METHOD FOR | NHI BI TI NG THE DEPGSI TI ON OF SI LI CA AND/ OR SI LI CATE COVPOUNDS | N
AQUEQUS SYSTEMS BACKGROUND OF THE I NVENTION 1. Field of the Invention

[ 0001] Thwo=whymeeds2i nvention generally relates to a net lrau/uskotiooilei t i ng
the deposition of silica and/or silicate conpounds on a surface in an
aqueous system More specifically, the subject invention relates to a

nmet hod of inhibiting the deposition of silica and/or silicate conpounds on
a surface in an aqueous system by adding a polyner to the agqueous system

2. Descri ption of ‘fier sl 3t Rtk HRRORIEFARIT R RIGEICPL tati on and
deposition of scaleis problematic in an agueous system such as a steam
gener ati ng syst emANDERSIIAGATEIECOMEPENGTY INARRHIENWSYSEPHSat i on syst em
and the like. A nunber of approaches have been devel oped in an effort to
prevent the deposition of scale in the aqueous system [0003] The fornmation
of scale in the aqueous syYERBPUHIhAE dEIHINGHNEWY al causes. Typically,
sul fates, silica, silicates, high concentrations of phosphate, as well as
carbonat es of cal ci um and magnesi um either occurring naturally or added to
the water in the aqueous syst enh fiofd 8t hefnVstiPoses, react to formthe

scal e. The poalETIRQPEitSEENER EnbiAlly PRGOS iaWiBth il Jf finhabi Afche deslsitiog at e
conpounds, and ot her conpounds. [0004] One particular type of scale, silica
scal e, conpef §ifiga oS isilicAd ARPOMdsSb =aCALBCL MR URESous Siykiemd AN OF
silicates are naturally present in water. Wien the water is cycled in the
aqueous sys{ a1y HCEBebEhiGRoR el ftd ioCAmRMEA OF idiiiiifAhe Yepdiftiofdses to the
point at which the precipitation of silica scale fromthe water of the

aqueous sySLRg LT Siic-ROUGHIGTRS: LS BIEEL B LATLADON SEhIFRRGR & proceeds

by a polynerization of the silica its resulting i si'litcaTgel (i.e. a
silicate co Tvnl I for the precipitation of silica scale to
occur, the @%ﬁ%@ﬁ%ygfﬁgﬁﬁgkw%?$ica and/or silicate nust be greater than 200
ppm However, changes in a pH of the water affect the precipitation of
silica scale. Specifically, 2 heespripieingifthetRabriedsrtsi|ica scale is npost
favorable at a pH of 8.0 to 8.5. Mreover, when cations are present in the

aqueoUs Sy i@y ki RYE BhithBldiOMaQhepSiddntdt AL ERABIRCHT Gy he

concentration of silica an silicates is less an 200 ppm Furthernore,

cations can h Cl pi ' i) 0 ous
systen1haviﬁgggp%&ﬁd%egfg%%t%%%&gﬁ%?ﬂ%%%i%ﬁé&ﬁﬁéﬁ&%igﬁ%%éq%ﬁ%mﬁgggipitation
of silica scale.include t .are,not limted t Al 2+ 2 n2+, and
Feas | [ 00051P AT Goitar rah ey Ao Pt Ppilnt s e B ioediE b

fol |l oned byg%he de osiFign af. si iéa.s%ale on a surface of an interna
conponent ,  SHThPCREVE Y e PO A g ageeR WeRat erial, and a like
conponent of the aqueous system Typically, the deposition of silica scale
occurs on t [0803|urieafognafon tofi @cdld1inethe) ajueo oaPERENdri diesdsl fidn geviernl @alizad. d
incrustation of silica scale. The deposition of silica scale on the
internal coTpacgR! silesdsl istics Gilicaedd] atghodbneéntiaenswatt ghosphatd, 8 REUQOUS

system In sone cases, the aqueous systemrequires heating and/or cooling
of the vat efarbdateV & icAfunD UhP ¥eBhesiunf] QhBLbc@AKRSnarElePPS! i@ Bfthehe silica
scale on the internal conponent i npedes heat transfer functions of the

aqueous SYs{em} inl e YGheoBl BRfent &5iESher iABHHRPRILL o FBrRtheSichieCarRcahie on the
i nternal conponent results in inadequate water quality. As such, the

deposi t1 on Qilskl CIRER! GybREEES HRET AkIAN AL LahRARK, Ofnd NfRaUEOUS

system [0006 o Ica scal s deposited on the iInternal conponent
of the aqueQUS, ounds.

[0004] One particular type of scale, silica scale, comprises the silica and/or silicate
compounds. Silica and/or silicates are naturally present in water. When the water is
cycled in the aqueous system, a concentration of silica and/or silicates increases to the

point at which the precipitation of silica scale from the water of the aqueous system



system the way to renove the silica scale is with an acid wash. In many
cases, the deposition of silica scale necessitates replacenent of the

i nt ernal worzpanesds2of the aqueous system [0007] One appcoaskomospaevent i ng
the deposition of silica scale in the aqueous system makes use of an
external treatnent of the water. Typically, the external treatnent includes
nmet hods such as coagul ation, filtration, and softening of the water prior
to use in the aqueous system Use of the external treatnment is only

noder at el y efchisctIovetiings Heepredipitatign bh eilit0sdakt prodeedd byea poBaiefidtidhiodn, and
the deposition of silica scale in the aqueous system In all cases, the
external treatneRisdoesunial iPhelRNkelt (e 4 andmei ¢dihouhdle BHREIRifbakhton, and

t he deposition of silica scale since nuds, sludge, and hardness-inparting

i ons escapeplfifit@nh@r fiiba {hRab BEAL, BNEbnddRralist 601G &Hd /b liReatdBuagEeous
system [00%8] Anot her approach to preventing the deposition of silica

scal e in the.aguaaSoEypt. eIbWRKE Thites fif a AT of M aRd larit &t ot ISF@&%i,ta%nt he
water. Typically, the internal treatnent includes adding a silica scale

i nhi bitor tg&he WAL e5,RinLIE RAHEQNS.RNSF Siika JOR @G ARAL ot g si i ca
scal e inhibgior Qeepsggﬁeugyffcaﬂgng%gr s?ﬁ?%%%esldﬁggb 8%% %% t'he water of
t he aqueous t [O ripus r I I yHers have
been added ?%ggqggggs 2@%%3%% gggkﬁﬁggggﬁégmgﬁgfgqﬁﬁﬁﬁ(??%ngg%lggeric
silica scale thibitpgﬁanggch as_pol mlhs COWR&E&%” ﬂﬁg%nﬁﬁé%thQSPVOdUCt
€ q

preclt 1éat10n Q can_occur € conc
of et hyl ene” oxi de and propyl ene oXi ave been added 't 0 agqueous systens.

O her known. pol ric silica_scal e inhi itors includ ol yners haying a
pol yet her . bECKBoNEM 71k PRRg F GTSmaFe. FARRT Y BISHe Chy AFSIBRPE O oups
di sposed along th ol yet her backbone and pol ynmers havi ol ycar boxyl at e
backbones vﬂlga é‘?aﬁ?ﬁo HeAIPUR Y™ IPIIRE & %%Ig&%%tﬁe@a%isgg gh%‘%/“ﬁgl}at However ,
allyl ether or ester |inkages may not be suitable under certain gonditions
i n which thEoRgteethe preciifationtletlice wystipridraduaapast Emied & Ar eMer t han
8.0, due to_the higher incidence of precipitation of silica scale, as
descri bed aB®vendfd- further due to instability of the polyners at the
basic pHs. [0010] In view of the foregoing, there remains an opportunity to
provide sil jpasiSERl formafibPiah@r e thatipiakien ditf figeLntad iomokneun vsi hbca scal e
inhibitors and that alleviate sone o? t he probl ens associated w th known
pol ymeri ¢ siddoGfos SRkiicd S QT sirfacs YMARY ka1 ThipdfINENTHON @?EeAQVANFAGES
[ 0011] The instant 1nvention provides a nethod of i1 nhibiting the deposition
of silica a il - n Ny [ u tem The
Tt hod | nol R0 Re” JFEke ARG AR AuR MAhAEA B AR BEHIR DeREE e
pol ymer conpy.i. I . 0N nstifuti | unit (k). . a t. t one
mg%éﬁsa?l?t Elﬁel 61%%%}“8% ?f %1?1{:? 'sc#%edcglﬂg T s&rlfa)c (S}dtht% 1(11#6?\%?5

addi ti onal constitutional uni
represented by the fornula: Rl .0-R- H2K),, - OH. R1IR 1(1) .. erein Ris
Lo alky ! or SUTPRET TG e Rianbire S b S o SetesivBat ¥ ¢ ho
group of a hydrogen ato an al kyl group, an. aryl group, an ester, an
oo, Cana S o a8 My Shpgnett refeth B o e S, e SR
additional constitutional unit (ii) contains at |east one group. selected
fromthe gr@ﬁﬁ“bfhb%?%bﬁVF&éWbﬂb@?“§UﬁF@d§@€“@ﬁﬁﬂﬁ@ﬁ“@ﬁﬂ‘ﬁ%@§bﬁh@% gr oups.
[0012] The pol ynmer exhibits excellent stability and silica scale inhibition
t her eby i npa§i fy YASORS PR@OIEr f Br fBsicerses denqsitonref & |silica ss¥lalo® $hahi bit or s.
internal component impedes heat transfer functions of the aqueous system. In yet
other cases, the deposition of silica scale on the internal component results in

inadequate water quality. As such, the deposition of silica scale reduces operational

efficiency of the aqueous system.

