- TITLE 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
‘clains the priority of Japanese Patent Application 2007-160881 filed June
19, 2007, which is incorporated herein by reference. FIELD OF THE
| NVENTI ON [ 0002] This invention relates to pignent dispersants (which may

herei nafte refe d_si s "dispersants") substantially free of
vol atil e o&&%ﬁpcggbhgguﬁﬁggghépginafter referred to "VOC'), their
production process, and their use. BACKGROUND OF THE | NVENTI ON [0003] In

vi ew of environnental problens such as global warm ng and air pollution,
reductions in VOC are now being carried on in various fields such as

pai nts, inks and RYASEN LRI OrERH et alFE INHRGGRY ATHON iRHQF EotS pai nt's, the

devel opnment of paints indiverseforns, forexanple, poweredpaints,

hi gh-solids paints and water-bas8Y§DpdHREE HEEenvironnent -respons ive
paints isbeing carried on. In particular, water-based paints are under
active developnent, resulting in the devel opnent of | ow VOC paints and 1
zero-VOC paints in attenpts to reduce VOC. The term "l ow VOC paint" neans
a wat er - ba€BROSBaREBFERENCEOTOC BELRTEDOAPRPRICATEION 0.1 wt % or |ower, while
the term"zero-VOC paint" neans a water-based paint the VOC content of

which is | goeoighan @k apc%idait iehhen aweisdsnel 8@ ipRM: yAod capadeale of
work is, therefore,
Patent Application 2007-160881 filed June 19, 2007, which is

incorporated herein by reference.

;FIEiD 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 environmentai problems such as global
warmingandairpollution/reductionsinVOCarenowbeingcarried
on in various fields such és paints, inks and construction
materials. Takingthefieldofpaints,thedevelopmentofpaiﬁts
indiverse forms, forexample, poweredpaints, high-solidspaints
andwater-basedpaintsasenvironment-responsivepaints isbeing
carriedon. Inparticular, water-basedpaints 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
_paints, such as binder solutions and enmulsions, and also to reduce the
“contents of VOC in filmformng aids and the |ike which my becone VOC It
is al so 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 pignent dispersed. Due to VOC
Cont ai ned- PAL o GRIebtAt SauBLoR oL S be Braper ol ATG: GaEtadpu-TOC

of VOGi scont ai nedi nt hepi gnent di spersion. It has, therefore, _been unable to
use convenPR&RAl PEIRBMA 'R ersd TR RN owheOFOChSPRESNSr OfeMBiVRC Bai nt
fromenvironnmental consideration. There is, hence, an outstanding demand
for a reduftiontnoyoboweparvhtbeathy BepnghearodiSpearainh” usaane an

| ow- VOC paints or zero-VOC paints. [0005] Surfactants are enployed as a
sort of diwpeesahssedhpvimy tdeMVOE abhkeny. oUsimigett hes é oggnf abranf sl

pi gnent di spersions substantially free of VOC have al so been devel oped.
Sur f act ant stay én didvweveprdspvi G0ppmol eubacateicghtoBrdrkiigh therefore,
hydrophilicity, so that coatings fornmed frompaints, which 2 contain

pi gment di gpeesiwag tmkidadhasehef ddmesetuffavbania, reaf s PoepetkBions

wat er pr oof ness. Accordingly, pignment dispersants of high nol ecul ar wei ght

type have bgepe dewe| apedaiByspr ovbdi 09 bihdlspeNs@Abny bRdachipbisnkpcul ar
wei ght, a coating wth the dispersant contained therein can show good

‘é\’?;er pr oof BR§ 1 sdUbt Aeliucd tHNE8h+8RHsa Aherel sant - e Uspd il anpai nt
the like which may become VOC. It is also considered necessary
to reduce the contents of VOC in dispérsants 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
0fVOCiscontainedinthepigment dispersion. Ithas, therefore,
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
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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 VOC. As a reason for this, an acrylic dispersant is
obtained Db olution polynerization. Even by a thod that Lnc]udes

For mi ng. t hEUBEShr RaAPET i R Ao Lo BRdCERSh ReaFFRbI Ehe
aqueous solution tq distill off the salvent and residual npnonmers as VOC
fromthe sOFGtRWE Pt "RkCEPFPPERFESt o Iy 1 BLOREREAL @1 SREF FORTF he
aqueous sol ution of_ the dispersant because of effects of the boiling point
of water affl HgRNQFeNTRBNE1IhRd ¥Pabkeve besincdeedebeh: AY Arevhdetdence,
a great mpjority of VOC still remains in the dispersant. [0007] There is
anot her ne@hdispergapowish hehapbvieo Heseld bete i@l utd opasfingheidhsple sant
into a poor solvent for the dispersant, such as water, and has the

di sper santdpseerpahatedniainde sheévein cin skowvgoMDGvzoeponenfse$s om t he
di spersant. In this case, 3 the dispersant is hydrophobic so that

particl es Bhrther dispelsdt aradgr egdaioe risaing acsbki dsebuli kyaopapowderef orm
in the poor solvent, and therefore, VOCis confined to the particles of

the di sper sagtii re¥Co CraMOt gbed etbmparatieth evenyitiencddie sitisper sant is
washed. Even when the dispersant is dried, 1t is still difficult to

conpl et el yaebpat Hah € MAEphbeam et He SOt 1 SYMVARY MO nd HEohNVENTHON

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
inVOC. 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
monomersas\KXIfrmnthesolution,ji:isdifficultti)completely
eliminate VOC from the aqueous solution of the dispersant because
of effects of the boiling point of water and that df VOC and
their azeotropic relation. As a consequence, a great majority
of VOC still remains in the dispersant.

[0007] There is anothermethodthat pourstheabove-described
solutionof thedispersant intoapoor solvent for the dispersant,
such as water, and has the dispersant precipitated in the solvent

to remove VOC components from the dispersant. 1In 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 pi gnent
di spersi on maki ng use of the pignent dispersant. The present invention
al so has as a still further object thereof the provision of a pignent

di spersant _t hat. has od onpat | I|t sin blqglr for aln s or
the 11 ke GHE Haretaes Bar Phasharih BhbteRatEr brarnessd EheB3r e
above- descrlbed obj ects of the pre i nventi can Be achlev d the
resent 1 ngAEFA Eo P clﬁdaelauﬁﬁmrna?v% = Tompch F@c?%op%ép FERFry, the
present invention provides a pignent dlspersant conprisin a) 5 to 30
wt % of ar oRREi A ShTd G h‘@%ﬁawafll@emfwheﬁﬁﬁéﬁf@#eamftfshe %%prQS?BtSO Wt %
of nmononmer units having acid groups, (c) 40 to 80 w % of (neth)acrylate
ester nono¥eF gGanpet banelimiwpted tevegp Wiem dhenslierersanitt  shyaphgad-
pol y(C2_6-al kyl ene glycol) chains or mono(C _22-al kyl) ether chains of the
gl ycol, theepokpea2tBeabkybensagtyisl firdchdi nstotsnehol { Glig2iahkyl Foet her
chai ns having a nunber average nol ecul ar weight of from150 to 1,500, a
sum of thecoopértelynefismiapteov(d) fanmunhenditpedf&ntwt % wherein the
pi gnment di spersant has an acid value of from 30 to 300 ngKOH g, a nunber
average nol ecul ar wei ght of from
SUMMARY 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 agueous 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 therecf 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
canbeachieveathepresentinventiontobedescribedhereinafter.
Described specifically, thepresent inventionprovides a pigment
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 conmpounds, boiling points of
,which are not higher than 250C, of not higher than 0.2 wt% [0010] In the
“above- descri bed di spersant, ester groups in the nmonomer units (c) may
preferably be aliphatic groups having 1 to 4 carbon atons or alicyclic
groups having 12 to 22 carbon atons. [0011] The present invention al so
provides a process for the production of a pignent dlspersant whi ch
conprises:  pol yré?i2itAg>¢ ét”t) 8 MPISISH Yot SAR BhRPLY (Gadr 8t kylene

het erocyclic vinyl nmononer, (b') 10 to 30 wt% of a nononer having an acid
group, (c' Plagold eb2iRscut maneHEthy-akkyl htathast ehakBRoverthe gaycedy) 5 to
30 wt % of a nononer having a poly(C2 6-al kyl ene glycol) chain or

mono( C1_22t&kkyely éEherathalenoulykelyl ghalns oyandnpofy(-Gl6rkl kfherre
glycol) chain or mono (O -22-alkyl) ether chain having a nunber average
mol ecul ar wbidghs bévingm 1s0ber atetags0lylecsiam efeighe obnbnensl{G'to) to
(d") amounting to 100 wt% wth a polynerization initiator in a

wat er - sol ull,é00r,gani c solvent to obtain a polynerization mxture with a
resultant polynmer contained therein, conbining and m xing the

pol yneri zati on mhxsumeoanchdat®iomd0getires (=0 amul(@)f ymelingiisgokwe 10be
polynmer in the water such that an emul sion or solution of the polyner is
obt ai ned, @dding an acid to the emulsion or solution of the polymer to
have t he polyner precipitated such that a m xture of water and the pol yner

I's obtained, andy{BeBin the 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 wt%.

[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(C,.¢g—alkylene
glycol) chain or mono(Ci_z;-alkyl) ether chain of the glycol,
said poly(Cs-s—alkylene glycol) chain or mono (Ci-2o-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 m xture is poured into
“water 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 polyner such that an enulsion or solution of the

pol ymer ai ned ner | on m ture and, an aq us, solution
of an alkaﬂrggbe %5%@\ﬂgdjEﬁHEEF%PFEd%?obé?ﬁéfﬁt a%BPﬁgﬁng1§bﬁ§®' Bh®’of the
pol ymer, and n acid is added to the solution to have the

preci pi t at 84t8uBhPPRYPCEI ARk AR el Bt L1 REO POl Prr WARET ~ Rt 8Pl soﬁﬁ?aiﬁed
[0013] In the above-described production process, the water-soluble
organi ¢ soP9&éRENFmyCpPRERLADAYPBEVRETT 2ALEOBNEIXEBIVetiitBeR cbeoll FRBH t he
group consisting of nethanol, ethanol, 6 isopropanol, n-propyl alcohol,

et hyl ene gP9¢pnerpeepypened Qh?éginrethylene gl ycol nDnonethyI et her,

propyl ene glycol nononethyl ether, acetone and tetrahydrofuran; and the
pol yneri zati on |uombanbngmmﬁquxﬁmgabbxxU@mMMﬂzammmpmungupeadutwater

radi cal deconposition products of which has a boiling point of not |ower

t han 250C. tp881HEr | to tdha latidwe odesicd sdilevk prhedpel iyor rpf ©agss wattke such
polyneri zation initiator may preferably beat |east one conpound selected

fromthe gepap €ANSMELIENENObr solution of the polymer is obtained,

2, 2' -azobi s(4- nmet hoxy- 2, 4-di net hyl val eronitrile),

2,2' azobi s(2, 4- Q&@Fﬁ@¥h¥§E§HQﬂiEhbléﬁuls1on 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 analkali arecombinedandstirredtogethertoobtainasolution
of the polymer, and an acid is added to the Solution té have
the polymer precipitated suéh 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- et hyl -

"N-[1,1, -bi s(hydroxymnet hyl ) - 2- hydr oxyet hyl ] pr opi onam de},

2,2' -azobis{2-methyl -N-[I,]-bi s(hydroxynet hyl )ethyl]- propionam de},
ammoni um persul fate, sodium persulfate, potassium persulfate and hydrogen
peroxi de; the acid y _preferabl e an inorganic acid, and the al kali may
br ef er abl y:SDRE GPLRhOUR P L Bht BECT D tHe GOt FOHET bt | FRPRY L Shifroni a,

di et hanol am ne, _tri et hanol ani ne,_ di propanol am ne, tripropanol am ne,

i t hi um hy@+¥%? He, SRt @M% nJHY ex} deeRee tivot Riheim ARG J00ABt The
present invention still further provides an aqueous solution of a pignent
di sper santTORpRe e il t flehefuedtRtord|and ore Haah weent Wiatsi retd Byheeut ral i zi ng
t he above-described 7 pignent dispersant of the present invention with an
al kal i in polyeerihasien phghbatodneyarsdstr addmmlenenet aspp Hingherodiahn 50
wt % and has a content of organic conpounds, boiling points of which are
not hi gherof haatliz80Cdeobmposihiigherrddiarnt © oF5wint & hd D@16d1iThegpresent
invention still further provides a pignent dispersion conprising at |east

a pignent, oat&r , 1dhEr abeye-oeser.i bed pi gnent di spersant of the present
i nvention, and an alkali and having a content of organic conpounds,

boi ling ppoots] of whhchhar 8b80t-8b8bLILENAPr38REL i 6h pRbcbighethéhan 0.01
wt% [0017] The use of the dispersant or pignent dispersion according to
t he‘ presentol yWER 1 oM oiheR1heos RIS &) d Y1 § be&t 1east one compound -
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

agueous 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 environnmental 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 | NVENT EEEBF qgg! T. - ' [ il
next be dé%%ﬁ#{§£i4?§§F ur E%E¥E§E§MFN%§§E%Qon rgggﬁhgrgéeggrég%§p§;ﬁg th
th i ti .. Th i t di to th t. | ti

e BRI N R WS Rt e

contents within the above-descri hed, respective specific, 8 rapges and the
content of"Yocang g.aﬁﬁ’mtq%r&reqtoﬁgr‘?r ‘g&ﬁ“mﬂunc&' %’ﬁéi‘%’@ﬁ E%h‘?%ﬁtogt t he
above-descri bed content can be achieved by the process of the present

i nvent i on ¥orCh RepnedubtiiossrofhapheS fispeds ant. hbeberi b]é@lnsqbeQ:g fitelad |y,
the solvent for use in the production process of the present invention is
a water-sflQifile sol Veppresshtvibiven tike staislul fpngher ppersdas adummeset
readily collected, and as the polynerization initiator for use in the

pol yner i zatisrersi golgonry Feinomt figastt or pidmeorpogiatieon Bypr oduct s of

whi ch can hardly becone VOC is used. After the polynerization, the

pol ymer i zathaorerdedaribed pisutgnec tédptoswaten fotihe ol oentacirdreottiorf 0l | owed
by heating. As a consequence, the solvent which may form VCC, the

unr eact ed armbaanErs angdndmauring escdmygmedot omayghi steepoaads| s Idiaty be
readily elimnated, and the thus-obtained dispersant is

points of which are not higher than 250°C, of not higher than

0.01 wt$.

