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SI LANE SUBSTI TUTED POLYETHYLENE OXI DE REAGENTS AND
METHOD OF USI NG FOR PREVENTI NG OR REDUCI NG ALUM NOS

WO o€ 7SCALE | N | NDUSTRI AL PROCESSES Sunmrar yPOF/U$1068/050207

I nvention The Invention describes materials and
met hods for preventing or inhibiting the formation of

scale on or in e nent used in |ndustr| 8
haV|n HRE SHESHE ?ER;%QHY gﬁgL Ag% gg

Q%ﬁﬁﬁélﬁﬁo%%rﬁpéf"@géﬁﬁ R BE N&%ﬁ ILICATE
eqU|pnent used iSFALEJGYt FNRYS ERRCESHRE

particularly in those processe having an al kaline
process streamis swinamelodf lkhewtnvdiieacal es present
a significant problemwhen they build up on the

surf aee @ﬁv@ﬁ@ﬁcﬁﬁ&ie&swﬁbﬁ’emhamndiad&usedaméobwé rEdrhe

heat transfer, o.ff|C|en hus di_ti heat
&8 &P?eﬂrt%ﬁﬁé?ﬁﬁﬁ§ rTﬁﬁggbggogggg? @ﬁd?ﬂﬁ%ht
dquitdhese psedeﬁsebmh@$mhalngr¢maaﬂﬁe@a@ésﬁ ajxaline process
q$a l.e of such an Industrial process having an

Karl i ne process streamis the Kraft recovery process
for manufacturing paper which has been known for over

100 years and iSa%'c@%uzsahayofi%m%dnwomny texts on
the subject (see Xnook "Handbook for Pul p and

paper, n%ﬂ%%h ﬁ'%&ssgganEdhh|gﬂh onN%&%cggge@ﬁhYpﬁgﬁt used

develop cl ose cycles in kraft paper mlls
Hins LneBat el | REaRSTIRT 088 r—‘r@l@éﬁpﬂﬁ@lbr Bl ehgeg processe

0G5S Sa LU RAB e Y ob0st hesthiihd 1P Gérfzﬂ w&umumr&nﬂu The
silicon in the systemas is described

e aRKEP SRR VY 9 it B k”OPhemA‘EbﬁI} FaFoRusEd up on the
splubicl 4y gabaci® puedbedingahdie caggumi alben ah the heat
gg;ﬂ?ﬁ;%nkgggfféléégw]%H&s, additional heat may be reguired to
be provided to the evaporator equipment in these processes
resulting in added cost.

A an example of such an industrial process having an
alkaline process stream is the Kraft recovery process for
manufacturing paper which has been known for over 100 years
and is eloquently described in many texts on the subject (see
G.A. Smook "Handbock for Pulp and paper technologists, 3rd
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
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 mills™, Minimum Effluent Mills Symposium, 19946,
p303. It has, therefore, been a well recognized need to
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 inhibitor for kraft pulp

mills. This type of polymer is shown to be effective against
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al kaline pulp mlls", MnimmEffluent MIls
Synmposi um 1996, p303. It has, therefore, been a well

wo emsgviiczed need to provide a nmethod and conpoBGCT/U82088/050207
for Inhibiting the formation of alum nosilicate scales
in kraft pulp mlls. US 5409571 describes the use of
terpolynmers of maleic_acid, acrylic acid and
Cﬁ}ﬁébﬁos@%ﬁ?%ﬁﬁ“ﬁc@&aégsSSQT% bior PSF kr &F w%nﬂ%? be
eEEEbﬁivéTféttamﬂmﬂabspoigmﬁﬁ dcmlebown to be effective
agai nstcal ci um car bonat e al.es b S - hqwgz
to bal%?feE?V%L ?%?C ?qﬁﬁi§%§¥FicéﬁgNgzalggg?pgﬁgﬁ§ ces?
rb@y ehchied-earciidstle oW ifiaé il vpbess pipcesger to minimize
wr%géoﬁ% Lye-rieh %8&kﬂlﬁggﬁﬂﬁ¥ﬂﬂﬁéﬁ¥ﬁ%%§ i t@ed8l tQr long
o m Ze Waste vol ume -an i mobi ['1ze the hazardous |
teaterdtalrafer. |FENY tterentoestadge. HUNBILAdatifgiorped via two

ﬁ%%%%%@ééy RE f%ﬁﬁﬁgs¥iQj;mﬂbfﬁ&ﬁ@QﬁQ%kkﬁﬂea@i@ﬁﬁsﬁoﬁdﬁtions
pertormnmed under acidic conditions and one_under

agldk arien extedsiidli @ Vo neUfd 11 REF | nERPRBCcALERny'e Processing
£oRdit LeRs, s al AiMesishi¢akee SCalalgr owdodth a is &
signi ficant problemduring the pretreatnent %ta e, .
BRI EORWASTEPYFET FFERRET Ghe WATHZFoCHE pr ELPaat meki °F ©°
JaaGlel btyYrithestvasie is evaporated, filtered, ion

exchanged and further evaporated. During evaporation,

alum nosilicate scales can formon the surfaces of the
evaparahon wailes ampdeheabimentsur ffacé$itfurt Hévenor @aste  is

transfer pip can ,al sq_becg cked, d h d
ER°Ea 5 6f ﬁﬁé%&rggalégnaﬁﬁaggglﬁ%itateseﬁg%%?éigg?F%Bate '
mirdsiar e=faro mEiibhenaicminoFhéipaet r sgeéds HONW whlteson  the

&;torfta%e\s/,i t I;)iff | caLi o@vgg&{“éﬁéf eSWall"le_N‘é‘_n\élaSth%agQﬁﬁ | Bh@races.
a melter preparation vessel where silica and other
Rylciserfiorsi ntramt ey alipear sandabie Taeoms Plor&efsdpnehe the

ﬂH%?d%% ardthee. ML AN Mnd Wrechpitheds PG tating closure

for maintenance.

The pretreated HILNW wastes go to vitrificatiocn
facilities. HLNW waste goes into a melter preparation vessel
where silica and other glass-forming materials are added. The
mixture is tThen heated and Lthe molten mixture is then poured
into large stainless steel containers, cooled and moved into
temporary storage until a permanent storage location 1is

selected.

From the vitrification unit operation, a portion of the
Si-containing glass-forming materials are recycled back into
the evaporator unit (during pretreatment). The dissolved
aluminum, in the form of sodium aluminate, and sodium silicate
species react slowly in solution to form complex hydrated
sodium aluminosilicate species. BABmong these species are
families of amorphous aluminosilicates {aluminosilicate
hydrogel), zeolites, scodalites, and cancrinites collectively

known as “sodium aluminosilicate”. These nuclear waste streams
2
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into large stainless steel containers, cool ed and

nmoved into tenporary storage until a permanent storage
wo omanyen i s sel ected. Fromthe vitrificati on REi/US2008/050207

operation, a portion of the Si-containing

glass-formng materials are recycled back into the

evaporator unit (during pretreatnent). The dissolve

) , d
sdlsqriosuipiin HE COPRPOFFR0H N Afunthatl, TRAd°§6Hi di ©F
n%'tlrhlﬁ@t grh1§8ﬁ§t§§té' eia\ﬁ{s,shfﬁﬁii Wery $0kHt iconceotfaorimns (up to
conmpl ex rat ed sodi um al um nosili_cat.e speci e
iHose SyEE Ce arenratl I8 GFeahoPghats Tont: Tnedlihfbrors
g&lelallﬁimosauhkh&aiees thal uminosidi cdbembyitomgelf) aluminosilicate
zeglites, sodalites nd cancr.i nit I i
Fadin 5 caarutra iRpndsi 1 daree tREly it dar s oo 2
Istar ealsRl sheont abe bilghl condEnty dtiboas. {up to 2M for
each ion) of nitrate and nitrite ions, and very high

concentrations (up to 16Min sone sections of the
t ankRlep, G3Fdiwns luTHase it aetlor sSqrieatiity corRafeesd e be an

d%%%%ﬁggbigrﬁﬁiﬁﬁn Qfrcalif Neskl | arf e seal eindsrration  of
result, sodium al umnosilicate scale formed has a | ow.
regligbicbivy 1#nieigloRapnfe 2 FENWIF UGS APSo 218BRRRT L ECate

2l RAsk| Eeaker $&a) s epRsbdel €tk ich b apdium diuranate.

undesi rabl e HLNW product due to the j oration of
(rdicgacer v+ | dnt AR dE€TaRd Sct v ddSOPRt 6 tRELE diuranate

AUMRES ki cat ensesd € Gage Sprueipfestiand testing results,
SRS BRI AT e SRSt B ST R cofbay,
Si0@dinymsal. ym nosid i el fpireci pesatalole tfest HAGWr €saitsiies to
ST 2000 0050 SRR AR Vs e
HuMdhbaci b tsies stelasni ihze, t hiet vebumeeof spRMVE-hat, sodium
i,
escalogigr gwtch ¢Eﬁ¥&§i§ﬁgﬁiﬁﬁ@&ﬁt ﬁ@gdﬂﬁVetreatment of nuclear
wastes.

Therefore, it would be desirable to provide a solution
to the sodium aluminosilicate scaling problem in the nuclear
waste evaporators,

Attempts to sclve the aforementioned proplems have lead
to limited success see Wilmarth and coworkers (Wilmarth, W.

R., Mills, J. T. and Dukes, V. H., (2005}, Removal of silicon
from high-level waste streams via ferric flocculation,
Separation Sci. Technol., 40, 1-11. These authors have
examined the use of ferric nitrate to remove Si from solution
in the form of a ferric precipitate, in order to reduce or
eliminate the formation of aluminosilicate scale. Although
this approach has some merit, there is still the disposal of
the high-level ferric precipitate to deal with and an
additional filtration unit operation is required. Also, W.

R.Wilmarth and J. T. Mills "Results of Aluminosilicate
Inhibitor Testing", WSRC-TR-2001-00230 have proposed using low
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econonm ¢ and operational inpact on the treatnent of

nucl ear wastes . Therefore, it would be desirable to
w@e@shews7a sol ution to the sodi um al um nosi | i CBEEUS2008/050207

scaling problemin the nucl ear waste evaporators

Attenpts to solve the aforenenti oned probl ens have

lead to limte '

TOVEFHARE HI T RETERERRS o5 SCart LRRAPBIRER.  R S bt
h@fz@%bum&em f Itopﬂoeﬂshi:e;@flacftrwp.hi gh-1evel waste

streanms via ferric occul ation, Separatig j :
TechhBks . thegs 15 1 peﬁ”ﬁeg%r att hors® é\?%i e&rgdm%%efg “Cha"
Idé-:?]:&Ofﬂf ff;erjffeiacmd']ﬂrigl’ aflemt nos Ehimed eSischlenpsblditt o eguipnent
the form a ferric precipi €,c d
el P BALRTH I FOPRAEFoh B G oo T et o Searaon en
aAl tfhoughatibls, appr dackithasls arparePirpcetherd iig SCLPar
4 @eced'ﬁ?%%%n fsttggg hi gh-level ferric precipitate to

d:leal Wi and an additional filtration unit oper ati on

is required. Also, W. R . Wlmrthand J . T . MlIlIs
"Results of Al um nasiArGabe AR BrfeTIbRSti Ng”,

WBRC- TR-2 001- 00230 have proposed using | ownol ecul ar

WEig@hecﬁﬂgggng%j@%n§§@hes&IwgéﬂﬂhérSfEQéméﬁﬁﬁﬁhdﬂﬂproblems
have tound none to be satisfactory. Thus t ererie%ya

0. h
sk @thers aby stigtidifiag mahar et recridve mefhod st

JRGMEROha, Ui | NOSidaseates saale Duifl dup ghows U {STEIR" ) 3
used in industrial rocesses er %suchNg [ IadsuBmi Sn

prGBreth ads for Bk , IEREP Kt pulp paper proces
@ANghendanuctieate vBsie tisedt tentedtaeeanmsel SUMMARY OF THE

[.NVENTI ON, The t o t] I h :
HPUPEREnt | SMEY oot B and BURET S by R ogh i i e
pmicersisabsramd @udietod whefebyjpolngmed $ 1 hayi mgiah level
A&%?Qérowgsgglé%Q@é?ééi%ﬁ EEQ&égé'é%eaQQB%i §tream. When

materials of the present invention are added to these

& grou
S group

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.

