TI TLE OF THE | NVENTI ON PI GVENT DI SPERSANTS, THEI R PRODUCTI ON PROCESS, AND
THEI R USE CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This application
clainms the priority of Japanese Patent Application 2007-160881 filed June
19, 2007, i | S __i r erein by reference. FIELD OF THE | NVENTI ON
[ 0002] Thi2h¢ﬁgﬁht?gneﬁglgﬁggﬁfgagignent di spersants (which may hereinafter
be referred sinply as "dispersants”) substantially free of volatile organic
conpounds (hereinafter referred to "VOC'), their production process, and
their use. BACKGROUND OF THE | NVENTI ON [0003] In view of environnental

probl ems such as gIFGFHENTWALFHEHRSANG Sai L HFEIR FROVCTLSHUEROEHSSn VOC ar e
now being carried on in various fields such as paints, inks and
construction materials. Taking theAfPeTHEBR P3Ents, the devel opment of
paints indiverseforns, for exanple, powered paints, high-sol ids paints

and wat er - based paints as environment-responsive paints is being carried
on. In particular, water-based paints are under active devel opnent,

resul ting i CROSSERVFEREREERt TOf RELAFEIOAPPLICATEION 1 zero-VOC paints in
attenpts to reduce VOC. The term "l ow VOC paint"” nmeans a water-based paint

the VOC cont popoDf Whi chikSapBlicwtYoar chawes, twhi b@ibb@tgebm JéphAeYeC
paint” neans a water-based paint the VOC content of which is |ower than
0.01 W% ipa@eRerappr dsat 100 M- Aaeatridedl Rhavank o7t hGheEAr £

incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to pigment dispersants (which
may hereinafter be referred simply as “dispersants”)
substantially free of volatile organic compounds (hereinafter

referred to “WOC”), their production process, and their use.

BACKGROUND OF THE INVENTION

[0003] In view of environmental problems such as global

warmingandairpollution, reductions inVOCarenowbeingcarried
on in various fields such as paints, inks and construction

materials. Takingthefieldofpaints, thedevelopment of paints
indiverse forms, for example, poweredpaints, high-solidspaints
andwater-basedpaintsasenvironment-responsive paints isbeing
carriedon. Inparticular, water-based paints are under active

development, resulting in the development of 1ow-VOC paints and



under way to reduce the contents of VOC in resin dispersions to be used in
pai nts, such as binder solutions and emul sions, and also to reduce the
contents of VOC in filmformng aids and the |ike which may becone VOC. It
is al so considered necessary to reduce the contents of VOC in dispersants

to be used in_suc paint.s. .[0004] ln_a high-con ration. di spersic f a
pi gnent, a %ﬁé%g\(h%%rﬁajinstsuslélda’t%g]ewgé:s F eg%ﬁi%%%ﬁfdgi strZ‘res S.rmDuj;‘aO 8\9?;&:
contained in_an agueous solution of the dispersant, a great deal, ,of VOC is
Cont ai ned | PEHE" pITGIRHT AMGHESIRATS] PHIY, HiobFofeltebeRt IKAE 1D use
conventional pignment dispersions, in | owVOC paints or zero-VOC paints from
envi ronment af - toAsT e at PHRL, Whbte PR HeRBe, ZaRooVPStRatihyg BeMBHdefor a
reduction in VOC, particularly a pigment dispersion usable in | ow VCOC

pai nts or ZzépbevO@pRd Maing 0dEsVOSuepateant of artel @nployeideasthagop t 0bf

di spersants having common utility. Using these surfactants, pignment

di spersi ons wubstamtlet yofdee 160 MOC hdverabtsddsdent devslispethersiiofact ant s
are, however, low in nolecular weight and high in hydrophilicity, so that
coat i ngs foruedef noay pad Mesjuaditdle 2oodrindisn offi gentndrspeénsdossenakong use
of these surfactants, are poor in waterproofness. Accordingly, pignent

di spersant s tofodhgledmhepalatsyesgbh 4y pa e shaenr idesehapedmuByiphsyi di ng
a dispersant with a high nolecular weight, a coating with the dispersant

contai ned t hgr@in LABoShan@oathabatRhe9fdes®c iAW Thel fodniiddesandda
di spersant to be used in a paint are
the like which may become VOC. Tt is also considered necessary
to reduce the contents of VOC in dispersants to be used in such
paints.
[0004] In a high-concentration dispersion of a pigment, a
dispersant is used to keep the pigment dispersed. Due to VOC
contained in an aqueous solution of the dispersant, a great deal
ofVOCiscontainedinthepigment dispersion. Ithas,tﬁerefore,
been unable to use conventional pigment dispersions in low-VOC
paints or zero-VOC paints from environmental consideration.
There is, hence, an outstanding demand for a reduction in VOC,
particularly a pigment dispersion usable in low-VOC paints or
zero-VOC paints.
[0005] Surfactants are employed as a sort of dispersants
having common utility. Using these surfactants, pigment
dispersions substantially free of VOC have also been developed.

Surfactants are, however, low in molecular weight and high in

hydrophilicity, so that coatings formed from paints, which



required to have good conpatibility with each other. A dispersant equi pped
W th these properties in conbination is thus needed. [0006] As a result of
an initial investigation, it was found that, although acrylic-resin-based
di spersants are suited as dispersants for pignents, the dispersants can be
hardly reduced in VQC. As a reason for this, an acrylic dispersant is

obt ai ned byC¥H AT B FENVNELiSPLLiSeRT SERK1hy BSfe?hod ? $ats Y et s
form ng the dispersant into an aqueous solution and then heating the
aqueous sol (RTDPOCE HN M3YSrRIFOFNRS S0l WEFOrgiaIlesi BLaRen hohohes BS st 3/OC
fromthe solution, it is difficult to conpletely elimnate VOC fromthe
aqueous sol wf bhgbimaliesudiagpee seint tiypedures bofnafdvedtiopast. t By podtidigipoi nt
of water and that of VOC and their azeotropic relation. As a consequence, a
great mgjoriayisgerd@Btswiith aembgmsneredhieadivspeihsant. cp800AYy Thehethes
anot her nethod that pours the above-described solution of the dispersant
into a poor &dpeerdarftorcdriten thespertsardin crchslasy Wide! ,wask graso frikess .

di spersant precipitated in the solvent to renobve VOC conponents fromthe

di spersant. purtHds, GAgAnded el @i spepbsaBhnkStBYHEOREERI tnS® phraht pard i cl es
of the dispersant aggregate into a solid, bulky or powder formin the poor

sol vent, and dherdl Q1 n MR 4o SORHARG 10 e A i€l @s ofndhie di spersant .

VOC cannot be elim nated even when the dispersant Is washed. Even when the

o SPgrSen L bl St 44 oSO L ALLTLRSLANGE (rom

needed.

[0006] As a result of an initial investigation, it was found
that, although acrylic-resin-based dispersants are suited as
dispersants for pigments, the dispersants can be hardly reduced
in VOC. As a reason for this, an acrylic dispersant is obtained
by solution polymerization. Even by a method that includes
forming the dispersant into an aqueous solution and then heating
the aqueous solution to distill off the solvent and residual
monomers as VOC from the solution, it isdifficult to completely
eliminate VOC from the aqueous solution of the dispersant because
of effects of the boiling point of water and that of VOC and
their azeotropic relation. As a consequence, a great majority
of VOC still remains in the dispersant.

[0007] There isanothermethodthat pours theabove-described
solutionof thedispersant intoapoor solvent for thedispersant,

such as water, and has the dispersant precipitated in the solvent

to remove VOC components from the dispersant. In this case,



[0008] Objects of the present invention is, therefore, to provide a
VOC-free pignent dispersant, a production process of the pignent

di spersant, an aqueous solution of the pignment dispersant, and a pignent

di spersi on maki ng use of the pignent dispersant. The present invention also
has as a stitlHe fluspdesanoljsdotd tdpgranifc behprtqd 1< ionl eof o At peghissde i aaper sant
that has good conpatibility with a resin binder for paints or the like and
can provi de apptdqse wWhth ggeotlidatrrldyoot pessier] D06RfinTite: pbovesalesart bed
objects of the present invention can be achieved the present invention to

be descri bedihetgénafdes, vobescedhetnh sPeoitheosd Hyic1deo prasets paweid on
provi des a pignment dispersant conprising: (a) 5to 30 w% of aromatic

and/ or het er@gy ddrhotl B e1TBAGEREURIES, whBh 1Ret@i S0 M JhOF 1 SmppymLq units
having acid groups, (c) 40 to 80 w % of (rret h) acryl ate ester nonomer units,

and 4°(d) 5 gf 30,4 %ﬁy@% Y 5 Mg, pol V(L200a) 1ol @nceu ! Yo

chains or nono(d _22-a al ns o t'he

B e avet SUe TR A Gy o 45 pa%*%d%t, st ehatne i

nononer units (a) to (d) armuntlng to 100 wt% wherein the pignent
di spersant has an acid value of from 30 to 300 ngKOH g, a nunber average

nmol ecul ar weji ght. of from
SéhMARY OF THE INVENTION

[0008] Objects of the present invention is, therefore, to
provide a VOC~free pigment dispersant, a production process of
the pigment dispersant, an aqueous solution of the pigment
dispersant, and a pigment dispersion making use of the pigment
dispersant. The present invention also has as a still further
object thereof the provision of a pigment dispersant that has
good compatibility with a resin binder for paints or the like
and can provide coatings with good waterproofness.
[0009] The above-described objects of the present invention
canbe achieved the present invention tobedescribedhereinafter.
Describedspecifically, thepresent inventionprovides apigment
dispersant comprising:

(a) 5 to 30 wt% of aromatic and/or heterocyclic vinyl
monomer units,

(b) 10 to 30 wt% of monomer units having acid groups,

(c) 40 to 80 wt% of (meth)acrylate ester monomer units,

and



5,000 to 30,000, and a content of organic conpounds, boiling points of

whi ch are not higher than 250C, of not higher than 0.2 wt% [0010] In the
above-descri bed di spersant, ester groups in the nononmer units (c) nmay
preferably be aliphatic groups having 1 to 4 carbon atons or alicyclic
groups having 12 to 22 carbon atonms. [0011] The present invention also
provi des a process(@bP Lo PEdduc FCHAMEE &N b g ientindi BpeY sant T ahky Eane
conprises: polynerizing (a') 5 to 30 w% of an aronmatic and/or heterocyclic
vinyl nononmegly¢ol) deins 8¢ mendd of-2a atdnoneethavri agaias eicitbdegybupel(c')
40 to BOWM % of a (neth) acrylate ester nononer, and (d') 5 to 30 wt% of a
nmononer havi hige ot §,CG* B-lat lardegéycgl ycdlgimchairmano Mng(-Gl k32-)abklyk¥

et her chain of the glycol, said poly(C2_6-alkylene glycol) chain or

mono( G _22- atkylns didierng @haumbbavivgr sgd wdieyc A age ghiel € W rm weiogbd  of
from150 to 5 1,500, a sumof the nmononers (a' ) to (d') anounting to 100
W% wth ajpsbyperization initiator in a water-soluble organic solvent to
obtain a polynerization mxture with a resultant polyner contained therein,

conbi ni ng and ni xi 805 & P NBIdrERld OMnTivd UG ad (gt Sﬁlouhggﬁ?h_@{) 180
enul sify or dissolve the polymer in the water such that an enmulsion or

solution of the polyner is obtained, adding an acid to the emulsion or
sol ution of the' polynmer to have the polyner precipitated such that a

mxture of water ﬁﬁgrébg1ﬁﬁi%g%%ei% QPESéPEQnt%Qﬂs%%¢QCid value of from
30 to 300 mgKOH/g, a number average molecular weight of from
5,000 to 30,000, and a content of organic compounds, boiling
points of which are not higher than 250°C, of not higher than
0.2 wts.
[0010] In the above-described dispersant, ester groups in
the monomer units (c) may preferably be aliphatic groups having
1 to 4 carbon atoms or alicyclic groups having 12 to 22 carbon
atoms.
[0011] The present invention also provides a process for
the production of a pigment dispersant, which comprises:

polymerizing (a’) 5 to 30 wt% of an aromatic and/or

heterocyclic vinyl monomer, (b’) 10 to 30 wt% of a monomer having
anacidgroup, (c¢’) 40to80wt% of a (meth)acrylate estermonomer,
and (d’") 5 to 30 wt% of a monomer having a poly(Cz.g—alkylene
glycol) chain or mono(Cj-y;—alkyl) ether chain of the glycol,
said poly(Cy-¢—~alkylene glycol) chain or mono(Cj-zp—alkyl) ether

chain having a number average molecular weight of from 150 to



heating the m xture to a tenperature of not |ower than a cloud point of the
polyner. [0012] For exanple, the polynerization mxture is poured into

wat er to have the polyner precipitated, and the thus-precipitated polyner
and an aqueous solution of an alkali are conbined and stirred together to
enul sify or dissolve the polynmer such that an enul sion or solution of the
pol ymer is bbYdl nedsusrof HdgpaPprBeirsata oh te X8l eaeidnainadwedds wotuti on
of an alkali are conbined and stirred together to obtain a solution of the
pol ynmer, andwiih aziebl ynextleat ion t el sbhtuer ohnta walver - $dikulpbd yoreganic
precipitated such that a m xture of the polynmer and water is obtained.
[0013] In theokhbove-desaridbed prodlgheonzprdoessixtinee wiatlera sodsibl tamwt gani ¢
solvent may preferably be at | east one solvent selected fromthe group
consi sting opomphdancbnteihedothebeisppropanol , n-propyl al cohol, ethylene
gl ycol, propylene glycol, ethylene glycol nononethyl ether, propylene

gl ycol  nononet hylc&tibted i n@eatamne: sl t hetd ARl Of A @in At the and water
pol ymeri zationinitiator maypreferablybe one a coupling product of radical

deconposi ti ofl, L OIS, fWaii¢Y hasyAshoidd leeogbﬁ]%megir{‘c&%ej QURE rt bidsy 250C
[0014] In the above-described production process, the polynerization

oL 0 B S A Dol et cOOMGro Sk B S50l A0, o o
2,2 -azobi s(2, 4- dia@éihﬁg \é%l gégglt_:tor itkl%)émulsion or solution of the polymer
to have the polymer precipitated such that a mixture of water
and the polymer is obtained, and then,
heating the mixture to a temperature of not lower than
a cloud point of the polymer.
[0012] For example, the polymerization mixture is poured
into water to have the polymer precipitated, and the
thus-precipitated polymer and an aqueous solution of an alkali
are combined and stirred together to emulsify or dissolve the
polymer such that an emulsion or solution of the polymer is
obtained; or the polymerization mixture and an aqueous solution
of analkaliarecombinedandstirredtogethertoobtainasolution
of the polymer, and an acid is added to the solution to have
the polymer precipitated such that a mixture of the polymer and
water is obtained.
[0013] In the above-described production process, the

water-soluble organic solvent may preferably be at least one

solvent selected fromthe group consisting of methanol, ethanol,



2,2' -azobis(2,2,4-trinmethyl pentane), 4,4'-azobis(4-cyanopentanoic acid),

2, 2' -azobi s{2- net hyl -

N-[1,1,-bis(hydroxymnet hyl)-2-hydroxyet hyl ] propi onam de},

2,2 -azobis{2-nmethyl -N-[I,]-bis(hydroxymnet hyl)ethyl]- propi onam de},

ammoni um persul fate, sodi um persul fate, . potassi um persulfate and hydrogen
peroxi de; t RSRGPIRY! - ﬂ‘é?%% wIsohat /i fdtgamne &ivEolan®moRy 1&n€al i may
preferably be a conmpound selected fromthe group consisting of ammoni a,

di et hanol aniAe,Cali etHandTai He/cadi mﬂﬂ%%a e het,r igfraRydiedicailyeo ) i t hi um
hydr oxi de, sodi um hydroxi de and potassi um hydroxi de. [0015] The present

i nventi on stidriorfafiteretgrovi daxetane @k dies bl vdyam e ja guidy ridret

di spersant, wherein the aqueous solution has been obtai ned by neutralizing
t he above- desdnintsed zat imrghent i ai epea s are fefr iy iy eseattoupiengipprodvdth an
alkali in water, has a pignent dispersant content of not higher than 50

w % and hassfarediatent detompgait tox ppualingss olfowhi oy o atlso bl inapaimtar e
not hi gher than 250C, of not higher than 0.05 wt% [0016] The present

i nvention stdf Indiurtherr prvad despea  pi gnent  di spersion conprising at | east a
pi gnent, water, the above-described pignent di spersant of the present

invention, @uian al kehicRO0aH&YE e S £OHE NS r Oy OF B8R Sr SOPOUNGSe boi |1 ng
poi nts of which are not higher than 250C, of not higher than 0.01 w%

