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(57) Abstract: The mvention relates to a method of controlling silica scale i an aqueous system, including adding an effective
amount of mixture of a first polymer and a second polymer into the aqueous system, wherein the first polymer and the second
polymer each has at least one of a first structural unit derived from any of quaternary ammonium monomer, quaternary phospho-
nivm monomer, and quaternary sulfonium monomer and a second structural unit derived from any ot sulfonic acid, sulturic acid,

phosphoric acid, carboxy!
mer bears a second net ¢

1c acid and any salt thereof, the first polymer bears a first net charge or being neutral, the second poly-
narge opposite the first net charge or bearing positive net charge when the first polymer i1s neutral, the

first structural unit 1s from about 1 mol% to about 99 mol% ot the mixture.
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METHODS OF INHIBITING SCALE OF SILICA

BACKGROUND

{0001] The invenfion relates generaliv 1o minbition of sihica scale m agueous systems.

and particularly refates 1o methods of wnhibtling scale of silica in aqueous systems.

[0002] The problem of scale formation and s attendant effects have for many vears
troabled agueous svstems. such as power plants, evaporative coohing svstems.
membrane desglination, semuconductor manufacturing, geothermal svstems, boiler
water, industrial process water, and water in central heating and air conditioning

Sy Stems.

to miubit as it asswmes low solubilily forms depending on the condittons in the

dGUCOLS svsiem.

{0004] Silica {sihcon dioxide) appears naturally 1n a number of crvstallineg and
amorphous forms, all of which are sparingly soluble i water, thus leading 1o the
tormation of undesirable deposits. Silicates are salls denved trom silica or the silicic
polvsilicates. All of these, except the alkals silicates, are spanngly soluble m water, A
nunber of different forms of sihica and silicate salt deposits are possible, and
formation thereol depends, among other {actors, on the temperature, pH and onic

ee 6.5 to 7.8, monomenc silica tends

~!"“

species m water. For example, at neutral pH ran
o polvmenize 1o form ohigomeric or coliondal sthica, At lugh pH, lor example, pH 9.5,
sifica can form a monomeric sificate 1on, As conversion of silica into these various
torms can be slow, varous forms of sithica can co-exist m an aqueous svsiem at any

one {sme, depending on the lustory of the svstem,

1
4
o

[000S] It is also possible for a vanety of other types of scales to co-exist with sthica or

silicate scales i & water svstem
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[0006] Various methods have been utilized for resolving the problem of silica
deposiion. Some methods are directed to inhibat polvmenzation of sihica and other
methods focus on dispersion of collowdal silica. Some chenucals used to mnhibst
polvmenzation of silica tend 1o flocculate with silica, resulting in high turbidity and

deposition. A very high dosage of known chemicals 15 usually needed for achigving
an elfective dispersion of collowdal silica, which makes them very dithicull {0
conunerciatize Irom cost perspective. In additton, currently avalable sifica scale
inhubition chenncals are either pH sensitive {0 increase difficuities of control, or

mstable under certain water condiions,

{0007 Thus, there 15 2 need in the art to controd sihica scale 1 aqueous systems

- Y
(N -
L YR )

more teastbie and more stable wavs,
BRIEF DESCRIPTION

{008] 1o one aspect, the invention relates (o 8 method of controlling stlica scale 1y an
aguecus system, comprising addimg an elfechive amount of mixture of a first polymer
and a second polymer mnto the aqueous svstem, wheremn the {irst polvimer and the
sgcond polvmer gach comprises at {east one of a [irst structural unit denved from any
of guatermnary ammomum  monomer, quatemary phosphonium  monomer,  and
quaternary sutfonsum monomer and a second structural unit denved from any of
sultonic acid, sultunce acid, phosphonce acid, carboxvhic acid and anv salt thereof, the
first polvmer bears a first net charge or being neufral, the second polvmer bears g
second net charge opposiie the first nel charge or beanng positive net charge when the
first polymer s neutral, the first structural onst s rom about 1 mol% to about Y9

mol% ol the muxiure.

[0009] In another aspect, the mvention relates to a method of mhibiting silica scale
formation 1 an agueous system. said method comprising: adding an effective amount
ol a polvmer 1o the aqueous svsiem, wherein the polymer compiises: a first structural
untt densved from a gquatemary anumonim monomer, a quatemnary phosphomum
menoemer, oF a quaternary sulfonium monomer. the first structural untl representing

from about 30 mol®: to about B0 mol®% of all monomer-derived gfroctural units

S
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present i the polvimer; and a second structural unit dertved from a sulfonic adid, a

sulfuric acid, a phosphoric acid, or a salt thereof.

DETAILED DESCRIPTION

{0010} In one aspect, the (vention relates 1o a method of controlling sihica scale in an
agueons system, comprising addmyg an elfective amount of mixture of a fust polymer
and a second polymer wio the aqueous svsiem, wherein the Orst polvimer and the
second polvmer each comprises at least one of a first structural unit derved from any
of quaternary ammoniwm  monomer. quatemnary phosphonium  monomer, and
quaternary sutfonium monomer and a second stractural anit dentved from any of
sullonic aaid, sulluric acid, phosphorie acid, carboxvhic acid and anv salt thereot. the
first polvmer bears a first net charge or being neutral, the second polvmer bears a
second net charge opposite the first net charee or bearing posttive net charge when the
first polvmer 1s neutral, the first structural unst s [rom about 1 moi% to abowt 99

mol?s ol the mixture.

{0011} In some embodiments, the first polvmer may be a cationie polyelectrolyvte and
the second polvmer mav be an amonic polvelectirolvie. In other embodiments, the first
polvimer mayv be a cationic polvelectrolvie and the second polvimer mav be a nonionic
polymer or a combnation of a nomjonmic polvmer and an antome polviner. In other
embodiments, the first polvmer mav be a polvampholyie and the second polvmer i a
polvelectrolyte. In other embodiments, both the first and the second polymers may be

"

polvampholyies.

10012} In some specific embodinents. the first and the second polvmers are polv{2-
{methacrviovioxy yathvltrmethyl AATNONTIIT chloride-co-2-acrvlamido-2-
methvipropane sulfonic acad) and Z-(methacrviovioxy-ethvlimmethy]l  anumonium

chloride 1= from about 10 mol% (o about 9O mol¥s of the mixture.

{0013] In some embodimentds, the first polvmer s polv(2-Omethaciviovioxy)-
ethvitrimethyl ammonium chlonde-co-acrviic amde} and the second polvmer 15

polv(Z-acrviamado-2-methvipropane sulfome  acid-co-acivhe  amude) and  2-

)
L

L
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{methacrviovioxyi-ethvliinimethyl ammonnan chionide s {rom about 30 moi% 1o

about 70 mol% of the mixture.

{0014 In some embodiments, the fust polvmer s polv(@-(methacrvlovioxy)-
ethvittimethvt anuvonium chionde-co~2-acrvlamido-2-methvipropane sulfomce acid),
the second polvmer s selected from polv(2-acrvlanudo-2-methvlpropane suifonic
acid), polv{acrvlic acid), polv{acivlic acid-co-2-acrviamido-2-methvipropane suifonic
acid). poly{acrvlic acd-co-1-allvoxy-2-hvdroxy propyvi sutfonate), poly(acivhic acid-
co-l-alivoxy-polvethivene oxide-sulfate~co-i-allvoxy~2-hvdroxy propyl sulfonale).
polv{acrvlic acid-co-1-allvoxy-polvethlvene oxide-suifate). and poiv(Z-acrviamido-2-
methvipropane sulfonic acid-co-acrvianude), and 2-Gmethacryvlovioxy -ethwlinimethyl

amimonium chlorde 18 rom about 10 mol¥% to 60 mol¥ of the muxture.

{0015] In some embodiments, the fust polvmer s polv(2-{methacrvlovioxy -
ethvitrimethvl ammomum ¢hlonde), the second polymer 13 selected from polv(2-
acrvianudo~2-methvipropane sulfonic acid), polv{acrvlic acid), polv{acrvlic acid-co-
2-acrvianudo-2-methvipropane  sulfonic acid).  polviacrvlic  acid-co-1-alivoxy-2-
hydroxy propyvl salfonate), polv{acrvlic acid-co-1-allvoxy-~polvethivene oxide-sullate-
co-l-allvoxy-2-hvdroxy  propyl  sulfonate),  polv(aervlic  acid-co~i~allvoxy-
polvethlvene oxide-sulfate). and polv(Z-acnvlamido-2~-methvlpropane sulfonic acid
co-acrvianude), and 2-(methacrviovioxy)-ethvitrimethy! ammomum chiornde 15 from

about 10 mol% to gabout 76 mol®s of the miture.

{0016] In some embodiments, the fust polvmer s polv(@-(methacrvilovioxy)-
ethyitrimethyvt ammonium chloride-co~(ethylene glveol) methyl ether methacrylate)

and the second polvmer 15 polv{Z-goerviamido-2-methvipropane suliomce acid).

