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efficiency, wasting energy, plugging the water-handling system, and even degrading product
quality.

[0004] Biological fouling of recreational water systems such as pools, spas, or decorative (or
ornamental) water systems, (e.g., ponds or fountains), can severely detract from people's enjoyment
of them. Biological fouling often results in objectionable odors. More importantly, particularly in
recreational waters, biological fouling can degrade the water quality to such an extent that it
becomes unfit for use and may even pose a health risk.

[0005] Sanitation waters, like industrial process waters and recreational waters, are also
vulnerable to biological fouling and its associated problems. Sanitation waters include, for
example, toilet water, cistern water, and sewage treatment waters. Due to the nature of the waste

contained in sanitation waters, these water systems are particularly susceptible to biological

-1-



[0005] Sanitation waters, like industrial process
waters and recreational waters, are also vulnerable to
whemhossseal fouling and its associ at ed probl enBCT/US2006/037657
itation waters include, for exanple, toilet water,
tern water, and sewage treatnent waters. Due to the

[O(F)ﬁt ur % of tprc]) Syme{ ehgvecgigt]et a{)et]ee Id%slﬁﬁrl] tfs) la{;)lné t38 0 gfevmtt elgiglggical fouling,

ns are
Mireiefiybie: S o e
g@aﬂa&@w' T Lo i

qguat er nary anmmoni um_conpounds_(pol yquats), gener al

Walfs ORRAUePUS SRS 4 AGtizifae skin, dd exhibifrextigmely iny @g@t%wswam-blooded
do not irritate skin, and exhibit extrenely | ow

animgls Ehasg chagacigaiptins B]ogg)wg@ thefijahiibycto cqmfeed er prevent biological fouling cause
characteristics along with their ability to control or

iongnepadymerpiodiegttedert chaess iforgvatea tredmewnene pol yners to be
excel l ent choices for water treatnent. [0007] |onene

[009G] y mdorena pelymenmaetoynnsalycksoiihahd uselasdijuid apuipdsitions such as aqueous
conposi tions such as aqueous sol utions or

solidsnnor &rinfasonsSBbliddfofny; ireludingahtles, o idnadd @ilgnerohave been disclosed
i onene polynmers have been disclosed in U S. Patent

in NOSs .Pafentl¥@s. 30132,000 arkl, 3149, B9 70thek Weater wedtBént ch@ait4T® e often sold in
chem cals are often sold in solid forns, such as

solicefalf, Sudhras RabldiSer plibies. TRE folwiving pRBAS Hés%rlg@ﬁef?ﬁ)hpﬁ)hd forms of water
various solid forns of water treatnent chem cals for
tredfent erdicAly 'Eti@l'ée Afa Iﬂhlfbfnecff%lﬁ’feréﬁ E&ﬁl@&fs s?éf&ﬁ@ MBS, Peter Nos. 4,310,434,
Pat ent Nos. 4, 310,434, 4,396,522, 4,4
2,
4,396 §§z_fé %%7 36gng%§4 A 44 o%a %gis) z\f/t/e I,44‘@ %‘5?(@ 2 t,éﬁl%ﬁb%& 872, and
5 2&) éﬁi’l%s;x@oaﬁ F[’% légeﬁ 1]%@9 609 QZWE%J%%JEE%%B 8-51/ 18510, PCT Application
t] A en nmakin
W@‘g?/] 1 %,ﬁz% an%rtuﬁ(?eanof’a?en?ﬁ 1caf‘3(‘)ntN0r 0&52? Q%; %Y\gol yners, 9 for

[Od[qgfpr g’gleﬁettga%]%fagﬁ L‘ﬁ/g’%{l 3 FH%”%O\??%?rgsgﬁB]:éea : ant ?or mstance, ionene

I mpuritie remain after the forned These
Wﬁﬁf %Omeéth@awcfﬁgs aey l?rﬁ@msaw Wh@rﬁ lfb‘ihé Efmofmaawcerﬁ@mtws remain
ynmer based on the applications for the poly

aﬁ%rl}b%p%{@n?rns foamed.  Thesqimpifiensantbs defrimeniehwhen laﬁseam@b@g polymer

stens. Accordingly, there is a need to renove these
basg en Sesappliegiipnscor tp pelympie suchag dthwalsr treatment or the treatment of aqueous

systems. Accordingly, there is a need to remove these various organic impurities, such as
TMEDA, dioxane, epichlorohydrin, or derivatives thereof, acrylic acid, acrylamide, and the like.

[0009] In some applications solid forms provide advantages over liquid compositions. Well
formulated solid forms provide increased stability and reduce exposure to chemicals, solvents, or
vapors. In a solid, different ingredients may be successfully combined where such a combination in
a liquid might lead to unwanted reactions and potential loss of activity. Using a solid form, a

chemical composition can often be packaged and shipped in a more concentrated form than with
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time and energy costs. In addition, the moisture content generally is 20% or higher, even after the
product is obtained in solid form since driving off any additional moisture would be difficult or not
possible for a variety of reasons. In addition, these processes do not typically remove any organic
chemical impurities that may be present in the polymer.

[0014] Thus, there is a need to provide methods which can obtain dry water-soluble polymers
that preferably have a low moisture or water content, and which can avoid the time consuming

and/or energy costs of previous methods.
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water or other aqueous solution with at least one dry polar solvent, such as a protic or aprotic
solvent, to form a first layer. The water or other aqueous solution should preferably be miscible
with the polar solvent. The first layer contains the dry polar solvent, or at least a portion thereof,
and the water or aqueous solution or at least a portion thereof. A second layer is also formed which
contains at least the water-soluble polymer or at least a portion thereof. The method further
includes separating the first layer from the second layer and then drying the second layer to obtain a
solid containing the water-soluble polymer. The method can include repeating the first several
steps by adding additional polar solvent and separating the layers again, prior to the drying of the

second layer to obtain the solid, which contains the water-soluble polymer. The water-soluble
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[0026] It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are intended to provide a further

explanation of the present invention, as claimed.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0027] In one or more embodiments, the present invention relates to a method of preparing

water-soluble polymers. The present invention further relates to water-soluble polymers in solid
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generally contains at least a portion of the water-soluble polymer. The first layer preferably
contains a majority, if not a large majority, of the dry polar solvent, as well as a significant amount,
if not a majority, of the water that was initially present with the water-soluble polymer. The second
layer preferably contains a majority, if not a large majority, of the water-soluble polymer that is
initially present and the remaining amount of water originally present. As an example, the first
layer can contain at least 80% by weight of the overall dry polar solvent present and at least 20% by

weight of the overall water originally present. The first layer can contain at least 90% by weight of
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the removal of additional, remaining amounts of organic impurities and/or water or moisture from
the water-soluble polymer. For instance, these steps can be repeated one, two, three, four, five, six,
or more times. Needless to say, there is a point of diminishing returns where the benefit of
repeating the step of adding additional dry polar solvent does not outweigh the amount of organic
impurities and/or water or moisture further removed from the water-soluble polymer by the

additional steps.
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t he second | ayer aft it has been separated fr he

(00821 st Tn djietnethord theshm) Winﬁg’f the ‘Wt%rﬁdé}hlelpplyéﬁ’aihafd? alsif’g‘feé for soluble
sol vent, which can be the sane or different fromthe

in whterswitithy dpopokar selseny e be doaelin ang comienticnahiashion: anerally, the water-
t hen separates into two Iayers as before. These two

solhisly plymemin watesris fiem aaypevieus gehcestiof ormingghe fvatgdshluble polymer, which
addi tional solvent to the previously separated second

getlellprocansinsepanans-haged meditmo Thay ér the tprea¢nt firyemtionagfieb the formation
optionally repeated one or nore tines prior to any

of dheywang-sofubke hpelysep dhamettiod ef tha ¢rdseny érventidnecan dp daedigiekyfpracticed.
the steps that add additional dry polar solvent can

Algangve), e henetstod thehgesestninveationéanadddiridtiogtbdt ,any poiai ¢rice the water-
anounts of organic inpurities and/or water or noisture

sollib1e Poliyner i¥BfeSdnt SiQlidsblved B GV aysEThe do@ibinin}Sdf@itcRaterlsHRBR polymer with
steps can be repeated one, two, three, four, five,

dr}ﬁ;!rgc?iar sOfvelTRAE sitplyEse: byNRBAAELHS 1ifld SaMainip ﬁfe&vdt&-s@luﬁlélpﬁl'ymer into a
di m ni shing returns where the benefit of repeating

dry n&t ar SE16ht Bf v1@éj‘%'rs@go RAdiatnh iORA! wiHEY sePRhiRS infd fﬁ@crl&yeg%%econd layer.