(0017 The 8Bl A0 AP 804 O BUATROK A3 B A1 S6E0H d
selected from the group consisting of
2,2"-azobis (4-methoxy-2,4-dimethylvaleronitrile),
2,2"-azobis(2,4-dimethylvaleronitrile),
2,2'"-azobis (2,2,4-trimethylpentane),
4,4’ -azobis (4-cyanopentanoic acid), 2,2'-azobis{2-methyl-
N-{1,1,-bis (hydroxymethyl)-2-hydroxyethyl]propionamide},
2,2"'-azobis{2-methyl-N-[1,1-bis (hydroxymethyl)ethyl]-
propionamide}, ammonium persulfate, sodium persulfate,
potassium persulfate and hydrogen peroxide; the acid may
preferably be an inorganic acid; and the alkali may preferably
be a compound selected from the group consisting of ammonia,
diethanolamine, triethanolamine, dipropanolamine,
tripropanolamine, lithium hydroxide, sodium hydroxide and
potassium hydroxide.
[0015] The present invention still further provides an

aqueous solution of a pigment dispersant, wherein the aqueous

solution has been obtained by neutralizing the above-described



of VOC, in coloring products in which VOC has been contained to date, such
‘as paints, printing inks, inks for stationery and inkjet inks for the
solution of environnental problens such as air pollution nakes it possible
to reduce VOC in such coloring products and hence, to furnish coloring
products of substantially no environnmental | oad. DETAILED DESCRI PTI ON OF
THE | NVENTI 6N N5 PREFERREB MEVBETH MENRLS S 50 L8V eTive Opr 8d &Rt 2R rirefR ok Twi | |
next be described in further detail based on best nodes for carrying out

t he present Ydtftentiagna Themens pkspeisatle siditirgt ©ft hetphégear thamemd on
is characterized in that it conprises the nmononer units (a) - (d at
contents wi 4T Bhd ado\aecoadenitbed, o rexrplee oy ospelsi f beollgnpaperst auaf t he
content of VOCis 0.2 wt% or |lower. The control of the VOC content at the
above- descr iwedtIcenieenbtcanghe rachaeves dyy ofthaopr ncgasrothahed presert.
invention for the production of the dispersant. Described specifically, the
sol vent for [A6]i n t TBhepedueht dnvephadess wfl It hertphespnbvi dgeatpigmdrs: a
wat er - sol ubl e sol vent fromwhich the resulting dispersant can be readily
col lected, andRsdikm RAMPErdAaf ian ldddd at Yidint Ustddy,t hthe

pol yneri zation, a polynerization initiator econposi tion byproducts of

whi ch can haylae -RreQme NECJignésed g1 sAEL8ENENE £ PEhY BFd £t 4 Ohvdi€ on,

pol ymeri zation mxture is subjected to water-out and/or acid-out, followed

by heati ng. i i - t acted
y 9 d?iri%ﬁaﬁ‘ L9889 ﬁaq'%vuplgre%ﬁéghn & e&‘@ Esale Eeﬁlﬁbt\{g&f é%ﬁ'lj]qg{ge

nmononmers and Inpurities forned t reacti ons ca

el1 mi nat ed, paéqqlttsh%ft Qgsl-c%bg%lenggt drllisﬁﬁeerrsacr};[ar{ s250°C, of not higher than
0.01 wtg.
[0017] The use of the dispersant or pigment dispersion

according to the present invention, which is substantially free
of VOC, in coloring products in which VOC has been contained
to date, such as paints, printing inks, inks for stationery and
inkjet inks for the solution of environmental problems such as
air pollution makes it possible to reduce VOC in such coloring
productsandhence, tofurnishcoloringproductsof substantially

no environmental load.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS
[0018] The present invention will next be described in

further detail based on best modes for carrying out the present
invention. The dispersant according to the present invention
is characterized in that it comprises the monomer units (a)-(d)

at contents within the above-described, respective specific



substantially free of VOC. According to the present invention, the content
of VOC can be reduced to 0.2 wt%or lower, nore preferably 0.1 w % or

| ower based on the dispersant (which may hereinafter be called "polynmer” in
sone instances). [0019] Further, the above-described di spersant may be
neutrali zed mandesmral kaki comtenar fafjocous B wtiRoor Haoweargy aTheesomtsol i ds
content of 50 wt % or |ower, therebynmaking it possible to obtain an aqueous
sol uti on condAithiengp/EEnaen0.atObhavab¥ver degweibedmset fiitetenal yci &26dw %
or lower. By dispersing a pignment in water while using the aqueous sol ution

of the pignesy,cieropedrenlt €na Peeof ethvdH i én Mident PrspaESion of
containing VOC 9 at 0.01 wt%or |ower. [0020] The nononer units that nake

up the di spefgandispeedsht Ng Jed NPT @pRAY fikanti ornar et bentnkbs (8 -
(d) , and are typically characterized especially by the use of the nononer

units (d) haYﬁthéhﬁr&&d@9+oﬁ F0Se9L & Pecmonoal Kyl f%ﬁ@é%ﬁféﬁnfs of glycol

whi ch subsequent to the polynerization, bind as gra alns to a

Yol ycol chai kv ot - RERFLE R IR T AR ShO8h Ele o RO b §BLE sERH £
i oh can"t oF G ATy Oa SEay nanEaR: B\t SIS A Tk ABGR LG RO e
(G- pr opy! eHE= gfeoh® (2] VhErtiont E0Bol 3er SV M PECLEREB] LERLETHol yrer s,
PEG PPG PEG tri bl ock, copol ynmers, PPG PEG PPG triblock copol grrer S,

PEG but yI ened%q:%q’sk%b?ﬂl yhzglrg,ducts of which can hardly become VOC is used.

After the polymerization, the polymerization mixture is
subjected to water-out and/or acid-out, followed by heating.
As a consequence, the solvent which may form VOC, the unreacted
monomers and impurities formed through side reactions can be
readily eliminated, and the thus-obtained dispersant is
substantially free of VOC. According to the present invention,
the content of VOC can be reduced to 0.2 wt% or lower, more
preferably 0.1 wt% or lower based on the dispersant (which may
hereinafter be called “polymer” in some instances).

[0019] Further, the above-described dispersant may be
neutralized with an alkali into an aqueous solution having a
resinsolidscontent of 50wt% or lower, therebymaking it possible
toobtainan aqueous solution containingVOCat 0.05wt% or lower,
more preferably 0.025 wt% or lower. By dispersing a pigment
in water while using the aqueous solution of the pigment, the

pigment can be formed into a pigment dispersion containing VOC



PEG- pol ybut yl ene gl ycol bl ock copol yners, PEG hexyl ene glycol random

copol yners, and their nonoal kyl ether derivatives that their one ends are
Cl 22 al kyl nmonoethers. [0021] The di spersant according to the present
invention is required to exhibit hydrophilicity by the inclusion of EG
units in itsasttuct wtey andldwerefore, EG units may be contained preferably
at 50 wt % or higher, nore preferably at 75 wt% or higher in the glycol

chains. Parti@gaalr!|y prietencednes anbs Phat ansdoen copohey el s r sdoeck
copolymer or its nononethyl ether, nonoethyl ether or nonopropyl ether

derivative, addctiiconttal Abe pOePEf: UM¥SnOToEG Nithe ahi¥h Wi 6 od) higher .
[ 0022] The gl ycol chains introduced as graft chains in the dispersant

according t;tdeypiesenly dHmetd o ALesPPOLL AN, Jothassw &f thatmddifer
di spersant to be obtai ned by water-out or acid-out froma polymer solution

avai |l abl e from,sol uti - rd i t i .
o o oo SRS LT BOLRRILENS 0B 200 SLOREA T LRt

e
hydr ophi li ci i f i i i o]

it er out arh 3E9EeL MRS dfiSs el PO Bl adRLOPRIEAN bEaa iy At

di spersant i,s forned_into, mcroparticl by the enul sifying action_qf the
g; y(F:)oI chai nclsh&flor?sp;{g)vf—’lijgagk PrslSe?g?%klﬁ oof%g%ﬁq ﬁgl-“’\?(ﬂist I@‘I—"?’gﬁ?‘?‘?hﬁ%’%ﬁ%@?ﬁe

i Sher aant TOOAEANLE £oaast 1o Vs 1o SegRes hy dP Bpih &L emy et ot
resin or the like in an organic acid is poured into water to  have the resin
or the like threlcﬁ PISCESEE I K e Fﬁ@§§|§Pe§FBW§P§dg1YCOl (EG) units and to

exhibit solubility in water. Compounds which can form such
glycol chains can be conventionally-known glycols including,
for example, polyethylene glycol (PEG), ethylene glycol

(EG) ~propylene glycol (PG) random copolymers, PEG-PPG block
copolymers, PEG-PPG-PEG triblock copolymers, PPG-PEG-PPG
triblock copolymers, PEG-butylene glycol copolymers,
PEG-polybutylene glycol block copolymers, PEG-hexylene glycol
random copolymers, and their monoalkyl ether derivatives that
their one ends are Ci;_p; alkyl monoethers.

[0021] The dispersant according to the present invention
is required to exhibit hydrophilicity by the inclusion of EG
units in its structure, and therefore, EG units may be contained
preferably at 50 wt% or higher, more preferably at 75 wt% or
higher in the glycol chains. Particularly preferred is a EG-PG
random copolymer or block copolymer or its monomethyl ether,

monoethyl ether or monopropyl ether derivative, which contains

10



resin particles have strong cohesiveness so that these resin particles are
hardly forned into an enulsified or dispersed state and becone | arge,

solid, bulky, powdery or flaky particles to include VOC within the resin
particles. In this case, the VOC inside the resin particles cannot be

el i mnated even when the recipitate of the resin is washed. Even when the
resin is driB8C URit$sostEe|unkpdsatble YH® coRphEdReY- el ininate VOC fromthe
resin. In the case of the dispersant according to the present invention,
however, thel@P3%kr santheas! vect s s ANG redeicepan 6i grakt ighaine dat ehe owi ng
to the inclu5|on of the hydrophilic glycol chains in its structure, so that
the VOC cont @i seelr $ anereamdndinia honthe Ipgediespeisuant i enriote dopbirkedtt ot he

di spersant. In the dispersant, the content of VOC can be reduced

accordi ngl y. asfpR4hatrthehdi preseam t i nvbentb o nddby WaCeirr oltes da s pér sant

can be further reduced by heating the underwater precipitation product of

the di spersantoh@ pbeyfkoushpdi ivn afratihabdiespes:s &l utdsnded eyme Aega byoh he
gl ycol chains incorporated in the dispersant or higher. In general, the

gl ycol chai ngnar guidés§ebnedné ot Yag e i1 Vi RBohyE8s 98£0n bends hetawebddiei 1 et her
oxygen atons and water nol ecul es and, when heated, the hydrogen bonds

di sappear Sosﬁgéiflégﬁlﬁl¥ﬁ@bl¥5§ﬂ@héP§§ekﬂ§bEt%@dﬁ@ﬂﬂﬂi&dﬂ%y%ﬂ&”wha-'S
heat i ng teerer at Ure i s cal cl oud pol nt" he pr esent inventi on, t he

gl ycol chainspindyl lg;éx Bgra@é"hlehégsgmnﬂs gnﬁgga‘:@@ @wat i@8ng/ox

emul sified or dlspers state om hg to their rophilrcit y raising the

heating temperghur s 10, ts ool a9l piecdtRgte (A5 dELELLRS bY

is formed into microparticles by the emulsifying action of the
glycol chains to provide a dispersion of a milky-white to
translucent dispersion. VOC is, therefore, hardly confined to
the inside of the dispersant.

[0023] When a solution of a highly-hydrophobic conventional
resin or the like in an organic acid is poured into water to
have the resin or the like precipitated, the thus-precipitated
resin particles have strong cohesiveness so that these resin
particlesarehardly formed intoanemulsifiedor dispersedstate
and become large, solid, bulky, powdery or flaky particles to
include VOC within the resin particles. In this case, the VOC
inside the resin particles cannot be eliminated even when the
precipitateof theresiniswashed. Evenwhentheresinisdried,
itisstill impossibletocompletelyeliminateVOC fromthe resin.
In the case of the dispersant according to the present invention,

however, the dispersant can be formed into microparticles in
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hi gher, water nol ecul es are caused to separate fromthe glycol chains, and
at the sanme tinme, VOC existing together with water on surfaces of the

di spersant is also separated fromthe dispersant so that the VOC in the

di spersant can be reduced further. [0025] In the above-described heating
step, the dispersant in the enulsified or dispersed state can be collected
fromwater YWWEEE CWARG A BRe tHecisdon nfeth@agvﬁao%l%h@ ¢l diinor 12
hi gher insolubilizes the glycol chains in the dispersant, thereby bringing
about an advantidggestisuetficet shathathdhsaVOCctentoatnedel ninkspel bani tdrigal

| owed to aggregate to facilitate its filtration. [0026] In general, the

hi gher the ndlecllsrenssirghti ofndthecorfliyenl tohailres dirsgemsardr.e Iirthee HEG unit s
in the glycol chains, the higher the cloud point. As the nol ecul ar wei ght
of the gl ycaismhaiars: ,i ndreeased drnt tdfe yoresent benvesduasy ddeeradioud ypoi nt
beconmes higher so that the heating tenperature has to be raised for the

above-descrifmaR&l i m nat it pire¥entt hatenbkes, usiee ofoc thetied alidseotddnt At
the heating tenperature so raised, however, there is a potential problemin

that the parddicbesr@fthdie rHiRel BaMe BN RIQ GAJE UL Randi g ddttind ar ger
particles. |If the nolecular weight of the glycol chains is excessively

high, ther & sy dielrepht al; PO &M id thatc1 08NS o¢ SRe'FaPe isuntused

to obtain a pignent dispersion and the pignment dispersion 1s sued in a

pai e o ey hkee hlNGe B 09 EORLLO TR B LA S0 (LI R8s

wat er pr oof ness due to e dispersant.

nurber aver aoqrehi”‘&hg%‘f' afn \(Ig\%lngggl?fthe glycol chains are dissolved in water

via hydrogen bonds between their ether oxygen atoms and water
molecules and, when heated, the hydrogen bonds disappear so that
the glycol chains lose their solubility in water. This heating
temperature is called “cloud point”. 1In the present invention,
the glycol chains in the dispersant also bring the dispersant
into an emulsified or dispersed state owing to their
hydrophilicity. Byraisingtheheatingtemperaturetothe cloud
point of the dispersant as determined by its glycol chains or
higher, water molecules are caused to separate from the glycol
chains, and at the same time, VOC existing together with water
on surfaces of the dispersant is also separated from the
dispersant so that the VOC in the dispersant can be reduced
further.

[0025] In the above-described heating step, the dispersant
in the emulsified or dispersed state can be collected from water

by filtration or the like. The heating to the cloud point or

12



the glycol chains, 150 to 1, 500 is therefore preferred with 200 to 600
being nore preferred. In this range, the cloud point of the dispersant
according to the present invention can be controlled preferably to a range
of from30 to 70C, nore preferably to a range of from35 to 50C. As the

t enper at ur e hifhéhensol ubi bnze$ thee ldicsiertsains is tbhkase per saadm tthespdrat ur e,
13 a cloud point |Iower than 30C may need chilling of the solution of the

di spersant ibr 50dtEnd BHHANCES aAdvaSwaRIouwsS ef hect ikt Ahe@outd Qieinb fhitgher
than 70C, on the other hand, may result in the fusion bonding of the

preci pi t at edd té5pes sanh ré A136mRd Hdsdancsst ang rhurt Aeht eraqul I esSr & eat
deal of energy to heat the solution of the dispersant to the cloud point.

Fromthe vi FdMPésPt of IRNGEAYrSAYitie HA JHekhel ABdePANAL 481 §8OCSE the
preferred. t is to be noted that the term"cloud point" as used herein

means a te n e@%?’];iecr?atiﬁ@i&hctggelenﬁﬁ%r%%t E@N At +Rak hi €L ESq Do Nen M sper sant

begins to t ce pronoun y when the solution of the dispersant is

heated. Thi s - it i Lder AY; I i nt
of the gr af T TaRyEeI e et BB e ut e gar ST vy B  he
di spersant is caused to separate so that its, solution separate .into a clear
water Tayer GNEThe M ST ShntY | HG BUTIGMT oM en 0o7] Che G KU &t maj or
characteristic of the %roduction rocess, according to the present jnvention
that in the PP PGS SeH A § §r%%§%n915€ﬂmrﬁﬂju§teelba?§%E@dre%ll? t he

di spersant. For the reduction of VOC, it is a conmon gractice to remove VOC

from the di spef sdit BPEHIRFTriaed 1fd Priesédion pfeNPlorhakofples, use of

the cloud point. At the heatingtemperature so raised, however,
there is a potential problem in that the particles of the

dispersant may undergo fusion bonding into larger particles.
If themolecular weight of the glycol chains is excessively high,
there is a potential problem in that, when this dispersant is
used to obtain a pigment dispersion and the pigment dispersion
is sued in a paint or the like, the resulting coating may be
providedwith poor waterproofness due to the highhydrophilicity
of the dispersant. As the number average molecular weight of
the glycol chains, 150 to 1,500 is therefore preferred with 200
to 600 being more preferred. In this range, the cloud point
of the dispersant according to the present invention can be
controlled preferably to a range of from 30 to 70°C, more

preferably to a range of from 35 to 50°C. As the temperature

of the solution of the dispersant is close to room temperature,

13



the dispersant can be obtained in a substantially VOC-free form by adding
wat er to the dispersant solution obtained by solution polynerization or
adding an acid to the dispersant solution to have the dispersant
precipitated and then heating the resultant mxture. In the production of

t he di sper sagicldutepphaserdwe 4 Hatv80td iy hBerel 9T Bliklpes DRt SEnui ien any
drying step so that dispersant is prevented from fusion bondi ng which woul d

otherw se t@keHd agespgar st NG. sbfiedihebshtesNDn HumkiN@rStap 1skeequared
for the dispersant, thereby naking it possible to reduce the process tine

and cost and.fhs9 JA ROBLIGHRY BhbA BHRT,IVnSANENG hDLGRURE kRS BLeGI£1 £y pover
for such drying and grinding steps is not used. [0028] FurtHher, the giycol

chai ns in the,di 5pef SRV R £ng COPSEIET 8Lk & O Shove 909ds coMpatd bid idomavi th a

resin emulsion to be used in"a paint or the like. In general, the resin

d
emul sion - canbe. obt al ned; E%rgﬂgguc%ﬁggf%:asig‘%%aiﬁob%\ﬁg@%%ie%g%ia'rfr‘eér'éi ng

a nonionic enmulsifier such a G t her. nthis si on and

t he pignment di spersi.on according,.tq the presen invention are pixed,, the
ol yool ohai s FEE AL TR 2 e i St e LR PR B EF R S 0o ve

