ion exchange water until the swollen polymer
microparticle reaches a saturated state is 1.5% by mass or
less.

10. The additive for molding a ceramic material according to
any one of 1 to 9 above, wherein a content of a particle having
a size of 5 um or smaller when the polymer microparticle is
dried is 5.0% by mass or less.

11. A production method of a molded ceramic article charac-
terized by using the additive for molding a ceramic material
according to any one of 1 to 10 above.

Effect of the Invention

[0015] When the polymer microparticle according to the
present invention is used as an additive for extrusion molding
of a ceramic, it is possible not only to obtain a green ceramic
clay excellent in flowability upon extrusion molding, but also
to exhibit an excellent performance for a shape-retaining
ability of the green ceramic clay after extrusion by virtue of
the excellent water absorbing ability of the polymer micro-
particle.

BRIEF DESCRIPTION OF THE DRAWING

[0016] FIG.1 is a diagram showing an apparatus for mea-
surement of water absorbing amount of polymer micropar-
ticle.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

[0017] The present invention relates to an additive for
molding a ceramic material which consists of a polymer
microparticle having an ionic functional group, and specifi-
cally relates to an additive for molding a ceramic material
characterized in that the polymer microparticle exhibits: (a)
an average particle size between 10 and 150 pm when the
polymer microparticle is swollen with ion exchange water
until the swollen polymer microparticle reaches a saturated
state, (b) an ion exchange water absorbing amount between
10 and 60 mI/g at an ordinary pressure, and (c) an electro-
conductivity of 1,500 uS/cm or less at a temperature 0f25° C.,
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in a form of aqueous dispersion obtained by dispersing 1 part
by mass of the polymer microparticle in 110 parts by mass of
ion exchange water.

[0018] Hereinafter, the additive for molding a ceramic
material of the present invention will be described in detail. It
is noted that the term “(meth)acrylic acid” used herein des-
ignates an acrylic acid or methacrylic acid in the specifica-
tion.

[0019] The polymer microparticle to be adopted in the
present invention is required to have an average particle size
in a range between 10 and 150 um when the polymer micro-
particle is swollen with ion exchange water until the swollen
polymer microparticle reaches a saturated state. The range
thereof is preferably between 15 and 100 um, and more pref-
erably between 20 and 60 um. Average particle size smaller
than 10 pm leads to insufficient lubricating effects, thereby
failing to obtain higher flowabilities. This is assumed to be
due to a fact that the polymer microparticle is captured into a
gap between ceramic particles. Average particle size larger
than 150 pum tends to cause agglomerates and the like upon
production, and are thus undesirable. Such larger size is also
undesirable in that a molded article 1s then occasionally dete-
riorated in smoothness at a surface thereof.

[0020] Further, the polymer microparticle is required to
have an ion exchange water absorbing amount between 10
and 60 mL/g at an ordinary pressure. The range thereof is
preferably between 15 and 55 ml/g, and more preferably
between 20 and 50 mL/g. Such water absorbing amount less
than 10 ml/g is excessively less and leads to insufficient
lubricating performances. Then, a water absorbing resin
microparticle is to be increased in addition amount required
to obtain sufficient lubricating performances. Contrary, such
water absorbing amount exceeding 60 mL/g leads to a
decreased water amount of green ceramic clay, particularly of
binder phases therein, thereby failing to obtain excellent
moldabilities. Then, a water amount required for kneading
green ceramic clay is also increased, thereby requiring exten-
sive energies for drying them.

[0021] Moreover, the polymer microparticle according to
the present invention is required to have an electroconductiv-
ity of 1,500 uS/cm or less at a temperature of 25° C., ina form
of aqueous dispersion obtained by dispersing 1 part by mass
of the polymer microparticle in 110 parts by mass of ion
exchange water. The electroconductivity is preferably 1,200
uS/cm or less, and more preferably 800 1S/cm or less. Elec-
troconductivity exceeding 1,500 1S/cm leads to prevention of
water absorption due to an eluted component which is an
electroconductive substance, thereby tending to deteriorate
water absorbing ability, and water retaining ability. As a
result, green bodies are undesirably made to be insufficient in
hardness, shape-retaining ability, and the like.

[0022] Itis possible to measure an electroconductivity by a
commercially available electroconductivity meter. Such a
measurement is to be conducted by adding 1 part by mass of
a powder of polymer microparticle into 110 parts by mass of
ion exchange water, and to stir the mixture for 30 minutes to
uniformly disperse the former in the latter, followed by
adjustment of the dispersion to a temperature of 25° C. and by
insertion of an electrode of the electroconductivity meter into
the dispersion.

[0023] Hereinafter will be described those substances
which cause increase of electroconductivity.

[0024] Inpolymer microparticle neutralized with ammonia
and/or amine as described later, free ammonia and/or amine is
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added to an unsaturated double bond of a residual monomer,
thereby occasionally generating a water-soluble organic
amine. The thus generated water-soluble organic amine is
eluted out of the polymer microparticle when the particle is
contacted with water in a manner to decrease an osmotic
pressure difference between the interior and the exterior of
the particle, thereby causing to decrease a water absorbing
amount of the polymer microparticle.

[0025] Theamount ofthe above-described ammonia and/or
amine adduct of unsaturated monomers can be quantified by
dispersing a powder of polymer microparticle into ion
exchange water to thereby extract an eluted component which
is then dried and dissolved in heavy water, followed by
'H-NMR measurement. The quantification can be conducted
by calculation based on signals of methylene hydrogens
appearing between 2.0 and 3.5 ppm.

[0026] Inthe present invention, the amount of the ammonia
and/or volatile organic amine adduct of unsaturated mono-
mers is preferably 5.0% by mass or less, and more preferably
3.0% by mass or less. Amount thereof exceeding 5.0% by
mass leads to prevention of water absorption due to an eluted
component, thereby tending to deteriorate water absorbing
ability, and water retaining ability, similarly to the case of the
electroconductivity.

[0027] The content of the ionic functional group in the
polymer microparticle according to the present invention is
preferably between 1.5 and 9.0 mmol/g, and more preferably
between 3.0 and 9.0 mmol/g. Amount of ionic functional
group less than 1.5 mmol/g tends to cause slower water
absorbing speeds, thereby leading to insufficient lubricating
performances. Then, dispersibility of the polymer micropar-
ticle into water is made to be insufficient, in a manner to form
agglomerates in a green ceramic clay, thereby causing occur-
rence of cracks upon drying a molded article. In turn, amount
exceeding 9.0 mmol/g leads to larger absorbances of micro-
waves upon heating and drying by microwaves, in a manner to
cause drying irregularities, to cause occurrence of cracks.
[0028] The ionic functional group may be an acidic func-
tional group neutralized with alkali.

[0029] Here, the acidic functional group is introduced by
using a vinyl-based monomer having an acidic group, such as
a carboxylic acid (salt) and sulfonic acid (salt). It is also
possible to obtain a neutralized acidic functional group in a
manner different from the above, by once obtaining a polymer
from alkylester (meth)acrylate or the like, and by saponifying
the polymer with an alkali.

[0030] As such an alkali it is possible to adopt ammonia or
a volatile organic amine. The vinyl monomer having the
acidic group is to be neutralized with the alkali, thereby
enabling to prepare an aqueous solution containing a vinyl-
based monomer mixture excellently dissolved therein.
[0031] Specific examples of the alkali for obtaining the
volatile organic amine salt include triethylamine, triethano-
lamine, N,N-dimethylpropylamine, and the like.

