990 2° 7 0 SPECI FI CATI ON PROCESS FOR PRODUCI NG A WATER- SOLUBLE POLYMER
DI SPERSI ON 5 TECHNI CAL FI ELD The present invention relates to ocess for

p
produci ng a dispersion of a water-solublg pol yper [ W a1 ol nd
high fluidity, dispersedin an aqueous salt soggt %Za§Zdi peHsen um
and widely used in, for exanple, a floccul ant atewat @ri ent

used as a water treatnent agent, paper production chemcals used in a

paper maki ng process, a dispersion stabilizer of various types of
suspensions or a soil inprover, angpBefer&edtdeul arly, to a process for
produci ng a wat er-sol ubl e pol yner dispersion characterized by adding a
specific chem cal substance to maintain 16 the viscosity of the reaction
solution at a |ow | evel during polynerization. BACKGROUND ART As an exanpl e
of 8 process b RiOUNE! ok it ARCTS kReRl shifBr0potiBik - SPL bk ergiel yer
particles in an agueous salt solution as di spersron mnedrum having [ow
viscosity and high fluidity in the prior art, processes conprising
polymerizing while stirring in the presence of a dispersant such as pol yner
el ectrolyte are disclosed in European Patent Publication No. 0183466 and

Eur opefin” PRCENECAL: BIBLPcati on No. 0364175.

The present invention relates to a process for producing a

* dispersion of a water-soluble polymer having low viscosity and high
fluidity, dispersed in an aqueous salt solution as dispersionmedium,
and widely used in, for example, a flocculant and a dewatering agent

10 used as a water treatment agent, paper production chemicals used
in a papermaking process, a dispersion stabilizer of various types
of suspensions or a soil improver, and more particularly, to a
process for producing a water-soluble polymer dispersion
characterized by adding a specific chemical substance to maintain
15 the viscosity of the reaction solution at a low level during

polymerization.

BACKGROUND ART
As an example of a process for producing a dispersion of fine
26 water-soluble polymer particles in an aqueous salt solution as
dispersion medium having low viscosity and high fluidity in the
prior art, processes comprising polymerizing while stirring in the
presence of a dispersant such as polymer electrolyte are disclosed
in European Patent Publication No. 0183466 and European Patent

25 Publication No. 0364175.



2 In the case of carrying out the processes disclosed in the patent
publ i cati ons descri bed above, the phenonenon occurs in which the viscosity
of the reaction solution increases significantly during polynerization.
Consequently, a large load is applied to 5 the agitator, thereby creating
the need to use a high-powered notor and2tirring blades that are able to
wi thstand high levels of torque. This results in the problem of high cost
of the reaction apparatus. In addition, since the viscosity of the.reaction
sol ution becones high, there are portions that are not m xed properly,
thereby 10 resulting in the additional problemof the formation of coarse
particles. D SCLOSURE CRsSEHRfl NYEXYLON #-t athe pridcesisesondgciiongdyani the
studies on a process that 15 solves the above-nentioned probl ens, the
I nvent or s péténe pubddenatt iomsadd s ani Yeal aldo véatt hleyplesttbenon speut§iim whiahcal
substance to the reaction solution, the increase in viscosity of the
reaction sehdtv98cdyitpgopoltyigereaation ealubeof UPRELESSEs shgﬁgbychﬁaﬂ?ng
or

to conpletion of the present invention. 20 Nanely, in a process
produci ng guphepSPIHE £2 PO MIEBr consequently, a large load is applied to
5 the agitator, thereby creating the need to use a high-powered motor
€ and stirring blades that are able to withstand high levels of torque.
This results in the problem of high cost of the reaction apparatus.
In addition, since the viscosity of the reaction solution becomes
high, there are portions that are not mixed properly, thereby

10 resulting in the additional problem of the formation of coarse

particles.

DISCLOSURE OF THE INVENTION
As a result of conducting various studies on a process that

15 solves the above-mentioned problems, the inventors of the present
invention found that by adding a specific chemical substance to
the reaction solution, the increase in viscosity of the reaction
solution during polymerization can be suppressed, thereby leading
to completion of the present invention.

20 Namely, in a process for producing a water-soluble polymer
dispersion comprising polymerizing water—soluble monomers having
double bonds in an aqueous salt solution that dissolves the monomers
but does not dissoclve the formed polymer while stirring in the
presence of a dispersant composed of a polymer electrolyte soluble

256 in this aqueous salt solution to obtain fine polymer particles



di spersion conprising pol ymerizing water-sol ubl e nonomers havi ng doubl e
bands' i n an aqueous salt solution that dissolves the nononers but does not
di ssolve the fornmed polynmer while stirring in the presence of a dispersant
conposed of a polynmer electrolyte soluble 25 in this aqueous salt sol ution
to obtain fine polyner particles 3 didpersed in the aqueous salt
solution, the present invention suppresses the phenonenon of the
significant increase in viscosity of the reaction solution during
pol ynmeri zati on by adding at |east one viscosity-increase suppressor
sel ected frpn1the(grpup 5 consisting of: (A) a polyval ent carboxylic acid
or a salt dhwpested (Br thepaapearentSagiefluticn, Fhey Rresenpbingntion
contai ning a hydroxyl group and a carboxyl group or a salt thereof, 10
(D) gl ucosuppressedithe phenomerorof, tii€)signifdgentomgreris inovi acaettyy
reacting net hoxyhydroqui none and/or (meth)acrylic cationic nonomer with a
conpound téfittigereaattéonr adiotisnidurmmoppicdiynenizat hos fhe radifl) ataleast
reaction product obtained by reacting (neth)acrylic

one viscosity-increase suppressor selected from the group

5 consisting of:
< {A) a polyvalent carboxylic acid or a salt thereof,

(B) a polyvalent phenol,

(C) a cyclic compound containing a hydroxyl group and a carboxyl
group or a salt thereof,

10 (D} gluconic acid or a salt thereof,

(E) a reaction product obtained by reacting methoxyhydroquinone
and/or (meth)acrylic cationic monomer with a compound that
generates radicals in an oxidizing atmosphere,

(F) a reaction product obtained by reacting (meth)acrylic

16 cationic polymer with a compound that generates radicals in an
oxidizing atmosphere,

() a reaction product obtained by reacting (meth)acrylic
cationic polymer with an oxidant, and
a mixture thereof, thereby making it possible to carry out

20 production even with a low-powered agitator, while also reducing
the formation of coarse particles.

In the present invention, it is preferable that the

water-soluble monomers having double bonds be composed of 0-30 mol%

acrylic acid, 0-100 mol% acrylamide and 0-100 mol% cationic monomer

25 represented by the following formula 1-and/or the following formula



15 cafionic polynmer with a conmpound that generates radicals in an oxidizing
at.nosphere, (G a reaction product obtained by reacting (neth)acrylic
cationic polynmer with an oxidant, and a gl xture thereof, thereby naking it
possible to carry out 20 production even'with a | owpowered agitator, while
al so reducing the fornmation of coarse particles. In the present invention,
it is preferable that the water-sol ubl e nononers havi ng doubl e bonds be
conposed of 0-30 nol % acrylic acid, 0-100 nmol % acryl am de and 0- 100 nol %
cationic unoner 25 represented by the followi ng fornula |and/or the
fol | owi ng formul a 4 (wherein, Arepresents O or NH, B represents [err]
R err] represent[g H or. [ﬁrr] and R3 represent an al kyl group having 10 1-4
carbon atons, R roffnuﬂ'ép dsent s hydrogen, an al kyl group having 1-4 carbon
atons or benzyl_¢3\|r oup, and X represents a counter ion); (wherein, A
representscb"o'r‘ F RB repResents [err] [err] and Rlerr] represent H or CH3,
and X represents a counter ion) 20 In the present invention, it is
pr ef erabl e t hat kaid
5 O=C—A—B—N*—R*: X~
|
Ra
(wherein, A represents Oor NH, B represents C,H,, C,;H, or C;H;OH,
R! represents H or CH,, R® and R’ represent an alkyl group having
10 1-4 carbon atoms, R represents hydrogen, an alkyl group having 1-4
carbon atoms or benzyl group, and X represents a counter jion);
[formula 2]
CH,=C—R?® R°®
l |
15 O=C—A—-B—N*—R?®: X~
I
R'I
(wherein, A represents O or NH, B represents C,H,, C;H, or C,H,0H,

R®, R%, R’ and R® represent H or CH,, and X™ represents a counter ion).

