DESCRIPTION TITLE OF THE INVENTION NOVEL COPOLYMER Technical Field [0001] The
present invention relates to a novel copolymer useful as a dispersing agent. The present application
claims the benefit of priority from Japanese Patent Application No. 2010-092984, filed on April 14,
2010, the contents of which are incorporated herein by reference. Background Art [0002]
Copolymer-type pigment dispersing agents have been developed in a variety of fields. In the field
of top coats for automotive finish, a pigment dispersion resin capable of providing an agueous pigment
dispersion that has, for example, low viscosityguepAtfoigh pigment concentration and is good at
chromogenic properties as well as good in finished appearance and film performances of a coated film
has been developed. Patent Document 1 describes a resin having a weight average molecular weight

within a range of 3,000 to 100,000 Qpﬁ,yﬂﬁd gﬂ;o,y Ecgﬁ%v‘ﬁ]lefgﬁtion, performed in the presence of a
radical polymerization initiator, of a monomer mixture consisting of a macromonomer (A) obtained by

polymerizing monomer components congistig.ot-atdeastvare polymerizable monomer selected from
methacrylic esters
Technical Field
[0001]

The present invention relates to a novel copolymer
useful as a dispersing agent. The present application
claims the Dbenefit of priority from Japanese Patent
Application No. 2010-092984, filed on April 14, 2010, the

contents of which are incorporated herein by reference.

Background Art
[0002]

Copolymer-type pigment dispersing agents have been
developed in a variety of fields.

In the field of top coats for automotive finish, a
pigment dispersion resin capable of providing an aqueous
pigment dispersion that has, for example, low viscosity
even at a high pigment concentration and 1is good at
chromogenic properties as well as good in finished
appearance and film performances of a coated film has been
developed. Patent Document 1 describes a resin having a
weight average molecular weight within a range of 3,000 to
100,000 obtained through copolymerization, performed in
the presence of a radical polymerization initiator, of a
monomer mixture consisting of a macromonomer (A) obtained
by polymerizing monomer components consisting of at least

one polymerizable monomer selected from methacrylic esters



and styrene, and methacrylic acid if necessary, in the presence of a metal complex working as a
catalytic chain transfer agent or an addition fragmentation chain transfer agent, and a radical
polymerization initiator if necessary, a polymerizable unsaturated monomer (B) containing at least one
ionic functional group selected from an amino group, a quaternary ammonium base and a sulfonic
group, a non-ionic polymerizable unsaturated monomer (C) having a polyoxyalkylene chain, and
another ethylenically unsaturated monomer (D). Specifically, it describes, for example, a copolymer
obtained thrgughénol merizatiog of a Al acromcinomer(gr ared from metr%l methacrylg e and
methacryﬁ%1 acid with s%?réneafrrlnet@? me Cé:éfylﬁ?e, A-pu vl nlwethélcerﬁl%lf’es, -Pfydro%(ly}ethy ?nethacrylate,

dimethylarisgetiytmethasrylae and pelypthyenesiyeohgnoaemethaerytate.{0003  ha i flternatively,
in the fields of coatings, inks, building materials and the like, pigment dispersing agents minimally

containing SAFARE FGEAE cBMpdlind Advé beBn HEF8IBEEd P4teht Bbedmert2BELSibes, as a
pigment digrersingagent migigally copiaining A1w0latile Qrganic ¢arpeund: a,eopalymer composed of

an aromatic and/or heterocyclic vinyl monomer unit (a), a monomer unit (b) having an acid group, a
(meth)acHylic Reldy@sts i ArdpbenerWHiE(E) Zrdesl moronpesranit (6B havingre-pélpalkglena fthe alkylene

having 2 to rbgn atoms) glycol chain having a humber aver olecular weight of 150 to 1500 or
naving & BBl (e S P T 14 S b b e it 37 Te Scot Sk tcaly,
describesgyrionpxampleatrandamycopalyorei wh styseree, arethyd nwthderylate, etloyhmethacrylate,
methacrylic acid and PEG _monomethy| ether methacrylate. [%%04 ALternativeI , in the field of
color liquiP&ySBTaRpIRYS A G Hatt s perfRihtaF & cofor AtAIUIREE formartifactdithgAn optical

color filtepBas beea deyeloped. In Paterv Pocuraent 3, a hlaskicopolymer ¢ansisting=of aypigment
adsorbing block containing a basic group as a pigment adsorbing gro%ﬁ)ﬂand a block containing no
pigment adSR5IHG 6D BULRBSE aPigmenPBRpefsHTFadent forta CEiGChidPeSpechiedlly, a block

copolymeg{Qispetvie2003 magifactusest by SYK Japasof) qoneising of aigmen adgorbing block

containing a pigment adsorbing group with an amine number of 26 and an acid number of 18 and a
block containingmrapigeient adsapking grou i>used midyyArt Dostiprerats Phtdret Doeundents [0005]
Patent Docyment,; Japangse Pnexamined Fatent Application Publication No, 2002-193037
butyl methacrylate, 2-hydroxyethyl methacrylate,
dimethylaminoethyl methacrylate and polyethylene glycol
monomethacrylate.
[0003]

Alternatively, 1in the fields of coatings, inks,
building materials and the like, pigment dispersing agents
minimally containing a volatile organic compound have been
developed. Patent Document 2 describes, as a pigment
dispersing agent minimally containing a volatile organic
compound, a copolymer composed of an aromatic and/or
heterocyclic wvinyl monomer unit (a), a monomer unit (b)
having an acid group, a (meth)acrylic acid ester monomer
unit (c), and a monomer unit (d) having a polyalkylene
(the alkylene having 2 to 6 carbon atoms) glycol chain
having a number average molecular weight of 150 to 1500 or

having a monoalkyl (the alkyl having 1 to 22 carbon atoms)

ether chain of the glycol. Specifically, it describes,



Patent Document 2: Japanese Unexamined Patent Application Publication No. 2009-24165 Patent
Document 3: Japanese Unexamined Patent Application Publication No, 2004-54213

Summary of the Invention Object to be Solved by the Invention [0006] In recent years, in
accordance with diversification of use of dispersing agents, a copolymer to be used as a dispersing
agent has been required to have various characteristics. For example, in the field of color liquid
crystal displays, because of increasing demands for higher visible light transmittance and higher

contrast, pigment Eﬁﬁkﬁk‘f’f‘e&re néaderfggggqnﬁneé !)e%%gq:a w eIePg roef vésibleljr{gl%tﬁ)rlsmaller. In
such fine particles, a specifiC surface area of the %m nt particles is larger than that o ggneral
particles, amd thereforéaa eopelyhnet corvérionglly tised fior tehgigmehi dispersingpagenthas such

problems that i%me t iis ersibilit at%xained t an initial stage and dispersion stability attained over
time are in%nlﬁfl%leﬁf »&Yj h%ﬁ%&%,éﬁﬁ ﬁ‘fﬁf H?g?ﬁ%?performances have recently been required in
addition to thendigpersion performance, conventional copolymers have a problem in which sufficient
performances may not be attained. Means to Solve the Object [0007] The present inventors have

earnestly studied féHdveFeGHhigIhe afotEmERFoneESYEhlehs Cestking iftiding ihas fielproblems
may be ovejeameysusig 3naveleorpiuper-cargprising ableck chain copgistingsafa palymer

containing at least one repeating unit selected from the group consisting of a repeating unit having a
tertiary aminergrbag amd e peaatingeiichdvimpaeuateidayr has been developed.

In Patent Document 3, a block copolymer consisting of a
pigment adsorbing block containing a basic group as a
pigment adsorbing group and a block containing no pigment
adsorbing group is used as a pigment dispersing agent for
a color filter. Specifically, a block copolymer
(Disperbyk-2001 manufactured by BYK Japan KK) consisting
of a pigment adsorbing block containing a pigment
adsorbing group with an amine number of 26 and an acid
number of 18 and a block containing no pigment adsorbing

group is used.

Prior Art Documents
Patent Documents
[0005]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2002-194037

Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2009-24165

Patent Document 3: Japanese Unexamined Patent

Application Publication No. 2004-54213

Summary of the Invention

Object to be Solved by the Invention



ammonium base; and a block chain consisting of a copolymer containing a repeating unit having a
polyoxyalkylene chain and a repeating unit having an acidic group, and thus, the present invention has
been achieved. [0008] Specifically, the present invention relates to: (1) a copolymer comprising a
block chain (A) consisting of a polymer comprising at least one repeating unit selected from the group
consisting of a repeating unit having a tertiary amino group and a repeating unit having a quaternary
ammonium base; and a block chain (B) consisting of a copolymer comprising a repeating unit having a
polyoxyaﬁgl&n% ighain and a repeating unit having an acidic group; (2) the copolymer according to
(1), wherein the block chain (B) further comprises a repeating unit represented by formula (1): [0009]

() [0010] (whereie Rdepresents  a Rydregamatarmera GHER alki graspr and Roepresents a

CI-C6 alkyl group or a C6-C10 ary| CI-C6 alkyl group);
of use of dispersing agents, a copolymer to be used as a
dispersing agent has been required to have various
characteristics.

For example, 1in the field of color liquid crystal
displays, because of increasing demands for higher visible
light transmittance and higher contrast, pigment particles
are made further finer at least to a wavelength of visible
light or smaller. In such fine particles, a specific
surface area of the pigment particles is larger than that
of general particles, and therefore, a copolymer
conventionally used for a pigment dispersing agent has
such problems that pigment dispersibility attained at an
initial stage and dispersion stability attained over time
are insufficient. Furthermore, although higher
performances have recently been required in addition to
the dispersion performance, conventional copolymers have a
problem in which sufficient performances may not be

attained.

Means to Solve the Obiject
[0007]

The present inventors have earnestly studied for
overcoming the aforementioned problems, resulting in
finding that the problems may be overcome by using a novel
copolymer comprising a block chain consisting of a polymer
containing at least one repeating unit selected from the
group consisting of a repeating unit having a tertiary

amino group and a repeating unit having a guaternary



(3) the copolymer according to (1) or (2), wherein the at least one repeating unit selected from the
group consisting of a repeating unit having a tertiary amino group and a repeating unit having a
guaternary ammonium base is a repeating unit represented by formula (I1): [0011] R4 cy X R5(11)
[0012] (wherein R3 represents a hydrogen atom or a C1-03 alkyl group, R4 and R5 each
independently represent a CI-C6 alkyl group or a C6-C10 aryl CI-C6 alkyl group, and X represents a
CI-C10 alkylene group or a CI-C10 alkylene-OC1-C10 alkylene group); (4) the copolymer

according tg,any, anG0f {1110, (32n‘é(h%re£§i‘i§' e?ggqr}g Wik aa g gpalyoxyalkylens.chain is a
repeating unit represented by formula (IIT): [0013
containing a repeating unit having a polyoxyalkylene chain
and a repeating unit having an acidic group, and thus, the
present invention has been achieved.
[0008]

Specifically, the present invention relates to:

(1) a copolymer comprising a block chain (A)
consisting of a polymer comprising at least one repeating
unit selected from the group consisting of a repeating
unit having a tertiary amino group and a repeating unit
having a quaternary ammonium base; and a block chain (B)
consisting of a copolymer comprising a repeating unit
having a polyoxyalkylene chain and a repeating unit having
an acidic group;

(2) the copolymer according to (1), wherein the
block chain (B) further comprises a repeating unit

represented by formula (I):

[0009]

R‘(

/Rz
O O (1)
[0010]
(wherein R' represents a hydrogen atom or a C1-C3
alkyl group, and R’ represents a Cl-C6 alkyl group OoOr a
C6-C10 aryl Cl-Cé6 alkyl group);
(3) the copolymer according to (1) or (2), wherein

the at least one repeating unit selected from the group



(wherein R6 represents a hydrogen atom or a C1-C3 alkyl group, R7 represents an alkylene group
having 2 to 4 carbon atoms, R8 represents a hydrogen atom or a CI-06 alkyl group, m represents an
integer of 2 to 150, and each R70 may be the same as or different from one another); and (5) the
copolymer according to any one of (1) to (4), wherein the repeating unit having an acidic group is a
repeating unit represented by formula (IV): [0015] [0016] (wherein R9 represents a hydrogen
atom or a CI-03 alkyl group), or a repeating unit represented by formula (V): [0017] OH

consisting of a repeating unit having a tertiary amino
group and a repeating unit having a quaternary ammonium
base 1s a repeating unit represented by formula (II):

[0011]

RS (1 1)

