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PCT/ US97/ 09692 . PROCESS FOR THE
PREPARATI ON OF AQUEOUS DI SPERSI ON POLYMERS

FI ELD OF THE | NVENTI ON The present invention relates to tne
process of prep¥?PHY4at er sol ubl e or water dispersible perysidke:More
particularly, the present I nvention relates to the production of

wat er - sol ubl e cationi c pol ynmer di spersions useful in water treatnent,
papermaking, oil field production 5 and refining applications. :
BACKGROUND OF THE | NVENTI ON Cationi c pol yacryl am des are used
extensively in nunerous water 10 and process treatnent applications.
Their hi gh nol ecul ar wei ght and vari abl e charge density nake them
extrenely useful as flocculants for |l iquid/solid separation, as
flotation aids and denulsifiers for oil/water clarification and as

retention and drai nage aids in paper manufacture.

PROCESS FOR THE PREPARATION OF
AQUEQUS DISPERSION POLYMERS

FIELD OF THE INVENTION

The present invention relates to the process of preparing water
soluble or water dispersible polymers. More particularly, the present
invention relates to the production of water-soluble cationic polymer
dispersions useful in waler treatment, papermaking, oil field production

5 and refining applications.

BACKGROUND OF THE INVENTION

' Cationic polyacrylamides are used extensively in numerous water
10 and process treatment applications. Their high molecular weight and
variable charge density make them exiremely useful as flocculants for
liquid/solid separation, as flotation aids and demulsifiers for oil/water
clarification and as retention and drainage aids in paper manufacture.
The high solution viscosity associated with these polymers when dis-
15 solved in water generally preciudes their handling as aqueous sclutions .
due to the low active content (less than 6%) which can be obtained. As a

result, cationic polyacrylamides have generally been handled as either



The high solution viscosity associated with these pol yners when dis- 15
solved in water generally precludes their handling as aqueous sol utions
due to the |l ow active content (less than 6% which can be obtained. As a
result, cationic polyacrylam des have generally been handl ed as either
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powders or water-in-oil enulsions. Due to increasing environnental
concerns surrounding the oil and surfactants in enulsions as well as the

i nconveni ence and expense associated with feeding dry powders, efforts

to develop alternative delivery systens for these polyners have intensi- 5
fied in recent years. The goal of these efforts has been to
devel op delivery systens, in liquid form having high active content,
whi ch do not contain hydrocarbon oil or volatile organic conponents
(VOCs) and whi ch dPFbB\QB@Fst}‘Wé@PJ i érgulsfo?lsa'm}eQ§Qﬁ{§e§§TH %h@nf?rﬂﬂﬁmepwder
pol ymer products. he prior art efforts genera ave

f ocused on pol yrr@pnmrs»pwrroundmgéﬁ\e)né apd epdagtdnts o emusi@rs amWatblae timnoner

m xtures containin L of . a atlon mer with
an aromatic funct' C%r?gfg‘mg’ §%%"9§"P‘6ﬁe%55%§‘%§eﬁ§‘ﬁ’q? ?ﬂ%d;f‘ réit?&t‘”é#%% ° ni um
salt obtained by td Hevslopeiteaiative deliviiry Bpstewls fefthesé gelymres have intensi-
di et hyl am noet h acry Iate AEBAC), and to those prepared with

pol yl ol s sol uBl e¥'IeH '%Fﬁcé‘tﬁ‘ué'é §-salt solution. However, these
pol yneric dispersions are difficult to produce 20 when usi ng nononer
concentrations of about 15 wei ght percent or higher due to

i n-production viscosi e geakef & n%ﬁﬁ%hff@m%h@féh%faiol gevelp dgiylryf ersterosmin

rer oi al product | QB RAHATRng ol RPOSSHBE bl RS LG TRDGEL S

centration, howev concen onTn the
pr oduct poI yner i oildirypatiss organ|ca cdnspaiess (W@Rs)tdnel wioch perfeas eomberamiy t i va-
25 lent ani gﬂl c,salt, concent ?fatl on.to redu e Vi sca& ty after

pol yreri zati 0% of9 3N2100PH EREETRFNY PRUES R yrf’?lepr? ¥t*Sconcent rati on cannot

be increased
The prior art efforts generally have focused on polymer disper-
sions prepared from water soluble monomer mixtures containing at least
5 mole percent of a cationic monomer with an aromatic functional group
15 which is preferably a quaternary ammonium sait obtainad by the reaction
of benzyl chloride and dimethylaminoethy! acrylate (AEBAC), and to

those prepared with polylols soluble in an aqueous salt solution.

However, these polymeric dispersions are difficult to produce

20 when using monomer concentrations of about 15 weight percent or higher
due to in-production viscosity peaks which are generally too high for com-
‘mercial production equipment. [t is possible to lower the monomer con-
centration, however this results in lower polymer concentration in the
product polymeric dispersion. Itis also possible to increase the multiva-

25 lent anionic salt concentration to reduce viscosity after polymerization of
the monomer. However, the salt concentraticn cannot be increased
during polymerization because the rapid preéipitation rate can result in

the formation of a gel instead of a dispersion. Monomers having benzyl



during polynerization because the rapid precipitation rate can result in
the formation of a gel instead of a dispersion. Mnoners having benzyl
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functional groulY®%/PHohl so expensive to prepare and their inclpreien709892
pol yner products limts the variety of polynmers which can be produced by
prior art polynerization techniques. 5 Therefore, a need exists
for a nethod to produce water-sol uble cationic polyner dispersions
which are not limted to containing at |eask 5 nol e percent of a
benzyl functionality. Accordingly, it is an object of this
invention to provide a nethod of 10 producing water-soluble cationic
pol yner di spersions having |less than 5 nol e percent benzyl
functionality which are useful in water treatnent appl i cations.

PRI OR ART 15 functional §tovps Bt 81Rb &% g@v@éﬁpr@ﬁafﬁf}&fﬂﬂeﬁﬁn@u V\ﬂﬁ’i closes a

process for the pr oduct on of a water solub I spersion

i ncl udes pol yneri 2alyineer prbducts limits the tatetyrof polymefs whishcan begiratiieedday i oni ¢
nononer represent ed. th foll formula (1) which has a benzyl
functionality, O tpé'ogértrﬁﬂ? 7@#'05690 (B‘%ﬁ cationi c nononer represented
by the following fornmula (11) andO to 95 nole % (nmeth)acrylamide in

the presence of 1 to 10% by wei g of an organi ¢ hi gh nol ecul ar wei ght
nul tival ent caPion di sg&eEifte. é‘d}?ﬁpl%"Sts for a meffod taRraduce vatr ORIty ner

containing at | eaghiigne goNERdisprsibRs Wﬁic?q are not fithlted tPEHREANPY dtheadt® al

wei ght of the nononers, in an aqueous nultival ent 25 anioni ¢ salt
sol ution which hasncaecp@m%mofatheoayléwnqwuﬁy wei ght or nore. For mul a
| has the formul a:

Accordingly, it is an object of this invention to provide a method of
10  producing water-soluble cationic polymer dispersions having less than 5
mole percent benzyl functionality which are useful in water treatment

applications.

PRIOR ART
15
U.S. Patent 4,929,655 to Takeda et al. discloses a process for the
production of a water soluble dispersion which includes polymerization of
5 to 100 mole % of a water soluble cationic monomer represented by the
foltowing formula (1) which has a benzyi functionality, 0 to 50 mole % of
20 another cationic monomer represented by the following formula (ll) and O
to 95 mole % (meth)acrylamide in the presence of 1 to 10% by weight of
én organic high molecular weight muitivalent cation dispersant compris-
ing a water soluble polymer containing at least one monomer of formula
(M), based on the total weight of the monomers, in an agueous multivalent
25 anionic salt salution which has a concentration of 15% by weight or more.

Formula | has the formula:
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4 [err] (n where Rlerr] is either hydrogen or

CH err]; Rerr] and R err] are each an al kyl group having 1 to 3 carbon
atons: Alerr] is either an oxygen atomor NH, B[err] is ei t her an

al kyl ene groupolsswismg 2 to 4 carbon atoms or a hydroxypropyl l%giwﬁﬁﬁ
group, and X[ err] is an anionic counterion. Formula 11 has e 13

[err] where R4 is either hydrogen or CHerr]; Rerr] and Rl err]
are each an al kyl group having 1 to 2 carbon atons; R err] is a .
hydrogen atom or an al kyl group 20 havigg 1 to 2 carbon atons; Alerr] is
ei ther an oxygen atomor NH, B[err] is ei ther an al kyl ene group havi ng
2 to 4 carbon atonms or a hydroxypropyl - ene group and X err] is an

ani oni ¢ counterion. A polyol, such as glycerin or et hyl ene gl ycol can
al so be used to enhance pol yner deposition. 25 U.S. Patent No.

5, 006, 590, Takeda etcgh =ad | ﬁP 3641g5 are simlar to Takeda ' 655,
except that polynerlzatlongls carrle out in yie presence of both: (1)

a water soluble catiopjc_s poI J%? squbI n an
aqueous sol ution of a“-polyva eht énl ni a mé@er sol ubl e
cationic dlsgersant pol ymer which is sol ubl e aqueous 30 solution of
a pol yval ent Yani onic salt. The wat erR&ol ubl e cationic seed pol ymer

that is insoluble in_the aqueous sol ution of polyval ent anionic
where R; is either hydrogen or CHj; R; and Rj are each an alkyl group

S~

having 1 to 3 carbon atoms; A, is either an oxygen atom or NH; B, is
either an alkylene group having 2 to 4 carbon atoms or a hydroxypropyi-

10  ene group, and X, is an anionic counterion. Formula I has the formula:

CH; = (I:—R‘ Ts

0 = C—A—B,—N—R; ' Xs (i)
15 |
Re

where Ry is either hydrogen or CH;; Rs and Rg are each an alkyl group
having 1 to 2 carbon atoms; R; is a hydrogen atom or an alkyl group

20 having 1 to 2 carbon atoms; A; is either an oxygen atom or NH; 8, is
either an alkylene group having 2 to 4 carbon atoms or a hydroxypropyl-
ene group and X; is an anionic counterion. A polyol, such as glycerin or

ethylene glyco!l can also be used to enhance polymer deposition.

25 U.S. Patent No. 5,006,590, Takeda et al. and EP 364175 are
similar to Takeda '655, except that polymerization is carried oul in the
presence of both: (1) a water soluble cationic seed polymer which is in-
soluble in an agueous solution of a polyvalent anionic salt; and (2) a
water soluble cationic dispersant polymer which is soluble in an aqueous

30 solution of a polyvalent anionic sall. The water soluble cationic seed

polymer that is insoluble in the aqueous solution of polyvalent anionic
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salt contains at least 5 nole % of cationic nmononer units which have a
benzyl" functionality and are represented by the aforenentioned general
formula (1) aboW@#¥*he water sol uble cationic dispersant popy#Bssrhohiads

is soluble in the aqueous solution of a polyvalent anionic salt contains at

5 | east 20 nole % of cationic nonomer units represented by the general
formula (11) above. EP 01 83466Bl1 to Takeda et al. is also
simlar to Takeda ' 655, ex- cept that sz polyol soluble in an aqueous
salt solution can be used as a 10 substitute for or in addition to a

pol ymer el ectrolyte dispersant. The dis- cl osed nmethod all ows the
production of pol yner dispersions free of benzyl functional groups in
t he active pol yner. EP 0630909A1 di scl oses a process for
preparing a water-sat c@{tﬁmé%tled@.ﬂbmé o8l b RIoRIcORohdm¥hiGl vihiBehalea of the
nononer is fed to the reac- tion mxture after the polynerization

reaction has been Penavi instionagjity anqaee representagbbyifelaioiesantiopgd epnetad
reaction mxture %EI‘BD% (B%Sﬂ%réréElﬁég% 825?2% ionic dis %‘sgnt bR hRf

pol yval ent salt. oses at optim zing the
mul ti val ent ani oniis soluble irsthletaquengestinbtn oha ooiywleh‘samnhmcrsal‘tccmamssatze and

d th t \ bl
SUMMARY G THE 3 NVERYS @k mats % of @liShic orpinst sl efres Ryl BY i oo ect e

to a process for piogpara (NYadove. wat er sol ubl e pol yner di spersion
characterized by polynerizing from about 10 to about 50 nol e percent
of a nmononmer having a fornula (11)

EP 018346681 to Takeda et al. is also similar to Takeda '655, ex-
cept that a polyol soluble in an agueous salt solution can be used as a
10 substitute for or in addition to a polymer electrolyte dispersant. The dis-
closed method allows the production of pelymer dispersions free 6.‘

benzyl functional groups in the active polymer.