out wei gh the anount of organic inpurities and/o

M&ﬁ% @hn QJchg.lngtl k= er oi" £ {lln% s.c'z’iﬁ)gtlr 5438 in the ﬁelsenlt mlventlon and

er SO yner Ition st eps.

can oclcur i an}';'? ar}tan%r of H(ﬁdlﬁg Fgﬂjé ml"ﬂeg%rg{en{#%ﬁm &l b%ﬁnlr%ﬂ%% att ALy stage of

I'S dI'sso Wwat e
thf-‘f%%ﬂ%éah%fe@@ Veﬁ?flvglan?»h%e%ﬁgfﬁf& ssP B Psgﬁaﬂ?@? R Bl pogymer can be
s S e 56 B BT P BBl ol g v toavoid

aqueous- pbased dlun1 Thus, in the present invention,
PO@F@%PQ MISCHEY BRI of t he wat er - sol ubl e pol yner, the
net hod of the present invention can be inmmediately
[0038hct i The separgting of Hici frgl) §quid fem ke sreend lguid e %F@s@rﬂﬂy fashion in
i nvention can be practiced at any point once the
whight e dasietsyire sqpaliaiedewhdrein ope lgertis Brosthi ersompletply f ligiie @pd the other
The conbining of the water-sol uble polymer wth dr¥
laypolsaz salisl oremtsolidapartiallypdissolyed liry watstr iFay instance, ithpufingt layer, which is
contai ning the water-soluble polyner into a dry pol ar
completebnliquid or mogtlyviequsi céro sifuplynbeadmivi tofif &y ddeamting the top layer by any
separates into a first |layer and second |ayer. M xing
coB@fitichaCehemicAngchimne.e Vatdus caybofsepayatingahd firgiLinyts fromrthdeecond layer
used in the present invention and
include, but are not limited to, filtering, and the like. When the first layer is separated from the

second layer, it is to be understood that the first layer contents and the second layer contents may
not be entirely separated from each other due to the limitations of the technology or simply because
of technique, time, or cost constraints. Preferably, the entire, or substantially entire, first layer is
separated from the second layer, though this is not absolutely critical to the present invention,
especially if additional dry polar solvent is added one or more times prior to the drying of the

second layer.



can occur in any container or holding tank. The
present invention can be practiced at any stage of the
wowRi0e103858é ubl e pol ymer, meaning, while fully iPCT/US2006/037657

ol SR T 0 el s

of dr al ar soIve t are use 0

anyArgiBg Ewﬁﬁoﬂmﬁsst © PPN el %@ZCF Eal 51- - Bty fepigond layer
liquid fromthe second Iiquid can occur in any fashi on

contnip fhe ol dsateraspibls pofvenes %Cﬁ‘élis & 3@ applirarios ¢ heptesuphygsdp a furace or
is nostly or coqpletel a liquid and the other |ayer

ovgng aaa &mietftuse of fetoeyagp aﬁr@maarbplgﬁ W s & st 230°faepore and, more
For instance, the first which is conpletely

prelfaraply, drowy abm;tsﬁ'[Of’ ¥ thiabent a00°<§gf@r sishangpnpel tipen wrehas f hggr to 100 hours
decanting the top | ayer by any conventional chem ca

or meechltiigode uvdarstousthatalgsendihg sppatha tyipe gf whter-folubl pdlyages present, the
fromthe second |layer include, but are not limted to,

molshiré er watgy; coatedt tehminfingke theWobid wateesdlills polymgre theitgnperature used for
separated fromthe second |layer, it is to be

dryliipdg@tdshotide thhethe ddyidgbtdusstcah @yrer contents and the
second | ayer contents may not be entirely separated

[00BSPM aRgtresicbiad tiduRy p&lartsbiRedt) 4l bad brafdre afy ﬂol‘h@ solvents can be used in

technol ogy or sinply because of technique, tine, or

theCRSdentCIRNG bR I Sxan 1€ iRy @R pblar bH1@er@BAd b&an Blcohol, acetone, methanol,
substantially entire, first layer is separated from

ethhil 1§C§>?<fbﬂgol,l RYSlydrotipA 9 tdnktiR, 1-Prop&tiol, E}Qﬁ@ilnthDA and the like, or

crit he present i nvention, espécially

mifiih {hel%GfalThéj&% pBRt &Jiveﬁ@Lye Blotdr glgsone or o e

riror t € second | ayer.[0034]

[O()%E][e drP¥ef ra l til %PTC' ﬁglgrnsolvlef’i‘tyc%rntamvhé)cxgt‘f %pt(lje% ﬂismsttlng in the dry polar

er-so can occur
e uch the a at i.on_ of heao /o .
oo 8 R Bt BB G S Sl Ry o e
an(if?'rll(#gg{ eréﬂ% hl@& )t/) :wi%l%‘g Yvétleli’]]élct Cgur 3 bn%o]tv jp 1ns a%ct:e e dry polar
nperature of, for exa [ om about .35 t 0, abo
soly 5 OpEAFian BhRit O 5%4 Zpatls RS G s G it iy polar
about 200 C for any anount of tinme, such as 1 hour to

soly@® hours or nore. It is to be understood that
dependi ng upon the type of water-soluble po

[0037s erWith rdspecini dreusraoust ofydiyepol@orplvent used ﬁﬁl%rlnh ghej ixture, which
the solid water-soluble polyner, the tenperature used
ultircitelisepimaigs indnal fitsh &ayeri and sechad lay¢regademiin gnipamouns of d polar solvent
vary.
can be used as long as it is sufficient to result in the formation of a mixture which separates into a
first layer and a second layer, as described above. For instance, the dry polar solvent can be present
with the water-soluble polymer that is in water or dissolved in water at a volume ratio of at least
1:1. In other words, the amount of dry polar solvent can at least equal the volume of the water-
soluble polymer and water that is present. The ratio can be at least 1.5:1; 2:1, 2.5:1, 3.5:1, or

higher by volume of dry polar solvent to water-soluble polymer that is present.

[0038] Once the separating of the first layer from the second layer occurs, the water-soluble



[0035] Wth respect to the dry polar solvent, any one
or nore dry polar solvents can be used in the present
WO pooesssen. For exanpl e, the dry pol ar sol vent PCEOS1966/037657

pq%wf"l ﬁﬁ;ﬁ&%e a RL-ARE conRiAdN 8t otk Qﬁﬁk@f'ancés E&ngnmose commonly

tetrahydrofuran, acetonitrile, 1-propanol, pyri

A UECAGECLE i o e
Ipre: r?gblhﬁ foxliﬂ1 91‘19 01183%)1%{ clh\égr% ﬁmod’]t;aﬁ!ta ﬂﬁe 909?1% G form, can be

rm Isture I n ar SO vent ense

erf Bk “ﬁ@e%mﬁr e %&@@%rdor °' arsug'e?éﬁy SR PRbA, o e powcer
s i 9 o Fis Lt bl%ﬁ‘f’&%?ﬂui?lpﬁﬁ?%%ﬁ =PI digbuton of the

about ter .or noisture b f . the .

porfs?raﬁan §6 F“Wwit’ffls“a Ipprstigle s ﬂ‘S‘i“g‘étk?é‘ct a?ﬁh’éo isristiions Eﬁ%e solid form

ol ar solvent used to formthe n1xture whi_ch

thqﬁw@n E@afaérryuw&.htaam@& the spkid, 1 A water-sojble plymere digh dpstance, the dry
| ayer, generally, anount of dry pol ar sol vent can

wairs-splglg PalymEheag bsdn talvvlet%blgqlcffp%upemt forgn, pake fpmm, ppweds dorm, granule
formation of a mi xture which separates into a first

fona yggloragatedifosocand dhel lkger, as descri bed above. For
i nstance, the dry polar solvent can be present with

[0039¢ wdb dre-pokatbhentiol, jhegolat badtent present inahefirsolayer can be reused in the
di ssolved in water at a volune ratio of at |east 1:1.