[0012]

(wherein R’ represents a hydrogen atom or a C1-C3
alkyl group, R* and R’ each independently represent a Cl1-C6
alkyl group or a C6-Cl0 aryl Cl1-Cé alkyl group, and X
represents a Cl1-C10 alkylene group or a Cl1-Cl0 alkylene-0O-
Cl-Cl0 alkylene group);

(4) the copolymer according to any one of (1) to (3),
wherein the repeating unit having a polyoxyalkylene chain
is a repeating unit represented by formula (III):

[0013]

(R0)i—R®
o " (111)

[0014]



(V) [0018] (wherein RI represents a hydrogen atom or a C1-C3 alkyl group, and Y represents a
C1-C10 alkylene group or a CI-C10 alkylene-O-C1-C10 alkylene group). Mode of Carrying Out the
Invention [0019] (1) Copolymer A copolymer of the present invention contains at least one block
chain (A) and at least one block chain (B) described below. Block chain (A): a polymer comprising
at least one repeating unit selected from the group consisting of a repeating unit having a tertiary
amino group and a repeating unit having a quaternary ammonium base. Block chain (B): a

copolymer compnsng&&e&ggtqg; ur}lt avng%a@s(J)IyOX@ Xlxegéeec@alg tand a repeaatir@lu_r&'%having an
acidic group.
alkyl group, R’ represents an alkylene group having 2 to 4

carbon atoms, R° represents a hydrogen atom or a C1-Cé6
alkyl group, m represents an integer of 2 to 150, and each
R0 may be the same as or different from one another); and

(5) the copolymer according to any one of (1) to (4),
wherein the repeating unit having an acidic group is a

repeating unit represented by formula (IV):

[0015]
RQ

O OH (IV)
[0016]

(wherein R’ represents a hydrogen atom or a C1-C3
alkyl group), or a repeating unit represented by formula
(V) :

[0017]
F310
Y. OH
P
o) O
o] (V)
[0018]



Furthermore, the copolymer of the present invention may contain another block chain in addition to the
block chain (A) and the block chain (B). [0020] 1) Block chain (A) In the block chain (A), the
repeating unit having a tertiary amino group and the repeating unit having a quaternary ammonium
base are not particularly limited as far as they have such a cationic functional group on a side chain
thereof. Specifically, the polymer of the block chain (A) includes a homopolymer consisting of
merely one repeating unit having a tertiary amino group or a repeating unit having a quaternary
ammonium base, ﬁ(i?goéylrger cgnsistin%]of two or more rggeatin units having a tertiary amino group

or repeating units Ve SHRoAbM baas&ya (?p%ef eé}’tc%rﬂsigtﬁwgaof ftieast one

avinga qua ernarr§%
repeating aAmiHRVE-R L tiaRyRNIiNe e and at least one eRERNY it hawing.a geatgrnary
ammonium base, and a copolymer of any of these polymers and another repeating unit derived from a
copolymefizabié téndié £ Thetdpbiymdr iAchidés BFafd&iRbpolymer, an alternating copolymer, a
block copolymer, and the like. [0021] (Repeating unit having tertiary amino group) The repeating
unit having a tertiary amino group is not particularly limited as far as it has a tertiary amino group, and
an example is a repeating Mailee € seatettinteduitowihg genurs fdremula (V1): [0022] X1R14

[0019]

(1) Copolymer

A copolymer of the present invention contains at
least one block chain (A) and at least one block chain (B)
described below.

Block chain (A): a polymer comprising at least one
repeating unit selected from the group consisting of a
repeating unit having a tertiary amino group and a
repeating unit having a gquaternary ammonium base.

Block chain (B): a copolymer comprising a repeating
unit having a polyoxyalkylene chain and a repeating unit
having an acidic group.

Furthermore, the copolymer of the present invention
may contain another block chain in addition to the block
chain (A) and the block chain (B).

[0020]

1) Block chain (A)

In the block chain (A), the repeating unit having a
tertiary amino group and the repeating unit having a
quaternary ammonium base are not particularly limited as
far as they have such a cationic functional group on a
side chain thereof.

Specifically, the polymer of the block chain (&)
includes a homopolymer consisting of merely one repeating

unit having a tertiary amino group or a repeating unit



.%.%11 R15(V 1) [0023] In formula (VI), RI', R12 and R2independently X represent a hydrogen atom
or a CI-C3 alkyl group. represents a group selected from the group consisting of a CI-C10 alkylene
group, -COOR16-, -CONHR16-, -000R16- and - R.:7-000RLE- (wherein RI6 and R17 each
independently represent a CI-C10 alkylene group or a CI-C10 alkylene-O-C1-C10 alkylene group).
R74 and R.15 each independently represent a CI-C6 alkyl group or a C6-C10 aryl CI-C6 alkyl group.
[0024] Among these, a repeating unit represented by the following formula (ll) is preferred: [0025]

having a quaternary ammonium base, a copolymer consisting
of two or more repeating units having a tertiary amino
group or repeating units having a gquaternary ammonium base,
a copolymer consisting of at least one repeating unit
having a tertiary amino group and at least one repeating
unit having a quaternary ammonium base, and a copolymer of
any of these polymers and another repeating unit derived
from a copolymerizable monomer. The copolymer includes a
random copolymer, an alternating copolymer, a Dblock
copolymer, and the like.
[0021]

(Repeating unit having tertiary amino group)

The repeating unit having a tertiary amino group is
not particularly limited as far as it has a tertiary amino
group, and an example 1s a repeating unit represented by

the following general formula (VI):

[0022]
Fﬁj
Fpa
Fp2
X‘l R‘M
\N/
F}i‘ﬁ (V1)
[0023]

In formula (VI), R'*, R and R" each independently
represent a hydrogen atom or a Cl1-C3 alkyl group. x*
represents a group selected from the group consisting of a

C1-C10 alkylene group, -COOR'®-, -CONHR'®-, -OCOR*®- and -



[0026] In formula (1), R3 represents a hydrogen atom or a CI-C3 alkyl group, R4 and R5 each
independently represent a CI-C6 alkyl group or a C6-C10 aryl CI-C6 alkyl group, and X represents a
CI-C10 alkylene group or a CI-C10 alkylene0-C1-C10 alkylene group.) [0027] Here, examples of
the CI-C3 alkyl group and the CIC6 alkyl group include methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl,
i-butyl, t-butyl, n-pentyl and n-hexyl. Examples of the CI-C10 alkylene group include a methylene
chain, an ethylene chain, a propylene chain, a methyl ethylene chain, a butylene chain, a 1,2-
dlmethyletnylene chain, awgntlylene ch@lné%Jd Rrpethylb%tyleng chaln a2- {nethylbut lene chaln and a

hexWenechmn COR ein R eac ependently répreésent
a C1-Cl0 alkylene group or a Cl-Cl0 alkylene-0-Cl-Cl0
alkylene group). R™ and R™ each independently represent a
Cl-C6 alkyl group or a C6-Cl0 aryl Cl-Cé6 alkyl group.
[0024]

Among these, a repeating unit represented by the

following formula (II) is preferred:

[0025]
FP
& o
FIRS (11)
[0026]
In formula (II), R’ represents a hydrogen atom or a

C1-C3 alkyl group, R* and R’ each independently represent a
Cl1-C6 alkyl group or a C6-Cl0 aryl Cl-Cé alkyl group, and
X represents a C1-Cl10 alkylene group or a Cl-Cl0 alkylene-
0-C1-C10 alkylene group.)
[0027]
Here, examples of the Cl1-C3 alkyl group and the Cl-
Cé6 alkyl group include methyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl, t-butyl, n-pentyl and n-hexyl.
Examples of the CC1-Cl10 alkylene group include a
methylene chain, an ethylene chain, a propylene chain, a
methyl ethylene chain, a butylene chain, a 1,2-

dimethylethylene chain, a pentylene chain, a 1-

10



Examples of the C6-C10 aryl CI-C6 alkyl group include benzyl, phenethyl, 3-phenyl-n-propyl,
1-phenyl-nhexyl, naphthalen-I-ylmethyl, naphthalen-2-ylethyl, 1- naphthalen-2-yl-n-propyl and
inden-l-ylmethyl. [0028] Examples of a monomer usable as a material for the repeating unit
represented by formula (VI) or foLmula (II) include dimethylaminoethyl (meth)acrylate,
dimethylaminopropyl(meth)acrylate,dimethylaminobutyl (meth)acrylate, diethylaminoethyl
(meth)acrylate, diethylaminopropyl (meth)acrylate, and diethylaminobutyl (meth)acrylate. [0029]

(Repeating.unif, haying gHajetna, ammonium base). « b, g 109 uBithaying.a,quatgrnary

ammonium baseé is not'particularly limited as far as it has a quaternary ammonium base, and an
example ist@rapezting eimitispresented by the following general formula (VI1): [0030] X2 +R24

Examples of the €6-Cl0 aryl CCl-C6 alkyl group
include benzyl, phenethyl, 3-phenyl-n-propyl, 1l-phenyl-n-
hexvl, naphthalen-1-ylmethyl, naphthalen-2-ylethyl, 1-
naphthalen-2-yl-n-propyl and inden-1l-ylmethyl.

[0028]
Examples of a monomer usable as a material for the

repeating unit represented by formula (VI) or formula (II)

include dimethylaminoethyl (meth)acrylate,
dimethylaminopropyl (meth)acrylate, dimethylaminobutyl
(meth)acrylate, diethylaminoethyl (meth)acrylate,

diethylaminopropyl (meth)acrylate, and diethylaminobutyl
(meth)acrylate.
[0029]

(Repeating unit having quaternary ammonium base)

The repeating unit having a gquaternary ammonium base
is not particularly limited as far as it has a quaternary
ammonium base, and an example 1s a repeating unit
represented by the following general formula (VII):

[0030]

R22
X (R
N\
7z~ | "R*
25 (VII)

11



'NC IR R25(v 1 1) [0031] In formula (VII), 221, p22 and 223 each independently represent a
hydrogen atom or a C1-03 alkyl group. X2 represents a group selected from the group consisting of a
CI-C10 alkylene group, -COOR27-, -CONHR27-, -000R27- and - 1228-000R27- (wherein R27 and
R28 each independently represent a CI-C10 alkylene group or a CI-C10 alkylene-O-C1-C10 alkylene
group). R24, R25 and 1226 each independently represent a dI-C6 alkyl group or a C6-C10 aryl CI-C6
alkyl group. Z- represents a counter ion such as a halide ion, an alkyl halide ion, an alkyl carboxylate
ion, a nitr(Bxide i?n, an alkyl sulfate ion, a sulfonate ion, a phosphate ion or an alkyl phosphate ion.
[0032] q—?&r%a examples of the dI-C3 alkyl group, the dI-C6 alkyl group, the CI-C10 alkylene group

and the C6-C10 anyl Gldzalkyl group are tife sapre ag tipserdeseribed ahoupavithagsnect to formula
(VI) representing the repeating unit having a tertiary amino group. [0033] Among these, a

repeatingiFRERpr&sentdd By fOrRRIRR (VRN Fpréferred. [00347 alkyl group. X

represents a group selected from the group consisting of a
C1-C10 alkylene group, -COOR?*’-, -CONHR?*’-, -0OCOR*’- and -
R*®*-OCOR*’- (wherein R?’ and R*®* each independently represent
a Cl-C1l0 alkylene group or a Cl-Cl0 alkylene-0-C1-C10
alkylene group). R**, R*®* and R?®* each independently
represent a Cl-Cé alkyl group or a C6-Cl0 aryl Cl-C6 alkyl
group. Z represents a counter ion such as a halide ion,
an alkyl halide ion, an alkyl carboxylate ion, a nitroxide
ion, an alkyl sulfate ion, a sulfonate ion, a phosphate
ion or an alkyl phosphate ion.

[0032]

Here, examples of the C1-C3 alkyl group, the Cl-Cé
alkyl group, the Cl1-C1l0 alkylene group and the C6-C1l0 aryl
Cl-Cé6 alkyl group are the same as those described above
with respect to formula (VI) representing the repeating
unit having a tertiary amino group.

[0033]

Among these, a repeating unit represented by formula
(VIII) is preferred.