EP 0630809A1 discloses a pfocess for preparing a water-soluble

15  polymer dispersion in which a portion of the monomer is fed to the reac-
tion mixture after the polymerization reaction has been initiated to reduce

the bulk viscosity of the reaction mixture during polymerization without a

high loading of polyvalent sait.
20 EP 6574782A2 discloses that optimizing the multivalent anionic
salt concentration contrals the particle size and reduces the viscosity of

water soluble polymer dispersions.

SUMMARY QOF THE INVENTION

25
The present invention is directed to a process for preparing a
water soluble polymer dispersion characterized by polymerizing from

about 10 to about 50 mole percent of a monomer having a formuta (If)
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6 [err] 5 where Rlerr] is Hor CHerr]; Rerr] and R err] are
al kyl groups having 1 to 3 carbon atons; R err] is Hor an al kyl group
having 1 to 3 carbon atons; Alerr] is an oxygen atomor NH, Bf[err] is
an al kyl ene gh®WBAHMaYVIi ng 2 to 4 carbon atons 10 or a hydr oxyﬁ%g@gg&
~group, and X/ err]' is an anionic counterion; from about lto I
~percént of N-al kylacrylam de, N, N-di al kyl acryl am de or m Xt ures

t hereof; having the forrmula (111) R8 15.

[err] where Rlerr] is Hor CHerg];, and Rlerr] and Rlerr] are H or
an al kyl group having 1 to 25 5 carbon atons with the proviso that R err]
and R[err] cannot both be H, from about 1 to 70 nole percent
(meth)acrylam de; and optionally up to about 4 nol e percent of a
mononmer of fornula (1) having a benzyl functionality [err]

CH; = (l;—R4 T’s
0O = C——Az—az—— 'I‘J’———R7 th (“)
5 Re

where R, is H or CHj; Rs and R; are alkyl groups having 1 to 3 carbon
atoms; Ry is H or an alkyl group having 1 to 3 carbon atoms; Az is an
cxygen atom or NH; B; is an alkylene group haviné 2 to 4 carbon atoms

10 or a hydroxypropylene group, and X, is an anionic counterion; from about
1 to 50 mole percent of N-alkylacrylamide, N, ,N-dialkylacrylamide or

mixtures therecf, having the formuia (iil)

Rs
15 |
HzC =C
! (y
C =0
20

N
/N
Ro Ri

where Rg is H or CHj3;, and Ry and Ry are H or an alkyl group having 1 to
25 5 carbon atoms with the proviso that R; and R, cannot both be H; frorn
about 1 to 70 mole percent {meth)acrylamide; and optionally up o about

4 mole percent of a monomer of formula (1) having a benzyl functionality

CHz = C——-R1 Rz
30 | l /
0O = C———Al‘—Br—— N.——'-CHZ { Xy (,)
A\ /A
R

35 where R, is Hor CHs; R; and R; are each an alkyl group having 1 to 3

carbon atoms; A, is an oxygen atomn or NH; B, is an alkylene group



35 where Rerr] is Hor CHerr]; Rerr] and R err] are each an al kyl group
having 1 to 3 carbon atons; Alerr] is an oxygen atomor NH B[err] is
an al kyl ene group WO 98/ 01491
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having 2 to 4 ca¥B&iatlons or a hydroxypropyl ene group; and X PEFusd Rs@R
ani oni.c counterion; wherein said polynerization is carried out In
the presence of an aqueous 5 solution of a polyvalent anionic salt. The
salt solution contains (1) a water sol uble cationic polyner
which is insoluble in said aqueous sal t- sol ution; and 10 (2)
a water soluble cationic polyner soluble in said aqueous sal t

sol ution. The present invention is also directed to water

sol ubl e brine dis- persi bl e copol ynmers produced by the above process
and to nmethods of 15 wusing said copolyneric dispersions. DETAI LED
DESCRI PTI ON OF TH . |-

pol ymer.i ¢ di sper S:E‘?)én\}\li{gg} Jégl%avr\gorhgt\%n Sd?rsa- h)éd(sgxy% 20 éérrge%é? Hgt g’%%???ﬁzi ng a
portion of the acrghianigiadentepivoner in a di sper- " sion systemw th one
or nore N-al kyl or N, N-dialkyl acrylam de nononers. st abl e di spersions
can be prepared with less than 5 nol e percent benzyl quat nononer or

wi thout any benzylwhérain §88@8BimerlzBtibR 6 carféRBLENUAS presence of an aqueous

5 solution of a polyvalent anionic salt. The salt solution contains

(1)  awater soluble cationic polymer which is insoluble in said

agueous salt solution; and

10 (2)  awater soluble cationic polymer soluble in said agueous

salt solution.

The present invention is also directed lo water soluble brine dis-
persible copolymers produced by the above process and to methods of

15  using said copolymeric dispersions.

DETAILED DESCRIPTION OF THE INVENTION

In an effort to develop a polymeric dispersion system, we have dis-
20 covered that by wtilizing a portion of the acrylamide monomer in a disper-
sion system with ong or more N-alky! or N, N-dialkyl acrylamide monomers,
stable dispersions can be prepared with iess than 5 mole percent benzy!
gquat monomer or without any benzyl quat moromer. In fact, stable dis-
persions can be produced using a methyl chloride quaternary ammonium
25 salt as the only cationic monomer. Besides the potential cost savings in
reducing the amount of benzyl quat menomer required in the formuiation,

the polymers of this invention also demonstrate significant efficacy in



persi ons can be produced using a nmethyl chloride quaternary amoni um 25
salt as the only cationic nononer. Besides the potential cost savings in
reduci ng the anmount of benzyl quat nonomer required in the fornul ation,

the polyners of this invention al so denonstrate significant efficacy in
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sl udge dewat eri ng and paper retention relative to the benzyl chloride
quat ernary based di spersions. The preferred non-benzyl group containing.
conononers of interest in this invention include N-al kyl acrylam de nono-
mers such as N-isopropyl acrylamde (I PAI\/)8 and N-tert-butyl acrylamde 5
(t-BAM as well as N, N-dial kyl acryl am des such as N, N-di net hyl acryl a-

m de (DMAM). These nononers have been shown to be effective at

| owering the solubility of the dispersion polyner such that precipitation

fromthe brine ig readily, achieved w t viscositije re .1 han about
3000 . copor yrirdibHbueDil s ERpHt tetdilaq RRITE o et ReriBadd N, 210
di al kyl acryl amglestermasyBased disgersions. Thapréfetred Moarbeftylgraus contajhingt -
ionic nonomer and with or wthout, ug_ to 4 nol e percent of a benzyl chl o-
ri de quat er nary YOFGEINes b iBRESSt indis ipwRMiopiegddel-alky! aseyarmids rBeno-

st abl e aqueous dj j W 0 { 1i igEhe

G Sper s, ansar o THERSENARN At dR A A AN FaRPNER I BB hamicE "
15 water toSpr dtBAM)sas weill sadl, Nidiallylaceylamisiegisutb as dhPtdimethytantylsuch as

o1 udge devat er | g ANRAET TELERBhGMors have been shoyg 188 LBl o7 are

characterized by po ng a rom about 0 a nol e
percent of a nonoweringthd selobility ¢flthe disp@rsion p&Eymer such that precipitatibier e R[ err]

T Lt bR A oSS S s BB BN ERRE 10 0

3000 cp. Copolymers of acrylamide with an N-alkyl acrylamide or N,N-

10  dialky} acrylamide monomer along with a methyl chloride quaternary cat- -
ionic monomer and with or without up to 4 mole percent of a benzyl chlo- -
ride quaternary cationic monomer have been prepared in the form of
stable aqueous dispersions with up to 20% active polymer content. The
dispersions are storage stable for several months and dissolve readily in

15  water to produce solutions which are useful for applications such as

sludge dewatering and paper retention.

The dispersions are characterized by polymerizing a) from about

10 to about 50 mole percent of a monomer of formula (H):

20
CHz = ‘C“—‘RA TS
0 = C—A—Br— Il\r-—-R7 X7 (I
25 | Rs

where R4 is H or CH3; Rs and R; are each an alkyl group having 110 3
carbon atoms; Ry is H or an alkyl group having 1 to 3 carbon atoms; and
X, is an anionic counterion; b) from about 1 to 50 mole percent of N-alkyl-

30 acrylamide, N,N-dialkylacrylamide or mixtures thereof; having the formula



T ——————

X[err] is an anionic counterion; b) fromabout 1 to 50 nole percent of
N-al kyl - 30 acrylam de, N, N-dial kylacrylam de or m xtures thereof; having
the formul a WD 98/ 01491
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(ren) [err] _ PCT/US97/08692
(renr)., 10 where Rlerr] is Hor CHerr]; and R err] and R err] are
H or an al kyl group having 1 to 5 carbon atons, with the proviso that

Rlerr] and R err] cannot both be H c¢) from 15 about 1 to 70 nol e percent
(meh)acryl am de; and d) optionally up to g about 4 nole percent of a
nmononmer of formula (1) [err] where Rlerr] is Hor CHerr];
Rlerr] and Rlerr] are alkyl groups having 1 to 3 carbon 25 atons; Alerr]
is an oxygen atomor NH, B[err] is an al kylene group having 2 to 4

carbon atons or a hydroxypropyl ene group; and X[err] is an anionic counter-
ion in an aqueous (ggl ution of a polyvalent anionic salt with the proviso

{ (Hi)

N
10 : / \
Re Rio
where Ry is H or CHj;, and Ry and R are H or an alky! group having 1 to
5 carbon atoms, with the proviso that Rg and Ry cannot both be H; ¢) from
15  about 1 to 70 moie percent (meh)acrylamide; and d) optionaliy up to

about 4 male percent of a monomer of formula (1)

CH; = ?—-—R1 "Qz
20 O = C——A1~81—?J’—CH2—® Xy )
Ra

where R, is H or CH3; R; and R; are alkyl groups having 1 to 3 carbon

25 atoms; A; is an oxygen atom or NH; B, is an aikylene group having 2 to 4
carbon atoms or a hydroxypropylene group; and X, is an anionic counter-
ion in an aqueous solution of a polyvalent anienic sait with the proviso
that the sum of a), b), c), and d) equals 100 mole percent. The aqueous
solution of polyvaient anionic salt contains a water soluble cationic seed

30 polymer which is insoluble in said aqueous salt solution, a water soluble
cationic dispersant polymer soluble in said agueous sait solution and a

polyvalent salt..



that the sumof a), b), c), and d) equals 100 nol e percent. The aqueous
sol ution of polyvalent anionic salt contains a water soluble cationic seed
30 polymer which is insoluble in said aqueous salt solution, a water

sol ubl e cationic dispersant polyner soluble in said aqueous salt

sol uti on and ¥O9s/t4spol yval ent salt.. WO 98/ 014

PCT/ US97/ 08692 1(9313”““’59”“8692
Representati ve nononers represented by the formula (11) includ- i ng

di et hyl am noet hyl (meth)acryl ate, diethylam noethyl (neth)acrylate,
di met hyl am nopropyl (neth)acrylam de, diethyl am nopropyl (neth)acryl-
am de and di net hyl hydr oxypropyl (neth)acrylate, and their nethylated 5

and ethyl ated quaternary salts. Represent ati ve nonomers
represented by the formula (1) include guat ernary nononers obtai ned by
treating di met hyl am noet hyl (et h)acryl ate, diethylam noet hyl

(et acryl ate, di Ml oGRS ARKbmbfL CRHAGY ) RIS S Kk AT nopr opy!