[0032] Itis possible to adopt a publicly known polymeriz-
ing method such as aqueous solution polymerization, inverse
suspension polymerization, and dispersion polymerization as
a method for producing the polymer microparticle according
to the present invention. The inverse suspension polymeriza-
tion is preferable from a standpoint of its ability to readily
obtain highly crosslinked spherical microparticles in micron
size.

[0033] The inverse suspension polymerization is typically
one which adopts an oil phase as a dispersion medium and a
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water phase as a dispersoid, and it is preferable in the present
invention that the polymer microparticle is produced by
inverse suspension polymerization of a water-in-o1l type
(W/O type) where a water phase (a aqueous solution of the
vinyl-based monomer mixture) is suspended, in shapes of
water droplets, in an oil phase (dispersion medium compris-
ing hydrophobic organic solvent) containing a dispersion sta-
bilizer.

[0034] In the inverse suspension polymerization, it is pos-
sible to adjust the size of microparticle to be obtained, by
means of a type and an amount of dispersion stabilizer, a
rotational speed of stirring, and the like.

[0035] Examples of the hydrophobic organic solvent that
forms an oil phase (dispersion medium) in the inverse sus-
pension polymerization according to the present invention
include an aliphatic hydrocarbon solvent having 6 or more
carbon atoms; an aromatic hydrocarbon solvent such as ben-
zene, toluene, xylene and ethyl benzene; a silicone-based
solvent such as octamethylcyclotetrasiloxane, and the like. In
particular, hexane, cyclohexane, and n-heptane are suitably
used because the solubilities of vinyl-based monomer and
water in the solvent are small and they can be removed easily
after polymerization.

[0036] It is possible to use, as an initiator for the inverse
suspension polymerization, a publicly known initiator such as
a thermal decomposition type initiator, and a redox type ini-
tiator, it is preferable to use the redox type initiator. A redox
reaction makes it possible to start a polymerization initiation
at a low temperature, increase the concentration of a vinyl-
based monomer in a polymerization reaction liquid and
increase the polymerization rate. Therefore, the productivity
can be improved and the molecular weight of a polymer
formed can be higher.

[0037] 1In addition, it is particularly preferable to use a
redox-based initiator adopting an oil-soluble oxidizing agent
and a water-soluble reducing agent, because polymer micro-
particle having a narrow distribution of particle sizes can be
obtained then without causing agglomerated particles.
[0038] As described above, a hydrophobic organic solvent
is used as the continuous phase (oil phase) in the inverse
suspension polymerization, so that the oil-soluble oxidizing
agentmeans an oxidizing agent dissolvable in such a continu-
ous phase. Further, it is possible to previously dissolve or
disperse a dispersion stabilizer in the oil phase.

[0039] The oil-soluble oxidizing agent according to the
present invention is preferably a compound having an
octanol/water partition coefficient (logPow) provided in
Japanese Industrial Standards Z7260-107 or OECD TEST
Guideline 107 of preferably -1.4 or more, more preferably
0.0 or more, and further preferably 1.0 or more.

[0040] Specific example thereof includes an organic perox-
ide such as tert-butyl hydroperoxide (logPow=1.3), di-tert-
butyl hydroperoxide, tert-hexyl hydroperoxide, di-tert-amyl
peroxide, cumene hydroperoxide (logPow=2.2), dicumyl
peroxide (logPow=3.5), tert-butyl cumyl peroxide, tert-butyl
peroxy pivalate, benzoyl peroxide (logPow=3.5), and lauroyl
peroxide. Among these, tert-butyl hydroperoxide and cumene
hydroperoxide are preferable. The particular preferred is
cumene hydroperoxide.

[0041] Reducing agents known as a reducing agent to be
used as a redox type polymerization initiator can be used as
the water-soluble reducing agent. Among these, sodium
sulfite, sodium hydrogensulfite, and sodium hydrosulfite are
preferable. Particularly preferred is sodium hydrosulfite.
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Since the water-soluble reducing agent as such is deactivated
gradually through their contact with air, it is preferable to
dissolve the agent in water several minutes before a desired
time of starting polymerization and then add it.

[0042] Inthe case wherethe oil-soluble oxidizing agent and
the water-soluble reducing agent are used, it is preferable to
firstly supply the water-soluble reducing agent into a reactor
and to thereafter supply the oil-soluble oxidizing agent into
the reactor, because particles generated then are made to be
high in uniformity. It is preferable that after the water-soluble
reducing agent is water-solubilized to charge into the reactor,
the oil-soluble oxidizing agent is fed within 0.5 to 15 minutes
and preferably within 1 to 5 minutes to perform the polymer-
ization.

[0043] Thewhole amount ofthe oil-soluble oxidizing agent
is fed to the reactor over a time of preferably 20 to 120
seconds, and particularly 20 to 60 seconds.

[0044] Itis undesirable that the feed time of the oil-soluble
oxidizing agent is shorter than 20 seconds because, if so,
diffusion of the oxidizing agent may fail to catch up with the
feed of the oxidizing agent and cause local generation of
radicals, which may easily result in troubles such as genera-
tion of aggregates. On the other hand, if it is longer than 120
seconds, the oxidizing agent may be partially remained unre-
acted in the system due to consumption of the reducing agent
caused by the decomposition thereof occurring in another
mechanism. It is undesirable that the oxidizing agent remains
unreacted because, this may cause of troubles, such as gen-
eration of aggregates during the following azeotropic dehy-
dration step, the drying step, and the like.

[0045] There is no particular limitation on the feed time of
a water-soluble reducing agent, and it is preferable to feed it
within 15 minutes because the reducing agent is generally
easily decomposed due to their contact with the air or the like.
[0046] The oil-soluble oxidizing agent is preferably fed to
areactor through a feed port located below the reaction liquid
level. Generally, a feed port for a polymerization catalyst is
provided at an upper portion of a reactor and a polymerization
catalyst is fed at one time or continuously through this port to
the reaction liquid level. In the present invention, a method of
feeding a polymerization catalyst into a reaction liquid
through a pipe connected to a side wall of a reactor is prefer-
able from the viewpoint of uniform diffusion of the catalyst.
[0047] There is no particular limitation on the position of
the feed port so long as the port is located at a position which
is always immersed in a reaction liquid. The feed port is
preferably located at a position within £1 m in terms of the
vertical height from the upper end or the lower end of a
stirring blade, and is more preferably located at a position
within 150 cm.

[0048] Examples of the method for feeding the oil-soluble
oxidizing agent include a method for feeding it through a pipe
leading to a feed port located in a portion below the reaction
liquid level, by using a pump or gas pressure of an inert gas
such as nitrogen.

[0049] The amount of the polymerization initiator to be
used may be adjusted according to the types of the vinyl-
based monomer and the particle size and molecular weight of
the resultant polymer microparticle. The amount of the oil-
soluble oxidizing agent is in the range from 0.001 t0 0.15 mol,
and particularly from 0.003 to 0.07 mol based on 100 mol of
the total of the vinyl-based monomer.

[0050] Additionally, the ratio of the oil-soluble oxidizing
agent and the water-soluble reducing agent is not particularly
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limited. The molar ratio of the oil-soluble oxidizing agent to
the water-soluble reducing agent is preferably 1.0 to 0.25-15.
0, and particularly 1.0 to 1.0-10.0.

[0051] Ifthe ratio is outside that range, the unfavorable may
be occurred. Example thereofincludes a generation of aggre-
gates caused by lowering of the reaction rate of monomers,
shortening of the chain of a polymer constituting particle,
remaining of a catalyst after the completion of polymeriza-
tion; and the like.

