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| nventi on The invention describes materials and nethods for
preventing or inhibiting the formati on of scale on or in equipnent
used in industri adrrRKBCETESAS TORED NG EakLimes XYoL SSEAEENTEN BRIV .
Background of yifod @eeobi e FbRe pREVINTENGOOR SHEUICING | ALMINOSNLDTALEES S
equi pment used 15 in induskeiamt 1w essssEEMngrpeEdsesul arly in those
processe having an al kaline process streamis very well known. The

scal es present a significant s%@?hﬁ"@f‘”%ﬁ@ thenddi! d up on the

surface of process equi pnent use a loss in the heat transfer

coefficient. Thyg, additionakeleatsdTabe: 1A9ULLEddhoA9 be: provi ded
to the evaporator equi pnent in these processes fesulti ng i n added

cost. A an exevgitdngfosucthightip@dder ifaFm?ﬁld’@egg HRAN G AR at'kal i ne

process Str@ﬁﬁﬁﬂﬂ%nkhﬁs¥iaﬁi1h&@@wﬁmﬂ.ptﬁﬁéﬁﬁbsfﬁavﬁaﬁuﬂaeﬂumernyq@aper
whi ch h been known for over 100 years 25 and is eloquently
descri bed i At 't exts on the subject (see G A Smpak "Handbook for
Pul p and paper technol ogists, 3rd Edition). Mre recently the

devel opment of closed | oop SX%}%&%&nﬁ Keafde RAREReddd | s has resulted
in an increase in scaling probl'ems in process equipnment due to the

bui I'd up of al ugiaum. 30, apd, i ééapl%gl Nt @%d8)6§t BRbaSsd Sedlagpehbedsdy
P. N. Wannanaker and " WJ. Frederick in F?AFBVTPE t1on of %gl ubi | |t dat a

to predi®tify EREUBEE I BETGT6F ANt l&H A% i ¢Bn R4l I%pglo ne™©
pulp mll S"}raxMﬂ’@ mum Eikduent MddessSysmesinums 1896, p303. khtwihasThe

therefore, weI I reco niz¢ e vide, a, metyod apdiy
conposi ti on% ? | AREBIEithg gﬁe ?%?n%a rogl%‘? ‘Q{eglmtﬂg}m [l cat egsca ese

in kraft pub@rfndd sof USr&395 7daudesent besdt Fauase aofLasér pot yHe shett

mal ei ¢ acid, e?&sfﬁé'ﬂ CoBEFLL Q hyREPNQSRRGE OMS afiad ﬁ&ys;@éalzﬁaquahéblﬁ@r
for kraft f Is. This type of ponrrer i,s shown to be effective

agai nst20 V@?O@SPBWIF’CTFUSZG’@SP@W? %‘ﬂil@ﬁlﬁmcépboﬁ’ﬁsg $E8FeE Bt
has not beepeshiowmgt onbedRif eestve for alum nosilicate scales.

H gh Level Nuclear Waste facili t c
Solid and Iiqui d wabt SET LN TR LU 5, Rragess pagloast hyerdd Ch

alkaline process stream is the Kraft recovery process for
manufacturing paper which has been known for over 100 years
25 and is eloquently described in many texts on the subject (see
G.A. Smook "Handbook for Pulp and paper technologists, 3xd
Edition). More recently the development of closed loop cycles
in kraft paper mills has resulted in an increase in scaling
problems in process equipment due to the build up of aluminum
30 and silicon in the system as is described by P.N. Wannamaker
and W.J. Frederick in "Application of solubility data to
predicting the accumulation of aluminum and silicon in
alkaline pulp millsY, Minimum Effluent Mills Symposium, 1996,
p303. It has, therefore, been a well recognized need to
35 provide a method and compositions for inhibiting the formation
of aluminosilicate scales in kraft pulp mills. US 5409571
describes the use of terpolymers of maleic acid, acrylic acid
and hypophosphorous acid as scale inhibiter for kraft pulp

mills. This type of polymer is shown to be effective against
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5 waste volune and inmobilize the hazardous material for long term
storage. HLNWtreatnent is currently perforned via two processes; one
process i sWEEPBEPHWEN under acidic conditions and one uR§EUSORAIRGTe
conditions. Under ,alkaline processing conditions, sodium

alum nosilicate scale growth is a 10 significant problemduring the
pr et eat ment SHage,  ALifl.cko Yasie ViLei fisatign Miahintben co be
pr et r eat nent ]T cility,the wasteis evaporated, filtered, ion exchanged
and furt here%ﬁ%éﬁat%ﬁ algrERtS g c8apHiat®on, al uninosilicate scal es
can form on t he ysynf acese Of Nd&e&yapmﬁeor wahlis afdcihidatieng process
surf aces. her nor e, trans eco ogcke

t he bui | dup” %#lof‘ﬁ&‘é e Sealfed an g?(gg;ﬁpﬁqﬁ%gt gégg%%e%s:’gt%g?:rn%cﬁégﬁﬁe%o
for mai M enemce. RQume and Thaobrbtgeeaticd MAMIRASt BatYplalo for long

vitrification.f %Aﬂa%'ees nrikNW ¥ast& tg0es édﬁ&n@lﬁebbﬁfoﬁeﬁpwﬁ o
vessel where silica and other glass-formn mat ials . are a dgiat ';te

m xture is RIRSITSHEAt e@REN@TPRE.SFrof § eHe AT Xt *Chelf potr &

| ar ge st ai nd@sSorsd eelaczontiaianens, cmonlta@nandUmedalkﬁlontaemopa$§/lng
storage unti | per manent stora | ocat.i S i ed t
vitrificati o?f“ﬁﬁ PBper A0 AT aggor I?%nllgfgak%e g%ggl - cgﬁtgg?fm ngg ?
gl ass- f 0¥ m sigmiEtieantl $rablem edycinad Beckriafreathenevapicat ot inf t+°
(during prefreat pept) ¢; Ihe odi ssol ved al uminum in the formof sodium
alum nate, and sodiumsilicate species react slowy in solution to
form conpl ex hydrated sodi um al um nosilicate species. Among these
speci es are 35 framhhihes tofe anprgheusmahtni fesillicat esthe waste  is
(alum nosilicate h ol gt cr ted.
col I ecti vel §¥ RO g gf%)cfl?u%ﬁ?al !hérrrll n%ﬁéé?g\?ad A ﬂﬂ%ﬁ%gcléggﬁggst e
st r eans15 WO2008/ 09TEERCTHUS2 6081080207 cal & o Seahthi Ahi gt on  the

concentrati onse{MR t @r2MAOr £aAGHhEBY Ofiaid rahe andatidy i tariranss.

and very high concentrations to 16M i ne sec ) f th t )
of OH i onsEg L ELBEOF Got s §F%a$’r%ﬁser‘?ﬁ8négs? ﬁoecrog‘teeg%? q? St et g% %?é(
al um nosi | i pat 1% s)cﬁataesaAsScaalbesaﬂucﬁ ,preedbitaisd uniegeseltatitng séapere
formed has gol owW.s | ubj I | ty in the al kaline HLNW I i quor. Al so,
sodi um al unt fosiTi'cate scale is considered to be an undesirabl e RLNW
product2@ue to the incorporation of 10 radi oactive |anthani des and

actinides into tie alyminesikicat@gcal @ame sgd_s uctt@r e3vﬁtr1df1catlon
copreci pitation of sodiumdiuranate. (Peter

A, (2000), f&etliidhedr uFaNat B2y E6d umal &mﬁﬁgg?ﬂ 85?%arparté'8flp| ?a?%:ion
testing restﬂhéﬁa éABRGaTRnaoeﬂhémJga&,ssV\éstmm@hmwr&Marﬁwh sRidgdr The
Conmpany, 15 Al ken, h £, r or; H ed
facilities To M nﬁszé:)l} frfe%e}:1 o 5&? t%{_ moq(égfﬁcﬂg%ﬁln% tlﬁoét%egﬁ?f. ng
from al &% nostd i batae sﬁi@dlééesﬂ'hﬁl%ee]i {CWEALBRT TeefP HIREt AngodPyRT 11t
al um nosi | i cat 6,568 esgboMh hasia si gnidringasit negatbye eanaibe ahs
oper at i onal |rrpact on the treatnent of nuclear 20 wastes.

Therefore, PELSUAYD be desirable to provide a solution to the sodium
alum nosilicate scaling problemin the nucl ear waste evaporators.
Atenpts 10 S0 e dneyal oieieplianed nhobl Sgéréf@i\e% | 6acho2Bi L0 bimtked
success see W/ nar and cowor kers J. and
Dukes, %0 Hi-¢R0B3)inRemdyas-Trmdpgi %heﬂamﬁ Hi"gh- HW@FQ%EFER Tinfl

streanms Vi atfgr rdwdohraesyl ajﬂlctn 5@&&[@'{ ipeetBehtmeb@GhNOthe 4,ssbitdd
These aut hors have exam ned_th

erric nltrat to.r
{Fom sl ut BhSG LRe RO HIBt o4 Ferrit SpPBerpitaced phobFfaiisghes
reduce or ekpatiat eréde: f olomty onnofsoahtiemospl |ﬁ§>a‘me aowlex AIYEiPiéE@%

this approagh,nas SOfkOBLLLscdder Splessl il lankhg dirpasalslcitbe are

hi gh-level ferric precipitate to deal wth and an additi onal
filtratPon Gantlisper atfon a9 PRefli r e@lUp ReP 1 INFARSS R WP HRTRYTF L G2 5e
T. MIls "Rgsulds19f, Aldamines) | b6ad Biderhi biddorcabesthnges collectively
known as “sodium aluminosilicate”. These nuclear waste streams
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10 The present invention solves the aforenmentioned probl ens and
others by providing materials and a net hod whereby pol ymers having at
| east 0.5 WORESIW®WF1t he group --Si (OR')s (where R' i s HCTAR209B/RIPRO7
group, Na, K, or NH4) as an end group 15 or pendant thereto are used
to reduce or elimnate alumnosilicate scaling in a process having an
al kal i ne process_stream such r ul pl bl | I ghylyewsd
nucl ear was?olesoevcé) 5?5??8%\8%S%Z%egjt{%ﬁgg{nﬁ%nk@s‘??%?n% ]\f/@%néarrﬁ glrh)inél s of
the presentnitnesnt pod RiEridddd@nto aRdseer20 hilAAUSPRGAtTBESRRSSIWP o

streans, theyy rgducmeandceyens compiiet elankpr e¥eot™ f oyt itaesef factors
alum nosilicate scale on the equi %rrent syrfaces. Mreover..

J t he, .
present mat®i9HLY @ CectiVe AECt r ¥t meAPeEolceRtr at 1 ORE F hat * ke
t hem ecanond &dld.y apr actrbsalt, 25HJdDEFARLED OESCREFH AdaOF ThES ANVENTI20N
The present, i nvention is dirgeted ho.2 fBiENqd,and materials for the

e

CwW_ SO :

reduction of"aI"im RosI T cat & cont al ni ng scale’in an industrial
process having an al kaline process 30 stream such as in the kraft
pulp mll procegssstreamuOhianh@hiilieyet suwcleedas wasdivlctreaatoesdt an
stream The process_streamto be treated can be.any .proc trea
having an atiEASiiePtonditidn BRFTH wiién 2%0al ?Cr%‘ge oclélﬁog,ggéa}%:onbl ;Hcfk,
green anml whidigakiguer sargfhahheéekrafd aptovedss omta hhghalwvaklshbictds
35 waste eVécPagfef‘g:'agEeQ{BE&%%eét gﬁé%opreciFiggﬁolﬁeBhogoWrd'i§§§ne§ih§

step of addin process streaman alum nosilicate containing
scal e i nhi biPétrysampuRt 8f anpoPie@ae hdvi g -at(2PB%t B HHoe W4 patitfdnt
thereto a group 4q4:WP 20084026 71RGH U2008) DEQ204 okcenthygr edpults,

containing --Si (OR')3 where R'H, 01-03 al kyl a%}éI N?Q K.or CNII5I4am;|'he
amount of - PSRQER-Y 80P 1t Conal Nery LpYANER i 1 ERE Bol VEF " wi P Be™4n
anount saf fAckent senpught tic athireferd, heledésalrlad floestli% mrd léahes difge
froma little as 0 9,2 0Bhe 26 0f NG Lotal) (RNOMEr, ALOURS RE ERENErdD

it w

: e %
t he pol yrrermjtnoméLszenuc éghﬁlﬁ% nol egs. However 'l be nost

economi cal @biusest héca wastcarmsunt Thigoessar $apo Bf efRPT hehdfesi Pagt e
r e|SU| t Si‘l Thﬁllﬁﬂ'ﬂ%@?ﬁﬁcﬂ@l yeher ag%é{wtﬁ{ e&h%rsed al Nistiyal ficaas t hléﬁative
silyiether derivatives Polyner--Si (OR")3where R' = 01-03 10_.a

aryl, eg Pof§eRMLc. SRAOCHSER T 8% rlrifpc%‘:)?maof)- RSN Cifl—e@)%ﬁm}t The hii¥lear
silylether desiasati ves nmay be added directly to the industrial
process stream %#Q?%ﬂ%ﬁ%&@ Qyzed; L Q1€ 51d:a09ke dLT 1 LBE LYV Esh

to form polyners © OW ng generic structures,
Pol ymer - - Si tOHEe |, s @bl wymerlinspeeNac3 te PeFyhErS -PrE1ei( &R) Shegpyclear

Pol yrer - - Si (LNHA)-3 B8t pf&-addition to the process stream It is a
conveni ent feature of this invention that any forns

of .the e
added to the prdd¢&s®PEE rigam® The Hol 8LGF P NeiPRE T0F° egsp%?vyeg?’éag
shoul d b® ato | sagtcaboutcsB0 seavst lrprreh earablopwat ké eastiidbauth,1000. 20
In a preferred Qdi : e PCORt ai NigRG, - -raldvIR' 38, s Wheks
R'H, 01-03 {él kybﬁmgf y??%a,a%g ch)'rgﬁﬁj’m éorrb'ri(syes %1' roug a(;corsdli ng to
--G - R - X- - Ron $iigbR y B Wheste Gtramgsgrstpt e IS RRPCBYL201°R = no
gr _ngy Co, %@p&ja‘tngg §J::k.y|T§cgﬁoP.r, ayoy ! ':L—?_(lo.: Tgl(%sgrlmo olidélﬁhaee NH,I
am de, urethane, or urea; = no, group, . 0, - : or anyl:
B R o sk ey R Rl Fenove (i Y ramdtalliKlen
the gromp isn-tNHfoRn-E -aR ferBi¢ QRSB pinder.e IR créer grooupdu@: G1-010
al kyl , or acyl;: X.3 ~ 1. den; HEethane. Of, W eai om0
group, O, O%%ljdffﬂéé:lekg?? M(;(]’rmg%%? gfr?& R'I'nl= H, O1- 83 aai kyl , aryllrg, Na, K
or NH4. thig ppenotplerheanous mai i hehpot yite L bl IRECHLERR® IYr Gdp i s
pendant can:gOMIghSeefll | RASH cOpLdlififagend @ewhi chci R@dpendant group
'S attaChedéddEji(teiré%la?r }_‘{iP‘c:orlax:r:{ggsur?iotn%rpleggpgonatis required. Also, W.