20
In the present invention, it is preferable that said
dispersant be a cationic polymer electrolyte in which 50-100 mol%
of at least one type of cationic monomer selected from the group
consisting of dimethylaminocethyl {meth)acrylate salt,

25 dimethylaminopropyl (meth)acrylamide salt, di(meth)allylamine



di spersant be a cationic polyner electrolyte in which 50-100 nol % of at

| gast’ one type of cationic nononer selected fromthe group consisting

of di met hyl am noet hyl (net h)acryl ate salt, 25

di ret hyl am nopropyl (neth) acryl am de salt, di (nmeth)all yl am ne salt,
(neth)acryloyloxyethyltrinethylarmnnium5 chl ori de,

(met h) acryl am dopr opyl t ri net hyl ammoni um chl ori de,

di met hyl di al | yl anmoni um chl ori de and a m xture thereof, and 50-0 nol %
acrylam de are polynerized. 5 In the present invention, it is
preferable that a salt that forns the aqueous salt solution be a_bival ent

ani oni ¢ s&RLY/ At t hilBethpacryloydopyeEy hbr Bre il AROTEA po| yFRLEFLde,
carboxylic acid or the salt thereof be oxalic acid, adipic acid, tartaric
aci d, nal i{oesdi)acrydanidoprapydtahnethylamporiwvf . 10 Febdipaddeit s
preferable that the (B) polyval ent phenol be resorcinol or pyrogallol. In
addi ti on, dimethyjdebédghbmmbhatnt belé)de\aald @ norpovnadiienealy and &GOyl
group and a carboxyl group be m hydroxybenzoic acid, p-hydroxybenzoic acid,
sal i cyl i cmaaikdacggllbinddecade pabpineri®edci d and a salt thereof. In

addi tion, the viscosity-increase suppressor (E) can be

5 In the present invention, it is preferable that a salt that
forms the aqueous salt solution be a bivalent anionic salt.

At this time, it 1is preferable that the (A) polyvalent
carboxylic acid or the salt thereof be oxalic acid, adipic acid,
tartaric acid, malic acid, phthalic acid and salts thereof.

10 Further, it is preferable that the (B) polyvalent phenol be
resorcinol or pyrogallol.

In addition, it is preferable that the (C) cyclic compound
having a hydroxyl group and a carboxyl group be m-hydroxybenzoic
acid, p-hydroxybenzoic acid, salicylic acid, gallic acid, tannic

15 acid and a salt thereof.

In addition, the viscosity-increase suppressor (E) can be
obtained by reacting a compound that generates radicals in an
oxidizing atmosphere in a solution containing methoxyhydroquinone
and/or (meth)acrylic cationic monomer.

20 Furthermore, the viscosity-increase suppressor (F) can be
obtained by reacting a compound that generates radicals in an
oxidizing atmosphere with (meth)adrylic cationic polymer.

The viscosity-increase suppressor {(G) can be obtained by

reacting an oxidant with (meth)acrylic cationic polymer.

25 It is preferable that the total added amount of the



-abt ai ned by reacting a conpound that generates radicals in an oxidizing

at nosphere in a solution containing nmethoxyhydroqui none and/ or
(meth)acrylic cationic nmononer. 20 Furthernore, the

vi scosity-increase suppréessor (F) can be obtained by reacting a conpound
that generates radicals in an oxidizing atnmosphere with (meth)acrylic
cationic polyner. The viscosity-increas§ suppressor (G can be obtai ned by
reacting an oxidant with (nmeth)acrylic cationic polyner. 25 It is
preferable that the total added anpunt of the 6 viscosity-increase
suppressors listed in (A through (G above be from 10 ppmto 10, 000
ppnbas ed ot $&0 Sk Yhknrea e suPREEissat xt 1gted BESTAMME dugh CARRYDNEGe G THE
| NVENTI ON 5 The present invention will be explained in detail bel ow
The presehirom APgpm dba 1l 0 pppre basefiam phededighy of the aveactdlomahix ot e/ mer

di spersion conprising polynerizing water-sol ubl e nononers havi ng doubl e
bonds in an aqueous salt solution that dissolves the nononers but does not
di ssolve the forned polynmer 10 while stirring in the presence of a

di sper sargesP NosE ol ARG o ek ehyvkRTgelubl e in this aqueous salt
solution to obtain fine
) 5 The present invention will be explained in detail below.
The present invention is a process for producing a water-
soluble polymer dispersion comprising polymerizing water-soluble
monomers having double bonds in an aqueous salt solution that
dissolves the monomers but does not dissolve the formed polymer

10 while stirring in the presence of a dispersant composed of a polymer
electrolyte soluble in this aqueous salt solution to obtain fine
polymer particles dispersed in the aqueous salt solution,
characterized by adding at least one viscosity-increase suppressor
selected from the group consisting of:

15 (A) a polyvalent carboxylic acid or a salt thereof,

(B) a polyvalent phenol,

(C) a cyclic compound containing a hydroxyl group and a carboxyl
group or a salt thereof, |

(D) gluconic acid or a salt thereof,

20 (E) a reaction product obtained by reacting methoxyhydroquinone
and/or (meth)acrylic cationic monomer with a compound that
generates radicals in an oxidizing atmosphere,

(F) a reaction product obtained by reacting (meth)acrylic

cationic polymer with a compound that generates radicals in an

25 oxidizing atmosphere,



pol ynmer particles dispersed in the aqueous salt solution, characterized by
addi ng at +east—ome Vi SCOSity-iNncrease suppressor s roup
consisting of: 15 ol yval ent carboxylic acjdHy SBEEGHAS BREY dof |
(B) a pol yvijsehaet a cyclic compound cont ai ni nRERLAGER oxy! }gr oup
and a car box} salt thereof, {E» gluconic acid or a salt

t hereof, 20 i§gt Kii on product obtained by reacting

met hoxyhydr oqui none and/ or (meth)acrylic cationic nonomer with a conpound
that generates radicals in an oxidizing atnosphere, (F) a reaction product
obtained by reacting (nmeth)acrylic cationic polynmer with a conpound that
gener at es (&Y cal sreactir25 poediiczi noplaimsphbye, reactings) (metbaecicydic
product obtained by reacting (nmeth)acrylic cationic polyner with an

oxi dant, eaadiandtxpolegmehewtoh. athexia@det  saldibl e nonomer havi ng doubl e
bonds used in the 5 present invention is suitably selected fromcationic

mononers gu@lixture thereof.

The water-soluble monomer having double bonds used in the
5 present invention is suitably selected from cationic monomers such
as an amine salt of dialkylaminoalkyl (meth)acrylate and quaternary
compounds thereof, an amine salt of
dialkylaminoalkyl (meth)acrylamide and quaternary compounds
thereof, an amine salt of dialkylaminohydroxypropyl (meth)acrylate
10 and quaternary compounds thereof, an amine salt of
dialkylaminohydroxypropyl {meth)acrylamide and quaternary
compounds thereof and diallylamines salt and quaternary compounds
thereof; nonionic monomers such as (meth)acrylamide, N-
vinylcarboxylic acid amide, acrylonitrile and wvinyl acetate;
15 anionic monomers such as (meth)acrylic acid, acrylamide-2-
methylpropane sulfonic acid and itaconic acid and their salts; and,
mixtures thereof.
Specific examples of these water-soluble monomers having
double bonds include, but are not limited to, cationic monomers
20 such as  a hydrochloride or sulfate of
dimethylaminoethyl (meth)acrylate,
(meth)acryloyloxyethyltrimethylammoniun chloride,
(meth)acryloyloxyethyldimethylbenzylammonium chloride, a
hydrochloride or sulfate of dimethylaminopropyl (meth)acrylamide,

25 (meth)acrylamidopropyltrimethylammonium chloride,



.as an amrne—sattof dial Kyl ani noal kyl (meth) acrylate and quaternary

conpounds_ .
di al kyl arff
am ne salj;
qguat er nar y| i

t

di al kyl am nopr opyl (net h) acryl am de -i
t hereof and diallylamnes salt and quaternary conpounds thereof;
(et h)acryl am de,

mononers such as
acrylonitrile and vinyl

ced :
- cryl am de

an am ne sal t of

and quaternary conpounds t hereof, an
nohydr oxypropyl (neth) acrylatpTh® SR HAs popn
thereof, an _amine salt |of REPLACED 'l
and quatermary—c ds

noni oni ¢
N vinyl carboxylic acid am de,

acetate; 15 anionic nmpnoners such as

(et h) acr (Meteh) agrylanigonnomileinethylbppryl apuesivm| f onchlecideand @

itaconic acid and their

salts; and, m xtures thereof. Specific exanpl es of

t hese watkydmsaghimridemnoners havi n@tdoubl e bonds $wtfade, but are notof
limted to, cationic nononers 20 such as a hydr ochl ori de

or s iestt ey 1 amindMyditamatgndpyd (neehh vt gdbheacr yl at e,
(et h) acryl oyl oxyet hyl t ri nmet hyl amoni um chl ori de,
(et h) acr yhett el o) Kb A yid BepaPpd TR A indfhy 1 aghbei ide, chléride,

hydr ochl ori deorsul fate of dinethylam nopropyl (nmeth)acryl am de, 25

(-met h)sacr yih S ik PIRWK 1L 3t YRR 8PPy i me thy 1benzyl ammoftiR' | d€hloride

10

16

20

26

and diallyldimethylammonium chloride; nonionic monomers such as

(meth)acrylamide, N-vinylformamide, N-vinylacetoamide and
hydroxy (meth)acrylate; and, anionic monomers such as (meth)acrylic
acid, acrylamido-2-methylpropane sulfonic acid and itaconic acid
and the 1like. such as

In addition, hydrophobic monomers

acrylonitrile, wvinyl acetate and styrene or the like can be
copolymerized provided that the polymer remains water-soluble.