each other so, that,the_ enmul sion and dispersant exhibjt good conpatibility.
[0029] The aGHUGRRLRDPAEISH W6 G 1 n LOHE Tdt st BAHET 80K P §oF T
present invention is also characterized in that it contains substantjally

no VOC. In attohverft iRshdotequddad tpeghert dripefsPemnta aate?ed oiebeEn

organi ¢ solvent of |ow nolecular weight is contained, and the solvent acts
to means a temperature at which the aggregation of particles of

the dispersant begins to take place pronouncedly when the
solution of the dispersant is heated. This cloud point 1is
considered to be derived from the cloud point of the grafted
glycol chains. If heated higher than the cloud point, the
dispersant is caused to separate so that its solution separate
into a clear water layer and the dispersant in a bulky form.
[0027] It is also a major characteristic of the production
process according to the present inventionthat inthe production
of the dispersant, no drying step is needed for the dispersant.
For the reduction of VOC, it is a common practice to remove VOC
fromthedispersant bydrying. Inthepresent invention, however,
the dispersant can be obtained in a substantially VOC~-free form
by adding water to the dispersant solution obtained by solution
polymerization or adding an acid to the dispersant solution to
have the dispersant precipitated and then heating the resultant

mixture. In the production of the dispersant, the present
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i nst ant aneously wet pignent surfaces with water to facilitate the

di spersion of the pignent. The aqueous di spersant solution according to the
present invention does not contain such a pignent as described above, and
is considered to be weak in the 15 pignent-wetting action. However, the

di spersant according to the present invention is characterized in that its
gl ycol chai nsnvehoiwa, wataiafy & f doesf oot thesiyimmenty dndibg isigrabouthat good
initial pignment-dispersing effect. [0030] Exanples of the nononer (c')
cont ai ni ng sdtspgt yaot ischaveed hoduthes esh bpaddhgsandlthgiouclal o tiarwssan t h
(meth) acrylic acids, and (neth)acryl am des containing such glycol
chain(s); angkepierersyahtidimed By a eacuilng gt igli el sthaiir(sequtredycol
chai n(s), which have am nated or carboxylated end(s), with (nmeth)acrylate
esters cont af ot Nghé edcdpEs FiOUphe fdly aedIPlL.it pBsisIBI¥anat ecGliOHPthe
glycidyl group and oxetanyl group, respectively, for exanple,

i socyanat oet hyb 88 haghy/ | Al cosd! )ﬁﬁlﬂdé(ism@%rﬁ@ﬁkﬁl@@ooéﬁéﬁgﬁl sav1ng
whi ¢

nmet hacryl ate. [0031] The content of the nononer units (c) , eaC
contai ns suc I ) p f ber
to 30 Wt % Aﬁ%%%%%%fto %h%%ﬁﬁgﬁ%%g&@%n?%g %ﬁ§@' n%.SE?Hhépgan %égbrlng

t he dispers ﬁé §g?oﬁgéa into an enmulsified state or dlspersed state upon
subj ecting t yneri zation nlxture to water-out or acid-out, while a

comtent of CHRgBoT™ epdDhbE, EhenbSDEryt AR 39 WPHREOU SeE L any syl o

R AT R M T

reduced g pa Y
be used in a paint or the like. In general, the resin emulsion
canbeobtainedbyconductingemulsionpolymerizationwhileusing
a nonionic emulsifier such as PEG-monoalkyl ether. When this
emulsion and the pigment dispersion according to the present
invention are mixed, the glycol chains in the dispersant and
the emulsifier in the emulsion dissolve each other so that the
emulsion and dispersant exhibit good compatibility.
[0029] The aqueous solution containing the dispersant
according to the present invention is also characterized in that
it contains substantially no VOC. In a conventional aqueous
pigment dispersion, a water-soluble organic solvent of low
molecular weight is contained, and the solvent acts to
instantaneously wet pigment surfaces with water to facilitate
the dispersion of the pigment. The aqueous dispersant solution

according to thepresent inventiondoes not contain suchapigment

as described above, and is considered to be weak in the
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wat er proof ness. A nore preferred content of the nonomer units (c) may be
from10 to 20 wt% [0032] It is essential for the dispersant of the present
16 invention to contain such glycol chains as descri bed above. To provide
it wth inproved pignment dispersibility, it also contains the aronmatic

and/ or heterocyclic vinyl nmonomer units (a) . As an aromatic and/or

het er ocycl i RIIREIL THATINEYY EE DL avapabbeeser, fdrariddg petrs aatoracp edand/ oy

het erocyclic vinyl nmonomer units (a), a conventionally-known vinyl nononer
can be used.tlpreerahplrgjerittidrsipogsidda dm agsei n ddadni @3 giwciod ahanyls
nononer, one or nore of styrene, vinyltoluene, vinylxylene,

vi nyl et hyl bestzeng wdathilmagififealterfe,r aheephyghehyr end, brvhgydldophenydqod

vi nyl cunene, vinyl anthracene, chloronethyl styrene, hydroxynethyl styrene,
styrenesul f ot i@cigh @nshtsadtspdherepfer thad kyl am nonet hyl styrenes, and the
| i ke; and/or as a heterocyclic vinyl nonomer, one or nore of vinylpyridine,

vinyl i m dazoi@o3oj nyl cexbagobe sndnehfohbii8r (dhe Rrtamin®f shhe dmpeser
units (a) in the dispersant is from 5 to 30 wt% A content of the nononer

units (a) |owesid {;@Pﬂa%%%%%‘@@@? stl® d R ERGi A5 SRRES AL e 4

pi gment dispersibility, while a content of° the nononmer units (a) higher

than 30 wt % d th i LSpe . W ess| .
conesi veness e ey CEab AT ACEV TR s g, BT B en el R
polynerizatioq?nixt re.tgvatersout anq!or aci d-out the.d%gp%EigﬂkugPy not

be brougm:f%ﬂ ?OPH 0 an %ﬁﬁﬂ%ﬁ ¥ ed of %ﬁ%ﬁ%?%§&¥§%%%ﬁaln
chain(s), which have aminated or carboxylated end(s), with
(meth)acrylate esters containing reactive groups, for example,
an isocyanate group, glycidyl group and oxetanyl group,
respectively, for example, isocyanatoethyl methacrylate,
glycidyl methacrylate and oxetanyl methacrylate.
[0031] The content of the monomer units (c), each of which
contains such glycol chain(s), in the dispersant may preferably
be from 5 to 30 wt%. A content of the monomer units (c) lower
than5wt% cannot bring the dispersant smoothly intoanemulsified
state or dispersed state upon subjecting the polymerization
mixture to water-out or acid-out, while a content of the monomer
units (c) higher than 30 wt$% provides the resultant dispersant
withexcessivelyhighhydrophilicitysothat, whenthedispersant
isusedinapaint, the resultingcoating is providedwith reduced
waterproofness. A more preferred content of the monomer units

(c) may be from 10 to 20 wts%.

[0032] It is essential for the dispersant of the present
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[ 0033] The di spersant according to the present invention also contains the
nononer units (b) having acid groups. 17 Neutralization of the acid groups
ioni zes the dispersant so that the dispersant can be brought into an
aqueous solution. No particular limtation is inposed on the acid groups.
For exanpl e, ., however, carboxyl groups, sulfonic groups, phosphoric groups,
and the |ikelB%ANBEOHEIR FEREALIMWFHH FaVEOXyFhajibtss Bes pglPeft éPoVeed 88 t he
aci d-out of the resulting dispersant according to the present invention can
be easily caPFP’éélth}fC.WJE%mm@%Ve@Plgm@nﬁdn(s@@rrS@b'll)ltﬁa\ﬁitr@l?e%@O@b@bbﬁyI
group, said nononer (b' ) being capable of form ng the nononmer units (b)
havi ng t he chh®oxydmalgrowrsl/dmdblegdeocystiic utnylimomeher Units i(@)aci 8

mal eic acid, itaconic acid, crotonic acid, and half-esterification products
bet ween hydr anyat &yd t hetamation deeeracgcdiilbasioyaanasomant ta’ )( nephplacoyl i c
acid being particularly preferred. The content of the nmononer units (b) in
t he di spersafibrmn$nromne 149r droa S0c vdrid / o T he: tariat WAl ive vah yilheodbsper aant s
according to the present invention is from30 to 300 ngKOH g. Even at an

aci d val ue asga)| ow asnd3entpkLkl gyoknsen thgydi SPEESAAt cARCHENLHEA! O e
present invention is still dissolved in an aqueous solution of an al kal

owi ng to theckghpoducit oy ofo didIRPRL! 169l ¥§Un GRS i3S vanyEhAbAGLEE] Sti C
feature of the present invention. At an acid value higher t%an 300 ngkoH g,

bocoms excenrvary REgh b0 L hEr S o by GSRT” oY SHEr & on el sper sed i th

the resultant, di SReNS 0N LEnYSeYi hD18aPAEAL1 E08 LERULEL NSt yrene,
vinyldiphenyl, vinylcumene, vinylanthracene,
chloromethylstyrene, hydroxymethylstyrene, styrenesulfonic
acid and salts thereof, dialkylaminomethylstyrenes, and the
like; and/or as a heterocyclic vinyl monomer, one or more of
vinylpyridine, vinylimidazole, vinylcarbazole and the like.
The content of the monomer units (a) in the dispersant is from
5 to 30 wt%. A content of the monomer units (a) lower than 5
wt® provides the resulting dispersant with poor pigment
dispersibility, while a content of the monomer units (a) higher
than 30 wt% provides the resulting dispersant with excessively
strong cohesiveness and may leads to a problem that, upon
subjecting the polymerization mixture to water-out and/or
acid-out, the dispersant may not be brought fully into an
emulsified or dispersed state.

[0033] The dispersant according to the present invention

also contains the monomer units (b) having acid groups.
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coating is provided with reduced wat erproofness. A 18 particularly preferred
‘acid value may be from70 to 150 ngKOH g. [0034] Carboxyl groups can al so
be introduced into the resulting dispersant by copol ynerizing a nononer,
whi ch does not contain any acid groups but contains carboxyl groups
protected by readi|y repovahl e groups, wth the other mpnoners

(a')(c')(d )Ne%aa%ﬁ%%%h%ﬁtf e B SHIR RPN 2aEF die d4EBFBERRE ISRk
protected carboxyl groups. For exanple, it is possible to use nethyl

acryl ate in pPaceleperfe hofdfebe (Broydhhainhy @hea@eeauyrsRpyut 5a1 dnditoner
(b') being capable of formng the nononer units (b), and subsequent to
copol yneri zappbhieflar Rdmisapéen velnpedn@es the agid erpdpry; Hylt ©K§2P R t he
met hyl ester groups in nethyl acrylate units with an alkali into carboxyl
groups. As ahovéeer netdidebxyil girsouglss ospbisi bt ey t@mipse pholsphylr 1 o geohps,
acrylate in lieu of the nononer (b' ), and subsequent to copolynerization,
deconposi ng anbutlhé eskercgnoopsmant honed) fdioh cagebory acgdoups coeamdpoxyl
groups. Asa further method, it is also possible to use benzyl (neth)

acryl ate inspeatlepfed ke th®RUR-JUY of tArRdrssihseane /i dpe reepal ysestdahgon,
hydrogenating the resulting copolyner to debenzylate the benzyl ester

groups i nt otgaihOte FrAURRven@A32] cihepdi sPef saMa BGE g t Bxhhg1 PE esent
invention also contains the (nmeth)acrylate ester nononer units (c) . As a

nmononer (c')oeaprdhénShet Qﬁhnﬂa§bﬁgQQﬂ98§fbHﬁ%iﬁ' , 8aid monomer (b’)
conventional I y-known (neth)acrylate ester can be used. Illustrative are

| over aliphaﬁéfn&%ﬁBQBheQﬁ%fé?m?ﬁgQH@%@M%H@Q&ﬁEts(b)havingthecarboxyl

groups, include (meth)acrylic acid, fumaric acid, maleic acid,
itaconic acid, crotonic acid, and half-esterification products
between hydroxyalkyl methacrylates and dibasic acids, with
(meth)acrylic acid being particularly preferred. The content
of the monomer units (b) in the dispersant is from 10 to 30 wt$%.
The acid value of the dispersant according to the present
invention is from 30 to 300 mgKOH/g. Even at an acid value as
low as 30 mgKOH/g or so, the dispersant according to the present
invention is still dissolved in an aqueous solution of an alkali
owing to the introduction of hydrophilic glycol chains as a
characteristic feature of the present invention. At an acid
value higher than 300 mgKOH/g, on the other hand, the
hydrophilicity derived from the carboxyl groups become
excessively high so that, when a pigment dispersion dispersed
with the resultant dispersant is used in a paint, the resulting

coating is provided with reduced waterproofness. A
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19 acid, such as nmethyl (neth)acrylate, ethyl (neth)acrylate, propyl
(nmeth)acrylate, butyl (nmeth)acrylate, isobutyl (neth)acrylate, t-butyl
(meth)acrylate, hexyl (meth)acrylate, 2-ethylhexyl (neth)acrylate, decyl
(meth)acrylate, lauryl (neth)acrylate, tetradecyl (neth)acrylate, hexadecyl
(meth)acrylate, and octadecyl (neth)acrylate; alicyclic alcohol esters of
(met h) acr yl i R &l el 1 aukbh pas feyekdhesdd valietryvbeyd zare 7 Ontet ApLayad @hexy |
(meth)acrylate and ethyl cycl ohexyl (meth)acrylate; and hydroxyet hyl

(et h) acryl af@Q34lydr ox@propyy 1l (gedhpaceyhat so hyer bxybodyted (et d) vlce yl at e,
benzyl (neth)acrylate, dinethylam noethyl (neth)acrylate, diethylam noethyl
(met h) acryl ates i n-didpd o eihpopolgielrdchiybabenoh886] Waréh cbes |y
preferably, a (meth)acrylate ester nononer (c') having a | ow nol ecul ar

wei ght or a fsetdoneely! e aesd efr OBt (Contdayd Nt Apdojl i hgied nt of
250C or higher can be used. The nononer (c ) having a | ow nol ecul ar wei ght

can be a | ower { Ll 4) R EQQQ&l?SE%O\PJbl( ﬁgcwitﬁ 2 g hecansConetd such

a | ow nol ecul ar - V\Blg t "nonomer remai a po ynerization mxture

after pol yrre%z)a é.o)n(d n);’l gcu bseukgse Yo 1goerta,\{ed &%/ %e% o[{ aci d-out.

Mor eover , | ow ar - wei nononer (¢ react|V|ty, and
t her ef t he
pol yrer | 2at | ST O B AT Had "a% ar%%%yﬂ%gr@%ﬁ?%a%%% St

havi ng a boi |n int of 250C or her, an ester
g ] %s%%ble to use methyl crylate in place of the monomer (b’)

having the acid group, saidmonomer (b’) being capable of forming
the monomer units (b), and subsequent to copolymerization of
the respective monomers (a’) to (d’), hydrolyzing the methyl
estergroups inmethyl acrylateunitswithanalkali intocarboxyl
groups. As another method, it is also possible to use t-butyl
(meth)acrylate in lieu of the monomer (b’), and subsequent to
copolymerization, decomposing t-butyl ester groups with
trifluoroaceticacidintocarboxyl groups. Asa furthermethod,
it is also possible to use benzyl (meth)acrylate instead of the
monomer (b’), and subsequent to copolymerization, hydrogenating
the resulting copolymer to debenzylate the benzyl ester groups
into carboxyl groups.

[0035] The dispersant according to the present invention
also contains the (meth)acrylate ester monomer units (c). As
a monomer (c’) capable of forming the monomer units (c), a
conventionally-known (meth)acrylate ester can be used.