(meth)acryl am de a I met hy am no roxyl’propyl (net’h)acrylate with
benzyl chl ori deing dimethylaminoethylMimetipacgai eiethy@minessbyl (metlpeetialet ate t he

pol ymer fromthe aque- . 0 salt solutian,i refera sul fate or

phosphonat e sucﬁmgg“yi?%‘f’p&%"waﬂ?‘ﬁ&ﬁ”@f&'&‘i mg‘eﬁ%YZ?{ﬁ'é‘PBFﬂpcxmfé?‘ﬁPﬁMm sulfate -
Or amoni um  soghide id dimethyIiRSSipuspyn yrelsegany pRospl &idr mElyiateacent rati on
of salt in the aqueous salt solution is preferably 15% by wei ght or

nore. Suitabl e FEbeNyieked quaternggppdlisire wat er - sol ubl e cationic pol ymers
which are insoluble in the salt solution. The preferred polyners are
salt solution-insoluble copolyners 20 cont ai ni ng nmononers of formula (I1)
wi th nonomers of forfR@prasentaliye maaomers regeasentas in thedoinmgal(liinauder pol yrer s

cont ai i g, MONORELSafy MBS bbikined oy RS Erhelsayle (1) and

nononers of for ) I'spersant polyners are
wat er sol ubl e clatstojzceyipel dimtmgar@hosthphiredihmceyate| diblethylamiroeramlit
sol ution. T‘!be p&'ﬁe]ct'g)rarc?y%rgocl .Wézﬁylgrgwﬁ'\ogﬁcl-;}yi {meth)acrylamide and dimethyi-

aminohydroxyipropyl {metn)acrylate with benzyi chioride.

The polyvalent salt used to precipitate the polymer from the aque-
ous salt solution is preferably a sulfate or phosphonate such as ammo-
15  nium, sodium, magnesium or alurmnum suifate or ammonium, sodium or
potassium hydrogen phosphate. The concentration of salt in the agueous
salt solution is preferably 15% by weight or more. Suitable seed poly-
mers are water-soluble cationic polymers which are insoluble in the salt
solution. The preferred polymers are sait solution-insoluble copolymers
20  containing monomers of formula (1) with monomers of formula (1l1) and
salt solution-insoluble terpolymers containing monomers of formula (1),

monomers of formula (I1) and monomers of formula (IH).

-Suitable dispersant poiymers are water soluble cationic polymers
25 which are soluble in the salt solution. The preferred polymers are sait
solution-soluble homopolymers of forrmula (Il) and salt solution-soluble

sopolymers containing monomers of formula (Il) and acrylamide.



sol ution-sol ubl e honopol yners of fornula (I11) and salt sol ution-soluble
copol yners cont ai ni ng nononers of formula (11) and acryl am de.
WD 98/ 01491
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This invention POR®4¥ particularly described by the follow ngp@Xpsozessos
anpl es, which are to be regarded solely as illustrative, and not as re-
stricting the scope of the invention. 5 Exanpl es In a
typi cal dispersion preparation, the nonomers, salt, dilution wat er and

stabilizers are added to a 1000 cc resin kqtltle and m xed unti |

conpl etely dissolved. A chelating agent is then added to deactivate the 10
pol ynmeri zation inhibitor present in the acrylam de. The kettle is equi pped
wi th an overhead stirrer, reflux condenser, thernocouple, addition port

W th septum and a nitrogen sparge tube. The m xture is generally m xed

at 500-600 rpm and sl oy Qﬁ?} : T 9 I qpn_ of
2,2' -azobi s(2-am di nom%éne gﬂ%ﬂﬁﬁ‘gg‘% %Jrnf;%ﬂ]g”(%%@%%&H%rf&g{vﬂéé%gui t- 15
able initiator isampzsawditheard ta beoegardedablehas tlubisatlepbnd nbbas he r eact or

to initiate thf gﬁ}leyrreriz tion. At the start of the reaction, all of
t he conpo- Al $IRPER) R IVEPROS ol ubl e (or dispersible) in the

bri ne continuous phase so that the mixture is initially transparent
or slightly hazy. The on- set of polynerization is evidenced by a
change in the appEapmmies of the 20 reaction mixture fromclear to hazy.
This change is consistent with the initiation of polynmer chains in
t he brine continuous phase which are ini- tially soluble at |ow

nmol ecul ar wei ght, but W tipiqat disbprsiat grepaation esbnomeners, salt, afulidrei r

nol ecul ar weight is incre

aggl oneration of VR ﬁngﬁ?%ﬁﬁﬁ%rgg%%%@%a‘ld%ﬁ@q ‘(s:?e{rae\sls('a'} %@H?%ﬁﬁg’%‘ﬁd 4%l ne
par- 25 ticle sgg@plefdly diRoeBala heRRigsddent isABeh badpotyo@sdizatd BB i s
continued, the m xture becones increasingly hazy until finally a
m | ky white di&pepglygerization inhibilghPersaetin HrhacyiArRidy; g‘aééﬁegfgﬁ ISFEQUIRPER xt ur e
T L oSSR e K A DB, B RS, DU
or after the pol ywithiseptumoangeatlesgen sparge tube. The mixture is generally mixed
at 500-600 rpm and slowly heated to 50°C, a 1% aqueous soiution of
2,2'-azobis(2-amidinopropane)dihydrochloride (Wako V-50) or other suit-
15  able initiator is prepared and a portion of which is shot into the reactor to :
initiate the polymerization. At the stan of the reaction, all of the compo-
nents of the system are soluble (or dispersible) in the brine continuous
phase so that the mixture is initially transparent or slightly hazy. The on- |
set of polymerization is evidenced by a change in the appearance of the
20 reaction mixture from clear to hazy. This change is consistent with the
initiation of polymer chains in the brine continuous phase which are ini-
tially soluble at low molecular weight, but which precipitate from the brine
as their molecular weight is increased. The stabilizers serve to prevent
agglomeration of the precipitated polymer particles resulting in a fine par-l
25 ticle size for the final dispersion. As the polymerization is continued, the
mixture becomes increasingly hazy until finaily a milky white dispersion is
obtained. The bulk viscosity of the mixture is generally seen to increase
during the polymerization process, but typically remains below 5000 cps.

Additional salt may be added during or after the polymerization process
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reduce the bul k viscosity so that the final dispersion will have a bul k
viscosity | ess than about 3000 cps, nore preferably |ess than about 2600

cps. After hed®gieshe di spersion for several hours, a secon$%58§£m8%1ini-
tiator may be added to reduce the residual nononer content. emx- -5

ture is then cooled to roomtenperature to yield a fine, white di spersion.

The final dispersion readily dissolves in water with mninmal agitation to
produce a viscous polynmer solution having viscosities of preferably about

1000 cp or |less. 10 Exanple 1 - 40/ 20/ AETAC/ AM DMAM Aqueous

Di spersion To a 1000 cc reaction kettle was added 18.38 grans
of acryl am de AMD (53% aqueous sol ution), 66.36 grans of
di met hyl am noet hyl acryl ate met hyl chl oride quaternary (80% aqueous

solution), 27.4 r ans ,of N. 15. dinethyl .acryl an.de (.99% 0,00 grans
of ammoni um sul i’%?eecﬁsc?_tge Splmsc@fs'ty Sorﬁ?tﬁ%e HB%I%%H%WB?”&? Rave a ok

di met hyl am noet Ridcogity MsatiarBhdtI300D 1005 | ASreqsratepaR ks than abARTZEED CAS
44992-01-0); 7.5 grans of a terpolynmer of acrylamde with (AETAC) and
wi th a quat er naicpsafftenhaatingihe dignesisina forppvera hpeigc aisgrord shot of ijenzy|

chl oride and di g ) -1 ) in a
2/1/1 nol ar rat f‘"%‘d?%ﬁ*%)&b%?gﬁ%y%’f bk mﬁerg%@t%r%ﬁg%nﬁ?%é@é%i%mé& d:

pent asodi um Sal turgVe thrmeoocl@d o 1% empeoats)e wndeld Ffire whitartsspefrside-

ioni zed water. The .m r stirred until a honpgeneous sql.ution was
obt & ned. The ket BB gEr Bl BB e b i e R B0 el I T er

t her nocoupl e, r gtdduceconidensepolymet s6IgETh BPdng eistodides afdstetarably potit Wi t h 25
septum and a heating mantle. The m xture was then heated to 50[err] C under
constant nitrogdfO85RYdeThile stirring at 500 rpm After reaching

50[err] C, 0.50 grans of a 1% aqueous sol ution of

2, 2" -azobi s(2-am di nopropane) di - hydrochl ori de (Wako V-50) was shot
into the redft oExamplere- 4¢/RBKIOAETAC/AM/DMAM Agueous Dispersion

To a 1000 cc reaction kettle was added 18.38 grams of acrytamide
AMD (53% aqueous salution), 66.36 grams of dimethylaminoethy! acrylate
methy! chloride quaternary (80% agueous solution), 27.45 grams of N,N-
15 dimethyl acrylamide (89%), 80.00 grams of ammonium sulfate, 7.5 grams of
the homopolymer of dimethylaminoethy! acrylate methyl chloride quaternary
(AETAC, CAS 44992-01-0); 7.5 grams of a terpolymer of acrylamide with
(AETAC) and with a quaternary ammcnium salt abtained by the reaction of
benzyl chloride and dimethylaminoethyl acrylate (AEBAC, CAS 7737-18-5)
20 ina 2/1/1 molar ratio, 0.50 grams of diethylenetriamine pentaacelic acid;
~pentasodium salt (Versenex 80, 40% aqueous) and 231.61 grams of de-
ionized water. The mixture was stirred until 8 homogeneous sclution was
obtained. The kettle was sealed and equipped with an overhaad stirrer,
thermocouple, reflux condenser, nitrogen sparge tube, addition port with
25 septum and a heating mantle. The mixture was then heated to 50°C under
constant nitrogen sparge while stirring at 500 rpm. After reaching 50°C,
0.50 grams of a 1% aqueous solution of 2,2'-azobis(2-amidinopropane)di-

hydrochloride {(Wako V-50) was shot into the reactor and the temperature
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hel d for four hours. A second shot of 1.00 gram of 1% aqueous sol u-

tion of 2,2 -azabi 5&2 am di nopr opane) di hydrochl ori de was then added and
heating was contYR3&M4Por another two hours to yield a snmooth, PETI R, ©
di spersion. After cooling to roomtenperature, the bulk viscosity was ftound
5 to be 732 cps. Diluting the dispersion to 0.5% active polyner in

dei oni zed wat er produced a polymer solution with a Brookfield
viscosity of 100 cps. Using the simlar procedure and

equi pnent descri bed for Exanple 1, the follow ng dispersions have

al so been prepared: 10 Exanple 2 - 36/ 4/ 40/ 20 AETAC/ AEDBAC/ AM DVAM
Aqueous Di spersion D net hyl am noet hyl acryl ate net hyl chl ori de
guaternary (80% 45.71 grans D net hyl am noet hyl acryl at e benzyl

chl ori de quaterna 9 a | o :
28,12 grans IQK]?S‘ lﬁ%{ﬁf rf%ugﬁ?grsaﬁs%éc%{g&%{ 3 986 Bfant 88Y% aqueous solu