DETAILED DESCRIPTION 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
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
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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(where R" is H, an alkyl group, Na, K, or NH) as an
end group or pendant thereto are used to reduce or

we@biosierare al um nosilicate scaling in a procesBCTIHYI0NE050207
an al kal i ne process stream such as a kraft pul ping

mll or a high Ievel nucl ear wast e evaporati on process
treatnment stream, \Wen nmat Is of the p _
AR A AR A G 2‘1 foegscs arkyl,

Stneane, K hey mgduceh@mjncﬁmn oCoRph i@ 4} 3pfmﬁonality

f t f al | | i
Qﬁ%%gggggg ﬁ%?a %%fﬁei%?%geﬁf%ﬂ%ug@ gP?ff%&Qd%“%%%ugh to

aeﬂafle@rtel ke a;ﬁestnrr&ai ment:ltencmhtaaat irenget haem rakd ttthenps 0.5

nom t 3L5E SCRI PTI

EI\I‘I’P%\H‘%e@Opt?agsén% OPnﬁgEJ le rectIzltl_-dtqtgo(lgg)ﬂ;hIgr ko
amehhod andl ¢trerliedl.s Hboeve hel i eﬂl}ét penme$t economical to
Al u%@%.%ééfaér&m%%nh@'c@!sggrfc@ eyler_'ldaehé ngustrdAlresuits.

process avi ng an al kal i ne process stream such as in
Tth@e Pi@ﬁa@tﬂr@udﬂiﬁ s eppbeBsRreaeshd noE Al hY i el

UCH RN WAL £ J8alAERL1 §hé £aM1 (URE) PROCESSRST £ €@IRGD

be treated can be any process stream havi n
adikgal i ABY Lontd 89N EAd T AT W e gkl %g‘?%&%’"“sé (geHs) s

qbiea%haygéeﬁ@r ad&l\wttleebl GRIPI1Se @fddtelaedkraétlprmm or

%é | evel nucl ear waste va}gor at ro S5 Slleam
l'ﬁﬁjéls t- A5 IPES T §§§eﬁﬂe0§t§b e (s [s |ng € process
SiEeam asr btk viasito cake p@mraam g sbal éolmwibigt igrgeric

nmount _of a e . ¢ __
St%ﬁ CAPECR” gr er“g é con rﬁ‘%‘f ngsq?(-O 3 OR’Q?%&EK
ah@exe ; R dnd H41lymEL-€31 acpw&wu al:reyf[ore[\lgddp(tgqm N}-qnf theTpaocess
s%%%%ﬁt 0L 75K AR hidntunglionaldd XnRbeseilnd o iat any

e an anount s i ent enough to achieve
qfh@h@esu fex-jmwmﬂtb@ addedake rgmgerocertastredte 44€0. 5

agq]e%u%oagf wkt Dgnit Al HIDREMBEe ST AURS PEESEAL Léds it Mout 500,
Alst preferably at least about 1000.

In a preferred embodiment, the group containing --
Si(OR”)3, where R” = H, C1-C3 alkyl, aryl, Na, K or NH;
comprises a group according to --G--R--X--R’--51i(OR")3 where G
= no group, NH, NR” or O; R = no group, C=0, O, C1-C1l0 alkyl,
or aryl; X = no group, NR, ¢, NH, amide, urethane, or urea; R’
= no group, O, C1-Cl0 alkyl, or aryl; and R” = H, CI-C3 alkyl,
aryl, Na, K or NH;.

In one embodiment, the group is --NH--R--X--R’--Si(0OR")3,
where R = no group, 0, Cl-Cl0 alkyl, or aryl; X = O, NE, an
amide, urethane, or urea; R’= no group, 0, C1-Cl0 alkyl, or
aryl; and R” = H, C1-C3 alkyl, aryl, Na, K or NH,.

In another embodiment the polymer tco which the group is
pendant can comprise at least one nitrogen to which the
pendant group is attached. Exemplary polymers comprising at
least one nitrogen to which the pendant group is attached
include, but are not limited to, a polymer according to the

following formula:
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as much as 100 nol e% However it wll be nost
econom cal to use the | east anpbunt necessary to yield

wa bwsdesired results . The pol yners are pref eredi/ys2008/050207

prepared initially as the silylether derivatives
Polymer - Si (OR') 3 where R = C1-C3 al kyl, aryl, eg
Polymer --Si(OCH CHs) 3 or Polynmer - Si (OCH3)3 The
silylether derivatives nay be added directly to the

I ndustncal)progess (sHpeam Oy they may be hydrol yzed to
the silanol derivatives to formpolynmers of the

foll om ng generi cRstratctores, Polymer - Si (OH) 3,

Ber =" o3 ](ﬂ@lizal}é’ = 9BOLVIBS SR Do &y rorphd c1-c10

die addition to the rocess
agﬁﬂy&arraryl, i ®r ar FNREN ewmlneafeeé% gr @ ot ¥hiangd dert RENITOVP,

%angilﬁgi 55‘%&5{ fOLAE ARY- Re Qﬁd%@ 591{@6 AAGeRT, K o

ream ar wei ght o ymer shou e
h&hflfe}a@t@abmﬂlw@r@ ﬁ%%qrfgrf@f éPaEF? ‘?r“l‘uelé‘st about
1000. In a preferred enbodi nent, the group containing

- S (O, 3--iherg (R H-N) C3a|ky| aryl, Na, K
or NH cgg(r:rpz})l%se,s a groué) zacco% ng to - G R—-X--R‘

--Si (OR') 3 pheren@ s no group, NH, NR' or O ; R = no
group, GO 0, d-AOalkyl, or aryl; X = no group,
WNRreOx, =Nb, s amisde,y wr eghaneof’ Osrnd,erea CR—C6 =re ergifeuped,
O, d-d0a or ar and C3 al kyl
%IWheKﬁlnl@%JyWS alcﬁo jen%n%od: maﬁftOrfn %3 gr oup ?/s -
NH-R- X- R'- Si (OR') 3/ where Rn o group, O,

A - G-O(atkyl--vf af(fCH2%—=NO,~~ NH, an am de, urethane,
or urea; R'= Ao group, 0, d-doalkyl, or aryl; and
R' = H, Cl-C3tlky?i Gy, Na, K or NH . In another

enbodi ment the polyner to which the group |I's pendant
whrarec onpr Pse-21% | ast 98ne— P ¥ radFe P PES LRAT cPrdTHR S -

pendant .groye, | Supldidefedch EXeIRh@nY nBok ¥fBsSndant thereto
;xg?%LESBQQegé group containing --Si{OR”)3; 1is derived from an
unsaturated polymerizable monomer containing the group

-~5i (OR”}3 where R” = H, C1-Cl0 alkyl, aryl, Na, K or NH4

and is optionally copolymerized with cne or more additional
polymerizable monomer (s)., Examples of such additicnal
polymerizable monomers include but are not limited to
vinylpyrrolidone, (meth)acrylamide, N-substituted acrylamides
such as N-alkylacrylamides or acrylamidomethylpropanesulfonic
acid, (meth)acrylic acid and salts or esters thereof,
maleimides, vinyl acetate, acrylonitrile, and styrene.
Particularly preferred unsaturated polymerizable monomers
containing

--8i (OR”)3 groups are monomers of formula V and VI.

Formula V: Formula VI:
(CHP=CR"'} (CEP=CR")
/ /
COXRS1i (OR7) 5 Si(OR"}) 3

where P = H, C1-C3 alkyi, -COZR”, ~CONHR

R = Cl- Cl10 alkyl, aryl,
6
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| east one nitrogen to which the pendant group is
attached include, but are not limted to, a polyner

w@emsoelicng to the follow ng formula:- {(CH2)2 PCT/KS2008/050207

((CH2 2KH) )y / RSi (OR') 3 where x = 0.1-100% vy =
99.9-0% and R = no group, a - CIOaI kyI aryl, or

-COX-R -, V\,here X = ,no group, a-dao
al kyl or aryl:R &{Rm I—F'\ﬁ(%l €§3F3k7y aryl, Na, K

or NH; V\here{n:p)olmﬁemraﬁcordlngtothefornula --

g(gg%)g/z;l\lg/ ):(~§!9’( g%%o/c%%?’ Fél:k% %g}?fe p\rmferreél and

Rshepeéen pdl yuer pcdgoerdi tgetwle henpbor and acopal HeCHE2P2-

tg}éﬁEaéégygiﬁggﬁg%%b ﬁcﬁQﬂ§kH§ §H§§Nﬁhh%H¥ﬁFr§ﬁ&

o ar e specific exanpl es
remother efbott nErmutheVpél ymer havi ng pendant thereto

73 GheYpyef. end group containing --Si(AV) 3 is derived
from an unsaturated pol yneri zabl e nmononmer cont ai ni ng

the group®8&CR'OR') 3 where R* = H, d-d O alkyl,
aryl, Na, K or NH4 and is optional Iy copol ymeri zed
Wi t h one orCWote &&di'ei onal pol ymeri zabl e monomer (s)

SEag! oy Such i) onaly polyrey Zaphe, pnorer 3,
dlncetsh)ilaplylmneblal\l- KUbStNH{qut ed acryl am des such as

N SR S B A ST BB PPRSA o oo
polymerlzable monomers such as those described above.
Particularly preferred copolymerizable monomers include
vinylpyrrolidone, {(meth)acrylamide, N-substituted
(meth)acrylamides, (meth)acrylic acid and it's salts or esters
and maleimides. Particularly preferred are N-substituted
acrylamides containing 4-20 carbon atoms such as N-
methylacrylamide, N,N-dimethylacrylamide, N-ethylacrylamide N-
propylacrylamide, N-butylacrylamide, N-amylacrylamide, N-
hexylacrylamide, N-penylacrylamide, N-octylacrylamide.

In a preferred embodiment a polymer according to the

formula:
(VPD) W= (CHZ__CP) T (CHZ_CP) y T (CHZ""CH) [ A—
/ / /
CONLg cCOooM FSi {OR") 3

where w=0-99% , x= 1-99%, y=1-9%9% , z=0.5-20% and M = H, Na,

K, NHs; and R” = H, C1-10 alkyl, aryl, Na, K or NHy ;P =H or
CH;, L=H, or C1-Cl0 alkyl, aryl or aralkyl,

F = ——G--R--X--R’-~31 (OR”)3 wherein G = no group, NH, NR” or O;
R = no group, C=0, 0, Cl-Cl0 alkyl, or aryl; X = no group, NE,
0, Nf, amide, urethane, or urea; R’ = no group, O, C1-C10
alkyl, or aryl; and R” = H, C1-C3 alkyl, aryl, Na, K or NH; and
VPD is a moeity derived from substituted or unsubstituted
vinylpyrrolidone monomer. Exemplary polymers are homo- oOr

copolymers of one or more comonomers of formulae VIT:

7
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mal ei m des, vinyl acetate, acrylonitrile, and styrene.
Particularly preferred unsaturated pol yneri zabl e

wWOorResnEisl containing - Si (OR') 3 groups are nBCDITE088/050207

of formula V and VI. Formula V : Forrmula VI: (CHP=CR)
(CHP=CR') / /| COXRSi (OR') 3 Si (OR') 3 where P =H,
Cl-C3_alkyl, -C®2R', -CONHR Rd- dO alkyl, aryl,R 1=
Hoerr3aaV kYl , or aryl X = O, NH, or NRR' H, Cl1-C3
al kyl, arghp=dda,) K or NH4. Exanpl es of such pol yners

i ncl ude hono/ and copol yners of trial koxyvinyl sil anes
such as CH c@HSIi 0BCH2CH3) 3 and nononers of the
formula VI1: Formula VI1: (CHP=CR) / COXRSi (OR') 3
where PP=HIR B = CHU2CHZEH2- R'-RHz KM = MiNM&Nnd R' = H
nyCL- kyi , I, ] r of this
tRype r%yé%gd%oaplo yi/irhsrail‘él%blK}]vvl‘:fr)'t hﬂ\‘lgﬁbyNg?%%%%g?yneri zabl e
FORGREES stetrHNa KoséshdesetlBEdsaabevBParticul arly
preferred copol yneri zabl e nononers incl ude

vi nylpyby ol j@enecs( et hracty) ani-des, Nesybsti t ut ed
(meth) acrylamdes , (neth) acrylic acid and it's
salts or esters comicgml,ei mcesva Parti colRrds,) 351 (OR”) 5
preferred are N-substituted acryl am des contai ni ng
Wre2Qigarbeng-ad @ns xsweboas Naetdnd,aceykanidele % are

specific examples,

In another embodiment, a polymer according to the formula:

— (CH2CHQ) = ( (CH) = (CH) ) x=—==——==~~~ ((CH) - (CH) ) y==((CH) -——{CH} )
/ / / / / /
COOR COX-R’-8i(OR”)3 COOR COD COxV”  COV”

where w = 1-99,9 %, x = 0.1-50%, yv = 0-50%, z = 0-50%; and

Q = C1-C10 alkyl, aryl, amide, acrylate, ether, COXR where X=0
or NH and R = H, Na, K, NHg C1-Cl10 alkyl or aryl, or any other
substituent; X = NH, NP where P= C1-C3 alkyl or aryl, or O;

R’ = C1-10 alkyl, cor aryl; v”= H, Cl-C3 alkyl, aryl, Na, K or
NH; or forms an anhydride ring; R” = H, C1-C3 alkyl, aryl, Na,
K or NHg, and D= NR1l, or OR1 wherein R1 = H, C1-C20 alkyl, Cl-
C20 alkenyl or aryl, with the proviso that all R, R”, V7 and
R1 groups do not have to be the same, is used, and wherein

polymers according to the formulae:

— (CHzCHQ) w—=— ((CH) (CH) ) x== ((CH) === (CH)} ) y= { (CH) ~~~ (CH} ).
/Y / / / /
CO  CONa COzNa CO COz;Na COzNa
/ /

NH ({CH>) 381 (ONa) 3 NH {C4Hg)

where w =1-99,9%, x=0.1-50%, y=0-50%, z=0-50%; and

¢ is phenyl, and:

~ {CH2CHQ) 4= ( (CH) {(CH) ) x—— ( (CH) = (CH) ) y2~ ( (CH) (CH) ) y2~ ({CH) (CH) } .
/

/ / / /o /o
CO  CONa COzNa CO COsNa CO COzNa COzNa
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N, N- di met hyl acryl am de, N-ethyl acryl am de
Npr opyl acryl am de, N-butylacrylartiide,

wor@swpdacr yl am de, Nhexyl acryl am de, N penyl acPgi/E81008050207

N~octyl acrylainide. In a preferred enbodi nent a
pol ynmer accor di ng to the fornmula: (VPD) w__ (CH2-CP) x
(CH2-CP) y (CH2-CH) z / / [ CONL 2 FS| (OR') 3

mher & WD SR RS o 2 o M=,

or NH4 ,P Hor CH3, L=H, or O - CIOaIkyI, aryl or
vafcalek yil ~1F99.ﬁ R=0X1-~5B%, BI+YORO)y58%whet einil G2==n§-50%
ro a-ao
Z% kléI% or ar Ils )?hggyér%ﬁ%,&ﬂ%%g% eg’_r’%o]é% de,
urethane or urea; R' = no group, 0, d-d O al kyl,
or ar yila appth@ embqdimgit GB R gfler aFgProied 40 GreNH4
BD is a noeity derived from substituted or
unsﬁlbst ituted vinyl pyrrol i done nmononer. Exenpl ary
pol ymers are hono- or copolyners of one or nore
conpAoRe SHH2P by r‘ﬁlj{P(é% QP)QD?GHJFEﬁVIZFQ—%CHP:CR) /
COXRSi (O'\’) 3 where P=HR=-CH2CHR2CH2- R=H, X =
NH apdleRe x H5-1604C3zal kyle aryly, aba, z K= or- NH svaerekn

12%;%pgégbgcggr}gﬁé% Lo th?%&%&éomnn%mpgflyl%ijﬁié ﬁ%ug -=
sCiQ@Na)Qp\lhhe(M) 3Si 5{ GR')CB atheiei arw = 16+,90%pr NH;, is
Sed ng%mplary(gﬁch pol%gegglf%cfﬁﬁé

A-0O- {CH2CH30)  {CH2CH (CH3) O) y (CH2CH0} . ~0~B in which A and/or B

R-$i{(OR”)3, and x = 5 - 50 %, y =5 - 95 % and z = 0 - 50 %

il

i.e. a copolymer of ethylene oxide and propylene oxide
substituted with -8i(OR”)3; groups, and
A-0O- (CH,CHR0) x (CHoCH (CH3) O) y (CHRCH0) ,~0-B in which A and/or B

[

R-Si (OR”)3, x = 100%, y = 0% and z = 0% i.e., a homopolymer of
polyethylene oxide substituted with R--35i (OR”)3 groups is used.
In another embodiment a polymer prepared from a
polysaccharide or polysaccharide derivative is used. Any
pelysaccharide to which the pendant --8i(OR")s groups can be
attached may be employed. Preferably the polysaccharide should
be soluble in the industrial process stream such as a kraft
pulping mill process streams liquor or the high level nuclear
waste process stream. Polysaccharides useful in this invention
include but are not limited to cellulose and it's derivatives,
such as hydroxyethylcellulose, hydroxypropylcellulose,
methylcellulose, hydroxybutylcellulose,
carboxymethylcellulose, starch and starch derivatives such as
cationic starch, guar, dextran, dextrins, =anthan, agar,
carrageenan and the like. Particularly preferred are starch
and cellulose derivatives wherein the reaction product of
hydroxyethylcellulose with 3-glycidoxypropyltrimethoxysilane

is a specific example.
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specific exanples. |In another enbodi nent, a polyner
according to the formula: (CH2CHQ w ((CH) - (CH )x

wqmmpwm(cm )y- ((CH) - (CH) )Yz [ [ [ [ | | EIIBS2008/050207
COX-R -Si (OR') 3 COOR COD C2V " CORV' where w =

1-99.9 %, x = 0.1-50% y = 0-50% z = 0-50% and Q =
ad-doalkyl, aryl, amde, acrylate, ether, COXR where
X=0

aryl %L8rp%ﬁ¥)“eoﬁsr1élrse§u%§t F}tl%elnr}v'g%mg Elaqlﬁﬁgvé%yde qé
WBki€Byabkylhawy. atopl exempDe; Ry <a@ beOnadik\y perymerizing
Al k ryl ’ or _fQr

DTCRRRY e ofes T oL log By By IRl By e
adrkyNH#4arghd 1B NRIor2 N8, ca:acmvﬁér &prh war&plﬁ a eileve

nﬁjnll&ﬁer, q)r %ﬂ)n@%ﬁ&%n@rs@éﬂla WnlcRet-NE: B CB/deSQ)rt hate co-

groups do not have tqo be the

TOMPEE L S %@%%ﬁb]ﬁ]@l\kﬁéPeﬁﬂﬁnW%ﬁfP§ HEBot i MY 9 ORE"

i 88 inc {2 O %e(n&@'i)m(l@*é):l o- ( (CH) - (CH)

). Y- (. (CH (CH ) B/ Na CO2Na CO
ee;méreeélmax sylagg. (@F@Y}t%}s‘ilet(f@ﬁé(f gwﬂﬁ(c H) where

dﬂly%t@@eth@%@s?&éhe, Hubefey ] =13y s 12 =0e 5 0fbnmaaind Q |
S en

%c%ﬁla %d?2$ﬁp¥kﬁ%léf %l?éié%%%%§F}%%xyg}£$%@tgp %E}D

4- (CRLERR bbl&ﬁiﬂ&kﬂ33lgﬂﬂhhcfﬁliﬂlﬂﬂidCfﬂh@f [ [ NH
(ER15(00.3,Xgue9 Aapialow e v o, o
m@t@OKSSPhﬁlmowlen@Qecmid@ axhmphes. reackiot goducts of
mgﬂ%ﬂg‘gﬁﬂ§d§ﬁ&éﬂéﬂga tﬂggoﬁgé£Ehﬁd%ehh§nhydrldes with amino
compounds containing the --8i(OR”)j; group. These monomers can
be hydrolyzed by aqueous base, either before or after
polymerization. Suitable co-monomers for use in the present
invention include, but are not limited to, vinyl acetate,
acrylonitrile, styrene, {meth)acrylic acid and its esters or
salts, (meth)acrylamide and substituted acrylamides such as
acrylamidomethylpropanesulfonic acid, N-methylacrylamide, N,N-
dimethylacrylamide, N-ethylacrylamide N-propylacrylamide, N-
butylacrylamide, N-amylacrylamide, N-hexylacrylamide, N-
phenylacrylamide, N-octylacrylamide. The copolymers can ailso
be graft copolymers such as polyacrylic acid-g-

poly (vinyltriethoxysilane) and poly(vinyl acetate-co-crotonic
acid) -g- poly(vinyltriethoxysilane). These polymers can be
made in a variety of solvents. Solvents suitable for such use
include, but are not limited to, acetone, tetrahydrofuran,
toluene, xylene, etc. In some cases the polymer is soluble in
the reaction solvent and is recovered by stripping off the
solvent. Alternatively, if the polymer is not soluble in the
reaction solvent, the product is recovered by filtration.
Suitable initiators for use in the present invention include,

but are not limited to, 2,2’azobis{2,4-dimethylvaleronitrile)

10
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formula : A-O (CH2CH20 ) (CH2CH (CH3)0 )y (CH2CH20

)z-0-B where x = 5-100% (as nole %9, y and z = 0-100%
warsae7eieast one A and/or B unit is a group CRCI/HE200$1€50207

the group -- Si(ORO 3, where R* = H, Cl1-C3 al kyl,

aryl, Na, Kor NHis used Exenpl ary such pol yners

B O TR o B PRI R Qe
kﬁfcair%p;aryx;dé - 95 %and z IO - 50 %I.S . a copgljymarm
?S ?ng%ggghgébggxgﬂﬁggkégg §%§;§¥ESQQ§K¥9%%%¥th Whg)ers
LsfCIRCrRTRY LB GipnwaRe oA At & BeacRLg) a(mcsnd

88nfa%99ﬁ, Y 0%tk ,=q0%:) - é%’wéilhggogokggﬁﬂlﬁg:group that
pol yet hyl'ene oxi de Substituted with R Si (OR'

rgeelgs Vi Shusehed I RRBERARE EFIBUIGTeRECEP T yHg™ of an

Rfiepangdphbl g A pPaloysagshard deAlyapahysasehasd d@accharides
derivative Is used. An% ol y%ﬁccharld to which the
E]%éyc

Pendanteac{ R 3 g WEPLLLLE hEF iy B -
SiW@RU?Y§Cbrongﬁf Qbaghyetmlmgssaaahartm ]cSaI’](DJlﬂsﬁd ber the
e in_the .i.nd a rocess . eam suc as

Rt B S o T e A
}Jlmmlednuol garailagt éapideegsost r eamn Rel ysacetrrldes

PRS0 LN S L INGRLE N NELAAE UL 8R8 HPSnd dHdgd
To celpfu%sé an erivatives, as
ﬂhgedrcompetlhgrl c@hﬂaﬂm@e h?df@B(y)pnopyhc@Mtﬂi@rsé\n epoxy
| | ul gse, _
L by e (o O TN PP eRP ATV e
Wh’dQQYéaWo?m%%&W@Md@l@@ﬂ(lﬂéﬁfﬂr ad; dextrins,

dﬁ?@iﬁ@Qyp98@&1tf¥ﬁéﬁ@%§?@§ﬂaﬁ€“h§'%3ﬂakkgcuf§¥1j‘ﬁﬂéﬂ@ﬁ!ed
preferred are starch and cel |l ul ose derivatives wherein

GoE@cHedet i on product of hydroxyethyl cel lul ose with
3- gl ygkdexypF DRY Idiupet Xy Béd aRe a combination of a

hydroxyl group and a halide, such as 3-chloro-2-hydroxypropyl.
The reactive moiety can also contain an isocyanate group, such
as isocyanatopropyl, or isocyanatomethyl that react to form a
urea linkage. In addition, silanes containing anhydride
groups, such as triethoxysilylproepylsuccinic anhydride are
suitable for use in making the polymers for the present
invention. The reactions can be carried out either neat or in
a suitable solvent. In addition, other functional groups such
as alkyl groups can be added by reacting other amino groups or
nitrogen atoms on the polymer with alkyl halides, epoxides or
isocyanates. The polyamines can be made by a variety of
methods. They can be made by a ring opening polymerization of
aziridine or similar compounds. They alsc can be made by
condensation reactions of amines such as ammonia, methylamine,
dimethylamine, ethylenediamine etc. with reactive compounds
such as 1,2-dichloroethane, epichlorchydrin, epibromohydrin
and similar compounds.

Polymers containing anhydride groups can be reacted with

a variety of compounds containing -Si(OR”)3 to make polymers
11
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is a specific exanple. The polynmers used in the

i nvention can be made in a variety of ways . For
wex@spyw71 t hey can be made by pol yneri zi ng a neCDITE2008/050207

cont ai ni ng the group --Si(O )3, where R" = H, Cl1-C3

al kyl, aryl, Na, K or such as for exanple a

S|Iane npnoner opol rizin uch a

Phda8rembre %%%ﬁﬁbﬁ%?spréﬂ??%bvngzi [Fahe ﬁgggﬁers ?nhgdrlde

disgaii Aihfeppresent innledti orpdlnalerdepfbudlare adydride

0 Vi Itrlet X L.y I met
Wltﬁee%gyﬁy?% xwunsa ﬁ ¥§éé%ﬁﬁkm%rg Eu&% e %ﬁb

oxysiTane, butenyltriethoxys
qﬁnnhaﬂwacay¢wﬁnQﬂgﬁu@pyBUche¢$uquﬂdb&ﬁee: meth(acrylamlde)
t t |yl
@net"h' s&@gﬁéli%lé W %gﬁﬁ};glﬂéﬁéﬂxwﬁp peL rn@ewll yl)
mﬂtadaemlaw,r |€éttfwdxy§lﬁiim W@Wternﬁp§y @%rsalr?&eotaﬁér

826k ,9R Pé@ﬁ%?t%h%fpgﬁbﬁéﬁ ahydislbdgeandy i herlcopolymer

Unsat ur at ed anh ydri des mnth am no compaunds cont ai ni ng

Ul ﬁsspo%rﬁr)‘iabugﬁa@aﬁﬁe THEsE HonGREYEr +dn He

ﬂqure%_y;isﬂeb{y—rmuﬁ@ugn@@ld@Iatrtaﬁrthae&@k@ OfOtﬁfeh:ersultable
ol'yneri zation. Suitable co NONONEr S in th

PPedERec] AVeRtSth e dfe, But s GoNot T HFE it g raconic

Ay tagebat €, aragiaHiankt ri feitatly erect (veth)lacy yompounds
33%%%9??3?%%8%%$§§%§#g%§ %ﬁb%ﬁ&éanun%p%8£¥i§%Qé¥%5§ gllane,
Hacy (yhatib doned tydprsopanesouby bracingci d, N-phenyl-gamma

- meth B
ﬁqan%yPégfgryééHn(§ 16F8eylagfgﬁggﬁa§%¥§§g}fghhoxys1lane, 3
miﬂﬂmyhaphyh@wwmkppﬂﬂ-aﬁyhm@t@¢%ﬂﬁhﬁ§neN-hex@$@uﬁ%ﬂ%ﬂﬂ de,

EHB%%%ng§E¥l§%ﬂé¥§lleg Lyl agtyd A et olhe SANYYMRhSbe

can al'so be graft copo ymers such as pol yacrylic
aatied- gpokhye (W Fiylarr bat KORysitany) wahl pBlye{vidhAchols and

cﬂﬁﬁ&akgmﬁguﬁﬁgtothaa%kgferﬁbdfﬁﬂﬂ&mer for use ln the
(vinyltriethoxysilane These polynmers can be

HopEtet PR G v EREIC SphVERtEe dGi C5B %ﬁ%‘?-“sﬂl?cﬁ“&séhe

co-monomer is styrene. A preferred silane is gamma-
aminopropyltriethoxysilane. It is also advantageous to react
some of the anhydride groups with another amine such as
diethylamine.