Polymers that form the water-soluble polymer dispersion of
the present invention are polymers of the above-mentioned monomers,
and examples of particularly useful polymers include homopolymers
of cationic monomers, cationic polymers such as copolymers of
cationic monomers and nonionic monomers such as acrylamide,
amphoteric polymers such as copolymers of cationic monomers,
nonionic monomers such as acrylamide and anionic monomers such as
acrylic acid, and nonionic polymers such as Homopolymers of nonionic
monomers such as acrylamide.

Accordingly, more preferable water-soluble monomers having
double bonds that can be used in the present invention are composed

of 0-50 mol% acrylic acid, 0-100 mol% acrylamide and 0-100 mol%

cationic monomer represented by the following formula 1 and/or the



(et h) acryl am dopr opyl di net hyl benzyl anmoni um chl ori de, a

hydr ochl ori de or sul fate of
di met hyl am nohyd- oxyropyl (et h) acryl ate,q
(et h) acryl oyl oxyhydr oxypropyl tri met hyl anmoni uum chloride, 5

(et h) acryl oyl oxyhydr oxypr opyl di met hyl benzyl anmoni um  chl ori de and
di al I yl di et hyl anmoni um chl ori de; noni oni ¢ nononers such as
(et h)acryl am de, N-vi nyl f or mam de, N-vi nyl acet oanm de and

hydr oxyet g%g?négg& E‘%cﬁnfec{r%%ﬁag%gréﬁgnt@ﬁ}% ?t‘he”?é‘%%xf 6P a f"a&gﬁ/ ACkRLI C

acid, acr pane su i C acl taconic acid 10 and
the |ike, I n.addiition ydrophobi ¢ nononmers such as acrylonitrile,
vi nyl acng}%ogﬁHgs%QF%H%ao *the |li ke can be copol yneri zed provided that
t he pol yner remains m?ter-soluble. Pol ymers that formthe water-sol uble
pol yner ~ di sper st OR8]l present invention are pol yners of the

above- nenti oned nononers, 15 and exanples of particularly useful polyners
i ncl ude h&psFFER ' of Rt oni ¢ nmononers, cationic polyners such as
copol ymers of cationic nononers and noni oni ¢ nononers such as acryl am de,
anphot&ric polyders such &s copol yners of cationic nonomers, nonionic
nononers such as acryl am de and ani oni c nononers such as 20 acrylic acid,
and noni oni copeloyr s- BueN *as Rtbaopol yners of noni oni ¢ nononers such as
acrylam de. Accordingly, nore preferable water-sol uble nmononers having
doubl e bonds that can be ysed in the present invention are conposed

Ra
(wherein, A represents O or NH, B represents C,H,, C;H, or C;H;OH,
10 R® represents H or CH,, R® and R® represent an alkyl group having
1-4 carbon atoms, R’ represents hydrogen, an alkyl group having 1-4
carbon atoms or benzyl group, and X represents a counter ion);
[formula 2]
CH,=C—R?® R®
15 | I
O=C—A—B—N*—R®: X~
I
R 7
(wherein, Arepresents O or NH, B represents C,H,, C,H; or C,H;OH,
20 R®° R% R’ and R® represent H or CH,, and X~ represents a counter ion).
The dispersant composed of polymer electrolyte used in the
present invention is preferably a cationic polymer electrolyte
obtained by polymerizing 50-100 mol% of at least one cationic
monomer selected from the group consisting of a hydrochloride or

25 sulfate of dimethylaminoethyl (meth)acrylate,



of 0-50 nol % acrylic acid, 0-100 nol % acryl am de and 0-100 nol % 25
cationic nononer represented by the following fornmula 1 and/or the 9
cationic nmononmer represented by the following fornula 1 and/or the
following formula 2: (wherein, A represents O or NH, B represents [err] 10
Rlerr] represents Hor [err][ and R err] _represent an al kyl group having
1-4 carbon atons, R4represents hydrogen,l%n al kyl group having 1-4 carbon
atons or benzyl group, and X- represents a counter ion); (wherein, A
represents O or NH, B represents [err] 20 [err] represent H or CH3, and X
represents a counter ion). The dispersant conposed of Eolyner el ectrolyte
used in they¢recklerids on sudfpsepe Eiddmetinyland aePsaPE L B tRbacEY baRESEyt e
obt ai ned by pol yneri zing 50-100 nol % of at | east one cationic nonomner
sel ect ed f (methhecoybami deprdryl tinsfthy layghosdkimor | de oehRsrigdel fate a
of di et hyl am noet hyl (net h)acryl ate, 10

hydrochloride or sulfate of diallylamine, a hydrochloride or

sulfate of dimethallylamine, dimethyldiallylammonium chloride and
5 a mixture thereof, with 50-0 mol% acrylamide. In addition, a
polyamine such as polyalkylenepclyamine can also be used.

In addition, in the case of trying to obtain a dispersion of
an anionic polymer, a polymer or copolymer of an anionic monomer
selected from the group consisting of a salt of {meth)acrylic acid,

10 a salt of acrylamido-2-methylpropanesulfonic acid and so forth and
a mixture thereof can also be used for the dispersant.

The polymer electrolyte that serves as a dispersant in the
present invention can be obtained by dissolving a monomer in an
aqueous medium, adding a polymerization initiator such as a

15 water-soluble azo-type polymerization initiator 1like 2,2'-
azobis (2-amidinopropane) 2-hydrochloride (abbreviated as V-50) or
2,2'-azobis[2~(2-imidazoline-2~yl)propane] 2-hydrochloride
{abbreviated as VA-044), or a water-soluble redox-type
polymerization initiator like the combined use of ammonium

20 persulfate and sodium hydrogensulfite and performing radical
polymerization to obtained the desired dispersant. The reaction
temperature of polymerization can be arbitrarily selected within
the range of 0-100°C according to the properties of the
polymerization initiator. The addition of a chain transfer agent

256 such as isopropyl alcohol and mercaptan, which are normally used



hydrochl ori de or sulfate of dinethylam nopropyl (neth)acryl am de,
(met hyacryl am dopr opyl t ri nmet hyl anmmoni um chl ori de, a
hydrochl ori de or sulfate of diallylamne, a hydrochloride or sulfate of

di met hal | yl am ne, di nethyl di al |yl anmoni um chloride and 5 a m xture
thereof, with 50-0 nol % acrylam de. In addition, a polyam ne such as

pol yal kyl enepol yam ne can al so be used. I addition, in the case of trying
to obtain a dispersion of an anionic polyner, a polyner or copol yner of an
ani oni ¢ nononer selected fromthe group consisting of a salt of (neth)
acrylic acid, 10 a salt of acrylam do-2-nethyl propanesul fonic acid and so

forth and anntxdicel ths) @ed rioadt iadrs @obgdigetl nalledilla rdivepghtantdan Hisso be
pol ymer electrolyte that serves as a dispersant in the present invention

can be obt airpedrByidiySHRI1ECIEdE MIAHRIugH FUll PG iRdi A t Rdipdd yier
polymerization initiator such as a 15 water-soluble azo-type

pol yner i Zabi@@trbﬂgﬁ:b%ﬁét s&¥Fes 2a32 a d&%%@r?»aﬁ@ ﬁ@&dﬂwﬂp%ﬁ@formed by

2- hydrochl oride brevi ated as V- -azobi s -

(2" Gazol o) )R e iﬁ%ﬂﬁm il e ggefggabyg\ Q).

or a wateér-50 ype po ionini'tia e conbi ned
use of m 20 sulfate an dra ensulflte forn1n
radi cal popﬁﬁiwaw@w“%l%m% DR €t anFa ERon WP B
tenperature of gghgnerlzatlon can be arbitrarily selected within the range
of* 0-100 &prife ¥ng to the properties of the

In the present invention, the aqueous salt solution that
serves as the dispersion medium of the water-soluble polymer
dispersion is an aqueous salt solution that dissclves both the raw

10 material water-soluble monomer and dispersant composed of polymer
electrolyte, but does not dissolve the fine particles of product
polymer. Consequently, a type of salt having those properties is
used in the present invention in the form of an aqueous salt solution
of a concentration at which those properties are demonstrated.

15 Salts suitable for use in the present invention are bivalent
anionic salts like sulfates, while the counter cation is selected
from ammonium ion, sodium ion, magnesium ion, aluminum ion and so
forth. Specific examples of salts include ammonium sulfate,
ammonium hydrogen sulfate, sodium sulfate, sodiur hydrogen sulfate,

20 magnesium sulfate, magnesium hydrogen sulfate, aluminum sulfate
and aluminum hydrogen sulfate. Ammonium sulfate and sodium sulfate
in particular are the most preferable as salts used in the present
invention. In order for these bivalent anionic salts to have the
above-mentioned properties, the concentration of the salt is

25 selected within the range of 15% by weight to saturation



pol yneri zation initiator. The addition of a chain transfer agent 25 such
as i sopropyl al cohol and nercaptan, which are normally used I n radi cal
pol ynmeri zation to adjust nolecular weight, can also be arbitrarily

sel ected. Although polynerization of the polynmer electrolyte that serves as
a dispersant is normally performed by stigding aqueous sol ution

pol yneri zation, it is preferable to 5 perform polynerization while stirring
i n consideration of product uniformty. In the present invention, the
aqueous salt solution that serves as the dispersion nediumof the

wat er - sol ubl e pol yner dispersion  is an aqueous salt sol uytion _that dissolves
both the rafraenthaiienal wat 8A94S1LaBY e OBRNRBEDENANAPEREr ST SC OTHR eBS of
pol ynmer el ectrolyte, but does not dissolve the fine particles of product

pol ymer . Caedégnerghlorigle ypadofamegniviny chgorhdee qaropalePeds s usesd ih
the present invention in the formof an aqueous salt solution of a

concent r at combaha hhor hwi tioseheraperd-irentEonedemvsfieatednitebic saltsSalts
suitable for use in the present invention are bivalent anionic salts |ike
sul fates, while m&eheQsNFer GaiproRing IRleectBglidirtym &fdDBbUMdrah ¢OdtHe

I on, magnesiumion, alum numion and so forth. Speci fic exanples of salts

i ncl udey angPBHEPL $Hh T8y @adding various types of salts to the water-soluble

polymer dispersion obtained after polymerization are described in

the patent publications mentioned in the background art, and the
arts are incorporated in the present invention.