10. 49 grans Rainygf AT ARobis(2-amidinopropane)dihydrochloride was then added and

; gg g; :g 1[;3?9%3(% pETOG 'F%‘Ee DB fi¥her two hours to yield a smooth, milky white

252. 60 grams 20 c%ﬁﬁ?ﬁlbblmAﬁélr tabihg to room temperature, the bulk viscosity was found
90. 00 grans Versenex 80
0.50 grans 5 V\gg@wa\?gcqsl_@%!mg the dispersion to 0.5% active polymer in deionized

gs58095?gﬁm ARB} Hr8cakbd AlgonfrRe ARl dRWAIHAS Bodkiield viscosity of 100 cps.
485.00 grans 25 Fi nal Actives

e T ey i te di Msing the sithSr ploRBrBiRE Wk lstetfed BF EL8hnR

0. 5% sol ution of tﬁ@h@fdllbwmgn@:byersuons havaiso beeblprepared: had a Br ookf i eI d
vi scosity of ?% cps.

Example 2 - 36/4/40/20 AETAC/AEDBAC/AM/DMAM Aqueous Dispersion

Dimethylaminoethylacrylate methyl chloride quaternary {(80%) 45.71 grams

Dimethylaminoéthylacrylate benzyl chioride quatemnary (80%) 7.07 grams
15  Acrylamide (53%) 28.12 grams
N,N-dimethy} acrylamide (99%) 10.49 grams
Poly(AETAC) 7.50 grams
Terpoly{AETAC/AEDBAC/AM) 7.50 grams
Deionized Water . 252.60 grams
20 Ammonium Sulifate 90.00 grams
Versenex B0 0.50 grams
Waka V-50 (1.0%) 0.50 grams
Ammonium Sulfate (added in-process) 35.00 grams
485.00 grams

25 Final Actives Content- = 13.9%

The final product was in the form of a smooth, milky white disper-
sion with a bulk viscosity of 250 cps. A 0.5% solution of the active poly-

mer in DI water had a Brookfield viscosity of 59 cps.
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Exanpl e 3 - 3614/ 40/ 20 AETAC/ AEDBAC/ AM | PAM Aqueous Di spersi on
Di net hyl am noet hyl acryl ate nethyl chloride quaternary (80% 44.71 grans
D met hyl am nowolygbmer yl at e benzyl chloride quaternary (80% 5
Acryl am de (53% Zscé%‘gs’bé/rg%
N-i sopropyl acrylam de (99% 11.73 grans
Pol y( AETAC) 7.50 grans

. Ter pol y( AETAC/ AEDBAC/ AM 7.50 grans

- DI Water 14 253. 13 granms 10
Anmmoni um Sul f at e 90. 00 grans
Ver senex 80 0.50 grans
Wako V-50 (1.0% 0.50 grans

Ammoni um Sul fate (added in- rocess% 50. 00 grans
500. 00 grans 15Example 3 - 36/4/140/20 AETAC/AEDBAC/AM/IPAM Aquenus Dispersion

Content- 13.5% The final product was in the formof a

smoot h, i I ky Wik &nflb@RBEmylacryiatehytlola@abitkdaiyi BERF1 t Y 4% LIRA. cps. A

0. 5% sol uti on opjhdiRyiahinb¥®yBEklte benzyl chidRbe h&ht@narg@é@)_%) had ggBapkd i el d
viscosity of545aeRfmide$a%) anple 4 - 36/4157/ 3 AETAC AEpBAGHAN t - BAM
Aqueous Di sper snQBopropyi acrylhvii! (9gdefmi noet hyl acryl at e met hyl 1¢hbgrdnsle
guat er nary (80°/c):>o;y(§751ﬂp;k;)gr ans Di et hyl am noet hyl acryl at g sbgrayd
chl ori de quat er maipyly(ROPAC/AEDBBCgMYT™S 25  Acryl amide (53% 7.50 grams
41. 33 grans DI Wdt@r t - butyl acryl am de (99% 253.13 grams
2.08 grams 10 ARGhONUNCTSABe 90.00 grams
7.50 grans Vésepet §¢ AETAC/ AEDBAC/ AM 0.50 grams
7.50 grans ViikoWAS@ (1.0%) 0.50 grams
246. 20 grans 30Ammgmimn SutiatSaddet én-process) .._50.00 grams
90. 00 grans Ver senex 80 500.00 grams
0.50 grams 45  Vako V-50 (1.0% Final:Actives Content-  13.5%
0.50 grans _ :

The final product was in the form of a smooth, milky white disper-
sion with a bulk viscosity of 1180 cps. A 0.5% solution of the active poly-
mer in D1 water had a Brookfield viscosity of 45 cps.

20
Example 4 - 36/4/57/3 AETAC/AEDBAC/AM/t-BAM Aqueous Dispersion
Dimethylaminoethylacrylate methyl chloride guaternary (80%) 47,11 grams
Dimethylaminoethylacrylate benzyl chioride quaternary (80%) 7.28 grams
25 Acrylamide (53%) 41.33 grams
N-tert-buty! acrylamide (99%) _ 2.08 grams
Poly(AETAC) 7.50 grams
Terpoly(AETAC/AEDBAC/AM) 7.50 grams
‘DI Water 245.20 grams
30  Ammonium Sulfate 90.00 grams
Versenex 80 0.50 grams
Wako V-50 (1.0%) 0.50 grams
Ammonium Sulfate (added in-process) _BC.00 grams
530.00 grams
35 Final Actives Content -  12.7%

The final product was in the form of a smooth, milky white disper-
sion with a bulk viscosity of 1180 cps. A 0.5% solution of the active poly-

mer in DI water had a Brookfield viscosity of 45 cps.



Ammoni um Sul f at e (added i n-process) 80. 00 grans

530. 00 grans 35 Fi nal Actives

Cont ent - 12. 7% The final product was in the formof a
snmoot h, m | ky white disper- sion with a bulk viscosity of 1180 cps. A
0. 5% sol uti on of"@H&P1#¥dtive pol y- mer in D water had a Beppkfi,slsd
viscosity of 45 cps. WO 98/ 01491 U
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Exanple 5 - 20/40/40 AETACI AM DMAM Agqueous Di spersion
D net hyl am noet hyl acryl ate net hyl chloride %Jat ernary (80% 30.60 grans
Acryl am de (53% 33.92 grans 5

N, N-di met hyl acryl am de (99% 25.29 grans
Pol y( AETAC) 7.50 grans
Ter pol y( AETAC/ AEDBAC/ AM 7.50 grans
[A)'mx\ﬁit O Ul fate EXample 5 - 20/40/40 AETAC/AM/OMAM Aqueous Dispe?éég_lgoggfgﬁs 10
Ver senex 80 0.50 grans
Wako V-50 (1.0% Dimethylaminoethylacrylate methy! chloride quaternary (80%) 30.60Qrghans
Ammoni um Sul f at e (aregteeide (E3%)0CeSS) $0.90Qrghans
460. 00 grans 5 N,N-dimethyl acrylamide (93%) Fi nab.2oefkames
Content- 14. 7% 1%oly(AETAC) The final product was in the foshgedma
snmoot h, m | ky whi tTerphy3pBTAC/AEDBAC/AMON With a bul k viscosity ob60388n<cps. A
0.5% sol uti on of tth&vateti ve pol y- mer in DI water had2&4Begokhs el d
viscosity of 50 cpenmonium Sulfats 90.00 grams
10 Versenex 80 0.50 grams
Wako V-50 (1.0%) 0.50 grams
Ammonium Sulfate (added in-process) 10.00 grams
460.00 grams

Final Actives Content-  147%
15
The final product was in the form of a smooth, milky white disper-
sion with a bulk viscosity of 380 ¢ps. A 0.5% solution of the active poly-

mer in D1 water had a Brookfield viscosity of 50 cps.

20 Example 6 - 16/4/60/20 AETAC/AEDBAC/AM/DMAM Agueous Dispersion

Dimethylaminoethylacrylate methyl chioride quaternary (80%) 33.46 grams

Dimethylaminoethylacrylate benzy! chloride quaternary (80%) 11.83 grams
Acrylamide (53%) 69.48 grams

25 N,N-dimethyl acrylamide {89%) 17.27 grams
Poly(AETAC) 7.50 grams
Terpoly(AETAC/AEDBAC/AM) 7.50 grams

D! Water 212.16 grams
Ammonicm Sulfate 90.00 grams

30 Versenex 80 0.50 grams
Wako V-50 (1.0%) 0.50 grams
Ammonium Sulfate (added in-process) 10.00 grams
480.C0 grams

Final Actives Content-  19.6%

35
The final product was in the form of a smooth, milky white disper-
sion with a bulk viscosity of 1700 cps. A 0.5% solution of the active poly-

mer in DI water had a Brookfield viscosity of 74 cps.



20 Exanple 6 - 16/4/60/ 20 AETAC/ AEDBAC/ AM DVAM Aqueous Di sper si on

D met hyl am noet hyl acryl ate nethyl chloride quaternary (80% 33. 46 grans
Di net hyl am noet hyl acryl at e benzyl chloride quaternary (80% 11. 63 grans
Acryl am de (53% 69. 48 grans 25
N, N- di met hyl worsghe de (99% rans
Pol y( AETAC) "C’%}]%égsé

Ter pol y( AETAC/ ADBAC/ AM 7.50 gr am;

D Water 212.16 grans .
Ammoni um Sul f at e 90. 00 grans 30
Ver senex 80 16 0. 50 grans
Wako V-50 (1.0% ' 0.50 grans
Ammoni um Sul fat e (added i n-process) 10. 00 grans
460. 00 grans F| nal Actives
Content - 19. 6% ' 1S | he farm of a
snoot h, m | ky wh=E—& A—tH ‘ ) cps.
A05%solut|on of the actlve pol y- mer in DI water had a Brookfield
viscosity of 74 Dpsethylaminoethyladifla@3hé&hdthloride quaternary (80%) 40.57 grams

PCT/ US97/ 08692 Acrylamide (53%) 16 44.97 grams

Exanpl e 7 - 20/ AB/NeBihRUNEIXTaAMINBNI t - BAM Aqueous Di sper si o®i1.85 grams
Di met hyl ami noet hjitadbylybaaylamidePS%hl ori de quaternary (80% 2.140ra6% grans

Acryl ami de (53%) Poly(AETAC) 44. I5QYo@Ms 5
N, N- di met hyl acr P'@ﬁiYﬂ%E'r(ﬁ@%DBAC’AM) 31. 880 giemis
| Water 224.45 grams
10 Ammonium Sulfate 80.00 grams
Versenex 80 0.50 grams
Wako V-50 (1.0%) 0.50 grams
450.00 grams

Final Actives Content-  20.0%
15

- The final product was in the form of a smooth, mitky white disper-
sion with a bulk viscosity of 1300 cps. A 0.5% solution of the active poly-

mer in DI water had a Brookfield viscosity of 95 cps.