sath& ondgbieg mathiod ®r fdr Bebsaiuetitriatohés. dfhe dow belar Sblewiepresentain tiat first layer
| east equal the volune of the watersol uble pol yner and

caiV@é Sdpartated tfrohSthp WaRe b reustd &y fay tehverdidndlandhs, Isechsds by distillation and
1.5:1; 2:1, 2.5:1, 3.5:1, or higher by volume of dry

thd§dear sol vent to water-soluble polynmer that is
present. [0038] Once the separating of the first |ayer

[0640pm tﬂi‘ BnS EERIWnd RYRE prR&atinPentibh @an%&%@ra&@loi% BlIvaRALLY. ¥Rk basis, a
can have a glass-llke consi stency or ot her

setPESEhGIS 6 s, gls tﬁllu&)é ﬁa%g S @eﬁe@%@om Xpe?ziiﬁ)g Q:hl?t)@ get }ﬁ? tevxhlerem the

very wet so ol'yners. on supst ant i ryi ng,

ISP 2#&8&%&%&‘;@"4 L
hamrer-m || ed, or

d,
Sog?ﬂéﬁwygié% ﬁﬂseggort ecﬁn Serrr{éod?oﬁowder form The

d
00 o SR O (BaPt7 B GMEERTBON G rafovphe veter or
e i . Pl SRy GoRme RIch R VB GHan: B oo O B aneres. Tn one

form
embodiment, the drying of the second layer is a drying of the water-soluble polymer to remove or

evaporate the dry polar solvent that may be present. In another embodiment, the drying of the
water-soluble polymer removes or evaporates solvent and/or water that is present, or at least a
portion thereof, In addition, with the present invention, some amount of polar solvent may be
present with the dry water-soluble polymer (i.e., polymer in solid form) and can more easily be
removed since the polar solvent has a lower boiling point and, therefore, it takes less energy to

remove the solvent than water. In one or more embodiments, the present invention, with the use of

-10-



that can be taken upon obtaining the solid, or dry
wat er - sol ubl e pol yner. For instance, the dry
WOR02103858¢ ubl e pol yrrer can be in tablets, bl ockCT/U820P6/037657

el et f ’ wder_f
polay ﬁ@il"%%% ih%{t ‘aa'?‘(?‘g‘?’?ﬂ re%h@ ‘N%g’f P‘i%{f’e‘m%{l%]& g]a?fnﬁy F%%resﬁ gl the water-

i nvention, the olar sol vent present in the

solyblgy palyraesrang SV gy b folpble 13 gigame OBt dtkﬁé’PI% 8318?“% offhus, the
subsequent batches. The dry pol ar sol vent present

pregehieinyenkien progides numerpup advepigags oy eidhe PIEHPYREOGRES %‘Pw‘b?lmply dried the
reused by any conventional neans, such as by

polyte by tHeapplépaticonad hedd éo lemkre mpmwo] I n one enbodi nent,
the present invention can be operated on a

[0042]t c hWia batials Wastwjuble papners art mado fiombestting wriops monomers,
conti nuous basis. Cenerally, an operation can be set

varidps Whgoaicts dahde metdhebish afe univented mgbafinal prodmiti Ko instagee, when wet
practiced on a continuous basis and, optionally, the

strefl§tH rid@lsake madey gdtierallg arlergy athewdt of epichlselg/dfinis tshé and there are times
conti nuous nethod. [0041] Wth the present invention,

whéhe UpiBhifohfdrinGh a6t BRIy Qid ip elidtchdion I, ,remavtad potions). Thus, it is
water or nolsture in the water-soluble polyner solid,

desﬁglﬂé tJ SShtvel dpthiofoblyéhén USPorOfts H@FALRB&LEYr ahdlogdNBereof in the final
nbodi ment, the drying of the second |ayer is a drying

pro@l%ct t’lg'ﬁs W& he SredeHOh fonBON, YV HBduS b&gﬁl@ AR CAN suBl adIBhvah&ecular weight
ry po ar solvent that mmy be present. |n another

1mp%m95d LABDS venldVEd e %gTQTEﬂAb &Ry &S, L&éﬁ@a‘c@@é ¥fTBfichlorohydrin,

enoves or evaporates sol velt and/of water that is
. prese Qr, at | east a portion thereof. In addition,
dio ? lga It
present i nvention, sonme anmount of polar

[00%%: ;ﬁgpr @%Qﬁn %{rﬁe ?}ﬁgt 1r¥1\%1 gg e Bre;éj [ rﬁ\(\/@ﬁt%é &e hl%?én? invention relates
| b |
to qe)%gql SjEe @gtlg &rsﬁtngu\éﬁ as %&e% aéeozgg a(flé c Zhraa 3%\i\ew molecular

renove the solvent t ha
WelgBHRFTIEw) oy GRS At B Fr e 6588 & to about 2000

olar s(c)lv.ettts>has the ab|I|t o renoye
pprpmg & inFpse; hpégw tqafgfcu}eﬁyvegg@t ﬁp@g@hpa ¢ Bt {:aﬁjelnclu e eplchlorohydrm
wat er sol ubl e pol yner and which may be soluble in
derragemo€epidilarelivelsn, and tbe ligol ar sol vents. Thus, the
present invention provi des nunerous advantages over
[00ile prswhahe eprmpedis whpeHorsnerpolymers desgribaddiersi apdelor #gtance, set
the application of heat to renove noisture.
forth by formula herein, can have a low molecular weight impurity level of from 50 ppm to 5,000
ppm or from about 0.1 wt% to about 1%, wherein the low molecular weight impurity can be or
includes TMEDA, dioxane, and the like. The low molecular weight impurity can have an average
molecular weight of 50,000 or less, such as 100 to 50,000 MW, or 100 to 10,000 MW, or 100 to
5,000 MW, or 100 to 1,000 MW, or 100 to 500 MW.
[0045] In a further embodiment of the present invention, the present invention relates to a

water-soluble polymer solid having a moisture content of below 15% by weight. More preferably,

the water-soluble polymer solid has a moisture content of below 11% by weight and, even more
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[0042] When vari ous water-sol uble polyners are nmade

fromreacting various nononers, various by-products
w@aw7hssseede which are unwanted in the final pPEOUS1006/037657

FOr..-) N NCE, o 2 3 . ' ] .
b FRGR, SIS0 ot SOFOELEARSE 8 A58 T poper . or
in ag){q%,‘lttlirl]ee{vae[ergsg)?ulb?]eI (}Pimér/r\ggléq %a%ﬁla?clp h é@is%&é’ QX&%{’L g& Iﬁ%mna%tout 0.5 wt% to

y use nrea

' = Ih | L ol i to. )
sbBRS WP it tshihd L 3R A SEHE ratersaiuioplymer solid
Theasep b rolFen i rbiRT aitans o ai7e T weteescRige polbmer sofid can

e ESR O B FHKS 18 PGk [opBsgt orm and th I
epi chl orohydrin, dioxane, and the |ike. [0043] For

[0046k t arfe &n additionaberabpsnhefithe pesenhiavestion dh PresevidRYdnEen relates to a
the present invention relates to a wet strength resin,

watareplubls pAlYREY s@ligHRYing paelacselr it gomerd iof ifiom allebich pprado gbout 1,000
| ow nol ecul ar weight inpurity level, such as from

ppabw utors 0Otherrangesabo includé/gromrabdut d thppMGo ghent 660 pfpw ot from about 100
2000 ppm For instance, the |ow nol ecul ar wei ght

ppmnip Wbbiit\300 epmb A s tated ahoventhk weberaplullh lpolyalely shlidrean have any shape or
derivatives of epichlorohydrin, and the |ike. [0044]

sizZdsn@oat hein exyatil, euct feponalet oua, gramed rpPbeefdm, cake form, tablet
descri bed herein and, for instance, set forth by

folhQefthaliker ei n, can have a | ow nol ecul ar wei ght
inmpurity level of from50 ppmto 5,000 ppm or from

[06FPUt 10 LAk dufboBRRE oftHe PAREH:ShWinkidlE thO¥eiRl BEMMIRA relates to a

wel ght inpurity can be or includes TNEDA, di oxane, and
wakdiSolublE olgyé{a sAlﬁWna%k %C&hﬁfne&?ﬁcgﬂ&e 'cgﬂ%t'c%eycrﬁﬁf‘am% %gds the polar

an averagé nol ecul ar “'wei ght o 0, 000 or less, suc

eyl P00 et
8L e FRYER R bl Sy b HE SRR urlsifion s v tow
noi.st ur e cqﬂgent of . bel ow 15%

. Sol i qavin a % b .