Illustrativeare loweraliphaticalcohol estersof (meth)acrylic
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nmononmer between a higher alcohol, such as a Cl12_22 al kyl al cohol, al kenyl

-al cohol or cycl oal kyl al cohol, and (nmeth) acrylic acid is preferred
because, even if the ester nononmer remains as an unreacted nononmer in a

pol yneri zation m xture after polymerization, it does not beconme VOC of 250C
or lower. Such a high-boiling-point nononer (c') contains many carbon atons
so that, whedCificoFpeRadednehhyldigpehsanrylateal sbhyer vesthbachybatee the
di spersant with inproved dispersibility for pignments. [0037] In addition to
the (nmeth) aer9pule(wsthlraonphercehabvithgl t(hetiCladral aphatisolguioyh or the
Cl2_22 alicyclic group, one or nore of (nmeth) acrylate esters having a

hydr oxyl or é&mehb)gcouwpatas terbpdldar (gedhpactptatxan@se;l smehh)acrylate,

hydr oxyal kyl -containing (neth)acrylate esters and (nono- or

di - al kyl ) am heat kylheroht ansthpatrplh)acrytaye estehraasyleses i hedr@above can
al so be copolynerized in a proportion of up to 20 wt % of the whol e

nononers in {hetRy gseflatoyentt PAdeEPP38heTREadESPEE 82NHeREEOEEI NY tO the
present invention, ich 1's conposed of the above-described nmononmer units

(a) to (d), (fa@pnbscebiaiacdahy éQ%é‘&éQle%é{gﬁ;éégg{LQ@e-'éli%;gcpf‘étiCU' arly

inportant to choose a water-soluble solvent as venf_to used in the

oL Ut Lo, 2O ATECAGRL LoD Be5 LT ifocEpLYETLcla DB UeHy By L seh bt o

pol YT 12201 TRELNES: 2l g Rl SELEOASUS! P ettapil et B gout. The
ethylcyclohexyl (meth)acrylate; and hydroxyethyl
(meth)acrylate, hydroxypropyl (meth)acrylate, hydroxybutyl
(meth)acrylate, benzyl (meth)acrylate, dimethylaminoethyl
(meth)acrylate, diethylaminoethyl (meth)acrylate and
5-butylaminoethyl (meth)acrylate.
[0036] Particularly preferably, a (meth)acrylate ester
monomer (c’) having a low molecular weight or a (meth)acrylate
ester monomer (c’) having a boiling point of 250°C or higher
can be used. The monomer (c’) having a low molecular weight
can be a lower (Ci1-4) alcohol ester of (meth)acrylic acid because,
if such a low-molecular-weight monomer (c’) remains in a
polymerization mixture after polymerization, it can be readily
removed by water-out or acid-out. Moreover, such a
low-molecular-weight monomer (c’) has high reactivity, and
therefore, hardly remains unreacted as a residual monomer (VOC)

in the polymerizationmixture after the polymerization. As the
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t he sol vent contains a hydrocarbon group having a | arge carbon nunber.
‘Preferred is, therefore, a water-soluble solvent having 5 or fewer carbon
atons, with a water-soluble solvent having 3 to fewer carbon atons being
nore preferred. Suitable exanples of the water-soluble organic solvent

i ncl ude met hanol, ethanol, isopropanol, n-propanol, EG PG EG nononethyl
ether, PG rﬁzﬁfmm%wc ot hevingcebemdlngmp indt PARYRR G OF dn.9MRHpsan ester
wat er - sol ubl e organi ¢ solvents can be used either singly or in conbi natl on.
Par ti cul ar | ynpreRey pedvges aiviedhes! 2lephaholsuch ssp panok L kil pr ool ,

PG and PG nononet hyl ether. They can be used either singly or in

conbi nat i on,abkenyl edmsihedt boncyed oal kit erl cqi@fi3oknds abkeheaanplés afid he
pol ynmeri zation initiator for wuse in the present invention include azo
initiators sikclprsferted barahiss(,4erehhbdr el £didreoylonalrerenat nsl €3 ,an
2,2' -azobis(2,4-dinethylvaleronitrile),

2,2' -azobi s(Zhredctéd mbipthaentane)pol vhdr razohs (Mt eyanopefdaxnoi ¢ aci d) ,
2, 2' -azobi s{2- net hyl -

N—[l 1, - bis( h bo

2 2 azobi (3 ML RY TN L L1 B SRy dr xRt ot R T o i 8R45T ey %

I norgani ¢ peg %%foosﬂcﬂh A AAOHIHYmIET( g' f%ﬁ-[;:sggg' HHth if%éﬁt&oms

pot assi um per sul and ~ hydrogen per oxi case of an azo

initiator, ils.qifEr and &BéorB)SQ Q HC£ aara%ﬁ%ee'}esa%'ft' y 4 Hé‘é’ %dé
use. The d| nmer is 'formed as resu cou |ts r |ca r esi dual
groups provide the dispersant with improved dispersibility for
pigments.
[0037] Inadditiontothe (meth)acrylateestermonomer having

the C;-4 aliphatic group or the Cj;-; alicyclic group, one or
more of (meth)acrylate esters having a hydroxyl or amino group
as a polar group, for example, such hydroxyalkyl-containing
(meth)acrylate esters and (mono- or di-alkyl)aminoalkyl-
containing (meth)acrylate esters as described above can also
be copolymerized in a proportion of up to 20 wt% of the whole
monomers in the present invention.

[0038] The dispersant according to the present invention,
which is composed of the above-described monomer units (a) to
(d), can be obtained by solution polymerization. It is
particularly important to choose a water-soluble solvent as a
solvent to be used in the solution polymerization, because the
solvent to be used in the solution polymerization is required

to be soluble in water when the resulting polymerizationmixture
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as a side reaction, and the byproducts are fornmed through dehydrogenation
:or hydrogenation. When an initiator having a |ow nolecular weight is used,

its byproducts can becone VOC. In the case of an organic peroxide, its
radi cal residual groups are generally low in nolecular weight so that, when
deactivated,, it nmay becone VOC. In the present invention, on the other

hand, suitéd iRIFHAS itH s~ WA I G Srbdutt- of heagréyent 1s
deconposi tion products of which has a boiling point of 250C or higher. Wen
a | ow nol eclcrsigE et tez Baiviel 8 &epdesgyhtasremavbi Snsobeitdrangngante lifs

used, forexanple, the resultingdinmer is succinitrile, which becones VOC as
its boiling gu seliventoaont Funs e hydyperasboot grofip shachirad ewd apdecid dronei ght
azo initiator have been ascertained to be conpounds the boiling points of
whi ch are 2b0@ar. | Gwetferard tiber ¢hereforey hewamerVeClubde ewanphe, in
the case of 2,2'-azobis(2,4-dinethylvaleronitrile) as an initiator usable
in the preseanvimyentdrofewkewerebont BeoRsyUpkihly a pioEkEt SoDibld Sdladimal
deconposi tion products have been confirmed by GC-Ms to be conpounds each of

whi ch has a HaAriagy 3mbb etdileadt cwebght a 88fs dal h@qepﬁketeefseam@wtéﬂmer-
Further, inorganic peroxides are also suited for the present invention

because they doh s 8GR, L e¥EMuB1 L ]ﬁﬁ:fgfa%icrs@f&é’rﬁ@?ﬁgtlh%-metﬂé%la,n

initiator may be used in a proportion o rom0.1 to 23 5 w% preferably

fromO0-5 10 &p, Y% 9@%9089%?&%0&%@9”’5&5-pG,[ E@‘—‘Mm%ﬁgtﬂ%ﬁeﬁgfat ton

of the respective nononers I n pr i nVénti‘on can be co by a
F;ﬁggf:tﬁng£E§%§K%%tﬂJltéF%é?}'agggmﬁiagﬁéitég¥%ﬁ¥g?g¥ﬁ£§9tiQRese
water-soluble organic solvents can be used either singly or in
combination. Particularly preferred are methanol, ethanol,
isopropanol, n-propanol, EG, PG, and PG-monomethyl ether. They
can be used either singly or in combination, or in combination
with water.
[0039] Usable examples of the polymerization initiator for
use in the present invention include azo initiators such as
2,2’ ~azobis (4-methoxy-2,4~-dimethylvaleronitrile),
2,2" —azobis(2,4-dimethylvaleronitrile),
2,2’ -azobis(2,2,4-trimethylpentane),
4,4" -azobis (4-cyanopentanoic acid), 2,2’ -azobis{2-methyl-
N-[1,1,-bis (hydroxymethyl)~-2-hydroxyethyl]propionamide},
2,2’—azobis{2—methyl—N—[l,l—bis(hydroxymethyl)ethyl]—
propionamide}; and inorganic peroxides such as ammonium

persulfate, sodium persulfate, potassium persulfate and

hydrogen peroxide.
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range fromO to 150C, preferably from30 to 120C, nore preferably from 60
to 100C. The ratio of the nononers to the solvent is optional, and the
concentration of the nononers may be preferably from?20 to 70 wt % nore
preferably from40 to 60 w% The nononers nay be charged in their entirety
in the sol vel@04&rid mayInhelme dmesealfynrer iazedinonligtpert ioasdohet hendrontearer s
may be added at the beginning, and polynerization nmay then be conducted
whil e addi ngydlwiuEimidtiengemeraners farppy ¢ering ol Y. zahkodimeay ide
conducted whil e addi ng the whol e nononers dropwi se. In the solution

pol ymeri zat i fykmed G@wentsanal by -kagwni nd \Wmgteonhaokhedreadical groups
pol yneri zati on process may al so be wused. The polynmer can al so be obtai ned,

for exanpl e,adys USidg réad O6ESSatdathdBk@s MR-t Adi s dde suniyas
t et ramet hyl pi peri di nyl oxide, an atomtransfer radical polynerization

process thatydmkes, Jse f o o@h?bﬁgggﬂkﬁioﬂ‘?t Waedh %fi%'ia%%hhgf%ﬁ&paoer

and a COI'TpOUﬂd contal ni ng one o nitrogen atons, a reversi

ddi tion-f ti ) : ' . .
o a ' aithi o AR AR D oy I W R AR EC R PSR RO BTS o
balt, telluri bi h h h . d ik . 24
£00421 The il SU0| SPSetigRE GrOTHE draher St B caiony: F6° CHAL gravin
inyention is fron15,020 to 30,000 in terns, of nunber a&gya e nol ecul ar
wei ght as a Pt JEP§FeneYedqii VRMEhSHiareWe hh s et far ¥ Pg‘%?aqtoh%artq%an

5,000 leads to insufficient dispersion stability for pignments, while a
nol ecul ar welfgRgy become VOC. In the present inverition, on the other hand,

suited is an azo initiator a coupling product of radical
decomposition products of which has a boiling point of 250°C
or higher. When a low-molecular-weight azo initiator such as
azobisisobutyronitrile isused, forexample, theresultingdimer
is succinitrile, which becomes VOC as its boiling point is low.
Further, byproducts of sucha low-molecular-weight azoinitiator
have been ascertained to be compounds the boiling points of which
are 250°C or lower, and therefore, may become VOC. For example,
in the case of 2,2’ -azobis(2,4-dimethylvaleronitrile) as an
initiator usable in the present invention, however, the coupling
products of its radical decomposition products have been
confirmed by GC-MS to be compounds each of which has a large
molecularweight andaboilingpointof 250°Corhigher. Further,
inorganic peroxides are also suited for the present invention
because they do not become VOC even after their decomposition.

Such an initiator may be used in a proportion of from 0.1 to
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hi gher than 30, 000 is so high that a tendency of adsorbing plural pignent
particles to cause their aggregation is observed and the dispersant can
hardly be forned into microparticles in the water-out and/or acid-out of
the pol ynerization m xture in the production process according to the

present i nvenwt®npriferamlyberomvenage 3ndlwvecubased@ingttie WAy 1 benprefearabl y
from7,000 to 15,000, nore preferably from8,000 to 12,000. [0043]

Subsequent ta4ig conpries igen vale tihe takever desc kb Bedct Pob Yididneatd 0A tafe t he
nononers, the polynerization mxture nay be heated, as is, to distill off

the pol ynerigzatdant selnaiti cilein bRatchRBcRRAORRr § Sthédss bt e i nsd he
pol yneri zation m xture can be renoved to sone extent. This procedure is

preferred becayge the apgyesnenbionedndistihatione o4 dduROsR Pl &
to elimnate the unreacted | ow boil1ng-point” nononers and “byproducts “and

I [ h | i h I ' [ ' : iall
ahon caus: ng TR horOer F08 ok F BLPCRRATSF Teba 160LC: RoNGVreq Ty ©

preferred for the ol rizatjion mxture to have fluidity. Accordingly, the
sol i ds conté{ﬁ T gPe g&:fbl y TH& 56t\}‘p(yggrtf}%\;y@,n_on}§r§o|tpd hec%‘?&‘é%‘?tkﬁ%her

than 60 wt % may. pravide the pol ynmer m xtur ith 25 a higher viscosity, and

therefore, i a2 %ﬂtgﬁtﬁpoé}éledﬁorb?térﬁn?ﬁtyﬁé‘lorl%%&’ﬁﬁpt ep‘fﬂkﬂr%ér

preci pitated, the pol m xture nmay not diffuse and the pol ynmer cannot be
crd

%’I’T’EI’
smoot hl y f orfrks £RES 7 hivER opwr R¥@5e Lalpbu £ omd (o &0trnat IMRE MANYWILR | on

of an alkali nmay be added to the polynerization m xture subsequent to the
may be charged in their entirety in the solvent and may then

be polymerized; only portions of the monomers may be added at
the beginning, and polymerization may then be conducted while
adding the remaining monomers dropwise; or polymerization may
be conducted while adding the whole monomers dropwise. 1In the
solution polymerization, a conventionally-known
living/controlled radical polymerization process may also be
used. The polymer can also be obtained, for example, by using
a process that makes use of a nitroxide such as
tetramethylpiperidinyl oxide, an atom transfer radical
polymerization process that makes use of ametal complex between
a metal such as copper and a compound containing one or more
nitrogen atoms, a reversible addition-fragmentation chain
transfer polymerization process that makes use of a
dithiocarboxylate ester or the like, a process that makes use
of a cobalt, tellurium, bismuth or phosphorus compound, or a

like process.
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pol ymeri zation such that the polyner is solubilized in water to provide an
aqueous solution of the polyner. In this procedure, however, the alkali is
not supposed to becone VOC. Exanples of the alkali for use in the present
invention, therefore, include hydroxides such as |ithium hydroxide, sodium
hydr oxi de anfl0042}1 assi Uhe hydllecu ey weniiiti af ainel drggerisaranmenesredal tavi ng
a boiling point of 250C or higher, e.g., diethanolamne, triethanolam ne,
di pr opanol antihe pareent priopanddban NErom[HDWAH] tdhEo ded@iihst @trils prroguebée on
process of the dispersant according to the present invention have been

descri bed abgyeragdrdasaulpld e8ivht ladaxio %@@uiﬁmbeﬂeste@S f or
obt ai ning the dispersant in a forn15ubstaﬁ??2l y free of the solvent (VOO .

[ 0046] Firsthyiethea POLYIBRE ZBEVOR i Xh Us ot £82GONE QI NSsn £ e POhY Mer
formed by the above-described polynerization is subjected to water-out.

Descri bed Sggf'é;}aéfé‘l&{j %E%iPPE%”Féizﬁigxgé‘?% ,Xltovgﬁﬁflésa arﬁ&'f&'cﬁ'ﬂ&'ﬁwéiék% ing

into water east times as nuc yneri zation m xture

using a conyent]j Il yskn .stirrer, for exa C{e a gis al ver_ such 6
that the poI%ﬁ@&é?E@%%hég’& ol%a(%rlgﬁﬁ#uﬂéaaﬁgge?gpha Fbé?r"ﬁéF%ﬁf% %I east
rization m.xture is poured

1.5 ti h t he, pol into th

pol yner | 2at | BROTERE (P8 GHOEFS St 1SR e RS SERE 081 3P PP Etsarlt o
water out. At this tinme, the pol r is formed into m cropartijcles under
the infl uence®f %W@%Fanc?lﬁgﬁﬁy Rg TeREeol §he mMi S IRG kit gn the

relatively large particles such as bulky or powdery particles, VOCis
confined to ¥Y&3eeFmRpgend/or acid-out of the polymerization mixture in the

production process according to the present invention. The
number average molecular weight may be preferably from 7,000
to 15,000, more preferably from 8,000 to 12,000.

[0043] Subsequent to the completion of the above-described
polymerization of the monomers, the polymerization mixture may
be heated, as is, todistill off the polymerization solvent such
that the monomers still remaining in the polymerization mixture
can be removed to some extent. This procedure is preferred
because the above-mentioned distillation-off makes it possible
to eliminate the unreacted low-boiling-point monomers and
byproducts and also to raise the solids content of the
polymerization mixture. Especially when causing the polymer
to water our and/or acid out, however, it is preferred for the
polymerization mixture to have fluidity. Accordingly, the
solids content may preferably be 60 wt% or lower. A solids

content higher than 60 wt% may provide the polymer mixture with
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|

of the particles. However, VOC, especially the solvent can be readily
‘elimnated fromthe polyner mcroparticles according to the present
invention. If water is used in an anmbunt of less than 1.5 times of the

pol ymer m xture, the solvent exists in a relatively |arge proportion so
that the polyner is not allowed to precipitate fully. Therefore, water is
used pref er bRy INRT BRSEIDUN GRAEBEEGHRES ol NYelEesyi PRESIELRBPL TP IR e
being nore preferred. [0047] To prevent the tenperature of the systemfrom
rising by thetBasrgppndiatieg §hePolygesgrer ¢ i hieatedf the podgymeativeeire he
solvent and water in the above-described water-out, it is preferred to keep
t he system dtay oWt dapéraered e addiyigracasnotibgy smeditbdyoforned Iese | ow
tenperatures can be from-15 to 50C, nore preferably from0O to 30C. [0048]
Subsequent tmid¢hepavatiertemit, the microparticulate polyner is collected by a
Buchner funnel, filter press, filtration under pressure or the I|ike,

foll owed by p@E4dNg W AL amahetetnadbbi@j NaafodqueonSopast ea DEal hemppl ysrer .
The aqueous 27 paste is then added to water, and the resultant m xture is

neutral i zed yiddy the @hovss daseri hedh e ki it fe 0HiB Sp@dh AaqUeoUse sol ution

of the polynmer. [0049] Acid-out of the aqueous solution of the polyner is

then conductgdh vl £ £5ad fteh SQIM 119 PRINITBLIZal0Rs 8P1861 81 L8q Addesh e for
the precipitation of the polynmer, to an aquéous solution obtained by the

neut r al i zati 000t DAL Al fRlls 851405 0ABAMSRYS A Ut ALY AL S8 bYe Vi ng

the polyner precipitate

however, the alkali is not supposed to become VOC. Examples
of thealkali foruseinthepresent invention, therefore, include
hydroxides such as lithium hydroxide, sodium hydroxide and
potassium hydroxide; ammonia; and organic amines each having
a boiling point of 250°C or higher, e.g., diethanolamine,
triethanolamine, dipropanolamine and tripropanolamine.
[0045] The details and production process of the dispersant
according to the present invention have been described above.
A description will next be made about production steps for
obtaining the dispersant in a form substantially free of the
solvent (VOC).