{017] In some embodiments, the first and the second polvmers are added into the
aguenus system sumultaneously. In some embodiments. the first and the second

polymers are added mto the agueous system sequentially,

{0018] Except the first and the second structural units, each of the first and the second

polvmers may comprise any other structural uniis which do not affect the performance
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of the muxture. Examples of the other structiral units miay dernive from monomers,

such as acrvlic amide. and {ethyvlene glvcol) methyl ether methacrviate.

o

{0 9] 1o another aspect, the mvention relales to a method of minbiting silica scalg
formation 10 an agueous system. said method comprising: adding an elfective amount
of a polyvmer to the agueous systemy, wherem the polvmer compnises: a first structural
umt derived from a quaternary anunoniiem monomer, a guaternary phosphonium
monomer, of a quaternary sulfonium monomer, the [rst structural unit vepresenting
from about 30 mol% to about 80 mol® of all monomer-derived structural units

present in the polvmer. and a second structural unit dertved Trom a sulfonic acid, a

sulturic acid. a phosphoric acid, or a salt thergof

{H20] In some embodiments, the {irst structural wmd denves {from a monomer of

formuda

wherein RY is H or m aliphatic radicai; R' is =0, an aromatic radical. a
cveloaliphatic radical, or an aliphatic radical; R is O, NH or an aliphatic radical; R is
a strazght or branched cham comprising 1-24 carbon aloms; R, R* and R” are H, alkvl
aroup comprising 1-5 carbon atoms, allvl, phenyl, cycloahiphatic or heteroarvl radical,

respectively: and X 13 a charge-balancing counterton. X may be halogen anion or any

monovalent or divalent anion.

{0021] In some embodiments, the first structural umit derives from atl least one

monomer selected from 2-(methacrviovioxy}-ethyittimethvt amnoniem chlonde, 2-
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{acrviovioxvethvhinmethvianunonium chiornide, 3-

{acrviamdopropy Htumethviammonium  chionde,  (vinvlbenzvlnmethvlanumonium

>

chlonide, 2-(acrviovioxyvethyl}-N-benzy-N N-dimethvlammonium  chionde, 2~

ey

(mnethacrvlovioxy yethvitrimethylammoniom methyl suifate. RE
(methacrvlamidopropyiinmethviammoniam chionde, and diallvidimethviammonium
chlonde.

{00221 In some embodiments, the second structural wunit dentves from a monomer
selected  rom Z-acrviamido-Z-methvlpropane  sulfonic  acd.,  3-{allvioxy)-2-

hydroxvpropane-1-suifonic acid (sullonate) and 2-allvoxv-polvethlvene oxide-suliate

[{0023] Except the first and the second structural wmts, the polymer comprises
structural units denved from at least one monomer selected from digthyl 2-
{methacrvlovloxv)y  ethvl  phosphate. is|2-{methacrviovioxyiethvl]  phosphate,
acryianude, 2-hivdroxyethyl methaciylate, N+ 2-hydroxvethvlacrvlanude,
polv{ethvlene glveol) methvl ether methacrviate, polv{ethvlene glveol) methyl ether
acrviate, polviethvlene glvcol} ethvl ether methacrviate, poly{ethviene giveol}

methacrylate, and -vinvl-Z-pyvirolidinone.

{0024] In some embodiments, the first struclural unit i3 present m an amount
corresponding 1o {rom about 30 mol™ to about 70 mol%. or about 535 mol® to about

60 mol% of all monomer-denved structural units prasent i the polvmer.

[0025] In some specific embodiment, the polvmer 15 polv(2-(methacrvlovloxy)-
ethyttrimethvl ammormam chlonde-co-2-acrvlamidoe-2-methyipropane sulfonic acud)

of formuida
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wherein X, v omay be anv nwnber as long ag 2-
{methacrvlovioxy)-ethvlitnmethyl ammomium chionide 15 from about 30 moi% (o

about 80 mol% of the polvmer

{0026] The agueous sysiem may be any agueous system suscepiible {0 scale of silica,
such as power planis, evaporative cooling syslems, membrane desalmation,
sennconductor manufacturing, geothermal systems, boler water, mdustinal process

water, and water 1 central heating and air conditioning svstems,

{0027] The polvmer and nuxture desenbed herein compnse not only structural unug
imhibiting silica polvmerization, bul also structural umis enhancing dispersion of
sthica, 50 effective control of silica scale mav be achieved. In addition, the ellfective
dosage of the polvimer and muxture may be very low, 501t 18 cost effective. Moreover,
the polvimer and muxiure work m a relabively broad pH scope, e.¢., 6.5-7.8. 50 they
reduce dithicuttes of conirotling environment of the water svstems. Furthermoreg, the
polvimes and nuxte are stable m cosxistence wiih halogen, eg.. chionne gas or
sodium  hypochlonte (NaOCl),  thereby  ensuning the sibea scale  mhibstion

performance thereol

{0028] Anv numencal values recited herein mclude all values from the lower value {o
the upper value in mcrements of one unit provided that there is a separation of at {east
2 umls between any {ower value and any hugher value. As an example, 1l it 1s staled
that the amount of a component or a value ol a process vanabie such as. for exampie,
temperature, pressure, ttime and the like is, for example, from 1 1o 80, preferably from
3 to &0, more preferably from 20 to 70, it is intended that values such as 1510 75, 22
to 68, 43 to 51, 30 to 32 ete. are expressly enumerated i this specification. For
values which are less than one, one wmt 1s considerad {o be 0.0001, 0.0G1, 0.04 or 0.}

as approprigte. These are onlv examples of what 18 specifically miended and all
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possible combinations of munerical values behween the lowest value and the highest
value enumerated are {0 be considered 1o be expressly stated m this applicahion i a

SpTHiar mannet,

{0029 Approximating language, as used beremn throughout the specification and
claims, mav be apphed 1o modifyv any guanfilative representation that could
pernussilly vany withouwt resulting m a change in the basic function o which it 18
related. Accordingly, a value modified by a term or terms, such as “about”, are not (o
be hpouted 1o the precise value specilied. In some mstances. the approximating

language may correspond to the precision of an nstrument for measuring the value,

[0030] Silica. as used herein throughout the specification and claims, may be apphed
to include sithecon dioxide, sihicates and anv other composiiions comprising sthicon and

having posstbihities of foulingfscaling 1 agueous svstems.

N

{0031] As used herain, the term “aromatic radical™ refers to an array of atoms having

ij".""

a valence of at least one compnising at least one aromatic group. The array of atoms

having a valence of at least one comprising at legst one aromatic group may mnclude

heteroatoms such as nitrogen, sullur. selenium. silicon and oxvgen, or may be

composad exclusively of carbon and hvdrogen. As used heramn, the term “aromatic

radical” wcludes but s not mited to phenvl, pyndvi, furanyl, thvenvl, naphthvl,

phenviene, and iphenvl radicals. As noted, the gromatic radical contains at least one
aromatic group. The argmatic group 1s mvartably a cvelic structure having 4n+2
“delocalized” electrons whare "n™ 15 an integer equal 1o 1 or greater, as dlusirated by
phenyvl groups {n = 1), thienyl groups {n = 1), furanyl groups {n = 1}, naphthyl groups
{n = 2}, azulenyl groups (n = 2), anthracenevl groups (h = 3) and the bike. The
aromatic radical may alse mclude nonaromatic components. For example, a benzvl
group 1s an aromanie radical which compnises a phenyl ring (the aromatic group) and a
methylene group (the nonaromatic component). Sinularly a tetrahv dronaphithy radical
15 an aromatic radical comprising an aromatic group (CgHa) fused 1o a nonaromatic
component —{(CHyle-. For convenience, the term “aromatic radical™ 1s defined herem
to encompass a wide range of functional groups such as alkyi groups, atkenyvi groups,
atkvnyl groups. haloalkyl groups. haloaromatic groups. conjugaled dienyl groups,
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aicohot groups, ether groups, aldehyvde groups, ketone groups, carboxviic acid groups,
acvl groups (for example carboxviic acid denvatives such as esters and amudes),
amiie groups, mibro groups, and the hike. For example, the 4-methviphenyl radical 15 a
Cr aromatic radical compnsing a methyl group, the methyvl group being a functional
group which 18 an alkvl group. Simadarly, the 2-nitrophenvt group 5 a €y aromatic
radical comprising a mtro group., the nilro group being a functional group. Aromatic
radicals include halogenated aromatic radicals such as  d-triffooromethviphenyl.
hexafluormsopropylidenetis{d-phen-1-vloxy) {1.0. ~QPhCCF;),PhO-), S
chloromethviphen-1-vl, 3-infleorovinvl-2-thienvl, 3-trichloromethyviphen-1-v1 {1.e., 3-
CCLEPh-) 4-G-bromoprop-twvhiphen-1-¢1 (e, $-BrCHXCHCHAPh-)L and the hike
Further examples of aromatic radicals include 4-allvloxyphen-i-oxy. 4d-aminophen~1-
vl (i.e. 4-HNPh-), 3-anunocarbonylphen~1-v1 (e, NH,COPh-), 4-benzoyviphen~i-vl,
methvienebis{(d-phen-1-vioxy) (e, ~OPhCHPhO-), Z-ethviphen-1-vl, phenvlethenvl,
I-tormyl-2~thuenvl, 2-bexvi-S-turanvl, hexametbylene~1,.6-bis(d~phen-{-vloxy) (te, -