The same type of amino compound containing an --35i(OR”)3
group can be reacted with polymers containing a pendant
isocyanate group, such as copolymers of for example,
isopropenyldimethylbenzylisocyanate and vinyl isocyanate,
with co-monomers including, but not limited to, vinyl acetate,
styrene, acrylic acid, and acrylamide. These polymers can also
be reacted with other compounds such as amines to enhance
performance.

Isocyanate functional compounds with an --Si(OR"}3; group
such as gamma-isocyanatopropyltrimethoxysilane can also be
reacted with polymers containing hydroxyl groups such as
hydrolyzed poly (vinyl acetate) and copolymers of vinyl acetate

with other monomers. Other hydroxyl containing polymers

12
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i nclude, but are not |limted to, acetone,
tetrahydrofuran, toluene, xylene, etc. In sone cases
W bmspwicyner is soluble in the reaction sol veneCHEOS2008050207
recovered by stripping off the solvent. Alternatively,
if the polynmer is not soluble in the reaction solvent,

roduct is recqvered b flltrtlon Sui t abl e
%%ltﬁgéleof%rf‘ﬁ?e q”ﬁ t’h%u% ili\]/@ﬁtf‘f’ n-$'ncl ude,
;ia;utysabehaﬁidé& rriceghotl@re2s , aanetzommg( B,—methylolacrylamide.

Ivalero itrile)and. 2
ggbl st shbutt oﬁlrtoﬁe% f heenza(gﬂy unEengﬁ)o AT Edded £o
tch@r aenee by ds operoxiade depend aprotther cembodi Pt thr thige
1Eb%§%gﬂaiS%E%Eééyhstgggﬁn?éS u%@%ﬁ%fkn ph g1 APVENtI @Rocess

Yy reactlng a conpoun contalnlng a -
g hdr) 18vet ouprlas nwelh b tass r sasic thilgaogr sype binst and
gre%%gastl?” 'Sl e&ﬂ;e&erlsa rBEREARY OF Qup a@nmba@gppf@t@t om of

an exis l'ymer.. For exanple, polyam nes and

tﬁééééﬁa??@]e% Wbﬁélﬂéa@ﬁ‘éﬂl%tthﬁr§°§ar?%t%ﬁr‘&ffal the
gﬁﬂ%%kjn%mﬁﬁ@fé&a!m&g atdaSh (ORNe $r@cedpsstLegi igy

ners ich can used for the invention. Suitable
er@gefnﬂ%lbyoﬂﬁ% H%ta&é TButaegd@ st CPRATE et an
AHeleyl-rbal t&ec@rmloslumh ase fu)fate&amglreat@i‘ll mampra@pwt 0
br onoet or or aet h d ormundec

8uﬁgx%%nf&§ Ay ™ }?)&f a% can® con %lennt Mrion that
m@xyataﬂctmmadhm @upbmaso gdk;mztdéﬁyppmpqrhd niost
Eeé%%ié% ‘Fd%éi yﬁpr ﬁgoxég§§%k>Q%e process stream in a
cgalnycemdmyptmmpmattr |lr$elgh@ﬁygr | e iapoatplr e taraput 10
pSer ef erred conpound. The reactive group can also be a

nmbi nati on of a hydroxyl group and a halide, such as

3- chlbe 0Pl Wyl ypiepyiided Thie qeadat 9 ea i Bt taral

3@ 560Dt AL fin 8/ d:S0GYANALE EHOURCUTYCH, @5 in the black
i socyanat opropyl, or isocyanatonethyl t react to

lﬂ&ﬁlmraewerarﬁ%@é ha kEyE: iRHP §‘|llléh’é% ROt Age
ARbydehdeyhite 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
preferable to add it at any convenient peint in the process
before or during application of heat. Usually, the polymer is

added immediately before the evaporator.

Examples

High Level Nuclear Waste

Comparative Example A

Preparation of the reaction product of styrene/maleic
anhydride copolymer with butylamine (Comparative Polymer A) is
as fellows: 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
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groups, such as triethoxysilyl propyl succinic anhydride

are suitable for use in nmaking the polynmers for the
w@e@seyts7i nvent i on. The reactions can be carr i BCI/os2008/050207

either neat or in a suitable solvent. In addition,

ot her functional groups such as aIkyI groups can be

ded b t t t t
GHIERE pobyRet i odl Ry T2 1Al e aaBkP Hett g m b8
Udmm@manakesddd&natpah&annne@empnrdyaraadeThg m;xnmneeuy
Leimethods, . s ey a0 be, (Rde. by (N9 PPENG e, waghed,

O yneri za IOI’] Of aziridlne or sim ar conmpounds
aﬂdsdr@ad ber'medarilyg scondehgst i oreni@asttonss ofo lar ﬁéyreﬂe’

%‘&Henegnﬁ@w? hTBE Q)ﬁ&éﬁ‘ PEom %a@%&t&ygﬁm@ﬁde, and 23

iamne etc. reactive conmpounds such as 1
mql$&|@hﬂ@¥©e4¢hﬂﬂ¥l@§plchlorohydrln epi br onohydrin and
simlar conpounds . Polymers containing anhydride

roups can be reacted with a variety of conmpounds
é?ﬁ%ﬁ% ExmRleR®) 3 to mmke pol ynerssuitable for
use in the present invention. Suitable anhydride

t ai ni ol i ncl ude, I f I
oy B PRECAFEH G yhEnTear Ty L ReSHITk: 88 T mrs adR”
G nst Yhang; c e merdne, abpbaraﬂxﬁé P 1lsteh as is as follows:

t ad id net I
91 G 8 eareres e B BT G Ry SeroTat & Bedic
a@m@ﬁh)dacoylauant huﬂybndd%yb@batamd %@ﬂkuﬂauswypenﬁed in
94@ 08 ¥ al sq leet%r@fgf GQP9! YITBL1 BUF Murfi% P Ah

adlenenfE el ¢ anhydride .
ZﬁoﬁyetﬁytEWmﬂqpunﬂ emo3énhy®r¢Qk§a@@dlﬁh@d¢¢%eﬂt aocient

ﬁ%%%%@gggréqgﬁgﬁﬁgﬁHHQ@99§r§s'ﬂHéﬂ“%%leQédaf@%rgﬁ min, The

to, 1taconic and citraconi c anhydri des
regilabne Feheaney & 1STrENes coRsithd® PRI UBRIIP it ugee and

ek Eaab&e@lﬁﬂ>m1x1ﬁglB@D&@@N&Pﬂnﬁth&YSE% ed¥sS caustic.
gamma-triet hoxysily %Ig am ne, N-phen ganma

ﬁ@bp§§?|%%yqﬁ|+§x§§ppgﬁ and the residuadl toluene in the
a@u@&h@oma@wlltg iRO%YMShladisti3-lation. The aqueous

sclution is further purified by ultrafiltration using a 0.2 nm
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
anhydride, and 9 mole% N-tallow half amide from maleic

anhydride.
Comparative Example C

Preparation of a copolymer of N-tert-octylacrylamide and
acrylic acid (Comparative Polymer C) is as follows: 2.81 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 is heated to
75° C and 0.16 g 2,2’ -azobis{2,4~dimethylvaleronitrile} in 3 ¢
dioxane is added. After 6 hr at 75° C, the mixture is cooled,

giving the desired polymer in solution. This gives a polymer
14
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(m am nophenoxypropyl) -trimethoxysilane, and

gammaam nobutyl tri et hoxyl silane . OQther functiona
w@emsapsretan be added to the polyner by reacti nRCT/US208/650207

am nes, al cohols and other conmpounds . In a preferred

pol ynmer for use in the present invention, maleic

‘§$€¥ghéggA:§r he aghgg£|9§CQQ%£fandcg%ﬁgqgm%% &gtert—

ane

cgﬁ@ﬂaanynmphﬂpyltrlethoxy3|Iane . It is also
advant ageous to react sone of the anhydride groups

W th anot her am ne such as diethylamne . The sane
ypoelef Lami Polywempound containing an - Si (OR') 3
group can be reacted with polyners containing a
pendant isocyanate oup, such as copolyners of for
exanﬁﬁépargb@mbpéhﬁaélﬁ@ﬂﬁyﬁﬁéﬁﬁﬂdp§609 n2lf%e vEdd vi nyl

Hﬁ%%QXﬁﬂﬁéean&“(jldﬂangﬁﬂgﬁ?Iﬁtﬁﬂgﬂﬂﬁiygglaﬁwt olgive a
limted to, vinyl acetate, styrene, acr I|c aci d, %o?ymer

adgPR ANt deh #H@&@opépﬁﬁﬁ?sC%ﬁ%%@a BRI Be tBH N t

{0t her agoa@pymf sugh oa§ afndmgs sgm emhﬁncs el aranBpcet

. I socyanate unctlo n an

%ﬁ%fﬁﬁesEEHm%gaﬁhﬁﬁ@y §6§9a E%ﬁ?%bﬁﬁ r?ﬁ%ﬁﬁbx%&CFZRG 000,

iGaRuabsadbe neagteechlwoth: pbhetreer s Acentat vmgphyidiiéxyl of
royps,such as droI z (Vi 1

Lal T Pt e e it (e NS R

nhy@ﬁoky&uemmt;ﬂrad@gdpatyﬂBbS$U1ﬁab@erﬁburﬂseTMNtmuééure is

R, GER BOL L1 1 €Gyl050P0d YSARERAT ides: ALl ROIKTET Sashed,

contalnlng hyl"ol"acryl a Inthe gresent
ardodessd . t hBhimuinesok polymer ceddednipdthe Fricdessyrene,

51 Ieam cany dgpand 1on «t bR GOMPAs| tlﬂaqelef amyedhra@stlr mahes

process stream{e.g. a Kraft pulping mll Pprocess or
Nri (gh tiegoehoxyt lod) PRasve ktleamdde duer Pavoiw edbyRgide.

Qenepah | ¥opbd dhatid snheguiged is an aluninosilicate

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
(Polymer ii) is as follows: 10.0 g of dry SMA, with a mole
ratic 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
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)propyil half amide

from maleic anhydride, and 192.3 mole% maleic anhydride.

Example 3 - Polymer iii
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contai ning scale inhibiting anount thereof. In general
the polyner is preferably added to the process stream
w0 poogowieoni cal |y and practically favorabl e PCT/US2008/050207
concentrations. A preferred concentration is one that
is greater than about 0O ppmto about 300 ppm nore

pr ef er abl n._a neen on that ke r_.t.han
abou?lT %%?r# ' a oﬂc %EQ&%‘ %hndﬂ%déltm?prgef%%ngwlyﬁt he
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I%ltgo bt therbladk hiaquer Wlateobs abotihel kr afnd pul gbout
ng process, and in

reen ite | rocess
rane: Bt Siranidsroeas 00 £ 1ol BRAFEPFed, D RSHRUEET 6T 1 -T2
ga@¢‘bheyp@mymgnnkolaaehgr@ﬁ Stﬁ?ﬁmm@mopg@ytifeﬁﬁmmyanﬂane
t.o t ack li.qu r.ator
Wlloe%ﬁhgfp}_}? ¢dn® Eg gaadeaanf l%tnhetlerrzll A T
rrrimuessmtr@ﬁmmd goy Bi he. duriengctliie pr@@@sts i thiflgered
T SRERLE, P Uik Bt pROY FAMNED BAL ROL Mod b1 53

rocess efore or ng applicatio eat. Usual Iy,
ntdﬂez spekynere | 2 hddedlefmidbatel yaiéf emede hbrom maleic

éﬂﬁ QLaLory, g&ﬁﬁRLe% ks gh, Lemed xﬁ&@é@?ErM§§1def amide

arative Exanple A Preparation o e reactian
fpfroé’dl]létleb’rl %@%%ﬁﬁé’/enaﬁ‘éiic anhyrfrlicde "EdBOF yHEY W 't
but yl am ne (Conparative Polyner A) is as follows:
of dry styrene/ mal ei c anhydri de copol yner (SMA)

10.0
E,xaﬂptlﬁ 4 Fof@LYURE dVof styrene to maleic anhydri de of
about 1.1 and Mw about 16, 000, is suspended in 100 m

|Of g?lP%SBaei:a J_Gc’r?lo n gfeac]:'tlon %)r%fdutc):%t leaggﬂzyewiit@l %%lmow
amine, diethylamine, and (3~aminopropyl)triethoxysilane to
give a polymer with 3.8 mole% silane containing monomer units
(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
ampient temperature and the mixture is then refluxed for 30
min. The resulting tecluene 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
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
mole% N-tallow half amide of maleic anhydride, and 33.8 mole%

N,N-diethyl half amide of maleic anhydride.
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toluene is added at anbient tenperature. The m xture
is refluxed for 3 hr. The solid product is filtered
w@bdog/ogvashed, and dried. This gives a pol ynmer PCT/US2008/050207
contai ning 53 raol e% styrene, 24 nol e% N-butyl half
am de from nal ei ¢ anhydri de, and 23 nol e% nal ei c
anhydri de. Conparative Exanple B Preparation of the
reacti on product of SMA with tallow am ne and
hi=etohyl am nec@orpar ati ve Polynmer B ) is as foll ows;
100.0 g of dry SMA, with a nole ratio of styrene to
mal ei ¢ anhydri de of about 1.1 and Mwv about 16,000, is
susp@ndedrihi9n L7 theotenet ien@roduss| afi P ofids talgow