[0052] In the inverse suspension polymerization method
according to the present invention, a dispersion stabilizer may
be used.

[0053] Specific examples of the dispersion stabilizer
include a macromonomer type dispersion stabilizer, and a
nonionic surfactant such as asorbitan fatty acid ester, apolyg-
lycerol fatty acid ester, a sucrose fatty acid ester, sorbitol fatty
acid ester and a polyoxyethylene alkyl ether.

[0054] Among these, amacromonomer type dispersion sta-
bilizer is preferable. The macromonomer type dispersion sta-
bilizer is a vinyl-based monomer-derived polymer having, at
an end thereof, a radically polymerizable unsaturated group.
[0055] Moreover, it is preferable to use a relatively high
hydrophobic nonionic surfactant having an HLB of 1 to 8,
such as sorbitan monooleate, sorbitan monopalmitate and
sorbitan trioleate, together with a macromonomer type dis-
persion stabilizer. These surfactants may be used singly or in
combination of two or more types thereof.

[0056] The preferable macromonomer as the above-men-
tioned macromonomer type dispersion stabilizer are a mac-
romonomer having an a-substituted vinyl group represented
by the following formula (1), at an end of a polymer obtained
by radical polymerization of a vinyl-based monomer at a
temperature range of 150° C. to 350° C., and/or a mac-
romonomer having a (meth)acryloyl group at an end of a
polymer derived from a vinyl-based monomer.

HC=CX)— M)

(In the formula, X is a monovalent polar group.)

[0057] These macromonomers are excellent as a dispersion
stabilizer and preferable. The weight average molecular
weight of the macromonomer is preferably in the range from
1,000 to 30,000. The macromonomer preferably has both
structural units derived from a hydrophilic vinyl-based mono-
mer and a hydrophobic vinyl-based monomer. The structural
unit derived from the hydrophobic vinyl-based monomer is
preferably a structural unit derived from a (meth)acrylic acid
alkyl ester having 8 or more carbon atoms, and the structural
unit derived from the hydrophilic vinyl-based monomer is
preferably a structural unit derived from a vinyl-based mono-
mers having a carboxyl group.

[0058] In particular, when the hydrophilic polymer micro-
particle is produced by inverse suspension polymerization of
a vinyl-based monomer using a macromonomer type disper-
sion stabilizer, it is preferable to use a multifunctional vinyl-
based monomer together with a monofunctional compound.
Thereby hydrophilic polymer crosslinked polymer micropar-
ticle having improved strength and shape retainability can be
obtained.

[0059] The dispersion stabilizer is preferably added to a
polymerization system after being dissolved or uniformly
dispersed in a hydrophobic organic solvent that is a dispersion
medium (oil phase).

[0060] The amount of the dispersion stabilizer to be used is
preferably in the range from 0.1 to 50 parts by weight, more
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preferably from 0.2 to 20 parts by weight, and further prefer-
ably from 0.5 to 10 parts by weight based on 100 parts by
weight of the total amount of the vinyl-based monomer in
order to obtain a hydrophilic polymer microparticle uniform
in particle size while maintaining excellent dispersion stabil-
ity. If the amount of the dispersion stabilizer used is too small,
the dispersion stabilities of the vinyl-based monomer and
formed polymer microparticle in the polymerization system
becomes poor, and the formed particles easily aggregate,
precipitate, and have variation in particle size. On the other
hand, if the amount of the dispersion stabilizer used is too
large, the amount of the microparticle (having size of 1 um or
smaller) by-produced may be increased.

[0061] The vinyl-based monomer to be used in the inverse
suspension polymerization according to the present invention
is not particularly limited so long as the same is radically
polymerizable. Example thereof includes a hydrophilic
vinyl-based monomer having a hydrophilic group such as a
carboxyl group, an amino group, a phosphoric group, a sul-
fonic group, an amide group, a hydroxyl group, and a quater-
nary ammonium group.

[0062] Specific examples of the vinyl-based monomer
include a vinyl-based monomer having a carboxyl group orits
(partially) alkali-neutralized product, such as (meth)acrylic
acid, crotonic acid, itaconic acid, maleic acid, fumaric acid,
monobutyl itaconate, monobutyl maleate and cyclohexanedi-
carboxylic acid; a vinyl-based monomer having an amino
group or its (partially) acid-neutralized product or its (par-
tially) quaternary product, such as N,N-dimethylaminoethyl
(meth)acrylate, N,N-diethylaminoethyl (meth)acrylate, N,N-
dimethylaminopropyl (meth)acrylate, and N,N-dimethy-
laminopropyl (meth)acrylamide; N-vinylpyrrolidone, acry-
loylmorpholine; a vinyl-based monomer having a phosphoric
acid group, or its (partially) acid-neutralized product, such as
acid phosphoxyethyl methacrylate, acid phosphoxypropyl
methacrylate, and 3-chloro-2-acid phosphoxypropyl meth-
acrylate; a vinyl-based monomer having a sulfonic acid group
or phosphonic acid group, or its (partially) alkali-neutralized
product, such as 2-(meth)acrylamide-2-methylpropane-
sulfonic acid, 2-sulfoethyl (meth)acrylate, 2-(meth)acry-
loylethanesulfonic acid, allylsulfonic acid, styrene sulfonic
acid, vinylsulfonic acid, allylphosphonic acid, and
vinylphosphonic acid; a nonionic hydrophilic monomer such
as (meth)acrylamide, N,N-dimethyl acrylamide, N-isopropyl
acrylamide, N-methylol (meth)acrylamide, N-alkoxymethyl
(meth)acrylamide, (meth)acrylonitrile, hydroxyethyl (meth)
acrylate, hydroxypropyl (meth)acrylate, methoxy polyethyl-
eneglycol mono (meth)acrylate, and the like. These com-
pounds may be used singly or in combination of two or more
types thereof.

[0063] Amongthese, an acidic functional group containing
vinyl monomer such as (meth)acrylic acid and 2-(meth)acry-
lamide-2-methylpropanesulfonic acid; N,N-dimethylamino-
ethyl (meth)acrylate, and a nonionic vinyl-based monomer
such as (meth)acrylamide, hydroxyethyl (meth)acrylate and
methoxy polvethyleneglycol mono (meth)acrylate are pref-
erable because these monomers are highly hydrophilic and
suitable for the inverse suspension polymerization.

[0064] Moreover, an the inverse suspension polymerization
using at least one compound selected from the group consist-
ing of (meth)acrylic acid and 2-acrylamide-2-methylpro-
panesulfonic acid is preferable from the viewpoint that poly-
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merizability is excellent and resulting polymer microparticle
is excellent in water absorbing ability and water retaining
ability.

[0065] In the present invention, a multifunctional vinyl-
based monomer having two or more radically polymerizable
unsaturated groups may be used as a vinyl-based monomer
together with at least one of the above-mentioned monofunc-
tional hydrophilic vinyl-based monomer for the inverse sus-
pension polymerization.

[0066] Therefore, the “vinyl-based monomer” according to
the present invention is a general term for the monofunctional
vinyl-based monomer and the multifunctional vinyl-based
monomer.