OPH{CH):PhO-), d-hvdrosvmethyviphen-1-vl {1.¢., - HOCH,Ph-), -
mercaptomethyviphen-1-vi (Le., &-HSCH,Ph-). 4-methvthiophen-i-vl (1.e.. 4-CH;SPh-
), J-methoxyphen-l-vl, 2-methoxvearbonviphen-l-vloxy {e.g.. methyl sabicvl), 2-
ntromethviphen-1-vi (e,  2-NO;CH Pb).  3-tnmethvisilviphen-ivl, -t~
butvidimethvlsilvlphen-1-vl, d-vinviphen-i-vl. vinvhidenebis(phenvl). and the hke.
The term “a (s ~ Ci aromatic vadical™ includes aromatic radicals containing at least
three but no more than 10 carbon atomis. The aromatic radical T-imidazolvl {CaHoNs-
} represents a G aromatic radical.  The benwyi radwical (C;Hy-) vepresents a G

aromatie radical,

[0032] As used herem the term “ovcloaliphatic radical” refers to g radical having a
valence of at least one, and compnisimg an array of atoms which 18 eychie but which 18
not aromatic. As defined herain a “cvcloaliphatic radical™ does not contam an
aromatic group. A “ovcloaliphalbic radical” may compnise ong or more nonevelic
components. For examiple, a cyclohexvhmethyl group (CeH L CH ) 15 a ovaloaliphatic
radical which comprises a cvelohenyi ring (the arrav of atoms which s ¢velic but

which 15 not aromanc) and a methylene group (the noncvclic component).  The

O
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cveloghiphatic radical may mclude heteroatoms such as nitrogen, sulfuy, selentum,

stheon and oxygen, or may be composed exclusively of carbon and hydrogen. For

-

convernence. the term “ceveloaliphatie radical™ w defined heremn to encompass a wide
range of functional proups such as alkyl groups, alkenvl proups, alkvnyl groups,
haloalkyl groups, conpugated dienvt groups, aleohol groups, ether groups, aldehvde
groups. ketone groups, carboxviic acid groups. acyl groups {for exampie carboxvhic
actd derntvattves such as esters and anudes), anune groups, mitro groups, and the like.
For example. the 4-methyvicvclopent-i-vi radical 15 a Cg cvcloaliphatic radical
comprising a8 methyl group, the methyl eroup being a functional eroup which 1s an
atkvl group. Sinularly, the 2-nitrocvclobut-1-v] radical 15 a €4 cvcloatiphatic radical
comprising a miro group. the miro group being a funchional group. A cvcloaliphatic
radical maay comprise one or more halogen astoms  whach mav be the same or
different. Halozen atoms include, for example: Huorine, chiorine. bromine. and
wdme,  Cycloaliphatic radicals comprising one or more halogen atoms mclude 2-
trifiaoromethyvlevelohex-1-vi, 4-bromodiliuoromethyvicvclooci-T-vl, 2

chlorodilluoromethvicyciohex-1-wvl. hexafluoroisopropvhidene~2 2-bis {Tvclohex~-d-v1)

a1

{1.e. ~LeH 1 C{CF;3 )2 ¢ ST 2-chloromethylevelohex-1-vi, 3-
ditluoromethyvienecevclohex-1-vi, d-trichloromethvicyclohex-1-vloxy, -
bromodichlorometbvlovelohex~1~vithio, 2-bromoethyvlevclopent-i-vl, 2~

LY

bromopropvlevelohex-1-vioxy {e.g.. CH:CHBrCH.CiHO-). and the like.  Further
examples  of  covcloaliphatic  radicals  mclude  4-allvloxvevciohex-1-vl, 4
anupnocvelohex-1-vl (e, HoNGgHhe), d-ammocarbonvlevcelopent-i-vl {1e,
NHCOUsHe-), d~acetvloxyevelohex~i~vi, 2.2-dicvanossopropvlidenebis(cyvelobax-d-

vioxy) {1.¢, -OCH 1o CIONRC H 100, J-methvicvciohex-1-vl,

methviengis{covelohex-4-vloxyy (e, ~OCHCHCgHyoO-), 1-sthvicvclobut-1-vl,
cvolopropyviethenvl,  3-formwl-2-terabvdrofuranvi,  2-hexyi-S-tetrahvdrofuranyl,
hexamethvlene-Lo-bis{evelohex-d-vioxy) (e, ~0Q  CeHp(CHR)CiHppO-), 4~
hvdroxvmethvicyclohex-1-vl {(te., $-HOCH CsHy-). d-mercaptomethvicyclohex-1-vl
(re, 4-HSCH:CeHi-),  d-methvithiocovclohex-il  (le,  4-CHiSCgHy-),  4-
methoxvovelohex-1-vl, 2-methoxvearbonvicvclohex-1-vloxy  2-CHaQCOUH,0-).
d-nitromethylcyclobexs-1-¥l (Le., NOCHyCsHyp-), 3-tmmethylsilylevelohex-1-y, 2+t
butvidimethvisilvicvelopent-i-vi, d-trimethoxvsiiviethvlevelohex-1-vi {e.g.
10
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{CH:ORSWCHCHA sHyp-),  d-vinvicvelohexen-1-vl, vinvlidenetus{cveloheaxyl), and
the hike. The term “a (s ~ Cyp oveleoaliphatic radical”™ mclades cvcioaliphatic radicals
containing at least three but no more than 10 carbon atoms. The cveloaliphatic radical
2-tetrahvdrofuranyl  {CyH-O-)  represemts a €y covcloaliphatic  radicall The

cyciohexvimethyl radical (CeHy CHy- ) represents a 'y cvcloaliphatic radical,

{0033] As used herein the term “aliphatic radical” refers {0 an organic radical having
a valence of al least one consisting ol a Inear or branched array of atoms which 1s not
cvelic, Abphatic radicals are defined 1o comprise at least one carbon atom. The array
ol atoms comprising the aliphatic radical may include heteroatoms such as miirogen,
sultur, silicon, selemium and oxveen or may be composed exclusively of carbon and

w

hvdrogen.  For convemence, the term  “aliphatic radical” 13 defined heremn to

encompass, as part of the “lmear or branched arrayv of atoms which 15 nol cvehic™ a
wide range of functional groups such as glkyl groups, alkensi groups, alkvnyvi groups,
haloalkyl groups | conjugated dienyl groups, alcohol groups. ether groups, asldehvde
groups, ketone groups, carboxviic acid groups, acyl groups {for example carboxyhic
acid denvatives such as esters and anudes), anune groups, wire groups, and the like.
For example. the 4-methvlpent-1-vl radical 15 a Gy aliphatic radical compnsing a
methvi group, the methyvl group bemg a tunctional group which s an alkyl group.
Stlarly, the d-mtrobut-1-vl group 13 a U aliphatic radical comprising a nitro group,

the nitro group being a functional group.  An aliphatic radical may be a haloalkyl

different. Halogen atoms include, for example; fluorme, chlonme, bronune, and
odime. Aliphatic radicals comprnising one or more halogen atoms include the alkyl]
halides tnflooromethyl, bromodifluoromaethvl, chlorodsfluoromethvl,
hexafluormsopropylidene,  chloromethyl,  diflvorovinylidene,  trichioromethiyl,
bromodichioronmethyvl, bromoethyvi, 2-bromotrimethviene {e.¢.. ~-CHCHBr{H-), and
the like. Further examples of aliphatic radicals imclude alivi, amimmocarbonvt (Le, ~
CONHy). carbouyt, 2 2-dicvanoisepropvlidene (e, ~-CHCONLCH-), methvl (e, ~
CH;). methvlene (e, ~CHy-) ethyl, ethviene,

formvl (Le ~CHO) hexvl,

hexamethyvlene, hvdroxvmetinl (1o ~CH-OH),  mercaptomethyl (e, -CH:SH),

methyithio  {1e, ~SCH:), methvitlvomethyl (e, -CHSCH:),  methoxy,

11
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‘.

methoxvearbomd (e, CH;0C0-) | niromethyv]l (e, ~CHyNO,)  thiocarbonyl,
trimethyisily]l ( Le, (CH;»8i-) t-butvidimethvlsiivl, S-tomethvoxvalvlpropyl e,
(CH:ORSICHCHCH-), vinvl, vinvlidene, and the hke. By wav of further exampie,
a Cy — Cyo aliphatic radical contams at least one but no more than 10 carbon atoms. A
methyl sroup (e, CHs-) 1 an example of a Cq aliphatic radical. A decyl group {Le.,
CHa(CHa o) 18 an example of a €y aliphatic radical.

{0034] As used herem the term “alkyl™ refers 10 a saturated hvdrocarbon radical.
Exampiles of alkv] groups mclude n~butvl, n-pentv], n-heptyl, iso~butvl. t-butvi, and

iso~-pentvl. The term includes heteroaikvis,

{35] The following examples are imncladed to provide additonal guidance to those
of ordinary skill in the art m practicing the claimed invention. Accordingly, these

exampies do not it the mvenbion as defined m the appended claims.
EXAMPLES
{0036] Examples 1-16 describe the syntheses of polymers and intermediates thereof.

{0037] (2-(methacrvlovloxy athyvltramethyl amamonnum chlonde solution, 75 w1.%
F.0). 2-acrvioviamido-Z-methyipropane sullomce acid, polv{ethvlene glveol) methyl
gther methacrviate, and sodium persuliate (NazS:0y) were from Aldrich Chenucal
Co.. Milwaukee, Wi, USA unless otherwise specified and were used without further
purtfication. Aervhie aqd, sodium hypophosphite (NalHPOH>0) and sopropancol

went Co.. Lid, Shangha, China,

were [rom Sinopharm Chemical Res

{0038] NMR spectra were recorded on a Bruker Avance 400 CH & SC. 400 MH»)
spectrometer and referenced versus restdual solvenmt shifis, GPC analvses were
performed at 40 "C using an apparatus equipped with a Waters 390 pump and 2
Waters 717~ plus mjeclor. A differential refractometry {Waters R410} was used for
detection. The column sel was composed of Shodex SB-803 HQ/ SB-R04 HQ with
SB-G guard column. The eluent was aquecus solution of 0.1 M NaN©O; and 0.1%
NaN:  with  flow rate 05 mbimn  Cahibrabion  was  performed  using

poly(styvrenesuifomce acid sodiam saily  standards (molecular weight from 4.3 1o 77

19
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kel Acquisttion, calibration and data {reatmet soltware was “Multidetector GPC

sofbware™.