[0006] Once the silica scale is deposited on the internal component of the aqueous



BRI EF DESCRI PTI ON OF THE DRAW NG [ 0013] O her advantages of the present
invention wll be readily appreciated, as the sane becones better

under st oosiolr1wes@rence to the foll owi ng detail ed descr PpTius20Mi0€TI47
considered in connection with the acconpanying drawi ng. [0014] Figure 1 is
a bar graph illustrating stabilized silica concentration after 22 hours at
pH 7.0 and 40 Cel sius of Polyners 1-3 and Conparative (Conp.) Polyners
1-10. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] A nethod of inhibiting

t he deposi t §yeRnmytheSwiy waebdy BE sHich sedd 8 viaNPoatiigadn a wanyfaces, tha an
aqueous systemis provided. Formation and precipitation of the silica

and/ or sil i ggositi6 P UL ScaleesddbdsBatbNrefRPASnE 00 TheOhtel € cohpdrear NEE OF
silicate compounds on the surfaces as an incrustation of silica scale.
Deposi tion gfuesissyGadmand/ or silicate conpounds on the surface in the
aqueous system general ly reduces operational efficiency of the agueous
system The t hod provided herein inhibits the formatjon, precipitation,
and deposi t [0715Pns ppRreagh fQdpIBYenting ithea fePosignp Al ndl&aotrals Ui e S9UGHS aqueous
systens even under conditions that pronote deposition of the silica and/or
silicate cobpinhaskes] go1¥] anTrecAyuEmtaey it Bentassi cBYRIGIE o rexéastl an
aqueous conponent that is in contact wwth the surface in the aqueous
system ThetengnenircledstrpsHieds suehps beagalajiokifiidation, ansl softpwing of thoaaer such as,
but not limted to, fresh water, salt water, tap water, waste water, and/or
recl ai med wat@rto ufyipi thakqugoust dystemqUuéows theompone teatoontpis iosbysmederasely i n an
anount of at |east about 90 to about 99.5 percent by wei ght based on 100
parts by weéftdetivoin pileeentiqe elouBrmangpo tiengprecipiation.t yndi thaldbpositioheof agigeous
conponent conprises water in an anmount of at |east about 95 percent by

wei ght basestalerin 1f2Oagpadiis Sydam Wi glhtased, tHehs teaugpll @atmestodvponértreven{ B017] The
aqueous conponent includes, in addition to water, silica and/or silicates
di ssol ved t hemngtidh, thepaseplitson hin®theidegdskidnion Cilitd &alebitice afuds,naidgt iaftit ed t o,
sodiumsilicate, colloidal silica, and magnesiumsilicate. Silica and/or
silicates apfdQaTmkihe PHOWsdape MRNYxithiIf @8Rt 2QUTEL Stdliuatiglo. thdhe silica
and/or silicate conpounds that are deposited on the surface in the aqueous
system can Rrebth@ysgfie as the silica and/or silicates or, alternatively,
the silica and/or silicate conmpounds may be the reaction product of the
silica and/or silicates and other inpurities as descrihed in greater detail
bel ow. Wi | BOP8] Aeathey approaddistiornipyeatinghetdsposition failisadrds 15 EidgHE WS to be
absent fromthe aqueous conponent so as to ﬁrevent deposition of silica
and/ or sili vate svkgsowisdef ohinterealsiigatmend of the preateiquémienllyy sheeifertdhi s i s not
al ways possible. The nmethod of the instant invention at |east partially
negat es t hetregihenstinclefige adding heilipr ecpbmiobibidr tolke witer efathangeons sisieincat es i n

t he agueous conponent of the aqueous systemin terns of inhibiting

deposi ti on ®he glditiameofaimddibea shlkiidabieordeegponeicomdidisilpates dsgdvednnt he
aqueous system [0018] Deposition of silica and/or silicate conpounds is
further protiowadcrvhtre eqicoes ggemous conponent has a basic pH and/ or contains
inmpurities such as silt, clay, organic wastes, soluble silica, soluble

silicate, p ized silica, polynmerized.silicate, and, cations_ including,
but ot 1 OB BhnolE R REIET drfChhufnt S pe OBl SRt
have a basic pH of greater than. about 7.0, and, alternati.vely reater than
mbout 80, pobTe) oo e sl BRAIRY c Pl tish Sl S P65 s i cace
conpounds is inhibited .is further defineg s any surface that is . in contact
with the aqbRl¥US™ COMBBHBALIC FBFUBXRIR1TE Of toHeeag fa smgy@P WeY el ude any
apparatus having the surface in contact with the aqueous conponent of the
aqueous sysbtdmPeehaddsd ihpaeay walimee Clhay kaawn ealymares sitiFhiralepbibiet 1imited
to, cooling water apparatuses, boiler water apparatuses, steam generating
appar at usesincl#ds PIyRicEakdving appureiubisbongakity esaylmlarorappiandy waesd
evapor at or appar at uses, paper nmanufacturing apparatuses, mning

appar at useshy %@mh@pﬁpwﬁi@ﬁMbwiﬁbnzﬁﬁtPdﬁﬁggp@W§WW§é§dmmﬂanSémn@ﬁbrane
such as reverse osnosi s apparatuses, ultrafiltration apparatuses, and
nanofi | t r at pdpcadyppaiatt backboned hvdths alhl aatter rearyesive lmkgd polypiberesitie ghainhe
apparatus on which the silica and/or silicate conpounds may deposit and may
include, but is not limted to, pipes, collection devices, agitating
devices, filters, menbranes, and packing materials. The surface may include
any kind of material such as, but not gimted to, iron, steel, copper,
ceramc, plastic, glass, and materials conventionally used to form

menbr anes.



[ 0020] The net hod conprises the step of adding a polyner to the aqueous
system In one enbodi nent, the step of adding the polynmer may be further
defi ned awodnrigesdey addi ng the pol ymer to the aqueous cecparser/oshat
includes the silica and/or silicates dissolved therein. In another

enbodi nent, the step of adding the polynmer may be further defined as addi ng
the polyner to a fluidic carrier to forma solution and then adding the
solution to the aqueous conponent. For exanple, the polyner nay be provided
as a gel, tHbweter, Pigetrdér,or @kteCldikagditmat et bd bdtagll undéradetteibh conditi@avualer can be
added directly to the aqueous conponent or can be added to the fluidic
carrier, whiveRhmaywithest theaqadeadystemant bpalio pHhE cage@is sONAPORLHt. | n one
enbodi ment, the polymer conprises: (i)at |east one constitutional unit

repr esent ednhi¥ertiN@dcdhed rprasipithnibn 6 KdAZKB - Ideskribedlabbvé and further MR&5EI N R i's

an al kyl group having at |east 2 carbon atons; Rl is selected fromthe

group of a RydriAget i RIRma@a@h&ydsicraup, an aryl group, an ester, an
am de, and an im'de; Kis 2 to 4; and n is at |east about 10; and (ii)at

| east one additional constitutional unit containing at |east one group

sel ected fr BHQHe vivoabthsfforearins ilare gnenifssan QPRPIEHEL'R PEViFpElicaziye phosphat e
groups. In another enbodi ment, the poLyner conprises the reaction product
of : inhibitpts thay apg dERpntrad kgowyy biliea fsale ipubirargans thitedleyiategome ky| eneoxy
groups present in a polyether chain thereof; and (1i) an

unsat ur at edoichbapobledis esntiaied vl kavwh pelsmeoneligrsotlp iddlieet ed from t he group
of carbonyl groups, sulfonate groups, and phosphate groups.

SUMMARY OF THE INVENTION AND ADVANTAGES

[0011] The instant invention provides a method of inhibiting the deposition of silica
and/or silicate compounds on a surface in an aqueous system. The method includes
the step of adding a polymer to the aqueous system. The polymer comprises at least
one constitutional unit (i) and at least one additional constitutional unit (ii). The

constitutional unit (i) is represented by the formula:

R O—R—(OCksz)n_OH
[ l l 1
L ‘ ‘ il

R" R

@
wherein R is an alkyl group having at least 2 carbon atoms; R' is selected from

the group of a hydrogen atom, an alkyl group, an aryl group, an ester, an amide, and

an imide; k is 2 to 4; and n is at least about 10. The additional constitutional unit (ii)

contains at least one group selected from the group of carbonyl groups, sulfonate

groups, and phosphate groups.

[0012] The polymer exhibits excellent stability and silica scale inhibition thereby

improving upon the performance of existing silica scale inhibitors.



[ 0021] The polymer inhibits deposition of silica and/or silicate conpounds
on the surface in the aqueous system W thout being bound to any particular
t heory, iwoizg1iaeBéseved t hat the pol ynmer binds silica an@Consgévioaases

wi thin the aqueous conponent and remains in solution, thereby preventing

t he deposition of silica and/or silicate conpounds. [0022] Typically, the
pol ymer conprising constitutional units (i) and (ii) is produced by free
radi cal polynerization of at |least two different precursors that correspond
to constitutional units BRIEFDESCRIPIIONIPEQREDRAWIN@ach having a vinyl
group. In other words, the precursors of the constitutional units (i) and