1mwérft§ ve Wg}%s%?f’tetp é}ing%rftgys sqluble” i qrganic solvents e.%.oii é%rrorgamc solvent,

. solid has moi st ure_content of bel ow 11% b I.ght

k3 ptong Al RIS rRYE R P R neRexgEples drsCrbseatier)o FoTaTege: the water-
5% by wei ght of the water-soluble palyner solid. For

soluple pahymst Sqlifs ofle greseb mygition sat have e 1apyity IevghofiEgppabput 5 ppm to
nmoi sture content of fromabout 0.5 wt%to ) .

about 1,500 ppm or from about 15 ppm to about 100 ppm with respect to impurities that are

soluble in organic solvents. Examples of such impurities include, but are not limited to, acrylic

acid, acrylamide, and the like.

[0049] In a further embodiment of the present invention, the present invention relates to a

method of forming a water-soluble polymer, such as an ionene polymer, by conducting a

polymerization of at least two monomers that form the water-soluble polymer, wherein the

polymerization occurs in at least one polar solvent and in the substantial absence of water. The

polymerization can be optionally heated to increase the speed of polymerization. For instance, the
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about 15 wt% or fromabout 2 wt % to about 10 wt % by
wei ght of the water-soluble polyner solid. The
wowi0e10388é ubl e pol yner solid can have any ShapH?”UUSZOO6/037657

@H\;ﬁ?@pg? gc}c\{}ﬁmt:mé f%%qffagp g Ipﬁ@r %rf'%nt g P%ﬁ% %ﬁntgrlr(lpefr%ture of from about 63°
d l.i k
n%B%f%ﬁ%g—{- n%?}?FYRg%EE | ev1<%3:gﬁ ?7‘1: 8?16?1 falp?g aa%q%]i Eﬁttnhmlted to, electric,

invention relates_ to_a mate - ub

e g s 0 e eEt AT @f‘)»ms% gl
about 1,000 ppmor nore. Qther ranges can include f

waglh GUPreSEDt piBrmere PEASHEH tesos gﬁeﬁﬁalkyr the FBW@B@@S%%O%WF& Iaeans that
about 300 ppm As stated above, the water-sol uble

thepeisylpas thasci% dy cesiehh hesed o ypll dngiprlienty Presentbanin mogeaprefseablyp less than
any form such as powder form granule form bl ock

0. 120 bynyveigltkeasddommll ingredients fresenhdueingithe Relympiization. 0047] | n
a further enbodi nent of the present invention, the

[0050kserit anothendmimdimaest af ds preseat maerdionsibe Lm¢sentpigve_s,nﬁelt relates to a
solid having a conbi ned noi sture content descri bed

mettivdve fording he watlk-aslulsde pelyniker, cacit entan dersne i fobytheg bigy eonducting the
Any conbi nati on of the various ranges can be present.

polydRAfkion Bf AtAktttive Monbhérs tat Brm #rlvwair-golpbik polpmesia thethbgdce of any
the present invention can have a low inpurity |evel

sepirdid) afREREEH ndnCaquétii Isbivbi@S 16 Chid th@hdd) iRy @anationSeH e Mafer-soluble
(e.g., a polar organic solvent, |ike acetone,

oﬁfhﬁpﬁ% § solPHi1edd §BtemP Mthe (étBrele h@fhe%ﬁﬁzﬂ@é &%nf SsparatddRBeous or non-

earlier). For instance, the watersol uble polyner

aq Dl gﬁ’v ?{ i ta'?@fet@ &6 He AAYRMHE HonGRGs g%oﬂalh IEHHE bdrﬂ/ponents which
eve Fron1a out 5 ppmto about 1,500 ppm or from

maS%% H{)I}Sfd?lgee A eéjlssre%gth&m I‘M §egar5t@ ﬁ@cﬁﬁ% Jﬁny solvent of any sort is

| ‘ e | h organi ¢ sol vent
d
ad&ei&ﬁ%gg 8%18)?%’5 oagé:n fl&t{ﬁgl{ﬁé é&l%g%r; Anu %ethg%ﬁﬂ(%cﬁ Ikﬂneo.mers alone are

Suffaf%@:aﬂ I ’fﬁee pglrlgsré%% S R, ERE 1107 et S BRE 38 B gopcuctivg e
|
eSS B AR B e o

two nononers that formthe wat | e po o
hegitigrcan be RfeeBIrgHIE A HaPy BrotdDereatpnt Ho° L3l 3 fam about 90° C o
pol ar solvent and in the substantial absence of water.
abquid 80° C, using any heating technique.

[0051] With respect to the water-soluble polymers that can benefit from the methods of the
present invention, any water-soluble polymer that can be recovered in solid form can benefit from
the methods of the present invention. There is no limitation to the water-soluble polymers. For
instance, the water-soluble polymer can be an ionene polymer or a polymeric quaternary
ammonium composition. The water-soluble polymer can be a water-soluble vinyl addition
polymer. The water-soluble polymer can be an anionic or cationic polymer, including
polyacrylamide or polyacrylic acid.

[0052] Ionene polymers or polymeric quaternary ammonium compounds (polyquats), i.e.,
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pol yneri zation can be optionally heated to increase
t he speed of polynerization. For instance, thepoljii a
wqaooehssssatp ig in at | east one pol ar sol vent PENUSIHO037657
at a tenperatyre of from gbout 63 C abo t
ckE?He @EP own as

catipg Qo ST P EBS T TGRS dB 4 D)
limted to, electric, steam heated | cket g %B @

polyrhatis. qUiE PRPALKEHE): Pelprg tp geveltBewa ﬁ%‘?saﬂ CofBRQYds, 1h¢ biological activity
water, preferably, no water is present. |n

of thisaadass & polymerds 2lge keoval. 1998, dGeAsBEHEbARL | ?10%1% ¥y, pf lonene
wat er neans that there is | ess than 2% wei ght based

Polpmers| Appliegr Balyraert SympasiieniNoar?d, 28%8¢7 pﬂ%"fy?’b raad| §). Magg sPolymeric
than 0.1% by wei ght, based on all ingredients present

Anfiticiobipl Abents ah ;Drmrfetczlam,lsmﬂlze{t@&'s@]i Prasersiafionh®rBlock, Ed., 322-333 (Lea
enbodi nent of the present invention, the present

& Hebigem Phitidelpleib,a08F). fopere pobmiesctaed a flamietyi afgsea in aqueous systems such as
wat er - sol ubl e pol ynmer, such as an ionene pol yner, by

micEEHEl s bao@ritibe, fdlydiddds aaiveld as aintralling,eaat preventing bt and slime
that formthe water-sol uble polyner in the absence of

for@itibnS EP.8! Pdtéht A LAY, X111 ; MOTG, T SGBE3 0 15)681862; |4§96()JS9$ 5,637,308;
met hod, the formation of the water-sol ubl e pol ymer is

5,084, §@b3/@n;t ade$40 15883 HRVide ERANpIES EVARGR Walerisbl@bla RSIPMER that can
Of: any separate agueous or non aqueous solvent is a

bereff £6:6 rfﬁeept{':é?:n{ fﬁ@erftlaﬁ t anH r’ll@etse bﬁ@ntf@ﬂ@ YR pateAPIhdCBlicktibns mentioned

sone conponents whi ch be consi dered solvent. In

thr(gs‘%ﬁv@j;] grpgggﬁ{eﬁqg 'theﬂoenﬁlgg%aﬁxfefer@lgghérélﬁn T‘HEse%nts further describe

y sort Is pur poses of

cmﬁ@%%@-ﬁvn btleb %va?e?lsglﬂg 1;0 e? ns Jc@s tJﬂll:l? EIE%&Q dBuci(Hl‘aan Laboratories

fone'ar eosut t'o perm t

ol ynerization to forn1the mater sol ubl e polyner. In
h“%ﬁﬂ%ﬂ%f*ﬁg the polynerization, heating can be applied

to incr t he speed.of pol r|z tion. For.instan

(0058 nEIETRE CHMPES ab! & PERIUINR UPIYBIC T A BTN %) s and
to about 200_C, such as from abqut 90 C to about 18

polgfamipopmiglesiny 19ns88 PR ARHE ot NI 7B 145e5A7R r?q}‘eé’é‘ﬁ)egéﬁter{l% such as
t he wat er-sol ubl e polyners that can benefit fromt

ml@f@hlﬁé@s bagtericides, plgicidest saniiizars: pech diswfistaptst BrS: sPd‘Feﬁ}b N@S 3,874,870,
pol ymer that can be recovered in solid formc

3 89&313';6‘ i 3,930 thR7A20hdeB 4512t HD8PPEEehtll], ﬁ%nf"ﬁ%om 4,581,058,
There is no limtation to the water-sol ubl e pol yners.