EXAMPLE §: Svathesis of pobv(Z-Umethacrylovioxy)-ethyltnnmethyvl  ammonium
chlonde~co-2-acrvlanmdoe-2-metbvlpropane sullonse acid) {molar ratio; 6/4) (sampie

code: LYG-332-14)

Z YN
QI Naz8,05/NaH,PO; N 70

+ “NH

¢ H
)i:.

0 .
N

o
[0039] To a 100 ml of three-necked round bottom flask eguipped with a
thermometer. a nitrogen inlet and addition mlets was charged 627 ¢ of deiomzed

gl

water, While sparging with mitrogen. the water was beated to 75 C for 30 minuies.

“y

Then a solution of sodium hyvpophospinie (0.24 g, 2.3 mmol, 2.3%) was fad o the

flask by peristalic pump over 60 minutes. A solution of sodium persulfate (0.44 ¢, 1.8

chlonde (15.24 g, 35 mmol) and Z-acrviamido-2-methvipropane sulfonic acid (7.6 g,
36.7 mmol) were simultaneousty fed over 120 punutes. Upon completion of all the
additions, the reaction muxture was heated 1o 80 “C for &0 minutes. The reaction
mixiure was cooled below 40 °C. and poured into 230 mi of ethano! to afford a solid
precipiate which was collected on a filter and washed three times with ethanol (3 x
20 mi) and dried m a vacuum oven at 30 "C to alford the product copolvmer 12.03 g
(639%), "H NMR (3. D-0) 3.7 (br, 0.48 H), 3.17 {(br, 2.28 H), 1.39 (br, 1H). The
structure of the product copolvimer was versified by VO NMR spectram to be
consistend with the structure shown. The ratio of structural umis denved rom 2~
{methacrvlovioxy)-ethvltrnimethyl ammonium chlonde to structural units derived from
2-acrvianudo-2-methvipropane sulfonic acidwas found to be 53.95/4.05 Mw: 3688,

Py 1449
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EXAMPLE 2 Svathesis of polv(Z-(methacrvioviony)-ethvitrimethyl  ammonium
chloside~-co-2-acrviamdo-2-methvlpropane sultonic acid) {molar ratior 7/3) (sample

code: HJ-349-25)

{0040] To a 100 ml. of three veck round bottom flask equipped with a thenpometer, a
nmitrogen miet and addiion inlets was charged 10 g of detomized water. Whale sparging
with mtrogen. the solution was heated to 73 °C for 30 minutes. Then the solution of 2-
{methacrylovioxy -ethyvlinimeathyvl ammonium chionde (17.834 g, 64.4 mmol) and 2-
acrviamido-2-methyvlpropane sullonic acid (3.72 g, 27.6 mmol) was fed to the Hask by
penstahic punip over 60 mimuies. The solution ol sodium persulfate {0.44 ¢, 1.8 mmol,
2% was simultaneouslyv fed over 64 minutes. Upon completion of all the additions,
the reactor conlents werg heated fo 80 “C for 60 mimastes. The reaction was then
cooled to lower than 40 "C. then powred into 230 ml ethanol. The solid was
precipitated from the ethanol solution and was washed with ethanol (20 mi*3). Dried
the solid using vacuum oven at 30°C 10 get copolvmer 18.9 g (98%6). The structure of
the resalting copolvmer was verified by ' CNMR as evidenced bv the peaks between
the region of 30-70 ppm. € NMR (8, D20) 592 (br. 141 H), 64.3 (br. 1 H). 2+
{methacrvlovioxy}-ethvltrimethyvl ammonium chlonde; 1/1.41 = 0,709, the ratio of 2-
{(methacrvlovioxy)-ethvitnmethvl  anmumonnun chionde o 2-acrvlanudo-2-

methvipropane sultforue acid 1w 709291 Mw: 7146, PD: 1.22

EXAMPLE 3 Synthesis of polv(Z-(miethacrvioviosy)-ethvltrimethyl  ammomum
chlonde-co-2-gervlamido-2-methvipropane sulfonic acid) (molar rapo: 6/4) {sampie

code: HI-349-23)

0041 To a 108 mb of three neck round bottom flask eguipped with a thermometer, a
nitrogen imlet and addiion inlets was charged 19 g of deronized waler. While sparging
with mitrogen. the solutton was heated to 75 "C for 30 minutes. Then the sohstion of 2-
(methacrvlovliexy)-ethvltmmethyl ammonium chlonde (15,24 g, 35 mumol) and 2-
acrvianmudo-2-methvipropane sulfonic acid (7.6 g, 36.7 mmol} was fed {o the flask by
peristalic pump over 60 minutes. The solution of sodium persultate (0.44 g, 1.8 mmol,
2% was simaltaneously led over 60 nunutes. Upon completion of all the addihons,

the reactor contents were hegted to 80 °C for 60 minutes. The reaction was then

14
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%

cooled to lower than 40 “C, then poured into 230 ml ethanol. The sohd was
precipilated from the ethanol solution and was washed with ethanol {20 ml*3). Dried
the solid using vacuam oven at 30 7C o get copolvmer 18.3 g (96%). The struacture of
the resulting copolvmer was verified by "C NMR as evidenced by the peaks between
the resion of 50-7¢ ppm. BCONMR (S, DLO) 591 (hr, 165 H). 64.45 (br, 1 H). 2-
(methacrvlovioxy)-ethvltmmethyl ammonium chloride: 171,65 = 0,606, the ratio of 2-
(methacrvlovioxyv)-ethvlinmethyl  ammonium  chionde  to 2-acrvlanmdo-2-

methvipropane sulfonic acid is 6.06/3.94. Mw: 13398, PD: 1,54,

=y
R

EXAMPLE 4 Synthesis of polv{Z2-(methacrviovioxyi-ethviinimethyvl  ammonium
chlonde-co-2-acrvlamudo-2-methvlpropane  sullonic acid} (molar rano: 3.5/4.3}

{(sample code: HI-349-17)

[0042] To a 100 mi. of three neck round bottom lask equupped with a thermometer, a
niirogen miet and addifion indets was charged 10 g of deionized water. While sparping
with nitrogen, the solution was heated to 75 "C {for 30 nunutes. Then the solution of 2-
{methacrvlovloxy yethvlinmethyl ammomoam chlonde (14 g 8§81 mmol) and 2-
acrylanudo~2-methyipropane solfome acid (8.38 g, 41.4 nunol) was fed to the flask by

29%) was simultaneously fed over 60 munuies. Upon complenion of all the additions,

the reacior contents were heated to 80 °C for 60 minutes. The reaction was then

cooled to lower than 40 °C, then poured into 250 wl ethanol. The sohd was

the solid using vacuum oven at 30 °C to get copolvmer 17.89 g (94%6). The structure

of the resulting copolymer was verified by 7C NMR as evidenced by the peaks

on of S0-70 ppn PO NMR (B, D20) 391 (br. 178 H), 64.48 (br, 1

3

hetween the re

s

H) 2-(methacrvlovioxvi-ethvlirimethyl ammonium chionde: 17178 = 0.36, the rahio

‘

of  2-{methacrviovioxy y-elthviirmmethyl ammomum  chioside to 2-acrvlanmudo-2-

methvipropane sulfonic goidis 3.6/4.4, Mw: 30071, PD: 1 88,

EXAMPLE 5 Svathesis of polv(2-(methacrviovioxyi~ethvlirimethvl  anunonium

chlonde~co-2-acrvliamido-2-methvlpropane  sulfonic acid) {molar ratior 5.0/5.0)

{sample code: HI-349-16}
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{43 To a 100 mbL of three neck round bottom tlask equipped with g thermometer, a
nitrogen miet and addition inlets was charged 18 g of deronized water. Whale sparging
with nitrogen, the solution was heated 75°C lor 30 nunutes. Then the solubion of 2-
(methacrvloyvloxy}-ethvlirmethyl ammoniom chlonde (12.74 g, 46 munol) and 2~
acrvianudo-2-methvipropane sulfonic acid (9.334 ¢, 46 munol) was fed to the {lask by
perstalic pump over 60 minuies. The solution of sodium persuliate {044 g, 1.8 mmol,

293 was simultaneously fed over 60 nunutes. Upon completion of all the additions.