[0034]

12



[0035] In formula (VI1II), R29 represents a hydrogen atom or a C1-C3 alkyl group. X3 represents a
CI-C10 alkylene group or a CI-C10 alkylene-O-C1-C10 alkylene group. 123, R.31 and Rfl each
independently represent a CI-C6 alkyl group or a C6-C10 aryl CI-C6 alkyl group. Z- represents a
counter ion.) [0036] Here, examples of the CI-C3 alkyl group, the CI-C6 alkyl group, the C1-C10
alkylene group and the C6-C10 aryl CI-C6 alkyl group are the same as those described above with
respect to formula (V1) representing the repeating unit having a tertiary amino group. [0037]
Examples of a monomer usable as a material for the repeating unit represented by formula (VII) or
formula (VIII) include (meth)aﬂmloxyethyltrimethylammonium fluoride,

(meth)acryloyloxyet i jam chloride,

(meth)acryloyloxyet niumbromide, (meth)acryloyloxyethyltrimethylammoniumiodide,
oniumfluoride,

RSO
R32

X3+
~,. .
T\
R31 (VIII)

2°

[0035]

In formula (VIII), R*’® represents a hydrogen atom or
a C1-C3 alkyl group. X’ represents a C1-C10 alkylene group
or a C1-C10 alkylene-0-C1-C10 alkylene group. R?*°, R* and
R*? each independently represent a C1-C6 alkyl group or a
C6-Cl0 aryl Cl1-C6 alkyl group. Z" represents a counter
ion.)

[0036]

Here, examples of the C1-C3 alkyl group, the C1-Cé6
alkyl group, the C1-Cl0 alkylene group and the C6-Cl0 arvyl
Cl-Cé6 alkyl group are the same as those described above
with respect to formula (VI) representing the repeating
unit having a tertiary amino group.

[0037]
Examples of a monomer usable as a material for the

repeating unit represented by formula (VII) or formula

(VIIT) include (meth)acryloyloxyethyltrimethylammonium
fluoride, (meth)acryloyloxyethyltrimethylammonium chloride,
(meth)acryloyloxyethyltrimethylammonium bromide,
(meth)acryloyloxyethyltrimethylammonium iodide,
(meth)acryloyloxypropyltrimethylammonium fluoride,
(meth)acryloyloxypropyltrimethylammonium chloride,

13



(meth)acryloyloxypropyltrimethylammoniumchloride,
(meth)acryloyloxypropyltrimethylammoniumbromide,
(meth)acryloyloxypropyltrimethylammoniumiodide, (meth)acryloyloxybutyltrimethylammoniumfluoride,
(meth)acryloyloxybutyltrimethylammoniumchloride,
(meth)acryloyloxybutyltrimethylammoniumbromide,and (meth)acryloyloxybutyltrimethylammonium

lodide. [0038] (Another repeating units that can be contained) Examples of another repeating unit
that can b cont; tained | block chain (@%lnclu eém eatlngounlts derived fror%a m_e%h%acrylic
acid-base mon r‘ﬁfﬁ%‘fr‘”y gro?ﬁ(é’}%r\?ﬁ)ﬁ ase A L?ﬂhgated diene-ba&& obmer or the
like. (meth)acryloyloxypropyltrimethylammonium iodide,
(meth)acryloyloxybutyltrimethylammonium fluoride,
(meth)acryloyloxybutyltrimethylammonium chloride,
(meth)acryloyloxybutyltrimethylammonium bromide, and

(meth)acryloyloxybutyltrimethylammonium iodide.
[0038]

(Another repeating units that can be contained)

Examples of another repeating unit that can be
contained in the block chain (A) include repeating units
derived from a (meth)acrylic acid-based wmonomer, an
aromatic vinyl-based monomer, a conjugated diene-based
monomer or the like.

[0039]

Examples of the (meth)acrylic acid-based monomer,
the aromatic vinyl-based monomer or the conjugated diene-
based monomer usable as a material for the repeating unit
are as follows.

Examples of the (meth)acrylic acid-based monomer

include (meth)acrylic acid; (meth)acrylic acid ester
compounds such as methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, i-propyl
(meth)acrylate, n-butyl (meth)acrylate, i-butyl
(meth)acrylate, s-butyl (meth)acrylate, t-butyl
(meth)acrylate, hexyl (meth)acrylate, glycidyl

(meth)acrylate, cyclohexyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, l-ethylcyclohexyl (meth)acrylate and
benzyl (meth)acrylate; 2-methoxyethyl (meth)acrylate,
methoxypolyethylene glycol (in which the number of

ethylene glycol units i1is 2 to 100) (meth)acrylate,
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[0039] Examples of the (meth)acrylic acid-based monomer, the aromatic vinyl-based monomer or
the conjugated dienebased monomer usable as a material for the repeating unit are as follows.
Examples of the (meth)acrylic acid-based monomer include (meth)acrylic acid;(meth)acrylic acid ester
compoundssuchasmethyl(meth)acrylate,ethyl (meth)acrylate,n-propyl(meth)acrylate,i-propyl
(meth)acrylate,n-butyl(meth)acrylate,i-butyl (meth)acrylate,s-butyl(meth)acrylate,t-butyl
(meth)acrylate,hexyl(meth)acrylate,glycidyl (meth)acrylate, cyclohexyl (meth)acrylate, 2-ethylhexyl

(methacrylatg Leffvleydopendimeth)acrylateand benzyl(mei)acylaies o e, and

2-methoxyethyl(meth)acrylate,
phenoxypolyethylene glycol (meth)acrylate, and these

monomers may be singly used or a mixture of two or more of
them may be used.
[0040]

Examples of the aromatic vinyl-based monomer include
heteroaryl compounds such as styrene, o-methylstyrene, p-
methylstyrene, p-t-butylstyrene, a-methylstyrene, p-t-
butoxystyrene, m~-t-butoxystyrene, p-(1-
ethoxyethoxy) styrene, 2,4-dimethylstyrene, wvinyl aniline,
vinylbenzoic acid, vinylnaphthalene, vinylanthracene, 2-
vinylpyridine, 4-vinylpyridine, 2-vinylquinoline, 4 -
vinylguinoline, 2-vinylthiophene, and 4-vinylthiophene,
and these monomers may be singly used or a mixture of two
or more of them may be used.

[0041]
Examples of the conjugated diene-based monomer

include 1,3-butadiene, isoprene, 2-ethyl-1,3-butadiene, 2-

t-butyl-1,3-butadiene, 2-phenyl-1,3-butadiene, 2,3~
dimethyl-1,3-butadiene, 1,3-pentadiene, 2-methyl-1,3-
pentadiene, 3-methyl-1,3-pentadiene, 1,3-hexadiene, 2-

methyl-1,3-octadiene, 4,5-diethyl-1,3-octadiene, 3-butyl-
1,3-octadiene, 1,3-cyclopentadiene, 1,3-cyclohexadiene,
1,3-cyclooctadiene, 1,3-tricyclodecadiene, myrcene, and
chloroprene, and these monomers may be singly used or a
mixture of two or more of them may be used.

[0042]

2) Block chain (B)
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methoxypolyethylene glycol (in which the number of ethylene glycol units is 2 to 100)(meth)acrylate,
ethoxypolyethyleneglycol(meth)acrylate,and phenoxypolyethylene glycol (meth)acrylate, and these
monomers may be singly used or a mixture of two or more of them may be used. [0040] Examples
of the aromatic vinyl-based monomer include heteroaryl compounds such as styrene, o-methylstyrene,
pmethylstyrene, p-t-butylstyrene, a-methylstyrene, p-tbutoxystyrene, m-t-butoxystyrene, p-(1-
ethoxyethoxy)styrene, 2,4-dimethylstyrene, vinyl aniline, vinylbenzoic acid, vinylnaphthalene,
vinylanthracene, 2- vinylpyridine, 4-vinylpyridine, 2-vinylquinoline, 4- vinylquinoline, 2-vinylthiophene,
and 4-vinylthiophérnré€f arklg)oi/ Cel}§e FioRdMersT abiSe s%glﬁ%ggg%rp%ﬁnigﬁ SO St mde of them
may be usech 4804dhe rxuaples®f the conjugated sliene-paseebmeanmer dapduderad-hutadiene,
isoprene, 2-ethyl-1,3-butadiene, 2- t-butyl-1,3-butadiene,2-phenyl-1,3-butadiene,2,3-

dimethy1 A bafadi& RSt 3PhtaGiBRE piMBtHytif3having an acidic group.

The copolymer includes a random copolymer, an
alternating copolymer, a block copolymer and the like.
[0043]

(Repeating unit having polyoxyalkylene chain)

The repeating unit having a polyoxyalkylene chain
included 1in the block <chain (B) 1is not particularly
limited as far as it has a polyoxyalkylene chain, and an

example is a repeating unit represented by formula (IX):

[0044]
RS3
RSS
R34
X4
™~
(R®O)mi—R¥  (1X)
[0045]
In formula (IX), R*?, R’® and R?* each independently
represent a hydrogen atom or a Cl1-C3 alkyl group. x*

represents a group selected from the group consisting of -
COO-, -CONH-, -0CO- and -R?®*-0CO- (wherein R?*® represents a
Cl1-Cl10 alkylene group or a Cl1-Cl0 alkylene-0-Ci1-C10
alkylene group). R*® represents a C2-C4 alkylene group.
R>’ represents a hydrogen atom or a C1-C6 alkyl group, ml
represents an integer of 2 to 150, and each R?°0 may be the
same as or different from one another.

[00456]
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pentadiene, 3-methyl-1,3-pentadiene, 1,3-hexadiene, 2- methyl-1,3-octadiene,
4,5-diethyl-1,3-octadiene, 3-butyl1,3-octadiene, 1,3-cyclopentadiene, 1,3-cyclohexadiene,
1,3-cyclooctadiene, 1,3-tricyclodecadiene, myrcene, and chloroprene, and these monomers may be
singly used or a mixture of two or more of them may be used. [0042] 2) Block chain (B) The block
chain (B) is a copolymer comprising at least one repeating unit having a polyoxyalkylene chain and at
least one repeating unit having an acidic group. The copolymer includes a random copolymer, an

alternating copoly §|o copolymey the like. 3] i it havi xyalkylene
chain) The regltfa%\rlttlpr?i ur%§ ﬁg\%hg %p% o%@g?kééeng%%%inlﬁ%ﬁ%%%%%hae g%cl?%ﬁégnu% is not
particularly {imited assfapas fehased polyoxyalkylene chain, and an example is a repeating unit

representec{ (?X 4j‘gr]mula (IX): [0044] x4 (Ft360

RG

(R’0);—R®
o o~ (111)

[0048]

In formula (III), R® represents a hydrogen atom or a
C1-C3 alkyl group, R’ represents an alkylene group having
2 to 4 carbon atoms, R® represents a hydrogen atom or a
Cl-C6 alkyl group, m represents an integer of 2 to 150,
and each R0 may be the same as or different from one
another.

Here, examples of the (C1-C3 alkyl group and the Cl-
C6 alkyl group include methyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl, t-butyl, n-pentyl and n-hexyl.

Examples of the C2-C4 alkylene group and the C1-Cl10
alkylene group include a methylene chain, an ethylene
chain, a propylene chain, a methylethylene chain, a
butylene chain, a 1,2-dimethylethylene chain, a pentylene
chain, a l-methylbutylene chain, a 2-methylbutylene chain
and a hexylene chain.