[0067] The multifunctional vinyl-based monomer is not
particularly limited so long as it has two or more groups
radically polymerizable with the above-mentioned hydro-
philic vinyl-based monomer, and specific example thereof
includes a di- or tri-(meth)acrylate of a polyol, such as poly-
ethylene glycol di(meth)acrylate, polypropylene glycol
di(meth)acrylate, glycerin tri(meth)acrylate, trimethylolpro-
pane tri(meth)acrylate, and a tri(meth)acrylate of a modified
trimethylolpropane ethylene oxide; a bisamide such as meth-
ylenebis(meth)acrylamide; divinyl benzene, allyl (meth)
acrylate, and the like. These compounds may be used singly
or in combination of two or more types thereof.

[0068] Among these, polyethylene glycol diacrylate and
methylene bis(meth)acrylamide are suitably used as the mul-
tifunctional vinyl-based monomer because it excels in solu-
bility in a mixed liquid of water and a base-forming hydro-
philic vinyl-based monomer and it is advantageous in being
used in an amount increased for obtaining a high degree of
crosslinking. The particular preferred is polyethylene glycol
di(meth)acrylate.

[0069] The amount of the multifunctional vinyl-based
monomer to be used depends on the type of the vinyl-based
monomer to be used and the intended application of the
resulting microparticle. When the polymer microparticle is
required to have crosslinked characteristics, the amount
thereof is preferably in the range from 0.1% to 30% by mol,
and more preferably from 0.5% to 10% by mol based on the
total amount of monomers to be used. When the multifunc-
tional vinyl-based monomer is used in an amount of 0.1% by
mol or more, the strength of the resulting microparticle is
ensured. When the multifunctional vinyl-based monomer is
used in an amount of 30% by mol or less, sufficient water
absorbing ability can be obtained.

[0070] The content of a particle having a size of 200 um or
larger when the polymer microparticle according to the
present invertion is swollen with ion exchange water until the
swollen polymer microparticle reaches a saturated state is
preferably 1.5% by mass or less, and more preferably 1.0% by
mass or less. The content of more than 1.5% by mass occa-
sionally and undesirably leads to occurrence of defects in
appearance such as cracks of ceramic products, due to pres-
ence of particles having larger size.

[0071] Further, the content of a particle having a size of 5
wm or smaller when the polymer microparticle according to
the present invention is dried is preferably 5.0% by mass or
less, and more preferably 3.0% by mass or less. A small
particle having a size smaller than 5 pm fails to exhibit a
sufficient lubricating effect in itself, due to such a reason that
the particle is captured into gaps between ceramic particles.
Therefore, particle content larger than 5.0% by mass occa-
sionally leads to insufficient lubricating abilities. Moreover,
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the presence of the particle leads to a correspondingly
decreased amount of effective polymer microparticle,
thereby also bringing about an undesirable affection on
shape-retaining ability of ceramic.

[0072] The additive for molding a ceramic material of the
present invention is to be kneaded into a green ceramic clay,
together with a ceramic powder, a binder, water, and the like.
The additive is preferably used in an amount from 0.1% to
10% by mass, and more preferably from 0.1% to 5% by mass,
as a ratio of the polymer microparticle relative to the green
ceramic clay. Usage amount not less than 0.1% by mass
enables to exhibit effects for simultaneously establishing a
moldability and a shape-retaining ability, while usage amount
not more than 10% by mass rarely obstructs an interaction
between binder molecules to considerably deteriorate a
shape-retaining ability, a strength of the resulting molded
article, and the like.

[0073] In ceramic molding, it is typical to firstly form a
molded body by any of various molding methods, and to
subsequently conduct a dehydration treatment in a drying
process by subjecting the molded body to a hot air or to
irradiation of microwaves. When the additive for molding a
ceramic material of the present invention is adopted, it is
possible to obtain an excellent flowability of a green ceramic
clay to thereby improve a moldability thereof, and, after
molding, the polymer microparticle quickly absorb a water
content therearound, thereby ensuring a shape-retaining abil-
ity of a molded article in a drying process onward.

[0074] The ceramic powder to be used in the present inven-
tion is not particularly limited so long as the same is water-
based and moldable. Specific example thereof includes an
oxide-based ceramics such as alumina, cordierite, mullite,
silica, zirconia and titania; a nonoxide-based ceramics such as
silicon carbide, silicon nitride, aluminum nitride, boron
nitride, titanium nitride and titanium carbide.

[0075] Further, the binder to be contained in the kneaded
ceramic composition is not particularly limited so long as the
same is water-based and utilizable. Example thereof includes
cellulose derivatives such as methyl cellulose, hydroxypro-
pylmethy! cellulose and hydroxypropylethyl cellulose; and a
synthetic polymer compound such as polyacrylic acid. poly-
acrylamide and polyvinyl alcohol; and the like. Among the
above, cellulose derivatives are widely used in extrusion
molding.

[0076] Itis noted that, in the present specification: an aver-
age particle size when the polymer microparticle is swollen
with ion exchange water until the swollen polymer micropar-
ticle reaches a saturated state; an ion exchange water absorb-
ing amount of the polymer microparticle; a ratio of a particle
having a size of 200 um or larger when the swollen polymer
microparticle reaches a saturated state; and a content of a
particle having a size of S um or smaller when the polymer
microparticleis dried; all refer to values measured or obtained
by those applicable techniques described in the following
paragraphs of Examples, respectively.

EXAMPLES

[0077] The present invention will be specifically explained
using Examples hereinafter. In the following description,
“part” means “part by mass”, and “%” means “% by mass”.
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Production Example 0

Production of Macromonomer Composition UM-1

[0078] The temperature of an oil jacket of a 1,000-mL
pressuring stirring vessel type reactor with the oil jacket was
kept at a temperature of 240° C.

[0079] A monomer mixture liquid prepared in proportions
of 75.0 parts of lauryl methacrylate

[0080] (hereinafter referred to as “LMA”) and 25.0 parts of
acrylic acid (hereinafter referred to as “AA”) as a monomer,
10.0parts of methyl ethyl ketone as a polymerization solvent,
and 0.45 part of di-tert-butyl peroxide as a polymerization
initiator was charged into a tank for starting material.

[0081] Feed of the monomer mixture liquid in the tank for
starting material to a reactor was started, and the feed of the
monomer mixture liquid and extraction of a reaction mixture
liquid were carried out so that the weight of the contents
within the reactor would be 580 g and the average residence
time would be 12 minutes. The temperature in the reactor and
the pressure in the reactor were adjusted to 235° C. and 1.1
MPa, respectively. The reaction mixture liquid extracted from
the reactor was depressurized to 20 kPa and continuously fed
to a thin film evaporator maintained at 250° C. Thereby a
macromonomer composition from which a monomer, a sol-
vent and the like were distilled was discharged. The mono-
mer, the solvent and the like that were distilled were cooled
with a condenser and collected as a distillate. A time when 60
minutes had elapsed from a time when the temperature in the
reactor had become stable at 235° C. after the start of the feed
of the monomer mixture liquid was defined as a collection
starting point, from which the reaction was continued for 48
minutes and then a macromonomer composition UM-1 was
collected. During this period, 2.34 kg of the monomer mix-
ture liquid was fed to the reactor, and 1.92 kg of the mac-
romonomer composition was collected from the thin film
evaporator. Moreover, 0.39 kg of the distillate was collected
in a distillation tank.

[0082] The distillate was analyzed by gas chromatography,
and it was found that 100 parts by weight of the distillate
contained 31.1 parts of LMA, 16.4 parts of AA, and 52.5 parts
of the solvent and others.