Sy

cooled 1o lower than 40 °C, then poured into 230 mi ethanol. The solid precipitated
from the sthanol solution and washed with ethanol (20 mi¥3). Dned the sobid using

vacuum oven at 38 °C o get copolvmer 17.98 g {93%). The structure of the resulting

copolvmer was venfied bv YCNMR as evidenced by the peaks between the region of
30-70 ppm, TC NMR 8. D0O) 3895 (br. 196 H) 6450 (br. 1 H) 2-
(methacrvlovioxy)-ethvltmmethyl ammonum chlonde: 1/1.96 = 0.51, the molar ratio
of  2-(methacrvloviexy-ethvltrimethyl  amomomum  chioride  to 2Z-gerviamido-2-

methvipropane sulfonic acidis 3.1/4.9. Mw: 45851, PD: 238

EXAMPLE 6 Synthesis of polv{Z2-(methacrviovioxyi-ethviinimethyvl  ammonium
chlonde-co-2-aceviamido-2-methylpropane  sulfonic acd) (molar rate: 4.0/6.0}

{sample code: HI-349-19)

[0044] To a 100 mi. of three neck round bottom [lask equupped with a thermometer, a
nitrogen inlet and additton mdets was charged 10 g of deionized water. While sparging
with nitrogen, the solution was heated o 73 "C for 30 nunutes. Then the solution of 2-
{methacrvlovlioxy yethvltrmmethyl ammontam chlonde {10.2 ¢ 36.8 mmol) and 2-
acrvianundo-2-methvipropane sulforse acid (11.44 o, 3532 mmol} was fed to the flask
by peristalic pump over 60 nunutes. The solution of sodium persulfate (644 g, 1.8

s

mmol, 2%) was simultanecusly fed over 60 nunutes. Upon completion of all the
additions, the reactor confertts were heated to 80 7C for 60 minutes. The reaction was
then cooled to lower than 40 °C, then poured into 230 mi ethanol. The solid
precipitated from the ethanol solution was washed with ethanol (20 mi*3). Dried the

solid using vacuum oven at 3U°C to get copolvmer 18.23 g (96%). The structure of the

16
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resulting copolymer was verified bv V€ NMR as evidenced by the peaks between the
region of 30-70 ppm. “C NMR (B, D:0O) 8.8 (br. 243 H). 64.53 (br. 1 H). 2-
{methacrvlovioxy ethv inimethyl ammomum chionide: 1243 = 041, the molar ratio
of 2-fmethacrviovioxyi-ethyvitrimethyl ammonium  chioride to  2-acrvlamido-2-

methyipropane sultonic acidis 4. 1759 Mw: 73238, PD: 2.51

EXAMPLE 7. Svathesis of pobv(Z-(methacryiovioxy)-ethyltnimethyl  ammonium
chlonde~co-2-acrvlamdo-2-metbvlpropane  sulfomic aad) (molar ratior 3.5/6.5)

(sample code: HI-349-21)

{0045] To a 100 ml of three neck round botitom flask equipped with a thermometer, a
mtrogen nlet and addimon indets was charged 10 ¢ of dertormized water. While sparging
with mitrogen. the solution was heated 73 °C for 30 munutes. Then the solation of 2-
(methacrvlovioxy y-ethvlinimethvl ammonum chioride (8.917 g, 32.2 mumel) and 2-
acrviamido-2-methyipropane sulfonie acud (12.393 g, 398 mmol) was {ed to the flask
by pertstalic pump over 60 minules. The solution of sodium persultate (044 ¢, 1.8
mmol, 2%} was sumullaneously fed over 60 muinutes. Upon completion of all the
additions. the reactor contents were heated 1o 80 °C for 60 minutes. The reaction was
then cooled o lower than 40 "C. then poured o 250 mi ethanol. The sohd
precipiated from the ethanol solution was washed with ethanol (20 mi¥3). Dried the
solid using vacoum oven at 30 °C to get copolvmer 18.9 g (99%). The structuse of the
resulting copelviner was verified by VC NMR as evidenced by the peaks between the
region of 50-70 ppm, VO NMR (8, D,0O) 5847 (br, 2.85 H), 64.49 (br, 1 H). 2

{methacrvlovioxy)-ethvltrumethyvl ammomom chloride: 17285 = 0,351, the molar ratio
of Z-(methacrvlovioxy-ethvliinimethvl  ammonium  chlonde to 2-acrvlamide-2-

"'i

methvipropane sulfomc acidis 3.31/6. 49 Mw: 1533936, PD; 3,95,

EXAMPLE 8. Synthesis of polv(Z-{methacrviovioxyvi-ethvitrimethyl  ammomum
chlonde-co-2-acrvianudo-2-methvipropane sulfonic acid) (molar ratio; 3/7) {sampie

code: HI-349-22)

{0046] To a 100 ml of three neck round bottom flask equippad with a thermometer, a

mitrogen miet and addibion inlets was charged 10 g of detonized water. Whale sparging

17
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with nitrogen, the solution was heated o 73 "C for 30 nunutes. Then the solution of 2-
{methacrvlovloxy y-athvlirmmethy]l ammonium chionde {7.643 ¢, 27.6 mimol} and 2

acrvianudo-2-methvipropane sulfore acid {13.347 g, 64 4 mmol) was fed 1o the flask
by perstalic pump over 60 nunuates. The solution of sodium persulfate (044 g 1.8

mmal, 2%) was simubtaneously fed over 60 munutes. Upon completion of all the

Ny

additions, the reactor contents were heated to 80 "C for 60 pumutes. The reaction was
thenn cooled to lower than 4¢ °C, then pouwred mto 230 mi ethanol. The solid
precipitaied from the ethanol solution was washed with ethanaol {20 nd*3). Dried the
solid using vacuum oven at 30 7C to get copolvmer 12 ¢ (66%6). The structure of the
resulting copolvmer was verified by VC NMR as evidenced by the peaks between he
region of S0-70 ppm. BEONMR (o, IO SR.16 (hr, 319 Hy, 6442 {hy, 1 H) 2-
{methacrvlovioxy-ethvlinimethyl ammomum chioride: 1/3.19 = 0.31, the molar ratio

“

of  2-{methacrviovloxy athyvlirimethyl  ammomum  chionde to 2-acrvlamido-2-

methyvipropane sulfonic acidis 3. 17609 Mw: 84076, PD: 2.65

EXAMPLE &% Svathesss of polv(Z<{methacrylovioxy-ethylinnmethvl  ammonium

chlontde-co-acrvlie gerd) (molar ratio; 7/3) {(sanmple code: SC-MAT3)

Nay$,03 o2 D"o “OH
T — ’ N
0 NG

[0047] To a 100 ml of three neck round bottom [lask equipped with a thermometer, a
nirogen mlet and addibon inlets was charged 30 g of deromized water, 2-
(methacrvlovloxy-ethvlirimethyvl anwnonium chlonde {7 2. 33. 7mmol), acrvlic acd
(1.04 g 1444 mmol) and sodium persulfate (0.32 g 1.34 mmol, 3%). While sparaing
with nitrogen, the solution wag stirred for 3¢ minutes at room temperature. Then the
reactor contents were heated to 80 *C for 16 hours. The reaction was then cooled 1o
lower than 40 "C, then poured o 250 ml sopropanol. The solid was precipiiated
from the 1sopropanot solution and was washed with sopropanol (20 mi¥3). Dned the

solid using vacwan oven at 30 °C to get copolvimer 6.2 ¢ (78%). Mw: 12392, PD: 13

18
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EXAMPLE 1 Svnthesis of sample codes SC-MA64, SC-MASS, S5C-MA46 and SC-
MA3T

{048] Under the similar reachon condiions as ENAMPLE 9, other polv(Z-
{methacrvlovioxy pethvlitmmethyl ammomum chlonde~co-acrvlic acid) with dsfferent
molar ratios were giso synthesized, Detal data about svnthesis of all polv(2-
{methacrvlovioxy}-ethvlirumethyvl ammomum chlonide-co-acrvlic acid) are shown n

the [oliowmg {able.

ST 2-{methacrviovioxy ethvliirmmethyl
o ple code | . P .
i ammonigm chdonwedacrelie god molar ratin

-r g
! T

s

.-

h (\ - E‘k" i A6 4G

SU-MASZS

SC M AAG
SC-MAST

EXAMPLE 161 Svnthesis of polv{2-acrvlammdo-2-methylpropane sutfonie acid-co-

acryhie anude) Omolar ratie: 377 ) {sample code: HI-349-76)

{0049] To a 100 mL of three neck round bottom flask equipped with a themometer, a
nitrogen mwlet and addstion inlets was charged 10 ¢ of detomized water and 1.5 ml
isopropanol. While sparging with nitrogen, the solution was heated 50°C for 30
minutes, Then the solution of 2-acrvlamido-2-methylpropane sulfonic acid (6.0 g,
28.95 mmol), NaOH (1138 g, 2895 mmol) and acrviie anude (9.6 g, 67.535 mmol,
from Smopharm Chenucal Reagent Co., Ltd, Shanghar, China) were Ted to the flask
by penstalic pump over 60 minutes. The solution of sodium persulfate {345 », 1R
nunol, 2%) and 6 ml isopropanocl was simultaneously fed over 60 munutes. Upon
completion of all the additions, the reaclor comtents were heated to 60 "C for 60
verified by BCONMR as evidenced by the peaks between the region of 170-190 ppm,
BCONMR (B, DaO) 17961 (s, 237 H) 17585 (br. 1 H) 2-acrvlamido-2-
methvipropane  sulfonse acd: 1341 = 297 the ratio of 2-acrvlanpudo-2-

b

methvipropane sulfonic acid to acrylic amde 1s 2.97/7.63.

19
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EXAMPLE 12: Svnthesis of polv{2-acrvlamido-2-methvlpropane sulfonic acid-co-

acrvhic anude) {motlar rato; 3/5) {sample code: HI-349-77)

{0050] To a 100 ml of three neck roand bottom flask equipped with a thermometer, a
nitrogen mlet and addstion inlets was charged 10 ¢ of detomzed water and 1.5 ml
isopropanol. While sparging with nitrogen, the solution was heated 50°C for 30
minutes, Then the solution of 2-acrviamido-2-methvipropane sulfonic acid (5.0 g, 24
mmol), NaOH (3963 ¢ 24 mmol) and acrviic amede (3.423 g, 24 mmol, from
Sinopharm Chenncal Reagent Co., Lid. Shangha. Chinay was fed 1o the {lask by
penstalic pump over &0 nunutes. The solufion of sodium persulfgte (045 g, 1RO
nunol. 2%:) and 4.5 mi 1sopropanol was simulianeoushy fed over 60 munutes. LUpon
completion of all the addiions, the reaclor contents were heated to 60 °C for 60
mungtes. The sohd oading 1s 15.53%. The structure of the resulting copolvimer was
verified by ¢ NMR as evidenced by the peaks between the region of 170-190 ppm,

{2

SOONMR O, DOy 17967 (s, L4 H), 175395 (b, 1 H) Z-aorvlamido-2-

methvipropane  sulforse acad;, 17204 = 049 the ratio of 2-acrvlanudo-2-

methvipropane sulfonic geidto acrvhic ammde 15 4 W3 1.