In the obtaining of the above-mentioned polymer fine

10 particles, by adding at least one viscosity-increase suppressor

selected from the group consisting of (A) a polyvalent carboxylic

acid or a salt thereof, (B) a polyvalent phenol, (C) a cyclic

compound containing a hydroxyl group and a carboxyl group or a salt

thereof, (D) gluconic acid or a salt thereof, (E) a reaction product

15 obtained by reacting methoxyhydroquinone (MEHQ) and/or

(meth)acrylic cationic monomer with a compound that generates

o radicals in anoxidizing atmosphere, (F) a reaction product obtained

by reacting (meth)acrylic cationic polymer with a compound that

generates radicals in an oxidizing atmosphere, (G) a reaction

20 product obtained by reacting (meth)acrylic cationic polymer with

an oxidant, and a mixture thereof, large increases in viscosity

of the reaction solution during polymerization can be suppressed,

thereby making it possible to carry out production even with a

low-powered agitator while also reducing the formation of coarse

25 particles.



amoni um hydrogen sul fate, sodium sul fate, sodi um hydrogen sulfate, 20
magnesi um sul fat e, magnesi um hydrogen sul fate, al um num sul fate and

al um nunmhydr ogen sul fate. Ammoni unsul fate and sodi unsul fate in particul ar
are the nost preferable as salts used in the present invention. |In order
for these bivalent anionic salts to have the above-nentioned properties,
the concentration of the salt is 25 selktted within the range of 15% by
weight to saturation 12 concentration. In addition, nonoval ent
anionic salts such as sodium chl oride and ammoni um chl ori de can al so be
used in conbination with the above-nenti oned bival ent anionic salts.

Met hods for inpdvilsgpredethbildi thatirithe vvifsqosi tyf ingeeasedsdprres spr Bye
addi ng various types of salts to the water-sol uble polynmer dispersion
obt ai ned & wetepoekypiablaatdmpouakie alesevehew Henptdife ptlent hptblsi dbd s @lrged
mentioned in the background art, and the arts are incorporated in the

present i nenth®NaqldotidesODt adlweied §&evahpVvas Ny | dNgsk 10l orraiiedi we, 10
particles, by adding at |east one viscosity-increase suppressor selected

from the gnoum eonsi skbiig18s (Af 2 Rte¥AdSNIbIEAT Pesbbendsi dafond Sathe
t hereof, (B) a polyval ent phenol, (C a cyclic
' 5 viscosity-increase suppressors (A) through (G) include, but are
not limited to, the compounds indicated below.

Specific examples of the (A) polyvalent carboxylic acid or
the salt include oxalic acid, adipic acid, tartaric acid, malic
acid, phthalic acid and their salts.

10 Specific examples of (B) polyvalent phenols include
resorcinol and pyrogallol.

Specific examples of (C) cyclic compounds having a hydroxyl
group and a carboxyl group include m-hydroxybenzoic acid, p-
hydroxybenzoic acid, salicylic acid, gallic acid, tannic acid and

15 their salts.

Specific examples of (D) viscosity-increase suppressors
composed of one type of water-soluble organic compound selected
from gluconic acid and its salts include gluconic acid, sodium
gluconate, potassium gluconate, ammonium gluconate and various

20 amine salts of gluconic acid.

In the obtaining of the viscosity~-increase suppressor defined
in (E), a compound that generates radicals is allowed to react while
blowing an oxygen-containing gas into a solution containing MEHQ
and/or (meth)acrylic cationic monomer. This compound that

25 generates radicals may be the same compound as a polymerization



conpound contai ning a hydroxyl group and a carboxyl group or a salt
thereof, (D) gluconic acid or a salt thereof, (E) a reaction product 15
obt ai ned by reacting methoxyhydroqui none ( MEHQ) and/ or
(meth)acrylic cationic nmononer with a conpound that generates radicals in
an oxidi zi ng at nosphere, (F) a reaction. product obtained by reacting
(meth)acrylic cationic polynmer with a c&%pound that generates radicals in
an oxi di zi ng atnosphere, (G a reaction 20 product obtained by reacting
(meth)acrylic cationic polyner with an oxidant, and a m xture thereof,

| arge increases, in viscosity of the reaction solution during pol rization
can be supPrEeERT PREPALYYnHRPAg IRt YAGLSRHI B MmEEF?ﬁtb%?'p?gﬁﬂﬁigﬁno ven

with a | ow powered agitator while al so reducing the formati on of coarse 26
particl eswhichiingciude arupberbselinkg air tips poloperiéaticn dnppiasesr be
a wat er-sol ubl e conmpound, and even nore preferable that is dissolved in the
aqueous salikesét 0 iaan Véefdidngons Wasedi-spéublencataii-hyvpeSpedihesizakanpl es
of water-soluble conpounds anong the 5 viscosity-increase suppressors
E) QI) O\t/v hr oughi¢Ghtbpclike, thmicoabénedt use ft etmba i uh hee xonipiaired andidodatmd
.5 hydrogensulfite.
In the obtaining of the viscosity-increase suppressor defined
in (F), a polymerization initiator which is a compound that
generates radicals, examples of which include a water-soluble
azo-type polymerization initiator 1like V-50 or VA-044, or a
10 water-soluble redox-type polymerization initiator 1like the
combined use of ammonium persulfate and sodium hydrogensulfite,
is allowed to react in an oxidizing atmosphere, for example while
blowing in oxygen-containing gas, with the dispersant of the present
invention composed of polymer electrolyte obtained Dby
15 polymerization of (meth)acrylic cationic monomer inaccordance with
known methods, wultimately enabling the obtaining of a
viscosity-increase suppressor similar to (E).
In the obtaining of the viscosity-increase suppressor defined
in (G), a low molecular weight oxidized polymer is obtained by
20 oxidizing the dispersant of the present invention composed of
polymer electrolyte obtained by polymerization of (meth)acrylic
cationic monomer in accordance with known methods using hydrogen
peroxide or halogen oxidant, ultimately allowing the obtaining of

a viscosity-increase suppressor similar to (E) and (F).

25 Specific examples of (meth)acrylic cationic monomers used to



Specific exanples of the (A) polyval ent carboxylic acid or the salt include
oxalic acid, adipic acid, tartaric acid, malic acid, phthalic acid and
their salts. 10 Specific exanmples of (B) polyvalent phenols

i ncl ude resorcinol and pyrogallol. Specific exanples of (C cyclic
conpounds having a hydroxyl group and ajgarboxyl group include

m hydr oxybenzoi ¢ acid, p- hydroxybenzoic acid, salicylic acid, gallic acid,
tannic acid and 16 their salts. Specific exanples of (D) viscosity-increase
suppressors conposed of one type of water-sol uble organi c conpound sel ected
from gl ucqpic.acid d it al, inclu | uconi c I 0y SQEJ WA G, e,
pot assi umggkg%gﬁ%qeeﬂgﬁ%%t mlgfs:ﬁggﬁgtsguep nd S\?;%F iSOl(.IE;lF QgFamg%g @ I g%gp a
gluconic acid. ILn the obtaining of the viscosity-increase sup ssor
defined i RAFEPDLS cBARPSURESt hal Bend? ataessl?%fg‘?oééﬂl?ri €al P&me&e‘i%a?@acf’f
whi | e bl owi ng an_oxygen-contai ning gas into a solution containing MEHQ
and/ or ( ABRRFRYLgmLBoghhydARethvReREkate, This conpound that 26 generates

radi cal s may be the same conpound as a pol ynerization 14
(meth)acryloyloxyethyltrimethylammonium chloride,
5 (meth)acryloyloxyethyldimethylbenzylammonium chloride, a

hydrochloride or sulfate of dimethylaminopropyl (meth)acrylamide,

{meth)acrylamidopropyltrinethylammonium chloride,
(meth)acrylamidopropyldimethylbenzylammonium chloride, a
hydrochloride or sulfate of

10 dimethylaminohydroxypropyl (meth)acrylate,
(meth})acryloyloxyhydroxypropyltrimethylammonium chloride,
(meth)acryloyloxyhydroxypropyldimethylbenzylammonium chloride,
and the like.

These viscosity-increase suppressors (A) through (G) are

15 added in an amount of 10 ppm to 10,000 ppm relative to the weight
of thé reaction solution. If the added amount is 10 ppm or less,
effects are not demonstrated, while if the amount is 10,000 ppm
or more, it is economically wasteful.