[0083] From the amount and the composition of the mono-
mer mixture liquid fed, the amount of the macromonomer
composition collected, and the amount and the composition
of distillate collected, the reaction rate of the monomer was
calculated to be 90.2%, and the constitutional monomer com-
position ratio of the macromonomer composition UM-1 was
calculated to be LMA to AA=76.0 to 24.0 (weight ratio).
[0084] The molecular weight of the macromonomer com-
position UM-1 was measured by gel permeation Chromatog-
raphy (hereinafter referred to as “GPC”) using tetrahydrofu-
ran as an eluate and the polystyrene-equivalent weight
average molecular weight (hereinafter referred to as “Mw”)
and the polystyrene-equivalent number average molecular
weight (hereinafter referred to as “Mn”) were 3,800 and
1,800, respectively. Additionally, the concentration of termi-
nal ethylenically unsaturated bond in the macromonomer
composition was determined through ‘H-NMR measurement
of the macromonomer composition. From the concentration
of terminal ethylenically unsaturated bond obtained by
"H-NMR measurement, Mn obtained by GPC, and the con-
stitutional monomer ratio, the introduction ratio of the termi-
nal ethylenically unsaturated bond of the macromonomer
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composition UM-1 was calculated to be 97%. The solid con-
centration of a residue after heating the sample at 150° C. for
60 minutes was 98.3%.

[0085] As to starting materials including a monomer, a
polymerization solvent, a polymerization initiator and the
like, commercially available industrial products were used as
received without performing any treatment, such as purifica-
tion.

Production Example 1

Production of Polymer Microparticle A-1

[0086] For a polymerization reaction was used a reactor,
equipped with a stirring mechanism consisting of a pitched
paddle stirring blade and two vertical baffles and further
equipped with a thermometer, a reflux condenser, and a nitro-
gen introduction tube. The nitrogen introduction tube is sepa-
rated into two branches at the outside of the reactor and has a
configuration capable of feeding nitrogen through one branch
and a polymerization catalyst through the other by using a
pump. The nitrogen introduction tube is connected to a wall of
the reactor at an almost the same height as the upper end of the
stirring blade.

[0087] A reactor was charged with 1.5 partof UM-1 and 2.0
parts of sorbitan trioleate (“REODOL SP-030V” manufac-
tured by KAO Corp.) as a dispersion stabilizer and 160.0 parts
of n-heptane as a polymerization solvent, which were stirred
and mixed while the solution was kept at a temperature of 40°
C., so thatan oil phase was prepared. The oil phase was stirred
at 40° C. for 30 minutes and then was cooled down to 15° C.
[0088] On the other hand, into another container were
charged 70.0 parts of AA, 75.0 parts of an aqueous solution of
acrylamide at a concentration of 40% (hereinafter referred to
as “40% AMD”), 4.2 parts of polyethylene glycol diacrylate
(“ARONIX M-243” manufactured by TOAGOSEI CO.,
LTD., average molecular weight 425), 0.02 part of p-meth-
oxyphenol and 50.0 parts of ion exchange water, which were
stirred to be dissolved uniformly. Furthermore, while the
mixed liquid was cooled so that the temperature thereof
would bekeptat40° C. orlower, 49.6 parts of a 25% ammonia
water was added slowly to neutralize the mixed liquid. Thus,
a monomer mixed liquid was obtained.

[0089] After setting the stirring revolution speed to be 650
rpm, an amount of 40% by weight (99.5 parts) of the resultant
monomer mixed liquid was charged into the reactor, so thata
dispersion liquid was prepared in which the monomer mixed
liquid was dispersed in the oil phase. The temperature in the
reactor was kept at 20° C. and nitrogen was blown into the
dispersion liquid to remove oxygen in the reactor. At a time
when 1 hour and 30 minutes had passed since the charging of
the monomer mixture, an aqueous solution of 0.04 part of
sodium hydrosulfite and 1.0 part of ion exchange water was
added through an addition port mounted at the upper portion
of the reactor. Three minutes later, a solution prepared by
diluting 0.02 part of a 80% solution of cumene hydroperoxide
(“Percumyl H80” manufactured by NOF Corp.) with 3.0
parts of n-heptane was fed with a pump through the nitrogen
introduction tube. The feed was performed in 30 seconds. The
temperature in the reactor increased immediately after the
start of the feed, and this confirmed that polymerization was
initiated. The increased internal temperature reached the peak
in about 40 seconds, and the temperature was 64.3° C.
[0090] The reaction liquid was cooled to a temperature of
20°C., and then remaining 60% by weight (149.3 parts) of the
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monomer mixed liquid obtained above was added to the reac-
tion liquid and dispersed. At a time when 30 minutes had
passed since the monomer mixture was charged, the stirring
revolution speed was increased to 980 rpm. After that, an
aqueous solution of 0.06 part of sodium hydrosulfite and 1.0
partofion exchange water was immediately added through an
addition port mounted at the upper portion of the reactor.
Three minutes later, a solution prepared by diluting 0.03 part
of “Percumyl H80” with 3.0 parts of n-heptane was fed with
a pump through the nitrogen introduction tube. The feed was
performed in 45 seconds. The temperature in the reactor
increased immediately after the start of the feed, and this
confirmed that polymerization was initiated. The increased
internal temperature reached the peak in about 40 seconds,
and the temperature was 65.2° C.

[0091] Then, the reaction liquid was cooled downto 15°C.,
followed by addition of an aqueous solution of 0.05 part of
sodium hydrosulfite as an additional catalyst and 2.0 parts of
ion exchange water from the addition port mounted at the
upper portion of the reactor, and 3 minutes thereafter, further
followed by addition of a solution obtained by diluting 0.02
part of tert-butyl hydroperoxide (product name “PERBUTYL
H69” manufactured by NOF Corp.) with 2.0 parts of ion
exchange water from the same addition port mounted at the
upper portion of the reactor. At this time, the temperature of
the reaction liquid was elevated to 24.9° C.

[0092] Further added into the reaction liquid was an aque-
ous solution obtained by dissolving 0.04 part of azobis
cyanovaleric acid into 1.7 part of 0.4% by weight of ammonia
water in a manner to elevate the temperature, thereby azeo-
tropically boiling the water contained in the particle and
n-heptane to conduct dehydration up to a dehydration rate of
98%, followed by centrifugal separation and decantation to
thereby remove a n-heptane phase. Repeated again after addi-
tion of n-heptane in the same amount as the removed n-hep-
tane phase followed by stirring, was the same operation to
thereby remove the added n-heptane phase, followed by vola-
tilization of the solvent by a forced-air dryer, thereby obtain-
ing polymer microparticle A-1.

Production Example 2

Production of Polymer Microparticle A-2

[0093] Conducted was the same production procedure as
Production Example 1, except that a monomer aqueous solu-
tion containing 50.0 parts of AA, 125.0 parts of 40% AMD,
3.6 parts of “ARONIX M-243”, 0.02 part of p-methoxyphe-
nol, 30.0 parts of ion exchange water, and 35.4 parts of 25%
ammonia water was used, and that the rotational speed of
stirring was set at 610 rpm, thereby obtaining a dry powder of
polymer microparticle A-2.

Production Example 3

Production of Polymer Microparticle A-3

[0094] Conducted was the same production procedure as
Production Example 1, except that a monomer aqueous solu-
tion containing 70.0 parts of AA, 30.0 parts of methoxypoly-
ethylene glycol monoacrylate (product name “AME-400”
manufactured by NOF Corp.), 6.2 parts of “ARONIX
M-2437, 0.02 part of p-methoxyphenol, 95.0 parts of ion
exchange water, and 49.6 parts of 25% ammonia water was
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used, and that the rotational speed of stirring was set at 670
rpm, thereby obtaining a dry powder of polymer micropar-
ticle A-3.