EXAMPLE 13: Synthesis of polv{Z2-{(methacrvioyiosy pethvlinmethyl ammonium

"

chloride-co-acvhic amide} (molar ratio: 5/3) (sample ¢code: HI-349-84)

{0051] To a 100 ml of three neck round bottom {lask equuipped with a thermometer, a
nitrogen miel and addition lets was charged 10 g of daionized water and 1.0 ml
isopropanol. While sparging with nitrogen. the solution was heated 50°C for 3¢
nunutes. then the solutton of 2-(methacrvlovliexy )-ethy linmethy! ammonium chionde
(3 2. 193 mimol) and acrvlic amide (2.74 ¢, 19.3 mmel. from Sinopharm Chemical
Reagent Co., Lid, Shanghai, China} was fed to the Hask by penstalic pump over 60
minutes. The solution of sodium persuliate (0,183 g, 0.76 nwool, 2%) and 2 md
isopropanod was sinudtaneously fed over 60 nunutes. Upon completion of all the
additions, the reactor contents were heated o 60 "C for 60 munutes. The solid loading
is 15.0%. The structure of the resulting copolvmer was verified by “C NMR as
evidenced by the peaks between the region of 170-190 ppm, “C NMR (8. D:0)
17967 {bs, 1LO2Z H), 177.153 (br, 1 H). 2-(methacrylovioxy)-ethyltnimethyl ammonium

20
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chlonide: {/2.02 = 0,493, the ratio of 2-(methacrviovioxvi-ethvlirimethy]l ammonium
chloside to acrvlic amide 15 4.95/5.05. The molecular weight of the resulting polymer

was 430,622

EXAMPLE 14 Svothesis of poly{2-{methacrviovioxy pethvlinmetbyl anmmoniums

chlonde-co-(ethvlens glvcol) methvl sther methacrvlate) (sample code: HJ-349-88)

0™, Na,$,0, S i
o 2 H,Q, Isopropanol \ 2—
e ~

R~

N

o G
{00521 To a 100 ml of three neck round botiom flask equipped with a thermometer, a
mtrogen mietl and addition inlets were charged 3 ¢ of deionized water and 6.5 ml
isopropanol. While sparging with nitrogen. the solution was heated 30°C for 30
nunutes. 2-<{methacrylovioxy Fethylirimethyl ammomum chlonde (2.5 g, 9.63 mmol)
and polviethvlene glveol) methyl ether methacrviate (Min: 300, 2.06 g, 6.83 nunol)
werg dissolved in detomzed water (20 ml) and wopropanol (2 ml). Then the solution
was fed to the flask by penstalic pump over 60 minutes. The solation of sodiam
persulfate (65 myg, 0.27 mmol, 1.63%) was stmultaneously fed over 760 nunules.
Upon completion of all the additions, the reactor contents were heated to 60 "C for 60
minutes. The reaction was then cooled to room temperature. The sohid loading of

product 18 12.3%. Mw: 871449, PD: 853

EXAMPLE 15 Svynthesis of polv(2-(methacrviovioxyv)}-ethvlinmethyl ammonium

chlornide) {sample code: HI-349-14)
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{083] To a 30 mb of three neck round bottom flask equpped with a thermomaeler, a
nitrogen miet and addition inlets was charged 10 g of deronized water. Whale sparging
with nitrogen, the solution was heated 73 °C lor 30 minutes. Then the solhution of 2-
(methacrvloviexy)-ethvltnmethyl amimontum chdoride {1524 . 35 nunol) was fed to
the flask by penstalic pump over 60 munutes. The solution of sodium persullate (.27
g 11 numol, 2%) was simaltaneously fed over 60 nmanates. Upon completion of alt the
additions, the reactor contents weare heated to 80 "C for 60 pnunmutes. The reaction was
then cooled to lower than 40 °C, then poured into 230 mi ethanol. The solid
precipilated from the ethanol solution was washed with ethanol (20 mi™3). Dried the
solid using vacuum oven at 30 °C {0 get polymer 9.64 g (84.3%). Myw: 2395, PD:

1.G2.

EXAMPLE 16 Svothesis of poly(2-acrvlapudo-2-methvipropane sulfonic acid)

(sample code: HI-349-40)

{0054] To a S mbL of three neck round botiom flask equipped with a thermometer, a
nitrogen mnlet and addition indets was charged 10 g of detonized water. While sparging
with mitrogen, the solution was heated 75 "C for 30 nunutes. Then the solution of 2-
acrylamido-2-methyvipropane sulfonic acid (13.84 g, 66.4 mmol) was fed to the flask
by pernistalic pump over 60 manules. The solution of sodium persulfate (.33 g 1.3
mmol, 2%) was sumultaneously fed over 60 punutes. Upon completion of all the
additions. the reactor contenis were healed to 80 "C for 60 minutes. The reaction was
then cooled to lower than 40 °C, then poured into 250 ml ethanol. The solid
precipitated [rom the ethanol solution was washed with ethanol (20 mi¥3). Dried the

solid using vacuum oven at 50 °C to get polvmer 13536 g (98%). Mw: 3431, PD: 1.05

Sihica Inhibtion tesiy:
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{0055] Bottle fests in generad are mtended to be an mitial screening method for the
sdentilication of nev silica conirol mbubttors. Resalts of these fests are expressed as
“percent hibitton” whach can be described as the capacily of a material, usually a
polvmer, to prevent silica polvmerization. This 15 a “dyvnanuc™ fest, meaning that the

bottles are heated and shaken, during the eqnlibration peniod. In detail, the fest

mciudes the loltowing steps.

{0056] Firstly, prepare cation solution (makeup A 1387 gfl, CaClhy™2HD, 1.773 ¢/l
MgSOF7THLRO and 2.65 mbL/L 10 N Ho80,) and anmion solution {makeup B €.336 g/l

NaHCO: and 2.760 g/ NapS10: SHO). Adjust the makeup parameters to be as

follows: 340 ppm Ca as CaC0s, 360 ppm Mg as MeCOy, 350 ppm S10;, uutial pH ~

Y
L]

7.0, and endimyg pH < 8.1, all of which are calculaled tor a 34230 (volume} mx of

makeup A and makeup B.

{HIS7] Next, dispense 50 ml of makeup A mto a clean 4 oz, bottle; carefully add a
miven amount of the freatment (polvymer or naxture of polvmers) followed by swirling
fo mix: add 30 mb of makeup B; cap tighily and shake; repeat the aforementioned
steps undil each fornwiiation has a duplicate; make duplicate control bottles {makeup B
+ makeap A) confaming no treatment; make duplbicate stock bottles (50 ml makeup B

+ 30 mb. DI): and place the bottles into a water bath conirolied at 40°C 42 °C.

[OOSR Fmally, after 7 davs, analvze samples for reactive silica using the HACH
Silica (Sihcomolyvbdatey Method, which is based on the principle thal ammornum
molybdate reacts with reactive sitica (RS) at low pH (~1.2) and vields heteropoly
acids in vellow color: firstly, dilule samples by adding 1 mbL sample to 9 ml of silica
free DI water (10 mL total); then, add one bag of molvbdate reagent {Cat. No. 21073-
reagent (Cat. No. 21074-69, from HACH, Loveland, USA) compnsing sulfurie acid
and sodium chionde, respectively: leave the solution endssturbed for 10 minutes after
nuxing wall; and set spectrophotometer at zero absorbance with DI water as the blank
ard measure samples at 452 am as ppm reactive sthica, Once samples have been taken
for sitlica analvsis, the solution appearances/deposit and pH are also measured and

recorded.

3.2
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{0589] The percent miubition 1s calculated by this formuda)

“ Inhubition = ppm S102 {treated sample) ~ ppm S102 {control average) x 100

............................................................................................................... w..q‘ ’

ppit S1O2 (stock average) - ppm 5102 {control average)

[0060] The sthicomolybdate lest measwres “soluble™ or “reactive silica™ It does nol
measure “collotdal silica™. The ferm “reactive silica” represents not only monomeric
sthicie acid but also other “oligomenc species™ such as dimmer, trimers, letramer, €ic.
For practical purposes, the sthcomolvbdate test resulis are associated with all forms of
reactive silica except colloidal form. The screening and testing procedurss were

reproduced at least two times, and the relative error was within 5%,

Exampie {7

{0061] Table | dlustrates resulis from the 7 davs botile tesis about the silica inhibition
etficacy of 2-{methacsylovioxy kethyvltnmethyl ammonam chlonde/2-acrviamdo-2-
methvipropane  sullosie  acid  copolvimer  samples  having  different 2-

(methacrvilovloxy-ethvlinmethyl  ammoniuwm  chlonde  percentages. Netther the
catiomue  2-(methacrvlovioxy-ethviinmethyvl  ammonium  chlonde homopolvimer
{(Sample HI349-14) nor the amone  2-acrvianudo-2-methvlpropane  sulfonsc
acidhomopolvmer {Sample HI-349%-46) exhubits efficient silica inhibition at the 30
ppm tevel as evidenced by the relatively low values (174, 176 and 158, 162) observed
for reactive sihica after seven davs which correspond to % mhibition values of from
about 2.5 to aboui 11%. The silica mbition efficacy was relatively msensiive 1o
changes m the copolymer composiion when conceniration ol structural anuis denved
from 2-{methacrviovioxy Jethvlinimethy] ammonium chlonde was less than 30 mol%
of all of the mononter derived structural units present in the copolvmer. but increased
dramatically from less than 20% to more than 70% when the concentrabion of
structural umts denved from 2-{methacrviovioxy-ethvitnmethyi ammonsum chioride
reaches 35 mol% of the copolvmer. Higher concentrations of structural uniis derived
from 2-{methacrvlovioxy-ethvlitnimethvi ammeonum chlonide did not provide more
robust  sihica mmbition. Thus, the ethicacy decreased to 349% as the 2-

(methacrvlovioxyy-ethvltnimethyl anwnonium chlonde further mcereased 1o 60 mol%

Fod
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of the copolymier and less than 20% when 2-(methacrvloviony y-ethvlinmethyl

ammontum chlonde reached 70 mol% of the copolvmer.