(ii), prior D nerization, each have a vi.nyl arpup. The pol r

conpr i o1 ng RESEORETTREAE Rl i ERnl e e SEPHBerrerel alfo s a
"comb" polyner due to. the structure thereof, ich conprises a. backbone
roulti hg T i PEEEY BCE AT SUPHRE rIREIGrodhe CHEN TR G RPNt e
precursors, and further conprises pendant groups extending fromthe
backbone suPASLONpIHFHErGonRstigh With thapcconaying gregdint ed by: 0 R- (0C k
H2k) n-OH (herein after referred to as the "polyether chain") fromthe at

| east one cmo$4] Kighre QNa4 batrdph(illystdiith @dbiliRaSHicd bceARRONYter 23UbiONat €, Or
phosphate group(s) fromthe at | east one additional constitutional unit
(ii). [0023}; pHe0 BAESHHERiusQSf Pblythest 1-b @@es_@orﬁgﬁat%m@x)mf)ypb@ﬁ@}s u.t (i) is
general ly re#grred to as an al koxyl ated vinyl ether and can be prepared

t hrough nethods known in the art such as, but not |limted to, alkoxylating
an al koxy vinyl ether?Qﬁ¥%ﬂéﬁ)QEﬁ?Rgﬂ%OH%Nﬁ@HﬁéNWﬁﬁngﬁgrfornula OCk H2k
where k is the sane as defined above. For exanple, the al kyl ene oxi de nmay
be sel ect ed[gn oM hteehddrod ihivfinhB YERRRI0AXF HBea MAARYIIRAE coMbslMds Buhyl ene
oxi de, and conbinations thereof. It is to be appreciated that any

combi nat i ongRfac€th¥ ﬁﬁ%o&xé}ygl@m P HRRYdBN G NAR an@ prlitidli N6 AXisdRa MRy be
used during al koxylation of the al koxy vinyl ether. It is to be appreciated

that under %fﬂ?@ sfich€ UIRbARAS RosultsE JBYIHITR O &%@ilﬁ?ﬁm{/&&ﬁié&a%@m Bafysone
constitutional unit (i) represented by the general fornmula (1). In one

enbodi nent , S AT I it O i.8..f.ur . fined as
ot enst t st HEpPincsERe b ARRSEARPYE LHE G0R BiBbliidd de Lo TP SIiCET O]
with the precursors he .at. | east_two djfferent nstitutional uwnits
(1) and” (RS o fnd Ahel (PSR Chtefl B ORMCY MRt 1S (e
precursor t t one o

o.at |le f the nstjtutional units (i- may..be prepared
Dy ol koxyl atFRgra dacBRee Gionynn et Remelid hrogithy peitle Bublio AT of conr sor
to at | east one _of the, ot her.constitutional units (i-2) nay he pr.epared by
b koxyl ar: nBRSIRORY! SERIioGr Pos i OB SYREr@TURIED Shapaicehibyt ene
oxi de. The precursor of the at | east one constitutional unit (i) is used to
i ncor por at e RSP @E [FEF kel Ronditags tiaé P%‘P%’?TQ?POSWP b e %]é‘ian*’d‘dﬁéund to
any particular theory, it is believed that the ether linkage that is
di sposed i nitlefiat@IRPUE} acent to the vinyl group provides excellent
stability, as conpared to esters, ally' ethers, or other ethers that do not
include an goher T MRER @s&%ﬁ%ﬁailﬁ%&bﬁ@e@!aﬁ Rk AREmpAndt YA i@riRUP, such
that the resulting polyner inhi'bits deposition of silica and/or silicate

conpounds  eygmMIER W& BGUE IS ROSRANEHh. TS aGueB@Sidmpdhknt [934lany n fornul a
(I') for the at | east one constitutional unit (i), the value o0f n determ nes

the | ength ghqbheARKYFLARE (AR RS IBHRSIANR Wity SORYLRL Su uTDET

aver age nol ecul ar wel ght e at l[east one constitutional unit (i). The
nunber aver cl I: t S i I unit (i)
substantiaI?gﬁ%g%%§5ﬁg%%r%%%%g%“g%érQSBQ%ELg%ﬁ%gg&%éggﬁgﬁgﬁ%%ﬁggﬁ%lyner.

W t hout being bound to y.. particular the it is believed. th t he

pol yather  chaeh st i Rl b it Bro HRLRY  ebisel Sl TrEESAdber sl
particles of silica and/or silicates that, are dissq]ved in the aqueous
conponent aﬂadtStWa‘Yel%Lﬂq&heo‘E%S‘?% QEPRETr 8H1e° {YBEBﬁ-‘éé;f‘f‘p?‘%“S??so“f?fnP\m@% t he

pol ynmer thereby. inhibiting precipitation and deposjtion oé the silica

and/ or sili &%%“Sesowshﬁu@? a@wntﬁﬁﬁbgé%gw%gw CH%JE’%WFIng ?SF%QPiIQh, t he
value of nis at least 10 as set forth above. Alternatively, nis from
about 20 t oPHBANtVeIRH Oof HE AEICART SOPBIYE r om about 60 to about 135. It is to
be appreciated that under some circunstances, the polynmer can conprise nore
than one constitutional unit (i) represented by the general fornmula (1). In
one enbodi nent, the at |east one conststutional unit (i) is further defined
as at least two different constitutional units each having the formula (1)
wherein n is fromabout 20 to 60 in at | east one of the constitutional
units (i-1) represented by forrmula (1) and wherein n is greater than 60 in
at | east one of the other constitutional units (i-2) represented by formula

Al 2 a0 - o oy ~N 2 ~ N o,



R2R2
al kyl

(1

) wherein R2 is selected fromthe group of a hydrogen atom an

group, an aryl group, and a carbonyl group; and R3 is selected from

t he groupwofzor/thg@rogen atom an al kyl group, an aryl gPCEES2&004H47

hydr oxyal kyl group. For exanple, in one enbodinent, R3 is a hydrogen atom
and the precursor of the at |east one additional constitutional
can be acrylic acid. Alternatively, in another enbodinent, R3is a
hydr oxyal kyl group and the precursor of the at |east one constitut
unit (ii) cpo1DeTie djyebswexypapkydnt aerudbatie additisretohaaéery kitite andihresiladais t i onal
constitutional unit (ii) is typically further represented by at le
of the foll gwongdf@edtl agxamRéR3f Lilicates include, but are not limited to, sodium

silicate, colloidal silica, and magnesium silicate. Silica and/or silicates are commonly
found in many different sources of water. The silica and/or silicate compounds that
are deposited on the surface in the aqueous system can be the same as the silica and/or
silicates or, alternatively, the silica and/or silicate compounds may be the reaction
product of the silica and/or silicates and other impurities as described in greater detail
below. While it would be desirable for the silica and/or silicates to be absent from the
aqueous component so as to prevent deposition of silica and/or silicate compounds on
the surface in the aqueous system, this is not always possible. The method of the
instant invention at least partially negates the effects due to the presence of the silica
and/or silicates in the aqueous component of the aqueous system in terms of inhibiting

deposition of silica and/or silicate compounds on the surfaces in the aqueous system.

[0018] Deposition of silica and/or silicate compounds is further promoted where the
aqueous component has a basic pH and/or contains impurities such as silt, clay,
organic wastes, soluble silica, soluble silicate, polymerized silica, polymerized
silicate, and cations including, but not limited to, Al**, Mg*, Zn**, and Fe**. The
aqueous component may have a basic pH of greater than about 7.0, and, alternatively,

greater than about 8.0.

[0019] The surface on which deposition of silica and/or silicate compounds is
inhibited is further defined as any surface that is in contact with the aqueous
component. For example, the aqueous system may include any apparatus having the
surface in contact with the aqueous component of the aqueous system. The apparatus

may be any device including, but not limited to, cooling water apparatuses, boiler

unit (ii)
i onal

ast one



CC112RCO0O00YRR 1CCO0=CC01O0OH0HRRIC

WO 2011/028662 PCT/US2010/047147

water apparatuses, steam generating apparatuses, desalinization apparatuses, gas
scrubber apparatuses, evaporator apparatuses, paper manufacturing apparatuses,
mining apparatuses, and separation or filtration apparatuses having a membrane such
as reverse osmosis apparatuses, ultrafiltration apparatuses, and nanofiltration
apparatuses. The surface may be any component of the apparatus on which the silica
and/or silicate compounds may deposit and may include, but is not limited to, pipes,
collection devices, agitating devices, filters, membranes, and packing materials. The
surface may include any kind of material such as, but not limited to, iron, steel,

copper, ceramic, plastic, glass, and materials conventionally used to form membranes.

[0020] The method comprises the step of adding a polymer to the aqueous system. In
one embodiment, the step of adding the polymer may be further defined as directly
adding the polymer to the aqueous component that includes the silica and/or silicates
dissolved therein. In another embodiment, the step of adding the polymer may be
further defined as adding the polymer to a fluidic carrier to form a solution and then
adding the solution to the aqueous component. For example, the polymer may be
provided as a gel, tablet, powder, or concentrate. The gel, tablet, or powder can be
added directly to the aqueous component or can be added to the fluidic carrier, which
may then be added directly to the aqueous component. In one embodiment, the

polymer comprises:

(1) at least one constitutional unit represented by the formula:
R O—R—/(0OCHy),—OH
[ l l ]
L7 7
m
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wherein R is an alkyl group having at least 2 carbon atoms; R' is selected from
the group of a hydrogen atom, an alkyl group, an aryl group, an ester, an amide, and
an imide; k is 2 to 4; and n is at least about 10; and
(ii) at least one additional constitutional unit containing at least one
group selected from the group of carbonyl groups, sulfonate groups, and phosphate
groups. In another embodiment, the polymer comprises the reaction product of:
(1) an alkoxylated vinyl ether having at least 10 alkyleneoxy
groups present in a polyether chain thereof; and
(ii) an unsaturated compound containing at least one group selected

from the group of carbonyl groups, sulfonate groups, and phosphate groups.

[0021] The polymer inhibits deposition of silica and/or silicate compounds on the
surface in the aqueous system. Without being bound to any particular theory, it is
believed that the polymer binds silica and/or silicates within the aqueous component
and remains in solution, thereby preventing the deposition of silica and/or silicate

compounds.