Production Example 4

Production of Polymer Microparticle A-4

[0095] Conducted was the same production procedure as
Production Example 1, except that a monomer aqueous solu-
tion containing 70.0 parts of 2-acrylamide-2-methylpropane
sulfonic acid (hereinafter referred to as “ATBS”), 75.0 parts
of 40% AMD, 9.7 parts of “ARONIX M-243”, 0.02 part of
p-methoxyphenol, 80.0 parts of ion exchange water, and 17.2
parts of 25% ammonia water was used, and that the rotational
speed of stirring was set at 580 rpm, thereby obtaining a dry
powder of polymer microparticle A-4.

Production Example 5

Production of Polymer Microparticle A-5

[0096] Conducted was the same production procedure as
Production Example 1, except that 1.5 part of UM-1 and 2.0
parts of sorbitan monooleate (product name “RHEODOL
AO-10V” manufactured by Kao Corp.) were used as the
dispersion stabilizer, that a monomer aqueous solution using
100 parts of AA, 6.0 parts of “ARONIX M-243”, 81.0 parts of
ion exchange water, and 80.3 parts of 25% ammonia water
was used, and that the rotational speed of stirring was set at
610 rpm, thereby obtaining a dry powder of polymer micro-
particle A-5.

Production Example 6

Production of Polymer Microparticle A-6

[0097] Conducted was the same production procedure as
Production Example 2, except that the rotational speed of
stirring was lowered to 300 rpm, thereby obtaining a dry
powder of polymer microparticle A-6.

Production Example 7

Production of Polymer Microparticle A-7

[0098] Conducted was the same production procedure as
Production Example 2, except that 1.5 part of UM-1 and 2.0
parts of “RHEODOL AO-10V” were used as the dispersion
stabilizer, and that the rotational speed of stirring was set at
560 rpm, thereby obtaining a dry powder of polymer micro-
particle A-7.

Production Example 8

Production of Polymer Microparticle A-8

[0099] Conducted was the same production procedure as
Production Example 1, except that a monomer aqueous solu-
tion containing 10 parts of AA, 225.0 parts of 40% AMD, 3.1
parts of “ARONIX M-243”, and 7.1 parts of 25% ammonia
water, without adding ion exchange water was used, and that
the rotational speed of stirring was set at 660 rpm, thereby
obtaining a dry powder of polymer microparticle A-8.
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Production Example 9

Production of Polymer Microparticle B-1

[0100] Conducted was the same production procedure as
Production Example 1, except that 1.5 part of UM-1 and 2.0
parts of “RHEODOL AO-10V” were used as the dispersion
stabilizer, that a monomer aqueous solution using 100 parts of
AA, 4.2 parts of “ARONIX M-243”, 88.0 parts of ion
exchange water, and 70.8 parts of 25% ammonia water was
used, and that the rotational speed of stirring was set at 730
rpm, while excluding addition of the additional catalyst,
thereby obtaining a dry powder of polymer microparticle B-1.

Production Example 10

Production of Polymer Microparticle B-2

[0101] Conducted was the same production procedure as
Production Example 1, except that the amount of “ARONIX
M-243” was changed to 1.7 part in the composition of the
monomer aqueous solution, and that the rotational speed of
stirring was set at 690 rpm, thereby obtaining a dry powder of
polymer microparticle B-2.

Production Example 11

Production of Polymer Microparticle B-3

[0102] Conducted was the same production procedure as
Production Example 2, except that the rotational speed of
stirring was set at 1,800 rpm, thereby obtaining a dry powder
of polymer microparticle B-3.

Production Example 12

Production of Polymer Microparticle B-4

[0103] Conducted was the same production procedure as
Production Example 2, except that the rotational speed of
stirring was set at 220 rpm, thereby obtaining a dry powder of
polymer microparticle B-4.

Production Example 13

Production of Polymer Microparticle B-5

[0104] Conducted was the same production procedure as
Production Example 2, except that the amount of “ARONIX
M-243” was changed to 14.8 parts in the composition of the
monomer aqueous solution, and that the rotational speed of
stirring was set at 540 rpm, thereby obtaining a dry powder of
polymer microparticle B-5.

Example 1

[0105] Weighed as a ceramic starting material powder were
talc, kaolin, alumina, aluminum hydroxide, and silica, in
amounts listed in Table 1, respectively. Methyl cellulose was
added thereinto as a binder, followed by dry blending. Further
added thereinto were the polymer microparticle A-1, fol-
lowed by continuing dry blending.

[0106] Progressively added into the above obtained powder
mixture was ion exchange water in small amounts, while
kneading the mixture by a kneader. As the kneading was
progressed, the methyl cellulose was dissolved to thereby
increase an electric current value of the kneader in a manner
to finally reach a constant value, at which time the kneading
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was judged to be completed, and the kneaded matter was
taken out of the kneader. This kneaded matter was pushed into
a piston and extruded therefrom into a columnar shape under
a condition of room temperature, thereby obtaining an extru-
sion molded cordierite-based ceramic article having general
dimensions of 415 mmx50 mm.

[0107] The thus obtained molded article was subjected to
irradiation of electromagnetic waves of 0.5 kW at 2.45 GHz
for 5 minutes and dried thereby up to a dehydration rate of
50% to 60%, followed by heating and drying in a hot-air dryer
at a temperature of 110° C. for 2 hours, thereby achieving a
dehydration rate of about 100%.

TABLE 1
Starting material Parts
Talc 40.0
Kaolin 18.5
Alumina 14.0
Aluminum hydroxide 15.0
Silica 123
Methyl cellulose 5.0
Polymer microparticle 1.0
Ton exchange water 50.0

(Evaluation of Moldability)

[0108] The molded article (before drying) obtained by the
above extrusion molding was visually observed about its
appearance, and evaluated according to the following criteria.
Results are shown in Table 2.

Aug. 15,2013

(Bvaluation of Shape-Retaining Ability)

[0112] The molded article obtained by the above extrusion
molding was visually observed about its appearance before
and after drying, and evaluated according to the following
criteria. Results are shown in Table 2.

[0113] Good: columnar shape was satisfactorily kept.
[0114] Poor: deformed, while failing to keep columnar
shape.

(Evaluation of Appearance)

[0115] The molded article after drying was visually
observed about its appearance, and evaluated according to the
following criteria. Results are shown in Table 2.

[0116] Good: free of any significant defects in appearance.
[0117] Fair: slight crack or slight irregularity was seen at
part of surface.

[0118] Poor: significant irregularities were seen on surface,
or appearance defects such as local shrinkage or the like were
seen on surface.

Examples 2 to 8

[0119] These Examples were each evaluated about mold-
ability, shape-retaining ability, and appearance by the same
procedure as Example 1, except for adoption of polymer
microparticles A-2 to A-8, respectively. Results are shown in
Table 2.