35 R.Wilmarth and J. T. Mills "Results of Aluminosilicate

Inhibitor Testing", WSRC-TR-2001-00230 have proposed using low
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35 | east one nitrogen to which the pendant group is attached incl ude,
but are not limted to, a polynmer according to the follow ng fornul a:
WO 2008/ 09Y62a8E17811152008/ 050207 - f (CH2) 2- - - N) . 4- ( ( CH2)PEZIHHS2098/050207
R--Si(OR')3 5 where x = 0.1-100% y = 99.9-0% and R = no group,

C -C10 al kyl, aryl or -00X-R -, where X =0 or NHand R - no group,

01- 010 alkyl ?r¥|We%#y% E%%po A&sfgé §§%ﬁ@ EXlefU&QS1fB@-HﬂﬁWO% Bl

wherei n poI rs accor to the x-- ( (CH2)
2--N ) y- RucSie( ONa}S nwiver éOXb& G Esga0hoNy = 99 5 80% and R = C2-C6

ar e( pr ef erred, Jeﬁuén@'né%erlgl Iy Mdﬂf@ksa@%@hdmﬂ@al ankhefforimika:
CH2) 2- - N) x- -

- ( ) D) 2- - N) wher.e
y - 99. 5- 80%%}08 éﬁ?écﬁ‘%“&lﬁg “&élg’mﬂcatﬁ %ﬁ%t “éad“‘ﬁb"c’n%l|‘“’r?”en?m‘g?(?f“/Q
pol ymer havifig pangadisdheneptodegrouphare endhgrolpliupont ad riawglen

--SI(OR")3 is fderl velgl fronggnwtpmggtﬁgpeqowgg‘g dzable; fonones -

cont ai ni ng The §r Sip s H = 01-010 al kyl, aryl,
Na, K or NHEesedticsaoptritogake§nTopol yneri zed with one or nore

addi ti onal polynerizabl e nonomer(s). Exanpl es of such addi ti onal

pol ymeri zabl e nononers include but are '

not _ | i H‘H@g
vi nyl py}fr(qr/lol i dolne grret h) acryl é?l Fﬁ"ﬁ%d ¥ ﬁﬁﬁsf acryl am des 30 such
as N-al acr es or_.acryl am donme r.Q A s
(met h) acryl i cyag% BhgE LU tlEX et esF:’I‘;sL %!%gcr eegg@g,@g{kefn% g%(g%%br%ﬁm
acet at e, acayd erherslley raodidtyy emeerPaks jang arIIﬂ?tfp?Cbﬁ*fé?F%W

unsat ur at edp@ggjﬁqgrhg@%e JTONOOEN § GORLBd N rag aﬁe gﬁc(ug?—)& gireyps are
nonomer s of

mul a VT. Formul a V: Fornul a

(CHP=CR ) ( CHRatR R CEXRBi CORA} 88 ((OR*P8 Y \ihePE ‘?5*41 B 109 AFRA

-002R", 15 CONHR dRazn €l thkRoabkyl yseaar yb, ré&dudMor eliminate
2008/ 097671ECT] US2008/ 050207, X = 4 O3 easgsk%m% AHH RO N or
Exanpl es of psactsspetyemer ssuchckaide Krafo- p@#ﬂi@ofﬁéiym ¢ gl level

trial koxyvi fyl il @Q§§té% %%% %‘%@bé@@@é@)@n@r&ﬂmﬂom@mf the
formula VII: Fornul (p
materials of the present 1nvontlon are added to these

20 industrial process streams, they reduce and even completely
prevent formation of aluminosilicate scale on the equipment
surfaces. Moreover, the present materials are effective at
treatment concentrations that make them economically
practical.

25
DETAILED DESCRIPTICN OF THE INVENTION
The present invention is directed to a method and

materials for the reduction of aluminosilicate containing
scale in an industrial process having an alkaline process

30 stream such as in the kraft pulp mill process streams or a
high level nuclear waste treatment stream. The process stream
to be treated can be any process stream having an alkaline
condition and in which scaling occurs, e.g. black, green and
white liquors of the kraft process or a high level nuclear

35 waste evaporation process stream.

The method comprises the step of adding to the process

stream an aluminosilicate containing scale inhibiting amount
of a polymer having at least 5 mole % pendant thereto a group
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10COXRS1(OR')3 where P = H R =-CH2CH2CH2- , R=H, X = NH and R' =

H, 01-03 alkyl, aryl, Na, K or NH4, Mnoners of this type may be

copol ymer iweadoogioem7iany ot her 75 pol yneri zabl e nononer s PETIIR2088030MGs e

descri bed above. Particularly preferred copol ynerizabl e nononers

i nclude vinylpyrrolidone, (neth)acrylam de, Nsubstituted

(met h) acryl am d S d al 1 s; or-1est eq1sc,and

mal ei ni des. 'Parti griglépr crg))n%g'{r%(er ed%%?%@l;sl- s‘{fj%eé%l t§g,t ezﬂ Zglacr 3-(LI anxlades

cont ai ni ng 4=v20 Har b"f@rPra'NBms Fhehame e hyT HetQR anityaotiond

m_ BI' di :Tet hyl.llu%'sre)élltamll\l_qghe F‘b@?ﬁ?’ﬂ' agnyl Bﬂﬁe aFHBﬁﬂﬂYiLaiﬂlyih.aﬂm da&],ouqh to

utyl acryl ami de a acry am.de, exyl ac

N- peny! acr yAHhiSy&. “RE SHEEdr qae ‘:? ‘% 2 pre erreg enlbl%lr?eﬁts 2>

pol ymer sacooyich l%gofotlt&e;ozslfmnmiea groups present in the polymer to

(VPD) | --CPV - - - 4 1t

CONI, BV ("@) 35 IS Rt Lo gg},]‘lé_w i g m{f_tleggg/ﬁr?mza E 20%
and MH, Na,u3¢ tReieasid awouﬂtweqyf%mawmlelarwe 1T8d GreNHAS : P =H
or CH3, L= F‘!?'heorpo@irrgﬂ@ a&lekﬁkefcﬁd‘aﬂlyopr@ézﬂdd@yhnlﬁﬂly' as the

G- R--X--SR--SI 03 tlv P er—-ggl(%?{" erNeB AOL gl
group, 0=0,5¢.Y'61761 R ?ﬁ a?rlyf“ 5S4 8B 735107 N,
ami de, 1retdiang, eryly esy PRlyusemO“gn-d)Q‘{SﬁzCﬁa 3010301?@lam<k15/1 Sldpcﬁif)yl
and R = H 01 SQ§¥§H§1¥4:? R at Nas lﬁaQrbé\‘%d%deMP&ﬂ@ aonoaity

derived from substituted or unsubstituted vi ng n%;ro i done_ nmonomner
Exenpl ary pblapsgirsahreraiems- S bFeadopsl Ve degf Peney g ere ¢ ‘Cohdfoner s
of formul aesMdno1 MO 2008508764 LREH HSZQQ&/SOBGZE)He Hmmukmg/lqemerlc
(CHP=CR ) COXRSl oR') 3 e - OH201 - R=H_X =
NH and A" = & gJég,sal @1ym8Fy|£‘ﬁ§)3K' 5P mé?‘é&ﬁ ol y

accor di Tty t@LUhénghkbwmmgméxﬁﬂﬁﬂ @NHq); before addition to the prccess
10( VPD)(CHZ g?}, le(nqtea%ez oyl tﬁls invention that any
CONHCel i HEEH“ 351 wherein w = 0-90% x=0- 50%

1=0- 90% Z=2f Sthegsl éom&aarﬂ@mse SHEEY e Bxampregss streamp %*??ot her
e”bOdinent,méﬂéﬁﬂlﬁﬂeﬁei53%06$lﬂﬁbtpblbherfﬁﬂdﬂﬂdabe at least about 500,

CH2 " - 20 ODOR
C(OX- Rﬂ| (‘%‘j??t) é’ré%g‘%%g%ﬁg% 2%5‘% (eﬁé&w —( %3929 % x0.1-50% vy

= 0-50%0z - 0-50% and = 01-010 al kyl, aryl, am de, acrylate,
et her, COXR wheri@ X—Qrwewqdaﬁlﬂb@lmeﬂt I\blne IQYONPMCOYGFPJ{}}O‘J atkyl or
aryl, or any; R&s;h@ %,%ewa@rt it yenti-ce 21N ,,N&meﬁg HF&:lt\lﬁg al kyl or

aryl, or O; d1-10 al kyl, or _aryl; H, ?SL(‘ awllt I\@
K or NH4 orC‘i’IBi?%eénaa‘WFﬁ}m PRECTHRS TR “‘GHR"of a"l K
or NH4; and=Dm I&BﬂazpperQQNRmhefemnRRﬂf ;;oH;rcﬂ@ 0280alkylcl- 01@229(1kyl:

al kenyl roaryl h_t [ t hat .al | R haad 30 Rl.graups
do not %l%ve e t%e s]g Bé éséke’dtzb % erdgi'n 1go yrrers accoradl ng
to the for malee:groiCEXOHQIWCI0 (2 0H)l, or aryl; and 1-C3 alkyl,

(CB)) x--1 (CRyr, () kVsk (1) ---(ON)) 3

In one embodiment, the group is --NH--R--X--Rf--Si(OR")3,

no

where R = no group, 0, €1-Cl0 alkyl, or aryl; X = O, NE, an
30 amide, urethane, or urea; R’= no group, 0, Cl1-Cl0 alkyl, or
aryl; and R” = H, C1l-C3 alkyl, aryl, Na, K or NH,.

TIn another embodiment the polymer to which the group is
pendant can comprise at least one nitrogen to which the
pendant group is attached. Exemplary polymers comprising at

35 least one nitrogen to which the pendant group is attached
include, but are not limited to, a polymer according to the

following formula:



11111 35COC2NaCO2Na COCO2Na CO2Na i i/ NH (CE2) 3Si (ONa) 3NH
(C4119) where w =1-99. 9% x=0.1-50% y=0-50% z=0-50% and 40 Q
i s phenyl ,Wageps/0976x112CHQ w HCH) (CH) ) x- - (( CH) - ( CH) ) yr - BCHjUS2008/050207
(CH)YL1.2-((CH) (CH) )Yz //111] COCORNa C2Na COCO2Na COCO2Na C2Na WO
2008/ 097671PCT/ US2008/ 050207 NH( OH2) 3Si (ONa) 3 N(CH2C143) 2NHt al | ow
where w -1-99,9% x=0.1-50% yl+Y2 =0-50% yl and y2 - 0-50%5
z=0-50% and Q is phenyl are specific exanples. I n anot her
embodi ment a poryﬁﬁﬁzaccd?drh fﬁéﬁﬁﬁéyfornula 10A-0- (OH2CH20) .
(CH2CH (CH3) 0 ) y(OH20H20) " where x = 5-100% (as nol e
%, vy and z = 0-100% and at Feass[l '§Re’ A and/or B unlt is a group
cont ai nizng \Irkli@:egl’xOHpO sk 1$i0(%CR3/)8 oomldepe; Hrid R H, nChr@8ral KyiCllaryl ,
Na, K or J ar pol r | Hdes no group,
A- O- (CHZCHZ %éﬁ%cﬁ’% e )ggggsf DO/ BB By L HOSE mo gpour
R-Si (012" )3017md3 »1lkyh ar BgYl4 a;nchb” 95 %—éﬁdalzkylfoarylso N3 .K |
copol yner ofy gt b ens, %6&%%9%%0@6@@1&@% exk deorsubstituted with

-Si (OR') 3 groups, and 0 (0112CBZO)X(CH2CH(CH3)0)y(CH2CH20),-O-B

in whic and/ or x-lOO/q y =0%and z = 0%i.e., a
hormpolg(?‘rer of ﬁdl(ig?ﬁ;?l e é‘ o>‘< %Hé} UBS¥ituted with R--Si (OR') 3 groups
is used. I n anot her. . pl ment a polyner prepared froma

pol ysacchari de or pol ysaccharl de derivative is used. Any 25

pol ysaccharjgde .4 g whhch the Feﬂd@“ts-st)@' LERR 3 gratpsireaprdesatbached
may be enpl oyed. Preferably saccharl d shoul d be soluble in

t he i ndbst rag ‘ﬁ‘reééégsp%ltyf“(-%ﬁ] %‘El%orf 893 kT ﬁrf“b]i ig mi |l process
streans |iquor or the high | evel nuclear waste process stream

Pol ysacchari des -ugetn)) .- t:hir$ (CHwentNen-30 i ncl ude but are not
limted to cellulose and/t's derivatives, such as

hydr oxyet hyl cel | ul ose, hidrbxypriedylixel | ul ose, nethyl cel | ul ose,

hydr oxy%ﬁhtyl cel l ul ose, carboxynet hyl cel |l ul ose, starch and starch
deri vati vesvatish ¥as BabiatiicYstai el 8gEarte dESCLAhS FEYPrThs,
xanthan, agar, 35 ecabtRgeendbdancht heel péEyndRahti-ouf aenyapt effermesd
are starch and cel |l ul ose deri vatl ves \wher el he reac t ..0f
hydr oxyet hyF c&f Tt 68e®Wi tH “SPgF i THORYr op ]I(totﬁ ﬁ%t ﬁgx%ﬁbaegfe%?gﬁaaﬁ
speci fi c exangpdteiratWd Q@H&l@@?@ﬁl@@bﬁ@@@@@rﬁ@%m@! the 9TREP pol ymer s
used i n,§ he_i aventd, on.can Re made dinceo VAaniet Yasfl, was. x For nexanpl e,
they can be nade by polynerizing a nmononer contalnln

--Si (OR) 3, 2Wherse ORtl@nﬂlyc:EOES wre g, WHER [OneNgT 0 ﬁ@gtlosrpﬁch as
for exanpl epalgid-AranI®NMRIr08) Copahyles | o rsgcsumima;mnﬂbrrer W th
one or nore_cp- nmno Suitabl e sila 0 S .. use.in the
present i nv@%f%eﬁlzﬁgﬁﬁdﬁonogﬁ St & ot Egtn% %E 1ot

vinyl tri et hoxysidyame] igomyl tirkhiet doxyisivdne, N"’P@baliiwtteﬁ 8RB deEne,
but enyl 4§ | LAY hadeyy myg&ahhd@scsow Q6L HODGORYL LAY ALAGKNSLL AN o

triethoxysi | st yr ene, [ trimet hoxysi l r acid, 2-
p- yac1 (ﬁ%th)acryllc a01 and salts oOr es e s é%éy %

maleimides, vinyl acetate, acrylonitrile, and styrene.