[0022] Typically, the polymer comprising constitutional units (i) and (ii) is produced
by free radical polymerization of at least two different precursors that correspond to
constitutional units (i) and (ii), respectively, each having a vinyl group. In other
words, the precursors of the constitutional units (i) and (ii), prior to polymerization,
each have a vinyl group. The polymer comprising the constitutional units (i) and (ii)
may be referred to as a “comb” polymer due to the structure thereof, which comprises
a backbone resulting from free radical polymerization of the vinyl groups of the
precursors, and further comprises pendant groups extending from the backbone such

as the portion of formula (I) represented by:



4), wherein R2 is selected fromthe group of a hydrogen atom an al kyl
group, an aryl group, and a carbonyl group; Y is selected fromthe group of
a hydrogewoapom2s@n al kyl group, and an aryl group; andPZTits2@olydadxyal kyl
group. In one enbodinment, the at |east one additional constitutional unit

(i1) is further defined as at least two different additional constitutional
units (ii) each having the formula (11), and the precursors of the at | east
two different additional constitutional units (ii) can be selected from any
of the aforenentioned conpounds set forth above as being suitable for the

precursor of the at |east one dr T on&?*é@ﬁstﬁWutional unit (1i). [0029]

For the polyner conprising the at |east one constitutional unit (i) and the

at |east twheghidf ifesi esttrradl@i dsit@ngolye@rs thdinr if@RAdhe Uniehs ohé konstitufienat | east
two different additional constitutional units (ii) are typically present in
a nol ar rat Q¢ ﬁi’f antlaPRh A BRWarbbhi0s 1 Bn A0 bhdsBhake elo8P@PiroMikRWasd@k ng bound
to any particular theory, it is believed that under sone circunstances the
pol ymer thatq SRl dongsuddisl @it digast two different additional constitutional
units (ii), present in the above nolar ratios, possesses enhanced
solubility EW fertles Enhanced solubility of the Eolyner is beneficial
because af t B023IhEhepueapist ofahg gsleast sop aonyiivdennl asit sin & gsperahprdaferfpdrte i cl es of
silica and/or silicates of the aqueous conponent, the pol yner possessing

t he capt ur et & dkexalataddyiayl edier ia@h@@sbermypa‘mdsfémgl@mm keovpy iélctle@ialﬁ ate and
deposit on the surfaces in the aqueous systemif the polyner is not soluble
enough to rewrhian buhngdinuteddn alkpxyhenaguaboy voytptre mith ah O tde Dyidecal | y,
the pol yner only conprises the at | east one constitutional unit (i) and the
at | east onkavaddhe fomala QOHEL whekikoinale wanietas (definedadhode sEaricsedplabthve.
However, it is to be appreciated that the polyner is not limted to only
conpri sing sleylsid dxidld maglbe yelkdted o thagrdupiof edytkne WRidies propyled dxide,

ci rcunst ances, the polyner can conprise optional constitutional units other
t han t hose du&{}l@ﬁd hediehenei tomtifRidrd tHargdrcallt yis tohse ppbyesRifedhast anpunber

aver age nol ecul ar meight of from about 25,000 to about 45,000 and, nore

typically, EgmmaRaus aRIGR0otit, apalend 080 og/miBlienc] SGB3Mayhe Reliymer is

present in the aqueous systemin an anmount sufficient to inhibit

preci pi tati @nifandxliaGéh aneé Qllko;%l Llhﬁaét&rC@crrpwJ&d@pﬁyca&faltm%nw sbiie aqueous
conponent. To these ends, the polyner nmay be added to the aqueous conponent

in an am)un&rc(ﬁtnsf QN %Oyél Qleﬁs chifP c@B Hie 20 R End ¥9ﬁsﬁﬂ4t1|obfalf ﬁrﬁm(?bou'[ 0.8
to about 350, an nDst typi l'y fromabout 1 to about 0 ppm 0034] The

presence of Hl:g rEI ts g'sé %rglefcﬁ‘glldgl g? CRIMBRO G olffeli, 1t 3&@? IBIPYALS set

forth above Ica an I'cate conmpounds from
'Fl){/[e)ICICg: ][ ;3/.',[ I 2 I}a?e L(l‘§ ngt% ctleq nFc? léllga fﬁ@%ast tvr&lfo tdn‘?erenq %F)nstf"? tlso}éa?l u 1ts about 70
percent by me or S|I|cate dIS olved i n.the aqueous
conponent p?qc atVH]ga #‘fe IEOVY lpéer‘fﬁlis?lrs ff Aty tv‘f%éﬂg ous
conponent at 40 Cel pH of _about 2 hours after t e addition
of the pol yﬁ%‘ﬁt“%ortaﬁél“%(}g]d&gds@%)c %rﬁmpr?ﬁa“idsdl GWePé(/ér(Tmc Rt 2N dir esul t s
can be obtai ned where the aqueous conPonent has a nore basic pH [0035] As
al luded to QﬁHW@fﬂFH@”ﬁW@%@ﬁE&”SP“FHEhﬁGPWﬁﬂFwP%L@H%1&&6@6@§P58ﬁﬁ nent
i nhibits deposition of silica and/or silicate conmpounds on surfaces in the
aqueous sysPetkoniatingeap alkerevipyl e videRIne §Xie abd 1he piecaner ©aplststor
i nhi bition properties even in aqueous conponents having a basic pH Both
the stabi | i eye arite pthii donstitettrnpl wpert-Pesanbe ppargbby aspxyldmsapistioxy when t he
aqueous conponent has a basic pH, is conparable to and, in sone
ci r cunst ancesy! aresatithypropyiame wede agd/cobygipeedoxide. S teameqvommef b at leystavai | abl e
silica scale inhibitors.

one constitutional unit (i) is used to incorporate the polyether chain into the polymer.

Without being bound to any particular theory, it is believed that the ether linkage that

is disposed immediately adjacent to the vinyl group provides excellent stability, as



[0036] In one enbodi nent, the polyner is added to the aqueous system al one
for inhibiting the deposition of the silica and/or silicate conpounds on

t he surf awe 20n/2B@2aqueous system | n anot her enbodi nenPCTiUuseo1pOMABr | S
used in conbination with one or nore other nononers, oligoners, and/or
polynmers for inhibiting the deposition of the silica and/or silicate
conpounds on the surface in the aqueous system and/or in conbination with
other water treating agents. O her nononers, oligoners, and/or polyners

i ncl ude, butonagagednotesietsirall @ ttHess, onothyt eterdchal dp @by fielude andthep poltagaer s and
mal ei ¢ acid and mal ei ¢ anhydride pol yners and copol ynmers. O her water
treating ageipced Miheliely Rifacdk € vl gloupl su€ilthhOthe MQE@Q?b]y&eﬁﬁihdﬁtsand their
salts, metal chelating agents, corrosion inhibitors ynmer scale contro
dlSpefsantquﬁ%ﬁb@@fQ&h@ﬁ&br&h@ﬁ&&hﬁ@ﬁ@ds&@ﬁgﬂkﬁﬂksnu&%XG&ﬁ SfeRMRRQEr S,
neutralizing am nes, and scale inhibitors. [0037] The enbodlnents of the
present invepl .descrlbed above have been presented for the purposes of
illustration and description. The enbodi nents are not intended to be
exhaustive or limt the present invention. The enbodi nents were chosen and
descri bed i WO&tlder formulpedy fasxipe &t eashenpeprieiysioralofnit fie havehei gnnand its
practical applications to enable others skilled in the art to best utilize
t he i nvent i éiermingstthe Jengiho ok thenprdythes rehgingind swbstantiplly | conkolirsdnymkest i ons as
are suited to the particular use contenplated. [0038] The follow ng

exanpl es ar avemganoleqular| waightreft the tah deaptnomentdneinfuagrd! anié (not Theontrebeyi ewed i n
any way as limting to the scope of the invention. EXAMPLES [0039] Vari ous
silica scal everaghitboltols weightf off fhedatf leayin ae ploustahtidngl ohit @) embstaoray r esul ti ng
in polymers having different constitutional units. Polynmers 1-3 are silica
scal e i nhi bednavk ausedber fiveage arakenike waighhoftthe patedéo AW dfiout heinp besend

i nvention. Chem cal descriptions of the precursors used to form Pol yners
1-3 are pr omiydedtiduedrakéory, (040 elided! @@Sthe PoigetBO@NGhint ditableN e polyrter(tb) i S
present in Polynmers 1-3 in a nolar percent of fromabout 15 to about 50

based upon {hg het@dl nRURt Bil/odl dna0opstidiélbE @NRh dMbiok SsilRhRSandt &8 Pol yners
1-3. Where the at | east one constitutional unit (i) conprises at |east two

di fferent cgp&fiveliutd QRalaghtdut sco%%heﬂtea{de%mt@Qulayothaemfeow%@ne( ), at
| east one of the constltutlonal units (i-1) and | east one of the other

constituti Oﬂl@!:lpft'zﬂfohsw{th 21‘)6 ;?H'lﬁné?rtﬁéﬁi@t 1nh1@1tﬁ'1gnﬁ%cﬁﬁtaﬁ§ﬁ hl‘fli @po&ﬁ%@#ﬂ@m 1:5to

about 5:1. An al koxyl ated vinyl ether is representatlve of a precursor of

the at | easglh dﬁ)?@]ﬁ:étg 961{1 hs UIEUr?JI I&%o)ses'o@t 9 341G 1c![t1(?h k%qgﬂl%] of At | east

one additiona onstltutlon unlt I's al so present |n ol'yners 1-3.

Were the af %?@1%&&8 .%%Eth QB SRR %}lz{tfvgl&aﬁqgho ”Abtout( %d o GOIPI4pes at

| east two dif}erent a i'onal consti represented by the

formula (11 t he at. | east 't dlt n n tltutl s are present
o ol s Vs PSR %é@oto 5oy 15" et %ﬁapf%?@ HieE V0T SO e
anhydri de, and hydrox al k acr Iate are representative of precursors of
the at | east ' SHSRALHS ¥ oR P/m%r‘i iCHPIn AT UARE P79 fo?sﬂt%P£M% (-3, Al
precursors of Polyners 1-3 are reacted |n condltlons optlnal to mnimze,

i f not corrp’feéfeé?ns‘)eda%ltae gepgal fuaely ghs. I gba smbedimprerthe 3t Jrist i°%98s t he

pol yneri zation product of acrylic acid and an al koxyl ated vinyl ether

havi ng a nuffbefituacnst ypié (pv @E%Fraﬁiefweql ghet 5pst dme diffesersonsgirsional yndig43)

Pol ymer 2 co rises the polynerization product of acrylic acid, maleic
anhydri de, easd hannaltieoleynele ébl Whersir nt e Hhavi Ay adthimyydeashoes e@ee mol ecul ar
wei ght of about 5,800 g/nol. [0044] Polynmer 3 is the polynerization product
of maleic amny’drltiqt@,l ulatsr(yh)rremywlnwIbyémnylﬂaa(ﬂbqndazﬂntretimiScHr¢a°t@‘rﬂeqmt6OaLn koxyl at ed
vinyl ethers having a nunber average nol ecul ar wei ght of about 1,100 and
5,800 g/ nol at least one of the other constitutional units (i-2) represented by formula (I).