The water-soluble organic compounds specifically listed in

20 the above-mentioned (A) throﬁgh {G) were found from experimental
considerations, and may be respectively used alone or as a
combination of a plurality of types.

The effect of suppressing viscosity-increase of the reaction
system by these compounds has not been theoretically elucidated.

26 Based on experimental results, the polymer formed in the reaction



initiator normally used in radical polynerization, exanples of which
I nclude a water-sol uble azo-type polynerization initiator |ike V-50 or

VA- 044, or a water-soluble redox-type polynerization initiator |ike the
conbi ned use of amoni um persul fate and sodium 5 hydrogensulfite. In the
obtai ning of the viscosity-increase sup %essor defined in (F), a

pol yneri zation initiator which is a cong und that generates radicals,
exanpl es of which include a water-sol uble azo-type polynerization initiator
li ke V-50 or VA-044, or a 10 water-soluble redox-type polynerization

initiator like the conbined use of_ ammoni um persul fate and sqdium .
hydr ogens&PEPEEON R %8 Bigherospiubt ity diPTotngi ARG YT rﬁi’g&hérog,utﬂ'BP in

exanpl e while blow ng in oxygen-containing gas, with the dispersant of the
present iwbéﬁbirm—pcgldﬁwsie?@d mgpompp|ismdissel ved tdap the HFRlinagUeoHy 15
pol ynerization of (meth) acrylic cationic nononer in accordance with known
met hods, salti matlaitjionentib| whicht lealyotth nsabt used dsvidbesetyedncpidse
suppressor simlar to (E). In the obtaining of the viscosity-increase
suppr essofrigebsheg-inctEpsea ilsoveormyietarear tvei gbtunxddezde pohgnppliyser
obtained by 20 oxidizing the dispersant of the present invention conposed
of polynmeaigkesiinhyis eblatned pyiepl yoestedipianfon(.netrhhacr giincecahieoni ¢
nononer in accordance with known nethods using hydrogen peroxide or hal ogen
oxldant, yhkborieLyiakhent g sLppraBkal8i N@) Ofthrough (G) of the present
invention promote precipitation of fine particles of polymer,
viscosity-increase is suppressed as a result of causing the polymer
to precipitate as fine particles before dissolving in solution,

10 thereby resulting in a decrease in torque applied to the rotary
shaft of the reaction apparatus and reducing the occurrence of
coarse particles generated accompanying defective stirring.

In order to obtain a dispersion of water-soluble polymer in
the present invention, monomers, dispersant and viscosity-increase

15 suppressor are dissolved in an aqueous salt solution, a
polymerization initiator, such as a water-soluble azo-type
polymerization initiator like V-50 or VA-044, or a water-soluble
redox-type polymerization initiator like the combined use of
ammonium persulfate and sodium hydrogensulfite, is added in a state

20 of oxygen gas removal in a nitrogen atmosphere, and radical
polymerization is carried out while stirring. The polymerization
reaction temperature can be arbitrarily selected according to the
properties of the polymerizationinitiator within a range of 0-100°C.

The addition of a chain transfer agent like isopropyl alcohol and

25 mercaptan, which are normally used in radical polymerization to



a' viscosity-increase suppressor simlar to (E) and (F). 25 Specific
exanples of (meth) acrylic cationic nononers used to 15 obtain the

vi scosity-increase suppressors (E), (F) and (G include cationic nononers
such as a hydrochloride or sulfate of dinethylam noethyl (neth)acryl ate,

(et h) acryl oyl oxyet hyltri net hyl anmoni um chloride, 5
(et h) acryl oyl oxyet hyl di met hyl benzyl ammoni’um chl ori de, a
hydrochl ori de or sul fate of dinmethyl am nopropyl (neth)acryl am de,
(et h) acryl am dopropyl tri nmet hyl amoni um chl ori de,
(et h) acryl am dopr opyl di met hyl benzyl ammoni um chl ori de, a

hydr ochl or iadgust molecular weight, can also brilafrdtidrarily selectedf Ik is
di met hyl am nohydr oxypr opyl (et h) acryl at e,

(et h) acr y heyle@suiydtox ppir@pyht stiet iy aaboani peripheral spfded iodeat least
(met h) acryl oyl oxyhydr oxypr opyl di net hyl benzyl ammoni um chl ori de, and the

like. Thesa wi/agosihyvirBeie@seehYNPECSHROSEN (FRed 1PN P AR 1VmeraGded i n
an amount of 10 ppmto 10,000 ppmrelative to the weight of the reaction

solution. L§ ded i , S .
solution. Phrilieapddedragpunte i 4808 G54t €55 seabEeRk e #E Pil¥vided the

5 contents do not overflow from the apparatus, and arbitrary stirring
conditions can be selected.

A known arbitrary charge method can be employed for charging
monomer, examples of which include a method in which the entire
amount of monomer is charged into the reaction vessel in advance,

10 a method in which a portion of monomer is charged into the reaction
vessel in advance after which the remainder of monomer is added
continuously, and a method in which the entire amount of monomer
is added continuously during polymerization.

Examples

15 Although a detailed explanation of the present invention is
provided through by means of examples, the present invention is
not limited to the following embodiments provided that its scope

is not departed.

20 (Examples 1-15)
The monomers having compositions and molar ratios listed in
Table 1, the water-soluble organic compounds (A) through (D) as
a viscosity-increase suppressor listed in Table 1 in the amounts
listed in Table 1, and 1 part of polydimethyldiallylammonium

25 chloride (manufactured by CPS Corp., trade name: Age Flock WT40HV)



or nore, it is economically wasteful. The water-sol ubl e organic conpounds
specifically listed in 20 the above-nentioned (A) through (G were found
from experinmental considerations, and may be respectively used al one or as
a-conbination of a plurality of types. The effect of suppressing

vi scosity-increase of ‘the reaction systeﬁaby t hese conpounds has not been
theoretically elucidated. 25 Based on eXperinental results, the polyner
formed in the reaction 16 solution has a higher solubility for the
aqueous salt solution in which non-polynerized nononer is dissolved than

t he sinple agueous salt solution i ich only the salt used.is q%fsoj ed
and visco§?¥§ RerLaSE PRLEHhaT @E@HX&EémFB Y%@m$8P§H%rc oride
di ssolving in solution prior tolgre0|p|tat|on Thus, since the
vi scosi t y- { Hereke o ipbteastis: (A) 4o qaapq;fsatrﬁé preggerhangachtinom
promote precipitation of fine particles of polyne vi scosity-increase is
suppr essedreactiqreyvabsedf (igumes gipndiee pol § ooy, \t@llpfréechO tldttersd ¢qwipped
particles before dissolving in solution, 10 thereby resulting in a
decr ease iwitlomgsteiaper) edﬁr@gtdmaaematqn shdkl témpdrmtneasctbahrapparadnd
and reduci ng the occurrence of
5  helical ribbon impeller (diameter: 65 cm, rotating speed: 60 rpm)
followed by the addition of deionized water and ammonium sulfate
to reach the monomer concentrations and ammonium sulfate
concentrations listed in Table 1 and dissolving by stirring to form
a uniform solution. Next, a 5% by weight aqueous solution of V-50
10 was added as a polymerization initiator in an amount of 100 ppm
per monomers followed by stirring and polymerization was carried
out for 10 hours at 48°C. BAs a result, polymer dispersions were
obtained comprising fine particles having a particle diameter of
10-20 pm dispersed in an aqueous salt solution.
15 The maximum values of torque loaded to the rotary shaft of
the agitator during the polymerization reaction are shown in Table
1. In addition, the results of weighing the amount of polymer
remaining on a sieve (coarse particles) after filtering the

resulting polymer dispersion through a 40 mesh standard stainless

20 steel sieve are shown in Table 1.

(Comparative Examples 1-4)
With the exception of not adding water-soluble organic
compounds (A) through (D) as viscosity-increase suppressors, the