[0046] Firstly, the polymerization mixture which contains
the polymer formed by the above-described polymerization is
subjected to water-out. Described specifically, the
polymerization mixture is added under stirring into water at
least 1.5 times as much as the polymerization mixture by using

a conventionally-known stirrer, for example, a dissolver such
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subjecting the resultant m xture to filtration to renove VOC and the

‘'sol vent dissolved in water, and neutralizing the thus-obtained paste of the
pol ymer with an aqueous solution of an alkali. In the aqueous solution, the
car boxyl groups of the polynmer have been neutralized with the alkali, and

t herefore, the polyner_ has been ionized and dissolved in water. By the

addi tion of & ddifl PAhensarifodavses £ Waterconfer t 28 dackltemar iRy
carboxylic acid to result in the precipitation of the polynmer. Under an
ermul si fi cat ivAtf Récteaptt hed Hyidresphs| ech @s ddle phavmsrieabl polyiriure
formed into mcroparticles without incorporation of VOC so that VOC can be
el i m nat ed. & gfoarnest inge the pel yind ofzalsieon mibiieime uddeut st srohegtsiath does
not become VOC. Particularly preferred exanples in the present invention

i ncl ude i nortgaati thepdlivke raics dsussd hoas terdswehl art chasicdme , ynermodar e ¢
acid, hydrofluoric acid, hydroiodic acid, sulfuric acid, nitric acid,

phosphoric atd dorard Catdetiicroatirdicl30oflie FhthContenabnet POkyEeFl podi ds at
the tine of the above 28 acid-out may preferably be relatively | ow, because

upon preci pitatdon aff tNeppolMERH s A mELh Yo %gtatmleil?aaq%tmt ®es
result in thickening of the systemto nake stirring difficult. It is,

therefore, pefientad; 11, dirlddRidNe égle@ey%s,saﬂdﬁ | OR0ff i e PehLNBLs Wid h

wat er. The content of pol yner soIi%s may be preferably 20 wt % or | ower,

f 5 2 5 : - 10Ut i d=
doscr | bed above™ BBC M ERe. pETSRET oan Beot ausea o1 e el 6l he oo

conduct malfgéé§§y6g¥%ﬁ¥ﬁa-égﬂffd% %ﬁgb58?§h89 8£c£8p5§9§g egwgégééégng

to the present invention. If water is used in an amount of less
than 1.5 times of the polymer mixture, the solvent exists in
a relatively large proportion so that the polymer is not allowed
to precipitate fully. Therefore, water is used preferably in
an amount of 1.5 times or more, with 2 times or more being more
preferred.

[0047] To prevent the temperature of the system from rising
by the energy of the stirring and the heat of mixing between
the solvent and water in the above-described water-out, it is
preferred to keep the system at low temperatures by adding a
cooling medium or ice. These low temperatures can be from -15
to 50°C, more preferably from 0 to 30°C.

[0048] Subsequent to the water-out, the microparticulate
polymer is collected by a Buchner funnel, filter press,
filtration under pressure or the 1like, followed by washing with

water to obtain an aqueous paste of the polymer. The aqueous
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or acid-out a plurality of tines. By further repeating the steps of
acid-out, that is, by collecting the resultant polynmer of the
above-nentioned acid-out through filtration to obtain a paste of the

pol ymer and form ng the polynmer again into an aqueous solution with water
and an al kal pastdeipotlyarraddad beo obaee nedanaM tie arssul tastrahl etussroimt  of
VOC while assuring its reliability. [0052] It is another mgjor

char act eri stheuofal heepioduciieoaboPe ogessr aec@EdikAG it o bbeapheseaguésyent i on
that VOC can be further renoved fromthe mcroparticles of the polyner,

whi ch have bg@putp@ﬁaéﬂegh@ypéyyﬂeﬁater out and/or acid-out as described
above, by heating the mcroparticles of the polyner. [0053] The

above- deSCf'PGG4@Fat'chEéDoQEGBEGEEéKHahéHﬁg'é&luéﬂH% USLRM p@Syhsr Phter
t he preC|p|tat|on of the polyner or mashlng t he pol yner mnth marn1mater

after the cofjggtld u‘%ftet ¢ ROLYEN o 1 {l; ot ﬁ%b?%ﬁgiggﬂﬁ gggdpggymsr

(dlspersant) according t e present |nvent ycol ' chai'ns are

graft-bonded he C bone as. de crlbed b ve. en heat ed the ft
chains are ca%%% t% preC|p?¥af%p i B Ioud %grﬁ?er’t% r%% ?%% it
possible to re I ne bonds t|n on the

t th
surfaces of %%gn%f%mg ne ﬁﬁ’gﬁ' H?Fﬁﬁgixﬁgélﬂ%aY}E%1i gﬁéﬁ&r8 cahnot

be sweepi ngl speC|f|ed because the ¢l oud poi nt differs depending ugon t he
kind and pr%%éHPP8H%ﬁO%4ﬁ9%ﬂ9EBPlEﬁ%MM§%%ﬁR%FH@&Q#yﬁqﬁpﬁ%¢yﬂ% at
Nonet hel ess, the heating tenperature nmay be preferably from30 to 70C
partlcularlys®¢k¢%ﬁ%ﬂﬁ Q(ﬁﬁ%ﬁiﬁ%ﬁ@ﬂﬂ?xﬁﬂieuﬁ@uﬁylﬁﬂ@ﬁloﬁeéplﬁ@m@%ﬁﬁ%@%ture

i nvolves a potential problemin that the
and the solvent dissolved in water, and neutralizing the

thus-obtained paste of the polymer with an aqueous solution of
an alkali. 1In the aqueous solution, the carboxyl groups of the
polymer have been neutralized with the alkali, and therefore,
the polymer has been ionized and dissolved in water. By the
addition of the acid, the carboxylate salt is converted back
into the carboxylic acid to result in the precipitation of the
polymer. Under an emulsification effect of the hydrophilic
glycol chains, the polymer is formed intomicroparticles without
incorporation of VOC so that VOC can be eliminated. Preferred
as the acid for use in the acid~out is one that does not become
VOC. Particularly preferred examples in the present invention
include inorganic or like acids such as hydrochloric acid,
hydrobromic acid, hydrofluoric acid, hydroiodic acid, sulfuric
acid, nitric acid, phosphoric acid, and carbonic acid.

[0050] The content of polymer solids at the time of the above
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m croparticles of the polynmer may undergo intensive cohesion into bul ky
‘particles. The heating at the cloud point or higher has a nerit that the

m croparticles of the polyner cohere with each other into greater particles
to facilitate its filtration. Subsequent to the heating, the thus-obtained
polyner is collected by filtration and is then washed with water to further
renove VOC &¢idtoukimay My oferakl g e deeka t iase bhi kowadre FrRpSMtEION war m

wat er of the cloud point or higher nay be used as descri bed above. By the
above- descr i egl iy dertdiare 0 ft hlee ol lymer , (@i spetslanh)igbasrl ists ebnaenédnay t h
the content of VOC therein being controlled to 0.2 wt%or |ower. [0054] A
descri pti on mésulinext théckadéngbolitthenszgtienutse medeusiconrofigtdret T spkr sant ,
whi ch al so pertains to the present invention and is obtained by dissolving
in wat er thelddiispertdantfoak,t hecpeesedttd nlidnitieonHehagOcueosndeatioh athi ch
is 0.2 ww% 30 or lower. Water is added to the above-descri bed paste of the

di spersant ({0 yWeErmerand thheaaeird grigepsodfedthe dipggpgnsantoaias meytsal i zed
wi th the above-described alkali to ionize the dispersant so that the

di spersant isréfSsMedd Rtwatar 10kRe, aq_@%oF@e%@h:%ilgnlgfwweopaﬁcsveefrpy be
neutralized, as is, under stirring to dissolve the dispersant, the stirring

may be condpgded) W th gealidg.,Alesihseayent ik, sengisra@s%gﬂb@é ihsve,

di ssolution of the dispersant, the resulting solution may further heated

o aoare e gl ke mer LaTmLas e, 2ol gn.gntet odle

preferably %gagggééﬁtlé% récfcf—out in combination or to repeat water-out
or acid-out apluralityof times. By further repeatingthe steps
of acid-out, that is, by collecting the resultant polymer of
theabove-mentionedacid-out throughfiltrationtoobtainapaste
of the polymer and forming the polymer again into an aqueous
solution with water and an alkali, the polymer can be obtained
withastill smaller amount of VOCwhileassuringitsreliability.
[0052] It is another major characteristic of the production
process according tothepresent invention that VOC canbe further
removed from the microparticles of the polymer, which have been
obtained by such water-out and/or acid-out as described above,
by heating the microparticles of the polymer.
[0053] The above-describedheatingcanbeeffectedbyheating
the system, as 1s, after the precipitation of the polymer or
washing the polymer with warm water after the collection of the

polymer by filtration, or both. 1In the polymer (dispersant)

according to the present invention, the glycol chains are
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the high solids content of the aqueous solution of the dispersant is
excessi vely high, the aqueous solution of the dispersant may have an
excessively high viscosity, andnoreover, thedissolution of the dispersant
may require substantial time. Upon dissolution of the dispersant, the
above-descri bed i norganic eroxi de may be further added toygolynerize and

renove any $bhbhrEPeIded|qn Eéﬁa@?ﬁwrﬁ%atsrgéécé%ﬁﬁt%oqw-th gnshrR3 st so

that VOC can be reduced further. [0055] The pH of the aqueous solution of

t he di sper saflite dgideghehnstars caudpdsiol preehprihptBeoyfensraldlpubree Tt i o 10,
preferably from8 to 9.5. After the dissolution, the pH may be adjusted to
this range. Wnenepoakisgl it possébihddi sprovamatersestth mpbys heoy Ly¢oh
bei ng substantially free of VOC, can be obtained in the above-described
manner. The bondsi WIC ¥&Cst3hgcont sheeth rifia dese odquie® us. sy netardn esdneasur ed
using GC or GC-MS. As its neasurenent nethod, the nethod described in

| S017895 canlike. maniiisoneds i hart @xeand turelBanapuné sofecY@ngagnipedetiea t he
aqueous di spersant solution according to the present invention may be

preferably Op88aukdb Biec SEBOLEN po IBF €d PF £ €5 2Bk YeRd OR§ upbHo Ofie SEBhA €4nd
al though it depends on the solids content of the dispersant. [0056] A

description yibbopexinbor vede Poub1 achh BRENEonch SRERSL AN RECHE ARG [0 L he
present invention, which is subsStantially free of VOC and iIs obtained using

the di sper sagl,oagepLol ng fopkie pressiile ) IMEnt il IS o armnty dispessi on

according to the present invention’can be al ned by “using

to 70°C, particularly preferably from 35 to 50°C. Anunduly high
heating temperature involves a potential problem in that the
microparticles of the polymer may undergo intensive cohesion
into bulky particles. The heating at the cloud point or higher
has a merit that the microparticles of the polymer cohere with
each other into greater particles to facilitate its filtration.
Subsequent totheheating, thethus-obtainedpolymeriscollected
by filtration and is then washed with water to further remove
VOC still existing on its surfaces. As thiswashingwater, warm
water of the cloud point or higher may be used as described above.
By the above-described procedure, the polymer (dispersant) can
be obtained with the content of VOC therein being controlled
to 0.2 wt% or lower.

[0054] A description will next be made about an aqueous
solution of the dispersant, which also pertains to the present
invention and is obtained by dissolving in water the dispersant

of the present invention the VOC content of which is 0.2 wt%
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.aqueous sol ution of the dispersant according to the present invention,

wat er and a pignent, specifically an inorganic pignment or organic pignment,
and one or nore additives as needed, mxing themto disperse the inorganic
pi gment or organic pignment, and if necessary, classifying the resultant

di spersion. ¢t lswempar Watekalkyaddpdrtanthd abuse-dascsitkdppgsent oAnthe
additives, those substantially free of VOC. Wth respect to an organic

pi gment, a s@lyeatsat qbolyme gt entlitdle 088 R QfpVOE tlse dSePerisAnitSre
production process. It is, therefore, necessary to reduce VOC by washing it

of f or dryingeitrapPiz¢®0pih Ashé heo b gr@ascF Dhe dISEL kAN 1 heo PI&sEsd drwenti on,
conventional | y-known pignents are all usable. Illustrative organic pignents

i ncl ude pht hg| gcyagiie P SRR $headPsPLITEAL Si s B% RAVRL Ninhgzaze  pignent s,
azonet hi ne pi gnents, anthraqU|none pi gnents, perinone/ peryl ene pignents,

i ndi go- t hi oi ndi, 99, s IAMRAR o | exazl Jgecé)&ngﬁela& Magﬁ%gfa(%% REIMBA S

i soi ndol i ne prgments, |30|ndo |non pl gnent's car pi gnent s,

while i1l ustialjye,d Oxggpgscof¢g"§pésdig1;§éy§ante@h deglp'lg,g@p%%& 4d tani um

oxi de pigments, 1T0 s~ and oxi de

t Such t b, t dt di
S'S%Qdid bﬂcﬁgﬁ‘lﬁt S aTRA i y O PG CaeP T EAEToB B G of e%i'tﬂ?e

simlar éﬁﬁ $L§ is desired to use a plgnent by selectlng
dependlng upohS $¢ 5Tkt Y %x%qq(9%§Rﬁ?ﬁ§95ndtﬁﬁer6§8 §%§9n§°lPﬁlQPeﬁﬁ f ?he
appllcatlonogurpose of the pi gment di spersion. Except when hiding power is
needed ier hiedéeplar ¢ iddfvgreethat no insoluble matter remains. The

solids content of the aqueous solution of the dispersant at this
time may be 50 wt% or lower, preferably 30 wt% or lower. If
the high solids content of the aqueous solution of the dispersant
is excessively high, the aqueous solution of the dispersant may
have anexcessivelyhighviscosity, andmoreover, thedissolution
of the dispersant may require substantial time. Upon
dissolution of the dispersant, the above-described inorganic
peroxide may be further added to polymerize and remove any
monomers still remaining in trace amounts in the dispersant so
that VOC can be reduced further.

[0055] The pH of the aqueous solution of the dispersant
subsequent to its dissolution may be generally from 7 to 10,
preferably from 8 to 9.5. After the dissolution, the pH may
be adjustedtothisrange. Anaqueoussolutionof thedispersant,
said aqueous solution being substantially free of VOC, can be

obtained in the above-described manner. The amount of VOC
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pigment is desired. Especially when transparency is desired, it is desired
to elimnate pignment particles of 0. 5 mand greater in particle size such
that the average particle size is controlled to 0.15 mor smaller. [0058]
The pignent, dispersant and water, and if necessary, one or nore additives
are conbi nedgomngi sed 3 @qitien b que ofursoyd B ohah i sihd sigr @ddisdingp&t SirodC-a%s .
needed, are then dispersed in a disperser to forma pignment dispersion. No

particul ar |agittat heasiBeménPacathd) the itpel sesctthakdcan ise108ed tant he
present invention. It is possible to use, for exanple, a kneader, an

attritor, apdaldntiidded arsandxibleOr TRALBUERNS &I OO GortAiinzental the | |
maki ng use of gl ass beads, zirconia beads or the like, or a colloid 33

mll. Upon pé@&éé&éQﬂjﬁig%é%%%5§81u£DMEQ&k&ﬂxﬁ&ﬂ?tBQH%§%E%%%hQnin@@nE{%h
pi gnent in thé pignent dispersion may be preferably from 0.5 to 70 wt %

mor e prefer ar{?é% nk%én ?é?e;aﬁedrtaﬁllgf’ oMo %t@%#ggﬁéﬁ ée%ar inS%edSPSPQiﬁgg%)ygﬁg% %?e

kind of the pi content ISpersant 1 n

di sper si on . be desirably _.from5 t.g 500 parts by, weight per 1 arts by
he Ght of t NEL® BT pr L Lotgel et PR e b S B deBor et hg P ort he
present invention, one or nore of various additives can be incorporated in
addition to the éﬁ%ﬁﬁﬁﬁ?nﬁeter and di spersant. Usable exanples include

durability i éovers such as ultraviolet absorbers and antioxidants;
anti-settlingg %@hts; %a@??ﬁﬁlpébéﬁtgléﬂ B%ﬁ?iﬁ@ ﬁﬁ@EePP9UFnﬁrB%§W§?t

fragrances, antimcrobial agents and anti-nold agents; plasticizers,

anti-dryi ng @gepg¢ssion accor ing to the present invention, which is

substantially free of VOC and is obtained using the dispersant
according to the present invention. The pigment dispersion
according to the present invention can be obtained by using the
aqueous solution of the dispersant according to the present
invention, waterandapigment, specificallyaninorganicpigment
or organic pigment, and one or more additives as needed, mixing
them to disperse the inorganic pigment or organic pigment, and
if necessary, classifying the resultant dispersion. It is
particularly important to use, as such pigment and additives,
those substantially free of VOC. With respect to an organic
pigment, a solvent which is a potential source of VOC is used
initsproductionprocess. Itis, therefore, necessarytoreduce
VOC by washing it off or drying it up.

[0057] As the pigment for use in the present invention,
conventionally-known pigments are all usable. Illustrative

organicpigments include phthalocyanine pigments, azopigments,
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def oam ng agents, thickeners, and the like. Further, dispersion aids,

pi gnment-treating agents, dyes and the |like can also be added. In general,
these additives are used in very small anounts. It is, however, desired to
use them after determning their VOC contents, for exanple, by GC or the

| i ke. [ 00604 zdhethhts-obd ap hgdept greatodespensi pngiayt He asellraguihsne From
t he standpoi nt of providing the pignent dispersion wth higher reliability,

however, it psghectel resrigofieypyeylchy Pige8hts[f URHigblEREEMAIoige or
filter, coarse particles which may exist slightly. The pignment dispersion

obt ai ned as T%Qérﬁéﬁi;é),eddﬁ@ﬁé@ihé pegashed, f o1 Yalr Byohbep phpyer descri bed

nmet hod. 34 e content of VOC contained 1n'the pignent diSpersion according

to the presef‘éoiﬂ&@fﬂl@%i;gzné}l x, W% rdollq\Pf%'het %98@&&9841{&9_@%@%0%! spgrgant

of the present 1 nventio scri bed above, e prgnent dispersion can be

obt ai ned. Thj J | Sp i e Lh_con L on - known
col oring pP%%%%?gggﬁgﬁhg%émg%%?gggéggvga%ﬁ§gga%%fn %%ﬁQ%% s?ﬁ%e§ ?Ie
printing agent ope.dyein olorants for fibers, caating . conpositjons,
Pra ke or Skt anohB: Heand i o e byPGREKE drcpursi B LaReBE e
as coloring groducts such as water-based paints, water-based gravure inks,
wat er - based SPHRFePHINED L HARECHRRISE PrEkLSIRIIGHET oney ! M EMSHisBaY
coating conpositiaons, water-based colors for color filters, and water-based
wet toners. EX&WNIESTEL0DBARVERE ST B S I B BEPLEA SWAPI 2 heeeffd e s beg

descri bed
aconventionally-knownpigment derivative of astructuresimilar

to the pigment. It is desired to use a pigment by selecting
it depending upon its kind, particle size and pre-processing
in view of the application purpose of the pigment dispersion.
Except when hiding power is needed, an organic fine-particulate
pigment is desired. Especially when transparency is desired,
it isdesiredtoeliminate pigment particles of 0.5 umandgreater
inparticlesizesuchthat theaverageparticlesizeiscontrolled
to 0.15 pm or smaller.