Alternatively, n is from about 20 to 60 in at least one of the constitutional units (i-1)
represented by formula (I) and n is greater than 125 in at least one of the other

constitutional units (i-2) represented by formula (I).
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[ 0045] Conparative Polyners 1-10 are commercially avail able scal e

i nhi bitors conprising polynmers not in accordance with the present

i nventi orwOCQonpes@ki ve Exanpl es 1-10 are included to prec¢ras2@obasus for
conparison with performance properties of Polyners 1-3 as used in
accordance with the nethod of the present invention. [0046] Conparative
Polymer 1 is a terpolyner of acrylic acid, nethacyrlic acid, and a nethyl
pol yet hyl ene gl ycol ester of nethacrylic acid having a nunber nol ecul ar
wei ght of af@90s] B3 t1R0fbl ghéralomplibifd e sCtapaatdiffeerPabysiiaitioral ivaita(idol yacrylic
acid with a nunber average nol ecul ar wei ght of about 4,000 g/nol. [0048]
Conpar at i veaRAoli-gnaid tBe hiSe@ho@Cdddltiofalachdinaiddalramitgii; tiRcdodstRapahyi®k i n a
sodium salt form having a nunmber average nol ecul ar wei ght of about 50, 000

g/ mol . [ 0048]1) GRrma) alce,l typickiB) peRht th d Soldr MYV HenOfboRO] .Y (2atuhyiia¥azol i ne)
and acrylic acid copolyner sold as a silica scale inhibitor and

commer ci al | y,AVfldrabAe swwlefn e b AR R, GARBRRPRRSRL e I B2 1o r om The

Lubri zol Corporation. Conparative Polyrmer 5 is a terpolynmer of
acrylic aci Eﬂffe{éﬁi éb%&!it%dn%l t’flﬁ!s i )%Q (@)L LD tﬁ&z&%‘vé&hg@%ﬂaﬁr ra 19s051]
Conpar ative Po IS a no |ed pol acry c acid having a nunb

aver age nDlﬁ%%Bﬁ&yﬁ@&gg%xgwmgggyEm&%ggg gLhml. [0052] Conparative Polyner 7

is a terpolynmer of acrylic acl acrylanlde and

2-acryl am do- 2- et hyl propane sul fonic acid having a nunber average

mol ecul ar WE0hlt Aofet &bhthubose, RO fgymmoi (I ol b adleyl grasiplhiaciag sclaise 2icathiobi t or and
commercially avail abl e under the tradenanme ACUMER(r) 5000 from Dow Chem ca
Conpany. [ OQ63}, 280 mypiratly hasefr@oRyorbd cBbimsatemsokfi ififethupollyiaselgdtédfraci d havi ng
a nunber average nol ecul ar wei ght of about 20,000 g/nol. [0054] Conparative
Pol ymer 9 i thearappdlayiysroged atoml en alkgicgrdup, an aryd @chugmmsater, inommdanddi sobut ene
havi ng a nunber average nol ecul ar wei ght of about 4,000 g/nol. [0055]

Conpar at i veaP@liydTelh ohe emBodimp@l ptaedsydrietof @i RY, orbipseh Yormmmi(fiiethelyteq mal ei c
anhydri de conononer, sold as a silica scale inhibitor and comrercially

avai | abl e updge, drhider aule Base aMRie Sl oR Xhidk nidly bk aEk Akiz® wNahalalkyHO56]
Pol ymers 1-3 and Conparative Polyners 1-10 are evaluated to determ ne

per f or manceoREORLkdol (RS foriGlla st B, W PistthOfinRfas REGEIRbERL IFReRimpdd, | | Ca
and/ or silicate conmpounds from an aqueous conponent that includes water,

di ssol ved sjlLi ogldi s, [HeC ) PGS i ons
(My2+), andm%hgggégeg?ons %6#)§§?%g1%ﬁﬁqmygh%ﬂgﬁéggﬁgﬁd”%gp5|usfﬁgh ability

of the pol ygBhe. tf; e;héh@ Ride, RELESMbihAIhOMePdor! N& §lch! Ger Q/e%r %‘21 gate

conpounds from’'the agueous conponent IS neasure throug an | |t|on t est

7 e BRI A 060 UL ™ "
luti i B, sol ut M .CaCl2 and 0.2 M

0l LT O o PLERAT B 0 2 ) R euhgr PR Rt or G0 BT of i he

pol ymer in ter 0057 n. test a yeoy S ared

ont ai ni ho & BT Grecprs &S%Ole%r){ﬁ FRTOHOY HE gy T OB PGS O
solution, and 5.0 nL of the 0.2 M CaCl2/ 0.2 M NPCEZ solution, with the

vol une adjugﬁgatF%“@éﬁ GmWLIWWPﬁ‘UF@F?FW%&*W%E%#‘Dﬁhﬁxybépo%&héHﬂg
conmponent is adjusted to a of 7.0 which is maintained_ throughout the
test. The t &0 aﬁeb&&e@eﬁﬁgh%ﬁe 3t 1000 phet 0100 sinplg WRish detleu e i ons:
450- 640 ppm of dissolved silica present as Si 02, 200 ppm of Ca2, 120 ppm of
My2+, and 2%cightmaesfsuptigntigly geniolledrppethe bztheazthe@ﬁg iclorpaaent s pI aced in a
beaker containing a 2-hole rubber stopper. One opening is used for a pH

probe and t fygopEERnck &%né@ﬂﬁhﬁ@&gtﬁh%]E%?Bm@&%@@Mﬁm%?ﬁH@@@@ﬁdﬂ§z§t'rred
while heating at 40 |'Sius in a Circulating bath .0 nmL sanple

i s periodi Cﬁh tYonk QAR 8%1%91%‘[1 %ﬁeﬁqlngtmlﬁ)qg@ata]ﬁg%lohg ci)rfse‘tds%ogalrﬂmt l e of the

filtrate is taken an ute to 25.0 nL wat er he contents

Of one Mol yﬁﬁf&l&ﬁ%%gﬁ% Iﬁblall gP§fé‘dngthu§1519?o o r!5°oam|(> g}él nflrom Hach

Co., Lovela ot "the d 1'é and t he
diluted sa m xe te re The ntents of
one At o redishe b PGSt Sefs 1, PR EoHP S RER T v R0y ar e
then added to the diluted sanple and the diluted sanple is nlxed to
di ssolve the acid reagent. The diluted sanple is allowed to stand for 10
m nutes. The contents of one Citric Acid Pillow (available from Hach Co.,
Lovel and, Col orado) are then added to tihe diluted sanple and the dil uted
sanple is mxed to dissolve the citric acid. The diluted sanple is all owed
to stand for 2 mnutes before determ ning the concentration of dissolved
silica and/or silicates in the diluted sanple. The nol ybdate reagent reacts
mnth ‘any SI|ICIC aC|d/S|I|cate and quantltatlvely forns a yeIIOM/conpound

M. o " Y " o v o



[ 0059] Since the concentration of the polyners utilized throughout the
inhibition test remains constant, regardl ess of the concentration of the

di ssol vedwei2bilgas@nd/ or silicates, the amount of di ssol pyeu/tskétiomariand/ or
silicates present 22 hours after preparation accurately indicates the
effectiveness of the polyner as an inhibitor of deposition of silica and/or
silicate conpounds. Wthout being [imted to any particular theory, it is
believed that when finite or set anobunts of the polynmer are present in the
aqueous conpanpaat al ong with the dissolved silica and/or silicates, the

pol ynmer binds up the dissolved silica and/or silicates. Wen excessive

anount s of | v S|I|ca and s are present in 1he .aqueous
conponent . IHEEEE et P Ae it S A R P S rer s
conpletely or. ubstant| mnth nd/ , "used
oot St S BRRt G ey i g Rreds HC S Nandror S8 Mt ar e
free to react with cations or |like dissolved silica and/or silicates, thus
eventual |y PUHOR it 4ol &Eithi t9Rs3teRted nBoBRPEORY O ields deiiyatives dgtsPyr
silicate conmpounds. [0060] Polymers 1-3 and Conparative Polynmers 1-10 are

eval uat ed utFPPoiateg byHefersars birdfiganal esamplessefr uballe sBow! enves sddPt s of the

evaluations are set forth in Table 1 below. TABLE 1 Ex. 1 Ex. 2 Ex. 3
Pol ymer 1 2digsters of unsaturated dicarboxylic acids such as any of those recited in U.S. Patent

No. 7,482,405, with the portion of which recites diesters of unsaturated dicarboxylic
acids hereby incorporated by reference. The precursor of the at least one additional
constitutional unit (ii) comprises at least one group selected from the group of
carbonyl, sulfonate, and phosphate groups. Additionally, the carbonyl group may
include an amide, an ester, or alkoxylate of the amide or ester. Typically, the at least

one additional constitutional unit (ii) has a structure represented by formula (II), or an

anhydride thereof:
R® R
[ l ]
B i
R C¢=o0
O
LE

(I

D)
wherein R” is selected from the group of a hydrogen atom, an alkyl group, an aryl
group, and a carbonyl group; and R’ is selected from the group of a hydrogen atom,
an alkyl group, an aryl group, and a hydroxyalkyl group. For example, in one

embodiment, R® is a hydrogen atom and the precursor of the at least one additional

12



Initial D ssolved Silica and/or Silicates, ppm574.9 600.3 524.8 Di ssol ved
Silica and/or Silicates after 22 hours, ppm 387.5 425.0 487.5 Conp.
WO 2011/028662 PCT/US2010/047147

constitutional unit (ii) can be acrylic acid. Alternatively, in another embodiment, R’is
a hydroxyalkyl group and the precursor of the at least one constitutional unit (ii) can
be a hydroxyalkyl acrylate or methacrylate. The additional constitutional unit (ii) is

typically further represented by at least one of the following formulas:

R R R R
o S . o S .
L i L i
R®  C¢=o0 R®  C¢c=—o0
o) o)
Y (II-1), z (II-
2),
> R’
RZ R
—— |
L i C L LT
L7 7
0=—C C—0 ‘ ’
0=C_ =0
OH  OH (II-3), or 0 (II-
4),

wherein R? is selected from the group of a hydrogen atom, an alkyl group, an
aryl group, and a carbonyl group; Y is selected from the group of a hydrogen atom, an
alkyl group, and an aryl group; and Z is a hydroxyalkyl group. In one embodiment,
the at least one additional constitutional unit (ii) is further defined as at least two
different additional constitutional units (ii) each having the formula (II), and the
precursors of the at least two different additional constitutional units (ii) can be
selected from any of the aforementioned compounds set forth above as being suitable

for the precursor of the at least one additional constitutional unit (ii).