[0017] The use of the dispersant or pigment dispersion
according to the present invention, which is substantially free
of VOC, in coloring produéts in which VOC has been contained
to date, such as paints, printing inks, inks for stationery and
inkjet inks for the solution of énvironmental problems such as
air pollution makes it possible to reduce VOC in such coloring
productsandhence, to furnishcoloringproductsof 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 % or lower, nore preferably 0. 1 w % or

* | ower based on the dispersant (which may hereinafter be called "polyner"
in sone instances). [0019] Further, the above-described di spersant may be
neutralized with an alkali into an aqueous solution having a resin solids
content of 50 w % or | ower, thergfxpaklnq%kippgssibIe to gbtain an aqueous
sol uti on cGAPERRIHRF VEE GP1bB5 S 5 AbrPYief erfa §OBLHOS wt %
or lower. B disgersing a pignent in water while using the aqueous

sol uti on oPItHe YPreATente tRE ghoe Eas Bd brst arit e 628 47 gaBaeved

di spersion containing VOC 9 at 0.01 wt% or |ower. [0020] The nonomer units
that make B Ehe RIS &t thecpoedpny ioveniel pr dsunithienpeadiueh ianecthe
units (a)-(d), and are typically characterized especially by the use of

t he nononetheudisgetsinhavibepatiday ywrelcidhaiadd yor thiee sodnealtkfbrether
chains of glycol which subsequent to the pol ynerization, bind as grafted
chai ns to anbabhkbpnedaboibnoprdvhess chaths paysbeteinaéheiobeiscal | ectively
called "glycol chains") . As the glycol chains, it is necessary to contain
et hyl ene ghycek-§EQbUAIds] vtk tfaronewhii bht tisolndydliding aivpeesanCospaunds
whi ch can form such glycol chains can be conventionally-known glycols

i ncl udi ng, pef fEa@XBPRIA.1 RAMEL BYLHERS Y 01 iREDzataldiy iane iakyeokor
(EGQ - propyl ene glycol (PG random copol yners, PEG PPG bl ock copol yners,

PEG PPG PEGLTERI Gk ﬁ&P?xl«é(P?ﬁtiEE’,G PEGs PRz r1£4P1 96K GOPOLYBET S,
PEG but yl ene gl ycol copof yners,

decomposition byproducts 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 1is
substantially free of VOC. According to the present invention,
the content of VOC can be reduced to 0.2 wt®% or lower, more
'préferably 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 agueous solution having a
resinsolidscontent of 50wt% or lower, therebymakingit 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

, copolynmers, and their nonoal kyl ether derivatives that their one ends are
* Cl_22 al kyl nonoethers. [0021] The di spersant according to the present
invention is required to exhibit hydrophilicity by the inclusion of EG
units in its structure, and therefore, EG units nmay be contai ned
preferablyaﬁtOSQ%mﬂggor hj gher, nore preferably at 75 wt% or higher in the
gl ycol chalns:- rfTeutar %?éferred is a EG PG random copol yner or bl ock

copol yner i non thyl ether,. nonoethyl ether or nopr opy] et her
derivativef69ééih coﬁggiﬂ nOTﬁrP%%%EﬁiFEaBr%EE?uHPtEh%tg¥§p @E%F hi gher .

[ 0022] The glycol chains introduced as graft chains in the dispersant
accor di ng FOCOHRLY xS RYBAENENI BAY RN Fhpdrahtthcounassud @) that - t3rd

di spersant to be obtained by water-out or acid-out froma polyner solution
avai | abl e #¥omypércatilorciporaatay izzad eareahd.l s Msetie msehehthegnonemenot
contain VOC. Described specifically, the glycol chains exhibit

hydr ophi | i enilys dnld, hawieng thieeg sptak cbaiok ¢ehéheinperabngl eshsubjleries to
wat er-out and/or acid-out to have the dispersant precipitated, the

di sper santof g$ytoi md dhnd o 38 quapat d itélegso bymd ez etmodrs) byndgsagta Dredf t he
gl ycol chains to provide a dispersion of a mlky-white to translucent

di spersi onchdfXs it at beekbone, (batlllyf corfdanetatias inh¢ haseéteadtet e
di spersant. [0023] Wien a solution of a highly-hydrophobic conventi onal

resin or therlédei+an @reorganivgatdd ichaRouwed i AtorMateIyESl dayEnd he

resin or the like precipitated, the thus-precipitated
it is necessary to contain ethylene glycol (EG) units and to
exhibit solubility in water. Compounds which can form such
glycol chains can be conventionally-known glycols including,
for example, polvethylene 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—; 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
chardly formed 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 imnated even when the precipitate of the resin is washed. Even when the
resin is dr tely elimnate VOC from

ied, .it is i1l .inpossible . to compl

t he resin.Pbﬁnupﬁ5508§eﬁ§fupﬁtsdﬁgngsgﬁf 8Ecgggﬁﬁ§'to t he present

i nvention, ver, the dispersant can be forned into_m croparticles in
11 wat er O\Xnoﬁg\éﬁo t hed En8lys gnc%?lrfghemrjffdjrddﬁ‘ﬁq Pe %ﬁ/@blc‘i'@rfa{'f%sln RS ts
structure, so that the VOC contained inherently within the dispersant is
not confi n€dSPErERBL R GPRIGEM Lo RheRreshrdpaPyant 1onmer @ ¢RIt &gt ¥oC can
be reduced accordingly. [0024] In the present invention, the VOC in the
di sper sant asegnepdatiuthhéispedaset tyohelt & hged he watderwatteer peédirpiitat i on
product of the dispersant to the cloud point of the dispersant as

det er m ned fiopmtdheodlyyeal schat hen iavedlpdrlat Edomrsdlhe idinspet gmatrizetibingher .
In general, the glycol chains are dissolved in water via hydrogen bonds

bet ween t hehd etibsegoxygehecatanyg andlwaber conobéanulyes. amksahdmnedieat ed, the
hydr ogen bonds di sappear so that the glycol chains lose their solubility

in water. Ebesilieabing, therpejad UERaiss eahlied t'tldnabHiaiidity dmd | heepr esent
invention, the glycol chains in the dispersant also bring the dispersant

into an emghsidd Bt n dirspies ARG petake tovs RGHHR dthe £o Rdeapidd ahbly orBy
raising the heating tenperature to the cloud™ point of the dispersant as

det er mi ned,BY qLb3t MY CRhvENAU DY {Upersant precipitated, the dispersant

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
particles arehardly formed intoanemulsifiedor dispersedstate
and become large, solid, bulky, powdery or flaky particles fo
include VOC within the resin particles. 1In this case, the VOC
inside the resin particles cannot be eliminated even when the
precipitateoftheresiniswashed. Evenwhentheresinisdried,
itisstillimpossibletocompletelyeiiminateVOCfromtheresin.
In the case of the dispersant according to the present invention,

however, the dispersant can be formed into microparticles in

11



hi gher, water nol ecul es are caused to separate fromthe glycol chains, and
at the sane tine, VOC existing together with water on surfaces of the

» dispersant 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 coll ected
from wat er filtration or the like. The heating to the_cloud point or
1211 gher VACBFUBIHISES THE SIGL6PLERS NG 19 FoRE oS areahYCol Hehabys

bri ngi ng about an advantageous effect that the particles of the _ dispersant
are al | owed"t bt AFGreGate s o SPaki et tidh e VA& contedaedohnheronbsy whtlybner al |
the higher the nolecular weight of the glycol chains or the nmore the EG
units in tReegfyeReramnl nks nehecongheedthe theoudiprertantis Imethel ecul ar
wei ght of the glycol chains increased in the present invention, the cloud
poi nt  beconesehsaher e tdenteme @éa‘f@@lgcarer&p@rmcimceedlamw@r@bnghj'sed for
t he above-described elimnation of VOC that makes use of the cloud point.
At the hea{0024} enpelatthe predaitsédyvehowenerthe Wdenia theadpopentaat
problemin that the particles of the dispersant nay undergo fusion bondi ng

into | argetapayd fakeBer ddduded MRl Best angweighhdekwhbergbyeol pchat heni s
excessively high, there is a potential problemin that, when this

di spersantpisdudis &t t0c0ht FporFaPt w&%edbs?@@&%ﬁ&l%@%@ the &P GheNant
dispersion is sued in a paint or the like, the resulting coating nay be

provi ded wij Belee%m@a%rywwgﬁ!%%l%%fn% H@oﬂs&ﬁw@mﬁm ldcdgyrsQhc the

di spersant. As the nunbér avérage nol ecul ar wei ght of
or higher. Ingeneral, the 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”. In the present invention,
the glycol chains in the dispersant also bring the dispersant
into an emulsified or dispersed state owing to their
hydrophilicity. Byraisingtheheatingtemperature tothecloud
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 alsé separated from the
dispersant so that the VOC in the dispersant can be reduced
further.

[0025] In the above—desCribed.heating'step, the dispersant

by filtration or the like. The heating to the cloud point or
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t he 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
tenperature. of the solution of the dispersant is close to room
tenperature, . 13 .a cl.oud_ point t 30C may need chilling of the

Sol Ut 1 on- BEORRS BeC eI ARE B R o BRLas 1P SEiaivet IPREPYA

cl oud p0|nt hlgher than 70C, on the other hand, may result in the fusion
bondi ng of PERBIPREA@T Y aPBR W AHAI2GHS ?ﬁf%ﬁeth%gathén%%tla%% @it hBe,
requires a great deal of energy to heat the solution of the dispersant to
the cl oud eéﬁﬁ?rSFﬂBﬁﬁ@ﬁélqnqﬁﬁ@ﬁggr@@aéﬁép§WQﬂ%AuR;e%ﬁq6Mktr@€bga-point
is hence preferred. 1t is to be noted that the term"cloud point" as used
herein nmedfA9281t enpénavenerat, whiie hidlee addregutlicmvleir paightl e§ bhe t he
di spersant begins to take place pronouncedly when the solution of the

di sper sant gigchéatkdinThos cheoudypoitite IES uadns der étlet glbeotechaedsfrom
the cloud point of the grafted glycol chains. If heated higher than the
cl oud poi nthethigheditgpeesanl pos ntaused the reepaialLr $61ighab ridhse g0y dbion
separate into a clear water |ayer and the dispersant in a bulky form

[0027] It EBa@h§0iAchBhOEACHAT ke epissést Of nt &t PERJUELE 0B ol OSESSE
according to the present invention that in the production of the

di spersant peBEMEEH Mhet 8B {Katneededed Ol nd heriRarS@Nhas Pt heisgduction
of VOC, it is a commbn practice to renove VOC fromthe dispersant by

dryi ng. InfEPetHéQ§5g@el&Q§%§iﬁgB JyﬁMfﬁgflon of VOC that makes use of

the cloud point. Attheheatingtemperaturesoraised,hdweverh
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
providedwithpoorwaterproofnessduetothehighhydrophilicity
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,
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t he di spersant can be obtained in a substantially VOC-free form by adding
. water to the dispersant solution obtained by solution polynerization or
adding an acid to the dispersant solution to have the dispersant

preci pitated and then heating the resultant mxture. In the production of
t he di spersant, the present 14 invention, therefore, does not require any

drying ste o that. di.spersant i evented fraom. fusio ondi whi ch
woul d-ot hét GSuS RERE Jitis By 37 Rome AT LU o0hr FRTITR NS | s
required for . the.dispersant, thereby making. t possible to reduce the
process tfﬁgtgﬁdg&SEF ﬁﬁﬂgafch?TFckﬁagﬁQﬁﬁ HPOS§W@F§y°§aBPﬁgfl ecadse the
el ectric power for such drying and 8rinding steps is not used. £0Q28]
Further, tHOW pedntchaghslitame Glsper st caher BaRsi dérBdre i Shov: good
conpatibility with a resin emulsion to be used in a paint or .the like. In

general , tHE fesipreardiaw darfhse RescdPidating Sdwdeasiong diulsomsn

pol ymeri zation while using a nonionic enulsifier such as PEG nonoal kyl

et her. Whamstancesepnbsiwhtaew, thegydingeeat gtéspates b faggerdy nge theathe
present invention are m xed, the glycol chains in the dispersant and the
emul si fi erthen stdleitém sifonhdi dsepeesenthtot hee sbotdiapoime. émdmsitdre and
di spersant exhi bit good conpatibility. [0029] The aqueous sol ution

cont ai ni nyitdheodingpef saat gy aaednhdi, gl dwe t beoptesanit i HMente @rdfe ralesn
characterized in that it contains substantially no VOC. In a conventional
aqueous [itgIBNtodbeprbB8EA@Nthat Wah &I tSoh W 10100 gastire: 'S v efdfe Dhelr@wn

nol ecul ar wei ght 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 charactefistic of the production
process according to thepresent invention that in the production
of the dispersant, no drying step is needéd for the dispérsant.
For the reduction of VOC, it is a common practice to remove VOC
fromthedispersantbydrying. Inthepresentinvention, 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