[0058] The pigment, dispersant and water, and if necessary,
oneormore additives are combined, and subsequent toprovisional
mixinganddispersionasneeded, arethendispersedinadisperser
to form a pigment dispersion. No particular limitation is
imposedonthedisperser that canbeusedinthepresent invention.
It is possible to use, for example, a kneader, an attritor, a
ball mill, a sand mill or medium-containing, horizontal mill

makinguseofglassbeads,zirconiabeadsorthelike,oracolloid
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in further detail based on Exanpl es and Conparative Exanples, although the
present invention shall not be |limted at all by these Exanples. It is to
be noted that all the designations of "part", "parts" and "% as used

herein are on a weight basis. Exanple 1 (Synthesis of D spersant-1) [0063]
A one-liter mgsepar algbenfdask Wesnd thbgd-addit an¢oht 6n, edRAISSInt Ba i &PPi Ng
device, a stirrer and a thernoneter. A 95: 5 m xed al cohol of ethanol and

met hanol (1Q0r pAkLSI gMeSt Ghat BEG i dnde: bhepkhaskn ﬁé‘? a@a?rEESBabﬁgtﬁebrﬁ 0
75C. Ina separate vessel, styrene (20 parFs), met hyl nethacrylate (20

parts), ethyd 35 dreihacry! alee( 2Qeparbehy Febhaghythcegc)ds @&M%&)ﬂ PEG

nononet hyl et her nethacryl ate (nunber average nol ecul ar wei ght: 550, 20

parts), and ini tiat.or - i , A di e val_er.onj fri

parts) mere-ﬁiae d%?%g%g o%BéBﬁ%S%ﬁ&pﬁf§§d€%§6%§%ﬂ¥§8|Sﬁﬁbﬁbéxéééﬁﬁégf t he
and.the re

m xed nonone ol uf.i on was ,added.to _the flagk i ni ng. m xed
nononer soILﬁ'(ﬁb%Mégﬁﬂﬁﬁ?a Jdedt gP&pR&§8685eal§pﬁ58F8p B Yt %‘k%a aBfy
tenperature, _the noners were polynerized fo hours.. The, pol ynerj zation
m xture was @?&W\iﬁéﬁ & pags€ E& Sﬁﬁbé p?ﬁeaﬂﬁXEGrBFcBKoWefggtﬁgftggeso
that a polynmer (dispersant) solution was obtained. Wth respect to the

pol yner, itPHWJer- average nol ecul ar wei ght was neasured by GPC. The
number average nol ecular weight was determ ned to be 8,300 as a

pol yst yr ene- k| ent INdthee Pikmaredi spea sgeiny recosdingi ba th@aP rreseult ed

for its solids content. As a result, the solids content was determ ned to
be 54. 5% invention, one or more of various additives can be incorporated

I
¢

in addition to the pigment, water and dispersant. Usable
examples include durability improvers such as ultraviolet
absorbers and antioxidants; anti-settling agents; parting
agentsorpartingproperty improvers; fragrances, antimicrobial
agents and anti-mold agents; plasticizers, anti-drying agents,
defoaming agents, thickeners, and the like. Further,
dispersion aids, pigment-treating agents, dyes and the like can
also be added. In general, these additives are used in very
small amounts. It is, however, desired to use them after
determining their VOC contents, for example, by GC or the like.
[0060] The thus-obtained pigment dispersion may be used as
is. From the standpoint of providing the pigment dispersion
with higher reliability, however, it is preferred to remove,
by a centrifuge,‘ultracentrifuge or filter, coarse particles
which may exist slightly. The pigment dispersion obtained as

described above is measured for VOC by the above-described method.
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[0064] In a two-liter beaker, deionized water (900 parts) and ice (100
‘parts) were next placed and m xed to prepare water of 15C or |ower. Wile
stirring the water at 800 rpm by a disper, the above-prepared pol yner
solution was gradually added. The water then turned into a white enul sion.
The beaker was then inmmersed in a water-bath controlled at 45C to effect
heat treat nBi Conseatr@EYPL cyptainrad parthieacPégmephslisPerai@®n 3¢ e 2@, the
pol ymer particles and water were separated from each other. The cl oud point
of the pol ynkp thki speesemt)imaenB6omrotn @501 owd¥ Cor Thewgodl yner -wat er m xture
was charged into a filter systemequipped with a filter and was filtered to
col l ect pol ja@6lbarti Obésg The pobpresaparbictbs pereendshedentibn as

dei oni zed water of 45C (2 liters) to obtain a polynmer paste. The solids
content of tdespolyaRralpastetht phaierdt i spas s62% cah 6 dDptihaedol ynet s past e
(100 parts) and water (202.8 parts) were added into a 500-nL separabl e
flask fittedoighdne dikpeieiBhetan ba id ef CAREENSIN AN &KW ¢8Tor il Wer e
then stirred. 28% Aqueous anmmonia (7.2 parts) was then added in four

portions to pfodmthesRoh YAB! whHd P-38s8guUsoUst $O! i gpindhenkesutdaniie
aqueous solution was then heated to 70C, at which potasSium persulfate

(0.3 pafts)c%\gﬁlggﬂﬁfa E0L2 OVBEL DY HERLY NGof OFa e DOKER. £ AL PL  AbaOihdd the

m xture to n aqueous sol u nvention D spersant-1 was

vas. doter m AR5 oS50 9B B8] ok ho 5 R N eyRteh N e eS0epace

met hod, VOC

pigment dispersion can be used as coloring products such as
water-based paints, water-based gravure inks, water-based
inkjet inks, water-based inks for stationery, water-based
coating compositions, water-based colors for color filters, and
water-based wet toners.

Examples

[0062] The present invention will hereinafter be described
in further detail based on Examples and Comparative Examples,
although the present invention shall not be limited at all by
these Examples. It is to be noted that all the designations
of “part”, “parts” and “%” as used herein are on a weight basis.
Example 1 (Synthesis of Dispersant-1)

[0063] A one-liter separable flask was fitted with a coiled
condenser, a dropping device, a stirrer and a thermometer. A
95:5mixedalcohol of ethanol andmethanol (100 parts) was charged
into the flask, andwas then heated to 75°C. 1Inaseparate vessel,

styrene (20 parts), methyl methacrylate (20 parts), ethyl
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.contained in the aqueous solution of Invention Dispersant-1 was neasured
follow ng 1SOL7895 (neasurenent nethod of VOC) . The follow ng contents
were determ ned: 120 ppm et hanol, 55 ppm nethyl nethacrylate, 53 ppm et hyl
met hacryl ate, and 35 ppm styrene; in total, 236 ppm i.e., 0.0263% This

means that MedlBloflME WG sont &) neflet iadhgl Ot spetganto f=xangpl g PEG
(Synthesis of Dispersant-2) [0067] In simlar equipnment as in Exanple 1,

pol ymer i zat i fihorddt NGB e € ABE UL d ¥y 13t (i hidh e FRRBEE g@5nd e XL €1 dn by
using styrene (20 parts) , nethyl nmethacrylate (20 parts) , ethyl

met hacryl at ess5§ 20, pasd s s) dogdesyis "Bt hagty|{ ater (10 parts) , methacrylic acid
(15 parts) , PEG rmononet hyl ether nethacrylate (nunber average nol ecul ar

i ght: 400, , 15 ) < A0y 24 2 @O0 ${ 2 s £l | yal g5 ppitry 3, Parts).
Wthout di G011 ae ot (s Salvant ol e Bamnrs. Lo Eeotr) i ot ivfan °

was obt ai ned; j | utd Lization pixt 9 eous
anmoni a (11.#%%%{}%&%%1‘%?§’r ﬁl?f%.dﬁ %%@ﬁésl)yg\%ellruéﬁot 'enngl)c%c}gj&g E)C hté%ggﬁs?%#uti on
pol ymeri zation m xtur o formthe ol yner jnto an ueous sol.ution. The
urber avor AURT bEGTHE LRl GheBeed He B8 §her Coded bind 1610479 S5ty

GPC. Further, .the solids content of th ueous sol ution of the polynmer was
det erm ned t%orb%m%ﬁ.soi%tﬁ%wﬁ\ﬁothﬁle%dcﬁeég PPYiECePVES00 HRATSs) R&faghe

pl aced, followed by the addition of the above-obtained polyner solution
(100 parts) TR tAUREEHIPD VRS BIQRGI6h We IAf P Yiee 1z8fpépat fir @0BFSt he

resulting solution was confirned to be 25C, 10% hydrochloric acid (30
parts) were Tradual ynerdoedion mixture was then heated to 82°C to remove

the mixed alcohol (15 parts) so that a polymer (dispersant)
solution was obtained. With respect to the polymer, its number
averagemolecularweight wasmeasuredby GPC. Thenumber average
molecular weight was determined to be 8,300 as a
polystyrene-equivalent value. Further, the polymer solution
was measured for its solids content. As a result, the solids
content was determined to be 54.5%.

[0064] In a two~-liter beaker, deionized water (900 parts)
and ice (100 parts) were next placed and mixed to prepare water
of 15°Cor lower. While stirringthewater at 800 rpmby a disper,
the above-prepared polymer solution was gradually added. The
water then turned into a white emulsion. The beaker was then
immersed in a water-bath controlled at 45°C to effect heat
treatment. As a result, polymer particles cohered, and
therefore, the polymer particles and water were separated from

each other. The cloud point of the polymer (dispersant) was
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to have the polymer precipitated. As a result, a mlky-white polyner

‘emul si'on was obtai ned. The emul sion was then filtered through a filter
system equi pped with a filter to collect a polyner paste. The pol yner paste
was washed with deionized water (1,000 parts) The solids content of the

pol ynmer paste at that tinme was 35% [0068] In a one-liter separable flask,

t he pol yner fiawted5 3® (400 .pafhs) pahgmaateat€é400ipants)waerehadged iandd t hen
stirred. In a simlar nmanner as in Exanple 1, aqueous anmoni a was added to
form t he polyfeltentsysdrereegeopsed alitihiaohil1€fmHgdraxc il bt erced doi ab Mesctt hen
added to have the polynmer precipitated. Wen the aqueous solution with the
pol ymer prechql yratedod het @l éis washee aioddmelro p383€1i dlke peingTeiashad wdites
cohered, andtherefore, thepolyner particles and water were separated from

each ot her. Jhess] sl waasémtofofz;sto:@e(pollwa?ﬂs)( QioSB%"c%‘al@L'ﬁtb iﬂ@§¥$é9r@a3§té9 42C.

The polynmer-water mxture was filtered through a filter systemto collect

pol ymer parttied 6501 i RRIVEIR! cBathEChESyMEF G 3dshed tWalthtWaEmyaters of 38C
(1, 000 parts) to obtain a polyner paste. The solids content of the paste

was 60% \Whitgeogdirringnthe ry;@ggp@s(ggg(g%r?@r%%%dhggg%ft@bz(%mw1

28%®@aqueousammonia (3. 5 parts) was ad orm ymer into an

bt ai ned.  hee 08T AR SHERDIPRIL AN e EEERLAER A ABRART S U

obt ai ned. The 'sol'rds conten e solution wa

ras 3 20, Tessul st by e sbove deoerLbed el yal s, IeUGs, 5 Beliesulds L he

ppm Thi's ”%ﬁgfeéigﬂaﬁ%éﬁ?g’(7.z parts) was then added in four portions to
formthepolymer into an aqueous solution. The resultant aqueous
solution was then heated to 70°C, at which potassium persulfate
(0.3 parts) was added, followed by heating for 3 hours. After
allowing the mixture to cool down, an agqueous solution of
Invention Dispersant-1 was obtained. Its solids content was
measured. As a result, the solid content was determined to be
20.3%.
[0066] Using a GC-MS system and the headspace method, VOC
contained in the aqueous solution of Invention Dispersant-1 was
measured following IS017895 (measurement method of VOC). The
following contents were determined: 120 ppm ethanol, 55 ppm
methyl methacrylate, 53 ppm ethyl methacrylate, and 35 ppm
styrene; in total, 236 ppm, i.e., 0.0263%. This means that
0.13% of VOC was contained in the dispersant.

Example 2 (Synthesis of Dispersant-2)

[0067] In similar equipment as in Example 1, polymerization
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‘of VOC was contained in the polyner (dispersant). Exanple 3 (Synthesis of

Di spersant-3) [0069] In a two-liter beaker, deionized water (900 parts) and
ice (100 parts) were mxed to prepare water of 15C or lower. Wile stirring
the water at 800 rpm by a disper, the polynmer solution (200 parts) obtained
in the formwis aosdhotednmBd spolijrermnaate oasnixExarpla IBxanpliegZstwasene
gradual |y added. The water then turned into a white enulsion to obtain a

m | ky-white (Poppies)enikkshen mebre ol Wy (20Hait0) Washkillhefiegetyraough  a
filter systemequipped with a filter to collect the polynmer, and the

pol yner was mwt\ﬁthdéaeQQRZﬁé’tM\@&?)}léﬂe QG0 ph2iks), metiaergett:oacf@ntent

of the resultant polyner paste was 459 a one-liter separable flask, the

paste (100 pgfd 53R \A@E@rmorta@@tpatte%)héftetetﬁqe%lart@ t(HﬁfﬂbéE'é\F@E!agé n a

simlar manner as in arrp e 2 aqueous ammoni a was added to formthe
pol ymer intg, ?@Wé-ytdsro Ppric acid was then added to
t he aqueous so t| on to ave t po precipitated. Wien the aqueous

solution wt he r t eat dto

pol yrer partinc% es %%ﬁly@d H C?%!Kfpth%’? ‘?glr eIh ethrnllm% par cI 2@%&% wat er
wer e separ at from each _ot her u 0i the p i spersant)
was from 38 Elszén gfp%h?/r?é’ e'rlnfqrtlg?%?@ r1d Blog ﬁr% ]g CHilter
system to coI | ect pol ynmer parti cI es. The p articles were washed

wi th war m wataF ot af}@éd( AN ggee ﬁé’rrt“b? td sé’&ﬂ’éllﬁnapﬁgk’?ﬁéﬁ-zﬁaéf’e MiNHE Lol i ds
content of the paste was 58.6% | na 500-nL separable flask equi p;oed with a
t her monet er ,2%° dHIUKA T HTeiser (drd Gaparts) and water (38.4 parts) were

then added to the solution polymerization mixture to form the
polymer into an aqueous solution. The number average molecular
weight of the polymer was found to be 9,200 by GPC. Further,
the solids content of the aqueous solution of the polymer was
determinedtobe 41.2%. Inatwo-liter beaker, water (500 parts)
was placed, followed by the addition of the above-obtained

polymer solution (100 parts) to dilute the polymer solution.
After the temperature of the resulting solution was confirmed
to be 25°C, 10% hydrochloric acid (30 parts) were gradually added
to have the polymer precipitated. As a result, a milky-white
polymer emulsion was obtained. The emulsion was then filtered
throughafilter systemequippedwithafiltertocollectapolymer
paste. The polymer paste was washedwith deionizedwater (1,000
parts). The solids content of the polymer paste at that time
was 35%.

[0068] In a one-liter separable flask, the polymer paste
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~stirrer, the polyner paste (100 parts) and water (137.4 parts) were added
and stirred. Then, 28% aqueous ammopnia (6.8 parts) was added in four
portions to formthe polyner into an aqueous solution. The aqueous sol ution
was heated to 70C, at which potassium persulfate (0.3 parts) was added,

fol l owed by {iest bagts40ah@rwakdw0uns.o Phtek) abd aniarmiiddanl Xiei e tia- 1ep
down, an aqueous solution of Invention D spersant-3 was obtained. The

solids contgnt 9imt hgr @it P NES E@éﬁﬁi@dl /é% oh%sahﬁonaaew§§lad&d
content was found to be 24.2% The content of was al so rreasured by the

above-descrihed,apalys| %1%E90ﬂqt%'a% sgheens soqfutgg | n1phe SHH ek

found to be 110 ppm TIS neans t % of was co |ne In the

polymer (di Sa%%rdsaggg;oheﬁé%%'det %{fﬁﬁ%m#ﬁ%ﬁf ﬁ@g&g) [ O

pol ynmer having a nunber average no as og%alned by
conducting pol nerlzqtloni

the PEG mondifBiHyI® &7HS ?wwﬁaimpa@%%%ﬁ%%%l@m%@ﬁﬁ"‘?s&mwgﬁ R

400) was changed to PEG nethacryl ate (nunber average nol ecul ar wei ght:
400). In a9 GarthrRatymas mﬁtﬁéﬁﬁl@@rq%@%rgﬁéﬁf@ég §@1§J%@twn 0
wat er-out, fornmed into an aqueous solution with agqueous ammonia, was caused
to precipit 3 WTIESIERNYIFBE DTS genairatednfiroaeaathenbgirssof e d g n
Wi th aqueous amonia to obtain an aqueous solution of Invention
Di sper sant - foifHe dfedthiengcalfytmesr t (vl sgemesEi )t atdasorf was Ioriducdad .atTH4C. The
cl oud point of the polynmer (dispersant) was from44 to 47C. Al though the
gl ycol chaiptsl yme e ol et uredwéa bef shiner e | teoudwayh weif ghteass y$ieerglbac ol
collect polymer particles. The polymer particles were washed
with warm water of 38°C (1,000 parts) to obtain a polymer paste.
The solids content of the paste was 60%. While stirring the
polymer paste (50 parts) andwater (72 parts), 28% agueous ammonia
(3.5parts) wasadded to formthe polymer into an agqueous solution
so that an aqueous solution of Invention Dispersant-2 was
obtained. The solids content of the solution was 23.2%. The
content of VOC was also measured by the above-described analysis
method. As a result, the content of VOC in the agqueous solution
of the polymer was found to be 210 ppm. This means that 0.09%
of VOC was contained in the polymer (dispersant).
Example 3 (Synthesis of Dispersant-3)
[0069] In a two-liter beaker, deionized water (900 parts)
and ice (100 parts) were mixed to prepare water of 15°C or lower.