20 Example 8 - 20/40/38/2 AETAC/AM/DMAM/t-BAM Aqueous Dispersion

Dimethylaminoethylacrylate methy! chloride guaternary (80%) 40.57 grams

Acrylamide (53%) 44 97 grams
N,N-dimethy{ acrylamide (99%) 31.85 grams

25  N-tert-butyl acrylamide (99%) 2.16 grams
Copoly(AETAC/AM) 7.50 grams
Copoly(AETAC/DMAM) 7.50 grams

D! Water 224 .45 grams

- Ammonium Sulfate 90.0C grams

30 Versenex 80 0.50 grams
Wako V-50 (1.0%) 0.50 grams
450.00 grams

Final Actives Content - 20.0%

35 The final product was in the form of a smooth, milky white disper-
sion with a bulk viscosity of 1090 cps. A 0.5% solution of the active poly-

mer in DI water had a Brookfield viscosity of 85 cps.



N-tert-butyl acrylamde (99% 2.16 grans

Pol y( AETAC) 7.50 grans
Ter pol y( AETAC/ AEDBAC/ AM 7.50 gramns
D Water 224.45 granms 10
Ammoni um Sul f at &0 98/01491 ~ 90. OBCcHUSTHE692
Ver senex 80 0. 50 grans
Wako V-50 (1.0% 0.50 grans
450. 00 grans Fi nal Actives
Content - 20.0% 15 The final product was in the formof a
snmooth, m | ky white disper- sion with a bulk viscosity of 1300 cps. A
0.5% sol ution of the active poly- mer in DI water had a Brookfield
vi scosity of 95 cps. 20 Exanpl e 8 - 20/40/ 38/ 2 AETACI AM DVAM t - SAM
Aqueous Di spersion D net hyl am noet hyl acryl ate net hyl chloride
quaternary (80% Co@aﬁ%tigé @;ﬁm%l% 1 -;.glé'd ARTAS/AMABueous Dispersion
44,97 grans . 9
‘;’_1'1259?;%”5 25 Cg'bgle;z‘ﬂg%%[&%ferwg?H}e%%réoggg{?wg the similar procedure and equip-
7.50 grans Coprehy dfdchibetBbitjample 1, except a comonomer of formula (1) was
7.50 grans DI Wat er :
224,45 grams ° PehRfdedm Sulfate
90.00 grams 30  VemsigamiRBethylacrylate methyl chioride quaternary (80%)  54.42 grams
0.50 grans VK eryidride (523,099 45.22 grams
0.50 grans Poly(AETAC) 7.50 grams
450. 00 grans Terpoly(AETAC/AEDBAC/AM) Fi nal Act.5veams
Content - 20.1% DB®&ater The final product was in the f220n3®rams
snoot h, m | ky whi t amdiopjper Sulfate sion with a bul k viscosity ¥f.008@6scps.
A 0. 5% sol uti on of Vedsenexc8d ve pol y- mer in D water had G5Bgmolsfiel d
vi scosity of 85 cp¥ako V-50 (1.0%j) WO 98/ 01491 0.50 grams
PCT/ US97/ 08692 Ammonium Sulfaie (addad in-process) 100.00 grams

15 ' 550.00 grams

Even after adding 100 grams of additicnal ammonium suifate dur-
ing the polymerization process, the reaction mixture became a solid mass
which could no longer be agita!éd after 30 minutes of heating at 50°C.

20  Afler cooling to room temperature, the bulk viscosity of the final product
was >100,000 cps.

Comparative Examplie 2 - 20/80 AETAC/AM Aqueous Dispersion

25 This example was prepared using the similar procedure and equip-
ment described for Example 5, except that a comonomer of formuia {IH)

was not added:

Dimethylaminoethylacrylate methy! chioride quaternary (80%) 45.71 grams
Acrylamide (53%) 28.12 grams

30 Poly(AETAC) 7.50 grams
Terpoly(AETAC/AEDBAC/AM) 7.50 grams

DI Water 270.17 grams
Ammonium Sulfate 90.00 grams
Versenex 80 0.50 grams

35  Wako V-50 {1.0%) "~ 0.50grams
- Ammonium Sulfate (added in-process) 100.00 grams

550.00 grams



17 Conpar ative Exanple 1 - 40/ 60 AETACI AM Aqueous Di spersion

This exanpl e was prepared using the simlar procedure and equi p- ment
descri bed for Exanple 1, except a conononer of forrmula (I11) was 5 not
added: Di net hyl am noet hyl acryl ate nethyl chloride quaternary (80%
54.42 granms wosessowyl am de (53%

45.22 grans Pol y( AETAC) PCTIUS97/08692
7.50 grams Ter pol y( AETAC/ AEDBAC/ AM

7.50 granms 10 D Vater

224.36 grans Ammoni um Sul fate

90. 00 grans Ver senex 80 18

0.50 grans Wako V-50 (1.0%

0.50 grans Ammoni um Sul fat e (added i n-process)

100. 00 grans 15

550. 00 grans _Even, aft addi ng _100. arans_of . addi ti onal

anmoni um sul fate dur ._Even a'%rr‘?é‘dﬁ}ge?%opg&?ﬂ?r ?&'PR&S’%"@?’BE‘&QW ?‘ﬁ'_gat?géfﬁ't i on

m xture became angQhé BolyBsefization proteks,he esdion MikiorgBecdife agoliahesssaf t er
30 mnutes of heating at 50[err]C. 20 After cooling to room tenperature,

t he bul k vi scosi #hichicoulsbng janger pe egileted after ongyheurafd®atiog at pa°C.

Gonpar ati ve Exarﬂnérgco?olihﬁggétﬁogn ﬁﬁﬁ%%ﬁﬂg%g&sw&%g? rgéi&x%ginaggroducﬁen t This

exanpl e was preparéed usl rocedure an

descri bed fors5 Exaapb60P900epsept that a conononer of forrmula (I11) was
not added: D et hyl am noet hyl acryl ate nethyl chloride quaternary (80%
45. 71 grans Acryl am de (53%

28.12 grams 30  Pol yALEIMEE seen from the preceding examples, incorporation of a

7.50 grans Ter pol y( AETAC/ AEDBAC/ AM) . o .

7.50 grans mpnigRic &y drophobic comonomer into a cationic acrylamide copolymer

SZ)O 0 ég?;ﬁg‘; c%@g@gﬁi‘e&%% g"ngnf ffefmole percent of a benzyl chloride quaternary

0.50 grans 3B s@tiomiomBooiner 88gws for the production of high molecular weight

g ogo ogr szms 5&55‘9}%@}5“{?? (§8|r$r%]i &t é gg%?eda&JEoBrs %?s%%?gion with low bulk viscos-

550. 00 grans ity. In some cases, the benzyl chloride quaternary monomer can be com-
pletely eliminated. However, as illustrated in Comparative Examples 1
and 2, when the comonomer of formula (I11) is left out of the formulation, -

15 the reaction mixture solidifies due to a failure of the polymer to precipitate

from the brine. Active polymer contents up to 25% have been achieved
while maintaining a stable, pourable dispersion system. All of the disper-
sion polymers makedown readily in water to yield homogeneous polymer
solutions. Based on the 0.5% solution viscosities of the polymers, the

20 molecular weights are effective for flocculation of industrial wastewaters.

‘Polymer efficacy was evaluated by two methods. First, a clay
seltling test was used which measures the increase in settling rate of a
fine clay slurry induced by the addition of the polymer. The clay used to
25 form the slurry (Hydrite R available from Georgia Kaolin Co.) possesses a
net anionic surface charge which causes the clay particulates to repel
each other and resist settling. Addition of a cationic polymer to the siurry
neutralizes the surface charge so that interparticle repulsion is reduced.

The polymer also serves to bridge the neutralized particles to form larger
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Even after adding 100 grans of additional amoni um sul fate dur- i ng
t he pol yneri zati on process, the reaction m xture becane a solid nass

whi ch coul d no I‘%ﬂ@&?"‘%‘e agitated after one hour of heating at pe@hR5%dss,
After .cooling to roomtenperature, the bulk viscosity of the final product

5 was >50, 000 cps. As can be seen fromthe preceding
exanpl es, incorporation of a noni oni ¢ hydr ophobi ¢ conononer into a
cationic acryl am de copol yner containing | ess than five nole percent
of a benzyl chloride quaternary 10 cati oni & nononer all ows for the
production of high nol ecul ar wei ght polymers in the formof a stable
aqueous di spersion with | ow bul k viscos- ity. In sone cases, the
benzyl chloride quaternary nononer can be com pletely elimnated.

comamontr of 1 or mASPeT 8 TaF Wi BRARR e shing gt @lfe B IRDNE oct i on

m xture soli.difi esyedtigateaetativaigoWnterdferfoffame, Heesettingparcdf thé ek is from
the brine. Active polynmer contents é}) to 25% have been achi eved ~ while
mai nt ai ni ng a st adNe2syisd 2513 wngiaperalEResYesagmandicomparethie the Sglling

si on pol ymers makqdbbdcast IVinkhndBh&d of shyidiie §aRyU yer

sol utions. Based on the 0.5% sol ution Visc S;%oﬁ es@@?hgégbﬁ?ﬁgﬂr‘%ft he 20
mol ecul ar wei gbt s severalifof Hia dispersion galyoensivare evalohtadiehing aiModifiedst ewat er s.

Lost was. used vihi CROHELELD0ST Tebl bl sHBR AR ey Ty f kbl waste °°' 1710

clay slurry induceaeedwenhplaatkdi tion of the polyner. The clay used to 25
formthe slurry (Hydrite R available from Georgia Kaolin Co.) possesses a
net ani onic surface charge which causes the clay particulates to repel

each other and resist sefijhbNgampedohPa®iofdhe Bkampies PPLBBRE Wbk the
slurry neutralizes the surface char %e so that interparticle repul sion
is reduced. 10 emgtugien prditydates B dat 3e®lewsbri dge the neutrali zed
particles'to forml arger ' L

Settling Rate (mm/sec) at Active Polymer Dosage (ppm)

Example No. 8 12 16 20 24 32
15 - :
1 - 3.8 6.0 7.7 96  —--
2 2.8 4.0 53 6.2
3 2.2 2.5 3.2 an meeme e
4 3.7 4.7 5.1 7.2 - -
20 5 3.1 -—— 4.3 e 6.2 -
6 3.7 - 75 ——- 11.8 13.5
7 - 50 6.2 7.0 8.8 10.0
Blank 0.05 mm/sec
25

The results of the clay settling test indicate an increase in the
settling rate of the clay in the presence of very low dosages of the. disper-
sion polymers. In the absence of polymer, the clay settles at an extreme-
ly slow rate. The increase in settling rate is comparable to that observed

30 using conventional powder and emulsion based cationic flocculants.
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aggl onerates or "floc" which speeds the settling out of the clay. To in-
vestigate relative polymer performance, the settling rate of the clay is
neasured as fdiRedoh on of pol ymer dosage and conpared to thg.set lgé;g
rate observed I n the absence of any polynmer (blank rate). e%o ) 5
several of the dispersion polyners were eval uated using a l\/bdlfled
Buchner Funnel Test using substrate taken fromtwo industrial waste

treatment plants. Pol ymer sanpl es from each of the Exanples
1-7 above were 10 eval uated on Hydrite R cl ay as follows:

Settling Rate (mmisec) at Active Pol ynmer Dosage (ppm Exanpl e No.