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 dispersant solution according to
“the present invention does not contain such a pignent as described above,
and is considered to be weak in the 15 pignment-wetting action. However, the
di spersant according to the present invention is characterized in that its
glycol chains show a wetting effect for the pignent and bring about a good
initial pigR¥RNEdPrEperRehglefeedoey DOSOTe®KbIDIEY BFVERE TP that )
contai ning such glycol chain(s) include esters of such glycol chains with
(et h) acr giisperaends,s rirrl ¢meadhi row fybanh dendimstvdi itngowsld htheywobe
chain(s); and nononers obtained by reacting such glycol chain(s) or glycol
chai n(s), whikeholmse bandnateg. oAscamemniltat d gerid(d)ng vieh ig megh)aedyl at e
esters containing reactive groups, for exanple, an isocyanate group,

gl yci dyl gfoupthaddbxetasyht grohpreby espeiaid vied yhoSfsdib lexamplreduce the

i socyanat oet hyl nethacrylate, glycidyl methacryl ate and oxet anyl

‘met hacryl apeock8838] mdhen€ asantanef atlBe PO r UitS HL knerg@cBadfinghi ch
contai ns such glycol chain(s), in the dispersant nay preferably be fromb5

to 30 w % pAceaBkefhe A1ddier IR ¥BKt SukR)dIPIRY ardd@R 1BdWh ¥ €apRot

bring the dispersant snoothly into an enulsified State or dispersed state
upon subjeg%iHgttggeeglynerization m xture to water-out or acid-out, while
a content of the nmononer units (c) higher than 30 wt % provi des the

| tant dj t | ivel v hi hydr. LGl wh
{he.di cper $00P80 o L ES R g SRR Tk FRaANE Af Bt Bsbed ety rasd w th

reduced considered to show good compatibility with a resin emulsion to

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 tothepresent inventiondoesnot containsuchapigment

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 nononer units (c) nmay 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 with inproved pignment dispersibility, it also contains the aronmatic
and/ or heterocyclic vinyl nononmer units (a) . As an aromatic and/or

het erocyclic vinyl nononmer (a') capable of formng the aromatic and/or

het er ocycl P& SVRRFIVRERSREr a6hi €8  (AOMeveIoohbend | spar R kRSP AiRA tRonomer
can be used. For exanple, it is possible to use, as an aromatic vinyl
nmononer, Ghe preswirteiovestyprans Chanyttorieee invilmyt iylsepleycol chains

vi nyl et hyl benzene, vi nyl napht hal ene, a-nethyl styrene, vinyl di phenyl,

vi nyl cunmenehowvi aywaht hngcefitect civ oronetdndnsintr eme] dryjidrgoxpoetthyl gopdene,
styrenesulfonic acid and salts thereof, dialkylam nonethyl styrenes, and
the |[|ike; iandiel asgacheteiepyebiagvefykcaononer, one or nore of

vi nyl pyridi ne, vinylimdazole, vinylcarbazole and the |like. The content of

t he nononmerooBols (akExdamdiRe 6ifspes s@Monies f f&omc&lt@u?pﬂn?\ns%cmg@gato@nt of
t he nononer units (a) lower than 5 w % provides the resulting di spersant

W th poor phaRBNk) iHSRRISEDELEE Y é/t’(HH @19c59%%&tns%ﬁmmgea@a‘é&ywbts (a)
hi gher than 30 mﬂ@bprOV|des the resulting dispersant with excessively

strong cohsmgnegﬁda(%e%&ga%fo%sa heBh AThENALen WA iSUBRERLLAY L he

pol ymeri zati on i Xture to water-out an OI’ acl a-out, spersant may

not " be broyght, ful 1y d ggea%ed%%saétfﬁg%ﬁmﬂlgffégfc (1 or a1 ye01

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 thedispersant smoothlyintoanemulsified
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, theresultingcoating is providedwith reduced
waterproofness. A more preferred content of the monomer units
(c) may be from 10 to 20 wt$%.

[0032] It is essential for the dispersant of the present
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[ 00331 The di spersant according to the present invention also contains the
nmononmer units (b) having acid groups. 17 Neutralization of the acid groups
ionizes the dispersant so that the dispersant can be brought into an
aqueous solution. No particular limtation is inposed on the acid groups.
For exanple, however, carboxyl groups, sulfonic groups, phosphoric groups;
and the |ike can, be nentioned, with_carboxyl groups being preferred as the

aci d- out of"YHRTHSRHY FALAIR pRIdhAt YaRE TR 28 Sate iret éRCVEnveh?i on
can be easily carried out. Exanples of the nmononer (b') having the

car boxyl gPBUBLAR AF o LirbHdHCas PiImeRt Agseapabbeletyr ditr iR et abhdner
units (b) having the carboxyl groups, include (nmeth) acrylic acid, fumaric
acid, mal etlee apianatiq gaodios hetdrocyol daicimgl dyoramethainfitsedréri fAgati on
products between hydroxyal kyl nethacryl ates and di basic acids, with
(met h) acrghiarawtd deindg opahetenbaytyiprefreyl edbnoiteer dant)engpablethe
nmononmer units (b) in the dispersant is from10 to 30 w% The acid val ue
- of the di spersand tdoe @rmineg it atnlde opr Beeptrociyplent onyi sménome 80ut bt SO0
ngKOH g. Even at an acid value as |ow as 30 ngKOH g or so, the dispersant
accordi ng 1®) | he psesentiondVEM kbW Sv Syl Imdh st vieth ive alsegueaus
solution of an alkali owng to the introduction of hydrophilic glycol

chains as axam pépCitteriissEbgsig%uw e t he BhegeBhat ¥Rt h 0. ndMoRdr ACi d
val ue hi gher than 300 ngKOH g, on the other hand, the hydrophilicity

Di Grent i SperS: G SperSod St h G Y e et G Lper Sare i s used i

paint, thev{§§&g%ﬂ§¥benzene, vinylnaphthalene, o-methylstyrene,
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$ prbvides the resulting dispersant with pocor pigment
dispersibility, while a content of the monomer units (a) higher
than 30 wt% provides the resulting dispersant with excessively
strong cochesiveness 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 waterproofness. A 18 particularly
preferred acid value maybe from 70 to 150 ngKOH g. [0034] Carboxyl groups
“can also be introduced into the resulting dispersant by copol ynerizing a
nononer, which does not contain any acid groups but contains carboxyl
groups protected by readily renovabl e groups, with the other nononers

(a')(c')(d),. and subsequent to the copol ynerization,, deprotecting the
protectedmz9%6%ﬂziﬁHUbQ%QQﬁa%k AFCEPS; $on] ge 9 bhsi bi P UL SREtRL
acrylate in place of the nononer (b' ) having the acid group, said nononer
(b') bei ngd-Raphbire Biatordathdre teumHorsit ufilt fqUHOUsarkP diibiduele to
copol ynmeri zation of the respective nononers (a') to (d'), hydrolyzing the
met hyl eseart fFblisl iRl ket hor 1admposes emthe awidozmirg kalbiori eramnrls boxy
groups. As another nmethod, it is also possible to use t-butyl (neth)

acryl at e ioWawmr ofatrbexydngnenp$ b’ 9yl fanmd s ghrsegse nph ¢ spheopolgmerp zat i on,
deconposing t-butyl ester groups with trifluoroacetic acid into carboxyl
groups. Asand whéeri keetdrad,be ineritsi alesty paissi aardox ys ey dranzy lbimei h)
acrylate instead of the nonomer (b'), and subsequent to copol ynerization,

hydr ogenatgrgferthel kesiid bagdcepelomenetregheanzyiatgetbenberzad r@ister
groups into carboxyl groups. [0035] The dispersant according to the

present i neRticOpredbse CRMEAL DEntdeh (H@Feﬁ)si@ﬁz" ¥hatee8sbet , NN 14RItS
(c) . As a nononer (c') capable of form ng the nononer units (c), a

fonve”t I ona EM'e'&Qﬁ%?ne(rm?Eh% a4l @h@%a‘%rbcﬁeﬁ)’l BoHSedaid hbHShERL (1346 are

ower aliphatic alcohol esters of” (neth) acrylic
beingcapable of forming themonomer units (b) having the carboxyl
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 présent
in&ention 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 giycol chains as a
characteristic feature of the present inventiqn. 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 1is provided with reduced waterproofness. A
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19 acid, such as nmethyl (meth)acrylate, ethyl (meth)acrylate, propyl
(nmeth)acrylate, butyl (nmeth)acrylate, isobutyl (neth)acrylate, t-butyl

" (meth)acrylate, hexyl (nmeth)acrylate, 2-ethylhexyl (meth)acrylate, decyl
(meth)acrylate, lauryl (neth)acrylate, tetradecyl (neth)acrylate,

hexadecyl (neth)acrylate, and octadecyl (neth)acrylate alicyclic alcohol
esters of (nmeth)acrylic acid, such as cycl ohexyl (neth)acrylate,

net hyl cycl ra%&wuw&m%@ffﬂréﬁ@ Hpred Véltlhlwr@ayscb@w‘és@m 702 APRCRIAH AT - and
hydroxyeth¥ %éneth)acrylate hydr oxypropyl (neth)acryl ate, hydroxybutyl
(et h) acr yl @9241 benzGarbasyh) aeeybat eanda hee hye abihoedhyed {meehllaeryl at e,
di et hyl am noet hyl (meth)acrylate and 5-butylam noethyl (neth)acrylate.

[ 0036] Parréeswl ity dirsafesrssyity bya cometliynacryliageaesorome npromech (@99s havi ng
a |l ow nol ecul ar weight or a (nmeth) acrylate ester nonomer (c') having a
boi i ng ponot @fnt2bl0C ary hghergragrs deitussthtaires rmdiery 1 ajyjodsvi ng a | ow
mol ecul ar wei ght can be a lower (Cl_4) alcohol ester of (neth) acrylic

aci d becausgotedied bghr@ad W MRS Ele WebdPl , PN 6t he Fam@idigetd a
pol ymeri zation m xture after polynerization, it can be readily renoved by

wat er - out of7 peddy Qut)., MHEMBIse et a0 [1ays MIROUR -] ghin honomer (c')
has high reactivity, and therefore, hardly remains unreacted as a residual

o ok oSy B AT ot gl Mool ymmR ol
is possible to use methyl acrylate 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. Asafurthermethod,
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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nononer between a hi gher al cohol, such as a Cl2_22 al kyl alcohol, al kenyl
~al cohol or cycloal kyl al cohol, and (et h) acrylic acid is preferred

- because, even if the ester nononer remains as an unreacted nononmer in a
pol yneri zation m xture after polymerization, it does not become VOC of 250C
or lower. Such a high-boiling poi nt monomer (c') contains many carbon
atons so that e incor d in a dispersant t also serves to

provi de th%CHgSpﬁpggn?smT? ﬂp BYEY a$g$§$%?b.$?@yi gpetiy) %ﬁﬁ%&% €1 0037]

| naddi t i ont ot he_ ( neth% acrylateesternnnonerhaV|ng the Cl1_4 i phatic group
or the C12PB9P¥fi ¢9eHhtagtBimleonuby! Fﬁﬁ%@kﬁc¥$%%%§ac%@@%ﬂ%y%sters havi ng
a hydroxyl or am no group as a polar group, for exanple, such
hydroxyalkymeEBh@ﬁFh?%be (rdurYAc e B b2 @By b ke ah@xppfactivracrylate,

di - al kyl ) am noal kyl - containing (nmeth)acrylate esters as described above
can al so %eetbbbgghﬁliﬁ@@tmha©rxﬂiﬁﬁwtdiﬂwkﬁ(m@tmkﬁ@IWL@@@cﬁlQWQYMhoIe
nononers in the present invention. [0038] The di spersant according to the
present ineathpacryihieh st cadposkd(modth hecapbyves desexadmsoy ronomer units
(a) to (d), can be obtained by solution polynerization. It is

particul aryethpactanité p £iDoSE: Ada@dBr (5ot hiod €r gd ventadiscygc 1 501 vent to
be used in the solution polynerization, because the solvent to be used in

the sol utignceebynestati®n [metiemkredic toohe, smétblaasufycymwé;aymen t he
resul ting polynerization mxture 21 is subjected to wat er-out ad/or

acid-out. Thergphveptais, £ONS)HEFELEOPRYEdt BIdePLy:d o @main in the

di spersant if
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 preferébly, 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
cankxaalower(ck4)alcoholesterof(H@th)acrylicacidbécause,
if such a low-molecular-weight monomer (c’) remains in a
polymerization mixture after polymerization, it can be readily
removed by water—oﬁt 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 polymerization mixture after the polymerization. As the
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the sol vent contains a hydrocarbon group having a |l arge carbon nunber.
Preferred is, therefore, a water-soluble solvent having 5 or fewer carbon
“atonms, with a water-soluble solvent having 3 to fewer carbon atons being
nore preferred. Suitable exanples of the water-sol uble organic sol vent

i ncl ude nethanol, ethanol, isopropanol, n-propanol, EG PG EG nononet hyl
et her, PG-nDnonEth I ether acet one, and tetrah drofuran These

wat er - sol ulBP’éo’B?E;aﬁ'ﬁ ‘0 BBFVBALa bean1pE RRERL Gift %ég Gpagrighkpri gn ester

combi nation. Particularly preferred are nethanol, ethanol, isopropanol,

n- pr opanol IPOE@GPQGWTPGW@@?WPQP%HW%@? a Gan2bé Lkgde beohet singl y
or in conbination, or in conbination wth water. [0039] Usabl e exanpl es of
the pol ymedikanybricnhalarer cyetoalkslial eokobr edentmetneatiryhicnetide azo
initiators such as 2,2'-azobis(4-nethoxy-2,4-di methylvaleronitrile),