While stirring the water at 800 rpm by a disper, the polymer

solution (200 parts) obtained in the form of a solution
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chains in the polymer of Exanple 2, the glycol-chain-derived cloud point of
‘the polynmer (dispersant) is considered to have becone higher for the change
of the termnal groups fromnmethyl groups to hydroxyl groups. The solids
content of the solution 41 was neasured. Asa result, it was found to be
23.9% The content of VOC in the solution was al so nmeasured. Asa result,

t he cont ent PAfYMEOE Agdst Frotide tugepen 180 pphe 2Ties ereadsal huta@dob44%hef VOC
was contained in the polyner (dispersant). Exanple 5 (Synthesis of

Di sper sant - 32 e80T Enltnened dinltar a nirter ems lsnofxampbéalin smirldne whide
parts), nethyl nmethacrylate (15 parts) , ethyl nethacrylate (15 parts) ,
met hacryl i ¢ mdivthe2@mpdrstion., Thedpoyymaet dract ylat evd 4 0F 1 paetes) ,tHREGEgh
nononet hyl ether methacrylate (nunber average nolecul ar weight: 400, 20

parts), dinetiylasirneesbyh edeidmed widthea (A0 e tt$) codNdcast lad golivinieat,or ,
2,2 -azobis(2,4-dinethylvaleronitrile) (3 parts) were polynerized to obtain

a polymer sqldd a8 pal yher rsvaknaa Poty MRy ilEAtdLNwAL XUl E; 0 Jh@ artEher
average nol ecul ar wei ght of the polynmer was 7,500. In a simlar manner as

in Exanpl e rhe 508108 ¥ORE MBS £ %réegeisﬂggaaﬁ LA %@&@ ;Jge Y64 h agueous

ammoni a, caused to precipitate with 10% roc ormed agaln

i LUt | . : h e .
W th 10 nydr o3 oFi S adra - akaor raarty PorneasCint afur bt SR
W th aqueous(4%

nir t)owogt al D480 agyequs Sscol ut idon avi ng. a orl imdsfl cont ent

of 23.2 % as “an gﬁuggus S5PUETORY JF Ietﬁbélntl o ' SpeEga%t- e "E@"0d poi nt
of the pol yrgesr in Example 2, aqueous ammonia was added to form the polymer
into an aqueous solution. 10% Hydrochloric acid was then added
to the aqueous solution to have the polymer precipitated. When
the agueous solution with the polymer precipitated therein was
heated to 38°C, the polymer particles cohered, and therefore,
the polymer particles and water were separated from each other.
The cloud point of the polymer (dispersant) was from 38 to 42°C.
The polymer-water mixture was filtered through a filter system
tocollect polymer particles. Thepolymerparticles werewashed
with warm water of 38°C (1,000 parts) to obtain a polymer paste.
The solids content of the pastewas 58.6%. Ina 500-mL separable
flask equipped with a thermometer, a coiled condenser and a
stirrer, the polymer paste (100 parts) and water (137.4 parts)
were added and stirred. Then, 28% aqueous ammonia (6.8 parts)
was added in four portions to form the polymer into an agqueous

solution. The aqueous solution was heated to 70°C, at which

potassium persulfate (0.3 parts) was added, followed by heating
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(dispersant) was from 38 to 42C. The content of VOC in the polyner
‘(di spersant) was neasured. It was found to be 235 ppm This neans that

0.1013% of VOC was contained in the polynmer 42 (dispersant).

Exanple 1 [0072] An aqueous sol ution of Conparative D spersant-1 was

obtained in a simlarmanner as in Exanple 1 except for the om ssion

heating stepgt 345Crs|.t sA§bEKdh Idmtientt thasnixGud% t&/Ocol clomtrai ARG Jueduse
aqueous sol ution was neasured. The following contents were determ ned:
1,932 ppm etswndlior23d ppvemstilop Dispemsenyt-at eas 182t ppneet hyltherstdiactsyl at e,
and 222 ppmstyrene; in total, 2, 516 ppm This nmeans that 1 .2% of VOC was

cont ai ned

iqorBamapdt t ke I spercamasilnedbusedndizatesethat , diutee tsw ltikks

Conparati ve

of the

om ssion of the heating, abundant VOC was contained in the water in which
pol yner partdgtemiverss coral ned baand @ .a rasukbntBBteofVE@CCWasscanksai ned

in the aqueous solution of the dispersant (polyner) . In the present

i nvention, m%%tgdlgac%tyefhé*@ooﬁf&éﬁﬁﬁé&%r&ﬁy@l@owﬂﬁadas & td Kl t@nd S,
therefore, considered to cause separation of sol vent toget her mnth wat er
fromthe

PYYBE Pl C%S?ﬁu??oﬁ%s Y¥hnkst & 96t ipped i gt éaH

a di spersant substanti al

y free of VOC can ta| ed accor |ng

and

Conpar ati ve Expmlie 2 L0073, M AHUAUS; g@at@ 'eoq)f nggg%{l%gtevr%zafat%persam 2

was obtained ina simlar nmanner as In

met hacryl at %x‘%’?nspll“les%d (I§yrpgh%cs%80fofd%%%%rsant—4)

[0070] A polymer having a number average molecular weight
of 11,000 was obtained by conducting polymerization in a similar
manner as in Example 2 except that the PEG monomethyl ether
methacrylate (number averagemolecular weight: 400) was changed
to PEG methacrylate (number average molecular weight: 400). 1In
a similar manner as in Example 3, the polymer was subjected to
water-out, formed into an aqueous solutionwith agqueous ammonia,
was caused to precipitate with 10% hydrochloric acid, and was
then dissolved again with aqueous ammonia to obtain an aqueous
solution of Invention Dispersant-4. The heating after the

precipitation was conducted at 44°C. The cloud point of the
polymer (dispersant) was from 44 to 47°C. Although the glycol
chains in the polymer had the same molecular weight as the glycol
chains in the polymer of Example 2, the glycol-chain-derived
cloud point of the polymer (dispersant) is considered to have
become higher for the change of the terminal groups from methyl

groups to hydroxyl groups. The solids content of the solution
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met hacryl ate and azobi si sobutyronitrile was used as an initiator in lieu of
2,2"'-azobis(2,4-dimethylvaleronitrile). The cloud 43 point and nunber
average nol ecul ar wei ght of the dispersant (polyner) was from38 to 42C and
9, 700, respectively. The solids content of the aqueous solution was 24. 1%
VOC contained in the aqueous solution of the polyner was nmeasured. The
followi ng coasasesuwede dbserrasied:, 100 aspheerthandle 2369 ppmihs fgntent

nmet hacryl ate, 42 ppm et hyl nethacrylate, 40 ppm styrene, and further, as
vol ati |l e or gahVOCcanpoeiadd uhavhnesooi$o mgaporatls & a288ClandHowented0 ppm
2-et hyl hexyl nethacrylate and 1,800 ppmtetranethylsuccidinitrile which was
a coupling pobdimt waks fdencdnpodic L80 gwodudisl soheanebtisd s ghtSA4niottr vOe; in
total, 3,100 ppm This nmeans that 1.3% of VOC was contained in Conparative

Di spersant - 2wa2- Ebhyh hexy! i nethacpyl aheri sdispassgderpd to remain as VOC in
t he polyner as the above-described result, because it is relatively high in

nol ecul ar weg @l aads b§§n§5égpg gydgpgggpgghgy5 o that, even when caused to
precipitate in water, it hardly separates fromthe polyner to prevent its

el i m nation. Bd)ﬁhfjjd' ti 0fly 4 tglﬁﬁﬂﬂg&g&ﬁf{&? é”hhrE B§eals' deyreacty 96‘

product of t Initiator was al so tected at a concent rat| on, and

21 50 oDeCaEL YL COmalAl kenExapLe. 3 L0RTSL jo'&¢§?ﬁ§%h%%%V&ég%' Py vas

conducted in°a si %ilar manner as’in xcep t the

?gg?gg;gyl eégg S),H@ %%é&fﬁi ggggb&ﬂ)%%%E% trl §8§ %@W%I%ryla%%pll&as
parts), PEG monomethyl ether methacrylate (number average
molecular weight: 400, 20 parts), dimethylaminoethyl
methacrylate (10 parts), and as an initiator,
2,2'~-azobis(2,4-dimethylvaleronitrile) (3 parts) were
polymerized to obtain a polymer solution in the form of a
polymerization mixture. The number average molecular weight
of the polymer was 7,500. In a similar manner as in Example
2, the polymer was formed into an aqueous solution with aqueous
ammonia, causedtoprecipitatewith10% hydrochloricacid, formed
again into an aqueous solution with aqueous ammonia, caused to
precipitate againwith 10% hydrochloricacid, and finally formed
intoanaqueous solutionwith agueous ammonia toobtainanaqueous
solution having a solids content of 23.2% as an agqueous solution
of Invention Dispersant-5. The cloud point of the polymer
(dispersant) was from 38 to 42°C. The content of VOC in the

polymer (dispersant) was measured. It was found to be 235 ppm.

This means that 0.1013% of VOC was contained in the polymer
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to one having a nunber average nol ecul ar weight of 2,000 and 44 the heating
"tenperature was raised from38C to 53C. First water-out of the polyner
resulted in a great deal of large bulky precipitates although

m croparticles were also formed to sone extent. In addition, the polyner
particles were brought into fusion-bonded formafter heating, so that

gri ndi ng was{HeRfgFanSubsequent |y, an aqueous sol ution of Conparative

Di spersant-3 was obtained in a simlar manner. The cloud point and nunber
aver age nol éanraratel thtEximplre i spersant (pol ymer) were from 53 to 57C
and 8,900, respectively. The solids content of the aqueous solution was
25.1% As a FEE1RY of tAreagopbestsofudQd oif rCarea sl iite Onsperehetpdlwarer by
t he above-described analysis nethod, it was found to be 320 ppm This neans
that 0. 127%daddtaiVEd ivas sdantlairmethnar Lohp@satiple Despepisant tBe dmi ddiien
Conpar ati ve Exanple, the water-out of the polynmer is considered to have
failed to foymchendot YABrsisd@atchhyed Nt gt spopardd el & whacaysest heygol yner
was high in nol ecul ar weight and hence small in the nunber of noles.

I ntroduct i orcdift LilnkePh nChige Nyddb s BbURER onPl£9 Al sttt OTRe PRI yIRf i iFpkes
it possible to inprove the formation of the polyner into mcroparticles.

Thi's, howevesontdiiayidas the d &stldd N9 Re Y n ;’%]ﬂﬁbr%(lc,eisjd’%ﬁfn hethy1

hydrophilicity. Wen a pignent dispersion with e polymer containe

therein is (ﬁeﬁg}édé(}r}gl | ng 39rp§5rgeé‘éﬂ eme\t,t\g?g:ig&ﬂlt%i NBha CZ%%t g@% géyren

therefore, « ( to have T nferi-or proo hesrs. ition, Fhe

above- descr i hed eating; ¢ el r espf O JUIAPLLEN Yo BESd NS SIMEL A © P
in Comparative Dispersant-1. This indicates that due to the
omission of the heating, abundant VOC was contained in the water
in which polymer particles were contained, and as a result, more
VOC was contained in the aqueous solution of the dispersant
(polymer). In the present invention, heating after the
precipitationofapolymerasparticlesis, therefore, considered
to cause separation of a solvent together with water from the
polymer particles so that VOC is not contained in the polymer
and a dispersant substantially free of VOC can be obtained
accordingly.
Comparative Example 2
[0073] An aqueous solution of Comparative Dispersant-2 was
obtained in a similar manner as in Example 2 except that
2-ethylhexyl methacrylate was used in place of dodecyl

methacrylate andazobisisobutyronitrilewasusedasaninitiator

in lieu of 2,2’ -azobis (2,4-dimethylvaleronitrile). The cloud
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45 point as the glycol chains are |ong. Because of the high tenperature,

t he pol yner

41 a p O

hence had a high tendency of cohesion and was hard to handl e.
[0075] Details of the dispersants in the above Exanpl es and Conparative
Exanples are summarized in Table 1. 46 w1 Ho Oo > mr MOHOOOH
A ' wwrlpbidt NNl Mumhbét raveragd W@ acwl & weightw & ChaNd dperNmd N
ONO1WOMNW.,{ Nti NNrl ri , § NHw+rnua U NN SI1 O

(polymer) was from 38 to42°Cand 9,700, respectively. Thesolids
content of the aqueous sclution was 24.1%. VOC contained in
the agqueous solution of the polymer was measured. The following
contents were determined: 100 ppm ethanol, 35 ppm methyl
methacrylate, 42 ppm ethyl methacrylate, 40 ppm styrene, and
further, as volatile organic compounds having boiling points
of 250°C and lower, 740 ppm 2-ethylhexyl methacrylate and 1,800
ppm tetramethylsuccidinitrile which was a coupling product of
decomposition products of azobisisobutyronitrile; in total,
3,100 ppm. This means that 1.3% of VOC was contained in
Comparative Dispersant-2. 2-Ethylhexyl methacrylate is
considered to remain as VOC in the polymer as the above-described
result, because it is relatively high in molecular weight and
has strong hydrophobicity so that, even when caused to
precipitate in water, it hardly separates from the polymer to
prevent its elimination. In addition,
tetramethylsuccidinitrile as a side reaction product of the
initiator was also detected at a high concentration, and also
became VOC.

Comparative Example 3

[0074] Solution polymerization was conducted in a similar
manner as in Example 2 except that the PEG monomethyl ether
methacrylate (number averagemolecularweight: 400) was replaced

to one having a number average molecular weight of 2,000 and
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the heating temperature was raised from 38°C to 53°C. First

water-out of the polymer resulted in a great deal of large bulky
precipitates although microparticles were also formed to some
extent. In addition, the polymer particles were brought into
fusion-bonded form after heating, so that grinding was needed.
Subsequently, an aqueous solution of Comparative Dispersant-3
was obtained in a similar manner. The cloud point and number
average molecular weight of the dispersant (polymer) were from
53 to 57°C and 8,900, respectively. The solids content of the
aqueous solution was 25.1%. As a result of the content of VOC
in the solution of the polymer by the above-described analysis
method, it was found to be 320 ppm. This means that 0.127% of
VOC was contained in Comparative Dispersant-3. In th;s
Comparative Example, the water-out of the polymer is considered
to have failed to form the polymer smoothly into microparticles
because the polymer was high inmolecular weight and hence small
inthenumber of moles. Introductionof glycol chainsinahigher
proportion into a polymer makes it possible to improve the
formation of the polymer into microparticles. This, however,
provides the resulting polymer with excessively high
hydrophilicity. When a pigment dispersion with the polymer
contained therein is used in a paint or the like, the resulting
coating is, therefore, considered to have inferior
waterproofness. In addition, the above-described heating

requires to substantially raise the temperature up to the cloud
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point as the glycol chains are long. Because of the high

- —

temperature, the polymer hence had a high tendency of cohesion
and was hard to handle.
[0075] Details of the dispersants in the above Examples and

Comparative Examples are summarized in Table 1.
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were al so below the detection limt. In a simlar nmanner as described
above, pignent dispersions were also prepared using Conparative

Di spersants-1 and -2, respectively, and their VOC contents were neasured.
Et hanol , nethyl nethacrylate, ethyl nethacrylate and styrene were detected.
The total VEagntend (Masnd®6 pppenrsidre-pi gnent di spersion nmaki ng use of
Conparative Dispersant-1, and was 323 ppmin the pignment dispersion making
use of Conpar@a16k D spetsant>sd-mAs gaasesbbtrlehelfivént abn VG peamsdrerts fel |
outside the VOC content range for the pignment dispersion according to the

present inveqi ae darw@addi ia@kr (22CGNParakiyetWbhheui gREAE d65QRI1SiHN Was
al so obtai ned using Conparative Dispersant-3. The content of VOC in the

di spersi on s p@@ﬁ@hﬁh%rdfu%tﬂh%olllamme (DB, PEIDW10Q)PpRaY e BRI es
7-11 (Pignment Disersions-2 to -6) 48 [00 77] In"a simlar manner as in

Exanpl e 6, pér%‘%ﬂtrth%'ﬁpﬂééé’%%a%fs Y8bbays EL0L §¥ET € Rl @bﬂggnﬂé'v@re

I nvention D spersant- hei r VOC contents were also anal yze The results

are also Shoé’%]&éh }gPlfn&rsA'gn%)pa%t cog)dg)t?og)err%o okycai'n Qwhite pigment

dispersion. The content of VOC in the dispersion was analyzed
by GC-MS. Peaks of trace VOC were detected, but VOC was below
the detection limit, i.e., below 100 ppm. The contents of VOC
in pigment dispersions obtained using Invention Dispersants-1,
-2 and -4, respectively, in a similar manner as described above
were also below the detection limit. In a similar manner as
described above, pigment dispersions were also prepared using
Comparative Dispersants-1 and -2, respectively, and their VOC
contents were measured. Ethanol, methyl methacrylate, ethyl
methacrylate and styrene were detected. The total VOC content
was 296 ppm in the pigment dispersion making use of Comparative
Dispersant-1, and was 323 ppm in the pigment dispersion making
use of Comparative Dispersant-2. As a result, their total VOC
contents fell outside the VOC content range for the pigment
dispersion according to the present invention. In addition,
a comparative white pigment dispersion was also obtained using
Comparative Dispersant-3. Thecontent(IEVOijlthedispersion
was below the detection limit, i.e., below 100 ppm.