13



Ex.

WO 2011/028662

1 Conp. Ex. 2 Conp. Ex. 3 Conp. Ex. 4 Conp. Ex. 5 Conp. Pol yner

[0029] For the polymer comprising the at least one constitutional unit (i) and the at
least two different additional constitutional units (ii), the at least two different
additional constitutional units (ii) are typically present in a molar ratio of from about

1:10 to about 10:1.

[0030] Without being bound to any particular theory, it is believed that under some
circumstances the polymer that comprises the at least two different additional
constitutional units (ii), present in the above molar ratios, possesses enhanced
solubility properties. Enhanced solubility of the polymer is beneficial because after
the polymer wraps around molecules and/or small particles of silica and/or silicates of
the aqueous component, the polymer possessing the captured silica and/or silicates
may itself otherwise precipitate and deposit on the surfaces in the aqueous system if

the polymer is not soluble enough to remain in solution in the aqueous component.

[0031] Typically, the polymer only comprises the at least one constitutional unit (i)
and the at least one additional constitutional unit (ii) as described above. However, it
is to be appreciated that the polymer is not limited to only comprising constitutional
units (i) and (ii) and, under certain circumstances, the polymer can comprise optional

constitutional units other than those described herein.

[0032] Typically, the polymer has a number average molecular weight of from about

25,000 to about 45,000 and, more typically, from about 30,000 to about 40,000 g/mol.

[0033] The polymer is present in the aqueous system in an amount sufficient to
inhibit precipitation of silica and/or silicate compounds dissolved in the aqueous
component. To these ends, the polymer may be added to the aqueous component in
an amount of from about 0.5 to about 500, more typically from about 0.8 to about

350, and most typically from about 1 to about 100 ppm.

14
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4 5 1Initial Dssolved Silica and/or Silicates, ppm463.0 500.0 463.0 493.8
500.0 Dissolved Silica and/or Silicates after 22 hours, ppm 175.0 175.0
WO 2011/028662 PCT/US2010/047147

[0034] The presence of the polymer in the aqueous component within the amounts set
forth above inhibits the silica and/or silicate compounds from precipitating and
depositing on the surface in the aqueous system. Typically, at least about 50 percent,
and more typically at least about 70 percent by weight, of the silica and/or silicates
dissolved in the aqueous component prior to adding the polymer remain dissolved in
the aqueous component at 40° Celsius, a pH of about 7.0, and 22 hours after the
addition of the polymer to the aqueous system. It is believed that similar results can

be obtained where the aqueous component has a more basic pH.

[0035] As alluded to above, the presence of the polymer in the aqueous component
inhibits deposition of silica and/or silicate compounds on surfaces in the aqueous
system. Further, the polymer exhibits stability and superior inhibition properties even
in aqueous components having a basic pH. Both the stability and inhibition properties
of the polymer, especially when the aqueous component has a basic pH, is
comparable to and, in some circumstances, greatly improved as compared to other

commercially available silica scale inhibitors.

[0036] In one embodiment, the polymer is added to the aqueous system alone for
inhibiting the deposition of the silica and/or silicate compounds on the surface in the
aqueous system. In another embodiment, the polymer is used in combination with
one or more other monomers, oligomers, and/or polymers for inhibiting the deposition
of the silica and/or silicate compounds on the surface in the aqueous system, and/or in
combination with other water treating agents. Other monomers, oligomers, and/or
polymers include, but are not limited to, acrylic acid polymers and copolymers and
maleic acid and maleic anhydride polymers and copolymers. Other water treating

agents include, but are not limited to, phosphoric acids and their salts, metal chelating

15
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agents, corrosion inhibitors, polymer scale control dispersants, microbiocides,

flocculants, coagulants, oxygen scavengers, neutralizing amines, and scale inhibitors.

[0037] The embodiments of the present invention described above have been
presented for the purposes of illustration and description. The embodiments are not
intended to be exhaustive or limit the present invention. The embodiments were
chosen and described in order to best explain the principle of the invention and its
practical applications to enable others skilled in the art to best utilize the invention in
its various embodiments and with various modifications as are suited to the particular

use contemplated.

[0038] The following examples are meant to illustrate the invention and are not to be
viewed in any way as limiting to the scope of the invention.

EXAMPLES

[0039] Various silica scale inhibitors are formed from a plurality of precursors
resulting in polymers having different constitutional units. Polymers 1-3 are silica
scale inhibitors used in accordance with the method of the present invention.
Chemical descriptions of the precursors used to form Polymers 1-3 are provided

below.

[0040] At least one constitutional unit (i) is present in Polymers 1-3 in a molar
percent of from about 15 to about 50 based upon the total amount of all constitutional
units present in Polymers 1-3. Where the at least one constitutional unit (i) comprises
at least two different constitutional units each represented by the formula (I), at least
one of the constitutional units (i-1) and at least one of the other constitutional units (i-
2) are present in a molar ratio of from about 1:5 to about 5:1. An alkoxylated vinyl

ether is representative of a precursor of the at least one constitutional unit (i) in
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Conp. Ex. 10 Conp. Polynmer 6 7 8 9 10 Initial Dissolved Silica and/or
Silicates, ppm 512.8 450.2 487.4
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Polymers 1-3.

[0041] At least one additional constitutional unit (ii) is also present in Polymers 1-3.
Where the at least one additional constitutional unit (ii) comprises at least two
different additional constitutional units each represented by the formula (II), the at
least two additional constitutional units are present in a molar ratio of from about 1:10
to about 10:1. Acrylic acid, maleic anhydride, and hydroxyalkyl acrylate are
representative of precursors of the at least one additional constitutional unit (ii) in
Polymers 1-3. All precursors of Polymers 1-3 are reacted in conditions optimal to
minimize, if not completely avoid, side reactions.

[0042] Polymer 1 comprises the polymerization product of acrylic acid and an
alkoxylated vinyl ether having a number average molecular weight of about 3,000
g/mol.

[0043] Polymer 2 comprises the polymerization product of acrylic acid, maleic
anhydride, and an alkoxylated vinyl ether having a number average molecular weight
of about 5,800 g/mol.

[0044] Polymer 3 is the polymerization product of maleic anhydride, a hydroxyalkyl
acrylate, and two different alkoxylated vinyl ethers having a number average
molecular weight of about 1,100 and 5,800 g/mol.

[0045] Comparative Polymers 1-10 are commercially available scale inhibitors
comprising polymers not in accordance with the present invention. Comparative
Examples 1-10 are included to provide a basis for comparison with performance
properties of Polymers 1-3 as used in accordance with the method of the present

invention.
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500.0 NVA Dissolved Silica and/or Silicates after 22 hours, ppm 200.0 212.5
212.5 212.5 212.5 [0061] As can be seen fromthe data presented in Tables,
Exanpl es woO0imdsasat e excel l ent stabilized silica concerCralSeand4HRE
obt ai ned when Polynmers 1-3 are used, in contrast to Conparative Exanples
1-10. Referring to the chart of Figure 1, the excellent results of Exanples
1-3 are visually shown relative to the Conparative Exanples 1-10.

Accordi ngly, Exanples 1-3 exhibit superior performance conpared to the

per f or mance[00#61@0smgaidive Pelymeany e8rpbiyhdr oExayipl #id3 metibpelid atidiandh |
Exanpl es and Conparative Exanples tested. This performance is thought to
result, in math?; pogeth bR g@b(yln@fer&ﬂdn§hicﬂﬁicuzﬁ(ﬁ5 htiV18¢ @0kumHteP Qfiddculie present
i nvention has been described in an illustrative manner, and it is to be
under st ood {b@ht drRBodt@BDMEIRIY Whi ch has been used is intended to be in
the nature of words of description rather than of limtation. Cbviously,

many modi fi gakytsn@Rdiv¥@biyalet 9Msa MlydcPRicRERSEM 2 AR R BeRRPSI DI € N
| i ght of thgﬂagove %%aghinggg I€ ?ggytﬂg$efbre, %o be und%%sto%d t hat

within the g¢ fQhodiN®oaRResded clainms, the present invention may be
practiced oth%?ﬁﬁseothén gs specifically descri bed.

[0048] Comparative Polymer 3 is an acrylic acid and maleic acid copolymer in a
sodium salt form having a number average molecular weight of about 50,000 g/mol.
[0049] Comparative Polymer 4 is a mixture of poly(2-ethyloxazoline) and acrylic acid
copolymer sold as a silica scale inhibitor and commercially available under the
tradename CARBOSPERSE® K-XP212 from The Lubrizol Corporation.

[0050] Comparative Polymer 5 is a terpolymer of acrylic acid, methacrylic acid, and a
taurine-acrylic monomer.