2,2' -azobi &% mmﬁﬁmmwa@mnietvehl &f, the ester monomer remains as an
2,2'-azobis(2,2,4-trimethyl pentane), 4,4'-azobis(4-cyanopentanoic acid),
2, 2' - azobi s Peaet by | momehdr 11 n ba sdydneoxiyret hyth )mixture after

2- hydr oxyet hyl ] pr opi onam de},

2, 2" - azobi 5§ 2ymet yht Do 1.1k Bbe 6 hysk %érasﬁltehvd)d ykbec RIORbRBRM d&jcnand
i norgani ¢ peroxi des such” as ammoni um persul fate, sodium persul fate,

pot assi um pex seH f15d £1 A p el Q@B Rar Qdr deco%%a&9949hn},ncabsoﬁa§€oﬁ£ an
azo initiator, its diner and its byproducts are generally fornmed during

its use. The @da@r wWien GAEBRHo28tadr 88Ul i fp sl N Ohkbsskadheal o

resi dual groups

provide the dispersant with improved dispersibility for
pigments.

[0037] Inadditiontothe(meth)écrylateestermonomerhaving
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—contaiﬁing
(meth)acrylate esters and (mono- or di-alkyl)aminoalkyl-
containing (meth)acrylate esters as described avae can also
be copolymerized in a proportion of up to 20 wt®% of the whole
monomers in the present invention.

[0038] The disperéant according to the present invention,
which is composed of the above-described monomer units (a) to
(d), can be obtained by solﬁtion polymerization. It 1is
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

tobe soluble inwater when the resulting polymerization mixture
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as-a side reaction, and the byproducts are forned through dehydrogenation
or hydrogenation. Wien an initiator having a |ow nolecular weight is used,

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

hand, suited is,an azq jinitiator a coyplin roduct radi.cal .
deconposit%%nSBPB%ﬁg?g %? Vﬁﬁ%ﬁ_ﬂgg QHZ%FIg%gdb%?Bt g%m?§5éygﬂx Hfbher

When a | ow nol ecul ar-wei ght azo injtiator such as., azobisisobutyronigrile

i s used, fCBPSéaﬁﬁﬁ@eFot Ve S HRNHG D T Tere18uddi hPEr PHEPERRFRH becomes
VOC as its boiling point is low. Further, byproducts of such a

| ow nol ecuFRe-IRPGHIL £28tRANSI atlrdr oA BEEK OHBClR? Y BN % et LAG IBeCRBAPBUNdS
the boiling points of which are 250C or |ower, and therefore, may becone
VOC. For eR@ipes; Frehaeradsis oftirerelioapmbias (W tentisaiuBlde fadrv@iitril e) as
an initiator usable in the present invention, however, the coupling
product s ohavisgradicaleviar opdxint iagongy oddthsahaeeebeenlubbaf $o heenby
GC-Ms to be conpounds each of which has a |arge nolecular weight and a
boi i ng pohatinf 250CEewe hiqgirran Ruvtisebe ing nergapire fperex. deSuat&bad so
suited for the present invention because they do not becone VOC even after

thei r decospasplésnf tiiahtar-sbilubatwrgmyi deolsedt iihd ydeonettiawnl of from
0.1 to 23 5 wWm% preferably from0.5 to 3.5 wt % based on t he whol e

mononers. {441, The prelwi®ili, zathAvpdhol hed, esP e eiG-HR nFRRANEN Se t e £ he

present invention can be conducted by a process known per se in the art.

For exa”pl?G—ﬁ$ﬁb£@%ﬂ§?ré@@éfPnaé@ﬁyﬁé?Iéﬁ&’E@%&ahydrofuran. These
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-[1,1-bis (hydroxymethyl)ethyl]-
propionamide}; and inorganic peroxides such as ammonium

persulfate, sodium persulfate, potassium persulfate and

hydrogen peroxide.
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range fromOto 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 nononmers maybe preferably from20 to 70 wt % nore
preferably from40 to 60 w% The nonomers nmay be charged in their
entirety in the solvent and may then be polynerized; only portions of the
nononer s added at, the beginning, and polynerization ma hen be
conduct ed%‘ﬁ@ add?rhgli%ecars&é’%niaﬁga nb%?gaﬁgﬁpmigé;djd?elb(% %S ation
may be conducted whil e adding_the whol e nononers dropw se. In the

sol ution pYBRARIIT At PSk, I8ne6AY Nt ForBEH yAudigwh 15syi4$6/coRbe S IRRE rigdi cal
pol ynmerization process may also be used. The polyner can al so be obtai ned,
for exanpli®r a@si ﬁgreauﬁt leswumdingrekestaseadical nfesbkiale spetPsas

t et ramet hyl pi peri di nyl oxide, an atomtransfer radical polynerization
process t et aneker: usaaficn,metra thenmplyer ddetoveem rea fmetrald suhotouad copper
and a conpound containing one or nore nitrogen atons, a reversible

addi t i on- fdeagrnteatriadn arhairnhytiragsfiet i ol ynirdrzani oniplacesshahatg rakes
use of a dithiocarboxylate ester or the like, a process that nakes use of
a cobalt, It aliasnl i seubhtot sphesphot tis wpspedine: s cfa bdddee praaress. 24
[ 0042] The nol ecul ar wei ght of the dispersant according to the present
invention nrstheBde 0808 tar3hi OBOrbRiHE] MB: DraBUREr re JVEhAD R HBURCUl ar
wei ght as a pol ystyrene-equival ent value. A nolecular weight lower than

5, 000 | eads-d 9oh8881 1§ qlcenin mdh 8RR S UL /IAPELItNA T OhnBh HBUS vatid & a

nmol ecul ar wei ght i
it may become VOC. In the present invention, 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

havebeenascertainedtobecompoundstheboilingpoihtsofwhich

are 250°C or lower, and therefore, may become VOC. For‘example,
in the case of 2,2"-azobis(2,4-dimethylvaleronitrile) as an
initiatorusableinthepresentinvention,however,thecoupling
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 pignment
_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 polynerization mxture in the production process according to the
present invention. The nunber average nol ecul ar wei ght may be preferably

from7,000. tq 15, 000, r referably from8,000 to 12,0Q0. [0043

3ubsequent5tw<§6w%f%€%‘a@ SROBR theo Fhovis-t eéﬁfi@éhthwwsrméla?% Sof the
nononers, the folynerization m xture na% be heated, as is, to distill off
the pol ymet?P94t] on soRoSARL IR 2aHan PR b reFRES LIVRIMORERGY PitAgtRA t he

pol yneri zation m xture can be renoved to sone extent. This procedure is
pref erred PhHetans el RN Gy eafemd eeadudited blyadi BRoe¢ s niResn| Pepossi bl e
to elimnate the unreacted | ow boiling-point nononers and byproducts and
al so to raisethheanol i dorcentmpt eof thhepopphgnbrazaon orempatratrereEspeci al |y
when causing the polyner to water our and/or acid out, however, it is

preferred fangé ieompotyrBoPtzapirefe ksl wife-cno3 haya 2folgj didre p AcEorabngl y,
the solids content may preferably be 60 w% or |lower. A solids content

hi gher thapr&f o8 Y%omayopt oVitTde: t-Be1BobYNMBke Motdhear MclhtBa gohiyeheris
viscosity, and therefore, involves a potential problem in that upon having

the pol ymespir &ed pj hatiete ddvec Rol HART oilh X tielno i Oha Jidf piser apgh t e
pol ymer cannot be snoothly fornmed into mcroparticles. [0044] As an

al ternati VeroR28QdH 6 QR30MmcAE BLKALL A 9By rhem AFEE G0t £ he Q) ¥IREhZAL | on
m Xt ure 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. In 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 aé
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.

24



pol ymeri zati on such that the polymer is solubilized in water to provide an
. aqueous solution of the polynmer. 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 and potassi um hydr oxi de; anmmoni a; and organi ¢ am nes each havi ng

a boiling i of 2 or, higher, e.q., diethanal am ne {riethanal am ne,
di pr opanol gé)né&n]ée] and fgfg&d(’)lpeacno aarmwﬁég%t[ 6%4 © leSpgertsginI’tsagﬁgr%%%%&c?i on
process of_the dispersant _accqrding to the present. iLnvention_have been
Hescri bed HHOPESCRTGROEPT Bt ortw § P R0 o ES i & Vbt bt (T EP St eps
for obtainiqg t he ﬂis rsant,in a formsubstantially free of the solvent
(VOC) . [O00HB]"F9F EPIFCURE Pot P iS22t By SHRGRSE SH1CHR 1EaKT 8P hee - t He

pol ynmer formed by the above-described pol ynerization is subjected to

wat er - out ."BREH PedvSigEL g ﬁhqrheﬁﬂﬁqnﬂ@q%tﬁcmnﬁ%ﬂr@qrtt added

under stirring into water at Jleast 1.5 tinmes as nuch as the polynerization
m xt ure bydigikersien corkeintitona dy -Kirmsventst,i rierle faomabemplay, weiditssol ver
such 26 that the polymer is caused to water out. As an alternative, water
at | east hiphemtbaassnidl as schiei gpbltyrer 2 zehidencyi xf adeorbsngqirnecal nt o
the polynerization m xture under stirring such that the polyner is caused
to water quitgmeAit tdir:ildines tiheapekynheiri sgfoegrdiont Ds missopasd ialds
under the influence of the glycol <chains. If the polymer is fornmed into
rel ativel wHeasgeppakhingl €sn 1 ABbBb ke @riRAWECY opartielles, iVAGd S

confined to the inside
water-out and/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&nonomers, the polymerization mixture may
be heated, as is, todistiLloffthepolymerizationsol&entsuch
that the monomers still remaining in the polymerization mixture
can be removed to some extent. This procedure is preferred
becausefﬂmaabove—mentioneddistillation-offn@kes it possible
to eliminate the unreacted low-boiling-point monomefs 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 polynmer mcroparticles according to the present
invention. If water is used in an anmount of less than 1.5 tinmes of the

pol ymer m xture, the solvent exists in a relatively |arge proportion so
that the polynmer is not allowed to precipitate fully. Therefore, water is
used preferaply, in ,an amount of 1.5 tinmes or npre, with 2 tines or, nore
bei ng nore @ B?%?@Frvécﬁcc{s(}(yﬂ] afg PR S hen Y 8hPeT & BPeSBF L2 h& T8RS from
rising by the energy of the stirring and the heat of m xing between the
sol vent andWet@F UPRNRY 1dBovee Res ¥RFB&F SRdtdrtadnd, Fhre Pelypeementtetra o
keep the systemat |ow tenperatures by adding a cooling nediumor ice.
These | ow t&¥pBPat &k ESusamisk theopel WBer trBoL, bepseopk bl Briabined Heyh® to
30C. [0048] Subsequent to the water-out, the mcroparticulate polyner is
col | ect ed byicaoBuchnarlefsunnel , filter press, filtration under pressure or
the like, followed by washing with water to obtain an aqueous paste of the
pol ymer. TH@®OHdleous XY gpastledrndthere addes it wat erf, aand ltkad ir esiyl tant

m xture is neutralized with the above-described alkali to obtain an

aqueous  selddledor Oft Heh @ cREAmererza th B4 Bl x thGied ss cofuchite taqueeus sol ution
of the polyner is then conducted. After the solution polynerization, an

acid is ageadmdrarzathePsaehPthati ORe 0ol fiRe POl ¥ MRIL UL Ol BIL AGUE T e
solution obtained by the neutralization with the alkali or to an aqueous

sol ution ohiginas dyahaytRgukhe 1Rei VWIRS £ PREGLRVKALET, In this procedure,
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.,‘diethanolamineL
triethanolamine, dipropanolamine and tripropanolamine.
[0045] The details and productibn process of the dispefsant
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 mixture to filtration to renove VOC and the .
sol vent dissolved in water, and neutralizing the thus-obtained paste of