In formulas (IX) and (III), each of ml and m

preferably represents 2 to 10.
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[0045] In formula (IX), Rm, R34 and Rm each independently represent a hydrogen atom or a
CI-C3 alkyl group. X4 represents a group selected from the group consisting of - C00-, -CONH-, -000-
and -R.38-000- (wherein Rm represents a CI-C10 alkylene group or a CI-C10 alkylene-O-C1-C10
alkylene group). Rm represents a C2-C4 alkylene group. Rm represents a hydrogen atom or a CI-C6
alkyl group, ml represents an integer of 2 to 150, and each R360 may be the same as or different from
one another. [0046] Among these, a repeating unit represented by formula (ll1) is preferred:

[0047] [0048] In f la (11), R6 tsah t CI-C3 alky! , R7
represents an a|k§|’é$1‘88r 8%; é%lvlﬁag é{fe%g? ‘Bsgﬁ%zf?%%%gg%?e%%@éﬁaﬁ%ﬁ da:gééfr? rgtt%%\ or a CI-C6

alkyl groupe prEeprasentsian integerf 2-tenkhly ang gache B¥Runay be thersame as oudiéferent from
one another. Here, examples of the CI-C3 alkyl group and the C1-C6 alkyl group include methyl,

ethyl, n-pRSHYY,SrERATR-ba C2buty? i-Batyt IutfiPAPRNEABREFERES.2 VaRkdnSés of the
C2-C4 alkylene groupand the EHC10,alkylene;groyp include 4 methyiene,chain, anethylene chain, a

propylene chain, a methylethylene chain, a butylene chain, a 1,2-dimethylethylene chain, a pentylene
chain, a mafethiaioutyfeneschainpa 2vmethyibleyienesdheaie and(d@ heéxylefé thaimopy lene

glycol (1 to 75)) (meth)acrylate, and polypropylene glycol
(2 to 150) (meth)acrylate, and these monomers may be
singly used or a mixture of two or more of them may be
used.
[0049]

(Repeating unit having acidic group)

The repeating unit having an acidic group included
in the block chain (B) is not particularly limited as far
as it has an acidic group such as -OH, -COOH, -SO;H, -
SO,NH, or -C(CF;),-OH, and an example 1is a repeating unit

represented by formula (X):

[0050]
R4
R43
R42
Xe (X2
[0051]
In formula (X), R*', R** and R*} each independently
represent a hydrogen atom or a C1-C3 alkyl group. x°

represents a single bond or a group selected from the
group consisting of a C1-C10 alkylene group, -COOR*-,

CONHR**-, -0OCOR**- and -R*°*-0OCOR**- (wherein R** and R*® each
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In formulas (1X) and (1), each of ml and m preferably represents 2 to 10. Examples of a
monomer usable as a material for the repeating unit represented by formula (lll) include polyethylene
glycol (2 to 150: which represents a value of m in formula (Ill); which is also applicable hereinafter)
meth(acrylate), poly(ethylene glycol (1 to 75)/propylene glycol (1 to 75)) (meth)acrylate, and
polypropylene glycol (2 to 150) (meth)acrylate, and these monomers may be singly used or a mixture
of two or more of them may be used. [0049] (Repeating unit having acidic group) The repeating

aGIiC 100 e O OO - SUSK: SONLE 1 IR0, A AT examels 1 repeatng
unﬁremes@ﬂedbﬁkyﬁmMEOQ {00501 A XEe[DR$1Eene group. X® represents an
acidic group such as -OH, -COOH, -SO;H, -SO;NH, or -C(CF;3),-
OH.
[0052]
Among the examples, a repeating unit represented by

formula (IV) or (V) is preferred:

[0053]

RQ

A
o> OH (1V)

[0054]

(wherein R®° represents a hydrogen atom or a C1-C3
alkyl group.)
[0055]

RiO

Y- OH
O/T

o) (V)

[005¢6]
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In formula (X), R, R42 and R4' each independently represent a hydrogen atom or a CI-C3 alkyl group.
X5 represents a single bond or a group selected from the group consisting of a CI-C10 alkylene group,
-COOR"-, - CONHR"-, - OCOR"- and -R45-000R44- (wherein R" and R45 each independently
represent a CI-C10 alkylene group or a Cl010 alkylene-O-C1-C10 alkylene group. X represents an
acidic group such as -OH, -COOH, -S03H, -SO2NH2 or OH. [0052] Among the examples, a
repeating unit represented by formula (IV) or (V) is preferred: [0053] [0054] (wherein R9

represents a hydrogen 219m op&C1E3 aky aroun) 0328l gen atom or a c1-c3
alkyl group, and Y represents a Cl1-Cl0 alkylene group or a
C1-Cl0 alkylene-0-Cl-C10 alkylene group.)
[0057]

Examples of a monomer usable as a material for the
repeating unit represented by formula (X), (IV) or (V) are
as follows.

Specific examples of a monomer having a carboxyl
group include acrylic acid, methacrylic acid, acrylic acid
carboxymethyl ester, and acrylic acid 2-carboxyethyl ester.

Examples of a monomer having a hydroxyl group as an
acidic group include 2-hydroxyethyl acrylate, 2-
hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 2-
hydroxypropyl methacrylate, 4-hydroxybutyl acrylate, 4-
hydroxybutyl methacrylate, 2-hydroxybutyl acrylate, 2~
hydroxybutyl methacrylate, glycerol acrylate, glycerol
methacrylate, ethylene glycol acrylate, ethylene glycol
methacrylate, polyethylene glycol acrylate, polyethylene
glycol methacrylate, propylene glycol acrylate, propylene
glycol methacrylate, polypropylene glycol acrylate,
polypropylene glycol methacrylate and vinyl alcohol.

[0058]
Examples of a monomer having a sulfonic group as an

acidic group include 2-acryloyloxyethylsulfonic acid, 2-

methacryloyloxyethylsulfonic acid, sodium 2-
acryloyloxyethylsulfonate, lithium 2-
acryloyloxyethylsulfonate, ammonium 2-
acryloyloxyethylsulfonate, imidazolium 2-
acryloyloxyethylsulfonate, pyridinium 2-
acryloyloxyethylsulfonate, sodium 2-
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OH (V) [0056] (wherein RI represents a hydrogen atom or a CI-C3 alkyl group, and Y
represents a CI-C10 alkylene group or a CI-C10 alkylene-O-C1-C10 alkylene group.) [0057]
Examples of a monomer usable as a material for the repeating unit represented by formula (X), (V) or
(V) are as follows. Specific examples of a monomer having a carboxyl group include acrylic acid,
methacrylic acid, acrylic acid carboxymethyl ester, and acrylic acid 2-carboxyethyl ester.

Examples of a monomer having a hydroxyl group as an acidicgroupinclude2-hydroxyethylacrylate,2-

methacryloxyethylsulfonate, lithium 2-
methacryloxyethylsulfonate, ammonium 2~
methacryloxyethylsulfonate, imidazolium 2-
methacryloxyethylsulfonate, pyridinium 2-

methacryloxyethylsulfonate, styrenesulfonic acid, sodium
styrenesulfonate, lithium styrenesulfonate, ammonium
styrenesulfonate, imidazolium styrenesulfonate, and
pyridinium styrenesulfonate.
[0059]

(Another repeating unit that can be contained)

Examples of another repeating wunit that can be
contained in the block chain (B) include repeating units
derived from a (meth)acrylic acid-based monomer, an
aromatic vinyl-based monomer, a conjugated diene-based
monomer and the like.

Among these, a repeating unit represented by the
following formula (I) is preferred:

[0060]

R1

Ra
@ o~ (1)

[0061]
In formula (I), R' represents a hydrogen atom or a
C1-C3 alkyl group, and R? represents a C1-C6 alkyl group

or a C6-Cl0 aryl Cl1-6 alkyl group.
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hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 2- hydroxypropyl methacrylate, 4-hydroxybutyl
acrylate, 4- hydroxybutyl methacrylate, 2-hydroxybutyl acrylate, 2- hydroxybutyl methacrylate, glycerol
acrylate, glycerol methacrylate, ethylene glycol acrylate, ethylene glycol methacrylate, polyethylene
glycol acrylate, polyethylene glycol methacrylate, propylene glycol acrylate, propylene glycol
methacrylate,polypropylene glycol acrylate, polypropylene glycol methacrylate and vinyl alcohol.
[0058] Examples of a monomer having a sulfonic group as an acidic group include
2-acryloyloxyethylsulfonic acid, 2- methacryloyloxyethylsulfgnic acid, sodium 2-

acryloyloxyethylstiffgiTate, FARIIRZ-SSecryidyidsyethyisulfonate S¥moimge.  the c1-cé
acryloylogysthylsufenate, imtidazeliumzcaerylpylgxyathysulionategyridinkeg- are the

acryloyloxyethylsulfonate,sodium2-

same as those described above with respect to formula (VI)
representing the repeating unit having a tertiary amino
group.

Here, examples of the C1-C3 alkyl group and the Cl-
C6 alkyl group include methyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, i-butyl, t-butyl, n-pentyl and n-hexyl.

Examples of the C6-Cl10 aryl C1-C6 alkyl group
include benzyl, phenethyl, 3-phenyl-n-propyl, 1l-phenyl-n-
hexyl, naphthalen-l-ylmethyl, naphthalene-2-ylethyl, 1-
naphthalene-2-yl-n-propyl, and inden-1l-ylmethyl.
[0062]

Examples of the (meth)acrylic acid-based monomer,
the aromatic vinyl-based monomer and the conjugated diene-
based monomer usable as a material for the repeating unit

are as follows.

Examples of the (meth)acrylic acid-based monomer

include (meth)acrylic acid; (meth)acrylic acid ester
compounds such as methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, i-propyl
(meth)acrylate, n-butyl (meth)acrylate, i-butyl
(meth)acrylate, s-butyl (meth)acrylate, t-butyl
(meth)acrylate, hexyl (meth)acrylate, glycidyl

(meth)acrylate, cyclohexyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, l-ethylcyclohexyl (meth)acrylate and
benzyl (meth)acrylate; 2-methoxyethyl (meth)acrylate,
methoxypolyethylene glycol (in which the number of
ethylene glycol units 1is 2 to 100) (meth)acrylate,

ethoxypolyethylene glycol (meth)acrylate, and
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methacryloxyethylsulfonate, lithium2- methacryloxyethylsulfonate,ammonium2-
methacryloxyethylsulfonate,imidazolium2- methacryloxyethylsulfonate,pyridinium2-
methacryloxyethylsulfonate, styrenesulfonic acid, sodium
styrenesulfonate,lithiumstyrenesulfonate,ammonium
styrenesulfonate,imidazoliumstyrenesulfonate,and pyridinium styrenesulfonate. [0059] (Another
repeating unit that can be contained) Examples of another repeating unit that can be contained in

the block chain. (53 include tspeatig unitsderived fromea (neithganic acid hased manoper. an
aromatic vinyl-baséd monhomer, a conjugatéd diene-based monomer and the like.
monomers may be singly used or a mixture of two or more of
them may be used.
[0063]
Examples of the aromatic vinyl-based monomer include
heteroaryl compounds such as styrene, o-methyl styrene, p-
methyl styrene, p-t-butyl styrene, a-methyl styrene, p-t-
butoxystyrene, m-t-butoxystyrene, p-(1-
ethoxyethoxy)styrene, 2,4-dimethylstyrene, vinylaniline,
vinylbenzoic acid, vinylnaphthalene, vinylanthracene, 2-
vinylpyridine, 4-vinylpyridine, 2-vinylquinoline, 4-
vinylguinoline, 2-vinylthiophene, and 4-vinylthiophene,
and these monomers may be singly used or a mixture of two
or more of them may be used.
[0064]
Examples of the conjugated diene-based monomer

include 1,3-butadiene, isoprene, 2-ethyl-1,3-butadiene, 2-

t-butyl-1,3-butadiene, 2-phenyl-1,3-butadiene, 2,3-
dimethyl-1,3-butadiene, 1,3-pentadiene, 2-methyl-1,3-
pentadiene, 3-methyl-1,3-pentadiene, 1, 3-hexadiene, 2~

methyl-1,3-octadiene, 4,5-diethyl-1,3-octadiene, 3-butyl-
1,3-octadiene, 1,3-cyclopentadiene, 1,3-cyclohexadiene,
1,3-cyclooctadiene, 1,3-tricyclodecadiene, myrcene, and
chloroprene, and these monomers may be singly used or a
mixture of two or more of them may be used.
[0065]

(Block chain that can be contained in copolymer in

addition to block chains (A) and (B))
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Among these, a repeating unit represented by the following formula (1) is preferred: [0060] [0061]

In formula (1), R1 represents a hydrogen atom or a C1-C3 alkyl group, and R2 represents a CI-C6 alkyl
group or a C6-C10 aryl C1-6 alkyl group. Here, examples of the CI-C3 alkyl group, the CI-C6 alkyl
group and the C6-C10 aryl C1-6 alkyl group are the same as those described above with respect to
formula (VI) representing the repeating unit having a tertiary amino group. Here, examples of the
CI-C3 alkyl group and the CIC6 alkyl group include methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl,

i-butyl, t-butyl, n-pentyl and n-hexyl. Examples of the C6-C10 aryl CI-C6 alkyl group include
benzyl, phenethyl,T ?ph%%E%W%yl,ofpﬁéﬁyl- ﬁ%?ﬁ?ﬁaﬁlﬂﬁgﬁﬁﬂ%ml,%ﬁ’lﬁ"?ﬁﬁjafgn%-z-ylethyl, 1-
naphthaleses2yl-n-peapyl, epddadenrhymethybnother polymer in addition to

the block chains (A) and (B).