Particularly preferred unsaturated polymerizable monomers

containing
35 --81 (OR”}3 groups are monomers of formula V and VI.
Formula V: Formula VI:
(CHP=CR'} (CHP=CR")
/ /
COXRS1 (OR”) 3 _ Si(OR”}3

40
where P = H, C1-C3 alkyl, -CO2R”, ~CONHR

R Ccl- Cc10 alkyl, aryl,
6
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(methyl trinmethoxysilyl)-1,4 butadiene, N

triethoxysilyl propyl-nmaleimde and other reaction products of 15

mal ei ¢ anWyarP@@®Ad ot her unsat urated anhydri des w t hP&F{US2008/050207
conmpounds containing the --Si (OR')3group. These nononmers can be
hydrol yzed by aqueous base, either before or after polynerization.
Sui tabl e co-nmononers for guseyi n-{the. present. bpyention include, but
are not limted to, vinyl acetate,” 20 acryl onitrile, styrene,
(meth)acrylic acid and | #s=eSt ¥y 6F WAlts, (meth)acrylanide and
substituted acryl am des such as @crygl am}dxqrratrpyj pregpanes uif.,0ni ¢ aci d,
N- net hyl acr yl am_de, Ndi it hyl acryl.a et hyl acryl am

N- pr opy!| acr‘%}f%laé S §8¥ erg ngl‘ﬁ-% i f“acry?agn%oﬁg?%&es of

N- hexyl dcr y&:amldezywnmlpheﬁylsimhybanﬁl}ﬁec*iw &QWF%Bylaa?ﬁ de. The
copol ymers nqa{gniakéoopeaw atincopapers such as pol yaorylic

aci d-gpol y(vinyltriethoxysilane) and poly (vinyl acetate-co-crotonic
acid) -g- pPASHNENYTE1i et hoxysi | ane). These polyners can be made in a
vari ety of sol vents(ciEslorents suitable for such use 30 include, but
are not limted to, acetone, tetrahydrofuran, toluene, xylene, etc.
In sonel@ases the pol yrmaRsiigOBOIaubl e in the reaction solvent and is
recovered by stripping off the solvent. Alternatively, if the polyner
i s not sol ublers nPtheir dact réwCEetieant , R thd prddudti P8 BEGvéred by

filtration.cB3%3Sdhkab] e, tNat af $:f @, use in the present invention
include, but are not linite

2, 2f azobi s( 2, 4- FPRERRT VI épbf‘IlWHeI BpY b fopolymerized with any other
2, 2- azotd mm@uﬁymmlé |rdoapmbemzfm>dh perihisde deandi legneheve .

hydr oper oxi g, i, 2pPY NV Thod! ag ﬂgérltéaguerﬁéﬁa&efswﬁ@m@

pol ymers use U ATt e S vent | on reacting a conpound 5
cont ai ni ng ‘alnjdswml)@r@no&@e%ls) 'G\Néb’ﬂala%d@a Nééé@?‘%ﬂé?‘)éﬁéup t hat reacts

with either n@et%‘?@@@?iarﬂ{d@ép %e@mal@l@ nec A ahdait '%Xlsslt@gsrp@lsyﬂeﬁ

For exanpl e, am nes and sa an b cted with a
variety of ?Hﬁﬁ%ﬁﬂ%‘l ot aPhh gllar(igl Efﬁg %‘eér Btips tS %ﬁl Vel yner s
whi ch can baa:madllﬁes (id’iﬂ:alﬁlnt_mv‘EmOI oarb@uiattabk esudnetsi ¥e groups
i ncl ude, byt ar Eia@%]rérﬁjbr Leg, ﬁoda@takp{érﬁ%wlsl@ G QR 1 SUEN. A8 b0k~

exanpl e, ch or 0] or onet hyl | ronDun ecy
The corrpoun@r%ﬁ?aiﬁnlfﬁgld&:Sﬂthlmﬁ)lglcr&aﬁ“&?nt éh ﬁmﬁ%cé?ﬁéﬁw e, N-

functi :j ona: |Eé/xy%la%h}y@§mﬂieych\ld éxyplraca@y,hamﬂde?, POXY B ry 1n2de 15
epoxydecyl . or
gl yci doxypr opy! t'F ﬁel?’ﬁ%%sr g )%/‘?‘@mgxba‘? HRSF| 3CPTErERr 63 ESmpound.

The reard i vﬁ:.@m&ap can al so be a conbination of a hydroxyl group and
a halide, such 3% p !&{ro gp)hydrg‘.)&pggﬁyl_h glg) ,‘[Bg r,,e,actl ve noiety
can al so contain an |socianaté‘ group, as |so;ayanat opropyl, or

i socyanat onet hyl that react cbgrform acd.m,pa | i nkage.i (br~pddi tion,

si l anes contai ni ng anhydri de groups, such as

triethoxysidndRr apyisseci ni=c1apdwy,dry=deses ¢ suit abl®s faor use H,nNagki ng

the polyners f t he. present 5|nv ntlon gl € Canp
carried outé'ell\&tr’ie gﬁ orﬁi n(’zla sw ]a%ll e’ ;[(/en ?IC 2@% f}iaon ot her
functional ¢oups, sochclasldl kykyhr cups @Jarﬂrb%ékaélded by reacting other

am no groups .Or__RLLEOgen ALOES (Of thaqe%llwr@r Wid rah{sylmmamdear 0;
epoxi des or isocyanates. The po I am nes can be nm by a variety gf

30 net hods.R Théy gaABre e by” Crlonal’@p]enuor’fgaﬁb}yﬁ‘er. Eat%(wpcﬁf
aziridige of, sigp bﬁid@pmuméiﬁe Theyrahs®/'cannbegrmge by condénsati on
reactions of ,ani nes h as agponi yl ne hy d
et hyl enedi ath e ett. @ %t haflceiactl vfco%%%n&%ggﬁ %rﬁ n‘ﬁg KR By an

1, 2- di chl or'é& Hane, mepi whlderbhgdrinem epbridmbsRGder MESPARETEISA | ar
COITpOUI’ldS vin lpyr?@iycf@{esmgg&g@é n'EQQmﬁIQS%dg&g nEFOURS Bakober eacted

wth a variety ounds containin 3 to ke POl ymers
f‘opolymers of one oOr more comonomers ox formulae

7



am nopropyl tri et hoxysi | ane, p-am nophenyltriethoxysilane, 3- 1.5

(m am nophenoxypropyl)-trinmet hoxysil ane, and gamma-

am nobut yIWO 2@8ig%yl si | ane. Ot her functional groups caRCHESHEed2470
the polyner by reacting it with am nes, alcohols and ot her conpounds.
In a preferred polyner for use in the present invention, maleic
anhydri de isﬁot_,gl%lgn\pyld:ri de and the 20 co-nononer is styrene. A
preferred silane I's ganmaam nopropyltriethoxysilane. It is also
advant ageous to reatti¥die) of the anhydride groups with another am ne
such as di et hyl am ne. The sane, type of am no conpound containing an
--SI(OR')3 25 group cdP* b1t 83cted with pol ymers contai ning a pendant
i socyanate gr.oup, such,as, cop _of, for, exan ,

i sopropenyl g’l’hr?etehyléb“érq{z’y%l §oc(?/%ef%lézillrfed’eHszahdR Vi r%’/l Séi g@*éﬁ&ﬁ%t e, wWith

co- nonomrer s Bhel ddi @;Chetknbt vt Be th cxvNAyhareitat e, styrene,

acrylic acid,o;3pdr-aciylamide. cdhese rpol %Bis reamual:so 30 be reacted
w th ot her conpounds such aS am nes to enhance performnmance.

| socyanate functional conpounds with an --Si (OR')3 group such as
ganma- i Socyanat dPFBpyt tFinetHexys CrHén@%cYan a&gg% ¥ eacted with

. / .
pol ymers cont ai ni ng hydr ox ups s as 35 l-yzed-: A _(vinyl
acetate) and copol yners of }év?%ﬁlacet g@(—:-havmth ot %{}chr)éﬁ)(fgrégg%y)d her
hydroxyl coptaining pal Wmr sx-glidsablegfaysy userifnelisde, sbate are not
limted to, polysaccharides and pol ynmers contai ning

N et hy}ol atidaiddfdexamples. | n the present process, the anount of

pol ymer added to the process stream can depend on the conposition of
the 5 i ndustri alinpsosess stbeamedre., ga o Kmefrt apadpiimg ol theprfocwssa or
hi gh |l evel nuclear waste streans |iquor involved and generally all
that is requj LS _an-a) umnoesilicate. ¢ LN} sca i-nhigbity ng
amount §dher e{)(?gg??\)wgggjcéﬂal f;ﬂtﬂﬂgx pol yner ig@p{?e?tlﬁlgﬁl y‘lz(;%{c}ed t{,o %’he
process streamin 10 @ganogbgagd siand~ py agddrcatdy favosabl eo,v~
concentrations. A preferred con_gentrsé%on i s ggﬁgthat_ %}§ (?;,eatn%r t han
about 0 ppnfttealiott 1 3b0 “pfm * ror’e Tpréferabl ¥ Ph¥a on ent Hat"8n t hat
i s greater ¢hamlaboutaXaapnmetel aboitle50agpheand aostr, pteferdisiry Khe
polymer is ad t he proces ream_j canc rati.o i-S
greater than a 03{1801&@%% ggéb%’uﬁﬂio%gprbnﬁ)o 'ar%%g%o?gn‘%&léatﬁkbgn%cr}g%gr
di rect 136 t oswpriicndust i a NPr ot gdeser Barfiviler el istalarngrean G&clr,

e.g. in thegblaek_hbauar,1evapoyanior s~ofut ha ksakixpyl pri) INaNgx or
process, and in 20 green and white |iquaqr, préi)c%]is_%étrq{aqs gf 1 hat
process. |tV OB erEer 8, AHEREVE? 1i5%da the poltyerito'a &hkrge >
stream or recychNg, stneam orRl} oquokl lviadieng R =t He 61-d810 kilgubr Cl-
gvapor at or . ML hhe POLYIER! A Recagfad o hhe dindust ki alypr geess
stream at any tine during é process, it is 25 preferable to add it
at any thnvihiemstppointndinbelie pr beesse bemsreisr vkl A§daPpPiicdat i on

of heat. Uspal)brst BEPRIMIEE. I Eheaddeuisavedi ately before the
evaporator. Exanples 30 H gh Level Nuclear Waste Conparative Exanple

A 35Preparatjon the react] produyct o yr mal ei.c .anhydri de

copol yner vﬁ{quggéy’l‘ér_ri( ﬁ%ﬁ(éﬁgér a(t(lg\gg Po)fcﬁré?’ g\&?{)s a é}%IZI ows: 10.0
g of dry. styrene/ mal ei nhydrd de c LYREr (SMRyo M tdy. @, ol e ratio
of styr%Sne to maleic arﬁj‘?;ldri)f 2ebiaof a %Ebta /%81 and Mz, about 16, 000, is

suspended in 100 m of NH (CHp) 581 (ONa)s  NH(CsHg)

where w =1-99.9%, x=0.1-50%, y=0-50%, z=0-50%; and
40 Q is phenyl, and:
~ (CHRCHQ) 4~ ( (CH) (CH) ) x—— ( (CH) = (CH) } y1— ( (CH) (CH) ) y2~ ({CH) (CH) ) -
/

/ / / /o7 /o
CO  CONa CONa CO CO,Na CO COzNa COzNa
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toluene. A solution of 1.72 g of butylamne in 10 ml of toluene is
added at anbient tenperature. The m xture is refluxed for 3 hr. The
solid produetomsdmiltered of f, washed, and dried. Thi sPQTAS0050207
pol ymer contai ning 53 nol e% styrene, 5 24 nol e% N-butyl half am de
from mal ei ¢ anhydri de, and 23 nol e% nmal ei ¢ anhydri de. Conparative
Exanpl e B 10Preparati pn of the reactlon product of SMA with tallow
am ne and di et hyl an‘ih[é jve r B) |l ows; 100.0 g
of dry SMA, with a np (ec@{?grgpggJo% N ge) DRLAZLHP

1.1 and Mv about 16,000, is suspended in 941.7 of tol uene.

sol ution of"EFe2wg=tz19 -G atithel 2Hd- 18197 5955 fretty PAT ¥re 8 é% 2 g
t ol uene § s addedsat 2@y Q@tpm@meb&bugﬁearfdct deanpixtsure is then
refluxed for 30 min. The resulting toluene slurry is cooled to room
t enperature and tIhe atq%erdem 5§1lmrgn>1<;| n 13’ %lgo%gco?r%qn? 1(;)f t1eY0 aqueous
caustic. The tol ueng™{ ayer 1S separa e residual toluene in

t he 20 aquebusrughase is renoved by distillation. The aqueous sol ution
is further purified by ultrafiltration using a 0.2 pm hydrophilic

pol yet hey sul f ong-bilégenand (thnen (tnpezentesd)t-agbtain the dry
pol ymer. This gives a polymer cont a| ni ng 53 nol e% styrene, 38 nol e%

N-di et hyl half a de fro n drlde nd £% I 1 ow
hal f anide from” F%i}&‘aﬁ]ﬁg@(# @‘S %pge{tl Yy ah % H@) o b2

Pr epar at i onLesfstaccepblamigprof uk-itters- @cqgﬂuavcpymmrd@%h@e awftoylpl t-acid
(Conparati ve Rpl-ymer 0} i §” as f obh ows:51281 g-Acr ¥hi Cx apd @n, 2.132 9
N-tert-octylacryl amde, and 0.14 g 2- nefcapt oet hanol are di ssol ved
in 12.5% DMEdanBXS@JBEFYgSHF%x%’?é’m&ﬁﬁ Pifr'g€8/wi th nitrogen. The
mxture is zha&teﬂzdfgosgcﬁ&ﬁ@a@dopf(iﬁzcghmz -0~B in which A and/or B =
2,2' -azobi i, val efr oni r|Ie in 3 di o e,is add JAfter
6 hr at 755%2531(92 gie Lijre |s£cooﬁt %. v:bng ?Re d)e%l:&r ed p(gl yggr in
sol ution. This @i vesclynpol yﬁmtmeneommmlang TPy lepEed%dtEr yl i ¢ aci d
and 26. 3 mol.gilcherd aplerl 361 Vb derduanplia L - Pol yrrer i3

Preparation of the reaction product Iam ne and

(3- ani ridpr o) CHrERROKSRFaIE:t O @F@@Hao)pfopyﬁejrn \Ioihtlﬁ 12 19 Pl ane
contai ni ng mqmﬁr')yru t-s 1@5’91 YHBY i) ahs 28.8: foal ioe/vs, alBofowp 1gfnedr y£
SMA, with a tio o0 0 . , 0
and 14,, abo ye% g Ox§d§u§%%gnt ed %ie%’ll ki m%l Ele%ou%ﬁ s%ﬁiﬁgteidén
of 1.72 g of but yhammeandmlﬁ)OQLlnegltoﬁ }é@l}amrnpmmgﬂd) frPetzhoxysi | ane
in 10 m Ofpgl?sléggﬁafﬁiea@qegoﬁsa@&h@@&e tRIReEal W 65 fheammxture is
refluxed for The solid product is filtered off, washed, T}%and
dried. ?hi spcgllﬁﬂ?‘%cﬁaﬁéﬁ/ﬁ’@rw%b?ﬁ &ihRi RSB o 84 'Y PefECUB3. P hibPe %
N- but yl halaft@mahaa Mpmerrainpl@ysmhwdéf@lﬁabw Bt €36l ysaccharide should
N-(3-triethoxy pr o e _from mal eic anhyd e, 221
nol e% nal eIHOC §'r? él\’% p%‘ﬁ fi?(‘%ﬁ?p“lrla Pr¥o1 Y me Jcr?efm rg%a%%% gﬁg
reaction prmduntlgoﬁllEM@rwctahs bt nglaaen h?eqxemd or the high level nUClear

(3-am nopr opydkt Ll-ethaxysiLape ﬂ&ggbgeh&mlsymm th 3h§s niQJv%%(%lon
silane contai ni ng nonomer units ol yner. i.i) is as

of dry 8vA gl abwolaEer BPFoljd‘flt?ijF%n‘éejtlbllﬁﬁ‘F et éﬁh?a‘??ﬂé’a&wﬁﬁ’out
1,|1 and Wfsu’:tbputs Hﬁjﬂﬁ@ethﬁl@éﬂﬂ@ﬂﬂged iyl rb@Qp adpydfcetlohesse. A
solution o am ne an 3

(3-am nopr op%]}ﬁh)yrzlﬁg%f‘ﬁéjfy neo}?yr}fufélﬁ?sl&l%tsof uene i s added at

anbi ent terqwsqb@tcumethyﬂmlsalmeot wtercs aref [sgredh fdurigahivesTieclof$ d
product is cta{éltogﬁgdsglfoh W@§Q§d1de§{[ﬂgaﬁir 'cﬁgiftr-:!.-ﬂés géa\ﬁ%ﬁaﬁ’- Q@a%ner

cont ai ni ng 53 nol €% st yréne, 23.9 nol e%N—butyI hal f ami de fron11
mal ei ¢ 35 7 carrageenan and the like. Particularly preferred are star

styr ene {6 naleic anhydri de of about

and cellulose derivatives wherein the reaction product of
hydroxyethylcellulose with 3-glycidoxypropyltrimethoxysilane

is a specific example.



anhydride, 3.8 nole% E-(3-triethoxysilyl)propyl half am de from

mal ei ¢ anhydride, and 19.3 nol e% nmal oi ¢ anhydri de. Exanple 3 -

Pol ymer i iwO0 2008/097671Pr epar ati on of the reacti on product POT/USMOS/0d02GT
but yl am ne and (3-am nopropyl)triethoxysilane to give a polyner with
7.6 nol e% sil ane contai ni ng nononer units (Polyner iii) is as
follows: 10.0 g of dry SMA, with a nole 5 ratio of styrene to maleic
anhydri de of abayt, doih,And 118 ahokho 16,4 ohSctsRended i o100 m
of toluene. A so g of butylam ne and 1. 66 of