‘the polymer with an aqueous solution of an alkali. In the aqueous
solution, the carboxyl groups of the polynmer have been neutralized with
the alkali, and therefore, the polynmer has been ionized and dissolved in

water. By the addition of the acid, the carboxylate salt is converted back
into the cadfSdx e PRAVESEo1PeSARESHNt® HEa bR ECP B t atfiSorRMof Lt nNasdarer .
Under an enulsification effect of the hydrophilic glycol chains, the

pol yrer i s "BdeFedti Heasthileropanercd egusin ﬁéuthelmbfﬂpﬁﬁlaﬁéitdrpfofﬂlv@@rs%o t hat
VOC can be elimnated. Preferred as the acid for use in the acid-out is
one that ddéspaoreBetbhe thOpolpaetiicaltaphymprefieeretdex atplmsing sued
present invention include inorganic or |ike acids such as hydrochloric
aci d, hydrdertdhepatyder hpdraafdedore gater duthydroitbdisct iaes At he ploflymiex
acid, nitric acid, phosphoric acid, and carbonic acid. [0050] The content
of pol yner isofbﬂseatiﬂﬂwmibﬁep@ftiheeam@mr 2Beaini ih@ticdarBy fHelarnahlly be
relatively |ow, because upon precipi.tation of the polyner, an unduly high

sol i ds contentinay I1fesdldoliyidhi£kenhad ioft 4 e syséeny | argalka retiididsng

difficult. 1t is, therefore, preferred to dilute the ‘aqueous sol ution of
the pol ymer whtdys Wah &% o ngﬁggg%rtQCl%%l YOBE l%%bﬁﬁlm tRerhonefarRbl y 20
wt % or | ower, nore preferabl yJ_ % or | ower. S1] By such water-out or

aci d-out a%@@ﬁ&&é’ﬁ&&%%ve’ HoW ek $hE, %@ﬁ’é&(r:a rﬁﬂt% LEAYERO.cd i Jes al so

possible to cond wat er-out and Acid-out™"In co nation or to repeat

wat er - out readily eliminated from the polymer microparticles according

tQ 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 like, followed by washing with

water to obtain an aqueous paste of the polymer. The agqueous
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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 polymer of the
above-nentioned acid-out through filtration to obtain a paste of the

pol ymer and formng the polynmer again into an aqueous solution with water
and an al kali, the polymer can be obtained wth a still smaller anmount of

VOCwhi | e assuring i reliapility. 0052] It . is another nmaj,or .
characteri?Fﬁgebgsthgeﬁr5ﬁ§§¥€5ﬁ’WBF%Ees§£§C%BFdFﬁ&UEGaPﬁeme§§§ﬁtls
invention that VOC can be further renoved fromthe mcroparticles of the
pol ymer, WHSHtRav & ehethth SBESRnE 1P ssidirarkd BF2 bht ofhliom aR rdh et Sas
descri bed above, by heating the mcroparticles of the polyner. [0053] The
above- descEcB8d IRBaPifngheapoBemertf-ect edby heating the system as is, after
the precipitation of the polymer or washing the polynmer wth warm water
after the dOOKH&dti on Asfid+eat 94l yher agyedustsatonon ovt Bditeh poliymetye g0l ymer
(di spersant) according to the present invention, the glycol chains are 29
gr af t - bondétheoncomdubbed borfef taesr descsd beidi @b ged.ymdherz aheatngdan ddned grsaf t
chains are caused to precipitate out at a cloud point, thereby making it
possi bl e t adderpveonater pekaiipedabyohhefgkiieobolhaerds, t¥O&nexigatbng on t he
surfaces of the dispersant, and the |ike. This heating tenperature cannot

be sweepi ngbyuspesi bbedinbacaysed heutlraud zpeiinh dithetse depedi ry wpon the
kind and proportion of the glycol chains contained in the polyner.

“bnthe|eS%né&ﬁ%dﬁ?&b@gtR8HEE%%H%%%&%FMa@@nB&%&?ﬁ@?&ﬁe£EQ%b§91ter@QC

particularly preferably from 35 to 50C. An undul y high eating tenperature

i nvol ves asHBS%E&Eﬁb QﬁebkgghhgaﬁPQ£i§{E%e to filtration to remove VOC
and the solvent dissolved in water, and neutralizing the
thus-obtained paste of the polymer with an aqueous solution of
an alkali. In 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

28



m croparticles of the polynmer may undergo intensive cohesion into bulky
particles. The heating at the cloud point or higher has a nerit that the
‘microparticles of the polynmer cohere with each other into greater
particles to facilitate its filtration. Subsequent to the heating, the

t hus-obtai ned polynmer is collected by filtration and is then washed with
water to further remove VOC still existing on its surfaces. As this
washi ng wat&td-REEnMaYaPErisrabhy Erotglp6LNELEr LRIMghBECABFCHEPGEed as
descri bed above. = By the above-described procedure, the polyner

(di sper sanPFegaritbé1opt @f fé¢ Bt Wnehe adonndnl y ¢fi Voot hepetantssithgay
controlled to 0.2 wt% or |lower. [0054] A description wll next be nade
about an agqesods imdihitdksmiofg piiet e spertsanto whike s @l o ngedt difasufls .t he
present invention and is obtained by dissolving in water the di spersant
of the predénisi nviesrte Dor¢ he e mard ent dolubhi cite | 8yl 1ams¥l uRA cor olfower .
Water is added to the above-descri bed paste of the dispersant (polyner),
and the acicdegpolpseofwitie wlitsper sahke avateneudf abd z@temiddl itdiemay be
above-described alkali to ionize the dispersant so that the dispersant is

di ssol ved bretatablyThe wegUePUBowdt Utndie Qfrdhe Nast a smeysbernedieal.i zed,
as is, under stirring to dissolve the dispersant, the stirring nay be

conduct ed wopBiheating, 9hcBUPSEEHES t IO CRNT]IITRL 2N @k trhBeqdhBEQkYt i ON
of the dispersant, the resulting solution may -be further heated to assure

o PR B e ATk Pl iR 0l L EomL T sl

30 wt % or kg%ggLoLE and acid-out in combination or to repeat water-out
orécid—outapluralityoftimes. By further repeating the steps
of acid-out, that is, by collecting the resultant polymer of
the above-mentionedacid-out throughfiltrationtoobtainapaste
of the polymer and formiﬁg 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
processaccordingtothepresentinventionthatVOCCanbefurther
removed from the microparticles of the polymér, 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 is, 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

. excessively high, the agueous solution of the dispersant nay have an
excessively high viscosity, andnoreover, the dissolution of the dispersant
may require substantial time. Upon dissolution of the dispersant, the
above-descri bed inorganic peroxide may be further added to pol ynerize and
renove any noner till, remaining in trace, anmpunts in e di spersant so
hat VD LA DE PERLa ™ PR A OOsaE HHESEHPET A wqubBes WeFtiTon o
the dispersant subsequent to its dissolution my be gener 1y from7 to
10, pref er3BIFF oM BLED ST BCaRF et ¢ RESATBE bR HEIVH: Fhaecgﬂuﬁa@/“%' adj
usted to this range. An aqueous solution of the dispersant, said aqueous
sol uti on bEPRECRVUBSKAREI 1 PosSFibée dP XDV HALEE refliidiarklyithe bycol
above-descri bed manner. The ampbunt of VOC 31 contained in the aqueous

sol uti on iBom@ais MAsdeddphgna®ortiGCsNBLacas ¢ st ddwransan treehedthe he
nmet hod described in 1SOL7895 can be nentioned, for exanple. The anpbunt of
VOC cont ai heke i n Thhe haguéngs adipspertsant ceohat ilon saeepridigly tpetheied esent
invention may be preferably 0.05 wt% or snaller, nore preferably 0.025

wt % or sneEbeéerysal thouglvud pependsi Hifethedgmndisngondenttiod kidd and
di spersant. [0056] A description will next be nade about a pignent

di spersi onpagsorticg ¢0 the Presentchamentdaitaechin scheuhstamdtal ly free
of VOC and i s obtained using the dispersant according to the present

i nvention.ndhex ipd ohent +heSREASERY t AGEA A NG hayihe Jrasapiiynyesk 90 can

be obtai ned by using the
to 70°C, particularly preferably from 35 to 50°C. Anuﬂdulyhigh
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.
Subsequenttotheheating,thethus—obtainedpolymeriscollected
by filtration and is then washed with water to further remove
VOC still existing on its surfaces. As this washingwater, 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 wt3® 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,
Wwater 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. It is particularly i nportant to use, as such pignent and

o1 gront ;& ol RRE aTE R & & A Pal "Soth RE G1eYeRL v RS 4 116

production r ocess. t herefore, necessary to reduce washi ng
it off or pﬁg}snap uEP ]fsb‘@%l? ASG hbe AiteAtORB? %éhﬁrﬁ%%e%?%g%ﬁtre

i nvention, conventionally-known pignents are all usable, Illustrative
organi ¢ pi @‘@é’ﬁt@lilﬁ@ldu&’étéhttﬁ&l @@@Xﬁrﬁ@sﬁﬂf@ﬁ@ﬁt alkataptgmbandze gpe

azonet hi ne-azo pi gnents, azomethine pignents, anthraqui none pignents,

per i none/ periypersapitgrentisat i e gb-soisinsiandi g6 dpbgeeried, 1nliwxe ne The

pi gnent's, qui nacridone pignments, isoindoline pignents, isoindolinone

pi gnent s ardivearisoaoblintén @f dgimenpssteatnd e bd hastratizedi nos geni angliegnent s
i nclude extender pignments, titaniumoxide pignments, iron oxide pignents,
spi nel pi geedtrsiagd toodpkexlox deepdgserirsanbychha prgaenhgmayy be

subj ected to advance di spersing processing.as needed by using a

convent i onabhyukrewnwptBMesst deg| vat | Mo qierst ructddng ididddian dfo thise
pignent. It is desired to use a pignent by selecting it depending upon its

kind, partiggls@o3iuz€oanNdrPtEe PHLSSSS NG, | the iR Aft ithe RARIHIGA! AR, BUr pose
of the pi gnent di spersion. Except when’ hi di ng power 1s needed, an organic
fine-parti ¢yl@h8r heated to assure that no insoluble matter remains. The
solids content of the agqueous 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 agqueous solution of the dispersant
is excessively high, the aqueous solution of the dispersant may
haveanexcessivelyhighviscosity, 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 iﬁs dissolution may be generally from 7 to 10,
preferably from 8 to 9.5. After the dissolution, the pH may
beadjustedtothisrange. Anagueoussolutionofthedispersant,
said agqueous 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 control led to 0.15 mor smaller. [0058]
The pignent, dispersant and water, and if necessary, one or nore additives
are conbi ned, and subsequent to provisional mxing and di spersion as

needed, are then dispersed in a disperser to forma pignment dispersion. No
parti cul ar SPPAPEREAGT FEC dFHFNEYSBALERENdiSPERSBFERITARC I GselSin t he
present invention. It is possible to use, for exanple, a kneader, an
attritor, &S Paf MeaSHremgnsdrrithedl the nethoidesmrdbsichgn I8t Adht apnni | |
maki ng use of gl ass beads, zirconia beads or the like, or a colloid 33
mll. Uponbpraeniitomrdi Hompeasapiei.nvBne iaomunthe fcbdCemntaimed iof thhe

pi gnent in the pignent dispersion may be preferably from 0.5 to 70 w %
nmor e pr ef ergbkpubrdimpdrfan 65 owu¥iaht hocgihding tvathe pmeperidingenponnt he
kind of the pignent, and the content of the dispersant in the pignent

di sper si onmagybbepteteratbl y 0 f0DMtR tor 0@ 1pant smbyeweirglitrpeilyl000parts by
wei ght of the pignment. [0059] In the pignment dispersion according to the

present i p¥enbiOfma DNEr Ola THSuEH MArd<HEnRAY ithes seaRdeecbReenpopat ed
in addition to the pignent, water and dispersant. Usable exanples include -

durability hEpHQ¥gESssHEN as ultraviolet absorbers and antioxidants;
anti-settling agents; parting agents or parting property inprovers;

fragrancesyogggim crablak.2ge3Ls @949 1afbkt LA 388NtEouR! aShh Ghetks:

anti-drying agents,
dispersion according 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, necessary toreduce
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, azo pigments,
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def oam ng agents, thickeners, and the like. Further, dispersion aids,
pignent-treating agents, dyes and the |ike 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. [0060] The thus-obtained pignent dispersion my be used as is. From
t he standpoi nt of providing the pignent dispersion wth higher
reliability?WERVEIE 372° P IBELESr r 8¢ 6 Hhdmsy &1 IMRPTS  c BREF ARGy none
ultracentrifuge or filter, coarse particles which may exist slightly. The
pi gnent di PisEIedton BSdnReE/ PEL Y 1§8Sc PilBEE NS & Ndd IR At rd@ e VOC by

t he above-descri bed nethod. 34 The content of VOC contained in the pignent
di sper si on Pa@@&idisng dioxaziacpPdgesn tisny aitlinas riislon.e0 PIGIeNEE /| ower . [ 0061]
Using the dispersant of the present invention as described above, the

pi gnment  di dperigiden igenpbement ai nexh1 i lsi nqriqy weymeditspend i carlean e aksed in
conventional | y-known col oring products such as water-based paints,
printing i pkigmeneet,i Wwhiler iidtlusg ragenes indapendyeipigmealter antcd utler fi bers,
coating conpositions, and inks for stationery. Specifically, the pignment

di sper si on exar g ruysefihast <£,0t Dt AMPuRbatlde s o3deht s5Si ravab el dbas ethepisnt s,
wat er - based gravure inks, water-based inkjet inks, water-based inks for