@l |e0Wd§Q]cH§1a9fm~le27a%dg @L%i%;%pgg)t91§§h@x@ﬂlgln@eee

IS added at” anbi ent tenperature and the mxture is
Fiven ar epl e g 305 QPheo THeL s FPPF AN HoT Jipmer units

(Sdollﬁz&bérl §) CQQlﬁéibﬂongan tﬂmmet][ af (l;?rfedaﬁdsmh,enﬂlaﬂﬂ%dmole

W t m xi n t o about m 0 aqueous ust |

R ot 8%@5&%@&0 g séﬁa?%]%%@gf 4 OthBor Ba| Hmiend M. about

nalotmenelsnsmmrammaussapma%eg|csE rtem)\%ed byA solution of
t|IIa on. The aguequs t|o |f|ed
Lot R e ar Rod B YhoReb, b e P

iorf u5|ng
qmﬂqp@kbpysutfienhpﬂyshﬂeneanm 4&m&1gf¢@ézendrl$xﬁ¢d?d at

S[htaihn the %%a}’tLPﬁ%' éo rthl%&%%ﬁ’ererg] 2t AQhYPBE1 uxed for 30

contalnln styrene, e% N-di et hyl hal
mgim -de Theone sral wing aehydne deluznit ¢ gePégs N-¢ af18¥w hal f

t%'iﬂp%‘?caft{;?@ 5&?& el ARRYERT dern HOMRAr abi ¥Sokxan @iCor 25

Preparation of a cop oliner of N-tert- octylacrylanlde
NG OREr GRTRE 3R d ThCoparars v sdl yrereraiated fnd
Jéﬁﬂd@@i tglﬁéné ﬁ@ﬁﬁ%‘@q@@%ﬁb phad2 @s removed by
N-tert-octylacryl am de, and, 0.14 g 2- capt oet hano
NS naliiYea THe 2aua0y° pREL G ipn 3 5o FupERSE PR 138 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, 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.
Example 6 - Polymer vi

Preparation of the reaction product of SMA with tallow
amine, diethylamine, and (3-amincpropyl)triethoxysilane to
give a polymer with 3.8 mole% silane containing monomer units
{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
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 ml of 2%
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di oxane and purged with nitrogen. The m xture is
heated to 75 Cand 0.16 g 2 ,2 '-azobis (2,

wal2aBromerhyl val eronitrile} in 3 g di oxane i s aRCEUS2008/050207

After 6 hr at 75 C, the mxture is cooled, giving the
desired polyner in solution This gives a

BOPLTE SOULELT "o L R 0851 10 26 B

Rsepanat tohueafe time theagtiiemp rp@@@@t ief r@Mvand tbhf

d%%ttxrﬁ‘gwsn andr {3 AXLAORT 0P s & Ll BXYsLL AN 19! ¥
I"e one

yner W t Yo Si [ ane cont ai ni ng no units
Wayfﬁrétratn)on ysamf el Potshm mctafoghéﬂlar@og\ﬂdeh%wﬁfaﬂe

18, Qhaot@én SIMERE g0 1B £1 HARRY dh E d@ryOfpcﬁLfbfﬁ\@tr 1, Bnis
and Mwv about 16, 000, is suspended in 100 m |

HFeGeAeLOWED RIGH L1HENT . 7D RIS BGYYFRF ne bR e 2d§3-
tqfle(taogmnppi APy 1t Bk @Ehaxysd |fane a1dlc I’ﬁrlhyiﬂfrlde, 3.8

e MR T s oS G e R e PR o o 3] B AgnoLes

miEdivashethalahdndriceds dhisi giandgdaipel ymer

contai ning 53 raol e% styrene, 23.9 nole% N butyl half
am de from mal ei c anhydride, 1 nole% N

Hx3mipAee? hoxysi |yl ) propyl half am de frommaleic
anhydride, and 22.1 nol e% mal ei ¢ anhydri de. Exanple 2
- Polymer ii Preparation of the reaction product of
SNA REeha bt idraming-dAdt§ B2 dmaveglgpypyopylacrylamide

{rizisehNoxysid ang 1 s9i Veod, PO Wrer 3w t h 3 8 nol e%
sil ane containing nononer units (Poly ii) i.s as

A PPBREPY 105 O & POR Yy 2 R NGi &h agnﬁlfet%ﬂaﬁtﬁfa%rme are

d?:tg)ég)%{}@dt On e ©ic Tamrhygniglea af: talbﬁlﬂ:r&gén anchdMiwoabedt to 0°

|ssuspedd|n100ml ol uene, ol ution
Cof Tl?b BHoDuty- dnfne T afd 0. 93 Qhﬁa?r%%e r?&ﬁieldopyl)
drfobet Boxyshd amedrmn the audiiofort alhwenexisraddedeatted to 40°
aqblegt tenpﬁ{a%ﬁ&%urlhgs coolaed to room temperature and the
sait filtered out. The resulting solution of TESPA (42% in

THF) is used as is without further purification.
Example 8 - Polymer wviii

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-
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° C and
0.16 g 2,2’ -azobis(2,4-dimethylvaleronitrile) in 3 g dicxane
is added. After 6 hr at 75° C, the mixture is cooled, giving
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
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m xture is refluxed for 3 hr . The solid product is
filtered off, washed, and dried. This gives a pol yner
w@eosayerng 53 nol e% styrene, 23.9 nol e% N butBCT/Hisd0h8/050207
am de from mal ei ¢ anhydri de, 3.8 nole% N
(3-triethoxysilyl) propyl half am de from mal eic

anhydride, and 19.3 ragpl e% nal ei c .anhydride, I
PYIEGILy HBTEOTT § %r%?faf“ﬁﬁ%na%?y e a]'cé‘gét |¥orﬁoger°o(}?§?ng fnd 30
VA sWNt-Be bt yd taiane yandi 8- am nopr opyl }

triethoxysilane to give a polymer with 7 .6 nol e%

sil ane containi ng nononer units (Polyner iii) is as
Hopdas® 10P@ ygneaf idry SMA, with a nole ratio of

styrene to mal ei ¢ anhydride of about 1.1 and Mwv about

16,000, is suspended in 100 m| of toluene. A soluytion
of 1Prepgratigutaf arenecantye®e g loi il aimogicdgytfone
drld ekRexysh | g i pbymet @fndLlnuenesi goaskled 1ane
anbi ent tenperature., ¥he m xture is refluxed for 3 hgl 9
contRénd Bl | BOPPHIuSH S {PPEErYd YafE) washed oEmys: -7 9
R¢if ile@iniFmL@—lg}ﬂﬁﬁalii@liﬁ@%&HE{ : ﬁolr% aim‘regg (53% ol @%F) , and
styrene, 23.9 nole% N- but a am de 0 '
by i P S TATEORTG & (5 T SURBRy A1 Y1) Gy e 737
Ariide af e osmaraheigecamtydr itderognd 13h6 mbkedsamlseingated to
nhydride a 4 - v P i an .of: 1t.he-
Ay geg, BXAIDLS 4 PR EL doteBrepasatian dhihein 3 o
dicetehy| am addednd Af3eanbnoprapyld’ €ni sbhoxisiymnd st gooled,
LM 2 pol ' %151t i3Re S ORt B4 NI Nhcentration.
g%aﬁ%%ﬁ%ﬁ%%%&%&i?‘%% iess{glzis l%gl |wO\%SZ .100. 0 Cgé;mofra en
Tdyiy SMEes wh t e lymiesl eopheinied %t yodre Lovhaleit

ANvdnide.0f About nbilsangsMy about 16,000, is
suspended in 941.7 g of toluene. A solution of 25.2 g

tallow am ne, 24.8 g diethylamne, and 8.3 g (3-

BERORT 9pYL ) pdTjreizhaxysilane in 38.9 g toluene is
added at anbient tenperature and the m xture is then

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

N~tert-octylacrylamide.
Example 11 - Polymer x3

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
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mn. The resulting toluene slurry is cooled to room
tenperature and then added with m xing to about 700 m

w0 2m8/02%Bqueous caustic. The tol uene | ayer i SPCT/US2008/050207

separated and the residual toluene in the aqueous
phase is renoved by distillation. The agueous sol ution
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SHE L8R by %?%EPHSGPt%%'t h t'af| 8w’ A he o ymer

cdjnﬂ:fahyihﬁgl fecutand (asmanrem@tmwn)e towii b hoxy <1 |2ameles 3-
I &% sil ane contai ni ng

%ﬁﬁd&@?e%é{mtﬁﬁg}e%ﬁ’xysrﬁ? is as follows : 100.0 g o

f dry SMA, with a nole ratio o f styrene to maleic

r| dg ofp(gl% 1211 and Mv about 16, 000, is

sus ended in of toluene, A solution o f 20.2
g tallow am ne, 234gd|ethylamne and 16.7 g (3-

am n@%?gyéal&{ i gt hoxysilapeod rbrﬂo%u%tgot%w ﬂh%/hlene

nbi ent enperature and the mxture Is

leﬁqoékeal@dﬁ BOLY &Hmﬁylerrﬁeg%sé%qﬂ tPrgctoPebne vdeny

d15/c0009! gd:t oal@lqmlh%&p@kapw@mmhto&@eladd@dtdmglwe a
m xing to about 700 m| % ag} eous_causti c.

ROGIvEERe CPAyRT i s3e&aiﬂa%%a oF&e iRy WO&O&% Tpjts
the yaguepus phase Aol 1pesnVveshd bty oicst pblat & omnyl chre glycol) -
i s.fur

ueous | utian % rifie .
1 1 th
RSP Pt ot B Vool S hh S Rryhene giveol) (i
Foolwcét hengldbdone:ifdel taed Hncittchien 18pekzes drixed widbh 4.52 g
LbhalnLh Jg g %%1 kl}( dn.  2.34 g 45%
At abhi BT L] SRl BORYORG, 2234 0
KOH is added and the resultlng mlxture 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 mcle% 3-

glycidoxypropyltrimethoxysilane.
Example 13 - Polymer xiii

Preparation of the reaction product of poly(ethylene
glycol)-block-poly(propylene glycol)-block-poly{ethyliene
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 poly(ethylene
glycol)-block-poly(propylene glycol)~block-peoly(ethylene
glycol) (with 10 wt% ethylene oxide and M, about 2000) is mixed
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%
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triethoxysilyl) propyl half amde frommaleic

anhydride, 7.5 nole% N-tallow half amde o f naleic
wa@nlegdeicde, and 3 O nol e% N, N-di et hyl hal f an RPET/5$2008/050207

mal ei ¢ anhydride. Exanple 6 - Polynmer v i Preparation

of the reaction product o f SMA with tallow am ne,

c%'&qegnt%%g}[&? %qs( 51@&9' J‘%Rﬁ%%é'r) cbht sthoyy siv.are1d . 9

grve a % si | ane cont ai ni ng
P ABNEFR YR S q?@@leynﬁﬂ ?uryohe& RTEPY bFT VR IF00 783 of

i Y SHRy 1 Yo Ly LEAthO:fyssti¥hene to mal eic
anhydrl dewa ﬁgﬁbi 1 and MNygbout 16, 000, is

suspended in 941,7 g o f toluene. A solution o f 10.1
S akphbow amme,ymd8. 919 diethylamne, and 8.3 g (3- a

rai nopropyl) triethoxysilane in 31.3 g toluene i s
added at anbient tenperature and the m xture is then
refl Exeplalfajrlcﬁﬂ ofi nhe Feectriesulpriodgcet ob figme yithyyegniigine

I d
A R L e o e e R
cloayemnmg skparatled anterhecqrdsiiddal vonersie urg tphéPolymer
xJYYEOUS, D ldw% r eggvgld? bé’ol@e%‘hkxhleﬁ&h% -Eheaﬁ&yte% 0090)

solution is further pur ultrafil tratlon usi ng
ia Bizedmaltydr-ophi I3r@1b@1§@‘tmp§ull1téhlée¥fm%y§rll&ﬁ8ftﬁ’é‘i"l the

rfegﬁ%@n&irrhﬁ@u& qht abA-ddeydraoepel YBerie iy s (divag ene
| ymer~ cont ai ni ng 53 nol e% sty rene 3.8 nol e% N- (3-

dﬁﬁﬂé?ﬂo&?@f"l‘%ﬂ PpPop§ft h%‘flfa%‘ﬁ 4&from mal ei ¢
anhydri de, 3 8 nole% N-tallow half am de of maleic
anhéfrig?e], qé’ 9.4 nole% N, N-di ethyl half am de of
EXEI'Bi ¢ anhydri dECEXdnpl e 7 Pr eparation of N
(3-triethoxysilyl) propylacrylanm de (TESPA) is as

foll . 197. 0 3- t I
and gﬁe@aratjfont %lfettﬁél g?ngér?elogf ,Xlgé& %ggéhﬁ)%ggléﬂfmme
wIHR, 3pgllgwwumowﬁtoge$1t,hcam$ld@obeuot@)noe a poiymer

containing 1.0 mole$% silane containing monomer units (Polymer
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.
Example 16 - Polymer zvi