Examples of such a polymer include a homopolymer, a
random copolymer, an alternating copolymer, and a block
copolymer containing a repeating unit derived from a
(meth)acrylic acid-based monomer, an aromatic vinyl-based
monomer, a conjugated diene-based monomer or the like.

Examples of the (meth)acrylic acid-based monomer,
the aromatic vinyl-based monomer and the conjugated diene-
based monomer are the same as those described above.

[0066]

(Ratio between block chains (A) and (B) in copolymer
and their physical properties such as molecular weights)

A ratio between the block chain (A) and the block
chain (B) in the copolymer of the present invention is not
particularly limited, and is 10 to 40:90 to 60 and
preferably 15 to 35:85 to 65 in a wt% ratio. Furthermore,
a content of the repeating unit having an acidic group in
the copolymer is 0.5 to 20 wt% and preferably 1 to 15
mass%.

Also, a weight average molecular weight measured by
GPC 1is preferably 2,000 to 50,000 and more preferably
2,000 to 20,000. As a dispersing agent in particular, it
is preferably 4,000 to 30,000 and more preferably 4,000 to
15,000. A ratio between a weight average molecular weight
and a number average molecular weight measured by GPC is
1.0 to 2.0, and preferably 1.0 to 1.5 particularly as a
dispersing agent.

[0067]
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[00621 Examples of the (meth)acrylic acid-based monomer, the aromatic vinyl-based monomer
and the conjugated dienebased monomer usable as a material for the repeating unit are as follows.
Examples of the (meth)acrylic acid-based monomer include (meth)acrylic acid; (meth)acrylic acid ester
compoundssuchasmethyl(meth)acrylate,ethyl (meth)acrylate,n-propyl(meth)acrylate,i-propyl
(meth)acrylate,n-butyl(meth)acrylate,i-butyl (meth)acrylate,s-butyl(meth)acrylate,t-butyl
(meth)acrylate,hexyl(meth)acrylate,glycidyl (meth)acrylate, cyclohexyl (meth)acrylate, 2-ethylhexyl

(meth)acrylate,1-ethybcyﬁlé)gﬁw(rggtp) qg@@r}ggb@g;ygg%t@acrylate; 2-methoxyethyl
(meth)acrylate, methoxypolyethylene glycol (in which the number of ethylene glycol units is 2 to 100)
(meth)acrylate, A method for producing the block copolymer of the

present invention is not particularly limited, and it may
be produced by a known method, for example, by
polymerizing monomers through 1living polymerization for
obtaining a block copolymer. The 1living polymerization
may be living radical polymerization or 1living anionic
polymerization, between which the living anionic
polymerization is more preferred.

For obtaining the block copolymer, monomers of the
block chain (A) or (B) may be polymerized and the
resultant may be successively polymerized with monomers of
the other block into a block copolymer, or alternatively,
monomers of the block chain (A) and the block chain (B)
may be individually reacted to prepare blocks and the
blocks may be combined thereafter. The 1living anionic
polymerization is preferably employed because a
composition and a molecular weight may be strictly
controlled in this method.

[0068]

In producing a block copolymer by the living anionic
polymerization, the polymerization may be performed, for
example, by adding a desired monomer dropwise to a solvent
including an additive and a polymerization initiator.
Here, 1in order to obtain a block polymer with a desired
sequence, a reaction 1s caused by successively adding
monomers of the respective blocks dropwise so as to attain
a desired sequence.

In order to polymerize monomers of a given block and

subsequently polymerize monomers of a next block, after
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ethoxypolyethyleneglycol(meth)acrylate,and phenoxypolyethylene glycol(meth)acrylate, and these
monomers may be singly used or a mixture of two or more of them may be used. [0063]
of the aromatic vinyl-based monomer include heteroaryl compounds such as styrene, o-methyl
styrene, p-methyl styrene, p-t-butyl styrene, a-methyl styrene, p-tbutoxystyrene, m-t-butoxystyrene,
p-(1- ethoxyethoxy)styrene, 2,4-dimethylstyrene, vinylaniline, vinylbenzoic acid, vinylnaphthalene,
vinylanthracene, 2- vinylpyridine, 4-vinylpyridine, 2-vinylquinoline, 4- vinylquinoline, 2-vinylthiophene,
and 4 vmglthlg[%h%ne and these Ewonom,ers may be sw:;ﬁlqgl.used or atcrr;éxt%re of two O{ir%-re of them

may be used:

O O @] orme

1
ene-based monomer mc?uc]%

66419 “EXamp

e4'0F the Eonjtigared t

Examples

Utadiene,

isoprene, thethybhdnbutadiener det-bigyll. S hutadienes?-phamd<li3-butagieneizSpwise .
dimethy1-1,3-butadiene,1,3-pentadiene,2-methyl-1,3- pentadiene, 3-methyl-1,3-pentadiene,
1,3-hexa&7éﬁ§,r?-5rﬁetﬁ§1-ﬁ3188t]aﬂﬁ‘é%’é} A= dfethy L 3Ictadiet? B-bhify 118 8 ctRen &Y
1,3-cyclopentadiengql.3-cyelphexadignes doipxcleoetadigne nL3deyclodecadiens. r%ygene, and

chloroprene, and these monomers may be singly used or a mixture of two or more of them may be

used.

chromatography or liquid chromatography. Furthermore,
after completing the dropwise addition of the monomers of
the former block, the resultant may be stirred for 1
minute to 1 hour, depending upon the types of monomers and
solvent, before starting the dropwise addition of the
monomers of the next block.

When a plurality of kinds of monomers are included
in each block, these monomers may be individually or
simultaneously added dropwise.

[0069]

When the 1living anionic polymerization is employed
for producing the copolymer, active hydrogen of a monomer
having an acidic group is preferably protected. A

repeating unit having an acidic group can be obtained by

polymerizing a monomer having an acidic group protected by

a protecting group and then deprotecting the protecting
group.

Here, the protecting group 1is not particularly
limited as far as it is a group known to be used as a
protecting group for an acidic group in this technical
field.

Examples of a protecting group for a carboxyl group
include a methyl group, an ethyl group, a t-butyl group, a
benzyl group, a methoxymethyl group and an ethoxyethyl

group.
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[0065] (Block chain that can be contained in copolymer in addition to block chains (A) and (B))
The copolymer of the present invention may contain a block chain consisting of another polymer in
addition to the block chains (A) and (B). Examples of such a polymer include a homopolymer, a
random copolymer, an alternating copolymer, and a block copolymer containing a repeating unit
derived from a (meth)acrylic acid-based monomer, an aromatic vinyl-based monomer, a conjugated
diene-based monomer or the like. Examples of the (meth)acrylic acid-based monomer, the

aromatic vinyl-bas r and co légﬁ{ eddnongm r t a those
described above. [0066 BQ@%R%?TO %-I ta/ecg% qk(illcan ?n%s%?ﬁ% frgg(B%ln?é ]c“e)lygrlr%? arﬁgg%) Ir physical
properties smntﬂasimoleculaewiarghme thyA ralgrbem/,eerathem{oetti@y@&hamlw:higdk chain (B)
in the copolymer of the present mY?Q}ntlgn IS no artlc Iarg limited, gnd is 10 to 40:90 to 60 and

preferably ¥5 16'85:85 to 65 in a w i0. I]—gur ST *A EBRIERY 8t the rePBatRy unit hading an

acidic groupdh ikgeRayPeris,A.5 o2 and preferablyek Kols Bassh hy d AIpg@aweight average
molecular weight measured by GPC is preferably 2,000 to 50,000 and more preferably 2,000 to
20,000. AsH@¥Persthg &derft Y paRiEHaROY s (FERRbly 2, JoR BTG shE THore Hréferably 4,000

to 15,000. 4 ra&'?ﬁ%‘ﬁ’ﬁ%ﬂéﬂg)ﬂht&i“é{ﬁ&e molegular weight and 2;number ayarage molgcular
weight measured by GPC is 1.0 to 2.0, and preferably 1.0 to 1.5 particularly as a |spersmg agent.
[00671 group, t-butyldimethylsilyl group,
trimethylsilylmethyl group, a t-butyl group, a t-
butoxycarbonyl group, a t-butoxycarbonylmethyl group, and
a 2-methyl-2-t-butoxycarbonylmethyl group.
[0070]
It is generally difficult to polymerize a monomer
having a guaternary ammonium base through the 1living
anionic polymerization. Accordingly, in the case where a
polymer comprising the repeating unit having a quaternary
ammonium base is produced Dby the living anionic
polymerization, a monomer used as a material for a
repeating unit having a tertiary amino group is
polymerized, and then the tertiary amino group may be
quaternized by a known method. Examples of a quaternizing
agent include general alkylating agents of alkyl halides
such as benzyl chloride, benzyl bromide, benzyl iodide,
methyl chloride, ethyl chloride, methyl bromide and methyl
iodide, and alkyl sulfates such as dimethyl sulfate,
diethyl sulfate and di-n-propyl sulfate.
[0071]
In the case where the living radical polymerization
is employed for producing the copolymer, the reaction may
be carried out in the same manner as in employing the

living anionic polymerization, or after polymerizing
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(2) Method for producing copolymer A method for producing the block copolymer of the present
invention is not particularly limited, and it may be produced by a known method, for example, by
polymerizing monomers through living polymerization for obtaining a block copolymer. The living
polymerization may be living radical polymerization or living anionic polymerization, between which the
living anionic polymerization is more preferred. For obtaining the block copolymer, monomers of
the block chain (A) or (B) may be polymerized and the resultant may be successively polymerized with
monomers of the other bjock into a block %)Pg'lcymer, ggglternativ?l : monomejsngf the block chain (A)

and the biockT %ﬁlS(B)Omay De iﬁ&iV%?Jally reac]féd to prepajféa Bibckeahd RS HIOkE maiLysbe combined

thereafteryhe tiving anieric pelymesizalion isdreferally employedhesatisa-a cempesitian and a
molecular weight may be strictly controlled in this method. [0068] In producing a block copolymer
by the livih§&nidi5i& bolyFREGZRBN, TR pokfeRAtisA Y BE peffohfitd, forex4nipRk, By adding a

desired manomerdrapwisgdo asiabyent inclying an additve,andra pelymgsization injtiatgy. Here, in
order to obtain a block polymer with a desired sequence, a reaction is caused by successively adding
monomersiof Berespactiveusioeks ropwiser sd as 16 dttdnat dédieedrnsueprears. of wherder to
polymerizgemgg% ]e:'\r,seof %gci)vg}gsbloglégnd I%Jbsergtfentg/ polélmgrizeearggno ers ](_;f a next block, after
completing th polymerization reaction of the oimerﬁﬁ)ck, {hie honomers of the néxt lﬁocﬁ( are started
to add drepiigecRragse ssreffe palyinerizatidrf testtion may be checked by detecting a remaining
amount of the monomers through gas chromatoglggph or liquid chromatogra hy. Furthermore, after

completing the droBwise additidn ofReXM&Horf he ¥8rhierbiGek, the F&bultiit mal De stirred for

1 minute {1 Hauks depending spondhehees of monemersaatd selvent before,stadingdhe dropwise
addition of the monomers of the next block. When a plurality of kinds of monomers are included in

each block2theS&méfhonidrs thay Be irpnbdah or 3FRHtanBaysi added Hoskisern to

start polymerization of an anionic polymerizable monomer,
and for example, an alkali metal or an organic alkali
metal compound may be used.

[0072]

Examples of the alkali metal include lithium, sodium,
potassium and cesium. Examples of the organic alkali
metal compound include alkylated substances, allylated
substances and arylated substances of the aforementioned
alkali metals, among which alkyllithium is particularly
preferred. Specifically, ethyllithium, n-butyllithium,
sec-butyllithium, t-butyllithium, ethylsodium,
lithiumbiphenyl, lithiumnaphthalene, lithiumtriphenyl,
sodiumnaphthalene, potassiumnaphthalene, a-
methylstyrenesodium dianion, 1,1-diphenylhexyllithium,
1,1-diphenyl-3-methylpentyllithium, 1,4-dilithio-2-butene,
1,6-dilithiohexane, polystyryllithium, cumylpotassium,
cumylcesium or the 1like may be wused. These anionic
polymerization initiators may be singly used or a mixture
of two or more of them may be used.

[0073]
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[0069] When the living anionic polymerization is employed for producing the copolymer, active
hydrogen of a monomer having an acidic group is preferably protected. A repeating unit having an
acidic group can be obtained by polymerizing a monomer having an acidic group protected by a
protecting group and then deprotecting the protecting group. Here, the protecting group is not
particularly limited as far as it is a group known to be used as a protecting group for an acidic group in
this technical field.

ethyl group, a t-butyl graup., 2 bc‘?f‘zyéﬂéougni‘é%‘?&@o?%& I 0rgup and aﬁf‘]ﬁ'?;‘%?%g’é’ | grgup.