( 3- am nopr o‘p%ml)ettwl @f HesEPs | Faﬁee%a@pie nfit cesl bededes izing
anbi ent t enpefalwee. cmlﬁhx@; ufres iggotpf +-uégdrf py, 3hhbre Rl"ne: §ol ¢H-C3

product s filtered ddrled T gl Vv, g polyrrer
cont ai ni‘hg 3ol 884 ‘tﬂ\%ényé 053\.“8 ‘ll YR BT ?Xaﬁ%ﬁ? 2 Eel from

mal ei ¢ anhychriater, 106 oo Yedk {B-rtr pe@hwyrsmpwy m@ﬁypnﬁa@# TRrE 0180~
from nal ei Crnmqlél d@u@a@ﬁejélﬁar@kn%r(%ﬁ@é@'&raﬂgé/qrd dge dbcdopranpl e 4

- Polyner iv Preparation of the reaction product of SMA with
tal | ow ani n@WeditéPﬁy}%ﬁ’ﬁuﬁj@ BRE 378 2RF nbFY IS FPri et hoxysi | ane to
gi ve a pol yaslyWrt Bride:8/sTakady swﬂr@nerc@@ttrmmmgamm,norrer units

20( Pol yper iv) .is.a )l e ratio
of st yrgﬁ r‘?ﬁlréfeih%wglapaél%%eé gﬁflﬁ&f& !‘c\]/ﬁiﬁ/v E%ut 16,000, is
suspended |mﬁihmid@mpﬂwrueh}eoxyﬁléehw |mﬁréﬁ“2@<§@1dytlaw’€ﬁﬁeam ne,

24.8 9 di eUWam0e, Al fads 0 (- 301 0oPreAN, ) tri.et hoxysil ane in
38.9 g tol uen!e |sgadr ng @l gnt%te erature and the mxture is

then refl ux@be?bdrltgem?ﬁwxy?ﬁéﬂ)eﬁl‘lt Pﬁba“ijtﬂri?ene ¥Turry is cooled to
room t enperaﬁwt&oapdlimro@gldedawmhdm a&mdlg)therab@.ﬂtlBGOPrld:dtoftSZ%J
aqueous, caust] o] uene .| ayer i r ual,

t ol uene'i n T%elacqﬁggh a8 ¢ }}eerrrﬁl%‘(saggg&%g %I dr%tgl %ﬁ&{ c;lhe °
agueous sol utrig@mnids q‘:mitah@nnputhéf |-edll§9R’(|)I3t<Blaﬂpl t?hﬁ%ﬁ‘oﬂ@?ﬂﬁas £ 2

pm hydr ophi Li qqmoww@r t:_{g@srué idaer @M&hg@ﬁ&%&%@ewd to
obtain the dry "poly |ves a pol %? r containi.ng 53 nol e%

styrene, 3.8° WRF{%H tlsiué %&/éﬁol’w’? Ty Fohatte dfi dec Frgmemdl ei ¢
anhydri de, 92433 onol et abliovatwhbtamdieeaf topleinylanhydrticade, and
33.8 %N N-dle hal.f _am de, of a L2 -
Pol ymsréqe/ pa%?éltl %i B THE Irl%éc{tmethvg&g%lﬁlcc QQ?Q %\r%evhtshEé%‘{aglyl ow 5
anine, di et fyltami ri@etia)rwlcr(yaaalmiﬂofmdo@ybﬁﬁvélteﬁoﬁy’éﬂaéﬁéeﬁos‘g?WéSa

pol ymer wi th. 7 l%nﬁﬁbﬁe@l?ﬂp@:@@ﬁ@ﬁl@oﬂh@gamo'ﬁﬁhela'ﬂjria“cr(yﬁ?@inywr WN-i S
as foll ows: 0%) r a nole ratio of stgﬁleneto

nal ei ¢ anhy@l%ri‘%iélyéficébb%ﬂldf 1Nzt WECcTE b e 8 BBOPY JaS T hEPEtfded i n
941.7 g of ﬁ@&ﬂ%@&yl&nﬁ&ﬁ uw—amypécrmaaﬁ)da gq-ﬂlab{LfDaV:MamédeZE\Iﬂ g

di et hyl and 16 i gt ho i, 4 g
t ol uene“is %%@/ agtry%a%l edt Nt 8&1“[110 rEéJn%f%d thg éé’ééld&gglssgt %n%O
refl uxed fope 3frafitncoftiyegsubbe¢ngst obbenecsligr pgidsi—cool ed to room
t enper at ur e, and, vtltxgﬂtéﬁ&%x%wam)x'aaa t SoBPQYLyT 0-dHatef c8% AR onic

agueous caustic e toluené | ayer is separated and the residual

t ol uene in %W)aqﬁeoﬁglbW&é’é(lFél?@Wédlg‘i‘F i sEPPPRtEON™The“dhiéous
sol ution i Smiw tihet paridivedbyoltdntal.i bbIatntensusiaig.ea fOr 2s\prh use
hydr ophi thersul fone filter and t ree ' EQ-gbtain
t he dry y‘ﬁ%fr&/de E gi \?é:sijamlgto dar?gf %‘%‘%tf& fi ﬁgt%%ll %Qoe%» st'yrene,
7.5 ol e% NeréB;erter,l eyhm,mertw )pm)Wmehaﬁe%mh@epﬂmﬁmpe%luble in

anhydride, .5 J@A‘&%NMJ&W Q@h flsa%e@vgéem e!s@r?diﬂ)ﬁ@‘r bee, t@nd 30
nol e% N, N-di et hyl half am de of | ei ¢ anh%drl e. 25

Pol ymer vi F?%‘ﬁ%ﬁ*atlﬁ?ﬂt%‘fnattﬁéer%acltq GhepP of % Wﬁ&? 4 &k
ani ne, di et hydadione soancht(,3+asi poprepy kit rdetvkoryshy diid trotfpv.e a
pol ymer., wi | rml e sil ane containin u (POl e, Vi)
i s as fO g'ulﬁ 6 8 a*t d:s f%ﬁ/A % 1{1h9hg$%%g%kt :DAJe%t%g

but are not llmlted to, 2 27azobis {2, 4-dimethylvaleronitrile)
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ratio of styrene to nmaleic anhydride of about 1.1 and M", about
16,000, is suspended in 941,7 g of toluene. A solution of 10.1 g
tal | ow amwe 20028978719 di et hyl ami ne, and 8.3 g (3- PCT/US2008/050207
am nopropyl )triethoxysilane in 31.3 g toluene is added at 35 ambi ent
tenperature and the mxture is then refluxed for 30 mn. The
resul ting tol ugneg_ I!!%.ré. [ L 0 T QIRLL rakyne and; thepnadded
W th m Xxi ngaq&;%égoﬁ% sﬁﬁug?Péf%qf%Q%hueojs§%sti c. The tol uelrl1e
| ayer is sepairaredowidtthe residual toluene in the aqueous phase is
removed by distirhl ghd@er ThBo@OMERUS fSOhdItgreBehs frvehbesn purdlinetds by
ultrafiltration using a 0.2 pm hydrophili ol yet hersul fo ilter
and then fr‘ésé’zfélldﬂ‘e%let omgﬁflglr?il tHhe ?)f“ap‘)j((;el E’Fﬁe#a 'S ai?/cgngpogm%ol ymer
cont ai ning & tmheds sd yH-endPRB). 8 grobpteNwe31 bpiettwexysie ydnquPophdt
hal f ani de from.nl gj c.aphydside..3.8.mle%Notablow habt am.de of
mal ei ¢ anhy%fgrau“ A SAMPE 8 N h%?@%fﬁw half ami de of mal ei ¢
anhydri de. g sbiagppeler. Fopag@pati giplgpmines and polysaccharides
N-(3-triethoxysel yelprapydiaar yl-am:dey(IESMpousdascdnabl nivgg -197. 4 ¢
of (3- 15 am nopropyl)triethoxysilane and. 89. 9 f triethyl ane are
di ssol ved i?ﬁ@%%’@ ,pspﬁ?g%‘ﬂ%v\i)f’hyrﬁ?ﬁsr SG&R> %%d%go%feecg f{;% g . Wth
m Xi ng, 1@3. thgpraficacr yhioyblehterdtdaei sragded ndiopni S8t anel ftt er t he
addition the mxture | e, 1 xA900G f A BE - sdhexhxidre is
cooled to rglorﬁrg%tgrr%gr%t%u%lgﬁgnga% e goos&élt ¥iltered out .ﬁgTh_e
resul ting seMiLopACBYLTESPROEEDSh i FITPL PRty y3RY HHETPERGE Phout
further purifd Gakeind BXaRLEe: S - Bal(yrey;, vibkh 2bReepasmtdperyof the

i

tetrapol ymer of Ntert- octylacrylam de, acrylic,acid _

1-vi nyl - 2- p@?q‘ﬁlﬁoﬁﬁﬁbﬁ‘é,S“ﬁ?ﬁ‘da%ﬁ%’&lgéx&ﬁn\??yal’p%r%/rr%proxggﬁ}'%’l nll’n29 5

mol e% si3 anepeonlealyhi oy IrdrepexryayvilbbetPottyryer ¥7i) is as fol | ows:
1.89 g of 1M ny - pyrrold.din 0166 9: A¢f Yhi-ei Agi Gy y2p2dr Nt ert -
30 oetyl acr 1AM %}’m{%’gﬂ&q&ﬁ PACA20 T n THEY, and 0. 12 g 2-

mer capt oet hegisiou@de di ssolved in 14 g DMF and 11.64 g di oxane and
purged with nitregeneadhig dTyxbus ednS aheatied & ecdbiGand 6f 16 g

2,2' -azobis(2,4-dinmethylval eronitrjle) in 3 g dioxano_is ter
6 hr at 75 ‘%{dlf%‘é’lng‘i?‘é‘? e‘f—midsacké%‘]l'lé%,’ é‘l'x\:/kll Ny %SCbg%rodgs?V%% q’)?ﬁﬁlﬁ’-l n
sol uti ot Thies pelagnire imoifeayt hew Flsoi Epethiy apr éep@iaratieonr Wk-h such

i sopropyl algo Andodried. . Thi §,8i\eS+ P QKber £ & ontal i Ng
42.5 nol e% %v%%ﬁy?gﬁég@%pig%?ogﬁ%ﬂﬁal VSO 050207 pyr rol i di none,
22.5 nol e% aeey|liiakaged, B ROFELACIESPALARRT CPo tAbP by anhydride
N-tert-octyhagipd,amude. aExanptRoS =1 1P0bys®Fldukchnic anhyReéparate on of
the copol yner, of 1-vinyl'2-pyrrolidinone and TESPA .0 dive a polymer
cont ai ni ng BNt ¥Pfa‘h£’ee clg’nf“%l]flhr}%é: Fm%%f I?erﬁn? § Y?risjo%}E/c}r!irg‘r'l‘?t\'/i ii) is
as fol | ows: idvéBignof Tad/immpkt 2oy a0l beli prond edloud of tIESPACYU2% iR
e, and 10 Qi 2s SRIEART Ofk hanal 18R HIRSOkNRE: ddhal2eBotpdhcand

13. 07 g di oxane and purged w nitrogen. The mxture is heated to 75
C and 0. 16 @ 2lkylagsprRy Zaa- BF n¥tdf PH| 89aAtiERi PEYSS A03ng Hiv®antTi s
added. Aftef;frdfenabtd@s Gn tthe PdXiderewi th QQ.OJy&dhaQidésf)gebhﬁd%ssiorfed
polymer in solution with 15% concentration. 15 This. giyv ymer
cont ai ni ng 85° W EI 2 vi ?fgyﬁnﬁllr%egl Faflno%é“agiﬁdg% arrg”rlaécg/?%fgsﬁg%

Exanpl e300 neRoldsner The RO0Rmeparstdomyoh iy tpepohy melygprization of
N-tert-oct y%@fﬁ%’dl m o de, . 8k CoRGlthasandrJESRASLOCHH R RaBOlpyTer

cont ai ni ng nol e% si | ane contai ni ng nononer  units ( Pol ymsrhxl?Ia i,S as
fol l ows: 2. 4BRREIRGEFPRCTIRGTEOND. 2 A iReE eF$<tb Ay FHRIYAZani R Y 1P 56
TESPA (42% bindtiR)1anand, Gtld1gnddiericaptoet hanol rasetidiessohp@thds in
12.5 g DPWand 12.97_g_ di.axane_and purge i th niiro Ixture
i s heat ed tau‘%s E and 0- 18 G0 U 6 7 b‘\?lvrlﬁhy&‘?%ét h%%\?’é‘f”-é(?‘g%ﬁlri | e)
in 3 g d%oxand jignidddedompAiunds.6 hr at 75 C, the m xture is cool ed,

giving the desirgd Rolynendain$0h QR it Ny dasconc et rakbodu wiiths
a variety of compounds containing -Si(OR”)3 to make polymers
11



30 containing 70 nole% acrylic acid, 5 nole% TESTA, and 25 nol e%

N-tert-octylacrylam de. Exanple 11 - Polymer xi 35Preparation of the

reacti on produstdmfit pol yet hyl ene oxide with PCT/US2008/050207

3-gl yci doxypropyl tri met hoxysi lane to give a polynmer containing 2.2

nol e% si | ane cont ai ni ng nmononer units (Polynmer 19 WO

2008/ 097671PCT/ US20 2 1) J.S.88: FlJQwsson 20.90 1 9. 9f hvdrid

pol yet hyl ense%lﬁagge(%?é g%%utgzzg%%)plr?s&g? slsolevedoril n f’ofoag eDI\?élQYaﬁ%:l ©

purged wi t hearitiriagen. PoRymeRp sitgbidar e0pelyddadoR. B3 ege anhydride

3-gl ?/C,! dOXYsPIQP)éItBQléEgﬂcEQ&Y/Shﬁﬁ@g gtga:c@ml eﬁy Fucdb 2@ @h;lﬁé%d , KOH. dThe

resulting mxture is eated to or r iving,the desir

pol ymer in SODUEREn MR 6’%?%%%(%‘88@? a(ﬁt(?ﬁi.e(’%?g’s mﬁitgéasc%fflﬁo l??rg’r

cont ai ning akain) 287y Bi drelca% et dwysllene exiade andh 23 neoheY% 3-

gl yci doxypr opyl.tri XYSl e @?B|t% 125w PUNTRL « Xidng

Pr epar ati ongg "ht)ﬁggieag%(’i %lr%ll ?ognuecjzcgl)%? po y(etﬁyYene vE i

gl ycol ) - bl oekchydivyt progieren8hg| BRAoMpr bf T K561 T 6t IFPERSPIYEBFT with

3- Igl gf/ci dloxym&mélst pbmeuhqusaté@lr@lewggw%i@ aﬁhwiw@esrcopt ?: ning 3.1

nmol e% si | ane cont al ni ng nmonoer_ units (Po r xi) is ol I. ;

30.0 g of POty Pﬂ/?‘é‘?@g“ﬁ]ﬁ)}lﬁb?)qm‘é(ld&ﬁé pad}%(r{g?ogl;}%eéneogﬁer suitiBie

gl ycol )bl oekrypialiyéetdrydrens ghyoole) buktdr<bdont Yoretthyl ene ioxicdsiand

M qapout 19000 digrgLaset ks 82 0 3l doxxer opy L el amcsshane
. 0

under nitrogen. His and the resulting mxture
heated to 8m@uWer Buthraregngfnkiniteddesi vedipepyrrl fwitehh o/ gdane,
concent r at i 194y (gERinS - 8 MBS 02y POl YIFRope 0@, NG mhhin y35gdmaen| €%

ethylene oxide, 41.8 nole% propyl ene oxide and 3.1 nple% 3 3=
| ycid PEPREL OGP PAREL 5. ERARBISPa Y B ey e