26 same procedure was performed as in Synthetic Examples 1-15. The



coarse particles generated acconpanyi ng defective stirring. In order to
obtain a dispersion of water-soluble polyner in the present invention,
nmononer s, dispersant and viscosity-increase 15 suppressor are dissolved
in an aqueous salt solution, a polynerization initiator, such as a
wat er - sol ubl e azo-type polynerization initiator like V-50 or VA-044, or a
wat er - sol ubl e redox-type polynerizatioﬂﬁ nitiator |ike the conbined use of
anmoni um persul fate and sodi um hydrogensul fite, is added in a state 20 of
oxygen gas renoval in a nitrogen atnosphere, and radical polynerization is
carried out while stirring. The pol yneri'zation reaction te rature. can be
ar bi t r ar i 3« SRire Ghadesce dridimmet doadied groopbe AR 1ot S)Elﬁét;ﬁﬁ@ AR
initiator within a range of 0-100[err]C. The addition of a chain transfer
agent ik fﬁ%’r&l?é’b@i){&@élOizﬁm)rQ&emﬂtd@maapdv\hhehrﬁ«?’élﬁ%r?rﬁl VSL1GRERC i n
radi cal yneri zation to 17 adj ust nol ecul ar wei ght, cgn al so be
arbitrari ) dyel L qgﬁ@@gﬁnég(arpeshownliniwabhg t a peripheral
speed of %¥e|§%§§ﬁ§ %¥n$%éfﬂgorder to ensure snooth precipitation of

pol ymer fine particles. There is no upper |limt on stirring rate provided
the 5 contents do not overflow fromthe apparatus, and arbitrary stirring



condi tjons can be selected. A known 'arbitrary char ge net hogyugadndee HspbEENed
for chargi ng nononer, exanples of which include a nethod j n whirebi.ACED
entire anount of nononer is charged into the reaction vesser~tm advance, 10

a nmethod in I ch ajporftion of] jnonjorelr [1's charng hto[the réactin vesse
i n advance af@%; whi(ch- it he {reraji nder jof nmpnofrer|is| added continyously, and
a method in whisch the entire gnpunt of | mohoner |s added continugusly during
pol ymeri zati oN.” Exanpl s 15« |(ef= |=2Al Hivwough g det ajeded |ekpl gnation of the
. L . o . o~ W Iy fed i
present invent§ion i §prlovi d&d |Er odghl iy feaffs 6f EXampt s, thee | pr esent
invention is gt linited ta thel fol | ow ng|enpod| mepts priovided fhat its
scope i s not éepartéd. 20 |[(E4danplies [1115) The ponpmer s havihg ¢ojnposi ti ons
and nol ar r at res—H-sted—+nrFahHe—4—the—wat-ef—spluple—or agi, fvllounds (A
through (D) as a viscosjity-indriease suppressor |isted iin Taplie; 1 in the
anount s Iiste@¢§n Tqble 1,:jand 1 part| of Jolydineth,ldiallyleuru;j um 25
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and 1 part of pol ynethacryl oyl oxyet hyl tri met hyl ammoni um chloride (intrinsic
viscosity: 2 dl/g) as dispersants were charged in a reaction vessel (inner
dianeter: 70 cm volune: 270 liters) equipped with a stirrer, nitrogen
aeration tube, tenperature controller agd 5 helical ribbon inpeller
(diameter: 65 cm rotating speed: 60 rpm followed by the addition of

dei oni zed water and ammoni um sul fate to reach the nononer concentrations
and anmoni um sul fate concentrations listed in Table 1 and di ssol vi ng by

stirring to forgRBrEVMTABIONS OUsED Ofy NRGE: a 5% by wei ght aqueous sol ution
of V-50 10 was added as a polynerization initiator in an anmount of 100 ppm

per nononers f d L& 4 I I cCar ki for 10
OhRNE i%!ﬁ?b%i?%r PHMNR 1R rgm}(g@ﬁlﬁf& EhedroHE |

hours at 480C. As a resu 0 I spersions bt ai ned conpri si ng
fine particles in ' ' : - m.di 2r.sed in an
aqueous salt soﬁ@#id%?gﬁgg§i6§§é%ﬁ&£¥$%§§thr%%%%é%%g%oFﬂF§?%§§ | oaded to the
rotary shaft of%%gg ggit tordduring t he pol ynerization reaction are shown
in Table 1. In f t oY ¥t T esul ts of wei ghing the amount of pol ymer
remai ning on a sieve_(coarse particles) after filtering the resulting
pol yne? di sper sPBf: t Arb¥ithca2%4binesh standard stainless 20 steel sieve are
shown in Table 1. (Conparative Exanples 1-4) Wth the exception of not
addi ng mater-soB&bl@XgE§@n¢@i@onpounds (A) through (D) as
Vi scosity-increase suppressors, the

A2: Adipic acid

A3: Tartaric acid

A4: Malic acid
10 A5: Phthalic acid

Bl: Resorcinol

B2: Pyrogallol

Cl: m-hydroxybenzoic acid

C2: p-hydroxybenzoic acid
15 C3: Salicylic acid

C4: Gallic acid

C5: Tannic acid

D1: Sodium gluconate

20 (Viscosity-increase suppressor Production Example - E1)

10,000 ppm relative to the amount of monomer of a 1% aqueous
solution of V-50 were added to a 1% aqueous solution of
methacryloyloxyethyltrimethylammonium chloride followed Dby
allowing to stand for 10 hours after heating to 55°C while stirring

25 and blowing in air to obtain a brown reaction product. This was



25 sane procedure _f_m;rred as in Synthetic Exanples 1-15. The
maxi mum val lmgsggﬂéo que | oaded to the rotary shaf ;
Fnlnaqd and the results of
|n Tabl e 1. 21 ABBRE) s
hyI di met hyl benzyl ammoni um chl ori de DIVQ

t he pol yneriz
coarse partigl
TABLE: DMABC.

Acryl oyl oxyethyl tri rret hy anmoni um chl or¥de” AAM Acryl ami de 5 AAC.

Acrylic acid Al: Oxalic acid A2: Adipic acid A3: Tartaric acid

designated as an aqueous solution having a 1% concentration of

viscosity-increase suppressor F1.

(Viscosity-increase suppressor Production Example - E2)

5 3,000 ppm relative to the amount of monomer of hydrogen
peroxide and 9000 ppm relative to the amount of monomer of ferrous
sulfate were added to a 1% aqueous solution of
methacryloyloxyethyltrimethylammonium chloride followed Dby
allowing to stand for 10 hours to obtain a brown reaction product.

10 This was designated as an aqueous solution having a 1% concentration

of viscosity-increase suppressor E2.

(Viscosity-increase suppressor Production Example - E3)
5000 ppm relative to the amount of MEHQ of V-50 were added
15 to an aqueous solution containing 1000 ppm of MEHQ followed by
allowing to stand for 10 hours after heating to 55°C while stirring
and blowing in air to obtain a brown reaction product. This was
designated as an aqueous solution having a concentration of 1000
ppm of viscosity-increase suppressor E3.
20
(Viscosity-increase suppressor Production Example - F1)
5000 ppm relative to the amount of monomer of VA-044 were added
to a 3% aqueous solution of methacryloyloxyethyltrimethylammonium
chloride followed by allowing to stand for 10 hours at 50°C in a

25 state of oxygen gas removal in a nitrogen atmosphere to obtain a




A4: Malic acid 10 A5: Phthalic acid Bi: Resorcinol B2: Pyrogall ol

Cl.: m hydroxybenzoic acid C2: p-hydroxybenzoic acid 15 C3: Salicylic
acid 4. @llic acid C5: Tannic acid D1: Sodium gl uconate 20

(Vi scosity-increase suppressor Production Exanple - El) 10,000 ppmrel ative
to the anount of nononer of a 196aqueou? solution of V-50 were added to a
1% aqueous sol ution of nethacryl oyl oxye %yltrinethylannnniun1 chl ori de
followed by allowing to stand for 10 hours after heating to 55[err]C while
stirring 25 and blowing in air to obtain a brown reaction product. This

was 22 _designated as an aqueous so] ufion having.a 1%c entrati f
Vi Scosi { yPPREPERCES SHPHIRIEIRNG SR LRI 1 SPRcreisy Shibridld pr 5888t i on
Exanple - E2
P ppm)of VA-044 were further added to this polymer solution followed
by allowing to stand for 10 hours after heating to 55°C while
stirring and blowing in air to obtain a brown reaction product.

5 This was designated as an aqueous solution having a concentration

of 3% of viscosity-increase suppressor Fl.

(Viscosity-increase suppressor Production Example - Gl1)
1000 ppm relative to the amount of monomer of VA-044 were added
10 to a 10% aqueous solution of methacryloyloxyethyltrimethylammonium
chloride followed by polymerization for 10 hours at 50°C in a oxygen
gas removal state in a nitrogen atmosphere to obtain a polymer
solution having an intrinsic viscosity of 1.8 di/g. 500 ppm
relative to the amount of polymer of hydrogen peroxide were further
15 added to this polymer solution followed by diluting to a polymer
concentration of 5% with deionized water and allowing to stand for
10 hours at 40°C to obtain a brown reaction product. This was
designated as an aqueous solution having a concentration of 5% of
viscosity-increase suppressor Gl.
20
(Examples 16-31)
With the exception of wusing the viscosity-increase
suppressors described in Table 2, the same procedures as Synthetic
Examples 1-15 were performed to obtain polymer dispersions

26 containing fine particles having a particle diameter of 10-20 Om



5 . 3,000 ppmrelative to the anount of nonomer of hydrogen peroxide
and 9000 ppmrelative to the anount of nononer of ferrous sulfate wer e
added to a A% agueous sol ution of
met hacryl oyl oxyet hyl tri nnet hyl ammoni um  chl ori de fol |l oned by al | owi ng
to stand for 10 hours to obtain a brown lpaction product. 10 This was
desi gnated as an aqueous sol ution having a 1% concentration of
Vi scosity-increase suppressor E2. (Viscosity-increase suppressor Production
Exanmple - E3) 5000 ppmrelative to the anbunt of MEHQ of V-50 were added 15
to an aquegus sol uti.on contai ni ng 1000, ppm of NEHgfo,IIowed by allowing to
stand for PRI Aht SHLSPIRGHG SORErIGTe WhnpPasimm Yt Ut o) SR i n
air to obtain a brown reaction product. This was designated as an agqueous
sol uti on BREHED dhcdhid atiddRtyt sbadtppefof thescagitdtonerdasing  the
suppressor E3. 20 (viscosity-increase suppressor Production Exanple - Fl)
5000 ppm redkmerizakidre raanhiorofaneosborn dh YAbO&42werkn aatididttona B%
aqueous sol ution of methacryl oyl oxyet hyltrinethyl amoni um chl ori de foll owed
by al | owi nedwltsd anfl weaitgiihdotiites atolit* @ f rpal @ter steatad mifngo)orgen sfosve
removal in a nitrogen atnosphere to obtain a

5 (coarseparticles) after filtering the resulting polymer dispersion

through a 40 mesh standard stainless steel sieve are shown in Table

2.