4,77%)813, AsX78Atk 5,050 4 24val, 18,166 1bA2:0080tninBPIGH S, Hie IOSUTCS of all of
i onene pol ymer or a polyneric quaternary anmoni um

whivh nipospetificatly indogpovatddely- refztenix kerginl giveevariosmexamples of these polymers
wat er - sol ubl e vi nyl addition

and their uses.

[0054] Tonene polymers may be classified according to the repeating unit found in the polymer.

This repeating unit results from the reactants used to make the ionene polymer.
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pol ymer. The wat er-sol ubl e pol yner can be an anionic
or cationic polyner, including polyacrylam de or
w@odoyasssyé i c aci d. [ 0052] | onene pol yners or pPCT/EOB2006/037657

& PSR, MG RER ARRn O BN ¢+ ogens

in the polynmer backbone (al so known as polyneric quats
or polyquats), belong to a well-known cl ass of
conmpounds. The biological activity of this class of

pol yners is al so known. See e.g., A Renbaum

Bi ol ogi cal Activity of gg Pol ynmers, Applied
Pol yner Synposi um No. 317 (1973) and O May,
"Pol ymeric Antim crohi _MA " in Dsinfection,

Sterilization, and Prepgefvat| on, S. Block, Ed.,
322-333 (Lea & Febiger}, PBhilmgel phia, 1991). I|onene
pol ymers have a variety of uses in aqueous systens
such as m crobicides, bactericides, and al gi cides as
well as controlling, even preventing, biofilmand
slime formation. U S. Patent Nos. 4,970, 211;
[0055]L 76,14 Qs folmB8 R 3P3R’, andR¢al 62 jderdti @B, Effkent. 506 3i8,s@88¢d from H,
5,087,457; 5,093,078; and 5,401, 881 provi de exanpl es
C1 @, \4ikfyl opisoriaRy etbstifatedbivith RO I13asE e hirdbxyt agtoupeaed ibenzyl optionally
fromthe present invention, and these patents (and al

sutffituelonaicibddbdieintidty QRE afMRk bRNEACE, G sle tPrefatily, R, R% R® and
incorporated in their entirety by reference herein.

R*TReHSndR) 6Mdigy1f urt her describe commercial | y-available
wat er - sol ubl € pol yner sources, such as from Buckman

[odsﬂgor A fgr L féfa”é‘i%l@fiarbdlc* @Qlectécp%x%]cﬁ’é%fa%{y'i %P' allgylene, C-Cio

nples © vvat er-sol ubl e polymers are i onene pol yners

alk@l?ﬁ 090411¥e§1 h qu ezg@la]g %ﬁé};m}n' 8“8@3510@9' YR ShRR Sty 6 hfthdkyalkylene,

Ses I as mcro

e b v Rt el <%§5®9%?£8-Cl ik
, 0 4,542 77
o St 4B B4 oda@ iS50 b o
5,128,100, 5,142,0 5,093, Q7 .
i e e oo B T o, 8 SRy
ref erence herein, give various exanples of these
prqwl%@rlsvdwrpwéqn@ o isthylepetizn) "foRhke %S}Vﬁlﬁ%tr‘%l Gsﬁ%)kvé%ne CCs

classified according to the repeating unit found
alleppdensof yehydroxyalkylene, or symmetric di-Cp-Cs-alkylenether, and most preferably "A"

is ~-CH,CH,CHz--, --CH>CH(OH)CH,-- or --CH,CH,OCH,CHa--.

[0057] The group "B" is a divalent radical selected from C;-Cio alkylene, C»-Cio alkenylene,
C,-Cyo alkynylene, C;-Cyo hydroxyalkylene, arylene, arylene-C;-Cio-alkylene, or C; -Cio-
alkylenearyl-C;-Cio-alkylene. Preferably, "B" is C;-Cs alkylene, C,-Cs alkenylene, C;-Cs
hydroxyalkylene, arylene, arylene-C;-Cs-alkylene, or C;-Cs alkylenearyl-C;-Cs-alkylene. Most
preferably "B" is --CH,CHy~, --CH,CH,CHa--, --CH2CH,CH,CHy--, or --CHa(CHz)sCHa--.

[0058] The counter ion, X*, is a divalent counter ion, two monovalent counter ions or a

fraction of a polyvalent counter ion sufficient to balance the cationic charge in the repeating unit
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This repeating unit results fromthe reactants used to
make the ionene polynmer. A first tj p of ianene pol mr
W@ owp08sses t he repeating unit of forrmula I: [ OBGSBEPS1006/037657

whichfSunds W Mhee pbimel BackidRe. PRITSHRY, X688 txb@mbﬁi&)afe ﬁa;%on? Selected from

different, and are sel ected fromH G-C

a HARdd G ZILIM aSHﬁQﬁ tdﬁo%danw'n? i f:seaééﬁﬁf tchﬁﬂg Bry%ﬁ)l%l Jonene polymers

group, and enzy opti ona stitute

ha BRI iof 8 b AR TP o, ARy Sipre of e
Ar i di val di cal | d

Paflf'?g%g%ﬁlg@%ﬁe?#ﬁﬂ S5 Sy ene, ecn:t G ol kenyl or

I00853r o a5 MR Tk ya e, Ferine Ekemplsfhe be prepared by a

g OF Bjovey %etfaqdﬁﬁ“e(%"rtﬁ%%ﬂefts%gg dla%.inyelof b ormmula KRB NRIR? with
| kyl r C 0 al kyl enearyl
a dﬁ?a@e Cétheo‘k %/W e‘h &y 10961}% pﬁ})&@ﬁfﬂd@ge}g% pediing pm%/ ezztm,ethc;/ds for their
al kenyl , CZCShdrox-aIk or symetric di-
Pregar@@naqr%yf%teﬁ@vpleaa%cr%@ tin ﬁ} of %at%ﬂ\;ns" AB74.8705 r369p39!J3 Ehed 025,627,
dro ropyl ene or diethyleneether. "A" can be a
4a0%ﬂ' &40 %f 0-and 5,098.R78; éhealisclosuremofathidhraps impepor@ed B5ein by reference.
hydr oxyal kyl ene, or symetric di-C 2-C5-al kyl enet her,
Theabidlogioaltaciivieyfaf ﬁ@bhwpd'lﬁﬂem avingrhQEpiAGH unit of fokhula I is also described
2CH(OH)CH 2-- or -CH 2CH20CH2CH2--. [0057] The group
in thdB¥ patent; di val ent radical selected fromGC -C 0
al kyl ene, C2-C O al kenyl ene, C2-Cl10 al kynyl ene,
[0060]- Ci & sbyaid oppy af foyérepelymar doinipiies the repeating unit of formula II:
aryl ene-Gi -Ci o-al kylene, or G -Cl1O
al kyl enearyl -G -Ci o-al kyl ene. Preferably, "B" is CG-C
5 al kyl ene, C2-C5 al kenyl ene, yC2-C5 hydr oxyal kyl ene,
aryl ene, aryl ene-GC -C 5-al kz{ ne, or G-C5
al kyl enearyl -G - C 5-al kyl en Most preferably "B" is
- CH 2CH2-, - CH 2CH2 A= CH2CH2- -, or ~CH
2(CH2) 4CH2~ . [0058] Th ion, X2 , is a
di val ent counter ion, t va?fent counter ions or a
fraction of a pol yval ent counter ion sufficient to

oty BT AR SRR AR b v
L e L
B G BRI e At b0 SR ok SR

di scl osure of that patent is_incorporated herein bg
the joaenene r. X" may be, for example, a halide or trihalide anion and is preferably chloride or

bromide.