Comparative Examples 1 to 5

[0120] These Comparative Examples were each evaluated

(irregularities)

[0109] Good: free of any significant defects in appearance. about moldability, shape-retaining ability, and appearance by
[0110] Fair: slight roughness was seen at part of surface. the same procedure as Example 1, except for adoption of
[0111] Poor: cracks or roughness were seen over the entire ~ polymer microparticles B-1 to B-5, respectively. Results are
surface. shown in Table 3.
TABLE 2
Example 1  Example 2 Example3 Example4 Example 5 Example 6  Example 7 Example 8
Peolymer microparticle A-1 A-2 A-3 A-4 A-5 A-6 A-7 A-8
Composition AA 70 50 70 — 100 50 50 10
ATBS — — — 70 — — — —
AMD 30 50 — 30 — 50 50 90
AME-400 — — 30 — — — — —
M-243 42 3.6 6.2 9.7 6.0 3.6 3.6 3.1
25% ammonia water 49.6 354 49.6 17.2 80.3 354 35.4 71
Polymerization initiator Redox Redox Redox Redox Redox Redox Redox Redox
Rotational speed 650 610 670 580 610 300 560 660
Diameter of particle saturatedly 43 51 32 28 53 126 51 42
swollen with water ()
Water absorbing amount (mL/g) 47 45 25 18 49 51 45 31
Electroconductivity {pS/cm) 170 153 260 78 6135 205 150 72
Base adduct amount (wt %) 1.2 0.8 4.3 0.5 4.1 1.8 0.8 0.9
Amount of neutralized acidic 6.3 4.7 6.2 2.2 9.5 4.7 4.7 1.0
functional group (mmol/g)
Residue from 200 pum sieve (wt %) 0.23 0.35 0.13 0.03 0.36 2.34 0.26 0.32
Amount of particle of 5§ um or smaller 040 0.32 0.56 0.12 0.33 0.18 6.40 0.35
in dried state (wt %)
Moldability Good Good Good Good Good Good Fair Fair
Shape-retaining ability Good Good Good Good Good Good Good Good
Appearance Good Good Good Good Fair (crack) Fair Good Fair (crack)
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TABLE 3
Comparative Comparative Comparative ~ Comparative ~ Comparative
Examplel  Example2  Example 3 Example 4 Example 5

Polymer microparticle B-1 B-2 B-3 B-4 B-5
Composition AA 100 70 50 50 50

ATBS — — — — —
AMD — 30 50 50 50

AME-400 — — — — —

M-243 4.2 1.7 3.6 3.6 14.8

25% ammonia water 70.8 49.6 354 354 35.4

Polymerization initiator Redox Redox Redox Redox Redox

Rotational speed 730 690 1800 220 540

Diameter of particle saturatedly 47 48 8 168 36

swollen with water (um)

Water absorbing amount (mL/g) 52 93 44 47 9
Electroconductivity (uS/cm) 1620 651 183 178 164
Base adduct amount (wt %) 8.5 2.9 0.9 1.0 1.2

Amount of neutralized acidic 8.6 6.5 4.6 4.6 4.2
functional group (mmol/g)
Residue from 200 um sieve (wt %) 0.17 0.82 0.01 3.90 0.18
Amount of particle of 5 um or smaller 0.35 0.48 88 0.38 0.82
in dried state (wt %)
Moldability Good Poor Poor Poor Fair
Shape-retaining ability Poor Good Good Good Poor
Appearance Poor Gooed Good Poor Poor
(shrinkage) (irregularities)  (shrinkage)

[0121] Analysis items of polymer microparticle for the
above examples are described as follows:

(1) Solid Concentration

[0122] About 1 g ofan applicable measurement sample was
weighed (a), followed by measurement (b) of a residue after
drying the sample at a temperature of 150° C. for 60 minutes
by a windless dryer, thereby calculating a solid concentration
of the sample by the following equation. Used for the mea-
surement was a weighing bottle. The other manipulations
were conducted according to JIS K 0067-1992 (Test methods
for loss and residue of chemical products).

Solid concentration(%)=(b/a)x100

(2) Water Absorbing Amount

[0123] The amount of water absorption was measured
according to the following method. The measuring device is
illustrated in FIG. 1.

[0124] The measuring device is composed of <1> to <3>
shown in FIG. 1.

[0125] <1>isconsisting of a burette 1 having a branch pipe
for air ventilation, a pinch cock 2, a silicone tube 3, and a
polytetrafluoroethylene tube 4.

[0126] In<2>, a supporting cylinder 8 having many holes
in its bottom is mounted on a funnel 5, and a filter paper 10 for
device is mounted thereon.

[0127] In<3>,asample 6 of the polymer microparticles is
inserted into two filter papers 7 for fixing sample, and the filter
papers for fixing sample are fixed with an adhesive tape 9. All
the filter papers to be used are “ADVANTEC No. 2” having an
inner diameter of 55 mm.

[0128] <1> and <2> are linked with the silicone tube 3.
[0129] The levels with respect to the burette 1 of the funnel
5 and the supporting cylinder 8 are fixed, and the lower end of
the polytetrafluoroethylene tube 4 disposed within the burette
branch pipe and the bottom of the supporting cylinder 8 are
set to be at the same level (dotted line in FIG. 1).

[0130] The measuring method is described below.

[0131] The pinch cock 2 in <1> was released, and ion
exchange water was charged from the top of the burette 1
through the silicone tube 3 so that the space from the burette
1 to the filter paper 10 for device was filled with ion exchange
water 12. Subsequently, the pinch cock 2 was closed and air
was removed through the polytetrafluoroethylene tube 4 con-
nected to the burette branch pipe with a rubber stopper. Thus,
a condition was obtained such that ion exchange water 12 was
continuously fed from the burette 1 to the filter paper 10 for
device.

[0132] After that, excess ion exchange water 12 which
oozed from the filter paper 10 for device was removed, and
then a read graduation (a) of the burette 1 was recorded.

[0133] A dry powder was sampled in an amount of 0.1 to
0.2 g, and then the powder was placed uniformly on the center
of the filter paper 7 for fixing sample as illustrated in <3>.
Another filter paper was used to sandwich the sample and the
two filter papers were adhered with an adhesive tape 9 to fix
the sample. The filter papers between which the sample was
fixed were put on the filter paper 10 for device as illustrated in
<2>.

[0134] Subsequently, a read graduation (b) of the burette 1
after a lapse of 30 minutes from a time when a lid 11 was put
on the filter paper 10 for device was recorded.

[0135] The total amount (c) of the water absorption of the
sample and the water absorption of the two filter papers 7 for
fixing sample was calculated by (a-b). In the same manner, the
water absorbing amount (d) of only the two filter papers 7
containing no polymer microparticle was measured.

[0136] The above-mentioned operations were performed
and the water absorbing amount was calculated from the
following equation. As to the solid concentration to be used
for the calculation, a value measured by the method (1) was
used.

Water absorbing amount(ml/g)=(c-4)/(Weight of
sample(g)x(Solid concentration(%)/100)}
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(3) Water-Swollen Particle Size

[0137] To 0.02 gofasample for measurement was added 20
ml of ion exchange water, followed by shaking well. Thus, the
sample was dispersed uniformly. For a dispersion liquid
resulting from dispersion continued for 30 minutes or more in
order to bring the polymer microparticles into a water-satu-
rated-swollen state, the particle size distribution was mea-
sured after one-minute application of ultrasonic wave by
using a laser diffraction scattering type particle size distribu-
tion analyzer “MT-3000” manufactured by NIKKISO CO.,
LTD. lon exchange water was used as a circulated dispersion
medium used in the measurement and the refractive index of
the dispersion was adjusted to 1.53. The median diameter
(um) was calculated from the particle size distribution on
volume basis obtained by the measurement, and it was
defined as a water-swollen particle size.

(4) Measurement of Amount of Particle Having
Water-Swollen Particle Size of 200 pm or Larger (by Wet
Sieving Residue Method)

[0138] Measurement was performed in accordance with
JIS K 0069-1992 (test method for sieving of chemical prod-
ucts).