Examples of a protecting group for a hydroxyl group i

Examples of a protecting group for a carboxyl group include a methyl group, an

clude a methoxymethyl group, a

2-methoxyethorymméthy| gro0p,0a bis(2-chlaroetoxy)aietimid geoup, @ tetfawalidpyranyb@obip, a
4-methoxytetrahydropyranyl group, a tetrahydrofuranyl group, a triphenylmethyl group, a trimethylsilyl
A AN e g e Hho

1

group, a Z-ﬁﬁm thylsi
a t-butyl grew.yantbuiegeaonybaip:r-a t-bitoxysarbanyéaethyl greidh angka anionic
2-methyl-2-t-butoxycarbonylmethyl group. [0070] It is generally difficult to polymerize a monomer

having a qRREHERY AAfdMEm bR tibagh tAE liviiReshiohRt pafymé&TRitnh. Aetordifdly, in the
case where.g,polymer corarising the repeating ynit baying 4, guatemary, Ammoniumsbase is produced

by the living anionic polymerization, a monomer used as a material for a repeating unit having a
tertiary amino group ipdlymerizéd tarmitheanbe rertigrcarind ppeg nidy béguatemi=atby a known

method. Exjgrg}@e
benzyl chlorllae, b

3

O

THHNSR Aethy PRSP, S EbitfainTathy1syl GRURI S trithetRytiniMSthyl group,

of a quaternizing agent include general alkylatin ents of alkyl halides such as
S Do e e bty LG A o SHBTIES ity Brotgde and

enzy
methyl iodide tanchalkyl stifatesrsuchas dimeiyl sulfaiesdiethybdudltaterand-dismpropy sufate. [0071]

transfer reaction or a termination reaction may be avoided

and

monomers may be consumed to complete the

polymerization, and the polymerization 1is preferably

carried out in a temperature range of -100°C or higher and

a boiling point of a solvent or lower. Furthermore, a

concentration of monomers in a polymerization solvent is

not particularly limited, and is generally 1 to 40 wt% and

preferably 2 to 15 wt%.

[0074

metho

]

The polymerization solvent used in the production

d

of the present invention 1is not particularly

limited as far as it is not involved in the polymerization
reaction and is compatible with polymers, and specific
examples include polar solvents of ether-based compounds
such as diethyl ether, tetrahydrofuran (THF), dioxane and
trioxane, and tertiary amines such as tetramethylethylene
diamine and hexamethylphosphoric triamide; and non-polar
solvents or low-polar solvents of aliphatic, aromatics or
alicyclic hydrocarbon compounds such as hexane and toluene.
These solvents may be singly used or a mixture of two or

more of them may be used as a mixed solvent. In the
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In the case where the living radical polymerization is employed for producing the copolymer, the
reaction may be carried out in the same manner as in employing the living anionic polymerization, or
after polymerizing monomers of a given block, the resultant polymer is purified once before
polymerizing a next monomer, so that the next monomer may be polymerized after removing a residue
of the monomer remaining after the former reaction. In the case where it is preferred that the
monomers of the respective blocks are not mixed with each other, the polymer is preferably purified.
An anionic Polalmetrization ingkat%' ug%d inﬁtge(Eggrgerrliéatiogvog%o%onmers 5 rr'10t Qﬁreticularly limited as
far as it isa ﬁu&goﬁﬁﬁc glgeent%aving a fUNCtion to star p&lymenzé‘tlod of A ahionic Eoly?nerizable

monomernand fos exampld, wehalkali-metal ewap olganicalkal metal ompeand swydie=used. [0072]
Examples of the alkali metal include lithium, sodium, potassium and cesium. Examples of the organic

alkali met4t-&dinFo Rt AEIUER Al kted Stbs BT Hy Rcd Sth RHceLaftf aiyfaéd dobstances of

the aforemeptignedhalkali metals.amang which alkyllifbium i particlary preferred. Spegifically,
ethyllithium, n-butyllithium, sec-butyllithium,t-butyllithium,ethylsodium,
lithiumbipReawitrigdnaphthaenedghivArAphianyd sediimaphtiraldnd porssivaiifaphifalene,a-

methy/styrgresodiymdanien. L dsipbgniherlitgm b zdinenyis 3 metvipeniylitiug
1,4-dilithio-2-butene,
amount of the solvent.

In the present invention, dialkyl =zinc such as
diethyl zinc, dialkyl magnesium such as dibutyl magnesium,
or an organic metal such as triethyl aluminum may be used
as a polymerization stabilizer or a purifying agent for a
monomer or a solvent if necessary.

[0075]

In the present invention, an additive such as an
alkali metal salt or an alkaline earth metal salt may be
added at the start of or during the polymerization if
necessary. Examples of such an additive include mineral
acid salts or halides such as sulfates, nitrates, and
borates of sodium, potassium, barium and magnesium, and

more specifically, examples are chlorides, bromides and

iodides of 1lithium or barium, lithium borate, magnesium

nitrate, sodium chloride and potassium chloride. Among
these additives, halides of 1lithium such as lithium
chloride, 1lithium bromide, 1lithium iodide and lithium
fluoride are preferred, and lithium chloride is

particularly preferred.
[0076]
(3) Use of copolymer of the invention
The copolymer of the present invention 1is very

useful for dispersing a pigment in coating, printing ink,
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1,6-dilithiohexane,polystyryllithium,cumylpotassium, cumylcesium or the like may be used. These
anionic polymerization initiators may be singly used or a mixture of two or more of them may be used.
[0073] A usage of the anionic polymerization initiator is generally 0.0001 to 0.2 equivalent and
preferably 0.0005 to 0.1 equivalent based on the entire amount of anionic polymerizable monomers to
be used. When an anionic polymerization initiator is used in an amount of this range, a desired
polymer may be produced in high yield. A polymerization temperature employed in the present
invention i gt partiaularly initad g5 farcas It flle iy & lepperaluis,Ange phare A sijeyreaction of
a transfer reaction or a termination reaction may t?e avoided and monomers may be consumed to
complete thépolyniarization, and the polymerization is preferably carried out in a temperature range of
-100C or higher and a boiling point of a solvent or lower. Furthermore, a concentration of monomers in
a polymerization solvent is not particularly limited, and is generally 1 to 40 wt% and preferably 2 to 15
wt96. [0074] The polymerization solvent gsegnpibe production method of the present invention is
not particularly limited as far as it is not involved in the polymerization reaction and is compatible with
polymers, a{ﬁcﬁ\;gﬁécific examples include polar solvents of ether-based compounds such as diethyl
ether, tetrahydrofuran(THE) dioxane anddriexane, apd tertigry amines sych.as teiramethylethylene
diamine and hexamethylphosphoric triamide; and non-polar solvents or low-polar solvents of aliphatic,
aromatics dedlicytlic bydrovahon@bmptuats baeh aswiekahe add tolehe. Thesetsolvents may be
singly use 82%1@%%.1{6' gfcg/v%oggog%of tj{ﬁrtla,\r/_rgarq]cayobe used as a mixed solvent. In the production
method of the present invent}l)on, &ven when a non-po?a’r solvent or a low-polar solvent is used together
with a polagsealvpnt the polymerization may be accurately controlled, and for example, a non-polar
solvent or a low-polar solvent may be used in a ratio of 5 voll, or more, 20 voll or more, or 50 vol% or
more based Bh/the entire amount of the solvent. In the present invention, dialkyl zinc such as
diethyl zinc, dialkyl rpagresiunm-sueh&s dibdlybmagnesium, or an organic metal such as triethyl

aluminum may be used as a polymerization stabilizer or a purifying agent for a monomer or a solvent if
necessary. A 1000-mL flask was charged with 594.35 g of

tetrahydrofuran (hereinafter sometimes abbreviated as THF)
and 10.98 g of 1lithium chloride (a THF solution with a
concentration of 3.63 wt%), and the resultant was cooled
to -60°C. Thereafter, 7.89 g of n-butyllithium (a hexane
solution with a concentration of 15.36 wt%) was added
thereto, and the resultant was aged for 10 minutes.

Next, a mixed solution of 4.04 g of 1l-ethoxyethyl
methacrylate (hereinafter sometimes abbreviated as EEMA),
61.33 g of n-butyl methacrylate (hereinafter sometimes
abbreviated as nBMA), and 26.19 g of methoxypolyethylene
glycol monomethacrylate (PME-200 manufactured by NOF
Corporation) (hereinafter sometimes abbreviated as PEGMA)
was added dropwige thereto over 30 minutes, and the
reaction was continued for 30 minutes after the dropwise
addition. Then, the resultant was subjected to gas
chromatography (hereinafter abbreviated as GC) and gel

permeation chromatography (hereinafter abbreviated as GPC)
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[0075] In the present invention, an additive such as an alkali metal salt or an alkaline earth metal
salt may be added at the start of or during the polymerization if necessary. Examples of such an
additive include mineral acid salts or halides such as sulfates, nitrates, and borates of sodium,
potassium, barium and magnesium, and more specifically, examples are chlorides, bromides and
iodides of lithium or barium, lithium borate, magnesium nitrate, sodium chloride and potassium
chloride. Among these additives, halides of lithium such as lithium chloride, lithium bromide, lithium

iodide an? lit iunlﬁ é‘luoridr(lea%ree .prefeI[{I%d, a%% ghiUﬁﬁploride |Ss C)particuIarlytpreferred. 0076] (3) Use of
on t

m? 1
copolymetr Of the inve

1r

" The copolymer of ésentinvenfion is vgry usettii or &spersing a

ep

pigment ia LoapnesrHting i ket ikandka pigment dispersion for a color filter and the like.

Examples [0077]

The present invention will now be described in detail by way of Examples, which

do not limit the teff§iital st8pd bf theShventioh i Br&mplepino) ethyl (héreinafter

sometimes

abbreviated as DMMA) was added dropwise thereto,

and the reaction was continued for 30 minutes after the

dropwise

addition. Then, the resultant was subjected to

GC and GPC (mobile phase: DMF), and after thus confirming

disappearance of the monomer, 3.21 g of methanol was added

thereto to terminate the reaction.

The thus obtained copolymer was analyzed by GPC
(mobile phase: DMF), whereby confirming that it 1is a
copolymer having a molecular weight (Mw) of 5260, a

molecular

weight distribution of 1.09 and a composition

ratio of DMMA- [nBMA/PEGMA/EEMA] = 30-[47/20/3] wt%.

[0079]

(Deprotection process)

rundred200 g of a propylene glycol monomethyl

ether acetate (hereinafter sometimes abbreviated as PGMEA)

solution

of the thus obtained precursor polymer with a

concentration of 50 wt% was heated to 160°C for reacting

for 3 hours.

The

thus obtained copolymer was analyzed by GPC

(mobile phase: DMF), whereby confirming that it is a

copolymer
molecular

ratio of

having a molecular weight (Mw) of 5140, a
weight distribution of 1.08 and a composition

DMMA- [nBMA/PEGMA/MA] = 31-[47/20/2] wt% (wherein

MA represents methacrylic acid).