I%r)églar g;(‘%/ g:lmnﬁhlephmgmnppibdudtneohozgig(aetehyl e?@@)éng;mf;(;—l |

gycol ) - bl oGk ALY(PEORH:RAG, 0l Y6l - Bock-habv{ sidyl4ene, 304l weol )

with 3-glycidoxypropyltri methoxysilane to give a pol yner_containing
3.0 nol e% siddate teohtainfilyge AOROMSRCHARY st POEY nEringsy i fLidds and
Ol b1 e ot o i and
gl ycol ) - bl ock-pol y(e ene co Wi 0 e ene_ oxi n
Mi_ about ZO@fﬁseing‘ gﬁ-‘\k %’vﬁ?ﬁe]zﬁ §m§ydr1de 1swghe anhlgidrlge andd%hg
3- gl yci doxyps-amylotieic met haxyyshé are purderred tyidgen. 12.028mg-45% KOH i s
added and tQﬁiﬁo%%%%%lg%eg@&égggfla&%a:t ed 10 8Q.Cofitdnih Bbus GiyiRgthe
. 0

desired polynmer w concentration. This gives a pol yner

cont ai ni ng aWEUT12he ardlveddde AIRmE BkHenoghey LS PrOMA ene

oxi de, and @ L-HpkLeYS: gl yci doxypropyl trinet hoxysilane. 5 Exanple 14
- Polynmer xiv Prepar ati gn of the reacti on, ro.ductanoj_si OR”

pol yet hyl eni nmi né i £A"S-3R7cPHo B o 5YTT T tcﬁgxglsr? Wnéto 5i e &’
pol yner2congaiur rgnlbd mmlce¥slsvl @necdpnead miongaimiramer pendast (Pol ymer
10 xiv) is || ; 4 i g 25,000) is
m xed with %Jyg‘“ﬁgéf;g ox Sg?}ggélﬁ/ﬁopﬁg holf(gygigl g%l%,é%%%&?he resul ting
m xture is heerwegeaylyonat geEWW,OCQﬁW% aHeVHEE) FEApIIIifer as a
Sﬁft friabl @iﬂ?'og~ﬂa5n<§?(é¥§)f :iﬁcltﬁdilngl?obﬁﬂerﬂoﬁ(\ﬂ.ﬁmited toPr epayntdenaot,

t he reaction_product of. polyethylenimne w _

3- gl yci doxypr r?ﬁﬁlﬁoc)(ﬁ‘\é?%anaen 3‘:6?’@3&“&{%0?}3}%? POSHPEThi Y 110°
nmol €% s3d anee comtcakdi ng-monbaer canfosdé Polghres 20inas) tbserisarfas | ows:
25.72 g Pol yet eni.gi ne (M, about 25,000) is mixed with 1.43 g
3-glyci doxy%r opyl'trinet hoxysilane, and the resulting mxture is
heated at 70 C flseci®rdre fgpoFhgnalhecuesiidsd "polydfer ~asta°%ofat 9TouP
friable gelgsudb aBX Qﬁ%@«ijs@cyai?&)ic}ﬁﬁbl‘py?&w_\!fimethoxysPIdipaal’cahi ons dOfoet he

reacti on product of  polyethyl enimne wt s

3- gl yci doxypFopyt Fi t%ogwélf? a%%nt‘taé’né?%}ekyéirﬁéwn%rrouc?gnflé?}ﬁiang 2.0
mol e% s34 aneydonakdi pglnonoperaeiiats ) (#ol yamee180eseviof venek FGEIRbRs:
11.39 g Pol yetihylgni mne M 250, 2540091 ienlh xethgMbiiyde28 9
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35 Exanple 17 - Polymer xvii WD 2008/ 097671PCT/ US2008/ 050207
Preparation of the reaction product of polyethylenimne with

3- gl yci dosyprmpydisri met hoxysil ane to give a pol ynmer coRC&US20080520
nol e% si | ane contai ni ng nononmer units (Polymer xvii) is as follows:
10.0 g Pol yethylenimne (M about 25,000) 5is mxed with 2.29 g
3-gl yci doxypr.opyl trinmet hoxysil ane, ,and_the resulfin i Xxture is
heat ed at 7%“(*55*&)? Ji%r H°© P??i%ge't I!gftl-:-lg s ‘r%gé %%+:§tr?ed?t§1é a soft
friabl e gelpolsanpherikBs- aRd| yovamexyi ¢¢ntEdnPpepamestthghobdcenide.

reacti on pr OdUCtI Oéhgwe%)&{g[ yéce%%',l Jﬁ'l!xé)sa@ao%khof polymer added to
3-gl yci doxypr opyPtrl met hoxysilane to give a polynmer containing a high

(- 30 nol e%)ths PaRESBDMIESATNGEISTERER hitS ERBFYHEr RvPTiN™S s as
fol | ows;5 8. Chdis@iYa hysiropepet bytestb (eel| W axe £ npllacubani Weimghicess

24, 000-27,000) .is mxed with 2.0 g 3-glyci.doxypropyl t.ri met hoxysi| ane
in5 g acetC%):'ﬁtah.l@’%‘hg1e Xé‘?:eletné')Jr?téLei"lg "fae%gvé r%{/%dsegéégégt%gtﬁ?g% t he

resul ti ng nixtareélheatledhat 190r<@ufioged 155 I, agiwinmgittheatesired

pol ymer. 207 liﬁiljrgw Xnﬁibﬁﬁln\ﬁngﬁ&rgs%ge&t@oﬁcajne glaﬁ@hﬂ! tehen

Testing Exanpl e Pol ynmer Conposition Ml e% Sil ane* Conparative

Conpar at | vePREACET bR ProiePlvradsig vt o PACASBUtIA &M nE"

Conpar ati ves&ompacat i ¥y exrleaehboncqu19dagtofh1SMeomtdrit r@t Bos t &l | ow

am ne and Qé§§gg%kggi£§%centration is one that is greater than about 0
ppm to about 300 ppm, more preferably in a concentration that
is greater than about 0 ppm to about 50 ppm and most
preferably the polymer is added to the process stream in a

15 concentration that is greater than about 0 ppm to about 10
ppIm.

The polymer can be added directly to any industrial
process stream where scaling can occur, e.g. in the black
ligquor evaporators of the kraft pulp milling process, and in

20 green and white liquor process streams of that process. It is
preferred, however to add the polymer to a charge stream or
recycle stream or liquor leading to the black liquor
evaporator. While the polymer can be added to the industrial
process stream at any time during the process, it is

25 preferable to add it at any convenient point in the process
before or during application of heat. Usually, the polymer is

added immediately before the evaporator,

Examples
30
High Level Nuclear Waste
Comparative Example A
35 Preparation of the reaction product of styrene/maleic

anhydride copolymer with butylamine (Comparative Polymer A) is
as follows: 10.0 g of dry styrene/maleic anhydride copolymer
(SMA), with a mole ratio of styrene to maleic anhydride of
about 1.1 and M, about 16,000, is suspended in 100 ml of

13



Conpar ati ve Conparative Copolynmer of N-tert-octylamde O C C and
acrylic acid Conparative 0 Pol yet hyl eni m ne(M -25,000) obtained

from Al drived 2608/06&empar ati ve E Pol yvi nyl pyrrol i done (M pet@sfhg)dhroom
Aldrich O Reaction product of SMA with butylam ne and (3-
am nopropyl ) triethoxysi l ane 1 2ii reaction product of SMA with

butyl am ne 53Y1e$§i a£1 BX'Q%'E 95h0§%§%h% famlne in 10 ml of
toluene is added at ambient temperature. The mixture is
refluxed for 3 hr. The solid product is filtered off, washed,
and dried. This gives a polymer containing 53 mole% styrene,
5 24 mcle% N-butyl half amide from maleic anhydride, and 23

mole% maleic anhydride.
Comparative Example B

10 Preparation of the reaction product of SMA with tallow
amine and diethylamine (Comparative Polymer B} is as follows:
100.0 g of dry SMA, with a mole ratio of styrene to maleic
anhydride of about 1.1 and M, about 16,000, is suspended in
941.7 g of toluene. A solution of 25.2 g tallow amine and

15 27.5 g diethylamine in 35.2 g toluene is added at ambient
temperature and the mixture is then refluxed for 30 min, The
resulting toluene slurry is cooled to room temperature and
then added with mixing to about 700 ml of 2% aqueous caustic.
The toluene layer is separated and the residual toluene in the

20 agqueous phase is removed by distillation. The aqueous
selution is further purified by ultrafiltration using a 0.2 um
hydrophilic polyethersulfone filter and then freeze dried to
obtain the dry polymer. This gives a polymer containing 53
mole% styrene, 38 mole% N-diethyl half amide from maleic

25 anhydride, and 9 mole% N-tallow half amide from maleic

anhydride.
Comparative Example C

30 Preparation of a copolymer of N-tert-octylacrylamide and
acrylic acid (Comparative Polymer C) is as follows: 2.8l g
Acrylic acid, 2.52 ¢ N-tert-octylacrylamide, and 0.14 g 2-
mercaptoethanol are dissolved in 12.5 g DMF and 13.87 g
dioxane and purged with nitrogen. The mixture 1s heated to

35 75° C and 0.16 g 2,27 -azobis {2, 4~dimethylvaleronitrile} in 3 g
dioxane is added. After 6 hr at 75° C, the mixture is cooled,

giving the desired polymer in solution. This gives a polymer
14



iii reaction product of SMA with butylam ne and (3-

am nopropyl )triethoxysilane 7.6 WD 2008/ 097671PCT/ US2008/ 050207 4 iv
Reacti on pvodestoosft SMA with tall ow am ne, diethyl am nectastho§os8207
(3-am nopropyl )triethoxysilane 5 v reaction product of SMA with

tall ow am ne, dicthylam ne, and 7.5 (3 am nopropyl )tri et hoxysil ane

6 vi reactio duct th l o i i .
(3-am nopria‘b?l}ltg)rgﬁg%ho%?]sf“ o5 wrh vallowamne,;di ¢lhylamng, -and 3.8

octylacrylamide.
Example 1 - Polymer i

Preparation of the reaction product of SMA with
putylamine and (3-aminopropyl)triethoxysilane to give a
polymer with 1 mole% silane containing monomer units (Polymer
i} is as follows: 10.0 g of dry SMA, with a mole ratio of

10 styrene to maleic anihydride of about 1.0 and M, about 16,000,
is suspended in 100 ml of toluene. A solution of 1.72 g of
butylamine and 0.21 g of (3-aminopropyl)triethoxysilane in 10
nl of toluene is added at ambient temperature. The mixture is
refluxed for 3 hr. The solid product is filtered off, washed,

15 and dried. This gives a polymer containing 53 mole% styrene,
23.9 mole% N-butyl half amide from maleic anhydride, 1 mole%

- (3-~triethoxysilyl)propyl half amide from maleic anhydride,

and 22.1 mole% maleic anhydride.
20 Example 2 -~ Polymer ii

Preparation of the reaction product of SMA with
butylamine and (3-aminopropyl)triethoxysilane to give a
polymer with 3.8 mole$% silane containing monomer units

25 (Polymer ii) is as follows: 10.0 g of dry SMA, with a mole
ratioc of styrene to maleic anhydride of about 1.1 and M, about
16,000, is suspended in 100 ml of toluene. A solution of 1.72
g of butylamine and 0.83 g of (3-aminopropyl) triethoxysilane
in 10 ml of toluene is added at ambient temperature. The

30 mixture is refluxed for 3 hr., The solid product is filtered
off, washed, and dried. This gives a polymer containing 53
mole% styrene, 23.9 mole% N-butyl half amide from maleic
anhydride, 3.8 mole% N-(3-triethoxysilyl)propyl half amide
from maleic anhydride, and 19.3 mole% maleic anhydride.

35

Example 3 - Polymer iii

15



8 viii tetrapolynmer of N-tert- octylacrylamde, acrylic acid,
1-vinyl-2-pyrrolidinone, and 5 TESPA 9 ix copol ymer of 1-vinyl-2-
pyrrolidi negeosnsi¢TiESPA 5 10 x terpclynmer of N-tert- oetylsmoybsamrde,
acrylic acid, and TESPA 5 11 xi reaction product of polyethylene
oxide with 3- glycidoxypropyltrinethoxysilane 2.2 12 xii reaction

product of polyEethyl ane, ghycold -RL.eeks, RAIMGRE opylseae, gty col ) - bl ock-

butylamine and (3-aminopropyl)triethoxysilane to give a
polymer with 7.6 mole% silane containing monomer units
(Polymer iii) is as follows: 10.0 g of dry SMA, with a mole

5 ratio of styrene to maleic anhydride of about 1.1 and M, about
16,000, is suspended in 100 ml of toluene. A solution of 1.72
g of butylamine and 1.66 g of (3-aminopropyl)triethoxysilane
in 10 ml of toluene is added at ambient temperature. The
mixture is refluxed for 3 hr. The solid product is filtered

10 off, washed, and dried. This gives a polymer containing 53
mole% styrene, 23.9 mole% N-butyl half amide from maleic
anhydride, 7.6 mole% N~ {3-triethoxysilyl)propyl half amide

from maleic anhydride, and 15.5 mole% maleic anhydride.

15 Example 4 - Polymer iv

Preparation of the reaction product of SMA with tallow
amine, diethylamine, and (3-~aminopropyl)triethoxysilane to
give a polymer with 3.8 mole% silane containing monomer units

20 (Polymer iv) is as follows: 100.0 g of dry SMA, with a mole
ratio of styrene to maleic anhydride of about 1.1 and M, about
16,000, is suspended in 941.7 g of toluene. A solution of
25.2 g tallow amine, 24.8 g diethylamine, and 8.3 g (3-
aminopropyl) triethoxysilane in 38.9 g toluene is added at

25 ambient temperature and the mixture is then refluxed for 30
min. The resulting toluene slurry is cooled to room
temperature and then added with mixing to abcut 700 ml of 2%
aqueous caustic. The toluene layer is separated and the
residual toluene in the aquecus phase is removed by

30 distillation. The aquecus solution is further purified by
ultrafiltration using a 0.2 pm hydrophilic polyethersulfone
filter and then freeze dried to obtain the dry polymer. This
gives a polymer containing 53 mole$% styrene, 3.8 mole% N-(3-
triethoxysilyl)propyl half amide from maleic anhydride, 2.4

35 mole% N-tallow half amide of maleic anhydride, and 33.8 mole%
N,N-diethyl half amide of maleic anhydride.