8 12 16 20 24 32 15 1 --- 3.8
6.0 7.7 9.6 2 2.8 4.0 53 6.2
3 2.2 2.5

3.7 4.7 5 1 Modjfied Buchnnr Funpel teglg were perfogned on polymer sarrg 1

4.3
11.8 135 " ples take@ from Examples 6, _@_a_nd 9 usm%a prm?arg sludg%“t%ken fr(?m.% 5o

Bl ank Naptr@sstenm $8. pamr mill. The substratp §20Qeq)was @as eldh@”&:ﬂ'@j
settling test di cat
the pr esence 0:‘ Q9‘Ié‘1‘c'€eqe%agﬂ’é*2‘§af egagﬁg’f"w?éégﬁdsngg?q s é%%néétc??ﬁcﬁw fbe clay in

nmers. In the
absence of pglyf&imatidne measbrsﬁtddneglmgeama@mneﬁaharged mtcyaﬁluohnerate. The

I ncrease in settllnq rate i s co arable&t (ﬂq rved 08 %Ja

conventional pofd@re! SRAIAHNE & BRSHILERN YAUS 50(‘9’5 @fﬂaé;ﬁt the Ire
water through the funnel and into a graduated cyhnder. As the water
drains, a sludge cake is formed on top of the screen. The volume of fil-
irate collected after 20 seconds of free drainage was then recorded as a

10  function of polymer dosage. This test is designied to simulate the free -

drainage section of é standard industrial belt filter press. Polymer de-
watering performance was evaluated relative to the unconditioned sludge
{blank) as well as a commercially available cationic emulsion polymer

with equivalent charge density. The results were as follows:

15
Filtrate Collected {cc) After 20 Seconds at
Active Polymer Dosage {ppm)
Exampie No. 8 12 16 20 24 32
20
6 €8 o3 896 74 - -~
Emulsion Poiymer A 68 105 110 105 -—- -—-
25 Blank 23 cc collected after 20 seconds

The resuits of the Buchner funnel test indicate excellent dewater-
ing efficacy for the dispersion polymer. The voiume of filtrate collected at
the optimum polymer dosage was approximately five times greater for the

30 dispersion polymer compared to the unconditioned sludge. The dewater-
ing performance of the dispersion polymers is equivalent to the commer-

cially available emulsion based polymer on an active basis.
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Modi fied Buchner Funnel tests were performed on pol ynmer sam pl es

taken from Exanpl es 6, 8 and 9 using a prinmary sludge taken froma

Nor t heastern U. SVOE)SA‘H&‘ mll. The substrate (200 cc) was dosedpwﬁ_@gﬁo@@,,
requi rred anount of each polyner and m xed for 15 seconds to allow floc
formati on. The conditioned sl udge was then di scharged into a Buchner

funnel containing a mesh screen which allows for drainage of the free

wat er through the funnel and into a graduated cylinder. As the water
drains, a sludge cake is forned on top of tAk screen. The volunme of fil-
trate collected after 20 seconds of free drainage was then recorded as a 10
function of polymer dosage. This test is designed to sinulate the free

dr ai nage section of a standard industrial belt filter press. Polyner de-

(bl ank) “ab el | 2 a c O] Hiry s RratFSsofrh SioPRiriner of RstrDer
wi th equival ent chapgfesIRRehidbm E@nf,@swué.ﬁg wcﬁogéanfs@udg@/@ke&ﬁom a
Filtrate Collected (cc) After 20 Seconds at

Active Pol ymer Dos¥yehgaspenn U.S. cherpigghplrat. Nohe substrate (@00 cc) was dosad 20
24 32 20 A -
with ¢ e o
- Emul si M wi rbhf rﬁgwr d %rgount of (Sag@ﬁ poyﬂfﬁ)%ﬁd mg@@forj Sse éngg Eo o5
Bl ank 523 aﬂowdmcl feonaitbraf Tree cdm’ltmdmdsige was then dischaldest inesall t s of

t he Buchner funnel di te excell ent dewat i efficacy for
t he di spersion pol y@fﬂériﬁ] eﬁ%n% & 5‘“’9?? PATE" ¢ q%@l{o&f fﬁf 8%'%98 ?fa
optimum pol yner dak@geewaeBpRiugh thef@inel Bhy b brpad@itea $rncfe@.r Ashge 30

di spersion pol yner conpared to the unconditioned sludge._ The dewater -

ing performance ofWatRedigingpardydsae %Pym@ep@eaa.s%ﬂeénﬂmdoame@bﬁher-
cially availabl e g shbidaaRsr AP5TRls N8P dAGhANEWRSRdDrded as a func-

10 tion of polymer dosage. Dewatering periormance was evaluated relative
to the unconditioned sludge {blank) as well as two commercially available
cationic emulsion polymers with equivalent charge density. The results

were as follows;

15 Filtrate Collected {cc) After 20 Seconds at
Active Polymer Dasage {ppm)
Example No. 125 150 175 200 256 300
6 42 76 85 120 122 125
Emulsion Polymer B —- -~ 57 80 118 124
20 Emulsion Polymer C  ~-- 62 83 108 120 93
Blank 15 cc collected afier 20 seconds
Wherein:

Emulsion Polymer B is Poiymer 2676 and Emulsion Polymer C is

25 Polymer 2660, both available cemmercially from BetzDearborn inc.

The results of the Buchner funne! test indicate excellent dewater-
ing efficacy for the dispersion polymer. The volume of filtrate collected at
the optimum polymer dosage was approximately eight times greater when

30 using the invention dispersion poiymer compared to the unconditioned
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Modi fi ed Buchner Funnel tests were al so perfornmed on pol yner sanpl es
taken from Exanpl e 6 using a biological sludge taken froma
Sout’heast er n wbssnehen cal plant. The substrate (200 cc) “a§c4R§@ﬂmav
with the required anmount of each polynmer and m xed for 15 seconds to
allow floc formation. The conditioned sludge was then discharged into a
Buchner funnel containing a nesh screen which allows for drai nage of

the free water through the funnel and int?ﬁa graduated cylinder. As the
wat er drains, a sludge cake is fornmed on e screen. The volune of fil-
trate collected after 20 seconds of free drainage was recorded as a func-
10 tion of polynmer dosage. Dewatering performance was eval uated rel ative
to the unconditioned sludge (blank) as well as two commercially available

cat i oni ¢ erl si of, Aghy by By BRYALSs SOEHEENBERRL itne Bhésd LS

were as foll ows: 9%

I"ec
Seconds at the dispersion polymer indicAthg WigghRoligsreaptDas alffee penforymance
Exanpl e No. 12 150 175 200 250 300 . 6
42 P 76 ggof theé@persm@ﬁ)lqu@g equivalephig igs,e@ﬁ\ap(gpyﬁgfm_@gr} poly- _ __
57 90 118mer§-36 agoact,vgryég@ on Polymer C --- 62 83 108
120 98 15 cc collected after 20 seconds
Wher ei n: S Errul sion Polymer B is Polynmer 2676 and Errul si on

Polymer Cis 25 Pol o . ﬁm@q A
Bet zDear born | nc. Wiie tagqgw %@mrag\ﬁeba&lg r:t? e Buc éhggjl W {eh}u‘?est
i ndi cate excel | eainbddinaérgs thereof, mmgpﬁrbnt:t@aymﬁ'oerouh@mhrigmssamnhnpdl-yrrer.
The volune of filtrate gollecte 0 m.pol yner dosgage was
approxi mately ei bﬁ?“‘{’]srfégh%f’é’gf‘ ?n Wi e %BV'OU%?RhSS? ﬁ‘gﬁ?i%/nﬁ?la& Sper si on
poi ymer conpar edapperdis 1BEeN&hd trsiRflention generally should be construed to

10  cover all such obvious forms and modifications which are within the true

spirit and scope of the present invention.
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sludge. The clarity of the fi m"mmmmm H ch better in the presence of
t he dispersion @RI ymer i ndi cat ng" hilgh ssolsi ds capture. The perfornmance

of the dispersi B814her is equivalent to the anal ogous emul SicasINLEo2

mers Qn an active basis. 5 VWhile this invention has been
described with respect to particular enbodi ments thereof, it is
apparent that nunmerous other forns and nodi - ‘fications of the

i nvention wll be obvious to those skilled g& the art. The . appended
clains and this invention generally should be construed to 10 cover al
such obvious forns and nodifications which are within the true spirit
and scqope of the present invention. WO 98/ 01491

PCT/ US97/ 08692 23 CLAI M5

1. A wat er - sol ubCeAMS ne di.spersi bl e copol ymer conpri si ng:
1. A water-soluble brine dispersible copolymer comprising:

a) from about 10 to about 50 mole percent of a monomer

having the formula (ll):

5
-CH; = ?—R‘; Ts
O = C—Az——Bz—- T*——R7 Xz (")
10 Rs
wherein R, is H or CHs;, Rs and R are alkyl groups having 1 to 3 car-
bon atoms; Ry is H or an alkyl group having 1 to 3 carbon atoms; Az is
an oxygen atom or NH; B; is an alkylene group having 2 to 4 carbon
15 atoms or a hydroxypropylene group, and X;" is an anionic counterion,
b) from about 1 to about 50 mole percent N-alkylacrylamide,
N.N-dialkylacrylamide or mixtures thereof having the formula (lf):
20 -Te
HzC =C
| ()
C=0
25 |
v " N\
RQ R10
30 where Rg is H or CHj; and Ry and Ryp are H or an alkyl group having

1 to 5 carbon atoms, with the proviso that Re and Ry, are not both H;



a) fr bout 50 nol e percent of a nononer havi ng
t he f%ﬂ{ﬁﬂ]ﬁ ﬂ“!l 'l!&“)lm . [err] wherein R err] is
H or =1 A oy s d Rlerr] are al kyl groups having 1 to 3 car-

bon atons; R err] is Hor an alkyl group having 1 to 3 carbon atons; A2 is
an oxygen at@®ogiaH;, Blerr] is an al kyl ene group having 2 B rBsobadebon 15
atons or a hydroxypropyl ene group, and X[err] is an anionic counterion;

b) - fromabout 1 to about 50 nol e percent N-al kyl acryl am de,

N, N-di al kyl acryl am de or m xtures thereof having the fornmula (111):

[err] 30 where Rlerr] is Hor CHpgrr]; and Rlerr] and Rlerr] are
H or an al kyl group havi ng 1 to 5 carbon atons, with the
proviso that R err] and R err] are not both H WO 93/ 01491

PCT/ US97/ 08692 24

c) from about 1 to about 70 mole percent (meth)acrylamide; and

d) optionally up to about 4 mole percent of a monomer having
the formula (1):

5
CH, = ?—R1 Tz
O = C—A|—B1——- T.—CHz @ Xl' (I)
10 | Rs

where R, is H or CH;; R; and R, are alkyl groups having from 1 to 3
carbon atoms; A, is an oxygen atom or NH; B, is an alkylene group
having 2 to 4 carbon atoms or a hydroxypropylene groug; and X, is an

15  anionic counterion.
with the proviso that the sum of a), b), ¢} and d) equals 100%.
2. The water-soluble brine dispersible copolymer of claim 1
wherein said N-alkylacrylamide is N-isopropyl acrylamide or N-tert-

butylacrylamide.