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

Example 17 =~ Polymer xviil
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C. Wth mxing, 83.9 g of acryloyl chloride is added
dropwi se, and after the addition the m xture is heated
wa 200409767f or 2 hr . The m xture is cooled to rRORNUS2008/050207

tenperature and the salt filtered out. The resulting
solution of TESPA {42%in THF) is used as is w thout
further purd f1.cald 0R. BXampl s 8roaRelYIBpMiydihylenimine
Prepara?|on of the tetrapol yraer of i
wiitheB t obY g drorwplrary der i ve idepg, to give a polymer
con¥h M ng- PY hR1edi BONEre atsh tEESRAGt Qoghe- ampelsy meelymer
containing 5 raol e% sil ane conta%nlng,nnnong% units . 000)
xupe) yherayif9llwsas 161 dhEoreghg L HTHRIAE Wiy fFROU ’

5 i2- pyk&@lddimnones Q. 66g0yaciodyiptcdgldrimdePHoxysilane, and

N-tertoctyl acryl am de, 1.30 ESPD (42% i HF) ...
the1 4 gU Bt IR FER 66t ﬁ%nlb?a%ercg %i sgol éeg anlrkl}rg Bﬁ/gggg toe
desdrdd. pdl gnad asanesand purged wetlth nitrogen. The
m xture is heated to 75 Cand 0.16 g 2 ,2 '-azobis (2
,4-di methyl val eronitrile) in 3 g di oxane is added.
Eaptrpte 61 thr- atolfHe€ sxvihe ni xture is cooled, giving the

10 desired polyner in solution. The polymer is further
purified by precipitation with isopropyl alcohol,
Prashedt i and drtibed reFat sonyi A g tp sl y Bd r Gofttaivdi fgllulose
w&%_h53Hgifg/ﬁdldxzyﬂ%égggtPYIﬁéQ{d)Q)sHQBﬁe 22. SivwleYoaghyki

0

acid, 5 Tnole A, and 30 nol e% L :
cRnfar BiRgtd | Hahy | (arP dBO L Earii'éns SopbTigld fpnomer units
(Bogpaeationi of itshescepoiywer of.0 g dry hydroxyethyl

| -vinyl-2-pyrrolidinone and TESPA.t | ve_ a .pol.yne
15 bt S arores b1 he Lhoh A7 ng° Hhroha e FEUh 210 9
3CBokynesxwbitdpylits iasthokyoMsined i695ggoficetone. The acetone
J-Vinyl-2-pyrrolidinone, . 9. HE), d at
nd BN Y rReR 8L SR8 bl e ST O U ey P aed @
1DRFE anflod3l®hy diloxagetlamdigpurgddrwiytheni t rogen. The
m xture is heated to 75 Cand 0.16 g 2 ,2 '-azobis (2,

4-di methyl val eronitrile) in 3 L '
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
FComparative Comparative | Copolymer of N-tert-octylamide 0
C C and acrylic acid
Comparative | Polyethylenimine (M, ~25,000) 1]
D obtained from Aldrich
Comparative Polyvinylpyrrolidone (M, 0
E ~1¢,000) from Aldrich
1 i Reaction product of SMA with 1
butylamine and (3-
i aminopropyl)triethoxysilane
2 ii reaction product of SMA with 3.8
butylamine and (3-
aminopropyl)triethoxysilane
3 iii reaction product of SMA with 7.6
butylamine and (3-
| aminopropyl) triethoxysilane
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di oxane is added. After 6 hr at 75 C ,
cool ed, giving the desired pol yner
WA zss/ooacent r at i on.

the m xture i
i n sol ut

nol e% | -vi nyl -2- pyrrolidinone and 5 nol e% TESPA.

S

ion with
This gives a pol yner cont arCi/nspo8H050207

Exanple 10 - Polymer x Preparation of the terpolyner
of h-tertroct yhgeryl ande, carty Gk dorageh TRSFA 107373
give a pol|ymer containi g , ARLEL0 Skiang 1ceRhal nhAg
monomer units (Pol ymer %-kmiSo@Sdyh kQWSEnex 4bi hne
AcTyticarTd 2, 217 W LELLE POl Y ARt Yk aBkdeya 1% 0] 7.5
TESPA (4206 in THF), ang; O.ol4 aghide Rd cantnethany! aga ¢
di ssolved/in 12.5 g DVk3apgi dde:Dh0 ) dir@¥8R6x @il piy ged
Wit i tTpgen. yThe M Xt WEBcE SohgRRicE 0o 7oska a0, 16 3.8
g 2,2 "'-pzobis (2, 44wt bykval ecﬂi)e{ﬂﬁ}rﬂahrﬁhei,naﬁdEF
di oxane i 5 added. Aftlerz6ahin®rofy1Ctrritbrofyxdlure ils
coog ed, ¢|Vvingithe desiredpehybEindn SOINHbe@R-W t h 5
15% conceptration. Thi scgivesry pdlagnescephi@iading 70
raol e% actylic acid, 5 nelkesyTESRArrandd25omo] efbd
N-tert-octylacrylam de . Exanpl e 11ES yner Xi
Prepar ati pn of ikhe react i avppiledactodfl-polnyat-Ryl ene 5]
oxide with 3-glyci doxypr opyidrolligi hoxy sidcaf€SEs gi ve a
pollymer cpntai ning 2.[2 nol e¥rebllamer cohttaiteirig monomer 5
units (Po|ynerxi) is |asctpliomslang@led geoflic acid,
pol yet hyl eneoxi de (M|n about 200834 BES%H%ssol ved in
10.10 g DMBO andipurgeld wit h rerckbgerprofncthiod mi xtune 2-2
i s added P.63 g 3-glyci dosypeopylane watHexysit aie,
fol | owed py 1,36 g of| #5%KOHYPTRRY Hegimeatings YAL X PIE ¢
i s IReated| to 80.IC for| 1 hr, rgR¢thgn tteededi eéd pol ymer 3-1
in solutipn with 65. g(% BORE EnETEkETEN ILTRPS) o Ve a Te
pol ymer cpntaining a o&ow.ﬁgwﬁé@% e‘iWﬁﬁéi’%ﬁFg’é and
o : =
2.2 mole%3 glyCIdoXyg?;ﬁﬁgoxygrogﬁf%éﬁﬁgtﬂygyéilane
13 xiii reaction product of 3.0
poly (ethylene glycol)-block-
poly(propylene glycol)-block-
poly{ethylene glycol} with 3-
glycidozypropyltrimethoxysilane
14 xiv reaction preduct of 0.5
polyethylenimine with 3-
glyecidoxypropyltrimethoxysilane
15 XV reaction product of 1
polyethylenimine with 3-
glycidoxypropyltrimethoxysilane
16 RV reaction product of 2
polyethylenimine with 3-
glycidozypropyltrimethoxysilane
17 xvii the reaction preduct of 4
polyethylenimine with 3-
glycidoxypropyltrimethoxysilane
18 xviii the reaction product of ~30

hydroxyethyl cellulose with 3-

glycidoxypropyltrimethoxysilane

*Mole% of monomer units

functional

Example 18

group.

Test Procedure

in the polymer containing the silane
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Exanple 12 - Polyner xii Preparation of the reaction
product of poly (ethylene glycol) -Dblock-poly
wq pospyieene gl ycol) -block-poly (ethylene glycet)/usaon$ios0207

3-gl yci doxypro ryltrinmethoxysilane to give a polyner
containing 3.1 nol e% sil ane contai ni ng nononmer units
(Polymer xi) is as follows: 30.0 g of poly (ethylene

gl ycol) - bl ock-poly (propylene glycol) -block-poly
(ethylgyuxuyﬁﬁmoh}gﬁmié¢efﬂhummﬁﬁethy$@meLEQGQieian@aﬂm by

0

ﬂ;??/c?oa‘gi%/prcgﬁy %‘et‘oth%xlé& f%ggﬁgaﬁ%UeSrOdnjiutrnr gagﬁox?%ﬁ
sgdﬂﬁl% mmnlrsat@dd@duan@l t hedeedul B aigs MG @lémhedt ed to
89nGul oo Jlrb au%uwg thendesi lrlgéaggl VAL mtggt@/oand

concentr at his gives a polyner containin
SSQl&mnIath@%eettI@yFiéh@nb&f?‘{ljé"at&f 8 hbf e%ftﬂlomf%ﬁalm“ of
t%l dey and: 3. slﬂo%l e%6 Bap 1 yci doxypropyl tri met hoxy
silane . Exanple 13 - Polymer xiii Preparation of the
reacti on product of poly (ethylene glycol) -Dblock-poly
raRrepyl ene glycol) -block-poly (ethylene glycol) wth
3-gl yci doxypropyl tri nmet hoxysilane to give a pol yner
—contal ni Nogge LT €% SiTane CONtEIntcAG r HBDOIE (i /113
_"tPU1yneu XTREHn S a5 TOITOWs 30.U @ of pplsy (ethyl ene
‘glyuUl) -Ulg&ﬁo ory (propylane grycol') -bl.eck-poly
Tctnyl&ﬂE UG YE® ) (W th 10 W% ethyleéne oxipgdé and M
about éUUUhkbéOglxed Wth 4139 0.25
3 guyuluuxxﬂgg@yltTlnernoxy>||ane under pitgogen. 2.22
ﬂﬁﬂ}na5T§9H§9r£@9 the 1esulfting m xtgurse heated to
{:gu Ctor—1 @ﬁongVIng the deésirted pol yieg . wmth
2-9%oncentration.Thi S gi VES a pol ymer containing

abouhlizo§ E‘ERJ %é’lr%@)ﬂ enf 0y dge 84sdoT ot 6% propyleses

oxi de, and e% 3- gl yci doxypro
NegHt PFHRE hw;ﬁéﬂ}qlézﬁ@ﬂ CExEpIBICEAST pRf bet i T

hydrolyzing any anhydride and trialkoxylsilane groups that

have not previously been reacted, transforming the
trialkoxylsilane groups into silanol groups or 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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Preparation of the reaction product of
pol yet hyl enimne wth
w@2@Byeictioxypr opyl tri net hoxysil ane to give a pedTyIE2008/050207

containing 0.5 nol e% sil ane contai ni ng nononmer units
(Polymer xiv) is as follows: 25.4 g Pol yet hyl eni m ne
(Mw about 25,0 00) is mxed with 0.7 ¢
3-gl yci doxypropyl tri nmet hoxysil ane, and the resulting
nixtugﬁmQSﬂhﬁahed atodONCGd autlénhd, algiwd,ng theies of SMA
desire f e, g 5
“BBF yiR2 WE S%nggra %%gbf é%ggggtgé%(%ﬁbgahgné varying
amohyE$hyﬁeﬂﬂmmneamptémamlned for aluminosilicate scale

5 iRnObYCl APXANIORELT LABIONINANC 1O IS RPOhY R e 3.
cont al ni ng % si[ane contal ni ng nmononer units
(Pol yrer xv) is as follows: 25.72 g Pol yet hyl eni m ne
reM w about 25,000) is mixed with 1.43 ¢
3 egC|doxypropyItr|nethoxy5|lane and the resulting

i?ﬁ STHEPLE U Hland] BdslgelOmBy1 PrYthD ddfle Formed,
olyner as a soft friable gel ExapplL Hlank

an Ve ——xXV PI ey at omrof—t Ilq—l cactTpIT PT UUIU:EG4 af
CB%P%E?%@‘%wlnlne Wi th

Cﬁ?ﬂ:ﬂ"% yg{g“@)ﬁ ﬁi’ Opyrol—rl et IUTybI | 5RIME” t O Ji ve d pfﬂg/‘rger
coﬁ?glnlng 2.0 nol e% si | ane contalnlng nononer units
—(Potyrrer —xyi)—ts as fol{ows: {ﬁ 39 g ol yethyizgnim ne

—( M-wiabout 25,00%) s xed wgle_A g 72.6
3=ghycidoxypr pgu%l|n511uxyb|q@ne angthe Teggl g ng
mi-xtgre—isrheategdgat—767C |Ul550 hr,—grving the 7
desited—pofyner—ags a spft IIU@UIS ge[~ Exanple 7 -
Pule:l XV IFTcHalaliUH of —thegreactTon product, of

—pots hHYI mne—wth—3=giyci doxy

E%g@gyétg nethoxy3|lane to give a polymer containing
nol e% si | ane cont ai ni ng nononer units (Polymer

XViidsi Sy ashd Ads@Wsr0d Ol aP0|o)ﬁ%§|ﬂMé@nirmE&%m§3MeW19, a
about 257000) is mxed with

8T Ry coHOH D RORYIEEF B HEHAFS Ml&ﬁe%aéﬁﬂw amine and

diethyilamine 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
Compazxative 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



the resulting mxture is heated at 70 C for 16 hr,
giving the desired polyner as a soft friable gel.

wExaspyw7l 8 Pol yner Xxvii

product of

hydr oxyet hyl

cellul ose wt

Preparati on of the PEEHU$30081050207

h

3- glycidoxypropyltrirnethoxysilane to give a polyner

containin

monof@t 2 Uriltss ¢

a hi

A61 Graredis 4

sH

ogt

ont

gﬁ

%! mQQS 19

shydé@xyﬁtﬁQMymeeblmbdsewiﬁhﬂumeubaﬂame|gwntalnlng monomer

00- 27

are; €

2

yC|doxypropyI

000 th
S ?%E%?%%%y3|

bgkgon

ane In

act1v1ty and the
5 g acéetone. The

raselbﬁeam; regpved by Batagorhati on and the resulting

r.