[0051] Comparative Polymer 6 is a modified polyacrylic acid having a number
average molecular weight of about 3,000 g/mol.

[0052] Comparative Polymer 7 is a terpolymer of acrylic acid, ¢-butyl acrylamide, and
2-acrylamido-2-methyl propane sulfonic acid having a number average molecular
weight of about 5,000 g/mol sold as a silica scale inhibitor and commercially
available under the tradename ACUMER® 5000 from Dow Chemical Company.
[0053] Comparative Polymer 8 is a modified polyacrylic acid having a number
average molecular weight of about 20,000 g/mol.

[0054] Comparative Polymer 9 is a copolymer of maleic acid in a sodium salt form
and isobutene having a number average molecular weight of about 4,000 g/mol.
[0055] Comparative Polymer 10 is a polyacrylic acid, likely modified by a maleic
anhydride comonomer, sold as a silica scale inhibitor and commercially available

under the tradename Versaflex® Si from Akzo Nobel.
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CLAIMS What is clainmed is: 1. A nethod of inhibiting the deposition of
silica and/or silicate conpounds on a surface in an aqueous system said
met hod cowprnsi/n2gesthe step of adding a polymer to the agueasg019pstiem the
pol ymer conprising: (i)at |east one constitutional unit represented by the
formula: Rl 0-R-(OCkH2k)n-OH 11 C 1 1Cl11 RIR wherein R is an al kyl
group haying at least 2 carbon atons; Rl is selected fromthe group of a
hydrogen atom an al kyl group, an aryl group, an ester, an am de, and an
i mde; k is[0D56]0Patyméts 1183 ahd |@agiarasibe Polyhidrs and 4rkicvalnateastdeenarinaddi t i onal
constitutional unit containing at |east one

performance properties including inhibition of precipitation of silica and/or silicate

compounds from an aqueous component that includes water, dissolved silica (sodium

silicate), calcium ions (Ca2+), magnesium ions (Mg2+), and chloride ions (CI') at a pH

of 7.0 and at 40° Celsius. An ability of the polymer to inhibit precipitation of the

silica and/or silicate compounds from the aqueous component is measured through an

inhibition test to determine an amount of the dissolved silica and/or silicates

remaining in the aqueous component. To perform the test, three aqueous stock

solutions are prepared: a 0.2 M Na,SiOs solution, a 0.2 M CaCl; and 0.2 M MgCl,

solution, and a polymer solution comprising about 1,000 ppm of the polymer in water.

[0057] A 200.0 mL test aqueous component is prepared containing 5.0 mL of the

polymer solution, 8.6 mL of the 0.2 M Na»SiOs solution, and 5.0 mL of the 0.2 M

CaCly/ 0.2 M MgCl, solution, with the volume adjusted to 200.0 mL with distilled

water. The test aqueous component is adjusted to a pH of 7.0 which is maintained

throughout the test.  The test aqueous component contains the following

concentrations: 450-640 ppm of dissolved silica present as SiO,, 200 ppm of Ca®’,

120 ppm of Mg2+, and 25 ppm of the polymer. The test aqueous component is placed

in a beaker containing a 2-hole rubber stopper. One opening is used for a pH probe

and the second for sampling. The test aqueous component is stirred while heating at

40° Celsius in a circulating bath. A 3.0 to 5.0 mL sample is periodically removed and

passed through a filter. A 2.0 mL sample of the filtrate is taken and diluted to 25.0

mL with distilled water. The contents of one Molybdate Reagent Pillow for high-

range silica (available from Hach Co., Loveland, Colorado) is added to 10.0 mL of the

diluted sample and the diluted sample is mixed to dissolve the molybdate reagent.

The contents of one Acid Reagent Pillow (available from Hach Co., Loveland,
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group selected fromthe group of carbonyl groups, sulfonate groups
phosphate groups. WD 2011/028662PCT/ US2010/ 047147 2. A nethod of inhibiting
t he deposwoizon/ag66gi | i ca and/or silicate conpounds on aPsuAfSaee/o#T4an

aqueous system said nethod conprising the steps of:

aqueous system circulating the water in the agueous systen and
I ntroducing a polyner to the water, the polynmer conprising: (i)
one constitutional unit represented by the formula: RL 0-R (OCkH2Kk)n-OH [ 1

C1

Colorado) are then added to the diluted sample and the diluted sample is mixed to
dissolve the acid reagent. The diluted sample is allowed to stand for 10 minutes. The
contents of one Citric Acid Pillow (available from Hach Co., Loveland, Colorado) are
then added to the diluted sample and the diluted sample is mixed to dissolve the citric
acid. The diluted sample is allowed to stand for 2 minutes before determining the
concentration of dissolved silica and/or silicates in the diluted sample. The molybdate
reagent reacts with any silicic acid/silicate and quantitatively forms a yellow
compound. Color intensity of the yellow compound is proportional to an amount of
dissolved silica and/or silicates present in the test aqueous component. Color
intensity is determined by measuring absorbance of the yellow compound with a
spectrophotometer at 450 nm.

[0058] Absorbance is obtained for the test aqueous component immediately following
its preparation and 22 hours after preparation. The amount of dissolved silica and/or
silicates present 22 hours after preparation represents a stabilized silica concentration.
Generally, higher stabilized silica concentrations are an indicator of higher
effectiveness of the polymer as an inhibitor of deposition of silica and/or silicate
compounds.

[0059] Since the concentration of the polymers utilized throughout the inhibition test
remains constant, regardless of the concentration of the dissolved silica and/or
silicates, the amount of dissolved silica and/or silicates present 22 hours after
preparation accurately indicates the effectiveness of the polymer as an inhibitor of
deposition of silica and/or silicate compounds. Without being limited to any
particular theory, it is believed that when finite or set amounts of the polymer are
present in the aqueous component along with the dissolved silica and/or silicates, the

polymer binds up the dissolved silica and/or silicates. When excessive amounts of
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C 1111 RIR wherein Ris an al kyl group having at |east 2 carbon
atons; Rl is selected fromthe group of a hydrogen atom an al kyl group, an
aryl groumg2an/esdéeer, an am de, and an imde; k is 2 toPET/US2019/0&1147 east

about 10; and (ii) at least one additional constitutional unit
containing at |east one group selected fromthe group of carbonyl groups,
sul fonat e groups, and phosphate groups. 3. Anethod as set forth in

any of clainms 1 or 2 wherein the aqueous systemincludes a reverse osnosi s
appar at us. dissolved sflicaAndmet kitidatesSars ereskirin hé aqu@dys @mpohait/e otyned wher ei n

nis at least 60 in at |east one of the constitutional units (i). 5.
A met hod asmagtbe f@tiwheiniedCload Foit Wieleeth® pBlyhfer & cdr@gisttlyldSsubstatfally east one
of the constitutional units (i). 6. A nethod as set forth 1n any of

claims 1 topSunWheiteisilich RBdBE slli8@Asd, i@NEused up”. At this point, any remaining
dissolved silica and/or silicates are free to react with cations or like dissolved silica
and/or silicates, thus eventually leading to precipitation and deposition of silica and/or
silicate compounds.
[0060] Polymers 1-3 and Comparative Polymers 1-10 are evaluated utilizing the
inhibition test described above. The results of the evaluations are set forth in Table 1

below.

TABLE 1

Ex. 1 Ex. 2 Ex. 3
Polymer 1 2 3

Initial Dissolved Silica and/or
Silicates, ppm

574.9 600.3 524.8

Dissolved Silica and/or

Silicates after 22 hours, ppm 387.5 425.0 487.5

Comp. | Comp. | Comp. | Comp. | Comp.
Ex. 1 Ex. 2 Ex.3 Ex. 4 Ex. 5

Comp. Polymer 1 2 3 4 5

Initial Dissolved Silica and/or
Silicates, ppm

463.0 500.0 463.0 493.8 500.0

Dissolved Silica and/or

Silicates after 22 hours, ppm 175.0 175.0 187.5 200.0 200.0

Comp. | Comp. | Comp. | Comp. | Comp.
Ex. 6 Ex.7 Ex. 8 Ex. 9 Ex. 10

Comp. Polymer 6 7 8 9 10

Initial Dissolved Silica and/or
Silicates, ppm

512.8 450.2 487.4 500.0 N/A

Dissolved Silica and/or

Silicates after 22 hours, ppm 200.0 2125 2125 212.5 2125
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constitutional unit (i) is further defined as at least two different
constitutional units each represented by the fornmula (1) wherein nis
greater tweroabhnsds220 in at | east one of the constitutipomalS2amioss4ti - 1)
represented by fornula (1) and wherein n is greater than about 60 in at

| east one of the other constitutional units (i-2) represented by fornula
(. 7. A nethod as set forth in claim6 wherein n is greater than
about 125 in the at | east one of the other constitutional unit (i-2)

repr esent ed[00¥1]f &¢ BaH &e (séen. from the d8ta presericidd Tudles,eExdngplésh13nindioye of cl ai s
6 or 7 wherein n is greater than about 60 in the at |east one

consti t uti opaklldhdkibi(ikedlsilida@ph@senoasl alYobt@ieduizn (Po)ymers 1-3 aréQused) ifiet hod as
set forth in any of clains 6 to 8 wherein the constitutional units (i-1)

and (i-2) aisuRite®empatatie Miadipldsaf-1® erdifM@RRUENadE & FRuADPUHeS: 1. 10.
A nmethod as set forth in any of clains 1 to 9 wherein the additional

constituti opgkydhpirtsufts o ijﬁrrc%\ég UDehrer GRS SRbEE DMtk & dnhdatatRE @N
anhydride thereof: R2 R2 | 21 RC=0 1

Examples 1-10. Accordingly, Examples 1-3 exhibit superior performance compared
to the performance of Comparative Examples 1-10. Example 3 outperforms all
Examples and Comparative Examples tested. This performance is thought to result,
in part from the polymer and structures thereof.