16



pol y(ethyl ene glycol) with 3- glycidoxypropyltrimethoxysilane 3.1 13
xi1i reaction product of poly (ethylene glycol)-block- poly(propyl ene
gl ycol) - blwokeospaicy( et hyl ene gl ycol) with 3- PCT/US2008/050207

gl yci doxypropyitrimethoxysilane 3.0 14 xiv reaction product of

pol yet hyl eni mne with 3- gl yci doxypropyltrinmethoxysilane 0.5 15 xv
reacti on product of polyethylenimne with 3-

gl yci doxypropyl trinmet hoxysilane 16 xvi reaction product of

pol yet hyl entxanpdewbt h Belygleycvdoxypropyl tri met hoxysilane 2 17 xvi

the reaction product of polyethylenimne with 3-

Preparation of the reaction product of SMA with tallow

5 amine, diethylamine, and (3-aminopropyl)triethoxysilane to
give a polymer with 7.5 mole% silane containing monomer units
(Polymer v) is as follows: 100.0 g of dry SMA, with a mole
ratic of styrene to maleic anhydride of about 1.1 and My about
16,000, is suspended in 941.7 g of toluene. A soluticn of

10 20.2 g tallow amine, 23.4 ¢g diethylamine, and 16.7 g (3-
aminopropyl) triethoxysilane in 40.2 g toluene is added at
ambient temperature and the mixture is then refluxed for 30
min. The resulting toluene slurry is cocled to room
temperature and then added with mixing to about 700 mi of 2%

15 aqueous caustic. The toluene layer is separated and the
residual toluene in the aqueous phase is removed by
distillation. The aqueous solution is further purified by
ultrafiltration using a 0.2 pm hydrophilic polyethersulfone
filter and then freeze dried to obtain the dry polymer. This

20 gives a polymer containing 53 mole% styrene, 7.5 mole% N-(3-
triethoxysilyl)propyl half amide from maleic anhydride, 7.5
mole% N-tallow half amide of maleic anhydride, and 30 mole%

N,N-diethyl half amide of maleic anhydride.
25 Example 6 - Polymer vi

Preparation of the reaction product of SMA with tallow
amine, diethylamine, and (3-aminopropyl)triethoxysilane to
give a polymer with 3.8 mole% silane containing monomer units

30 (Polymer vi) is as follows: 100.0 g of dry SMA, with a mole
ratio of styrene to maleic anhydride of about 1.1 and M, about
16,000, is suspended in 941.7 g of toluene. A solution of
10.1 g tallow amine, 28.9 g diethylamine, and 8.3 g (3~
aminopropyl)triethoxysilane in 31.3 g toluene is added at

35 ambient temperature and the mixture is then refluxed for 30
min. The resulting toluene slurry is cooled to room

temperature and then added with mixing to about 700 ml of 2%
17



gl yci doxypropyl tri net hoxysilane 4 18 xviii the reaction product of
hydr oxyet hyl cellul ose with 3- glycidoxypropyltrinmethoxysilane -30
*Mol e% of won@ses7euni ts in the pol yner containing the sct@sm®os/050207
functional group. 5 Exanple 19 Test Procedure WO

2008/ 097671PCT/ US2008/ 050207 A synthetic hi gh | evel nucl ear waste
liquor I's made by addi.ng sogdi u arbona di um sul fat e di um
hydr oxi de, as%uc?ou%1 iRk %at egréo{pl?ﬁflgrﬁe( r‘?&@r %9 Sdepaé%fajrj]géré l}?ﬁgna

tri hydrat e igvicaadt icuensodi urhssiakireate, Ph§Gé| vmasmerat ey and sodi um

nirite to delanizethyal he J(slfeciulsnéblwr&owfmh@fr bhieiddoquay 1
shown in Table Ta e 2 Species Concentratijon, 1%
NaNOs 1.0 NeNeefilbradzecssenes Ra2ge féfdfephfjcﬂrﬁ r?é?li!‘?F it 5
Si02 0.0 filter and then freeze dried to obtain the dry polymer. This
gives a polymer containing 53 mole% styrene, 3.8 mole$% N-(3-
triethoxysilyl)propyl half amide from maleic anhydride, 3.8
mole% N-tallow half amide of maleic anhydride, and 39.4 mole%
N,N-diethyl half amide of maleic anhydride.
10
Example 7

Preparation of N-(3-triethoxysilyl)propylacrylamide
{TESPA) is as follows: 197.4 g of (3-
15 aminopropyl)triethoxysilane and 89.9 g of triethylamine are
dissolved in 330 g THF, purged with nitrogen, and cooled to 0°
C. With mixing, 83.9 g of acryloyl chloride is added
dropwise, and after the addition the mixture is heated to 40°
C for 2 hr. The mixture is cooled to room temperature and the
20 salt filtered out. The resulting solution of TESPA (42% in

THF} is used as is without further purification.
Example 8 - Polymer viii

25 Preparation of the tetrapolymer of N-tert-
octylacrylamide, acrylic acid, l-vinyl-2-pyrrolidinone, and
TESPA to give a polymer containing 5 mole% silane containing
monomer units {(Polymer vii) is as follows: 1.89 g of 1-Vinyl-
2-pyrrolidinone, 0.66 g acrylic acid, 2.21 g N-tert-

30 octylacrylamide, 1.30 g TESPA (42% in THF), and 0.14 g 2~
mercaptoethancl are dissolved in 14 g DMF and 11.64 g dioxane
and purged with nitrogen. The mixture is heated to 75° ¢ and
0.16 g 2,2’ -azobis(2,4~dimethylvaleronitrile) in 3 g diocxane
is added. After 6 hr at 75° C, the mixture is cooled, giving

35 the desired polymer in solution. The polymer is further
purified by precipitation with isopropyl alcohol, washed, and

dried. This gives a polymer containing 42.5 mole% 1-vinyl-2-
18



Al'l of the polyner sanples are dissolved in 2% aqueous NaCOH prior to
addition to the nuclear waste |iquor, hydrolyzing any anhydride and

tri al koxylwwohaR@o@roups that 15 have not previously begariRaesefo7
transform ng the trial koxyl silane groups into silanol groups or the

sodiumsalts. Into a 125 nml pol yethyl ene bottle, are placed the scale
roducing additive (if used) as a 0.5% solution in Wba? eous hgcgbfor
the | ower dOEESLEAEFET/ tzﬁe5HF‘g1r?€r agB¥E’ #9395 20 WOrGt %5?1?0}} iSed"
120 m of the abaveest-ackysyatfetiicdehi gh | evel nucl ear waste sol ution
is then added to the bottle with m xing. The seal ed bottle is heated
with agitation at 102 C for 182 hours. Up to 24 such tests (bottles)
are done atExmwlei fer Blviee Bad of the 18 hours, the bottles are
opened and 25 the solution is filtered (0.45 pn1fi|ter) Cbnsiderable
alum nosilicate scale is observed to forn13§&n ﬂ@-% unln lnogge in

the |iquor (whi EACRAYAHRPe oF nFhS JP71¥BY e ofy 5?% ene
surfaces). dnd tizerrxanplies bepalymetrheomed ighingod mnmﬂﬁeoibam%d in the

I exloé&%sa‘iglﬁ rf'&m%%e@eﬁﬁﬁg% 3(%%1?:3\@} qu@t\/e{@%% ‘ﬁ%w&&s of 4¢3l &

that forned on arati ve .€. no additive used)
that are paef hﬁVlPMb“%ﬁﬂﬁ§r§é%d%ﬁonﬁes@s44 g\BESPA (42% in THF), and

2008/ 09176 718Gl L;}Sgoxg&c%ﬁ%@zhanol arblSHngs d1Redt BJStlerSO@emﬂH' exr@utlBi. fed
above, a series of

SVA ner s react ed utyl am d.
containi ng ¥ Jﬁ?ﬁaeaWEhﬁ%§g8$ %Tﬁ étﬁ?%zexaﬁﬁ%e 3%Xa u&?ﬁgggllcate
scal e 5 i nhi®i td endagtidviat ¢, ahmhzdmaSKés{dQMmeahElV&#ﬁIPveﬂr4l? Tabl é 3.

Tabl e 3 Po'é’l@{an'élbkgcyad%léda”ezx@&a%ehr /s <Tet a!;he'sqfﬁ&%uférfée@oo%aﬁ-
Bl ank Conparative A 0 10 104.4 Conparative A 0 50 103.9 i 1 10 69.4

giving the desired polymer in solution with 15% concentration.
15 This gives a polymer containing 85 mole% 1-vinyl-2-

pyrrolidinone and 5 mole% TESPA.
Example 10 - Polymer x

20 Preparation of the terpolymer of N-tert-octylacrylamide,
acrylic acid, and TESPA to give a polymer containing 5 mole%
silane containing monomer units (Polymer x) is as follows:
2.46 g Acrylic acid, 2.21 g N-tert-octylacrylamide, 1.56 g
TESPA (42% in THF), and 0.14 g 2-mercaptoethanol are dissolved

25 in 12.5 g DMF and 12.97 g dioxane and purged with nitrogen.
The mixture is heated to 75° C and 0.16 g 2,2’ ~azobis (2,4~
dimethylvaleronitrile) in 3 g dioxane is added. After 6 hr at
75° C, the mixture is cooled, giving the desired polymer in
solution with 15% concentration. This gives a polymer

30 containing 70 mole% acrylic acid, 5 mole% TESPA, and 25 mole%

N~tert-octylacrylamide.
Example 11 - Polymer xi

35 Preparation of the reaction product of polyethylene oxide
with 3-glycidoxypropyltrimethoxysilane to give a polymer

containing 2.2 mole% silane containing monomer units (Polymer
19



... 15072.6ii 3.8 10 63.3 il 3.8 50 37.1iii 7.6 10 5.2 ill 7.6 50
1.0 10 Exanple 20 Using the test procedure as outlined in

Exanpl e 1Svo aoos@snicms of SMA pol ymers reacted with tall eprasiososernd
di et hyl am ne and containing varying amounts of silane are 15 exanined
for scale inhibition activity and the results are reported in Table

35 TgFL_ﬁk4(§“ ! égzrf\l\/gglg%)w i:I 1 O%Sggepoﬂ}yt;\y-lrgﬁeaclxiggal(@n EQBH?dZOO%))
is dissolved in 10.0 g DMSC and purged with nitrogen. To this
mixture is added 2.63 g 3-~glycidoxypropyltrimethoxysilane,
followed by 1.36 g of 45% KOH. The resulting mixture is

5 heated to 80° C for 1 hr, giving the desired polymer in
solution with 65.8% concentration. This gives a polymer
containing about 97.8 mole$ ethylene oxide and 2.2 mole% 3-

glycidoxypropyltrimethoxysilane.
10 Example 12 - Polymer xii

Preparation éf the reaction product of poly(ethylene
glycol)-block-poly (propylene glycol)-block-poly(ethylene
glycol) with 3-glycidoxypropyltrimethoxysilane to give a

15 polymer containing 3.1 mole% silane containing monomer units
{Pclymer xi) is as follows: 30.0 g of poly(ethylene glycol)-
block-poly (propylene glycol)-block-poly{ethylene glycol) (with
50 wt% ethylene oxide and M, about 1900) is mixed with 4.52 g
3-glycidoxypropyltrimethoxysilane under nitrogen. 2.34 g 45%

20 KOH is added and the resulting mixture heated to 80° C for 1
hr, giving the desired polymer with 92.6% concentration. This
gives a polymer containing about 55.1 mole® ethylene oxide,
41.8 mole% propylene oxide, and 3.1 mole% 3-
glycidoxypropyltrimethoxysilane.

25

xample 13 - Polymer xiii

Preparation of the reaction product of poly(ethylene

glycol)-block-poly(propylene glycol)-block-poly{ethylene

30 glycol) with 3-glycidoxypropyltrimethoxysilane to give a
polymer containing 3.0 mole% silane containing monomer units
{Polymer xiii) is as follows: 30.0 g of poiy(ethylene
glycol)-block-poly(propylene glycol)~block-poly(ethylene
glycol) {with 10 wt% ethylene oxide and M, about 2000) is mixed

35 with 4.3 g 3-glycidoxypropyltrimethoxysilane under nitrogen.
2.22 g 45% KOH is added and the resulting mixture heated to

80° C for 1 hr, giving the desired polymer with 92.9%
20



0 10 87.4 Conparative B O 50 95.8 iv 3.8 10 -759.2 iv 3.8 50 54.9 v
7.5 10 2.8 v 7.5 50 0 vi 3.8 10 49.6 vi 3.8 50 66.8

WO 2008/097671 PCT/US2008/050207

concentration. This gives a polymer containing about 12.3
mole$ ethylene oxide, 84.7 mole% propylene oxide, and 3.0

mole% 3-glycidoxypropyltrimethoxysilane.

5 Example 14 - Polymer xiv

Preparation of the reaction product of polyethylenimine
with 3-glycidoxypropyltrimethoxysilane to give a polymer
containing 0.5 mole% silane containing monomer units (Polymer

10 xiv) 1is as follows: 25.4 g Polyethylenimine (M, about 25,000)
is mixed with 0.7 g 3-glycidoxypropyltrimethoxysilane, and the
resulting mixture is heated at 70° C for 16 hr, giving the

desired polymer as a soft friable gel.

15 Example 15 - Polymer Xv

Preparation of the reaction product of polyethylenimine
with 3-glycidoxypropyltrimethoxysilane to give a polymer
containing 1.0 mole% silane containing monomer units (Polymer

20 xv) 1is as follows: 25.72 g Polyethylenimine (M, about 25,000)
is mixed with 1.43 g 3-glycidoxypropyltrimethoxysilane, and
the resulting mixture is heated at 70° C for 16 hr, giving the

desired polymer as a soft friable gel.

25 Example 16 - Polymer xvi

Preparation of the reaction product of polyethylenimine
with 3-glycidoxypropyltrimethoxysilane to give a polymer
containing 2.0 mole% silane containing monomer units (Polymer

30 =xvi) is as follows: 11.39 g Polyethylenimine (M, about 25,000}
is mixed with 1.28 g 3-glycidoxypropyltrimethoxysilane, and
the resulting mixture is heated at 70° C for 16 hr, giving the

desired polymer as a soft friable gel.

35 FExample 17 - Polymer xvii

21



20 Exanple 21 WD 2008/ 097671PCT/ US2008/ 050207 Usi ng the test
procedure as outlined in Exanple 19, a series of polyners nade with
the sil aneygask@digring nononer TESEA are exam ned for sear@siio§drdi on
activity and the results are reported in Table 5. 5 Table 5 Pol yner
Mol e% Si | ane Dosage, ng/l Total Scale Fornmed, vs. Bl ank Conparative C
0 10 102.8 Conp_gr%{gc‘!l%q%1%21?/1%%1’1]60%&:;01@3}1)%&@&{48@ Jf Bo%?e%l%nimine

Conparative E O 5
with 3-glycidoxypropyltrimethoxysilane to give a polymer
containing 4.0 mole$% silane containing monomer units (Polymer
xvii) is as follows: 10.0 g Polyethylenimine (M, about 25,000)
5 is mixed with 2.29 g 3-glycidoxypropyltrimethoxysilane, and
the resulting mixture is heated at 70° C for 16 hr, giving the

desired polymer as a soft friable gel.

Example 18 - Polymer xviii

10
Preparation of the reaction product of hydroxyethyl cellulose
with 3-glycidoxypropyltrimethoxysilane to give a polymer
containing a high (~30 mole%) silane containing monomer units
(Polymer xviii) is as follows: 8.0 g dry hydroxyethyl
15 cellulose (molecular weight 24,000-27,000) is mixed with 2.0 g
3-glycidoxypropyltrimethoxysilane in 5 g acetone. The acetone
is removed by evaporation and the resulting mixture heated at
100° C for 16 hr, giving the desired polymer.
20 Table 1 Summary of Polymers Used in Scale Inhibition Testing
Example Polymer Composition Mole%
Silane*
Comparative | Comparative | Reaction product of SMA with 0
A A butylamine
Comparative | Comparative Reaction product of SMA with 0
B B tallow amine and diethylamine
Comparative | Comparative | Copolymer of N-tert-octylamide 0
C C and acrylic acid
Comparative | Polyethylenimine (M, ~25,000) 0
D obtained from Aldrich
Comparative Polyvinylpyrrolidone (My 0
B ~10,000) from Aldrich
1 i Reaction product of SMA with 1
pbutylamine and (3~
aminopropyl)triethoxysilane
2 ii reaction product of SMA with 3.
butylamine and (3-
aminopropyl)triethoxysilane
3 iii reaction product of SMA with 7.
butylamine and (3-
aminopropyl) triethoxysilane

22




510 3.1 viii 502.9ix 510 1.6 ix 550 2.7 10 2.7 x 550 1.1
Exanpl e 22 10 Using the test procedure as outlined in Exanple 19, a
series of wpohywlhbmer: t ype pol yners containing varying amrowuss08650207
silane are exam ned for scale inhibition activity and the results are
reported in Table 6. 15 Table 6 Polyner Mol e% Si | ane Dosage, ng/1

4

iv

Reaction product of SMA with
tallow amine, diethylamine, and
(3-aminopropyl) triethoxysilane

3.8

reaction product of SMA with
tallow amine, diethylamine, and
{3—aminopropyl)triethoxysilane

vi

reaction product of SMA with
tallow amine, diethylamine, and
(3-aminopropyl) triethoxysilane

viii

tetrapolymer of N-tert-
cctylacrylamide, acrylic acid,
1-vinyl-2-pyrrolidinone, and
TESPA

ix

copolymer of l-vinyl-2-
pyrrolidinone and TESPA

10

terpolymer of N-tert-
octylacrylamide, acrylic acid,
and TESPA

11

xi

reaction product of
polyethylene oxide with 3~
glycidoxypropyltrimethoxysilane

2.2

12

xii

reaction product of
poly{ethylene glycol)-block-
poly (propylene glycol)-block-
poly{ethylene glycol) with 3-
glycidoxypropyltrimethoxysilane

13

*xiii

reaction product of
poly (ethylene glycol)-block=
poly(propylene glycol)-block-
poly (ethylene glycol} with 3-
glycidoxypropyltrimethoxysilane

3.0

14

Xiv

reaction product of
polyethylenimine with 3-
glycidoxypropyltrimethoxysilane

15

XV

reaction product of
polyethylenimine with 3~
glycidoxypropyltrimethoxysilane

16

XV

reaction product of
polyethylenimine with 3-
glycidoxypropyltrimethoxysilane

17

xwvid

the reaction product of
polyethylenimine with 3-
glycidoxypropyltrimethoxysilane

18

xviii

the reaction product of
hydroxyethyl cellulose with 3-
glycidoxypropyltrimethoxysilane

~30

*Mole$ of monomer units in the polymer containing the silane
functional group.