708k ¥

m xture heated at 100 C for

16 hr, gi

u

ving the desired
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Example 22
10

Using the test procedure as outlined in FExample 13,

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

10

63.0

OD

X

50

xi

300

[\JO‘\

‘2
.2

xii

10

[\
[

®ii

50

xii

300

e

Xiii

10

Mo
98]

Xiid

20

X111

W o] W]t bo
OO DN D

300

*—-II.\)w\COO

jas] Ro)

Example 23
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aqueous NaCH for the | ower doses and for the higher
doses a 3% solution is used. 120 m|

warmwekomynt heti ¢ hi gh | evel

nucl ear wa

of the above

st e sol urPGDESI088/050207

then added to the bottle with m xing. The seal ed
bottle is heated with agitation at 102 C for 182

hour s
tlne

85 g

to 24 such te
tHE &r‘?&toPrf’ﬁ%

bottl

re
Surs % bot t

NEIL 78 4

es-are

SQEQEEdoﬁI’rﬁbijhmbutmbme H@;ﬁe Iptoéﬁlmdr$ OcakB-ammifipl verying

Consi der ab
a2y 903

alun1no
arne ar

:Iei

SLLLGAUL & a' al@ {

dmondsrl Feate 1nt

I qu

%-?1 Vcei% t Qc];c/%{@,y

or

ahdvehé ni¢swl sy afrer medooired Ha ﬁ@bﬁetﬁylene surfaces)

In the exanpl es bel ow,

t he wei ght of

scale forned in

5 .
the test is expressed as a percentage of the average
Tabilgh! of scale that formed on two conparative bl ank
tests (i.e,_no additive used) that are part of the
sEpbymer of Mpéet sSidunwy| tIRsATEst mgfécaaeitél otafishFgrmed,
above, a series of SVA fype polymers (eact®dvy tBiank
Coupykatdve| and cdnt ai ni hg varyiong anounts of %i4.dne
are exam ned for alum npsilicate scale inhibition
Caopbvitivand thelresults are Séported|in TablEB >
Tabl® 3 Exanple 20 Using the test procedure as
Combhraelvé n Exanpl e 19, |a ser8e® of SMVA pol ynkrs 8
reacPed with tallow am he and diethyl am ne and
conkavni ng| varyiing anouhts of 1di |l ane_are exanided for
scakévinhi bitio®.&ctivity and %he results are ¥eported
in Table 4|. Tal¥l.é 4 Exanple 29Using the test
procedure as outllined inh Exanglle 19, series bf
ol wrers made witth the &il ane 5ontai nj ng_nononet TESPA
ar e Yoxam ned for Iscal e | nhibi$9?%n activity andjﬂhe
Xvi 2 10
L Xvi 2 50 O R
®vi 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 Mole% Silane | Dosage, mg/l | Total Scale Formed,
% wvs. Blank
Xviii ~30 10 17.5
Xviii ~30 50 3.0
I xviid ~30 300 16.9
20  Kraft pulp mill scale inhibition testing

Example 25
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results are reported in Table 5 . Table 5 Exanple 22
Usi ng the test procedure as outlined in Exanple 19, a

wG2008/0%760f pol yet her type pol yners cont ai ni ng RER/Y$2008/050207

anmounts of silane are exam ned for scale inhibition
activity and the results are reported in Table 6 .
Tabl e 6 Exanpl e 23Usi ng the test procedure as outlined

1 pol yet hyl eni m e
poI %ﬂn@ Cg%%tgtéD r?llﬁlljﬁf’}g? G Ca?nn%lu&Tflénofk%}l1 anltéyg ypical
kexdam pedp frorl ls takeki inhqzb@:t |a)rsya1¢hewtypmrd38t8hélgesul ts
GRSkt T L Erami 2h Wlnget s
waydr oxyet hyl cellul ose derivative contai ni ng silane is
exam ned for scale inhibition activity and the results

are ﬁeﬁﬁ%féﬂgﬂd%iﬁ%@&es§lutﬂ&gﬂﬂ% %rgféfédFBHdbﬂﬁlhb to the
scale 1nhibition testing Exanp n order to

r@rﬁﬁaﬁa%l%@wﬁaﬂﬁgoﬁ%ef%luﬁt&qaﬁeaaf%‘i]%% gt cpuFp the
Witk Bh@cke 4 QuQr clesyNiie! IThePBOCEESoh i THIQhen filtered
simulating a typical black |iquor is prepared in tP
thabhel aigd way FIAtpashenaranf fage LsBewrarnr 13909 dpdrwey 47
m@§cording to the recipe bel ow by adding the aluninate
and NaOH solution to the water and stirring overnight.

The solution is then filtered through a 3-nra filter

Nefridt e 1 PEP| Veréago? -8000 T W wa, 47

50% NaOH
Deionized water 753.4 g
Total 1000.0 g

This basic aluminate solution is used to prepare a
simailated 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.

Sodium carbonate 122.9
Sodium sulfate 32.7
Scdium thiocsulfate 36.4
Sodium hydrosulfide, 60% 70.9
Sodium acetate 445.3
50% sodium hydroxide 250.7
29.55% 510, 14.0
Basic aluminate soluticn 25.1
Deionized water 1746
Total 2783 g = 2.30 liter

Calculated concentration:
[COs%7] = 0.5 M

[S04%7] = 0.1 M

152057 M
[sE'] =
[Na®] =
[OH"] =
(8i] =
[A1] =

28
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mj : Na 20 A 233 . 3 H20 100.0 g 50% NaOH 146.6 g

Dei oni zed water 753.4 g Total 1000 . O g This basic
w@tassrate sol ution is used to prepare a si nul BUEUS2008/050207

kraft black |iquor solution according to the recipe

and procedure bel ow. Sodium acetate is added to

achi ve t he desired sodi um ra
are rgL tlgndlspe?cégairaeéieé a?égﬁi%hn egggg?ﬁg?m%te'
s batire aheld a t8e d B odl wartorretud f424, 9s @bdimumysiabtal 8132, and

(TR et Sk Sl By ool 16035 9, 9

s6i oping. FhRasé uhl e iratfd 1$erati barasi aperanrgeglass frit

t&aiéﬁo§%7%gn59t§ﬁogg§§ dk'ln%o@gbiétﬁﬁtégﬂd1U|@h@dsodlum
concentration [CO3 2 1 M[SO2 1=0.1 (LSZQB

thTOXAQ? 3P1NWESF¥]SLJ¥?3'?@1NFERH+]3@Q fﬁqﬂlly basi
aluminate solution is added, with stirring after each
addition. The solution is used immediately as described below.

For each of Examples 26 to 33, respective polymer
solutions of polymers iii (Example 3), v (Example 5), viii
(Example 8), ix (Example 9), xi (Example 11), xii(Example 12},
xvii (Example 17) and xviii (Example 18) are pre-diluted to 1%
(w/w) active concentration in 2% NaOH solution prior to use.

The amount of 1.45 g of a polymer solution, (or 1.45 g of
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
ligquor solution is added to each jar before capping and
shaking. Each jar then contained a “test solution”. The
polymer dose is 100 ppmn.

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 jars placed on a
rotisserie placed inside the oven. After turning on the
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). Fach 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
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:

% Scale inhibition =

100 x Weight of scale formed with polymer present

25
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[OH] =1 .6 M[SI] == 0 .03 M[AI] =0 .01 Mrhe
solution is prepared by adding the sodi um carbonat e,

wazmBamesul f at e, sodi um t hi osul fate, sodi um hyRETUS2008/050207

sul fide, and sodium acetate to the water with rapid
stirring. After 30 m n stirring, the solution is
filtered t coarse t g;]n% L.nor
anount s of“b o ubI & frm erl g%%sﬁdﬁrth %I?)ng y %gg}tde
solution, silica solution, and finally basic alum nate
solu ' . r affe 3@iBB0RL 100
The éidig ]f%%%ﬁ%g%%sgg%'gbnédé Cgltﬁ)g{g% Saghdééﬁr?{?%esg bel ow.
pBor asackhofn Brarfpibés 26 to 33, respective pol yner
solutions of polyners iii {Exanple 3), v (Exanple 5),
viii (Exanple 8), ix (Exanple 9), xi (Exanple 11), xii
(Exanple 12}, xvii (Exanple 17) and xviii (Exanple 18)
are pre-diluted to 1% (ww) active concentration in 2%
NaOH sol ution prior to use. The anobunt of 1.45 g of a
T66L§mér solution, (or 1.45 g of water for the control

test) , is added to a Iabel ed 4-o0z HDPE wi de-nouth
ﬁ _Then 145 ¢ 20— —ef—si-gl gted kt-aft—btack
BRY® sol uti or gyﬁ‘ﬁded to eagh [-8F Before capping
nd shaking. E r.h, jar—then conti. ﬁ%ﬁ 2% est
_Zs‘%iol_uu_anl_lh&p?di#meﬁr dose-is L?O ppm—Fthe—€ap$ on
 2tThe jars_are théh |l oosened so . elieve

Zﬁressurp and tﬁﬁjﬂﬂrq placed @8t”g:i!gor of —al102 0OC

2Yven to sinul at elthatl nn in a Kgfrt process—Hi-gyor.

38fter 1.5 hr theticaps are tight &fed and the jars

33l aced on _a rot|>§§er| e_placed il¥i-de the oven. After

3ur ni ng on the |rotiisserie in thé-8ven averni ght (16
3%r) , each sanglwxviiid filtered Ugi®nd a pre-wei ghed 3-

filter nmenbrane (Pall
Example 34

100.0 gm of 99% PEC (Aldrich, St. Touls, MO, 2000 number
average molecular weight) is dissolved 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

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

structure:

BA-{CH,CHOHCH,0— (CH2CH,0) « (CHRCH (CH3) O)y {CH,CH>0) ,~CH,CHOHCH:O-
(B} }a_

30



10

15

20

25

30

35

Versapor-3000 T wwa, 47 nmm) , Each nenbrane plus any
collected solid is washed wth about 5-m water and
wet@eseereon a 2 . 5-inch dianeter watch gl ass. AGL/E£4008/050207
tray containing all the watch gl asses and nenbranes is
placed in a 102 0OC oven for 30 min to dry the filtered

Wagl%gf-ao{aa?ﬂ Jmgnbpane plmf(c@gu%l %E‘ﬁ?&,glaﬁg angs tmcn2>3

e solid cal ated by difference. % Scal e
Sin@Ebi4.ion is then calculated in the foll ow ng manner:
% Scal e inhibition = 100 x Wi ght of scale forrred Wi th

pol ymer present \Wei ght of scale forned with poly
Fabbeptodiie: rigs Ghes @iS%@s‘teich@ﬂpolzyﬁér%oqwnbﬁgﬁﬁf’ééde

s%@u@f’o@ttol%qv%pm agg1$hewn d thabkedfum skAk) a9=. -NH (CHa) 5-
Exanpl e 34 "100. >rg‘8g[e1n10f 99% PEQ (Al drich, St.

SN2 0B nuRber AgeonBlRedl &R Gt YT s Poqo"éé’(?l “ved

cbAcBR:Flidhd avat erodt HLLAC . 12.55 gm of

gl yci dyl oxypropyl tri met hoxysi |l ane is added fol |l owed by
6.5 gm of 45% pot assi um hydr oxi de (KOH) catal yst. The
me’tﬁg %(s heated to 60 OC for 2 hours to formthe
FPIHEt hbkysi | ane ether. This product is dissolved in

zglagt# SPT deocqﬂlngggm' g;m&@ &ar?grg ﬁdgq@p Q&r M heosadssm

8, are
cpeaelspmﬁlmg)ct@cﬁsebhy@wlmd@ndne%p&@f @@lecule) from

R§1 5 gﬁfﬁ]y £y %F%!ﬁt%rcld wqr: ppPEd) g‘ﬁp lret Ry hEpE-9Xi 148 RBLYYBY Bane

tri al koxysi l'ane and are prepared as
ff)@;l posshawr @Wé Oc8polGyrier Sosm e Figlanswekgest et ure

el AR R CAPAO L0 (arcing o e

fDNP-pmrL@)%tract@(aEt) 3, and Bis >N(CH 2) - Si(OCEt) 3
A-{CH,;CHOHCH,0- (CH5CHR0) « (CH2CH {CHa) 0) ¥ {CH»CH;0) ,~CH;CHOHCH,0~
(B} Ya-

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

-NH (CHz) 3-S1 (OEt)3, and B is >N(CHy)3-51(0Et) ;.

This product is then dissolved in 2.5% sodium hydroxide

solution to give a 20.6 % solution of the sodium salt in which

A 1s -NH(CH;)s3~-S1i(ONa)s , and B is >N (CHz)3-51i(0ONa)s.

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

molecular weight.