~,

Table 1. Sihica Ionhibitton by 2-(methacrvloviexy J-ethvlinmethyvl  ammonium

chlonde2-acrvianudo~Z-methyvlpropane sulfonic acid copolymaers

e

molar

{reatment |
dosage |

Samples

ralo

_________

Control

348925

HI-349-25

FJ-339-23

HI-340-17

H349.47

HJ-349-16

HI-349-16
H1-340.20

HI-344%-20
HI-340.19

Hl-340-19

.....
HJ-3449-21

HI-340.22
HI-340.22

HJ-349- 14

HI1-340.46

HI-3409-46

{0062] In Table 1, "RS” is a confracted form of the ferm “reactive silica”. Sanples
FJ-349-20 are synthesized by method similar with those m Examples 2-8 except the

amount of matenials used.

b2
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Comparative Example 1:

{0063] Table 2 llustrates the sthica control performance of 2-{methacrviovioxv}-
ethvittimethvl  ammonium  chionde/acrvlic  acid  copolvimers m which  the
concentration of structwral anits denved {rom 2-(methaciviovioxy }ethyltrumathvl
amnontum chlonde present in the copolymer was systernatically varted from about
3¢y mot% to about 70 mol% of all monomer derved structural units present in the
copolvmer. For the control {(no ireatment). reactive silica decreased greatlv from
mtial 360 ppm to 244 ppm afler 48 hours, then further decreased to 181 ppm at 72
hours, and slowly decreased to 155 ppm afler 168 houss. The 2-{methacrylovioxy -
ethyltnmmethyi ammonium chionde/acrviic acid copolvmers exhibited varving fevels
of siica miubimion, which was especiallty pronounced when structural units denved
from 2-(methacrvlovioxyvi-ethvlinmethvl ammonium chioride were i a range from
about 30 to about 60 mel%. See for example. the very high level of mlubthion was
observed for Samples SC-MA37, SC-MA46, SC-MASS and SC-MAG64 at 48 hows,
whiose reactive silica 1§ gbove 330 ppim within 48 hours. However, the performance of
2-{methacrylovioxy Fethylinmethvl  anwmonmum chlonde/acrvhic acid  polvimers

decreased with the time passed.

Tabie 2

molar ratios of structural units thereof.

Tahie 3
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: | | ' '

2-{methacrylovioxy)- | 2-gerviamido-2-

sample ethvlinmethyl ammomum émesth}f Ipropane suliomc ac d Net charge
- code chlonde (mol%) (mol} {dl)
FI-340°36 6 {50 S
HJ*“‘M‘»LIZ 30 76 {34
HLM*M‘) 40 £34) £}
T T T S R s TR
HJ’MHB? 50 30 33
HJ ~3440-25 74 3 0 4

HI-349-14 100 (3 i

e e e e e e T SO

EXAMPLE I8

{0065] Mixtures of two polvmers respectively having posttive or neutral net charges
(8f == () were used as treatments and table 4 shows the bottle test resulis of the
muxtwres after 7 davs. Different 2-(methacryvlovionyethyvitnimethyl  ammonim
chlonide concentrations 1 the nuxtures were oblamed by adjusting copolymer-

blending ratios.

Tahie 4. silica control performance for mixtures of two polyvmers with positive or

neutral

3o
Foved
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net charges {(Of 2

Average
wactive | ndubiison

Y s
{

Dosage | Dosage

- . . of of
Polymer 1] Pobhvowr 2

Total (uethacrvlovioxy)-
fosage eifivitnmating

Fobver {pobviesy o 7 , A
‘ ‘ {(pprmy | ammcmum chlonde w

I (ppay) | 2 {ppuvy

HIa49-14

EXAMPLE 1Y

{066] Mixtures of two polvimers respectively having negative net charge (O <1 () and
positive net charge (Of > 0) were used as treaiments. Dillerent 2-(methacrvlovloxy)-
ethvitrimethvl anunonium chlonide concentrations i the mixtures were obtamed by

adjusting copolvmer hlending ratios. Total polvimer dosage of each mixture was 30

pom. Table 5 shows the botile test results after 7 days.

3.2
o
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Table 3 silica control performiance {or blends of two polvimers with negative net

charge (61 < 4}) and positive net charge (61 > )

Tosial Average

Polyimer | Podvimer (methacndoviowy Inhibiy

" Pohvmer 1 polvmer 2 | dosage . S resetive e
i R P cthvitrumpetived ammeonane | . | don %)
(N { T { PP T sthea (g

H349.
22 i

P49

Rt

EXAMPLE 20

{0067] Mixtures of polv{2-{methacrvlovioxyi-ethwlinmethvl ammonium
chlonde/acrvhic  amude) (sample coder HIJ-349-84) wath 30 moi%  of  2-
{methacrvlovioxy yethvlimmethyl  ammoniom chionde and  polv{2-acrvlanudo-2-

methyipropane sulforue acid/acrvlic amide) (sample code: HI-34%-77) wath 30 mol%
of 2-acrylamido-2-methyipropane sulfonic acid were used as treatments and the silica
control performances after 7 davs were shown in Table 6.

Table &
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Dosage of | Dosage of | Total { Mol% of 2-(methacevlovioxyvi-l  Average
cthyltrimethvl ammomam | weactive
chloride m blends t silica

nbtion
(%o

EAXAMPLE 21

{0068] Blends of polv(Z-{methacryiovioxy -ethyitnimethyi ANUNONIEN
chlonde/{ethvlens glveol) methyl ether methaciviate) (sample code: HI-349-83¥) with
38 mol% of 2-Omethacrvlovioxyy-ethvitrimethyl ammonium chloride and polv(2-
acrviamido-2-methylpropane sulfonic acid) (HI-349-46) were used as treatmenis and
the stlica control performances after 7 davs wera shown in Table 7.

Table 7

Average
reachivie

Dosage of | Dosase of | Total

| Mol% of 2-(methacrvlovioxv)-|
- cthyvltrimethy! anumomium. |

nlubition

Stock

EAXAMPLE 22

{0069] Mixtures of polv(Z-{methacrvlovioxy}-ethvlinmethvl ammonium chloride)
{sample code: HI349-14) or polv(Z-{methacrviovioxy)-ethvitnmethyl ammonium
chlonide-co~2~acrylanudo-2~-methvipropane sulfome acd) (sample code: HI-349-25)

and various aniomic polymers werg used as treatments. Some of the antonic polymers

30
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-

used i the tests are given 1in Table 8 and the silica control performances alter 7 days

are shown in Tables U-11.

Table 8

{Code Chenucal name - Conwnercial source
- - Sinopharm Chemical
PAA Polv{acrylic acid) -
Reagent Co. Lid
| S _ ., Rohm and Haas
| Acumer ™ 1000 | Polv{acrviic acid) )
| Company
- g - . Rohmand Haas
| Acumer ™™ § 1) | Polv{aciyiic acid) |
| Company
| o Polv{acryhie acd ~co-2-acryiamido-2- Rohm and Haas
| Acumer ™ 2000 | o - |
| - methvlpropane sulfome aad) Conpany
, - pobv(acrvlic acid-co~1~allvloxy-2- General Electsic
hydroxy propyl sutfonate) Company

polv{acrvlic acid-co-1-allvloxy- | |
U ‘ - General Electric
polvethviene oxide-~-sudlate-~co~1- |
_ Company
alivoxy-2-hvdroxv propvi sutfonate)

poly{acrvlic acid~co-1-allvloxy-

General Electric

)IJ‘I’J'J'I’I’J‘I”I”I”I”I”’I’I

polvethviene oxide-sulfate) Company

A

.

Ewrarah.
e
=
z.
Q
%
a.a.u!
m
ol
Al
et
e
 §

Poly (acrvlic acsd-co-2-acrvianvdo~2-

methvipropane sulfonic acid) Treatment Co. Lid.

R g R J'J'IJ'J'IJ'J'IJ'J'IJ'J'IJ'J'IIJIJ‘I’J'III’IJ‘I”I’I’IJ‘I”I’I’I’I

R G R R g R e e
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cationic § anionte {dosage of o i:ii}fﬁi.c{ dosage of anionic| total dosage{ average reactive | Ishibit
polviaer podviner ' .

Control
Sloek
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[0070] HI-349-90 is  polv(Z-acryviamido-2-methyvipropane  sulfonic  acidfacrvlic
amide) {molar ratio: 7.3) svothesized by method simtlar with that m examples 11-12

except the amount of materials used.