5 Example 19

Test Procedure
23



Tot al Sca! e Formed, %vs. Blank Xi 2.2 10 68.0 Xi 2.2 50 6,2 i 2.2
300 2.2_x|| 3.1 10 21.0 xii 3.1 50 1.0 xii 3.1 300 1.9 Xiii 3.0 10
23.3 Xiii v8oQo0sM97671 PCT/US2008/050207

10

15

20

25

30

2 synthetic high level nuclear waste liquor is made by
adding sodium carbonate, sodium sulfate, sodium hydroxzide,
sodium aluminate solution (made by digesting alumina
trihydrate in caustic), sodium silicate, sodium nitrate, and
sodium nitrite to deionized water. The final compositicn of

the liguor is shown in Table 2

Table 2

Species Concentration {mole/1l)

NaCH 4.5

NaNO3 1.0

NaNO; 1.0

NasCOs 0.25

Naz38Cy 0.25

Alumina Trihydrate 0.5

Si0; 0.01

All of the polymer samples are dissolved in 2% aqueous
NaOH prior to addition to the nuclear waste liquor,
hydrolyzing any anhydride and trialkoxylsilane groups thal
have not previously been reacted, transforming the
trialkoxylsilane groups into silanol groups oxr the sodium
salts. Into a 125 ml polyethylene bottle, are placed the
scale reducing additive (if used) as a 0.5% solution in 2%
aqueous NaOH for the lower doses and for the higher doses a 3%
solution is used. 120 ml of the above stock synthetic high
level nuclear waste solution is then added to the bottle with
mixing. The sealed bottle is heated with agitation at 102° C
for 18+2 hours. Up to 24 such tests (bottles) are done at one
time. At the end of the 18 hours, the bottles are opened and
the solution is filtered {0.45 pm filter). Considerable
aluminosilicate scale is observed to form as loose
aluminosilicate in the liquor (which may have initially formed
on the polyethylene surfaces). In the examples below, the
weight of scale formed in the test is expressed as a
percentage of the average weight of scale that formed on two
comparative blank tests (i.e. no additive used) that are part

of the same set of tests.
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6.2 xiii 3.0 300 0.7 Exanple 23 20 WZ2008/097671PCT/ US2008/ 050207
Using the test procedure as outlined in Exanple 19, a series of

pol yet hyl enomos@oisype pol ynmers contai ni ng varyi ng anouptcs/ustoosvioane
are exam ned for scale inhibition activity and the results are
reported in Table 7. 5 Table 7 Polynmer Ml e% Sil ane Dosage, ng/l
Total Scale Forned, t vs. Blank Conparative D O 10 102.0 Conparative
D 0 50 105.5 Conparative D 0 300 112.8

Using the test procedure outlined above, a series of SMA
type polymers reacted with butylamine and containing varying
amounts of silane are examined for aluminosilicate scale

5 inhibition activity and the results are reported in Table 3.

Table 3
Polymer ‘Mole% Silane | Dosage, mg/l | Total Scale Formed,
% vs. Blank
Comparative 0 10 104.4
A
Cemparative 0 50 103.9
A
i 1 10 69.4
i 1 50 72.6
ii 3.8 10 63.3
1i 3.8 50 37.1
1ii 7.6 10 5.2
iii 7.6 50 1.0

16 Example 20

Using the test procedure as outlined in Example 19, a
series of SMA polymers reacted with tallow amine and
diethylamine and containing varying amounts of silane are

15 examined for scale inhibition activity and the results are

reported in Table 4.

Table 4
Polymer Mole% Silane | Dosage, mg/l | Total Scale Formed,
% vs. Blank
Comparative 0 10 87.4
B
Comparative 0 50 95.8
B
iv 3.8 10 59.2
iv 3.8 50 54.9
v 7.5 10 2.8
v 7.5 50 0
vi 3.8 10 49.6
Vi 3.8 50 66.8
20
Example 21

25



iv 0.5 10 43.3 xiv 0.5 50 1.6 xiv 0.5 300 0v 1 10 4.2 xv 1 50 0 Xv
300 0.1 vi 2 10 0 Xvi 2 50 0O xvi

WO 2008/097671 PCT/US2008/050207

Using the test procedure as outlined in Example 19, a
series of polymers made with the silane containing monomer
TESPA are examined for scale inhibition activity and the

results are reported in Table 5.

5
Table 5
Polymer Mole$% Silane | Dosage, mg/l | Total Scale Formed,
% vs. Blank
Comparative 0 10 102.8
C
Conmparative 0 50 104.2
C
Comparative 0 10 93.5
E
Comparative 0 50 101.2
I
viii 5 10 3.1
viii 5 50 2.9
ix 5 10 1.6
ix 5 50 2.7
b 5 10 2.7
X 5 50 1.1
Example 22
10
Using the test procedure as outlined in Example 18, a
series of polyether type polymers containing varying amounts
of silane are examined for scale inhibition activity and the
results are reported in Table 6.
15
Table 6
Polymer Mole% Silane | Dosage, mg/l | Total Scale Formed,
% ws. Blank
Xi 2.2 10 68.0
Xi 2.2 50 6,2
xi 2.2 300 2.2
®ii 3.1 10 21.0
®ii 3.1 50 1.0
xil 3.1 300 1.9
Xiii 3.0 10 23.3
Xiii 3.0 50 6.2
xiii 3.0 300 0.7
Example 23
20
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2 300 O xvii 4 10 O Xvii 4 50 0 Xvii 4 300 Exanpl e 24 10 Using the
test procedure as outlined in Exanple 19, a hydroxyethyl cellul ose

derivati vewoamisayming silane is exam ned for scal e i nhipbirtusmi0s/050207
activity and the results are reported in Table 8. 15 Table 8 Pol yner

Mol e% Si | ane Dosage, ng/ 1l Total Scale Formed, Is vs. Blank Xviii -30
10 17.5 Xviili , . .

Using the test procedure as outlined in Example 19, a
series of polyethylenimine type polymers containing varying
amounts of silane are examined for scale inhibiticn activity
and the results are reported in Table 7.

5
Table 7
Polymer Mole% Silane | Dosage, mg/l | Total Scale Formed,
% vs. Blank
Comparative 0 10 102.0

D
Comparative 0 50 105.5

D
Comparative 0 300 112.8

D

xiv 0.5 10 43.3
xiv 0.5 50 1.6
Xiv 0.5 300 0

XV 1 10 4.2

XV 1 50 0

Xv 1 300 0.1

Xvi 2 10 0
Zvi 2 50 0
xvi 2 300 0
xvii 4 10 0
Xvii 4 50 0
Xvii 4 300 0
Example 24
10

Using the test procedure as outlined in Example 19, a
hydroxyethyl cellulose derivative containing silane is
examined for scale inhibition activity and the results are
reported in Table 8.

15
Table 8
Polymer Mola$% Silane | Dosage, mg/l | Total Scale Formed,
% vs. Blank
Xviii ~30 10 17.5
Xviiid ~30 50 3.0
xviii ~30 300 16.9
20  Kraft pulp mill scale inhibition testing

Example 25
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-30 50 3.0 xviii -30 300 16.9 20 Kraft pulp mll scale inhibition
testing Exanple 25 In order to simulate the conditions found
in a typi omb2008@ét%7pul p m |l black Iiquor a synthetic promesmsbsoguor
sinmulating a typical black liquor is prepared in the following 5 way.
A basic alum nate solution is prepared according to the recipe bel ow
by addi ng the al um nate and NaCOH solution to the water and stirring

overnight. The solution.is_th fi r . a. 3- I r
menbr ane (Pal l ifyelr%raéfcﬁ Fgoabm@%\%fmglg4cequﬁ%q%g%?&%&dzb%,%mf%%EEO%
NaOH 15 Deilgpifzedulsaterl 110020k ¢ itger 62 ggypsBeie proceyat BIaN®E0. 0 g
This basic glpahpate Saokutbon discusedqidr peepass@d20n sinallmtedwkiat t
bl ack I'i quor solution according to the recipe and procedure bel ow
Sodi um acet'dtYe i s added to achi eve the desired sodi umion
concentration. Anpunts are in granms and percentages are wW w unl ess

ot herwi se indi cateasi25iSothaim calbbhat e sSpdépmnesylaasediSeditant-he

thi osul f at & 3oL gL Iy ey osubfl e «+80% Sodium acelalon 30150%:s0di um

hydr oxi de 29 % S1 02 Basic al'um nate sol ution Dei onized vvalt er
water and stirring overnight. The solution is then filtered

10 through a 3-pm filter membrane (Pall Versapor-3000 T w/wa, 47

mm) :

Nao0.A1,03.3 HC 100.0 g

50% NaOH 146.6 g
15 Deionized water 753.4 g

Total 1000.0 g

This basic aluminate solution is used to prepare a
20 simulated kraft black liquor solution according to the recipe
and procedure below. Sodium acetate is added to achieve the
desired sodium ion concentration. Amounts are in grams and

percentages are w/w unless otherwise indicated.

25 Sodium carbonate 121.9
Sodium sulfate 32.7
Sedium thiosulfate 36.4
Sodium hydrosulfide, 60% 70.9
Sodium acetate 445.3
30 50% sodium hydroxide 250.7
29.55% Si0; 14.0
Basic aluminate soclution 25.1
Deionized water 1746
35 Total 2783 g = 2.30 liter

Calculated concentration:
[COs27] = 0.5 M
[S04%7] = 0.1 M
40 [8205%7] M
[SH"]
[Na¥]
[OH]
(5]
45  [al]

0
.33
7

([T

CC L ol
=2 =
== =

.6
03
01

|
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121.9 32.7 36.4 70.9 445.3 290.7 14.0 25,1 1746 35 Total 2783 g -
2.30 liter Calculated concentration: [CO32-]= 0.5 M[30421= 0.1 M

[ S2032-] =Gvd 204Bhs364d] - 0.33 M[Nat] = 5.7 M[01V] = 1. 6pdiuSiobs/ss0sh703
M[AI] =0.01 M The solution is prepared by adding the sodi um
car bonat e, sodi um sul fat e sodi um t hi osul fate, sodium hydrosultide,

and sodi um acet at e er with stirring. . Aft 1.n
stirring, the sﬁ’teutsl g f%n fJISI Pé?%%lret% %dlngcécér S%Odjl asé%a’rr%r%ar%’t 0
renove m nepdawouwwtisaot, |stsbluulbt1e1¢m:tlélai:al Smmsbmmﬁuﬁﬁéﬁ%xi@éi

sol ution, SsphigR fQkUtLop, @@dwgt@@uﬂehb §L5r£d aleypi- nad eASfQIaHtﬁ@%th
added, W|th stirri n%?lafter each addition. The solution is

i medi at el yEast g8 cEPBete BEION, 1Eor ¢8R oF M ISGRDE €506 St 83%5’33 frit

EeSpeCIt bVe tpolyridic h@nS@Hﬁdu&lﬁs of mlo)umr«s rid tie r{ EX arplee s3%i uv
Exanpl e 5), .vil |x( a L. 11)

xi i ( Exanpl }ejyﬁﬁ(fmd)?wm?f C/é)l qE)i m%%‘?i |2d(jE§ln£fiéﬁ%) 235

pre-di | ut edtmidte wb\h&lta@t mead@wbemstrtht ﬁWnl@QZ%NaO%a;@bl utl on

prior to Usgqids amuNts Aftibndds hidfa 3ROk YARN ySQL Uid Qi bk@beh.AQ g
of 15 water for the control test), is added to a | abel ed 4-oz EDPE

wi de- mout h j ar . ForhEACRAST FRAPAeH 50 &P g?nu‘Feastpé’Gt}‘é‘?é? YBfack i quor
sol uti o i Soaﬁlﬂﬁﬁlst @feacrmea:rs bef ofexamappi By andEsaakieng.  Eachi j ar

then contaiped st . so The .p dgse i 20The
caps on théEj ar's tﬁen gﬁe%l s%lagh%{m%e q%f’ >t§lol]{r%g {ngg%e )
pressure, amélit Wmﬂs pr )acaélsii smithelBxpopte of8)a2102P S GAdHtEH to 1%

simul ate heayintddlva E&ﬁéénﬂ%@g&s%d loqu@son Afdiek idn BHlort be €aps are
tightened and the jars E aced on a roti sierl espl aced insi d(f glhe Quen.
After turning ofh& RpEoun .45 g of a polymer solu 1on, {or

15 water for the control test), is added to a labeled 4-oz HDPE
wide-mouth jar. Then 145 g (120 ml) of simulated kraft black
liquor solution is added to each jar before capping and
shaking. Each jar then contained a “test solution”. The
pelymer dose is 100 ppm.

20 The caps on the jars are then loosened so as to be able
to relieve pressure, and the jars placed on the floor of a 102
°C oven to simulate heating in a kraft process liquor. After
1.5 hr the caps are tightened and the Jjars placed on a
rotisserie placed inside the oven. After turning on the

2% rotisserie in the oven overnight (16.5 hr), each sample is
filtered using a pre-weighed 3-um filter membrane (Pall
Versapor~3000 T w/wa, 47 mm). Each membrane plus any collected
solid is washed with about 5-ml water and placed on a 2.5-inch
diameter watch glass. A steel tray containing all the watch

30 glasses and membranes is placed in a 102 °C oven for 30 min to
dry the filtered solids. Each membrane plus solid is weighed
and the weight of the solid calculated by difference. % Scale

inhibition is then calculated in the following manner:

35 % Scale inhibition =

100 x Weight of scale formed with polymer present
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25 rotisserie in the oven overnight (1E.5 hr), each sanple is
filtered using a pre-weighed 3-pmfilter nmenbrane (Pall Versapor-3000
T wwa, 44vomdesnokaeh nmenbrane plus any col |l ecl ed sol i dpegusaséresdon t h
about 5-m water and placed on a 2.5-inch dianeter watch glass. A
steel tray containing aII the wat ch 30 gl asses and marrbranes IS
placed in a 102 C ov n dr e filt d Jds. Each
menbrane plus solid i gd”aar%& ?%e %/\%5” %+lﬁhg %% c} cal cul at ed
by difference. % Scal e |nh| bition is then caI culated in the fol |l ow ng
manner: 35 % Sc ls |9t sOf n SCaln@ 1 Eor M Wt h100

pol ypresent WO %%8%%&7%71PC%%%%038¥%1 0207 Wi ghtn%of scal e forned
with pol yngtPtaggenshown in fpllg esults of testi ng polyners in exanpl es
26- 33 ats 100 ppm are shown in Table 9. 5 Table 9. Exanple Polyner %
Scal e Reduction 26 iii 10.3 27 v 27.5 28 viii 98.0 29 ix 65.1 30 xi
96.1 31 xii 96.5 32

Table 9.
Example Polymer % Scale
Reduction
26 iii 10.3
27 v 27.5
28 viii 98.0
29 ix 65.1
30 %1 96.1
31 xii 96.5
32 xvii 6.2
33 xviid 28.7
10
Example 34

100.0 gm of 99% PEC (Aldrich, St. Louis, MO, 2000 numbexr

15 average molecular weight) is dissclved in 50 ml of water at 40
°¢. 12.55 gm of glycidyloxypropyltrimethoxysilane  is added
followed by 6.5 gm of 45% potassium hydroxide (KOH) catalyst.
The mixture is heated to &0 °C for 2 hours to form the
trimethoxysilane ether, This product is dissolved in NaOH

20  solution prior to use in order to form the sodium salt.