st ati onery spiafearl p Pgaesh s GORL EHEp CORRRSIAD phgmeMBE T -hased SRymEst Ty col or

filters, an wat er - based wet toners. Exanples [0062] The present

invention weldyheLetfatbelqgnedegsihbeding processing as needed by using
aconventionally-knownpigment derivativeof a structuresimilar
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 particlesof 0.5umand greater
inparticlesizesuchthat theaverageparticlesizeiscontrolled
to 0.15 pm or smaller.
[0058] The pigment, dispersant and water, and if necessary,
one ormore additives are combined, and subsequent toprovisional
mixinganddispersionasneeded, are thendispersedinadisperser
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

makinguseof glassbeads, zirconiabeads or the like, oracolloid
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in further detail based on Exanples and Conparative Exanples, although the
_present invention shall not be [imted 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 separable flask was fitted with a coiled condenser, a dropping
device, a stirrer _and a thernoneter. A 95:5 m xed al cohol of ethanol
andnethanopl%iﬁo %%9@?faﬁéécéﬁaﬁﬁﬁﬂpr?ﬁ?%tﬂﬁ@ePFé§@ HhicRrsSRrRERT ARt ed to
75C. Ina separate vessel yrene (20 parts), methyl nethacrylate (20
parts), et RyltIs DhoRREr J1 atthée P2OMBRE &SP arst i Rl e Ruiad (P DAL ESY, PEG
nmononet hyl et her nethacryl ate (nunber average nol ecul ar wei ght: 550, 20
parts), anB-&stan7nvt%atiere mrefersiy Srom-1di et byl vakerdhhorohe)lt(3
parts) were mxed into a honogeneous, m xed nononer solution. A half of
the m xed vevhesedepoidinmpeas thddethd @ft heefp agkenandndéheemanheng m xed
nononmer sol ution was then added dropw se over 2 hours. At the sane

t enper at uref the dbmoaessnweire el piemezed diched sHour may bbedpsliyabiiyzati on
m xture was then heated to 82C to renove the m xed al cohol (15 parts) so

that a pol yren 6dispeuGamdits 39} Wdightwas ohioai ped+s\oihweegpechrt enkhe
polymer, its nunber average nol ecul ar wei ght was neasured byGPC. The
nunber avepagRent®l ecul ar wei ght was determined to be 8,300 as a

pol ystyrene-equi val ent val ue. Further, the polymer solution was neasured

for i ts sokbdseont enb. s @ st tas dier Sl 4R HQnkeNk (WRfedgtesahaed to

invention, one or more of various additives can be incorporated
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 1like can
also be added. 1In 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 ismeasured for VOC by the above-describedmethod.
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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 lower. 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 immersed in a water-bath controlled at 45C to effect
heat trea nt. As ar t, pol r. particles cohered, and therefore,

t he pol yne&g%aqcfr?%?@s Oé?&%/\ﬁf’ﬁgaﬁ\é% %@3‘? BT toit SRACH G REFOTFAEYC! oud
poi nt of the polynmer (dispersant) was 36 from45 to 47C. The pol yner-water
ni xt ure wasOchBEgedespins 1aveptiern dysPefleylitppedL@iER-a filter and was
filtered to collect polynmer particles. The polyner particles were washed
with dei odP28d1vat eUsgnus0q Zilspeasantt @ folihal pressolty rEvepasioa. asThe
solids content of the polyner paste at that tinme was 62% [0065] The

pol ymer pasieectidedpalpoeg, die pagment 202518 pairdrs canwee eokdddeckd .nt Bha s500- ni
separable flask fitted with a thernoneter, a coiled condenser and a
stirrer, apdgwene diwgestisn edn R846edduentsvamibohal 1 v-Rn@at ts) onwdagt hen
added in four portions to formthe polynmer into an aqueous solution. The

resul tant agueauss sakhut kenwadsrt-besebephedtt) pRCntahgWhheB, petassiem
persulfate (0.3 parts) was added, followed by heating for 3 hours. After

al  owi ng t heiRkXhyr 8gkate9ologeWaycdngagyesdsnsal ebir-ofipbrs| N¥eAt Al
D spersant-1 was obtained. Its solids content was neasured. As a result,

the solid egpbeRt tWBasdeLaHM ARY E8rb8ta2QoR% vl 0086d - st fon By Cedd system
and t he headspace net 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:Smixedalcoholofethanolandmethanol(lOOparts)wascharged
intothe flask, andwas thenheated to 75°C. jﬁiaseparatevessel,

styrene (20 parts), methyl methacrylate (20 parts), ethyl
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contained in the aqueous solution of Invention D spersant-1 was neasured
followng 1S017895 (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
nmeans that 0.13%of VOC was contained in the dispersant. Exanple 2
(Synthesis o ant-2) [0067] In simlar equipne as i n Exanple 1,
pol yneri zaf'f Hac§gf@g é%ﬁdﬂ%?%ﬁ rnmﬁtg?ﬁ¥Y5%cnﬁﬁh§ gé Pﬁrﬁiénpfggl by
usi ng styrene 20 parts), nmethyl nethacrylate (20 parts), ethy

met hacryl a@@nowééhﬁiﬁtél)er%fd&%ylrﬁé%%wwﬁéw@r@gﬁdm%gcul%Wﬁé@hyr. c
acid (15 arts% PEG nmononet hyl ether methacrylate (nunmber average

mol ecul ar wePght?Y RBDts1p padtsy andipitPatorzobis (2,

4-di nethyl valeronitrile) (3 parts). Wthout distilling off the solvent
unl i ke Exakplé-dzohipéPlyfredimethyivalenasiobtbehed3i pathe) f eene ofiized

sol ution polynerization mxture. 28% Agueous ammoni a (11.6 parts) and

wat er (38. dnpard sPmvgereot bemiaddedotonéheocdaltutonan pdlaineot zatd nhxatxt ur e
to formthe polyner into an aqueous solution. The nunmber average nol ecul ar

wei ght of hbgopel LIS fasrdided be the2P0a by, GPa t kgrnidieriniddei seli ds
content of the aqueous solution of the polynmer was determned to be 41.

2% | na twaohbher fwAkeron WalkethéRUUPM Hopwiae Blaced,nddd owad Byet he
additi on of the above-obtained polyner solutlon (100 parts) to dilute the

pol ynmer sofyht Oflen Z%ééét?&ré he f&me L w%fret g%l&%‘ilﬂz'e@g £80! Ut} gn-uas
confirmed to be C, 10% hydrochlori ¢ acid O parts) were gradually added

The polymerization 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 sdlids
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°C or lower. Whilestirrihgthewaterat800rpmkn/adisper,
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 obtained. The enmul 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 dei oni zed water (1,000 parts) The solids content of
the pol yner paste at that tine was 350. [0068] In a one-liter separable
flask, the EOl ymner pasgcga 38 (100 _parts) and water %400 parts) were added
and then stiPFed> tPnid Gi migr PRENREr ~4eteh BXXhPFE Y2SaGhiesdsdamftbRi a was
added to f'gf(rg@the polé/rrer i,nt o an aquequs solution. 10% Hydrochloric acid
was then afded %F PEYEST REUPBPFAET 2 i ptEArEE W LttE €ddfue8hSEShI ut i on
wth the polymer precipitated therein was heated to 38C, the pol ymer
particl es EBh¥Med, ParbltRépef orgle t?@bﬁ?%ﬁar%%qscl%%r%ﬁtﬁ%grw%@e
separated from each other. The cloud point of the polynmer (dispersant) was
from 38 t0d42GniThd wapotynef -Af8Cer 2ni xterse) was dhtaier ed poAyoeghpastelt er
systemto collect polyner particles. The polyner particles were washed
with war m Bhtesobid380r(tlentQQXE et pplyneobpasne atpdlhatert ipestvas 6IRe _
solids content of the paste was 60% While stirring the polynerpaste (50
parts) andia06bl(72 parts)ly8dpagieols0@paptsi ar(Bwabepal2®). vparadged to
formthe polyner into an aqueous solution so that an aqueous sol ution of

I nvention {kspeldsiaalird o\as 00ehtadirt:abiker B4 &k 85t eeaanth #thtbhRosetyti on
was 23.2% The content of VOC was al so neasured by the above-descri bed

anal ysis petdofed ASortidresddd tand Reseontent &g Vi drd ntidie saqueess sokytion

of the polyner was found to be 210 ppm This neans that 0.09%
Aqueous ammonia (7.2 parts) was then added in four portions to
formthepolymer intoanaqueous solution. Theresultantaqueous
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 aqueous 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 énd 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
Dispersant-3) [0069] In a two-liter beaker, deionized water (900 parts)

and ice (100 parts) were nmixed 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 formof a solution 39 polynerization mxture in
Exanpl e 2 was ual | y /added water then turned_into a white emnul sion
to obtain &%ﬁé@&ébﬁﬁ?%lnﬁbF§Wé aéﬁﬁ@ﬂ%ﬁﬁsTﬁéﬁﬂﬂQM%ﬂkﬁhﬁ?%?%ﬁtwé§ne
filtered through a filter system equi ed with a filter to collect the

pol ymer, drid PRELHLI Virdh YeBehBaREH1 @h fepaiirsed Sletel netheog vaates) .

The solids content of the resultant polyner paste was 45% In a one-liter
separ abl e f(RAsRarthe, piedecyl 0@ thaary)l aded (Watear t § UOMgidras)y Mier ecadded
and then stirred. In a simlar manner as in Exanple 2, agueous anmoni a was
added to fdidm phetpdl yires deMmEt&ndaquéemsnsbmm¢iphatao&mhwﬁnoawbma@@ acid
was then added to the aqueous solution to have the pol ynmer precipitated.
Wien the aglecudasoletiighn :widl,t A& palryeer apteci pitated therein was

heated to 38C, the polyner particles cohered, and therefore, the polyner

particles and’waizebisere isepacahedvhnemogachiother3 pihkescl.ougipebnt of the
pol ymer (dispersant) was from38 to 42C. The pol ymer-water m xture was

filtered t @&@@ghlanfgl éfﬁrth%Y§é§%n£ Q;rﬁqlﬂeeﬁkaﬂ?imer ap@éiyrﬁéle%oﬂl@qoaol ymer
particles were washed w th warm water of 38C do parts) to obtain a

2o e o i an sl e e ey A R S
28% Aqueous ammonia (11.6 parts) 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
determinedtobe41.2%. 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
tobe 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
throughafiltersystemequippedwithafiltertocollectapolymer
paste. ThepolymerpastewasWashedwithdeionizedwater(1,000
paits). 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 polynmer paste (100 parts) and water (137.4 parts) were added
.and stirred. Then, 28% aqueous ammnia (6.8 parts) was added in four

" portions to formthe polyner into an aqueous solution. The agueous
solution was heated to 70C, at which potassiumpersulf ate (0.3parts) was
added, followed by heating 40 for 3 hours. After allowing the mxture to

cool down, S ol ution nventi on_Di spersant.- s_.0bt ai hed. The
sol i ds coﬁ?@%ﬁ%(%‘et%?hgnéo #%%n( %sb%gssbjr%%.refs&%dfggu ??\é\,ﬁhsetlsﬁélé(}s

cont ent nfound.é{o be 24.2% The contﬁnt of VOC was al so rreasu(iﬁ(gddby t he
above- desct Bed ‘ARaPy s et iy 1 ThE EBhEeht 2 BFMECAIRME ¥3P AT was
found to be 110 ppm Tqi s neans that 0.0455% of, VOC was contained jn the
pol ymer (di SPpEFEant§ POlERgipt Rt A JOSHATREYS SV N per $HAtHYIT PRI A

pol ymer havi ng a nunber average nol ecul ar_wei ght of 11,000 was obtai ned by
conduct i ngaﬂéiﬁf?;‘?’ﬁéﬁ}i%‘ﬂ igstfachta R ¥e tae PohyiReF Pieqipibedidsl-e Phercep t hat

t he PEG nononet hyl ether nethacrylate (nunber average nol ecul ar wei ght:
400) was CHRERRUP S¢bUPEM et hadrepal ¥ngnphetp avaredehrokénmamhemt eht
400). In a simlar manner as in Exanple 3, the polyner was subjected to
wat er - out , td 38 dthapolanecagurenus 126l atharedy dihd ajeeeiis rapraa @y 1 ymweas
caused to precipitate with 10% hydrochloric acid, and was then dissolved
agai n w t hoagtienlkss anions fie t oveit aiep aata tagueots eastl vithem .of Thaveldudn

Di spersant-4. The heating after the precipitation was conducted at 44C.