[0139] A sample in an amount corresponding to 25 g in
terms of solid concentration was weighed and ethanol was
added thereto in the same amount as the sample to loosen
well. Then the liquid was poured slowly into 3.0 liters of ion
exchange water while stirring and stirred for 30 minutes to
prepare a water-swollen dispersion liquid of the sample. After
confirmation of the uniform dispersion, the dispersion liquid
was poured onto a sieve having a diameter of 70 mm and a
mesh opening of 200 um and allowed to pass therethrough.
The residue on the sieve was washed with a sufficient amount
of water while taking care that the residue does not spill off.
Subsequently, the sieve after measurement was dried in a
circulation dryer at a temperature of 150° C. for 30 minutes
and cooled in a desiccator, and then the weight of the sieve
after drying (the total weight of the sieve and the residue) was
measured.

[0140] The wet sieve residue (%) calculated by the follow-
ing formula was defined as the amount of particle having a
water-swollen particle size of 200 um or larger. Operations
other than those described above were performed in accor-
dance with JIS K 0069-1992 (test method for sieving of
chemical products).

Wet sieve residue(%)=[(Weight of sieve after test-

Weight of sieve)/{(Weight of sample usedx(Solid
concentration/100))}]x100

(5) Content Ratio of Polymer Microparticle Having Size of 5
pm or Smaller in Dry State of Particle:

[0141] Each product powder was dispersed in n-heptane
containing an emulsifier, followed by filtration by a mem-
brane filter having a pore size of 5 pm.

[0142] The cake on the filter was taken out, and the same
procedure was repeated until the new filtrate was fully made
to be free of turbidity. Finally, all the filtrates were subjected
to centrifugal separation to thereby collect therefrom micro-
particles of 5 pm or smaller, while washingly removing the
emulsifier upon centrifugal separation. The thus separated
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microparticles of 5 um or smaller were measured for dry
weight thereof, thereby calculating a contained amount at
issue.

[0143] All Examples 1 to 8 adopting the polymer micro-
particle according to the present invention exhibited excellent
performances in moldability and in shape-retaining ability
after molding. Among them, excellent results were obtained
in addition to appearances of molded articles, respectively, in
Examples 1 to 4 each having preferable ranges for all of the
amount of ionic functional groups, the contained amount of
particles having sizes of 200 pM or smaller, and the contained
amount of microparticles having sizes of 5 um or smaller.
[0144] Contrary, Comparative Example 3 where the size of
particle saturatedly swollen with water were small, was insuf-
ficient in lubricating effect to result in an inferior moldability,
and Comparative Example 4 where the size was rather large,
additionally resulted in inferior smoothness of a surface of
molded article due to affection of the larger particle.

[0145] Further, Comparative Example 2 where the water
absorbing amount of the polymer microparticle was large,
was insufficient in moldability, whereas Comparative
Example 5 where the water absorbing amount was small,
resulted in inferior shape-retaining ability because the con-
tained water amount of a binder phase after molding was large
so that the green ceramic clay had a lower hardness.

[0146] Moreover, also Comparative Example 1 where the
electroconductivity was high due to omission of addition of
the additional catalyst, failed to obtain a sufficient hardness of
the green ceramic clay, thereby exhibiting an insufficient
shape-retaining ability.

INDUSTRIAL APPLICABILITY

[0147] The polymer microparticle according to the present
invention is excellent in water absorptivity, thereby enabling
to exhibit a sufficient water absorbing ability even in a green
ceramic clay when the polymer microparticle is used as an
additive for molding a ceramic material. This enables to
simultaneously and highly establish a higher flowability of
the green ceramic clay upon molding such as extrusion mold-
ing and a higher shape-retaining ability after extrusion, in a
manner to effectively obtain a highly precise molded article
with excellent reproducibility.

EXPLANATION OF THE REFERENCE
NUMBERS

[0148] 1: burette, 2: pinch cock, 3: silicone tube, 4: poly-
tetrafluoroethylene tube, 5: funnel, 6: sample (polymer
microparticle), 7: filter paper for fixing sample (polymer
microparticle), 8: supporting cylinder, 9: adhesive tape,
10: filter paper for device, 11: lid, 12: ion exchange water

1. An additive comprising a polymer microparticle having
an ionic functional group, wherein the polymer microparticle
has:

(a) an average particle size between 10 and 150 um when
the polymer microparticle is swollen with ion exchange
water until the swollen polymer microparticle reaches a
saturated state;

(b) an ion exchange water absorbing amount between 10
and 60 m[/g at an ordinary pressure; and

(c) an electroconductivity of 1,500 uS/cm or less at a tem-
perature of 25° C., in a form of aqueous dispersion
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obtained by dispersing 1 part by mass of the polymer
microparticle in 110 parts by mass of ion exchange
water.

2. The additive of claim 1,

wherein a content of the ionic functional group in the

polymer microparticle is between 1.5 and 9.0 mmol/g.

3. The additive of claim 1,

wherein the ionic functional group is an acidic functional

group neutralized with alkali.

4. The additive of claim 1, comprising 5.0% by mass or less
of an adduct of the polymer microparticle with ammonia, a
volatile organic amine of an unsaturated monomer, or both.

5. The additive of claim 1,

wherein the polymer microparticle is produced by an

inverse suspension polymerization method.

6. The additive of claim 5,

wherein the inverse suspension polymerization method

employs an oil-soluble oxidizing agent and a water-
soluble reducing agent as a polymerization initiator.

7. The additive of claim 1, wherein the polymer micropar-
ticle is obtained by polymerizing a monomer mixture com-
prising (meth)acrylic acid, 2-(meth)acrylamide-2-methyl-
propane sulfonic acid, or both.

8. The additive of claim 7,

wherein the monomer mixture further comprises a non-

ionic vinyl monomer.

9. The additive of claim 1, wherein a content of a particle
having a size of 200 um or larger when the polymer micro-
particle is swollen with ion exchange water until the swollen
polymer microparticle reaches a saturated state is 1.5% by
mass or less.
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10. The additive of claim 1, wherein a content of a particle
having a size of 5 pm or smaller when the polymer micropar-
ticle is dried is 5.0% by mass or less.

11. A method of making a molded ceramic article, the
method comprising contacting the additive of claim 1 with a
ceramic material, and molding the ceramic material.

12. The additive of claim 1, wherein the average particle
size is between 15 and 100 um.

13. The additive of claim 1, wherein the average particle
size 1s between 20 and 60 pm.

14. The additive of claim 1, wherein the 1on exchange water
absorbing amount is between 15 and 55 mL/g.

15. The additive of claim 1, wherein the ion exchange water
absorbing amount is between 20 and 50 mL/g.

16. The additive of claim 1, wherein the electroconductiv-
ity is 1,200 pS/cm or less.

17. The additive of claim 1, wherein the electroconductiv-
ity is 800 uS/cm or less.

18. The additive of claim 1, wherein a content of the ionic
functional group in the polymer microparticle is between 3.0
and 9.0 mmol/g.

19. The additive of claim 1, comprising 3.0% by mass or
less of an adduct of the polymer microparticle with ammonia,
a volatile organic amine of an unsaturated monomer, or both.

20. The additive of claim 1, wherein a content of a particle
having a size of 200 um or larger when the polymer micro-
particle is swollen with ion exchange water until the swollen
polymer microparticle reaches a saturated state is 1.0% by
mass or less.
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