Example 2
[0080]

(Polymerization process)
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[0078] (Polymerization process) A 1000-mL flask was charged with 594.35 g of tetrahydrofuran
(hereinafter sometimes abbreviated as THF) and 10.98 g of lithium chloride (a THF solution with a
concentration of 3.63 wt%), and the resultant was cooled to -60C. Thereafter, 7.89 g of n-butyllithium
(a hexane solution with a concentration of 15.36 wt%) was added thereto, and the resultant was aged
for 10 minutes. Next, a mixed solution of 4.04 g of 1-ethoxyethyl methacrylate (hereinafter
sometimes abbreviated as EEMA), 61.33 g of n-butyl methacrylate (hereinafter sometimes abbreviated

as nBMA), and 26 19 gyofyngthoxypalyethylene glycol mapomethacrylate (PME-200:mapjactured by

NOF Corporation) (hereinafter sometimes abbreviated as PEGMA) was added dropwise thereto over
30 minutes, Aan8lthegeaction was kontmuethfor 80drinutes affétfthesdvdpwiseradditionh Then, the
resultant was sub'etcteotl:to gas chrgm tzogratp‘ljﬁ(hereigaft%r abbreviilted as GC) and %el gsrmeation
chromatog?gﬁhcye(gﬁe%nalﬁer abbreviated as G ’C)a(rrlnobﬁe %hé"ﬂs?esflll F4hd Iﬁ‘i@lﬁ),fooas 0 confirm

disappearanse of he monpiasrsa r t e Nexty 399719 of 2-(dimethyleminglathy! (Rereinafterssometimes
abbreviated as DMMA) was added dropwise thereto, and the reaction was continued for 30 minutes

after the difpWise: 8aditihERheR, tIRERERMERBWAS Bubficted Yo ET ahd* P ARobfsFR&se: DMF),

and after thys.cifisming, disapaearange of the poromeL3.25.9 afyngthanelwas added thereto to
terminate the reaction. The thus obtained copolymer was analyzed by GPC (mobile phase: DMF),

whereby confirmindyedt it i8 ardepolyneeriveivdegia pholécladr Weight BV of 5260, % raoleéular weight
cstibuton 1,09 agd scompepitgn Al UMM LDRNAREGIAEEMALS L7 R0LE v
30 minutes, and the reaction was continued for 30 minutes
after the dropwise addition. Then, the resultant was
subjected to GC and GPC (mobile phase: THF and DMF), so as
to confirm disappearance of the monomers.
Next, 45.39 g of DMMA was added dropwise thereto,
and the reaction was continued for 30 minutes after the
dropwise addition. Then, the resultant was subjected to
GC and GPC (mobile phase: DMF), and after thus confirming
disappearance of the monomer, 3.21 g of methanol was added
thereto to terminate the reaction.
The thus obtained copolymer was analyzed by GPC
(mobile phase: DMF), whereby confirming that it is a
copolymer having a molecular weight (Mw) of 5610, a
molecular weight distribution of 1.10 and a composition
ratio of DMMA- [nBMA/PEGMA/EEMA] = 29-[46/20/5] wt%.
[0081]

(Deprotection process)

T hundred—Ehirteen 213 g of a PGMEA solution of the
thus obtained copolymer with a concentration of 50 wt% was
heated to 160°C for aging for 3.5 hours.

The thus obtained copolymer was analyzed by GPC

(mobile phase: DMF), whereby confirming that it 1is a
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g of a propylene glycol monomethyl ether acetate (hereinafter sometimes abbreviated as PGMEA)
solution of the thus obtained precursor polymer with a concentration of 50 wt % was heated to 160C
for reacting for 3 hours. The thus obtained copolymer was analyzed by GPC (mobile phase:

DMF), whereby confirming that it is a copolymer having a molecular weight (Mw) of 5140, a molecular
weight distribution of 1.08 and a composition ratio of DMMA-[nBMA/PEGMA/MA] = 31-[47/20/2] wt%
(wherein MA represents methacrylic acid). Example 2 [0080] (Polymerization process) A 1000-mL

flask was char%red with 695.92 g of THF arid 13.§3Ig of lithium chl?rid (a TPF 2%580“ with a
concentration o %Wt%ﬁy anPthe resuftart was' €ool&§ 16~ Yereafter, o g of n-abutyllithium
(a hexanensalgtien with acogeentratier of oB36am %) wag addedstharetp, ahihegesultant was aged
for 10 minutes. Next, a mixed solution of 8.47 g of EEMA, 71.15 g of nBMA and 31.16 g of
PEGMA Was agdé&d dR3pifise HRFBFRBIBMhuTes And4id ?@a@tiﬂn% continued for 30 minutes
after the dropwisg-addition. Then, the resultant was subjected to GC and GPC (mobile phase: TI-IF
and DMF), so as to confirm disappearance of the monomers. Next, 45.39 g of DMMA was added
dropwise {éY8®), and the reaction was continued for 30 minutes after the dropwise addition. Then, the
resultant was subj 5‘3d toe%;gz%nd CcPC rg%bilsgsghase: DMF), and after thus confirming
disappearance of the nYénnomer, %.321 g Bf methariol was added thereto to terminate the reaction.

The thus obtainedicapaymer.was anklyzed bylaRG<mobile phase: .BNIFy veterely ceniidming that it
is a copolxmer having a molecular weight }é}v%of 5610, a molecular weight distribution 0;1.10 and a

compositioh raflo o?Dl\m\ﬁA-[ﬁéﬁﬂ‘/ﬁﬁGl\ﬂ&M MAT = 2R [46120/5] {ib™ ] with

concentration of 3.63 wt%), and the resultant was cooled
to -60°C. Thereafter, 7.34 g of n-butyllithium (a hexane
solution with a concentration of 15.36 wt%) was added
thereto, and the resultant was aged for 10 minutes.

Next, 4.30V g of methyl methacrylate (hereinafter
sometimes abbreviated as MMA) was added thereto, and the
reaction was continued for 5 minutes. Then, after
confirming disappearance of the monomers by GC measurement,
a part of the solution was sampled for GPC measurement
(mobile phase: DMF), and production of a polymer having a
molecular weight of 293 (a 2.92-mer) was found.

Next, a mixed solution of 4.52 g of EEMA, 19.80 g of
2-ethylhexyl methacrylate (hereinafter sometimes
abbreviated as EHMA), 19.50 g of nBMA, 36.48 g of MMA,
15.03 g of benzyl methacrylate (hereinafter sometimes
abbreviated as BzMA) and 11.99 g of PEGMA was added
dropwise thereto over 30 minutes, and the reaction was
continued for 30 minutes after the dropwise addition.
Then, the resultant was subjected to GC and GPC (mobile
phase: THF and DMF), whereby confirming disappearance of

the monomers.
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(Deprotection process) Two hundra:3 thirt=213 g of a PGMEA solution of the thus obtained
copolymer with a concentration of 50 wt % was heated to 160C for aging for 3.5 hours. The thus
obtained copolymer was analyzed by GPC (mobile phase: DMF), whereby confirming that it is a
copolymer having a molecular weight (Mw) of 4800, a molecular weight distribution of 1.12 and a
composition ratio of DMMA-[nBMA/PEGMA/MAI = 30-[47/20/3] wt%. Example 3 [0082] (Polymerization
process) A 1000-mL flask was charged with 578.66 g of THF and 11.20 g of lithium chloride (a
THF solution with qqggggeng’@tj% ofé.GggNt%&M%ndvygg resyliant was led to E@%QQTJ@,reafter, 7.34
g of n-butyllithium (a hexane solution with a concentration of 15.36 wt%) was added thereto, and the
resultant waiscagetidor d€aminites. was Nexind 30ugdf Methyl Methderpliates (hefdgiraftetsemetimes
abbreviateg as '},"v'_-}."é@ was aetcﬁfg I%herelﬁ,l eagd t%eereea%t(ieosnu\ﬁlgg Iggntwggd forb5. @ir{ué%s. g’gen, after
confirming ﬁsfppearance Of the monomers by measurement, a part of the’Solution was sampled
for GPC measuremenbmakilsphasep i) ; antiprodustian afra pelyaten haviog &imalesylar weight
of 293 (a 2.92-mer) was found. Next, a mixed solution of 4.52 g of EEMA, 19.80 g_of 2-ethylhexyl
methacryl&ié SRERFRIRISEnRlineiSabraiaet assEAMAY, £ sBGHEMAYSE 48 FHMMA, 15.03
g of benzykmethacrylate (hersinafier-sometimgs abhreyiated as BzMA) and 11.99 g of PEGMA was
added dropwise thereto over 30 minutes, and the reaction was continued for 30 minutes after the
dropwise addition. Tien, Helresudahbwas Subfesred 1NET aifg &P mbhie phasy: TARGNd DMF),

WherebyCq%fggﬂﬁ%di%ﬁpggglzanm}the @R@%@E{ﬁ confirming that it is a
copolymer having a molecular weight (Mw) of 6780, a
molecular weight distribution of 1.08 and a composition
ratio of DMMA- [MMA/nBMA/EHMA/PEGMA/BzMA/EEMA] = 25-
[28/13/13/8/10/3] wt%.

[0083]

(Deprotection process)

Two—hundrea200 g of a PGMEA solution of the thus
obtained copolymer with a concentration of 50 wt% was
heated to 160°C for reacting for 3 hours.

The thus obtained copolymer was analyzed by GPC
(mobile phase: DMF), whereby confirming that it is a
copolymer having a molecular weight (Mw) of 6120, a
molecular weight distribution of 1.10 and a composition
ratio of DMMA - [MMA/nBMA/EHMA/PEGMA/BzMA/MA] = 25~
[28/13/14/8/10/2] wt%.

Example 4
[0084]

(Polymerization process)

A 1000-mL flask was charged with 683.03 g of THF and
11.92 g of 1lithium chloride (a THF solution with a

concentration of 3.63 wt%), and the resultant was cooled

to -60°C. Thereafter, 8.32 g of n-butyllithium (a hexane
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Next, 36.98 g of DMMA was added dropwise thereto, and the reaction was continued for 30 minutes
after the dropwise addition. Then, the resultant was subjected to GC and GPC (mobile phase: DMF),
and after thus confirming disappearance of the monomer, 3.21 g of methanol was added thereto to
te/minate the reaction. The thus obtained copolymer was analyzed by GPC (mobile phase: DMF),
whereby confirming that it is a copolymer having a molecular weight (Mw) of 6780, a molecular weight
distribution of 1.08 and a composition ratio of DMMA-[MMA/nBMA/EHMA/PEGMA/BzMA/EEMA] = 25-
[28/13/13/8/ O/SLWtI [008 (Deprotectlon roces TwehldheZC of a PGMI%A solution of the
thus obtaifie copof)l/mer with & cofncentration o t‘%%Na%%e%?ed ‘f’o 1 OCwl%F re& (%8 or 3 hours.

The thus ebtainettcopalyimenhwasg asalyzad bywaRC{qobile phase: RMM)rwBereby confirming that it
is a copolymer having a molecular weight (Mw) of 6120, a molecular weight distribution of 1.10 and a

composition ratio I3‘r31’_")‘i"s/lMAE-’[i\fI)IélA/HBI\/Bﬂ?/E}Iﬂ{”/'fﬁx/PE@‘?\/IA?E’?ER%@/M}R}_Perz‘?)t‘[’28/1%?91’{94/8@(‘95‘*2] Wt%.
Example 4JQ084] (Rolyipesization, pracess) ¢4 1090-mk fask was charged,with 583,03 g of THF

and 11.92 g of lithium chloride (a THF solution with a concentration of 3.63 wt%), and the resultant
was cooletPf- 50T THefbbfrpr® 32 rofa-bdtylitttumyadrsage by GC measurement,

a part of the solution was sampled for GPC measurement
(mobile phase: DMF), and production of a polymer having a
molecular weight of 311 (a 3.10-mer) was found.

Next, a mixed solution of 9.68 g of EEMA, 22.0 g of
EHMA, 22.09 g of nBMA, 41.60 g of MMA, 16.83 g of BzMA and
13.75 g of PEGMA was added dropwise thereto over 30
minutes, and the reaction was continued for 30 minutes
after the dropwise addition. Then, the resultant was
subjected to GC and GPC (mobile phase: THF and DMF),
whereby confirming disappearance of the monomers.

Next, 42.06 g of DMMA was added dropwise thereto,
and the reaction was continued for 30 minutes after the
dropwise addition. Then, the resultant was subjected to
GC and GPC (mobile phase: DMF), and after thus confirming
disappearance of the monomer, 4.48 g of methanol was added
thereto to terminate the reaction.

The thus obtained copolymer was analyzed by GPC
(mobile phase: DMF), whereby confirming that it i1is a
copolymer having a molecular weight (Mw) of 6980, a
molecular weight distribution of 1.10 and a composition
ratio of DMMA - [MMA /nBMA/EHMA/PEGMA/BzMA/EEMA] = 24 -
[27/13/13/8/10/5] wt%.