[0062] The present invention has been described in an illustrative manner, and it is to
be understood that the terminology which has been used is intended to be in the nature
of words of description rather than of limitation. Obviously, many modifications and
variations of the present invention are possible in light of the above teachings. It is,
therefore, to be understood that within the scope of the appended claims, the present

invention may be practiced otherwise than as specifically described.
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0O 13 R (I 1) wherein R2 is selected fromthe group of a hydrogen
atom an al kyl group, an aryl group, and a carbonyl group; and R3 is
sel ect ed wpam1tdesegr oup of a hydrogen atom an al kyl gr ®@ap/usaswoasih7 gr oup,
and a hydroxyal kyl group. 11. A method as set forth in claim 10
wherein the additional constitutional unit (ii) is further represented by
at |l east one of the follow ng fornulas: WO 2011/ 028662PCT/ US2010/ 047147
RRR2 1 CC 1 12

CLAIMS

What is claimed is:
1. A method of inhibiting the deposition of silica and/or silicate
compounds on a surface in an aqueous system, said method comprising the step of

adding a polymer to the aqueous system, the polymer comprising:

(1) at least one constitutional unit represented by the formula:
R O—R—(OCHayy);—OH
[ l l ]
L7 7 4
]

@
wherein R is an alkyl group having at least 2 carbon atoms; R' is selected from
the group of a hydrogen atom, an alkyl group, an aryl group, an ester, an amide, and
an imide; k is 2 to 4; n is at least about 10; and
(i1) at least one additional constitutional unit containing at least one
group selected from the group of carbonyl groups, sulfonate groups, and phosphate

groups.
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2. A method of inhibiting the deposition of silica and/or silicate
compounds on a surface in an aqueous system, said method comprising the steps of:
providing water in the aqueous system;
circulating the water in the aqueous system; and

introducing a polymer to the water, the polymer comprising:

(1) at least one constitutional unit represented by the formula:
R O—R—(OCHayy);—OH
[ l l ]
L7 7 4
]

@

wherein R is an alkyl group having at least 2 carbon atoms; R' is selected from
the group of a hydrogen atom, an alkyl group, an aryl group, an ester, an amide, and
an imide; k is 2 to 4; n is at least about 10; and

(i1) at least one additional constitutional unit containing at least one

group selected from the group of carbonyl groups, sulfonate groups, and phosphate
groups.

3. A method as set forth in any of claims 1 or 2 wherein the aqueous
system includes a reverse osmosis apparatus.

4. A method as set forth in any of claims 1 to 3 wherein n is at least 60 in
at least one of the constitutional units (i),

5. A method as set forth in claim 4 wherein n is at least 125 in at least one
of the constitutional units (i).

6. A method as set forth in any of claims 1 to 5 wherein the at least one
constitutional unit (i) is further defined as at least two different constitutional units

each represented by the formula (I) wherein n is greater than about 20 in at least one
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of the constitutional units (i-1) represented by formula (I) and wherein n is greater
than about 60 in at least one of the other constitutional units (i-2) represented by
formula (I).

7. A method as set forth in claim 6 wherein n is greater than about 125 in
the at least one of the other constitutional unit (i-2) represented by formula (I).

8. A method as set forth in any of claims 6 or 7 wherein n is greater than
about 60 in the at least one constitutional unit (i-1) represented by formula (I).

0. A method as set forth in any of claims 6 to § wherein the constitutional
units (i-1) and (i-2) are present in a molar ratio of from about 1:5 to about 5:1.

10. A method as set forth in any of claims 1 to 9 wherein the additional

constitutional unit (ii) is further represented by formula (II) or an anhydride thereof:

R R
) l | -
R =
O
R3

{
D
wherein R? is selected from the group of a hydrogen atom, an alkyl group, an
aryl group, and a carbonyl group; and R is selected from the group of a hydrogen
atom, an alkyl group, an aryl group, and a hydroxyalkyl group.
11. A method as set forth in claim 10 wherein the additional constitutional

unit (ii) is further represented by at least one of the following formulas:
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wherein R2 is selected fromthe group of a hydrogen atom an al kyl group,
an aryl group, and a carbonyl group; Y is selected fromthe group of a
hydr ogen wibemi/@ses6al kyl group, and an aryl group; Z is acChyuscaxpaiikyl
group. 12. A method as set forth in claim 1l wherein the at | east
one additional constitutional unit (ii) is further defined as at |east two
different additional constitutional units selected fromthe group
represented by the fornulas (I1-1) through (I1-4). 13. A nmethod as
set forth in claim12pgkhergtn the at |east two difgeremd® additional
constitutional units dre plesent in a nolar ratio ¢f frjomabout 1:10 to
about 10:1. WO 20111/ 028662PCTy US2010/ 047147 [ L 14.] ATrethod as set
forth in any of Trar T tg I3 wherein the cons{;tEtlonal_ynlt (i) is

present in the polyner|in nol ar percent of from @bout| 15 to about 50
based upon the total ung=etH) al |l constitutional ghitgispthe pol yner.

15. A nethod as set forth iln any of clains 1 to 14 wherlein the pol yner has
a nunber average nol ecul ar |[wei ght of from about 25,000 |to about 45, 000

g/ ol . 16. A nethod?as set forth in claimi15 whétein the pol yner has
a nunber average nol ecul ar |wei ght of from about 30,000 to about 40, 000

g/ mol . 17. A nethodyas set forph in any of clai 1 to 16 wherein

t he agueous system i ncl udes an aque ug’conponent conprising silica and/or
silicates dissolyed therein. 18. A nethod as set forth in claim17
wherein the pol r is added to the aqueous conponent in an anmount of from
about 0.5 to about 500,ppm, 19. A nethod as set forth in claim18
wherein the pol yner ié?addid to the aqueous conponent ig an armount of from
about 0.8 to about 350 ppm 20. A nmethod asRset Horth in claim 19
wherein the poly. I $-add

about 1 to about 1 qpn1 ‘ & &
0=—C C=—0 ‘ ’
0=C_ =0
OH  OH (II-3), or 0 (II-

4),

wherein R? is selected from the group of a hydrogen atom, an alkyl group, an
aryl group, and a carbonyl group; Y is selected from the group of a hydrogen atom, an
alkyl group, and an aryl group; Z is a hydroxyalkyl group.

12. A method as set forth in claim 11 wherein the at least one additional
constitutional unit (ii) is further defined as at least two different additional
constitutional units selected from the group represented by the formulas (II-1) through
(II-4).

13. A method as set forth in claim 12 wherein the at least two different

additional constitutional units are present in a molar ratio of from about 1:10 to about

10:1.
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21. A nethod as set forth in any of clainms 17 to 20 wherein at |east about
50% of the silica and/or silicates dissolved in the aqueous conponent prior
t o addi ngwohelpaBeseer remai n di ssol ved in the agueous cegparsesw/o2Aa4hour s
after the addition of the polyner. 22. A nethod as set forth in
claim 21 wherein at | east about 70% of the silica and/or silicates

di ssol ved in the aqueous conponent prior to adding the polyner remain

di ssolved in the aqueous conponent 22 hours after the addition of the

pol ymer. WO 201, 02866RdRII WISA0M 06104 Tl hhy 2. Aatiet hod a3 sSeheréiarthb i n any
of clainms 17 to 22 wherein water is present in the aqueous conponent in an

amount of atons@@sénadbatiti) Q@rdsentab dtpoB8shed iPLMORIAberbdht WEFIiGAtabb@sIBdo on 100
parts by wei ght of the aqueous conponent. WO 2011/028662PCT/ US2010/ 047147

24. A et hodaifut S0BHs&1 Egondhd B A8ERS bE AP tuSdnal Gts ANGE Pblydiet.i cat e
conpounds on a surface in an aqueous system said nethod conprising the

step of adding a0l YIBLHod ot RE BANGPHS, SYSLRM1 hher RAXIEMeGRTRISi ng the
reaction product of: (1) an al koxyl ated vinyl ether having at
lleast 10 al kyl eReRxXy average molecular weight of from about 25,000 to about 45,000 g/mol.

16. A method as set forth in claim 15 wherein the polymer has a number
average molecular weight of from about 30,000 to about 40,000 g/mol.

17. A method as set forth in any of claims 1 to 16 wherein the aqueous
system includes an aqueous component comprising silica and/or silicates dissolved
therein.

18. A method as set forth in claim 17 wherein the polymer is added to the
aqueous component in an amount of from about 0.5 to about 500 ppm.

19. A method as set forth in claim 18 wherein the polymer is added to the
aqueous component in an amount of from about 0.8 to about 350 ppm.

20. A method as set forth in claim 19 wherein the polymer is added to the
aqueous component in an amount of from about 1 to about 100 ppm.

21. A method as set forth in any of claims 17 to 20 wherein at least about
50% of the silica and/or silicates dissolved in the aqueous component prior to adding
the polymer remain dissolved in the aqueous component 22 hours after the addition of
the polymer.

22. A method as set forth in claim 21 wherein at least about 70% of the

silica and/or silicates dissolved in the aqueous component prior to adding the polymer

remain dissolved in the aqueous component 22 hours after the addition of the

polymer.
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groups present in a polyether chain thereof; and (1) an
unsat urated conpound containing at |east one group selected fromthe group
of carbornwD 2grigups? sul f onat e groups, and phosphat e gr orp3/US2010/047147

23. A method as set forth in any of claims 17 to 22 wherein water is
present in the aqueous component in an amount of at least about 90 to about 99.5

percent by weight based on 100 parts by weight of the aqueous component.
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24. A method of inhibiting the deposition of silica and/or silicate
compounds on a surface in an aqueous system, said method comprising the step of
adding a polymer to the aqueous system, the polymer comprising the reaction product
of:

(1) an alkoxylated vinyl ether having at least 10 alkyleneoxy
groups present in a polyether chain thereof; and
(i1) an unsaturated compound containing at least one group selected

from the group of carbonyl groups, sulfonate groups, and phosphate groups.
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