3. The water-soluble brine dispersible copolymer of claim 1

 wherein said N,N-dialkylacrylamide is N,N-dimethylacrylamide.

4. A process for the production of a water soluble copolymer

dispersion which is characterized by polymerizing:

a) from about 10 to about 50 mole percent of a monomer

having the formula (1l):



fro 70 nol e percent (neth)acryl am de; and
opt| '”ﬁ"l "ﬂtﬂ“ {“L 4 nol e percent of a nononer having

e formul & where Rlerr] is Hor CHerr], Rerr]
and Rlerr] are al kyl groups. havi ng fromlto 3 carbon atons; Alerr]
IS an oxygen atwowesisddH; B[err] is an al kyl ene group ha\pt@g,327,(;3@)24
carbon atons or a hydroxypropyl ene group; and X/ err] is an 15 anionic
counteri on. with the proviso that the sumof a), b), . c) and d)
equal s 100% 2. The wat er-sol ubl e brine dispersible
copolynmer of claim1l wherein said N al Egl acrylamde is Nisopropyl
acrylamde or N-tert- but yl acryl am de. 3. The
wat er - sol ubl e brine dispersible copolynmer of claiml wherein said
N, N-di al kyl acryl am de i s NN oi met hyl acryl am de. 4, A
process for the production of a water sol uble copol yner di spersi on
whi ch is characteri zed. ta/ poI Y, n%ZI ng: R a) from about 10
to about 50 nole percent (rmr% > having the forrmula (I1):
WO 98/ 01491 PCT/ US97/ 08692
25 [ er I’] = C——Az—Ba———N ——Rv Xz' (n)

5 Rs

wherein R, is H or CHj;, Rs and Rg are alkyl groups having 1 to 3

carbon atoms; Ry is H or an atkyl group having 1 to 3 carbon

atoms; A; is an oxygen atom or NH, 8; is an alkylene group having
10 © 2 to 4 carbon atomns or a hydroxypropylene group, and Xy is an

anionic counterion;

b) from about 1 to about 50 mole percent of a N-alkyiacryla-

mide, a N,N-dialkyiacrylamide or mixtures therecf having the

15 formula (111):
Rs
|
H,.C=C
| (1)
20 C=0
l
N
VRN
Rg R1
25

where Rgis H or CHs; and Rg and Ryp are H cr an alky! group
having 1 1o 5 carbon atoms, with the proviso that Ra and Ry are
not both H;

30 c) from about 1 to 70 mole percent (meth)acrylamide; and

d) optionally up to about 4 mole percent of a monomer having

the formula (J)



[err]; Rlerr] and Rlerr] are alkyl groups having 1
to 3 ‘“l bon atons; R7 is Hor an alkyl group having 1 to 3
car bon onB A2 is an oxygen atomor NH 8[err] is an
alkylene group haV|ng 10 2 to 4 carbon atons or a
hydroxypropxbgpglggoup, and X[err] is an anipgiphSoG3ewat eri on;
b) fromabout 1 to about 50 nol e percent a N al kyl acryl a-
m de, a N, N-dial kyi acryl am de or m xtures thereof having the 15
formula (I111): J[err] 25 where R err] is Hor

CH err]; and Rerr] and R err] are Hor an al kyl group
having 1 to 5 carbon atons, with the proviso that R err] and R err] are
not both H 30 CH, = ®LR, fromgabout 1 to 70 nole percent

(et h)acryl am de; and | |d) opt yumatly up to about 4 nole
percent of a nonomer hay ng . he/formul¥a ( VO
98/ 01491 8" ca—s, ',"*CA " 0g ) R ("

5 Rs

where R, is H or CHj; R; and R; are alkyl groups having from 1 to 3 car-
bon atoms,; A, is an oxygen atom or NH; B, is an alkylene group having 2
to 4 carbon atcms or a hydroxypropylene group; and X, is an anionic

10  counterion;

with the proviso that the sum of a, b, c and d equals 100%, and

wherein said polymerization is carried out in the presence of an aqueous
15  salt solution containing a water-soluble cationic polymer insoluble in said
aqueous salt solution; a water-soluble cationic polymer soluble in said

aqueous salt solution; and a polyvalent anionic salt.

S The process of claim 4 wherein said N-alkylacrylamide is N-
isopropyl acrylamide or N-tert-butylacrylamide and said N,N-dialkylacryi-
amide is N,N-dimethylacrylamide.

6. The process of claim 4 wherein said polyvalent anionic salt

is a sulfate or phosphonate salt.

7. The process of claim 4 wherein said monomer represented
by the formula (Il) is seiected from the group ccnsisting of dimethylamino-
ethyl (meth)acrylate, diethylaminoethyl (meth)acrylate, dimethylaminopro-
py! (methjacrylamide, diethylaminopropyl {meth)acrylamide, dimethyi-

5  hydroxypropyl {(meth)acrylate and methylated and ethylated quaternary
salts thereof.



[err] where Rlerr] is Hor CHerr]; Rerr] and R err] are

al kyl groups having from1l to 3 car- bon atons; Alerr] is an oxygen

atomor NH B[err] is an al kylene group having 2 to 4 carbon atons

or a hydroxypropyl ene group; and X, is an anionic 1 0 counterion;

Wi th” the provi swo sdnmageit he sumof a, b, ¢ and d equal s 100% aRdT/US97/08692

V\/nerei n—sai-d—polynerjzation is carried out in the presence of an aqueous
salt solution containing a water-soluble cationic polynmer insoluble in

sal d luu;\mﬂmmmﬂﬂm solution; a water-soluble cationic polyner

sol ubl e gueous salt sol ution27and a pol yval ent ani onic
salt. The process of claim4 wherein said

N-al kyl acryl am de is N- i sopropyl acryl am de or

N-tert-butylacrylam de and said N, N-dial kyl acryl - amde is

N, N- di‘met hyl acryl am de. 6. The process of claim4 wherein

said polyvalent anionic salt The proce§§of&la§m|4f ﬁh@reﬁfsaihmmtreprﬁaémted
7. The process of legal m 4 ere sa d nmononer rese

formula (1) is sel &tfogmy ?ﬁ@ W@&%Q@UP@” sling gie?‘ﬂ";‘/"l tyﬁrﬁ@oet%l
ethyl (meth)acryl at e(méihj%ﬁsﬂb{ét%”hi'&%ﬂehﬁnhoéﬂﬁﬁ (I?aéltﬁ)rax}y@éts dlﬂfewgﬁmhemcrwpr 0-

pyl (meth)acrylam de, diethylam nopropyl (ieth) acr% am de
hydr oxypr opyl ~ ( met h)(@sth)estianise, ﬁ@t‘vwarameart?@mu meat ),ar:a'da;ﬂtdqmdehmtrw-

ISDaC!I'} asgg/e(r)ggfgz 5 amlnohg\//g)o %rgpf(ll (meth)acrylamnde with benzyl chloride.

9. The process of claim 4 wherein said water-soluble cationic
polymer insoluble in said aqueous salt solution is a salt solution-insoluble
copolymer of a monomer of formula (i) and {meth)acrylamide or a salt
solution-insoluble terpolymer of {meth)acrylamide with a monomer of

5 formuia (1) and a monomer of formula {11).

10. The process of claim 4 wherein said water-soluble cationic
polymer sojuble in said aqueous salt solution is a salt soiution-soluble
homopolymer of formula () or a sait solution-soluble copolymer of

formula (1) and (meth)acrylamide.

11. A water-soluble brine dispersible copolymeric product

produced by the process comprising polymerizing:

a) from about 10 to about 50 mole percent of a monorner

S having the formula (1):
CH, = ‘C‘—'Ré. Ts
O = C——Ar—Bz—-—- N+——R7 XZ. (”)
10 |
Rs

wherein R4 is H or CHj; Rs and R are alkyl groups having 1 to 3

carbon atoms; Ry is H or an alkyl group having 1 to 3 carbon



27 8. The process of claim4 wherein said nononer

r epr esent ed by formula (1) is selected fromthe group consisting

of di net hyl am noet hyl (meth)acryl ate, diethylam noet hyl

(meth)acrylate, dinethylam nopropyl (el h) acryl am de,

di et hyl am _noproepsmisfinet h) acryl am de and di net hyl - 5

am nohydroxypropy (‘rre’rhyacryl am de with benzyl chloride.
: flmﬂ m 4 wherein said water-soluble cationic

poI ymerl m”migml ’”Hﬂ d aqueous salt solution is a salt

sol uti ori-i fisotubt e * copol ynmer of asgononer of formula (11) and

PCT/US97/08692

(meth)acrylam de or a salt sol ution-insol uble terpol yner of
(meth)acrylam de with a nonomer of 5 formula (1) and a nononer of
formula (11). 10. The process of claim4 wherein said
wat er - sol ubl e cationic pol ymer soluble in said aqueous salt
solution is a salt soldtbinenAasieland:ggen atom or NF B2 ROarY BRYlent greupgthaving! 1) or
a salt solution-soluble copolynmer of formula (11) and

(met h) acryl ani de. 2 to 4 carbon atomg er a hXdiRxYROPYISPRIr &R ANA2dS Fer si bl e
copol yneric product anmmccc@ﬁ@ﬁgﬁed by the process conprising

pol yneri zi ng: fromabout 10 to about 50 nole percent
of a nononer 5 havmgtheforrmla(l) [err]

to 3 carbon ato

3 carbon VO rfidie0a 491-dialkylacrylamide or mixtures thereof having the
PCT/ US97/ 08692

wherein Rierrlg s H orgyCHl opd sollier sl i L%%egﬁ@ufw.a.ghg&ﬁgavrg;' g 1

formula (1li):

10 HzC =C
| (1)

15 '\
Re

R10

where Rg is H or CHj;, and Ry and R, are H or an alkyl group
having 1 to 5 carbon atoms, with the p_roviso that Rg and Ry are
20 not both H;

c) from about 1 to 70 mole percent (meth)acrylamide; and

d) optionally up to about 4 mole percent of a monomer having

25 the formula (1)

CH; = (l:—-Rs Tz

0O = C—A—B—N—CH, Xy ()
30 |

Rs

where R, is H or CHj; R, and Rj are alkyl groups having from 1 to 3 car-

bon atoms; A, is an oxygen atom or NH; B, is an alkylene group having



28 atons; A2 is an oxygen atomor NH, B2 is an al kyl ene

group havi ng 2 to 4 carbon atons or a hydroxypropyl ene group,
and X[err] is an ani oni ¢ counterion; 5 b) from
about, 1 to about 50 nol e percent of a N-alkyl acryl a- m de, a
N, N- di al kyl acr wems/ghasior m xt ures thereof having the pPCT/USOI¥Ed2a
(rerr)y:  Jerr] where Rlerr] is Hor CHerr]; and R err]
and R[err]*ﬁﬁe—H—er—an—aLk_yl_group haV| ng 1 to 5 carbon atons,
W|th t he pr hat err] and R err] are not both H;

from a{mm ”'l’ jlm percent (neth) ac%%l am de; and d)
optlonal |y e percent of a nohoner havi ng 25 t he
formula (1) .[err] where Rlerr] is Hor CHerr]; Rerr] and
Rlerr] are aI kyl groups having from1l to 3 car- bon at ons; A[err] S

an oxygen atomor NH, B[err] is an al kyl ene group having
2 to 4 carbon atoms or a hydroxypropylene group; and X, is an anionic

counterion;
with the proviso that the sum of a, b, ¢ and d equals 100%; and

wherein said polymerization is carried out in the presence of an aqueous
5 salt solution containing a water-soluble cationic polymer comprising a co-
polymer of a monomer of formula (i) and (meth)acrylamide or a terpoly-
mer of acrylamide with a monomer of formula {1} and a monomer of for-
mula (l1); a water-soluble cationic polymer which is a homopolymer of a
monomer of formula () or a copolymer of formula (1) and (meth)acryla-

10 mide; and a polyvalent anionic salt.