Tabie 10

fosage of Posmge ol | Tolal | Molleol 4methacryviovion)-} Average
o catione fanovice pobviven} dosaoe | effwlineethy] anvnonnen | nesctive stlica
| poharer {4y ooy RAN} ehlonde 1 blards |

{odaba
ot o)

L
PN I AN I I OO

¥

L
I 3

. .,
: - 4 3, .
Z -
) v
: ue? : :
15 1Y
. ¢
S '
. "]
: 5
'f : -
N -
: Ty
. "!]‘ 1
>
: e - w
i 3 .
A |

L § 1
PN SR N

Botie (ppm C(ppm | ppm | % | Ave. |Final

- No. {anionic polymeriactive) polvampholyte active )l Si0z [ Inbib. | %lohib | pH |

R ittt M i e e preveorerrenees roveorerreneneasaes prozeorerees |

I HI-349-46 | 645 | HI349-25 | R55 | 335 | 827
S — S S S— S S :

2 HI34046 U645 | HI34025 &S 328 78T

3 Acumer’ ™ 10001 645 | HI-34925 | §55 | 328 | 787

e}
‘;.:l:"“

N
- m———————————
\

-------------------- SO S SO USSUSES SUONSSSUS SUSSSRS S

4 [ Acumer™ | {'}{‘}{}5 6,45 1 HI-349-2% 1 855 1 310 L M4

g
F D ;Asz*um&ri 111007 645 | HI-349-25 | 8.55 325 76N

] \ \ \ ’
\ N \
T e EEE e PR R T e e aE e e

6 Acumer v 11001 645 | HI-349-25 | 8§55 | 318 | 729
7 {Acumer 20000 645 | HI-349.25 | 855 | 328 | TRT

$ | Acumer 20001 6.45 | HI-349-25 | 855 | 333 | 816

. ) 1 1 ' 1 . : |
'L ........................................................................ L ....................................... L ......................................... L ................ B e —— L P —————— l
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[0071] While only certain features of the tnvention have been sllustrated and

desceribed herein, many modifications and changes will cccur 1o those skilled in the

art. 1t 1s, therefore, to be understood that the appended claims are intended to cover

atl such modifications and changes as {all withan the true spint of the wvention.
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CLAIMS:

t. A method of controlling stlica scale in an agueous svstem, comprising
addhing an effective amount of mixiure of g first polvmer and a second polvmer into
the aqueous svstem, where:

the first polvimer and the second polvmer each compnising at least one of a
first structural unit dertved from any of qualernary anumonium monomer, guatemary
phosphoniom monomer, and quatemary sulfonium monomer and a second structural
unit denved from any of sulfonic acid, sutfunc acd, phosphone acid. carboxylic acid
and any salt thereof, the [irst polvmer bearing a first net charge or being neutral, the
second polymer bearing a second net charge opposite the {irst net charge or bearing
postiive nel charge when the first polvmer 15 neutral, the first structural unit bemng

about 1-9%9 mol% of the mixture.

2. The method of claim 1, wherein the hirst polymer 15 a cationic

polvelectrolyte and the second polvmer 1s an antomic polvelectrolyie.

3. The method ol clam 1, wherem the hirst polymer 18 a cationic

polvelactrolvie and the second polvmer 1s a nontonic polymaer.

4. The method ol claim 1. wherem the [irst polvmer 18 a cationic
polyelectrolvie and the second polvmer 1s a combination of a nontonic poivmer and

an antonic polvmer.

5. The method of claim 1. wherein the first polvimer is a polyampholvie

and the second polymer 1s a polvelecirolvie.

6. The method of clatm 1, wherain the [irst and the second polvmers are

7. The method ol claim 1. wherein the lirst and the second polymers are

polv(2-{methacrviovioxyy-ethvitnmethvl  anunonmium  chlonde~co-2-acrvlamido-2-
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methvipropane sulfonic acud) and wherein  2-(methacrvlovioxy }-ethylinmethyl

ammonium chlonde s from about 10 moi% to about 90 mol®s of the muxiure.

& The method of clanm 1, wheren the fust polymer s polv(2-
{roethacrvlovioxy pethvltnmmethyl ammormum chlonde~-co-acrvlic amide) and  the
second polymer 15 polv(Z-acrvlamido-2-methvlpropane sullonic  acud-co~-acrvlic
amide} and wherein 2-{mathaciviovioxy-ethyitnimethvi ammonium chlonde 15 from

about 30 moiYs to about 70 molte of the muxture.

G The method of clam 1, wherein the st polvmer s polv{2-
(methacrviovioxy-ethvitnimethyl STHTIONI LI chlortde~co-2-acrvianudo-2-
methvipropane sulfomie acid) and the second polymer 15 selected from polv(2-
acrviamido-Z-methyipropane sulfonic acid), polv{acrvlic acd), polvi{acrvlic acid/2-
acryiamdo-2~-methyipropane sulfomc acd), polv{acrvlic acid-co~1-allvoxy-2-hvdroxy
propyvit sullfonate). polvlacrviic acd-co-1l-allvoxy-polvethlvene oxide-sulfate~co-1-
allvoxy-2-hydrosy propyi sultonate) and poly(acrylic acid-co-lL-alivoxy-polyethivene

axide-sulfate).

10, The method of claim 9, wherem 2-(methacrvlovloxy )-aethy irimethyl

amvanonium chlonde 13 from aboud 10 mol% 1o 60 mol®s of the muxdure,

t1. The method of clasmm 1, wherein the fust polvmer 18 poly{2-
(methacrvlovioxy-ethvitnimethyvl anunontum chloride) and the second polvmer 1s
selected from polv(2-acrvlamido-2-methylpropane sulfonic acid), polv{acrvlic acidi2-
acryviamido-2-methvipropane sulfonic acid). polv{acrvhic acid), polviacrvlic acid-co-
[-albvoxyv-2-hydroxy propvi sulfonate), polv{acrvlie acid-co-1-allyoxy-polvethivens
oxide-sulfate-co-1-allvoxy-2-hvdroxy  propyl  sulionate), polv{acrvhic acid-co-1-~
allvoxy-polvethlvene oxide-sulfate), and polv(Z~-acrvlamido-2-methyvipropane sulfonic

acid-co-acrviic anude).

12, The method of claim 11, wherein 2-(nmethacrviovioxy }-ethv lirimethyl
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13, The method of claim 1. wherem the first polvimer 1s polv(2-
{methacrviovioxy-athvltimmetbyl ammonnun  chlonde-co-(ethyviene glveol) methyl

ether methacrylate) and the second polvmer 18 polv(2-acrvlanudo-2-methvlpropane

stulfonic acd).

{4, A method of inhibiting silica scale formation 1 water, said method
comprising:

adding an effective amount of a polymer 1o a volume of water, wherein the
polvmer comprises:

a fist structural unit denved from a guatemary gmmoeniunt monomer, 4
quatemary phosphonium monomer, or a guaternary sulfonmum monomer, the first
structural unit representing from abowut 30 to about 80 mol%s of all monomer-derived
structaral units present 1o the polymer; and

a second structural uni denved from a sulfomie acid, g sulfunc agcud, a

phosphoric acid, or a salt thereot,

15 The method of claim 14, wheremn the first structural unit denves from

a monomer of formula:

wherein R” is H or an aliphatic radical; R' is C=0, an aromatic radical, a
cycloaliphatic radical, or an aliphatic radical; R 15 O, NH or an aliphatic radical: R 18

.I

a straight or branched chain comprising 1-20 carbon atoms: R™. R” and R” are H, alkyl
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group comprising 1-3 carbon atoms, allyl, phenyl, cvcloaliphatic or heteroary! radical,

respectively. and X 18 a charge~balancing counterion.
16, The method of claum 13, wherein X 18 halogen anion,
17, The method of claum 13, wherain X s monovalent or divalent anon.

18, The method of claam 14, wherein the first structural vt desves from
at ieast one monomer salected from 2-{methacrviovioxy Fethvittimethvi ammonium

ey

chlonde, 2-{acrviovioxvethv irimethvlammonium chlonde, RE
{acrvianmudopropviinimethviammomum  chlonide,  (vinvlbenzynimethyvlammonium
chlonde, 2-(acrviovioxyvethv])N-benav-NN~dimethvlammomum chionde,  2-
{methacrylovioxy))ethy tinmethylanwmonium methyl sutfate, 3~
{methacryvlamidopropy i trimethvianumonium chioride. and diallvidimethyvlammonmum

chloride.

19 The method of clamm 14, wheremin the second structural unit dertves
from a monomer selected from 2-acrviamido-2-methyipropane sulfonic acid, 3-

(allvioxy»2-hvdroxypropane-l-sutfonic  acid  (sulfonate),  2Z2-alivoxy-polyethivens

axide~sulfate. and combinations thereof

20, The method of claim 14, further compnising structurgl units derived

from at least one monomer selected from diethyl 2-{methacrviovioxyv}) ethvl

phosphate, bis[2-(methacrviovioxy ethyvl] phosphate,  acrviamude, 2-hvdroxvethyl
methacrylate, N-(2-bydroxvethvDacrvlanude, polv{ethvlene glyveol) methyl ether
methacrylate, poly{ethviene glvcol) methyi ether acrviate, polv{ethvlene glycol) ethyl

ether methacrvlate, polv{ethyvlene glveol) methacivlate, and -vinvl-2-pvrrolidinone.

21. The method of claim 14, whergin the [irst stractural unit 15 present in
an amount corresponding 10 from aboat 50 mott to about 70 mol% of all monomer-

derived structural unils present i3 the polymet.

22, The method of clasm 14, wherem the Dirst stractural umit s present o
an gmoury corresponding o from about 33 1o about 60 mol% of all monomer-derived

structural units present m the polvmer.
38
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23, The method of claim 14, wherem the polyvmer is polv(2-
{methacrvloyvloxy pethvltrimethyl AMMONRIM chlornde-co~2~acrylamido-2-

methvipropane sultonic acid).
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