Examples 7-11 (Pigment Disersions-2 to -6)
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[0077] In a similar manner as in Example 6, pigment
dispersions of various colors were obtained using Invention

Dispersant-3. Their VOC contents were also analyzed. The

results are also shown in Table 2.
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TO WSA ~-j a CE a-HoUa 50 Exanple 12 [0078] Into a 250-nL gl ass
bottle, Invention D spersant-3 containing amno groups in its nolecule
(32.3 parts), water (42.45 parts), acidic carbon (25 parts) as a pignent,
and triethanolam ne (0.25parts) wereadded, and further, glassbeads (200 g)
wer e added. Frramgiontents were shaken for 2 hours on a paint conditioner to
obtain a black pignent dispersion. The content of VOC in the dispersion was
anal yzed by ®NH Peakstod 2T(aed. YOEswebettétecirdenbion VOGpwmssdret ov t he
detection limt, i.e., below 100 ppm It was a slightly blue-tinged

di spersi on @fnth ghineetand ras kyessos Appl i catmohe ExBapl B2 (ANdertdas edh Rar nt S)

[ 0079] "WATERSCL S-126" (trade nane, product of DIC Corporation; 100

parts), ERSAs $H95) [ tdartei dadlerbd OB tpa of s Pl 4 Gorpigradriton;arkd parts),
"WATERSOL S—6831M' (trade nane, product of DI C Corporation; 5 parts), al

of which are rfddBdOrdmnge (@t esbakss) el @sd ( 408 rRRELE) , WA Qs Hed
and stlrred The white plgnent dlsperS|on (30 parts) obtained in Exanpl e 4

was added, fpjd@pued \«@’regta{d'd'écf‘g tTﬁeOEBﬁthésV‘QbE@ PALREn rdhe PRbEE s V&S
applied to an al um num plate. \Wen baked at

a paint conditioner to obtain a black pigment dispersion. The
content of VOC in the dispersion was analyzed by GC-MS. Peaks
of trace VOC were detected, but VOC was below thedetectionlimit,
i.e., below 100 ppm. It was a slightly blue-tinged dispersion
of high jet blackness.

Application Example (Water-based Paints)

[0079] “WATERSOL S-126” (trade name, product of DIC
Corporation; 100 parts), “WATERSOL S-695” (trade name, product
of DIC Corporation; 5 parts), “WATERSOL S-6831M” (trade name,
product of DIC Corporation; 5 parts), all of which are
film-forming materials, and water (100 parts) were combined and
stirred. The white pigment dispersion (30 parts) obtained in
Example 4 was added, followedby stirringtoobtainawhitepaint.
The paint was applied to an aluminum plate. When baked at 140°C
for 20minutes, a transparent beautiful white colorwas obtained.
Thisisbelievedtobeanindicationof goodcompatibilitybetween
the film-forming materials and the dispersant. The
thus-painted plate was then immersed for 30 minutes ih boiling

water. The coating did not develop whitening, blistering or
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for 20 mnutes,a transparent beautiful white color was obtained. This is
believed to be an indication of good conpatibility between the filmformng
materials and the dispersant. The thus-painted plate was then i mrersed for
30 minutes in boiling water. The coating did not devel op whitening,
blistering or 51 separation. Further, the.coating s al so, good i.n_col or
devel opnent %ﬁﬁfﬁﬁ%ﬁﬁgT Mﬁ@ﬁtpﬁé’pggﬁtcﬁﬁ l&ﬁpWﬁgd SoagﬁchaP C@&gfed paper
strip and dried, the black atea was fully hidden by the coating so that the
oai nt had hi U QTR haREr 1P 50801 s BewALt 62 bi FRRLE Ut Spariat

di spersed with Conparative Dispersant-3 insteadof the white pigment

di spersi on, c2iRA M2PBRds SterRuPALedr 12 cddts iy ards ar6enmida S| f‘ng’sl'él%%rh t he
paint. A painted plate with a transparent beautiful white color was also
obt ai ned. Wiagh thee gEtiid §? ditatwalshe maisedddrh Bh M dRr@PIWEDOI | i ng
water, blister was observed on the coating. This is believed to be an

i ndi cati on of0Qfkr wateéspnoodnesstefpighentcodtspgraiontdippetrsedswith
corresponding to the glycol chains in the dispersant used in the white

pi gment di spesrgpaore i tehDiSoapaant -8 e nBitepersante hdartaigrech tt diese s i deecause
the glycol <chains were long, in other words, water-soluble portions were
long. In a siphliat wasmerrmylaitdds. Warceo Pt Bppes b theli giteiti sdvsparshens- 2
to -6, and painted plates were obtained, respectively. Al the coatings

were good i pyaiter prnasd 11essd pnd tedl Stth 839G nshated{tge PHOPEAHT WhidR0lor
therefore, the painted plates were excellent. Wth white pignent

?Ims/gﬁ[ isi)ﬁns WY aRedobPadnedl MdEn MHNBL 1 AS BXFTRE & B £%GRRY o rhhesyse of
minutes in boiling water, blister was observed on the coating.
This is believed to be an indication of poor waterproofness of
the coating at its portions corresponding to the glycol chains
in the dispersant used in the white pigment dispersion with
Comparative Dispersant-3 contained therein, because the glycol
chains were long, in other words, water-soluble portions were
long. In a similar manner, paints were prepared with Pigment
Dispersions—-2 to -6, and painted plates were obtained,
respectively. All the coatings were good in waterproofness and
also good in hiding property, and therefore, the painted plates
were excellent. With white pigment dispersions obtained in a
similar manner as Example 6 except for the use of Invention
Dispersants-1, -2 and 4, similar results were also obtained
Application Example (Ink for Stationery)

[0081] The black pigment dispersion obtained in Example 12

wasdilutedtogive apigment concentrationof 8.5% andaglycerin
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D spersants-1, -2 and 4, simlar results were also obtained Application
‘Exanple (Ink for Stationery) [0081] The bl ack pi gnent dispersion obtained in
Exanple 12 was diluted to give a pignent concentration of 8. 5% and a
glycerin 52 concentration of 14% so that an ink for stationery was
prepared. The ink was fi Ilﬁgoi n a_plastic-mde feIt,—ti%)Ipen e%ui ed with

a core and &PEFEHEFHPr 8HdéEd %?/tgﬁésﬁf? CBK AR Rt L AR B YASIRE R T 9% st was
performed. Using the felt-tip pen, characters were witten on plain paper
and Chi nese Tradkg"dpafertledmbbta Pheistilcgnaigst ¢ East bp ok EABLPPHE ettt i on
strike-through of the ink, and the witten characters were very high in jet
bl ackness. ThECTEARdRS RSBt PIr @Ry efkseb b s Voss med adng), M d a4 ¥ignent
di spersant conprising: (a) 5 to 30 wt % of aromatic and/or heterocyclic vinyl
nmononer uni tses aslPeard Bmesk-% binonther feht tsihavemng cvirhefroiperg c) 40
to 80 wt% of (meth)acrylate ester nononmer units, and (d) 5 to 30 wt % of
monomer uni twr ahemgn poby (Ca e radky Ceneesgldresingoimpers. oSmood writing
(C1_22-al kyl) ether chains of said glycol, said poly (C2_6-al kylene glycol)
chai ns or noms (€4s2Bialkitiioet benetehaing dwavi kg teh rsudle o fantes age, ra@cul ar
wei ght of from 150 to 1,500, a sumof said nononer units (a) to (d)

amounting taHOWritten characters were very high in jet blackness. The

ink was substantially free of VOC.
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W% wherein said pignent dispersant has an acid value of from 30 to 300
nmgKOH g, a nunber average nol ecul ar wei ght of from 5,000 to 30,000, and a
content of organic conpounds, boiling points of which are not higher than
250C, of not higher than 0.2 w% 2. A pignent dispersant according to
claim1l, wh fih ester groups in said nononer units (c) are aliphatic
groups havi ng %o 4 carbon atons or alicyclic groups having 12 to 22
carbon atons. 3. process Qr t.he rodl,éctlon of .a _| gnent di spersant,

f
whi ch conpri ses: W‘@rmie?l néil(sé) o COFPREGHOF 'an ar omatic and/ or
het erocyclic vi nyI é 10_to 30 wt % of nomer V. an aC| d
group, (c') 40 to o% 3 et h) 2 B At ST %?I%Cr‘cycja]rﬁgj Yl s to
30 wt % of a nononer haV| ng a Poly (C2-6-al kylene glycol) chain or
mono( C1_22- dMkyPeet ekt Shai n of said glycol, said poly(C2_6-al kyl ene
gl ycol) chain or nmono (Cl1_22-al kyI) et her cha| n having a nunber average
mol ecul ar wei ght ofP)f remas3q ovt ¥ oBownens it s dialv Fohorerd qeeupsio (d
) amounting to 100 wt o, wth a polynerization initiator in a water-soluble
organi ¢ sol vent t 62 oHtCaitr 80pet nef | @ettihm anydtadree ewitelr monesaktamits,
pol ynmer contained therein, conbining and m xing said polynerization m xture
and water tagether to enulsify or dissolve said polymer in said water such
that an erul sion or solution of said polyner is obtained,

(d) 5 to 30 wt% of monomer units having poly (Cz-¢—alkylene
glycol) chains or mono (Ci-z2-alkyl) ether chains of said glycol,
saidpoly(Cy-¢—alkylene glycol) chains or mono (Ci-z2—alkyl) ether
chains having a number average molecular weight of from 150 to
1,500,

a sum of said monomer units (a) to (d) amounting to 100
wts,

wherein said pigment dispersant has an acid value of from
30 to 300 mgKOH/g, a number average molecular weight of from
5,000 to 30,000, and a content of organic compounds, boiling
points of which are not higher than 250°C, of not higher than
0.2 wts.

2. A pigment dispersant according to claim 1, wherein
ester groups insaidmonomerunits (c) arealiphaticgroupshaving
1 to 4 carbon atoms or alicyclic groups having 12 to 22 carbon
atoms.

3. A process for the production of a pigment dispersant,

which comprises:
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“adding an acid to said emulsion or solution of said polyner to have said
pol ymer precipitated such that a m xture of water and said polyner is
obtai ned, and then, heating said mxture to a tenperature of not |ower than
a cloud point of said polyner. 4. A process according to claim3, wherein
said wat er - sol ublR lomgaizd ol hent § sF@t3q edst dnarsanssmtiselaad/ed from
the group consisting of nethanol, ethanol, isopropanol, n-propyl alcohol,
et hyl ene gl yeolerqriophlenenygl yasalomest,hybehd 0 gb ookt hrodoherhphestiasring
propyl ene gl ycol nononethyl ether, acetone and tetrahydrofuran. 55 5. A
process accardangdgeonbai m’3, 4Mier&) ntsaifca (petphecryaatersiteirtnatares,s one
a coupling product of radical deconposition products of which has a boiling
poi nt of notaddwet’) tthaw 2B0EL %60 fAaphonessr acawtth g dal | @i-gr &l kywiheareei n
said polynerization initiator is at |east one conmpound selected from the

group consi sgiyb0f chad'r 3zokbs64CBE-hoXyy1 2. Ahdirmehhyhvakesanitdiy&)l,
2,2'-azobis(2,4- dinethylvaleronitrile),

2,2' -azobi s(&y4 t Kicpet b ' bi - ope [ id),
52, azon! Sgs;a%ie ﬁ;?_(@%s[%wmbaee@lyc&lﬂcﬁaﬁ b 8 Gfbrey@Nopent }He) G @ed )

1, - bi s(hydr oxyIret Ryl iv2r nyﬂ{l@gsaéﬁ]%éwg@%@%%% meight of from 130 to

2,2"'-azobis{2-nmethyl -N-T1,1 r oxymet - propi onam de

ammoni um persu @t g, s&%?%if“g?ai?&rn?o‘i{cfn?é s .(apgttaé%id"'g‘. RELSHLLA ?cc?aTGOWtC%,Oge“
peroxi de. 7. 'A priocess according to claim3, wherein said acid is
with a polymerization initiator in a water-soluble organic
solvent to obtain a polymerization mixture with a resultant
polymer contained therein,

combiningandmixing saidpolymerizationmixtureandwater
together to emulsify or dissolve said polymer in said water such
that an emulsion or solution of said polymer is obtained,

adding an acid to said emulsion or solution of said polymer
to have said polymer precipitated such that a mixture of water
and said polymer is obtained, and then,

heating said mixture to a temperature of not lower than
a cloud point of said polymer.

4. A process according to claim 3, wherein said
water-soluble organic solvent is at least one solvent selected
from the group consisting of methanol, ethanol, isopropanol,
n-propyl alcohol, ethylene glycol, propylene glycol, ethylene

glycol monomethyl ether, propylene glycol monomethyl ether,

acetone and tetrahydrofuran.
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an inorganic acid. 8. A process according to claim3, wherein said

“pol ynmerization mxture is poured into water to have said pol yner

preci pitated, and the thus-precipitated polynmer and an aqueous sol ution of
an alkali are conbined and stirred together to enulsify or dissolve said
pol ymer such that an emul sion or solution of said_polyner is obtained. 9. A
process according X0 & BFRFSSSWREFEIrA18Si doarkaim 3y sWaeE6ipodrddsel ect ed
fromthe group consjisting of ammonia, diethanol am ne, triethanol anine,

di pr opanol aRHWe/MH6L 354 b paASLaNCRe L S| PR A Rpdride BECAYEE o TRHrSX: de
and potassi um hydroxide. 10. A process according to claim3, wherein said
pol yrer i zat idFIfiBQtirtel eiharaguagaedughiehdidva wiildmaprant af aotckansihed
and stirred together to obtain a solution of said polyner, and an acid is
added to saitthasol260°Gn to have said polymer precipitated such that a

m xture of said polynmer and water is obtained. 11. A process according to
claim 10, wherein Gai d airkakss hscardanpotndcsalacBedwheemihheagsoup

consi sting of ammoni a, diethanolam ne, triethanol am ne, dipropanol am ne,

tri propanol g6 ngnedi 44t i0A hyide 0xt de, i sadi Ladydhexidhpantd spokasstuon
hydr oxi de. 12. An aqueous solution of a pignment dispersant, wherein said

aqueous sol WHONy Qﬁﬁibi@%i%iqz%t by, seuty i Zi N b gpent  di sper sant

according to claiml with an alkali in water, has
2,4-dimethylvaleronitrile), 2,2’'-azobis(2,4-
dimethylvaleronitrile), 2,2’-azobis(2,2,4-trimethylpentane),
4,4’ -azobis (4-cyanopentanoic acid), 2,2’-azobis{2-methyl-
N-[1,1,-bis (hydroxymethyl)-2-hydroxyethyl]propionamide},
2,2'-azobis{2-methyl-N-[1,1-bis (hydroxymethyl)ethyl]~
propionamide}, ammonium persulfate, sodium persulfate,
potassium persulfate and hydrogen peroxide.

7. A process according to claim 3, wherein said acid is
an inorganic acid.

8. A process according to claim 3, wherein said
polymerizationmixture is poured into water to have said polymer
precipitated, and the thus-precipitated polymer and an agueous
solution of an alkali are combined and stirred together to
emulsify or dissolve said polymer such that an emulsion or
solution of said polymer is obtained.

9. A process according to claim 3, wherein said alkali

is a compound selected from the group consisting of ammonia,

diethanolamine, triethanolamine, dipropanolamine,
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a pignent dispersant content of not higher than 50 wt% and has a content
“of organi c conpounds, boiling points of which are not higher than 250C, of
not higher than 0.05 W% 13. A pignent dispersion conprising at |east a

pi gnent, water, a pignment dispersant according to claim1, and an al kal
and having a_content of organi ¢, conpounds, boilin oints of which are not
hi gher than ESB@?OB?HHL?mh'@he}lFﬂhﬁmOhﬁﬁrﬁf®§e'Sgoglum hygrOdee and

potassium hydroxide.

10. A process according to claim 3, wherein said
polymerization mixture and an aqueous solution of an alkali are
combinedand stirredtogether toobtainasolutionof saidpolymer,
and an acid is added to said solution to have said polymer
precipitated such that a mixture of said polymer and water is
obtained.

11. A process according to claim 10, wherein said alkali
is a compound selected from the group consisting of ammonia,
diethanolamine, triethanolamine, dipropanolamine,
tripropanolamine, lithium hydroxide, sodium hydroxide and
potassium hydroxide.

12. An aqueous solution of a pigment dispersant, wherein
said aqueous solutionhas beenobtainedbyneutralizingapigment
dispersant according to claim 1 with an alkali in water, has
a pigment dispersant content of not higher than 50 wt%, and has
a content of organic compounds, boiling points of which are not
higher than 250°C, of not higher than 0.05 wt$%.

13. A pigment dispersion comprising at least a pigment,
water, a pigment dispersant according to claim 1, and an alkali
and having a content of organic compounds, boiling points of

which are not higher than 250°C, of not higher than 0.01 wt%.
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