Example 36

20.33 gm of Denacol 861 PEC diglycidyl ether from Nagase
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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Each product is then dissolved in 2.5% sodi um

hydr oxi de solution to give a solution of the sodi um
wae108/0¢767= - NH (CH2) 3- Si(Na) 3 and B = >N ( CHA)BUSi008/050207

(Na) 3 ) prior to use. Polyner concentrations are

shown bel ow. Exanple 35 20 gm of D-400 DGE a PEO

ndbg! ﬂ&'cﬁjjyxle et her o WM Of uwBER 5r398eCosdBSPRAINGrt 6r 9to

et hyl ene oxide units per nolecule) fromRaschig is
UPBacted with 7.8 gm of am nopropyl triethoxysilane for
one hour at 70-80 OCto formthe silane ether. The
resulting product, has a MW of about 3000

£SOr L esp ding to the follow ng structure: A-(CH
éﬁgﬁf—b—fg(} (CH2CH O)x (CHCH (CH3)0 )y (CH2CH20

by SRR 2L GRS el 350 Rada

Chmtw)@aa&a,( @p)ans(mn T SEProdutt (4 sist keaudi élsowaﬁétﬁ on
ahgf_gt?s@ sodium hudr oXi g8 SOleyLi &met%lga V& t8 29 8 %{a of

ion of the sodiumsalt in which is -N
agigpporeyltrietandyBiigneNq Gy thp %G@)h%ys.l&ﬁpar pyher

r@ééﬂp$§sp§ghué%7 T8e8p ﬁ%éhdﬂ'%@aEﬁ@nlHléi&ﬂéﬁﬂﬂinmﬂy3° NaOH
usi ng pol yet hyl ene OXI de (PEO) .dig éCI dyl ethers

tQaFgi g i -G é?l\}@r‘g‘ht‘)f Eilﬁnﬁf’ TR R 3R IdfFofC uSe-
Denacol 861 PEO diglycidyl ether from Nagase Chent ex,
FBAKBe J@pan (M n of PEO =988 (x is about 22)) is
reacted at 80 OC for one hour with 8.0 gm of

1ano nochmpgluermae;tomoxym | aneeECThig gpyotidet &thedi S¥pl ¥R dPEO

égptb?ﬁﬂ\% ort(? gé/sgsgso %SO| HB'erRQe;Q)f fsh%e%%q an]ﬁt §0 °C

for one hour with 14.1 gm of amlnopropyltriethoxysilane. The

product is dissolved in 3.6% NaOH to give a 31.3 % solution of

the sodium salt.

Example 39

The following scale inhibitiocn tests are conducted in
accordance with the test procedure set ocut in Example 19 above
(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 - Liquoxr composition.

Species Concentration
{mole/litre)
NaOH 4,800
NaNO, 1.940
NaNQO; 1.370
Na2C03 0.310
Naz50, 0.028 4
Alumina Trihydrate 0.500
S10, 0.0156
Oxalate 0.00345
F 0.0090
Chloride 2.1000 |
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14.0 gm of Denacol 821 PEO digiycidyl ether from
Nagase Chentex, Osaka, Japan (Wnh of PEO =224 (x is
wW@bwen97s7) based on analysis) is reacted at 80POIU$208/050207
one hour with 16.8 gm of am nopropyltriethoxysilane to
formthe triethoxysilane et her react| on pr oduct The
pr oduc :
31.6 sol-u e -
Exanple 3 8 17 0 gm of Denacol 832 ( PEO di g| yC| dyI
ether Mh of PEO =390 based on anal ysis from Nagase
Chentex} is reacted at 80 C for one hour with 14.1 gm
of am nopropyl triethoxysilane. The product is
Tdbssol Ved |31:a&e6%1hlab}ti@1 dle\ﬁé: a=81185 % sol uti on of

the so gm salt—Exanpte 39Tt %da‘i’ Fewp gL scal Fscale
i nhi bi 15L1|E§ny é;’;ts are conducted I n accordance wWth the

test p ocedure set out in Exanple 19 above (us(hghiPbition %

si mul atgd L RHELERT ste (HEpW T gupr. Thesp
conpos t| on %% ﬁﬁe%xlao or is) escribed in Tahl E A

Scal e ﬁhﬁrbplq%o?rﬁ results are shown in able A {i. 99

Tabl e amﬁri HY—COMposST {1 on ["phosphaie 0. 016D Tablregy
11 - S“af{ iLnhibition test regults Table 11 - Test

condi t Bﬁémﬂi’bf?yﬁ‘?er Dose: 100 ng/1 Procdkdure as 100

descri bed gbpyesgWat—T's clarmgd 7sT 13 A conppsitionos
for reducing alumnosilicate scale in an industrial

process conprising a polyner according to the fornul a:
A—(CHZCHO—ICHZO (CHZCHZO)X(CHZCH(CHs)O) (CH2CH20 )
}a~ wherein, a = 1-100, x/x+y+z

CH2 CHOHCH2O
5536004 y/?@ﬁﬂf%ﬁatmawz
Polymer Dose: 100 mg/l

Procedure as described above.
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= 0-100% and at |east one A or B unit is a group
containing the group -Si(OR') 3/ where R' is selected

w0 e@sneteel gr oup consisting of H, a Cl-C20 subrtT/Us200£050207
or unsubstituted al kyl, al kenyl, aryl, or aralkyl
group, a group | or Il netal, and amoni um salts of

for 4 + where R, R2, R3, R4, are selected
W??oﬁ%%c}aR$g§ 0 substituted or unsubstituted alkyl

al kenyl, aryl, or aral kyl group. 2 . A conposition
accqydlngAteo #é%f@fbﬂ Qo@hE@Qué&nd‘%fﬁﬂlﬁgg@glééﬁgnééale in

a group | or metal, preferably Na or K and
an s St S Al P§°@5F35’r wrasm@wmﬁrm@?@rdmg %o the
r&tmP%,.R3, R4, are each independently selected fromH,
a Cl1-C20 substituted or unsubstituted al kyl, al kenyl,
aryl, or aralkyl group . 3 . A conposition according
At {@HEdHHOEB, Ok (OR,CR,d) m(mmh:wé\)d @eb&@ﬁ edtHfCHoMCHIge (BY bup

conS|st|n of OR : y
( CHiS %( (f? ) I\!g' £ arfd - Eé/;&% Si g § §/§+9b% e%récglﬁ/r}](gy_yz
= Uhit008 @gdsetebe@@kﬁn@mﬁtﬁé @rd@ﬁ”@dﬁs@sgpﬁgpo$0&q@%qug

tﬂé‘ gr%u%m %&éRpggf ehakbyr >N (g@i%)e%e@l FEER dne3 Ay

where Ar is an aral kyl or aromatic

C@?@Lﬁ&lw OfAHcoﬁp%%lanoﬁuPéFlF‘é‘a%Fm{g U&ISHHFEbEWE?%aﬂlé‘Yl
aﬁ]@—ﬁ{ﬁ i B30, i pdustdiialy @&@g§$sa C@ﬁm{p si B¢ ATP@LYAEr and

nmprisin areactlonp
SRR GGt PR SER 50N GA )P e "BEF ek bol Sirel3s R, are
sPrafeialhynsel e@t@ﬂ—dzroo@ubhelgmmtp QO NPELBE A uiepDx ldg 1,

end- capped pol oxi de pol yners, epoxide
2 BHdedppédYp OIV% f%% e 95XPHe pol yners and epoxi de

end- cappedpolyethylene pol ypr opyl ene oxi de copol yners
and (b) an organic conpound contai ning an am no
functionality and a -Si (OR') 3 functionality in which
t he 2.Sj @Cﬁbmp@sgvnupsmapédhy@rb@yi@ﬂﬂté fior mridle Kalis

s e Y WPy HOM 2 G40, I et al nepef ¢/ akb¥aMey na or K,
ion and ammonium salts of formula NRIR2R3R4" where
R1,R2,R3,R4, are each independently selected from H, a Cl-C20
substituted or unsubstituted alkyl, alkenyl, aryl, or aralkyl

group.

3. A composition according to claims 1 or 2 in which A
is selected from the group consisting of -NH(CHz),~-5i{OR")3,
preferably -NH(CH;)3-Si(OR"”)3, and —NH-Ar-81i (OR”)3 and repealting
unit B is selected from the group consisting of >N(CHz)n—
Si{OR”); preferably >NH{CHz)3;-S1(OR”)3 and >N-Ar-5i(OR"”)3, where

Ar is an éralkyl or aromatic group.

4, A composition for reducing aluminosilicate scale in
an industrial process comprising a polymer comprising a
reaction product of (a) an epoxy-functionalized polyalkylene
oxide polymer preferably selected from the group comprising,
epoxide end-capped polyethylene oxide polymers, epoxide end-

capped polypropylene oxide polymers and epoxide end-capped
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or K, ion or ammoniumion NRIR2ZR3R4 + where
R ,R2,R3,R4 are individually selected fromH ,6 a

wE100@awesubsti t ut ed or unsubstituted al kyl, al&eny$2008/050207

aryl, or aralkyl group. 5 . A conposition according to
claim4 in which the organi c conpounds containing an

p5{%§§hgfgﬁ%tb?ﬂg%#&ﬁ&fﬂﬂ% %x1d§'c&é§i§mé% f%ﬁ@tlgﬂaéﬁtdkganlc

I'cted am noal kyl tri al sil anes and
camp el Wontrankesyan | BRES quCtAO%Q%’ﬁd’s@F’idoﬁ act i g

f&ﬁb{idﬂdnléyoEnSWhDCHWHHHW—@HQOQV9§U@ﬂ%u@@naﬁ@nﬁ§drolyzed to
containing an _am no functionality

fpmcticoralitt §Taf edsRCt & fJFBH?t]h]g “@%’tc?dp %%gz %b%@ Na,
08k A dioRropMnbhE Bt NOX Y& 1IRARBR4" where R1,R2,R3,R4 are

am nopropyl triethoxysil ane, _ :
1 ?ﬁYﬂé& yaﬁ?h8ﬁp%%yf??9Egtﬁo§§s?%%ﬁ%%mtltut6d or
uAginoet titeamanept ppyl tarivet,hexydi | anegralkyl group.
tri met hoxysi |yl propyl di et hyl enetri am ne,

benzyl et hyl enedi am nepropyl tri met hoxysi | ane,
vinlyl benzlylcemhybeh?em aricvegi opyLe ré frethdx j8i akeh the

o?ﬁ {g) EBB%”EBEE%%G&Hga%% amino functlonallty and a -

propyl trimethoxysil ane,
Swp&’) 23!\!?14@121)031691(5@0?43? SSN{@G(C’CI@PQ H (CH2) NH
a2 B St QPR P51 1 M Sy LQRATNRNbA B NION kS ¥E paopy] )

am ne and conbi nations thereof . 7 . A conposition
according to any of clainms 1 to 3 in which the -Si
(OR'g. 3 grAOlé@ﬁlp@EQtf‘MdraﬂmdnhotéodimM@ sal 6 of which
%rou or gro

R T Tl B PN
-Endort duahh ot selsadtgdate ome Hgtoal Co@20hs upstint woadioking
olNsubstitutad Al k] o A KM, aRENbpr Gy ARAlKKL L PlPne,
aminoethylaminopropyltrimethoxysilane,
aminoethylaminopropyltriethoxysilane,
trimethoxysilylpropyldiethylenetriamine,
benzylethylenediaminepropyltrimethoxysilane,
vinlylbenzylethylenediaminepropyltrimethoxysilane
aminophenyltrimethoxysilane,
phenylaminopropyltrimethoxysilane,

NHy (CHy) 2NH (CHz) 3—S1 (OCHa} 3
NH; (CHz) 2NH (CHy) zNH {CHz) 3-5i {OCHz3) 3,
bis- (gamma-trimethoxysilylpropyl)amine and combinations

thereof.

7. A composition according to any of claims 1 to 3 in
which the -Si(OR”)5; groups are hydrolyzed to form the salt of a
group I or group II metal, preferably Na, or K, ion or
ammonium ion NRLR2R3R4™ where R1,R2,R3,R4 are individually
selected from H, a Cl-C20 substituted or unsubstituted alkyl,
alkenyl, aryl, or aralkyl group.

g. A composition according to claim 1 in which
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8 . A conposition according to claim1 in whichy and z

=0% 9 . A conposition according to any one of
w@b@smgrelt 3 i n which the conposition conpri sesPCBYSAM08/050207

reacti on product of an epoxi de end-capped pol yet hyl ene

oxi de polyner, and (b) an organi c conpound contai ni ng

yaln@ng no dunctionality and a -Si (OR") 3 functionality

. 10. A conposition according to any of clains 4-9 in

whi ch the organi ¢ conpound contai ni ng an am no

funct | analdrippsanfon ac&rdidd’ o3afiynetd arfaldlbymar -3 in

aelected from am nopropyl trinmet hoxysil ane and

AR opropyltriethoxysilane. 11. A conposition
tﬁéC@@m@dﬁﬁﬂﬂmnaﬁymanSﬁﬁ c)aiamsedcBiom mivceiety of- 50%poxride

d_f f
anI erEF q.gtegg Qu&iﬂ%g InQEmaérﬁan (% an organic

SRk alnlng oh eqU|pnent used i n
campommqntaunpngcessam rfgms;ﬁlankhﬁm@w Gce8§s (OR") 3
sShLeam eonpyising the step of adding to the alkaline

process stream an alum nosilicate containing scale
i nhi biting anmount of a pol ynmer according to any of

clai 9%, Iz Ibmposition according to any of claims 4-9 in which
the organic compound containing an amino functionality and a -
Si(0OR”) 3 functionality are selected from

aminopropyltrimethoxysilane and aminopropyltriethoxysilane.

11. A composition according to any one of claims 1-3 in

which yv = 1-50%,

12. A method for reducing the formation of
aluminosilicate containing scale on equipment used in an
industrial process having an alkaline process stream
comprising the step of adding to the alkaline process stream
an aluminosilicate containing scale inhibiting amount of a

polymer according to any of claims 1-11.
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