[0062] The ionene polymers having the repeating unit of formula Il may be prepared by known
methods. One method is to react an amine of the formula R'R®N with a haloepoxide such as
epichlorohydrin. Ionene polymers having the repeating unit of formula Il are, for example,
described in U.S. Patent Nos. 4,111,679 and 5,051,124, the disclosures of which are incorporated

herein by reference. The biological activity of ionene polymers having the repeating unit of formula
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[ 0059] The ionene pol yners having the repeating unit
of formula | nmay be prepared by a nunber of known
wOoredonossse One nethod is to react a di am ne of PEEUS2006/037657
B-NR 1R2 with a dihalide of the fornula
ﬂ‘%@%?n‘ﬁsmf’%gﬁg%@ft%rs having this repeating unit and
net hods r the|r preparat|on are, for exa :
(0088l 0 Ak HRE o enenDegiRe CRIgBrISeRa EpALigs gnit %‘5%@1%1%%,
4,025,627, 4,027,020, 4,506,870 and 5,093, 078; the
di scl osures of which are incorporated herein by
reference. The biol ogi cal a¢®—A+y of ionene polyners
having the repeating unit of forrmula I is also
descri bed i n whesia patents. [0060] A second type of
I onene pol yner conprises the repeating unit of fornula
I1: [0061] In this fornula Eﬂéth Heefinitions of Ri,
R2, and A are the same as i ned above for
formula I. X is a nonoval entl coudter i on, one-half of
a divalent counter ion or a“®actPorof a pol yval ent
counter ion sufficient to balanoe the cationic charge
of the repeating unit &@lch qﬁ?t g&nene pol yrer.
X may be, for exanple, & \haprde al i de ani on and
is preferably chloride orNbron1de QQGZ] The i onene
pol yners having the repe ti ™ fMogmula Il may
be prepared by known nethods Che nethod is to react
an amne of the formula RIR2ZN with a hal oepoxi de such
hl or d ne | n _ a. - - — -
Q B OB o L PO RS, RO GBI 0P (i3 ~Cita ~CHOM)
C}gescrlbed in US. Patent Nos. 4,111,679 and 5,051, 124,
he”di scl osures of which are i ncor porated herein by
reference. The biological gctjwvujty of ionene polyners
having the repeating unit of jfornmulap Is also
described i tlase paiEur)s—NHO8}(CARDA e t ype of
i onene pol ynmer conprises a repeatlng ni.t _of formula
H: -E-R-B + wherein @Ws CHCH3 ?3 {P

B'is -—CHZ—CH—CHz—-I!’T*--(CHR‘),,-—N—C-—N— or
R X

Pn
—(CHRY), —II~I+—CH2—CH—CH2—;

R X

[0064]  The group B'is {-[CH,--CH(OH)--CH,~-NR'2--(CHR"),--NH--C(O)--NH]--, X'} or {-
[(CHR");--N"R'2--CH,--CH(OH)--CH;]--, X'}. The variables n and p independently vary from 2 to
12. Each R' is independently hydrogen or a lower alkyl group. X? is a divalent counter ion, two
monovalent counter ions, or a fraction of a polyvalent counter ion sufficient to balance the cationic
charge in the group R. X is a monovalent counter ion, one half of a divalent counter ion or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge in the group B'.

Preferably, R' is hydrogen or C-C4 alkyl, n is 2-6, and p is 2-6. Most preferably, R' is hydrogen or
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CH3 CH3 X2- or CH3 CH2-CH CH3 CH2 -CH 2 2- Qis ~(CHR%
-, -CH2 -CH=CHCH2 ~, -CH2 -CH2 ~OCH2 -CH 2 - ,
WO B78385@H(OH) - CH2- , or HOH I Il | -(CHRY% PE¥/0S2006/037657

N-(CHR% ; an R HOH..I ' is -
meﬂgy}g:pl_%i@ﬁea@d P ﬁﬁﬁ%%ﬁw;ﬁc&nﬁg iqps Iﬁﬁl Xdklﬁici &?@Fltﬁe s_actrgﬁﬁil}ose discussed
- N+-CH 2-CHCH 2- ; RL X- [0064] The group B is
aboye forfprmaiag dleH 2o NeR 2~( CHR ) n~NH-C(O) ~NH] ~, X"} or
{- [(CHR%-]Sr™ 2--CH2 CH(OH)--CH2]--, X }. The )
[0065)r | aBherolymernaf Prinpladp areoderied from bjsdiplkyfrmpinpgiofpureas, which are
Each R is independently hydrogen or a |ower alkyl
alsqkum, as Xigeai diangingsi biaknomn mehads dengng polymers ofdiedrmidhill, methods of
counter ions, or a fraction of a polyval ent counter
their qumeparafifr, cihé tieirt biologkanastivititreareafor exineple Higsagibed in Pife Patent No.
group R X is a nonoval ent counter ion, one half of a
4,506, 081l; thetdisclosund @fiwhichnis ticorporated herein by reference.
[0066] Tonene polymers comprising the repeating units of formulae I, I, and Il may also be
cross-linked with primary, secondary or other polyfunctional amines using means known in the art.
Jonene polymers can be cross-linked either through the quaternary nitrogen atom or through
another functional group attached to the polymer backbone or to a side chain.
[0067] Cross-linked ionene polymers, prepared using cross-linking coreactants, are disclosed
in U.S. Patent No. 3,738,945 and Reissue U.S. Pat. No. 28,808, the disclosures of which are
incorporated here by reference. The Reissue Patent describes the cross-linking of ionene polymers
prepared by the reaction of dimethylamine and epichlorohydrin. The cross-linking coreactants
listed are ammonia, primary amines, alkylenediamines, polyglycolamines, piperazines,
heteroaromatic diamines and aromatic diamines.
[0068] U.S. Patent No. 5,051,124, the disclosure of which is incorporated herein by reference,
describes cross-linked ionene polymers resulting from the reaction of dimethylamine, a
polyfunctional amine, and epichlorohydrin. Methods of inhibiting the growth of microorganisms
using such cross-linked ionene polymers are also described.
[0069] Other examples of various cross-linked jonene polymers and their properties are
provided in U.S. Patent Nos. 3,894,946, 3,894,947, 3,930,877, 4,104,161, 4,164,521, 4,147,627,
4,166,041, 4,606,773, and 4,769,155. The disclosures of each of these patents is incorporated
herein by reference.

[0070] The ionene polymers comprising the repeating units of formulae I, II, or Il may also be

capped, i.e., have a specific end group. Capping may be achieved by means known in the art. For
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fraction of a polyvalent counter ion sufficient to
bal ance the cationic charge in the group B'.
wee@ o8k y, R is hydrogen or C -C4 al kyl, n i BCRUS2006/037657

exa%ﬁ%e@ﬁlhéffgff‘sg bniﬁegth. , dotahf GL6 foalﬁéééith on I~ P?%%%p&ﬁ Be empllo%er(]isto provide

and p Is efe count er

P A S R SR Y
o R S AP B 28 A g

la H met hods

olymers .of the for ; of their
obifly AR ighent ARAmET Apene PUVBEAY 8 SoiRg (i 8t g hoth epgs. Capped
. exanple, descrihed .in U S Patent .4 081;. th
foncgp BBt 8T e HroRcrY W?P@m%aﬁeélwggwﬁg%nﬁ%& 3531,319 and

reference. [0066] |onene polyners conprising the

509313 8hs digelomies of eh plghese pafents is ingorpgrated hereipely referencene
cross-linked with primary, secondary or other _

[00Fd| yfdmeng thadoneanpelEgers dispussaderiage, Rrvgwisulpdy pigéerrgd donene polymer
| onene pol yners can be cross-Ilinked either through the

haviggat er nag y ni t repggdimgat om amitt hr ougéf anot hérmélanct i orfal is
group attached to the pol ynmer backbone or to a side

polydtvaicthylepditiéthyininigethylerealimethbylmnisiopdiylenelr dichjoridpairedhis ionene
usi ng cross-linking coreactants, are disclosed in U S

polyRed gt RAR® aRd RB&e 94ch navtiny],Re iss-<Ti:, O, SCHREH,-, Bois - 28,608, and X*
the di scl osures of which are incorporated here by

is 2CEf Mdahe gveralb éroRRuISE Weightait & [000-8@80.r THeRnédeGolymer is available from
cross-linking of ionene polyners prepared by the

Buckfa# Lhtdatétes, AhdRF WieniiserdNsh MRhilh 79 pRAVA! d 60% ddiRous dispersion
cross-linking coreactants |listed are amoni a, primary

of tRpdIGser, & WHCPREFLAE, NEG0Y BQlYSH Hi§HRlsRIN dT8Re polymer. Busan® 77 and
pi per azi nes, heteroaromati c di am nes and aronatic

WS grgg%ng 8ocided %%1 ip](‘:i]ﬁérily Pat %%o ?:égg iﬁclﬁt&ﬂg tglillé't‘ﬁworking fluids for

sure of i § I ncorpor herein

. escri bes cross-1linked ionene polyners
lnw%§§§ﬁ§@%gm¥gon1the reacti on of dinethylamne, a

N T LR T L N
S TR G ST TR TN s
a2 RS 50 DShT gropsities, are. proxidedul iyl Bory b i
CHg%Hjip-flén]d%l is %C%.(s"lé‘ﬂissi%r]féne %bljy'frié i(g%Ze’action product of N,N,N" N'-tetramethyl-1,2-
ethanediamine (TMEDA), with (chloromethyl)-oxirane, and has a 1,000-5,000 average molecular
weight. The polymer product Busan® 79 or WSCPII product is a 60% aqueous solution of the
polymer.