The cloud poidd Of die pPOIEeT ({HEPeISant w MBSt fdromet4 d o #¢C.  Ahéhough

the glycol chains in the ‘polyner had the sane nol ecul ar wei ght as the

‘9|YCO| polymer-water mixture was filtered through a filter system to
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
polymerpaste(50parts)andwater(72part$),28%aqueousammonia
(3.5parts) was added to formthe polymer into an aqueous solution
so that an aqueous solution of Invention Dispersant-2 was
obtained. The solids content of the solution was 23.25%. The
content of VOC was also measured by the above-described analysis
method. As a result, the content of VOC in the aqueous 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—B)
[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 term nal groups frommethyl groups to hydroxyl groups. The
solids content of the solution 41 was neasured. As a result, it was found
to be 23.9%% The content of VOC in the solution was al so neasured. Asa

result, th . \ f.qund to-.be,130_ ppm . Thi.s th
0. 0544%% ogoéﬁgg%gtgéﬁt%e T k%é(a%ngll%n%rw?%idgrpaedrusagn]t}ﬂ . %a?ljrfpl gﬁg
(Synthesis_of Dispersant-5).[0071].ln a simlar manner.,as in ample 1,
Styrene (185 CBR L THADRE) LHER Fatipy Param o Phi PO Bt M FHabRyERL e (15
parts), nmethacrylic acid (20 parts), tridecyl nethacrylate (10 parts), PEG
mononet hyl P& N@%rnﬁ?ﬂ et 91 at éﬁﬂéWEHVéWHééloﬁoWééu%éﬂtﬁéﬁahFhrﬁB@F 20
parts), dinethylam noethyl nethacrylate (10 parts), and as an initiator,

2, 2" - azobi §(PL Uty Petahyry sREABRPErV1E) § $1paetshovarld eGoltyepPElct 0
obtain a polyner solution in the formof a polynerization mxture. The
nunber averagetipedvingr vesgrshed witd gelynbredasatesdd., 009 pasta bar
manner as in Exanple 2, the polyner was forned into an aqueous sol ution

wi t h aqueolibe swirbds anondauded Lt ithe e yittaatte pwil yme 086 diye rvach 140r%i.c  &ui d,
formed again into an agueous solution wth aqueous ammoni a, caused to

preci pitate agaihiwvethsdf@adtyds otld s, & tacipdhs tand 100naklry sf oanddwatato an
aqueous solution with aqueous ammoni a to obtain an aqueous solution having
a solids conpentasfsPIvcd% asiden agdeoHsnsot UE+&d. afn bN¥eRilar manner

D spersant-5. The cloud point of the pol yner
as in Example 2, agueous ammonia was added to form the polymer
into an aqueous solution. 10% Hydrochloric acid was then added
to the agueous solution to have the polymer precipitated. When
the agueous solution with the polymer precipitated theiein 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. Thepolymerparticleswerewashed
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 agueous
solution. The agueous solution was heated to 70°C, at which

potassium persulfate (0.3 parts) was added, followed by heating
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(di spersant) 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 polyner 42 (dispersant). Conparative
Exanple 1 [0072] An aqueous sol ution of Conparative D spersant-1 was
obtained in a simlar manner as in Exanple 1 except for the omission of
the heatin step at 45C._Its solid content was 20.0% VOC contained in the
aqueous sof U PPt nB4SEF et LoPHAF Bhe Gistdirecomcent amst e 2B BIA R d:
1,932 ppm et hanol, 230 ppm nethyl nethacrylate, 132 ppm et hyl

met hacr y| at@lutaien 2 Ippimndtipre Réspeirganstal wag, obteippe THIS smelkinds t hat
1.2% of VOC was contained in Conparative D spersant-l Thi s indicates that
due to thecommrssiodntbe shkeuthieat iweg, mabandadt \GCanvassvoht aiheddlnidse
water in which polyner particles were contained, and as a result, nore
VOC was camirdiared was timirafueouse sol W% .onTak tbatdhspefsdor wapokyser) . In
the present invention, heating after the precipitationof a polyner as

particl es nessuhel efotRe LOGE s a1 b Cause sSepaeahban ofha ol teatd
together with water fromthe polyner particles so that VOC is not

cont ai ned dmyblei PAHRETBH1uBNEnaiH $RARSANS pRUDSh KA al Thilsr88aRE Y& can be
obtai ned accordingly. Conparative Exanple 2 [0073] An aqueous sol ution of

Conpar at i ve, (Y s3persanfo? Was cARtAINed i @ ighl & AS At Exanpl e 2
except that 2-ethyl hexyl mstchacryl ate was uséJH y?lrrﬁjlﬂrg(ce of dodecy

Example 4 (Synthesis of Dispersant-4)

[00701] 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 average molecular weight: 400) was changed
toPEGn@thacrylateknumberaveragenmlecularweight;400). In
a similar manner as in Example 3, the polymer was subjected to
water-out, formed into an aqueous solution with aqueous ammonia, .
was caused to precipitate with 10% hydrochloric acid, and was
then dissolved again with aqueous ammonia to obtain an agueous
solution of Invention Dispersant-4. The heating after the
precipitation was conductéd at 44°C. The cloud point of the
polymer (dispersant) was from 44 to 47°C. Although the glycol
chainsjjlthepolymerhadthesamenmlecularweimﬂ:astheglycol/
chains in the polymer of Eﬁample 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 at e and azobi si sobutyronitrile was used as an initiator in lieu
of 2,2'-azobis(2,4-dinethylvaleronitrile). The cloud 43 point and nunber
“average nol ecul ar wei ght of the dispersant (polymer) was from38 to 42C
and 9, 700, respectively. The solids content of the aqueous sol ution was
24.1% VCC contained in the aqueous solution of the polyner was neasured.
The following contents were determ ned: 100 ppm et hanol, 35 ppm nethyl
met hacr yl at’éS NEA IRt h{F e hakk y Latwas Joupdirodtsy28nds - arfldhe FaptRBE, as
vol atil e or%anic‘conpounds_having boiling points of 250C and | ower, 740
ppm 2- et hy Phe¥d imehagelytaa vk Is soeaspprdt et Aaaeeisplsucthelcantenke

whi ch was a coupling product of deconposition products of.

azobi si sobotfyY@hiwas feundnt ¢ dteall 30 Bpm00 Tipm mEhns heand tHad4 9 .cV6E VOC
was contained in Conparative Dispersant-2. 2-Ethyl hexyl nethacrylate is
consi der edwhe tembahnad VOCtha pbeypetynet spsrtbet pbove-described result,
because it is relatively high in nolecular weight and has strong

hydr ophobi gkbypse thatyneMepiwhen pagsedshpt-precipitate in water, it
shardly separates fromthe polyner to prevent I1ts elimnation. In addition,

tetranmet hylgoggidinitrhl g 3$m@18-d8a0R8861 HON: AT RANGH1 0T 11 her yLBHET er Was
al so detected at a high concentration, and al so becane e, Conparative

Exanpl e 3%%9@%] , %@éﬁ&fﬂe@%%%%&étﬂﬁ‘g‘é?%s%?%f%%t agzc 'J]@t'ear(%S”a““er

as in Exanple 2 except at the nono hyl yl ate (nunber

average ”Dbgfyg?fﬁ@%ﬁggfyﬁﬂpgcT@SG&?BBQ%%q,tridecylnethacrylate(10

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 agueous solution with aqueous
ammonia, causedtoprecipitatewith10%hydrochloricacid, formed
again into an aqueous solution with aqueous ammonia, caused to
precipitateagainwith 10% hydrochloric acid, and finally formed
intoanaqueous solutionwith agueous ammonia to obtainan aqueous
solution having a solids content of 23.2% as an aqueous 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 wei ght of 2,000 and 44 the
heating tenperature was raised from38C to 53C. First water-out of the
polynmer resulted in a great deal of l|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
grindi ng S needed. . Subsequently, an aqueous solution of Conparative

Di spersanw%§89ﬁ§§aﬁﬁﬂained in a sinmlar manner. The cloud point and number
average nol ecul ar wei ght of the dispersant (polynmer) were from 53 to 57C
and 8,900F0F§§6§69W@e%%?mPH§ dolids content of the aqueous sol ution was
25. 1% As a result of the content of VOC in the solution of the polyner
by the abd®@7@dscri bé® awatyss solnbiRad: L CompasattdiyrdtrPesB20-bpms Thi s
means that 0.127% of VOC was contained in Conparative Dispersant-3. In
this Conpétatined iExaaphé]arhennarers-igubxahpl hé quuieptefor sheomdisgéroad to
‘have failed to formthe polyner snoothly into mcroparticles because the
pol ymer wa$ bhghedt imy eeebast weEeght ang ence cemtkht was tde grrbeocof

nol es. Introduction of glycol chains in a higher proportion into a polyner

makes it possikbnhedt OnitHy ayeeblie sdlartidn QiasOhebBerool ymefe ifBAowing
m croparticles. This, however, provides the resulting polyner wth

excessi velkpniteahs rdeopBickirkih¥d: Wien3a phamerhadbspersboppi hBthhe
pol ymer contained therein is used in a paint or the like, the resulting

coating i sethierehare, f@?%pﬂ?é@ﬂ}/i Qné}?d’aec%y”iﬂé',O%nd""é@@rp%n%ft&g%%e_;' n

addition, the above-describéed heating requires to substanti al rai se the
t enper at ugg %@tgﬂ t2r,]%l%|;9f5'rg. This means that 1.2% of VOC was contained

in Comparative Dispersant-1. This indicates that due to the
omissbmloftheheating,abundént\KXIwascontainedjj1thewater
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
methaCrylateandazobisisobutyronitrilewasusedasaninitiator

in.lieu<xf2)2’—azobis(2,4—dimethylvaleronitrile). The cloud
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45 point as the glycol chains are | ong. Because of the high tenperature,
. the polynmer 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
Exanpl es are summarized in Table 1. 46 wrl O mO o > ,a mNrl NNO1
NNmJJy) Ca ENOLma 0 N,aO OXNC W3 0O03- E0OOOON

m 01~ C gxgm,oalnd MNmbe @ A\lfé\!d’(ge A MG ar Jdight Wt thdMMWsferaMW U a

o "ro . EbC O 000O0O 00O0NU
(polymer) was from 38 to 42°Cand 9,700, respectively. Thesolids
content of the aqueous solution 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
methacryléte, 42 ppm ethyl methacrylate, 40 ppﬁ styrene, and
further, as volatile organic compounds having boiling points
of 250°C and lower, 740 ppn12—ethylhéxyl methacrylate and 1,800
ppm.tetraméthylsuccidinitrile which was a coupling product of
decomposition products of azobisisobutYronitrile; in total,
3,100 ppmn. 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, evén 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 resultéd 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 nuﬁber
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 vVOC

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 this
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
in the number of moles. Introductionof glycolchainsinahigher
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
contéined 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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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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Di spersion-1) [0076] Into a 250-nL glass bottle, Invention Dispersant-3
(13.25 parts), water (22.5 parts), titaniumoxide (64 parts) as a p| grrent

and di et hanol amine| ([ g. 25 parts){ wete added,} and further, [gl ¢ads
(200 g) were addegh The| cgnients yer shaken f@r 2|ho rsfon & |pa ‘ﬁtg
it i : ht ' di Sper ion. | Th e |of | ¥GE |
conditioner to ¢btain @A erﬂ i gre di Spef $iYn.' Thle contenC|of| YAC in
. . ()] O
the di spersion weg anal yzed | by, GL- MS. Peaks ofVftrage VOCjwer &|detBd ed,
but VOC was bel ov —tiregetection drimits e Thetow t0p—pgm-The—tbrg ent s
of VOC in pignenf) difspergionhs lobtained| usji ng Ionvem ion Di s(pemaﬂ.;s-gl, -2
and -4, respecti\g}l wi Ghid S|l ar npnnersja qje;scrli bedl #haove ereSad so
bel ow the detectison llimt. In & sim|ar nner as descri Bedl] ajoveg “pi brrent
di spersi ons wer ¢ s@ prepared |using rativie Dispersants-1 ap¥l o 2
respectively, andtheir; VOC | cantentjs were measured| Bt hajpol | et hglo
met hacryl ate, ethy|l rEEFBﬂLCé/Icatq: and styriene| wer e det e;a:tmdo Hent pt@l | VOC
content  was 296 Dpm|i%| tHeNpiyment' di 'sperisicvh ik 1g us e of gcrrrpx‘f,a"ii /e
Di spersant-1, apd wa$ 3P3|ppmiln t{hel pi gment di sjpersi on maki G| use “of
Conpar ati ve D sperfsant-P2. [AS]a [resullt, gir totpal \/UT cCoONrENtS iéliﬁ
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a conparative white pignent dispersion was al so obtained using Conparative
. Dispersant-3. The content of VOC in the dispersion was below the detection
limt, i.e., below 100 ppm Exanples 7-11 (Pignent Disersions-2 to -6) 48
[0077] In a simlar manner as in Exanple 6, pignment dispersions of various
colors were obt ai ned using Invention D spersant-3. Their VOC contents were

al so analﬁ?( result% e al sa sh in Table 2. 49 a oOONQO 0 0 O
0 aﬂTR}e dFRPmeQt {1 SREIs o0 310000 ¥V C> 00U U

[0076] Into a 250-mL glass bottle, Invention Dispersant-3
(13.25 éarts), water (22.5 parts), titanium oxide (64 parts)
as a pigment, and diethanolamine (DEA, 0.25 parts) were added,
and further, glass beads (200 g) were added. The contents were
shaken for 2 hours onapaint conditioner toobtainawhite 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
Coméarative 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. The content of VOC in the dispersion
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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,4) 0.i co Ca Cb QUP. Exanple 12 [0078]
I nvention Dispersant-3 containing amno groups in its nolecule (32.3
acidic carbon (25 parts) as a pigment, and

parts), water (42.45 parts),

triethanolamne (0. 2 5 par
g) were added. The contents
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Into a 250-nL gl ass bottle,

to obtain a black pignent disp

was anal yzed by GC-MS. Peakls

the detection limt, i.e.,
di spersion of high jet bl 3
[0079] "WATERSOL S-126" (tr
parts), "WATERSCL S-695" (t
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was| a §lightly blue-tinged