12.  In a process for polymerizing and precipitating a polymer
from an aqueous brine solution to form an aqueous polymer dispersion

characterized by polymerizing water soluble monomers of formula (1)

CH; = C—R, R2
5 } l ——
QO = C—A1—B1——-T‘—CH2"— \ / Xy . “)
R;

10  whereR;isHor CH;; R, and Rj are alkyl groups having from 1 to 3
carbon atoms; A, is an oxygen atom or NH; B, is an alkylene group
having 2 o 4 carbon atoms or a hydroxypropylene group; and X, is an
anionic counierion; with water soluble monomers of formula (ii):

CHz = C— R4 R5
15 I I
0 C—Ar—B,— T+——R7 Xy {11

Re
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2 to 4 carbon atons or a hydroxypropyl ene group; and Xerr] IS ——

counterion; with the proviso that the sumof a, b,

¢ and d equals 100% and wherein said polynerization is carried out
in the presene®wiiwn aqueous 5 salt solution containing 2 wat er - sol ubl e
cationi c_polyne i si
(I'r) rand (nmeth)acrylam de or a terpoly- mer of acrylam de with a

monomer O“Illmmm"mmm”ﬁm a nononer of for- mula (I1), a
wat er - sol ymer which is a hgyopol ynmer of a nmonomner of

“fornula (IT) 5r W dopdlyfrer of fornula (11)and (neth)acryla- 10 nide;

a co- pol ymer of a nononer SYUPEPHA a

and a pol yval ent anionic salt. 12. In a process for
pol ymeri zing and precipitating a polyner from an aqueous brine
solution to form an aqueous pol yner di spersion characterized by

pol ynmeri zi ng wat ef, 30 iH%ﬁs P an%ﬁ}i[cgnofﬁsré?éleﬂglﬁ Egﬁups HaRArd Lto 3 Brpgpher e

Rlerr] is Hor CHerr
3

err err] ar groups having from1l to

car bon at etens.ARest of an atkybgrpge mazingrh tor3 pdboBfatamn. Ads an aabkyl ene

Xerr) is an e dmit \h s Ahallodia otk el GRY e REndiatEonf™

formula (11):
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hydfdyplopylene group, and X, is an anionic counterion; and with acryl-.
amide monomers in the presence of an aqueous salt solution containing
a water-soluble cationic polymer insoluble in said agueous salt solution, a.
water-soluble cationic polymer soluble in said aqueous salt solution and
a polyvalent anionic sait, wherein at least 5 mole % of said monomer of
formula (1) is required in said process {o precipitate gel-free water-solubie

polymer from said aqueous salt scluticn, the improvement comprising:

polymerizing monomers of N-alkyl acrylamide, N,N-dialkylacrylamide or

mixtures thereof having the formula (1i):
Rs

(i)
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where Rg is H or CHj; and Ry and Ry are H or an alkyl group having 1 to
5 carbon atoms, with ihe provisothat Ry and R are not both H; with
monomers of formula (1), 0-5 mole % of monomers of formula (1) and
(meth)acrylamide in said aqueous salt solution to precipitate gel-free

water-soluble polymer from said agueous sait solution.
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PCT/ US97/ 08692 30 wherein R4 is Hor CHerr]; Rerr] and R err]
are al kyl groups having 1 to 3 carbon atons; R7 is H or an al kyl group
having 1 to 3 carbon atons; A2 is an oxy- gen atomor NH B[err] is an
al kyl ene group Ae¥?¥3+2 to 4 carbon atons or a hydr oxypr op&-hgglﬁmg@@up,
and X2 is—af—anionic_ counterlon and with acryl- 5 am de nononers in the
presence an aqueous salt sol ution cont ai ni ng a wat er-sol ubl e
cationic ﬂb’ ,mﬁm” in said aqueous salt solution, a

wat er - sol L myrrer soluble in sg d aqueous salt sol ution and

a pol yval ent ani “onffc Salt, wherein at Ieastélg nol e % of said nononer of

formula (1) is required in said process to precipitate gel-free

wat er - sol ubl e 10 pol ymer from said aqueous salt solution, the inprovenent
conpri si ng: pol ymeri zi ng mononers of N al kyl acryl am de,

N, N-di al kylacryl ami de ofs. re préiost uf Efsich HRLARISHRAINA.IR LRI i€ N1 )

20 J[err] 25 where erprn?]a : err"Ti 'gvr?ra RHH(? Ierr are
H or an al kyl gr oupomapylagrylamrde or N—tertsutyéacmﬁnm saAﬁNWtdn@kpac\yi so t hat
Rlerr] and R err] nononers of formula (1), 0-5
nol e % of rmnorrersa"a'l?’ brﬁTGIém? h}/lagﬂlgamlde (nmeth)acrylam de in said
aqueous salt solution to precipitate gel-free wat er - sol ubl e pol yner

from sai d aqueous salt sol ut| on
14. A process for flocculating and settling suspended particles

from an aqueous solution comprising:

a) adding to an aqueous solution containing suspended

5 particles an aqueous polymeric dispersion comprising:

1) a brine dispersible copolymer comprising from about

10 to about 50 mole percent of a monomer having the formula (1)

10 CH, = (lZ-——R4 rlzs |
0 = C——AT;BT—I'\J’—R7 Xy (n
R
15

wherein R, is H or CH;; Rs and Rg are aikyl groups having 1 to 3

carbon atoms; Ry is H or an aiky} group having 1 to 3 carbon atoms;

Az is an oxygen atom or NH; B, is an alkylene group having 2 to 4
20 carbon atoms or a hydroxypropylene group, and X; is an anionic

countarion;

from abouit 1 to about 50 mole percent N-alkylacrylamide, N,N-

dialkylacrylamide or mixtures thereof having the formula (I11):
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13. The process of claim 12 wherein said N-al kyl acrylamde is N

i sopropyl acryl am de or N-tertbutylacryl am de and said NN-di al kyl acryl -

am de is N, N-di net hyl acryl am de. 14. A process for

fl occul ati ng vagesmaéit | i ng suspended particles from an pagHRMHR 92

sol ution conpri sing: a) addi ng to an aqueous sol ution
cont.ai ni ng suspended particles an aqueous pol yneric di spersion
conpri si 1) a brine dispersible copolyner :
corrprl Si “II"“""I“IH lIIUIIII 10 to about 50 nol e percent of a nononer
havi ng the fornul an * [err] 15 wherein R err] is Hor

CH err]; Rerr] and R err] are alkyl groups having 1 to 3

carbon atons; R7 is Hor an alkyl group having 1 to 3 carbon atons;

A2 is an oxygen atomor NH B[err] is an al kylene group having 2 to 4 20
carbon atons or a hydroxypropyl ene group,, and X2 is an anionic
counterion; from about 1 tg§®about 50 nol e percent

N-al kyl acryl am de, N, N- :

Hzc =C
| (i
5 C=20
i
e AN
R9 Rto
10
where Rg is H or CHj; and Rg and Rip are H or an alkyl group
having 1 to 5 carbon atoms, with the proviso that Ry and Ry are
not both H; from about 1 to about 70 mole percent {meth)acryl-
amide; and
15
optionally up to about 4 mole percent of a monomer having a
formula (1)
CHz = C—R|
20 I
O = C—'—A-;——B]—— N —CHZ “< X1 (I)
25 where R, is H or CHj;; R; and R; are each an alkyl group having 1
to 3 carbon atoms; A, is an oxygen atom or NH; B, is an alkylene
group having 2 to 4 carbon atoms or a hydroxypropylena group;
and X, is an anionic counterion;
30 ' 2) water;

3) a muitivalent salt;
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[err] 10 ‘where Rlerr] is Hor CH[err], and
Rlerr] and Rlerr] are H or an al kyl group having 1 to 5 carbon
atoms, with thevpssukeeo that Rlerr] and Rerr] are pCTAS1/d3e2h H,
fromabout 1 to about 70 nole percent (neth)acryl- am de; and
5 ° optionally up to about 4 nol e percent of a nononmer having a
for mul a ( lllllmlu"l“""ﬂlu[m where Rlerr] is Hor CHerr]; R2 and-
are ea having 1 33 to 3 carbon atons; Alerr]
|s an oxygén & NH, *B[err] is an al kyl ene group having 2

to 4 carbon atom; or a hydr oxypropyl ene group;

4) a water soluble cationic polymer insoluble in an

aqueous solution of said multivalent salt; and

5) a water soluble cationic polymer soluble in an

5 aqueous solution of said muiltivalent salt; and

b) allowing said brine dispersible copolymer to coagulate and

agglomerale said suspended particles to form a floc.

15. The process of claim 14 wherein said water soluble cationic
polymer insojuble in an aqueous solution of said multivalent salt is a salt
solution-insoluble copolymer of a monomer of formula (1) and (meth)acryi-
amide or a salt solution-insoluble terpolymer of (meth)acrylamide with a

5 monomer of formula (1) and a mcnomer of formula (il); and said water solu-
ble cationic polymer soluble in an aqueous solution of said muitivalent sait
is a salt solution-soluble homopolymer of formula (ll} or a salt solution-

solubie copolymer of formula (1) and (meth)acrylamide.
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and X[err] s an anionic counterion; 30 2) wat er ;

3) a nultivalent salt; WD 98/ 01491
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4) * a water soluble cationic pol yrrer i nsoluble in an (% .‘W gqbgogf”_,
ter i

solution of said mal ent salt. an S) WoMpL3
“sol ubl e cationic r sol ub W?Wﬁsm‘ﬁ%ﬁ?’éﬁﬁﬁonﬁémﬂs sol ut ' $¥0of said
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nononer o [ ] met h A el tp
sol uti on} Ezjlr)lgo u (T"g A%p i a@“’r?eb% %@F’{J%”ossgzy (Bé)r%nm %E@Hl’;fap MBONEE ol or T
formul a {®&» Imdtitantmmr of f@rmluw @19spn fand £ Hi MC, WatPBISES 0| U- bI e

cationicj pol yner soluble in an aqueous sol dtion of said nultivalent salt
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{33) Tlite: PROCESS FOR THE PREPARATION OF AQUEOUS DISPERSION FOLYMERS
{37) Abstract

A process for preparing a water-soluble polymer dispersion is herein provided which is characterized by polymerizing from about
10 to 50 mole percent of a monomer having a formula (II); from about 1 to 50 mole percent of N-alkylacrylamice, N,N-dialkylacrylamide
or mixtures thereof having a formula (III); from about { to 70 mole percent acrylamide; and optionally up to about 4 mole percent of a
monomer having a formula (I) having a benzy] functionality. The polymerizaticn is carried out in the presencé of 2n aqueous solution of a
polyvalent anionic salt which contains (1) a water scluble cationic polymer which is insoluble in the squeous salt solution and (2) a water
soluble cationic polymer which is soluble in the agueous salt solution.