The following polymers, Examples 35-38, are reaction products
of epoxide end-capped (2,3-epoxypropyl end-capped)

25 polyethylene oxide polymers and aminoalkyltrialkoxysilane and
are prepared as follows to give copolymers of the following

structure:

A- {CH,CHOHCH,O0—- (CH,CH20) « (CH,CH (CH3) O} y {CH,CH20) ,~CH,CHOHCH20~-
30 (B) }a_

30



_ XVvii 6.2 33 xviii 28.7 10 Exanple 34 100.0 gm of 99% FED (Al drich,
St. Louis, MO, 2000 nunmber 15 average nol ecul ar weight) is dissolved
in 50 M ofoveksescat 40 (8. 12.55 gm of PCT/US2008/050207
gl yci dyl oxypropyl tri met hoxysil aneis added foll owed by 6.5 gm of 45%
pot assi um hydr oxi de (ROB) catalyst. The mixture is heated to 60 C for
2 hours to rmth ri met hoxysil a Erla: j t sl . ved
NG 20 COFatT OB or o tde [ brdlr T For The aadi o et
The fol | owisigopbl yners, Exanpl es 35-38, are reaction products of
epoxi de end- capped (2, 3-epoxypropyl end-capped) 25 pol yethyl ene oxi de
ol ymers and am noal kyl tri al koxvsi | ane and_are prepared as .follows to
gi vg copol %Pspé?d‘%%% ipoF PG Set YRRt tidr e2 - 28 5{%@%5@%%@‘3
(CH2CH2G) (K2 Chh (eHig)ive) a Y (HRAH20) o 7 +CER SHOHEH201 £ 30K B) |-8E (CNADs~

2008/ 097671R S2008/ 050 ere. n = 0, '

- NH( CH2) 3- gl) ?&E 3 §I,1Qan —B%%Z(C\é\fy:i(:‘c%}zltg%éﬁ( éﬁtl)og ¢ a{lcsﬁsé'pf S i's then
di ssol ved iavn2es¥%sodingnehy ditexindee5owol ution to give a sol ution of
the sodiumsalt (A = -NH(GB2)3- Si(Na)3 and BN(OH2)3-Si (Na)3 ) prior
to use. Polynmer concentrations are shown bel ow. 10 Exanple 35 20 gm
of D-400 D@EzaapPEQHi gl yci dyl ether (MWof PEO = 396 corresponding to
9 ethylene oxide units per nolecule) from Raschig is reacted with 7.8
gm of ami nayr gpybf ri-ettliorgsid &7 d5gipridyAechioan & F0-BY EC3P6 form
the silane gthet,oJher esubting Bnoducts. hasea AU abiabos) 3000

corresponding to tl owi ng 'structure: , ..

A- { CH2 CHOHGE2G M { THECRZOF £ £ CHECH( CHB) O} yAiGBR ENaPy L ET ¥ eI nie B2 ot e

2%(H ?&S?BWSIQJ%E& éthJr )étgm_OLZO ;cot@;%rg_ tBe adl.QlAh_el_ﬁ_et}&ﬂ.S (cjrhe _

- -3l t)3, an s > =Sl t IS pro t en
di ssol ved ¥ E}%%%é’dﬁog%cﬁyéfa&xi(agg%s%’f Lﬁblgj% %googic\%rg 5?9(%% o !§§)I %}?el on
of the sodifwhlsaity igatrwhitoche A is -NH(OH2)3-Si (ONa)3, and B is

>N( OH2) 3- Si (ONa) 3. Simlarly exanples 36, 37, 38 are prepared in
the same Way. {%gzéi‘ﬁjﬂ@ngp'p(ldl%ﬂw) xeﬂﬁiz@%t(g%) 6Pﬁ@iz(ﬁizg! Yeipdylorehher s
varying in nolecul ar weight. Exanple 36 20.33 gm of Denacol 861 PEO
di gl yci‘dyl @’'Ret from Nagase

Where x = 9, vy and z = 0 and a is about 4, A is

-NH (CH,)3-81 (OEt)3, and B is >N(CHz)3-Si(OEt)s;.

25 This product is then dissolved in 2.5% sodium hydroxide
solution to give a 20.6 % solution of the sodium salt in which

A is -NH(CHz)3-Si(ONa)s , and B is >N (CHz)3-51(ONa)s.

Similarly examples 36, 37, 38 are prepared in the same way
30 using polyethylene oxide (PEO) diglycidyl ethers varying in

nolecular weight.

Example 36

20.33 gm of Denacol 861 PEO diglycidyl ether from Nagase
35 Chemtex, Osaka, Japan (M, of PEO =988 (x is about 22)) is

reacted at 80 °C for one hour with 8.0 gm of

aminopropyltriethoxysilane. The product is dissolved in 2.3%
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35 Chentex, GCsaka, Japan (M of PEO =988 (x is about 22)) is reacted
at 80 nC for one hour with 8. 0 gm of am nopronyltriethoxysilane. The
product iswdhesebsed in 2.3% NaOH to give a 30.9 % solpgrivsmoesdsobdre
sodiumsalt prior to use. 5 Exanple 37 14.0 gm of Denacol 821 LEO

di gl ycidyl ether from Nagase Chentex, Osaka, Japan (1% of LEO =224 (X

i s about S)ybased QN AnRakyshs) douteactad cat 88iGnf er1oneriR@UEoW th
16.8 gm of 10 am nopropyltriethoxysilane to formthe triethoxysilane

et her react4®¥n product. The product is then dissolved in 2.3% NaCH to
to give a 31.6 %solution of the sodiumsalt prior to use. Exanple 38
15 17.0 gm of Denacol 832( LEO diglycidyl ether M of LEO -390 based
on anal ysi s; ase Chentex) is reacted at 80 C for one hour with
14.1 gm)éof axfrfalgng)c%'r\%gyl triethoxysilane. The product is dissolved in

3. 6% NaOH t @i VEnas3beda% s0d it ip@D @fg12Qithe sadivmsalNagabxanpl e 39
The follow ng scale inhibition test]'§ ,%rfe_gggd th'edaﬁ:g‘uta oggg&?eonvm th
the test prot8iiFe SFaut 2P BXandt -Po~above" 25( §87hy "a Sinul at ed
hi gh | evel amdlyeas) wastreatthdNWt [8i0gtmrEorThee domrowith off .&f ghef | i quor
i s descyd beg i ' ' inb, bi &0 00 L E ek 19080 61 BHRMALHE

Tabl e 2{": i .aqullélgpggg%&ﬁfiltaao ﬁc%ﬁﬁos??f%n. ISlpeci es &%cént rati onr

(ol e/ | i t r eYeaadpr 40 80DCRaNEBe ProggcNaNCOE er3Es 3¢Yees b. 310 Na9%04
0.028 Al umma cbr hydrata Q. $0£,1%402n of the sodium salt prior to use.

Example 38
15 _
17.0 gm of Denacol 832 ( PEO diglycidyl ether M, of PEO

=390 based on analysis from Nagase Chemtex) is reacted at 80 °C
for one hour with 14.1 gm of aminopropyltriethoxysilane. The
product is dissolved in 3.6% NaOH tc give a 31.3 % solution of

20 the sodium salt.

Example 39

The following scale inhibition tests are conducted in

accordance with the test procedure set out in Example 19 above
25 (using a simulated high level nuclear waste (HLNW) liquor.

The‘composition of the liquor is described in Table A i. Scale

inhibition results are shown in Table A ii.

Table 10 - Liquor composition.

30

Species Concentration
{mole/litre)

NaOH 4.800

NaNO; 1.940

NaNGCs 1.370

Na2C03 0.310

NasS0q 0.028

Alumina Trihydrate 0.500

S10; 0.0156

Oxalate 0.00345

F 0.0090

Chloride 0.1000
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0. 0156 Oxal ate 0.00345 F 0.0090 Chloride 0.1000 WO

2008/ 097671PCT/ US2008/ 050207 phosphat e0. 0160 Table 11 - Scal e

i nhi bi ti ornwdeskosmgsul ts Pol yner scal e % bl ank Scal ertniusivios/os0207%
Exanpl e 34 (Exanple 11) 70 30 Exanple 35 1 99 Exanple 36

[ phosphate | 0.0160 !
Table 11 - Scale inhibition test results
Polymer scale % blank Scale
Inhibition %

Example 34 (Example 11) 70 30
Example 35 1 99
Example 36 3 97
Example 37 0 100
Examnple 38 2 98

Table 11 - Test conditions

Polymer Dose: 100 mg/l

Procedure as described above.
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3 97 Exanple 37 0 100 Exanpl e 38 2 98 Table 11 - Test conditions
Pol ymer Dose: 100 ng/1 Procedure as described above. Wat is clained
is:. 1. A conposition for preventing or reducing alumnosilicate
scale in an industrial process having an al kaline process stream
conprising a polymer according to the formul a:

A- { CH2CHOHCH20- ( CH2CH20) x( CH2CH( CH3) 0) y( CH2CH20) , - CH2CHOHCH20- ( B) )
wherein, a = 2-100, x/x+y+z = 5-100 % y/x+y+z and z/x+y+z = 0-100 %
A i s chop@atat ks @ainredik:CH2) 1 - 20-Si (OR')3 and -NH Ar-Si (OR') 3 ;
repeating unit B is chosen from-NCH2)1-20-Si (OR")3 and

-N-Ar-Si (OR')3, wherein: Ar is an aryl or aral kyl group; and

R' is a substituent selected fromthe group consisting of H a Cl-C23

al kyl', alkenyl, aryla copogitied koY bre9r@Hp ool kY in SR atel stAld BiGhn iustrial
group | or Il netal; é) ammoni um sal ts of fornula NRILRZR3R4+, wherei n

R, Rz, Rt Imﬁ@@ &3¢ dkaRRbBETHGEL { pAPENEHERLR thORBhSLI NI
of : H a!r%éce; Cl- gaélaal kylﬂgal kenf}l a?;}l ol? gllf}arl ki/l 1g‘%loup optl onal |y

substi tut ed. osition accor

sel ect ed fWﬂO@P@P%ibCEPQMCHzQMHQ b@?%a@ﬁlzphd?ﬂzfﬁ%%ao (Balhad
ammoni um salts of fornula NRIRZR3R4+. 3. A conposition according to
claim 2, whergideiphe al kyl is a C1-C3 alkyl. 4. A conposition
according to claim2, wherein the netal is a Na or Kion salt. 5. A
conposi tion aTaridl. 02 S0 %, Y/xptbiet @1dre mesivs = ONOGR2) 1- 10-Si (OR ) 3

and B is - N GiR)A0n Bl RNIBCH: 0 S SOTPASI WEOR:- JROROEL NS to claims,
wherein A is -NH(CH2) 3- Slgl é Bis -NCH2) 3- ') 3.
repeating unit B is chosen from —N(CH2)1 20-Sl(OR )3 and

—N-Ar-Si(OR”)3;, wherein:

Ar is an aryl or aralkyl group; and

R” is a substituent selected from the group consisting of H; a C;-Cy alkyl,
alkenyl, aryl, or aralkyl group optionally substituted; a group I or Il metal; and ammonium salts
of formula NR'R*R’R**,wherein R}, R?, R®, R* are independently selected from the group
consisting of: H; and a C;-Cyy alkyl, alkenyl, aryl, or aralkyl group optionally substituted.

2. ' A composition according to claim 1, wherein R” is selected from H; a C;-Cyp

alkyl; aryl; a group I or IT metal; and ammonium salts of formula NR'R*R’R**.

3. A composition according to claim 2, wherein the alkyl is a C;-C; alkyl.
4. A composition according to claim 2, wherein the metal is a Na or K ion salt.
5. A composition according to claim 1, wherein A is —NH(CH,)1.10-Si(OR”)3

and B is —N(CHz2)1.10-Si(OR”)s.

6. A composition according to claim 5, wherein A is —NH(CH)3-Si(OR”); and

B is —N(CH_)3-Si(OR™)s.
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7. A conposition according to claim1, whereiny and z =0 % 8. A
conposition according to claim1, whereiny = 1-50 % 9. A
conposition according to claim®6, wherein ais 4. 10. A conposition
for preventing or reducing alum nosilicate scale in an industrial
process having an al kaline process stream conprising a polyner

accordi ng to the forAwdngodtién according to claim 1, wherein y and z =0 %.

CH2 CHOHCH20- ( CH2CH20) x( CH2CH( CH3) 0) y( CH2CH20) z- CH2CHOHCH20- (B) | a-
wherein, a = 2-100, x/x+y+z = 5-100 % y/x+y+z and z/x+y+z = 0-100 %
A is a ggoup cont ai N ¢ugnpakitieShdctdding3o giadup,; wikkth ¥ epesdtdng unit B is a
group containing an -Si (OR')3 group; wherein R' is a substituent
sel ected fromthe group consisting of H a Cl-CD) alkyl, alkenyl,
aryl, oroaral kyl grQugngkitionadcbidirgub slhaint &tva@ieid@a graoup | or 11 netal;
and ammoni um salts of fornula NRI RZR3R4+, wherein RI, R2, R3, R4 are

i ndependent|y selected from,the group consistin H and a Cl1-C20
al kyl , ‘Eenyl aryl, or ar él%ﬁpgﬁ?gﬁfﬁ B‘ﬁY‘inBﬂ%lP‘? rﬁ&scmgsa'}‘inflﬁ?sgﬁate S‘iafz CImA
COMpOSi t| on accor di ng to claim 10, wherein R' is selected from

Cl-di pai‘kW“St‘é%l)Pf“cesé Byiega 3ikadine PIOCRSS ST CORMISIHAB AP W%%F?réméfo the
formula NRIRZR3R4 +. 12. A conposition according to claim11,

wherein {88 kyl is a Cl1-C3 alkyl. 13. A conposition accor di ng to
claim11l, wherein the netal is a Na or Kion salt.

A-{CH,CHOHCH,0O- (CHZCHZO)X(CHZCH(CH3)O)y(CHZCHQO)Z-CHQCHOHCHZO-(B) }a-

wherein,

a =2-100, x/x+y+z = 5-100 %, y/x+y+z and z/x+y+z = 0-100 %;

A is a group containing an —Si(OR”); group; and

repeating unit B is a group containing an —Si(OR”); group;

wherein R” is a substituent selected from the group consisting of H; a C;-Cyg alkyl,
alkenyl, aryl, or aralkyl group optionally substituted; a group I or II metal; and ammonium salts
of formula NR'R*R’R**,wherein R}, R*, R, R* are independently selected from the group

consisting of: H; and a C;-Cy alkyl, alkenyl, aryl, or aralkyl group optionally substituted.

11. A composition according to claim 10, wherein R” is selected from

H, a C;-Cyp-alkyl; aryl; a group I or IT metal; and ammonium salts of formula NR'R’R’R**,

12. A composition according to claim 11, wherein the alkyl is a C1-Cs
alkyl.

13. A composition according to claim 11, wherein the metal is a Na or
K ion salt.
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