[0073] Preferred ionene polymers having the repeating unit of formula II are those where R!
and R? are each methyl, A is --CH,CH(OH)CH,--, and X" is CI'. Busan® 1055 product is a 50%

aqueous dispersion of such an ionene polymer obtained as a reaction product of dimethylamine

with (chloromethyl)oxirane having a 2,000-10,000 average molecular weight.
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4,166, 041, 4,606,773, and 4,769, 155. The di scl osures
of each of these patents is incorporated herein by
wo edogjoessee. [ 0070] . The ionene pol ynmers conpri sP(ETgUSM6/037657

repeatin un| s of for Iae or. Il ma als

(002 poBunBAS? padietis & i aneovs fipdio of ) having the
be achi eved by means known jn the art. Fore n ?E

repeakingusit effformuldibroblaingd eamtcaghion gradyetiof disnethylanyi @meplc orohydrin,

ol ymer can be enpl oyed t rqvi de a cappin ou

cro&lm{wmnh etbylwedan?érw %hnr%le@%d% aret qafkym@rhylgA is - CH,CHOH)CH~ and
nmonof unctional tertiary am ne or nonofiinctiona

X js Whi's Thib idnext polymerdahs 1 0¢,040eW0 Q0K pyerdeg maksulenyyeight. Another jonene
reacted with an i onene polyner to obtain a capped

poliraerelsinothy nepeatih nein eof potnyute lk cam e btained pasda aeachere product of
or both ends. Capped ionene polyners and their

dinf¥tg TaBiieoh Eatpig@pietiin oghesr R adrardexth nethiyl, 3. is PéiteaH(OH)CH,-
Nos. 3,931,319 and 5,093,078, the disclosures of each

andof" it OESEiP e folyinfer hilkCO$,000- 80,600 dvertgd moloyularafeigherand is available
[0071] Anong the ionene polyners discussed above, a

froM@ublatl BbbtorieS TRl hadovouasss Bethtioies (HBUSHNG 1055 product.
repeatlng unit of formula | is

[009? yI Qﬁéfaﬁ@hWSg 'b%cﬂbtm?tahj‘ﬂ% uBbiR) ddpbiéiof e Gl |1cfﬁéﬁé'1yélylﬁérrl1av1ng the

'ene] dichloride. In this ionene polyner

g BRIt T T CHem X 1
an{} & 1oade nPI il -}’fﬁie?%th a n’?olg%o"?ﬁlgl 8 %e?hés%r}ﬁ&&ular weight

avai rom es, Inc
Busan(r) 77 product, a 60%
Ofﬁﬁﬁgggggﬂigﬂﬁﬁgﬁgﬂagf the pol yner, or WBCP(r) product,
a 60% aqu dIS ers o, Busan(r .
okl vt By oSS akordbe B iR Py S st ién ora eross
ystens, including nmetal wo .
linkldonsas BHPETHAKBRFPETne pe%%for%&lﬂa&eﬁa@ﬁne & geysgeh methyl, Al
referred ionene polynmer having a Rﬁgeat%ﬁ%?unl . Of ;
CHPEOH2--aK sig Cévﬁlie [CEos§-Bnlengeeri e 1Sgignene polymer
Inc. as Busan(r) 79 product, or WSCP Il product is the
has m@n@lq@meﬁhwfww@aﬁb’ 105990-188,08fhd R4 are each
nmethyl, Ais --CH 2CH(OH)CH 2- , Bis - CH2CH2- and
[00%2] i s PR@brred iditvhe polpmern bayieg tizmepeatlgg ani efformunThie digeq where R is

of N,NN ,N -tetranethyl ~l,2- ethanedi am ne (TMEDA),

a uWatdihnﬁﬁd‘dndrBﬁmﬂHﬂﬁHX@H)@Hzaami, Xam@l ST AT rodEang BI1090 are a 50%
aver age nol ecul ar

aqueous dispersion of the ionene polymer obtained as a r\eaction product of N,N'-bis-[1--(3--
(dimethylamino)-propylJurea and epichlorohydrin, such an jonene polymer having a 2,000-15,000,
preferably 3,000-7,000, average molecular weight.

[0078] Each of the above ionene polymers and products identified by trade name is available
from Buckman Laboratories International, Inc. of Memphis Tenn.

[0079] Another polymer that can benefit from the present invention are adhesives having

cross-linked cationic polymeric structures, such as those in Structure I below:
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wei ght. The pol ymer product Busan(r) 79 or WSCPI
product is a 60% aqueous solution of the polyner.

w( 0®7/83858% ef erred i onene pol ymers havi ng the rBQEHES1006037657
unit of formula Il are those where Rl and R2 are each
methyl, Ais -CH 2 CPD 2- , and Xis d". Busan(r)

1055 product is a lg LAhepRraen of such an

i onene pol yner obtained as a reactlon pfoduct of

di met hyl ami ne with (chl or onet hyl9H®H rane having a

2, 000- 10, 000 average nol ecul ar daight.[oo ] (c)usan(r)
H 7 product is a 50% aqueous di gjpersion of the ionene
pol ymer having the repeati ng uniGH0® fornula p,

obtai ned as a reaction product gf dinethylamne with
epi chl or ohydrin, cross-Iinked mﬁth ethylenedianine

e ST s STEASAG
100, 000- 500, OOO aver age nDIecuIar wei g er

[0080nenB: pasi fneey Rathergme s r’??’é{d’ééﬁf‘ﬁ@miﬁﬁ‘idtar% e ppaghed alkylene
can be obtained as a reaction product of dinethylam ne

growpstehnteiping ony R parbpmatomki aR&RREE (GHe Rehetgiex AR 6n%r1dﬁ‘fhefem nisa
Ais --CH2ZCH(OH)CH2-- and X is O . This ionene

whelehymiser oPsaudficens sig0-yied] D0 0leewas reight ofst leesil&000ei ght
and is available from Buckman Laboratories, Inc. in a _

[0080]% aheadigsiselcat canprizs thehea@ldBANdurts G5Ee paddiorst polyaminoamide
[0075] Busan(r) 1155 product is a 50% aqueous

polﬁh@t@ Qiithifdm O nddlarirative ethg cdpphyiter hepedting uhibeofreiie dltd myjtifunctional
unit of formula p, where Rl and R2 are each nethyl, A

aldéh§de orGhb Galldehydeiabout K1 infoldchatidN thdeopolymenepgtiny meit, of the multi-
cross-linked with ammonia. This ionene polyner has a

fungﬁﬂnﬁlchlhé}f é"’e\kllﬁm alleh d@@ a9 bdibicadtdd Hah, O BaseOfbldtd. which contains
0076] Busan(r 1099 product or Bubond(r) 65 product

pol%a}?lﬂoa%ﬁa/%g& QrQSPrgfeﬁlﬁS/r ﬁie%se%olﬁn&‘ﬁ@%’&hieﬁ‘ %?dedcﬁhﬁgeﬁtﬁplc acid with

ymer ng repeating units of fornula where R1

d1e%9@ﬁ<ﬁfanﬁﬁgl aHB§ Ba%ngnflr)bdl Sbout £b4 @b P13 - ’ , Xis d

cross |ng I's nononet hyl am ne. This
ne nmer :
004875 Sh%%%azsfocan G Rt .%Aééwi? B SRRk Hith rom
haV|n he re r those
02, ieEtt) PO AP t@ﬁ&ﬁfwsl Bep g Wl e and
X is C . ASTAT product and BL(r) 1090 are a 50@6
O