WAt er - based Pai nts)
poration; 100
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of .DIC Corporation; 5 parts), "WATERSOL S-6831M' (trade nane, product of
DI C Corporation; 5 parts), all of which are filmformng materials, and
“water (100 parts) were conbined and stirred. The white pignment dispersion
(30 parts) obtained in Exanple 4 was added, followed by stirring to obtain
a white paint. The paint was applied to an alum num pl ate. \Wen baked at
140C for2Qm nutes 3 transparent beautiful white color was obtained. This
i s beli eved*fBPbEaf<i ndi cation of good conpatibility between the
filn}forningonaterials and the dispersant. The thus-painted plate was then

i mersed fdP0381ni nutldsa A BaPrihglams dot thife dewartd of Bigperdanéreép

whi tening, blistering or 51 separation. Further, the coating was al so good
in color @ewnErbpABAt aBABOgDESTPSWABN1ERenpakatlead 3dppl Pedted, avblkaek,
coated paper strip and dried, the black area was fully hidden by the
coating so (#Rat5t herpail nt akadibki ghrhpdi 1g5Sppeets) p6080pibwenyg, aawmbite

pi gnent di spersion dispersed with Conparative Dispersant-3 instead of the
whi te pi gmentietdhapeiamdne (0a Zbapart wase foadukdl athd Aircoatn ngl aasbtariged

| i kewi se with the paint. A painted plate with a transparent beautiful

whi te col or200ag) akeec oht@éaed. THAh e rithe tRAWed spladiee) Was RnABLgedohor 30
mnutes in boiling water, blister was observed on the coating. This is

bel i eved ta bei@n ddiicaldriyt eb Miﬂ@tsiaaﬁ%f@én@fdista&sqw.i nghat its
portions corresponding to the glycol chains in the dispersant used in the

phite Pl gTeBhrehBRSE YN i Lhe SURAAIY D SRSLFE0A- conh@ nepobherel n,
glycol chains were ng, 1 n other words, ter-sol uble

portions VV‘S%E‘traceVOCweredetected,butVOCwasbelowthedetectionlimit,
i.e., below 100 ppm. It was a slightly blue-tinged dispersion
of high jet blackness.
Application Example (Water—baéed 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 5-6831M"” (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 stirring toobtainawhitepaint.
The paint was applied to an aluminum plate. When baked at 140°C
for 20minutes, a transparent beautiful whitecolor was obtained.
Thisisbelievedtobeanindicationof goodcompatibilitybetween
the film-forming materials and the dispersant. The

thus-painted plate was then immersed for 30 minutes in boiling

water. The coating did not develop whitening, blistering or
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long. In a simlar manner, paints were prepared with Pignent D spersions-2
,to -6, and painted plates were obtained, respectively. Al the coatings

" were good in waterproofness and also good in hiding property, and
therefore, the painted plates were excellent. Wth white pignent

di spersions obtained in a simlar manner as Exanple.6 except for the use

of Inventi AASRel sapl$ther 2+gRd LA I : obt ai ned
Aopl i cat | on eiaerar PR bery gtﬁi@oﬁé?;?h[@og%% s %?S*é‘ﬁﬁﬁi S%%ﬁ%

di sper si Orljévglad.fd?rgé?iﬂ;sa)ngﬁgwgg 13 B% H 'zﬂaé'iﬁg s %ip‘fﬁi%d?icgﬁ?atlack

concentration o a glycerin concentratron o so t’hat an

ok for stajoneoy s prenared o, e Lol yas i Lbed o o pl aoticrmde

felt-tip pen equ core and a p prod astics
nol di ng, and witing test was perfor, d.agﬁin the felt-ti en,
characterg’y A% 6n P ﬁgﬁhéﬁPEEn@ ihﬁé?eh&ﬂ%ﬁghémﬁgﬁgr. Snoot h
writing was feasible wthout penetration strike-through of the ink, and
the witteiP%8Hr act 1S Rere WErle s jESa i L sraieseq ikt Was
substantially free of VOC. 53 CLAIM5: A piq&;nt,dispersant_conprLsing: (a)
5 to 30 wiBR maters P ekt helepbegepifdha wyltabaemept@HiSRETrsi®), 10 to
30 wt % of nononer units having acid groups, (c) 40 to 80 wt % of
(et h) acr y Reenestas fovnoretedni t& caatd n(adyas tormedl Wikeot seonbbierthei t s
havi ng pol y(C2%- al kyl ene glycol) chains or nono (Cl_22 al kyl) ether chains
of said glpedolt,. saiphipdied plate with a transparent beautiful white color

was also obtained. When the painted plate was immersed for 30

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

alsogoodelhidingproperty,andtherefore,thepmintedpdates

were exéellent. 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

was diluted togive apigment concentrationof 8.5% andaglycerin
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(€24 al kyl ene glycol) chains or nono (C,.22-alkyl) ether chains having a

. nunber average nol ecul ar weight of from 150 to 1,500, a sum of said nononer
units (a) to (d) anobunting to 100 wt % wherein said pignment dispersant has
an acid value of from30 to 300 ngKOH g, a nunber average nol ecul ar wei ght
of from5,000 to 30,000, and a content of organic conpounds, boiling

poi nts of i .nat_hi gher_ t f . hi [ w % 2.
A pi gnment © |§%§F§%E%B§co£% f’hgsoto [o aﬁ%%,cf%ﬁesrte%fghoglset gﬁ”%gr Eg%gglréds'ai d
nonomer upits. re.aliphatic_groups hayi Q_4 carbon atops.
T oyel i o rotnE MR a0t 68 T M AR h s R R R B 81
production of a pignent di.spersant, i ch conprises:., polynerizi a') 5
P30 w opdtostabs it BoARG o e B plree Tos LorbrBrent 2 phif 128"t b 30
wt % of a nononer having an _acid group, (c'.) 40 to 80 wt % of a

(et h) acr YEate"est RET AoRBAr , Uiid*q Fhe Fels 36 Pwbse o RaTREREASEr YRaGi ng a
poly(C2.e al kyl ene glycol) chain or nono(C, _22 alkyl) ether.chain of said
gl ycol , sHrdtpeny R4 H RyPeRanddiiigyise ¢ nopransie (ENoQph yrk{indet her
chain having a nunber average nol ecul ar weight of from 150 to. 1,500, a sum
of said wescheasi{le Vitbopd Perstmaitiorgstoikedtiroaghw it hha iydd.yandi zati on
initiator in a water-soluble organic solvent to obtain a 54

pol ymer i zaheonrihtghucieans theas resm teety Palghmem ciatt dleedkndser.ei fihe
conbining and m xing said polynerization m xture and water together to

emul sify eankdwasokubssahdipollynereenosavdcwat er such that an emnul sion or
solution of said polyner is obtained, adding an acid to said enulsion or
solution of said polyner to have said
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pol ymer precipitated such that a m xture of water and said polyner is
obt ai ned, and then, heating said mxture to a tenperature of not |ower than
a cloud point of said polyner, wherein said pignent dispersant has an acid
value of from30 to 300 ngKOH 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
whi ch are not higher than 250 C, of not higher than 0.2 wt% 4. A process
according to claim 3, wherein said water-sol uble organic solvent 1is at

| east one sol vent selected fromthe group consisting of nethanol, ethanol,
i sopropanol, n- propyl al cohol, ethyl ene glycol, propylene glycol, ethylene
gl ycol tho ether propyl ene gl ycol nononethyl ether, acetone and
tetrahydrofuran § A process according to claim3, mhereln sai d i

pol ynerization initiator is one a coupling product of radical
deconposi tion products of which has a boiling point of not |ower than 250
C. 6. A roc%gﬁ according to claim3, wherein said polymerization initiator

is at | east ameg 'S'Bﬁ aE‘e‘I’mrésﬂ"Q‘romthe group consi sting of

2,2" -azobi s( ‘@a)mEt B%SBOM% 6 areinalic wad/or Raierddybky) vinyl monomer units,
2,2' -azobis(2,4 dlnet 9Ie onitrile

2. 2" -azobi s( £k, 419119 ya pfdRengR ’u'?"@r having Aid @1o4P,y anopent anoi ¢ aci d)

2, 2' - azobi s{ 2y nenbxaaw%af(nmmse?pmteéwmmbwuhwrmet hyl ] pr opi onani d
e} 2,2 -azobi's{2-ne [ - N- dr oxynet h (é et héu) pr opi onam de}, 55
e

anmoni um per €&k f abdo 39 penemer @n' hayisigepely (traa-pliyleneialxcel)ah@inshy drogen
Pﬁg?g ;gfc chi ﬁ_ pr BFﬁr%%o%‘,’_Oféi'kﬂgetﬁé’r S Or3aidYifd! shigpbly acid is an
(C,¢-alkylene glycol) chains or mono (C,,-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 wt%,
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

256 °C, of not higher than 0.2 wt%.

2. A pigment dispersant according to claim 1, wherein ester groups in said
monomer units (c) are allphatlc groups having 1 to 4 carbon atoms or
alicyclic groups having 12 to 22 carbon atoms.

3. A process for the production of a.pigment duspersant which comprises:

polymerizing _

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

(b) 10 to 30 wt% of a monomer having an acid group,

(¢) 40 to 80 wt% of a (meth)acrylate ester monomer, and

(d) 5 to 30 wt% of a monomer having a poly(C, ¢-alkylene glycol) chain or
mono(C, ,,-alkyl) ether.chain of said glycol, said poly(CH-alkylerie
glycol) chain or mono (C, ,,-alkyl) ether chain having a number ‘
average molecular weight of from 150 to 1,500, a sum of said
monomers (a") to (d') amounting to 100 wt%, ‘

with a polymerization initiator in a water-soluble organic solvent to obtain a
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8. A process according to claim3, wherein said polynerization mxture is
poured into water to have said polyner precipitated, and the

t hus-precipitated polynmer and an aqueous solution of an alkali are conbi ned
and stirred together to enulsify or dissolve said polynmer such that an

emul sion or solution of said polynmer is obtained. 9. A process according to

claim 3, wherein said alkali is a conpound selected fromthe group
consi sting of amoni a, di et hanol am ne, triethanol am ne, di propanol am ne,
tripropanol am ne, Iithium hydroxide, sodium hydroxide and potassium

hydr oxi de. 10. A process according to cl-aim3, wherein said polynerization
m xture and an aqueous solution of an alkali are conbined and stirred

. together to phymerizatiorsmixtursevithod resaltantpolymercontaieditheseind i s added to -

said solution to have said pol r precipitated such that a mxture of 1
221 d pol ymer Sarhfinta and Fbing G SR PR Bkt Vit Rl aPm 10,
wher ei n sai demblsify ior disselve caRipolgmeeinaaidWater soch tHae agrepilsiondsi sting of
amoni a, diet r‘ano a{n' n&, H{Vri et hﬂ?ol ani ne, di propanol am ne,

tripropanol afif Hion of $3id o G %R lgineds o g um hydroxi de and potassium
hydroxi de. 1g4diAg afGéeRPieSsH®EMulsIoh & solutinFRaId SVIFMeF fPRave $digr ei n sai d
aqueous solution  has been obtained by neutralizing a pignment dispersant

accordi ng t oPelyaerprecipijated suchthata mixtHreefiwater anpd; said polyeeris di sper sant

content of n lgh q,{%p 50 wt% and has a content of organic conpounds,
boi I'i ng poi n?éta@#e%\.ﬂﬁﬁ%h 6 are not higher than 250 G of not higher than

0.05 wt % 13heating sgid mixtutestos temperatorgef nat lgyventhae astloud poighefigaid wat er, a
pi gnent di sggl Sapt according to claim1, and an alkali and having a
content of rganl‘c conpounds, boiling points of which are not higher than
250 C, of 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 wt%.

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 monomethy! ether, propylene giycol monomethyi ether,
acetone and tetrahydrofuran.

5. A process according to claim 3, wherein said polymerization initiator is one a
coupling product of radical decomposition products of which has a boiling
point of not lower than 250 °C.

6. A process according to claim 3, wherein said polymerization initiator is at
least one compound 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(hyaroxymethyl)-Z-hyd roxyethyl]propionamid
e}, 2,2'-azobis{2-methyl-N-[1,1-bis(hydroxymethyl)ethyl}-propionamide},
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not hi gher

10.

11.

12.

than 0.01 wt% 57

ammonium perstuifate, sedium persuifate, potassium persulfate and
hydrogen peroxide.

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

A prdcess according to claim 3, wherein said polymerization mixture is
poured into water to have said polymer precipitated, and the
thus-precipitated polymer and an aqueous solution of an alkali are combined
and stirred tbgether to emulsify or dissolve said polymer such that an
emulsion or solution of said polymer is obtained.

A process according to claim 3, wherein said alkali is a compound selécted
from the group consisting of ammonia, diethanolamine, triethanolamine,
dipropanolamine, tripropanolamine, lithium hydroxide, sodium hydroxide and
potassium hydroxide.

A process according to claim 3, wherein said polymerization mixture and an
aqueous solution of an alkali are combined and stirred together to obtain a
solution of said polymer, and an acid is added to said solution to have said
polymer precipitated such that a mixture of said polymer and water is
obtained. '

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. ‘ |

An aqueous solution of a pigment dispersant, wherein said aqueous solution
has been obtained by neutralizing a pigment 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
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13.

are not higher than 250 °C, of net higher than 0.05 wt%. .

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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