(Comparative Examples 5-8)

10 With the exception of not wusing viscosity-increase
suppressors, the same procedures were performed as in Synthesis
Embodiments 16-31. The maximum values of torque applied to the
rotary shaft of the agitator during the polymerization reaction,
and the results of weighing the amount of coarse particles are shown

16 in Table 2.



23 polymer solution having an intrinsic viscosity of 0.3 dl/g. 5000 ppm of
VA; 044 were further added to this polyner solution followed by allowng to

stand for 10 hours after heating to 550C while stirring and blowing in air
to obtain a bfown refctlion prqdugt] § Thi Wras desilgnhat ed fas|arl apueous
sol uti on havi A ..a concentyratidn pf [3% of wsco:iny-in reasje suppressor Fl.
(Viscosity-in £\‘\ggase suppressory Producti pn|Exanpl e - th’) 1000(pgm fellati ve
to the anount ~0T monofee ©f |VA2084 [qerel-pdelgd PO (2t @ 19%7a @eguéjsm ution
of met hacryl oy 8xyet [iyI|er|het Kl mir‘bnf’urﬁcml or |“de” (Bl °0\A%d‘“b/° -
pol yneri zatiomsfor 10 Hours|at| 5p' C ijn A oxylgeh gas| remval $tdte|in a
ni trogen atnosphere to |obtainja pollyner|sol utipnlhaving anl I ntni n5|3
viscosity of I=8—eHg—5p0+ppmrelati-ve—ttethe—arpunt—of—pelyreriof
hydr ogen pero@de were {further| 16 j{added to ithis|pal yfren sjol utiloni fol | owed
by diluting tozg pol ymer concentyatidn bf 5% w th dei pnilzed watler{ and
al lowing to s{&ad for 10 [ol¥ s?al? 40[|8r 1 €2t|8 obti (R & bR oMn | g8ct] gn
. L B S t abla Co S R T s I P R o T = O B £ ) .
product. This|{was designated as an aquepusg sol btilon haviingl ajcgncentration
of 5% of visc@Sity-ihcrlease|suppfessor & . 20 (Exanpl es |16+ 31) (Wi h|the
exception of using thelviscosiltytincriease supp egsors| desciibed | [abl e 2,
the same proce¢durgs as [Synt hetiji c
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Exanpl.es 1-15 were performed to obtain pol ymer di spersions 25 containing
fine particles having a particle dianmeter of 10-20 [err] 24 dispersed in
an aqueous salt solution. The maxi num val ues of torque applied to the
rotary shaft of the agitator during the%ﬁﬂynerization reaction are shown
in Table 2. In addition, the results of weighing the anmount of polyner
remai ning on a sieve 5 (coarse particles) after filtering the resulting
pol ymer di spersion through a 40 nmesh standard stainless steel sieve are
shown in Table Z.BgCOH%arative Exanpl es_5-8) 10 Wth the exception
of not using BB 3591F?NﬁnyﬁggséNsﬁﬁﬁPﬁssors, the sane procedures were
performed as in_Synthesis Enbodi nents_16-31. The maxi num val ues of torque
applied to the PB%\&Cy s oy oret Ayl d anerh gl ey ke e WS LoAid6h
reaction, and the results of weighing the amount of coarse particles are
shown 15 in TabDMQ2. Acryloyloxyethyltrimethylammonium chloride

ARM: Acrylamide

5 BAAC: Acrylic acid

(Examples 32-35)
The monomers having compositions and concentrations listed
in Table 3, the compounds (A) through (G) as a viscosity-increase
‘10 suppressor listed in Table 3 in the amounts listed in Table 3, and
1 part of polydimethyldiallylammonium chloride {(manufactured by
CPS Corp., trade name: Age Flock-WT40HV) and 1 part of
polyacryloyloxyethyltrimethylammonium chloride (intrinsic
viscosity: 2 dl/g) as dispersants were charged in the reaction
15 vessel used in Examples 1-31 followed by the addition of deionized
water and salt to reach the monomer concentrations and salt
concentrations (co-use of ammonium sulfate and sodium sulfate)
described in Table 3 and dissolving by stirring to form a uniform
solution. Next, a 5% by weight aqueous solution of VA-044 was added
20 as poiymerization initiator in an amount of 100 ppm per monomer
followed by stirring and polymerization for 10 hours at 38°C. As
a result, polymer dispersions were obtained comprising fine
particles having a particle diameter of 10-20 pm dispersed in an
aqueous salt solution.

25 The maximum values of torque loaded to the rotary shaft of



26 BBREVI ATI ONS USED I N TABLE: DMABC:

Acryl oyl oxyet hyl di net hyl benzyl ammoni um chl ori de DMQ

Acryl oyl oxyet hyl tri met hyl ammoni um chl orgdde AAM Acryl amide 5 AAC:
Acrylic acid (Exanpl es 32-35) The nononers having conpositions and
concentrations listed in Table 3, the compounds (A) through (G as a

vi scosity-increase 10 suppressor listed in Table 3 in the anmounts |isted
in Table 3, and 1 part of polydinmethyldiallylamonium chloride

(manuf actthedgiya€Bs dorpng theagelygaaeizA&grokirealctWbACkkA sthmokrl ipafabbé

pol yacryl oyl oxyet hyl t ri met hyl amoni um chl ori de (intrinsic viscosity:
2 dl/g) as, dispedgditSoner thé hpéHerkd ot hgei @oiald athel amoiass &b £ useliymer
Exanpl es 1-31 followed by the addition of delonized water and salt to reach
the mMONONELNLORNCANt bAl i PNgi180E S@ldarGRNCENEEAIIANS §E0eHSEiQfedTHRN tife
sul fate and sodi um sul fate) described in Table 3 and dissolving by stirring

Lo form ol E1 SRl as NEkL o1 5n ARNYIPLOND rAIPQUAaRALU! Lod: 6 o4 044

was adde rizatiron initiator an anpbunt o ppm per
nnnong; steel sieve are shown in Table 3.

(Comparative Examples 9-10)
With the exception of not adding viscosity-increase
suppressors, the same procedures were performed as in Synthesis
10 Examples 32-35. The maximum values of torque loaded to the rotary
shaft of the agitator during the polymerization reaction, and the

results of weighing the coarse particles are shown in Table 3.



followed by stirring and pol ynmerization for 10 hours at 380C. As a result,
pol ynmer di spersions were obtained conprising fine particles having a
particle dianeter of 10-20 pm dispersed in an aqueous salt solution. 25
The maxi num val ues of torque |loaded to the rotary shaft of 27 the

agitator during the polynerization reaction _are shown in Table 3. In
addition, tlge r%sults pof wei ghing the anount of polyner remaining on a
sieve (coansegparticlesy afber flidterdng thetesulting polymer dispersion
through a 40Q; eghsst andar d| st ai nl-esg -5 st¢éel 5si eve are shown in Table 3.
(Conparative Exanpl es P-10) Wth the exception of not adding
vi scosi ty-imcrease suppressors, (the same procedures were performed as in
Synt hesi s l@‘ﬁExanples 32-35. The maxi num val ues of torque |oaded to the
rotary shafitg & the ag| tat pr durjimg [the polymeri zati on reaction, and the
resul ts of |wei@hi ng the”copfse partilcfes al%e “shown in Table 3.
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29 | NDUSTRI AL APPLI CABI LI TY The Synthesis Exanples of the present invention
cont ai ni ng the viscosity-increase suppressors (A) through (G each reduces
maxi num t orque val ues and the anount of egarse particles in 5 conparison
wirth the conparative synthesis exanples of the prior art. Nanely, the
present invention offers advantages in terns of design and operation of the
reactor, in terns of quality of the resulting water-sol uble polyner

di spersion, and offers significant econom c effects. CLAI M5 1. A

process foiNptSEReATIOapPYRERBTISPrYD] € pol yner di spersion conpri sing
pol yneri zi ng wat er-sol ubl e nononmers havi ng doubl e bonds in an aqueous salt

sol ution that di$gelygschdes SMNARRIS DYk QﬂéngggeﬁH5$ﬂWéﬁ%ibB3cBﬁEHEHing
polymer while stirring in the presence of a dispersant conposed of a

ol ymer el rgk u j i |\t | .utk.on~t 0 ai '
Bolzner pa?g%cﬁgéagfgggrgégr%%séﬁ%ﬁbqueous 53?? 5%?3?%gn?Gzh§?g%tgggégggby

adding at | east RNt ReON Vil POLRRS LR PRSI ot 0 186235 b es in
5 comparison with the comparative synthesis examples of the prior

art. Namely, the present invention offers advantages in terms of

design and operation of the reactor, in terms of quality of the

resulting water-soluble polymer dispersion, and offers significant

economic effects.