[0085]

(Deprotection process)
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solution with a concentration of 15.36 wt%) was added thereto, and the resultant was aged for 10
minutes. Next, 5.06 g of MMA was added thereto, and the reaction was continued for 5 minutes.
Then, after confitming disappearance of the monomers by GC measurement, a part of the solution
was sampled for GPO measurement (mobile phase: DMF), and production of a polymer having a
molecular weight of 311 (a 3.10-mer) was found. Next, a mixed solution of 9.68 g of EEMA, 22.0 g
of EHMA, 22.09 g of nEMA, 41.60 g of MMA, 16.83 g of BzMA and 13.75 g of PEGMA was added
dropwise thereto over 30 minutes, and the reaction was.continued for 30 minutes aftgr thedropwise
addition. Then, the resultant was subjected to GC and GPO (mobile phase: THF and DMF), whereby
confirmingadise@P&arascel otthermanbmels:  thiNextpB2 Dbrgedf ivikkuwas adgerlgropwise thereto,
and the reaction was continued for 30 minutes after the dropwise addition, Then, the resultant was
subjected ¥5-G ahd EPE GHEbAE phEsePDME) al gﬂ&iﬁuskb%%’ﬁﬁ”ﬂinﬁ‘ais&ﬁpoegrar%%rof the
monomer, 4e4& g Didnetbanal was.added thereto to terminate the reaction. The thus obtained
copolymer was anal‘%/,%ed b% GPO (mobile phase: DMF), whereby confirming that it is a copolymer

having a molecularWeigHt i) SFEeBbRaMmolkehRF Wiight digfibuBA b 199 ahd a Gffposition
ratio of DMMAHMMA/NBMAEHMAREGMAMBZMAEEMA], £ 1247 {26/ 13{13({8/10{3] wiPh. [0985]

(Deprotection process) a PGMEA solution of the thus obtained precursor polymer with a concentration
of 50 wt% Y Heaned to Be0T Har reacting IsrdRedrs. weidlhe thu¥ebtaindd cdpéymer was
analyzed by GPC (mabile phase: DMFE reby confirmi titis a copg rha i molecular
weight (Mwogfeg?}bg%ra m%%elc%ﬁ:tr W&e/]ll'g %%EH%%?& o%??lr?a?% a%%ﬁ pégsit%ﬁméct)i% (;{fl A
DMMA-[MM¢iBMA/EHMA/PBGHABIMAABKL RSO ERMB/SILOIBY e, =  25-

[28/13/13/8/10/3] wt%.

[0086]
[Comparative Example 1]

A 1000-mL flask was charged with 558.67 g of THF and
10.28 g of 1lithium chloride (a THF solution with a
concentration of 3.63 wt%), and the resultant was cooled
to -60°C. Thereafter, 7.60 g of n-butyllithium (a hexane
solution with a concentration of 15.36 wt%) was added
thereto, and the resultant was aged for 10 minutes.

Next, 4.38 g of MMA was added thereto, and the
reaction was continued for 5 minutes. Then, after
confirming disappearance of the monomers by GC measurement,
a part of the solution was sampled for GPC measurement
(mobile phase: DMF), and production of a polymer having a
molecular weight of 346 (a 3.46-mer) was found.

Next, a mixed solution of 17.08 g of EHMA, 16.95 g
of nBMA, 31.66 g of MMA, 8.01 g of BzMA and 9.48 g of
PEGMA was added dropwise thereto over 30 minutes, and the
reaction was continued for 30 minutes after the dropwise

addition. Then, the resultant was subjected to GC and GPC
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[0086] [Comparative Example 1] A 1000-mL flask was charged with 558.67 g of THF and 10.28 g
of lithium chloride (a THE solution with a concentration of 3.63 wt%), and the resultant was cooled to
-60C. Thereafter, 7.60 g of n-butyllithium (a hexane solution with a concentration of 15.36 wt) was
added thereto, and the resultant was aged for 10 minutes. Next, 4.38 g of MMA was added
thereto, and the reaction was continued for 5 minutes. Then, after confirming disappearance of the
monomers by GC measurement, a part of the solution was sampled for GPC measurement (mobile

phase: DMF), anf production of a g—{ er having cular weight. of 34&:)(:1 3.46-mer) was found.
Next, a mi né)) Solution gﬁf‘f.% g oFf}? l!JI:/IA,E'Hl%. 5 S’%%%EMA, %%%%bgf M ?%?df@%)flgzMA and
9.48 g of RE&:A evassaddeddropmasenthesetoraver 30 minutes, and the reaction was continued for 30
minutes after the dropwise addition. Then, the resultant was subjected to GC and GPC (mobile

phase:THF and D¥ftwhetéby’ Eonfirnfitg dH¥iPhedRnc@BARR nfbfEse  thed& .08 g of

DMMA was,gddegdropwise fheretps gand-thereagiien was-conginued-for 39 minytes aftgrdhe dropwise
addition. Then, the resultant was subjected to GC and GPC (mobile phase: DMF), and after thus

confirmingleRppEaranee b thrimondrhen 2. 4o of rRethahervaswadt e Wharets-&erffinate the
cocton, o, AUSUSCOIRY oeuTgL PRy SR moble Pl B yreroy
distributioficfelpt@ and mceonyfosificn ratioafiM MA - MM A/nBMV AHIMARE G/ BZAMAR= 33-
BSMBMB@%%?@%% 088Zerinate the reaction.

The thus obtained copolymer was analyzed by GPC
(mobile phase: DMF), whereby confirming that it i1s a
copolymer having a molecular weight (Mw) of 7100, a
molecular weight distribution of 1.10 and a composition
ratio of DMMA- [MMA/nBMA/EHMA/PEGMA/BzMA] = 33-
[28/13/13/7/6]1 wt%.

[0087]

The copolymer solutions obtained in Examples 1 to 4
and Comparative Example 1 were each used for obtaining 40
wt% propylene glycol monomethyl ether acetate solutiomns,
and these solutions were used as pigment dispersing agents
for preparing pigment dispersions as follows.

A pigment dispersion was prepared by mixing and
dispersing, for 12 hours with a bead mill, 15 parts by
mass of a 60/40 (mass ratio) mixture of C. I. Pigment
Green 36 and C. I. Pigment Yellow 150 used as pigments, 10
parts by mass of the propylene glycol monomethyl ether
acetate solution of any one of the copolymers obtained in
Examples 1 to 4 and Comparative Example 1 used as the
pigment dispersing agent, 55 parts by mass of propylene

glycol monomethyl ether acetate and 20 parts by mass of

diethylene glycol methylethyl ether used as solvents.
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The copolymer solutions obtained in Examples 1 to 4 and Comparative Example 1 were each used for
obtaining 40 wt9e propylene glycol monomethyl ether acetate solutions, and these solutions were
used as pigment dispersing agents for preparing pigment dispersions as follows. A pigment
dispersion was prepared by mixing and dispersing, for 12 hours with a bead mill, 15 parts by mass of a
60/40 (mass ratio) mixture of C. I. Pigment Green 36 and C. I. Pigment Yellow 150 used as pigments,
10 parts by mass of the propylene glycol monomethyl ether acetate solution of any one of the

copolymers obtain%dsin gxagérg% lto A]tggd QR Bagive QI ; ed 'g; ljgment dispersing
agent, 55 parts by mass of propy?ené glycol n%n%mgethyl &%%%Ece%g%%nd%%e a%tg%n m@%s of
diethylene glycobmethyletiop @ihercusedastsolvenis.in  ExAsalresult, thepigmehbdisgersions

prepared by using the copolymers obtained in Examples 1 to 4 showed a color of brilliant green, and
e aiter By RerE kbt At S3e1or DNEER, (Vi B Eed BBt PaludtE BB (3 those

attained imgnediatelyafter the preraration. Qpethe ofhgr and. althoygh the pigment dispersion
prepared by using the copolymer obtained in Comparative .Exag(gélge 1 showed a color of brilliant green,
after it was¥8pt 48288 %or XReeksh§ GiscosityFatRAwaslitrAsRE BY0% as E6Mparklsvith that

attained imgediately-aftar the prgparatian. indystrialApplicabilin (0088],  be carghuner of the
present invention is good in pigment dispersibility, and may be used as, for example, a pigment
dispersing agepefos axolopfiltraied fopynamsfasririgien opticalovierfiltenh tGliAME LA
copolymer com arLilg.injgj:lVe %}pall%c %halT (é?lg%re]astgggf rildojg)lycr)r)]f(—:'rl():orlr1]t_){ijr§in tat Iegg'éone repeating
unit selected oM the group Eonsis Ing of a repeating uric aving a terﬁary amino g?oup and a
repeating upitrhaving-a guaterRyyy ammonium base;anfeeks, its viscosity value

was increased by 9% as compared with that attained

immediately after the preparation.

Industrial Applicability
[0088]
The copolymer of the present invention is good in
pigment dispersibility, and may be used as, for example, a
pigment dispersing agent for a color filter wused for

manufacturing an optical color filter.
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a block chain (B) consisting of a copolymer comprising a repeating unit having a polyoxyalkylene chain
and a repeating unit having an acidic group. 2. The copolymer according to claim 1, wherein the block
chain (B) further comprises a repeating unit represented by formula (1): (wherein R1 represents a
hydrogen atom or a CI-C3 alkyl group, and R2 represents a CI-C6 alkyl group or a 06-C10 aryl 01-06
alkyl group). 3. The copolymer according to claim 1 or 2, wherein the at least one repeating unit
selected from the group consisting of a repeating unit having a tertiary amino group and a repeating
unit having a quaternary ammonium base is a I,r[((sejgeating unit represented by formula (I):  (wherein R8
represents a hydrogen atom or a CI-C3 alkyl 4 and Rs each independently represent a CI-C6
alkyl group or a C6-C10 aryl CI-C6 alkyl group, and X represents a CI-C10 alkylene group or a CI-C10
alkylene-O-C1-C10 alkylene group). 4. The copolymer according to any one of claims 1 to 3, wherein
the repeating?urfARRARG S Pof AR AkyIeRE chain is a repeating unit represented by formula (I11):

a block chain (A) consisting of a polymer comprising
at least one repeating unit selected from the group
consisting of a repeating unit having a tertiary amino
group and a repeating unit having a quaternary ammonium
base; and

a Dblock chain (B) consisting of a copolymer
comprising a repeating unit having a polyoxyalkylene chain

and a repeating unit having an acidic group.

2. The copolymer according to claim 1, wherein the Dblock
chain (B) further comprises a repeating unit represented

by formula (I):

H’i

R2
0 o~ (1)

(wherein R' represents a hydrogen atom or a C1-C3 alkyl
group, and R’ represents a C1-C6 alkyl group or a C6-C10

aryl C1-C6 alkyl group).
3. The copolymer according to claim 1 or 2, wherein the at

least one repeating unit selected from the group

consisting of a repeating unit having a tertiary amino
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[) (wherein R6 represents a hydrogen atom or a CI-C3 alkyl group, R7 represents an alkylene group
haying 2 to 4 carbon atoms, R8 represents a hydrogen atom or a CI-C6 alkyl group, m represents an
integer of 2 to 150, and each R70 may be the same as or different from one another). 5. The
copolymer according to any one of claims 1 to 4, wherein the repeating unit haying an acidic group is a
repeating unit represented by formula (IV): R9 00H(IV) (wherein R9 represents a hydrogen atom or a
CI-C3 alkyl group), or a repeating unit represented by formula (V):

group and a repeating unit having a quaternary ammonium

base is a repeating unit represented by formula (II):

gﬁ (11)

(wherein R’ represents a hydrogen atom or a C1-C3 alkyl
group, R® and R® each independently represent a C1-C6 alkyl
group or a C6-Cl0 aryl C1-Cé alkyl group, and X represents
a Cl1-C10 alkylene group or a C(Cl-Cl0 alkylene-0-C1-C10

alkylene group) .
4. The copolymer according to any one of claims 1 to 3,

wherein the repeating unit having a polyoxyalkylene chain

is a repeating unit represented by formula (III):

Rs

(R70);—R®
o~ (I11)

(wherein R® represents a hydrogen atom or a C1-C3 alkyl
group, R’ represents an alkylene group having 2 to 4

carbon atoms, R® represents a hydrogen atom or a Cl-Cé6
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(V) (wherein R" represents a hydrogen atom or a CI-C3 alkyl group, and Y represents a CI-C10
alkylene group or a CIC10 alkylene-O-C1-C10 alkylene group).

alkyl group, m represents an integer of 2 to 150, and each

R0 may be the same as or different from one another).

5. The copolymer according to any one of claims 1 to 4,
wherein the repeating unit having an acidic group is a

repeating unit represented by formula (IV):

RS

O/\OH (I1V)

(wherein R° represents a hydrogen atom or a Cl1-C3 alkyl

group), oOr a repeating unit represented by formula (V):

R‘EO

Y _OH

O (V)

(wherein R'® represents a hydrogen atom or a C1-C3 alkyl
group, and Y represents a Cl-Cl10 alkylene group or a Cl-

Cl10 alkylene-0-Cl1-Cl10 alkylene group) .
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