sol uion. said viscosity-increase suppressor being selected fromthe group
consisting of: (A) a polyvalent carboxylic acid or.a-salt thereof _(B)
a pol yval ent phenol, (O a cyclic conpound cont ai nj AGIASHERIT B4/ BEEN qup
and a carboxy—group or a salt thereof, (5) a gl ucpni c REPHACGED a saljt
t hereof, (E), ., a reaction product obt ai net by reacting net hoxyhydroqui none
and/ or (et hygqeragetiles Bra Replaéeg NONONMEr Wi th a conpound that generates
radicals in an ol r‘rosphere, (F) a reaction product obtained by

‘ Ifklon

no

reacting (net il : ic polynmer with a conpound that generates
radicals in an oxidizing sphere, ( reaction product obtained by
reacting (meth)acrylic cationic polyner W an oxi dant, and a m xture
thereof, thg total added anobunt of the viscosity-incrase suppressor
represented by (A) through (G being from 10 ppmto 10.00 ppmrelative to
the wei ght of the reaction _solution whereby viscosity of the reaction
sol ution ddri ng PoPYREEFSaEPHPTAUGIINS @s¥walier—sokyble polypyr SiSReds ifosy
produci ng a water-sol ubl e polymer dispersion as set forth in claiml1,
wher ei n t heomprdsiag pbl Eemhoind yahayT gl dold menppags Ve ngoapuabe beomds 30
mol % acrylic acid, 0-100 nol %
i 5 1in an aqueous salt solution that dissolves the monomers but does
not dissolve the formed polymer while stirring in the presence of
a dispersant composed of a polymer electrolyte soluble in said
aqueous salt solution to obtain fine polymer particles dispersed
in the aqueous salt solution, characterized by adding at least one
10 viscosity~increase suppressor selected from the group consisting
of:

(A) a polyvalent carboxylic acid or a salt thereof,

(B) a polyvalent phenol,

(C) a cyclic compound containing a hydroxyl group and a carboxyl

15 group or a salt thereof,

(D) gluconic acid or a salt thereof,

(E) a reaction product obtained by reacting methoxyhydroquinone
and/or (meth)acrylic cationic monomer with a compound that
generates radicals in an oxidizing atmosphere,

20 (F) a reaction product obtained by reacting (meth)acrylic
cationic polymer with a compound that generates radicals in an
oxidizing atmosphere,

() a reaction product obtained by reacting (meth)acrylic

cationic polymer with an oxidant, and

25 a mixture thereof.

00 R



5 acrylam de and 0-100 nol % cati oni c nononer represented by the foll ow ng
for.mula 1 and/or the followng formula 2: (wherein, A represents O or NH, B
represents [err] R err] represents Hor Berr] and R3 represent an al kyl
group having 15 1-4 carbon atonms, R4represents hydrogen, an al kyl group
having 1-4 carbon atons or benzyl group, and X- represents a counter ion);
[formula 2] (wherein, A represents O or NH, B represents [err] [err] and
R[err] represent Hor [err], and X represents a counter ion) 25 32 3.
The process for producing a water-sol uble polyner dispersion as set forth
in either of clains 1 or 2, wherein said dispersant is a cationic polyner

el ectrol yte, i n Wie prole$80rompY¥odlicahgl £aatednsol WiPEe PlolGalelrofi SpSPHDERT
selected fromthe group consisting 6 of

di met hyl an sieith¥br Bt i i@t & wherein the wsdi-sdliumtdmbasineerr 8¥ing
(meth) acrylamde salt, di(neth)allylamne salt,

(et SRS RIBI AT 30 nel! S48 peigy 97100 mois
di-met hyf di gl | ¥] SRTRD 41 CBL260 960399 ATt GohfetOrer¥iled¥ed by the
following formula 1 and/or the following formula 2:
[formula 1]
CH,=C—R’ R?
I I
10 O0=C—A—B—N*—R*: X~
l
RS
(wherein, A represents O or NH, B represents C,H,, C;H; or C,H,OH,
R' represents H or CH,, R® and R® represent an alkyl group having
15 1-4 carbon atoms, R' represents hydrogen, an alkyl group having 1-4
carbon atoms or benzyl group, and X represents a counter ion);
[formula 2]
CH,=C—R"® R®
| I
20 O=C—A—B-N*—R®: X~
|
R7
(wherein, A represents O or NH, B represents C,H,, C;H, or C;H,OH,
R®, R%, R" and R’ represent H or CH,, and X™ represents a counter ion).

25
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10 npl % acryl ami de are pol yneri zed. 4. The process for producing a
wat,es - sol ubl e pol yner dispersion as set forth in either of clains 1 or 2,
wherein a salt that fornms the aqueous salt solution is a bivalent anionic
salt. 15 5. The process for prodUC|ng.ghmater-soluble pol ymer di spersion
as set forth in either of clains 1 or erein the (A) polyval ent
carboxylic acid or the salt thereof is one selected fromoxalic acid,
adipic acid, tartaric acid, malic acid, phthalic acid and 20 a salt

t hereof . 6. The process for producing a wat er - sol ubl e polyner di sper si on

as set for h in either of clains I rein ol yval ent _pheno
'S Tesorcidol ot PERaRes b Btotuding s WRELE: Sold14 Eb1SRERIE SEeRETSE
mater-soluble poI di spersion as set forth in either of Ialns or
wher ei n t &S (Gt cﬁj/?:‘lq}b 18 fpbhds Ohabt HS hyk 3xyf"’h6F8ﬁ}3 %ﬁﬂda %%?Wt
group is one sel ected from m hydroxybenzoic acid g droxybenzoic acid, 5
salicylic briddcagappie pelymer sleickradyaeahn wish 0t¥@9é@ffl° of at Ippst

process for producing a water-sol uble polyner dispersion
one type of cationic¢c monomer selected from the group consisting

5 of dimethylaminoethyl (meth)acrylate salt,
dimethylaminopropyl (meth}acrylamide salt, di(meth)allylamine
salt, (meth)acryloyloxyethyltrimethylammonium chloride,
(meth)acrylamidopropyltrimethylammonium chloride,
dimethyldiallylammonium chloride and a mixture thereof, and 50-0

10 mol% acrylamide are polymerized.

4. The process for producing a water-soluble polymer dispersion
as set forth in either of claims 1 or 2, wherein a salt that forms
the aqueous salt solution is a bivalent anionic salt.
15

5. The process for producing a water-soluble polymer dispersion
as set forth in either of claims 1 or 2, wherein the (A) polyvalent
carboxylic acid or the salt thereof is one selected from oxalic
acid, adipic acid, tartaric acid, malic acid, phthalic acid and

20 a salt thereof.

6. The process for producing a water~soluble polymer dispersion
as set forth in either of claims 1 or 2, wherein the (B) polyvalent

phenol is resorcinol or pyrogallol.

25

A



as g6t forth in__giLhEL—_eL—-clains 1 or 2, wherein the

VﬁSGOSIty i ncrease suppressor (E) is obtained by —
t hat generate%mk%ﬂkaﬁksamﬂqﬁﬂﬁbXId|2|ng at nosphef e ﬁﬂ%ig%gé gison

The

nathoxyhydrqu|‘{{
process for progigs
in either of

i) (neth)acryllc cat i ORN-e—RBREeRE—
.-soluble poddmer di spersion 15 as

set

2, Wwherein the viscosity-increase

npound
ont ai ni ng

forth

suppressor (F) is obtained by reacting a conpound that generates radicals

in an oxidizing atnosphere with (neth)acrylic cationic polyner.

20 10.

The process for producing a water-soluble polyner dispersion as set forth
in either pf cl ahesptroces?, faherednctihg avivatestsylinte padynmeuppi ss80s 11E)

i s obtained by reacting an oxidant with (meth)acrylic cationic polyner.

34 [err]

as set forth in either of claims 1 or 2, wherein the (C) cyclic

compounds having a hydroxyl group and a carboxyl group is one

selected from m-hydroxybenzoic acid, p-hydroxybenzoic

acid,

5 salicylic acid, gallic acid, tannic acid and a salt thereof.

8. The process for producing a water-soluble polymer dispersion

as set forth in either of <c¢laims 1 or 2, wherein the

viscosity-increase suppressor (E) is obtained by reacting a

10 compound that generates radicals in an oxidizing atmosphere in a

solution containing methoxyhydroquinone and/or (meth)acrylic

cationic monomer.

10. The process for producing a water-soluble polymer dispersion

15 as set forth in either of <claims 1 or 2, wherein the

viscosity-increase suppressor {(F) is obtained by reacting a

compound that generates radicals in an oxidizing atmosphere with

{meth)acrylic cationic polymer.

20 11. The process for producing a water-soluble polymer dispersion

as set forth in either of <c¢laims 1 or 2, wherein the

viscosity-increase suppressor (G) 1is obtained by reacting an

oxidant with (meth)acrylic cationic pol

A

25 12. The process for producing a water-soluble polymer dispersion
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as set forth in either of claims 1 or 2, wherein the total added
amount of the viscosity-increase suppressors represented by (A)
through (G) above is from 10 ppm to 10,000 ppm relative to the weight

of the reaction solution.
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