I I
HC(CH,),CH

wherein x ranges from 0 to 6. The difunctional aldehyde can be glutaraldehyde.
[0083] The polyaminoamide backbone polymer can be made by condensing a difunctional

carboxylic acid or ester with a multi-functional polyamine.
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aqueous di spersion of the ionene polynmer obtained as a
reaction product of N, N -bis-[|~(3~
W@ doomosdsgé ami no) - propyl ] urea and epi chl or ohydr PET/US20061037657

e A i L

t he above i onene pol yners and products identified by
trade nane is available from Buckman Laboratories
International, Inc. of nmphi § Term [0079] Anot her
pol ymer that can benefﬁéc_f_ho éﬁe present invention
are adhesi ves having crogs-1inked cationic pol yneric
structures, such as those in Structure | bel ow wherein
Rl is a |linear or branched al kyl ene group containin
whereinR11is £ dingr or pigaehed eliprigne %T%E*@yﬂvnﬁzfm&h pneqo pght grEbQNAloms may be
sane, or may be different, and are |inear or branched
reactbk yitle a polgaminp bavingrthestmicktg: Fhym-NE-Rod¥ibon at ons; and
R4 is (CH2) X, wherein x is O to 6; and wherein nis a
wheskinl B, andvBe mayf besthe fshme enidiférent and asgi kidedr or hughdhied jaliiylene groups
wei ght of at |east 15,000. [0081] The adhesive can
cort4inipg fied 2therbopacison products of the backbone
pol yam noamni de polynmers with fromO0.1 nolar ratio, to
[0085E CaRe byuiBénelcafdidd polgmitivainide@blysiet Bemade b of dimeric repeating units,
mul tifunctional al dehyde or the dial dehyde to about
such-ad in'tRé @fucfusd: 1 0, to the copol ymer repeating unit, of
the nulti functional aldehyde, which al dehyde has been
reacted wth the base pol yner which contains
pol yam noam de pol yners. Preferably, the base pol yner
is formed by reactingyadi¥pic acid with
di et hyl enetri am ne idlnome rati os rangi ng from about
1.2:1.0 to 1.0:1.2. TOUeEHRraNErehyaliive can conprise a
cationi ¢ pol yam noam de pol yner cross-linked with from

0.2 t. bout O0.5.molar.rati Wi '
Whglieglélnlg alg nﬁe%\e/ri Iﬁawglgg a gvtrelrgh@ atvhr%%e?&g%%(ﬂ%r p&%%% % %)5,08?_1 and can be at
ranges fromO to 6. The difunctional

erein x
lwgﬂﬁ@ﬁyaéwéah be gl utaral dehyde. [0083] The
[O&gllq)é:m@p %gorgg%gqaf ag ?}?agﬁaﬂgr? Lé/ gﬁ{aciﬁ %gntglginrgr%’g Easl?¥our carbon atoms, and

can be adipic acid, i.e.

1
HOC(CH,),-¢COH;

such as,
0 0
I
HOC(CH;)COH
[0087] The polyamine above can be those polyamines obtained from condensation reactions of

ethylene and propylene amine, or mixtures thereof, which polyamines have the structure:

22-



carboxylic acid or ester with a nulti-functiona
pol yam ne. [ 008. 4] r exanple} a di-functiona

W@ 2000038586 ¢ aci d having the structure: O O li PET/US2006/037657
HOC-Ri - COH wherein R 1 is a I i near or branched

al kyl ene group having f one tp eight carbon atons
my b e reacted with a anin havi ng the structure:
H2ZN-R -NH R 3-NH 2 wher |n R2 and R 3 nay b e the sane
or different and aH@-HCH HilteNthed al kyl ene

groups contai ni ng fron1 -8 ¢ rbon atons. [0085] The
backbone cati oni c pol yam noam de polyner is nmade up o
f dineric repeating units, such a s in the structure:

whgreﬁl Ii is choJen g’: %olg)ccurrg%e o'fﬁ gl\% gf(%lg cm%'hﬁ I@ ('31% lﬁl%xtué?s thereof;

ger providing a wel g t nDIe
ol 5,000, . an e lL,east 7, 500 or hlgher.
an @%@%T‘?ﬁ*mgﬁgv%”%?éagﬁ%gy ?2%a0|d can b e a diacid

[00§gft aléin %léc%t Pacgl?St f urer,f?rr Do %a@%‘%@?@@ Cq%lygjéars Efince the
reactloz%éd%ttlz an%g;tlam mixtures both in terms of different acids and/or different amines, and
also with different molecular weights, both with the same or different difunctional acids and/or
polyamine), must contain at least one, and preferably more than one secondary amine group, which
is the preferred reaction site for cross-linking with the dialdehyde.

[0089] The reaction conditions and variants to obtain the backbone polymers are described
below, and also have been described in the following references: Gen. Offen. D.E. 2,456,638 and
U.S. Patent Nos. 2,926,116; 2,926,154; and 3,607,622.

[0090] Another example of a polymer that can benefit are water-soluble vinyl addition

polymers, such as those having units selected from the formulas A, B, and C.
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[0087] The pol yam ne above can b e those pol yam nes

obt ai ned from condensation reactions of ethylene and
wEe@pysssse am ne, or mxtures thereof, which ppCHENNEE37657

have the structure: R R H2Nf CH2CH NHMCH2CH- NH2 wher ei n

R is chosen at each occurrenge, fougmt group

consi sting qf, H;-CH3 '

4Oks gES t f, and p is an
i nteger ran ilrl_géfrom %__% su @H@S 1-@,{2 r 1-2. [0088]
Kbpre pollye

Each such bdckbpn ., Qr . mixtdresiof said
backbone pol i (since the|rgae™ pr oduct can
contain mxtures both in ter of Z8iff er ent aci ds
and/or differemt am nesy and also@ith different

nol ecul agaWMeixghts, both with the sanme or different

di functional acids and/or polyagi ne), nust contain at
| east one&)and pref erabl y_korelthgn one secondary

am ne groip, which is the prefe red réaction site for
cross-lingTF with the di abdehyg%em[ 0089] The reaction
condi ti orl%_q)n_gdvari ants toloptain!the kackbone

pol ymers are described bel ow, an®lal so have been
describedgn the follow ng references: Gen. Ofen.

D.E. 2,45@ 638 and U S. Pafe)tcmososp, 926, 116;

2,926, 154; and 3, 607, 622. [ 0090] Afm@t her exanple of a
pol yner tRkaty can benefit 3 @ watiefn-sad; abl e vi nyl

addi ti on_glalyr@y,ssosuch as ose Hayi ng units sel ected
fromthe formulas A, B, and & (A)=%(B) (C) wherein Xis

“NH 2 O HioHR-de,—tnsos No b Hr2-80:@¢ | | -G OH CH3 O

OCH3 Il -COM-COR4-NCH 3Zg®Rl CH3 Zq
(I? CHj o H RS
—C—0—RA4—N—CHj3 —Icl:—ll\r—-R‘*—xI\r—RS

wherein Y is phenyl, nitrile, carbomethoxy, or carboethoxy and characterized in that all of the A
units may contain the same X or two or three different X groups and further characterized in that M
is alkali metal, alkaline earth metal, or ammonium; R? is hydrogen or methyl.

[0091] R* is alkylene containing 1 to 4 carbon atoms; R’ is lower alkyl containing 1 to 4
carbon atoms; Z is an anion. The unit B can be present only in combination with unit A and in
minor amounts.

[0092] Such materials are well known to those skilled in the art and include either solid
materials or the aqueous polymer phase which results from heterogeneous polymerizations wherein
an aqueous phase is dispersed in a water-insoluble organic phase. These are frequently referred to
as water-in-oil polymerizations. Such polymers may be non-ionic, cationic, anionic, or amphoteric,
depending upon the nature of the ethylenically unsaturated monomers which are used in their
preparation.

[0093] Non-ionic, water-soluble, vinyl addition polymers result from the polymerization of
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N-R 5 wherein Y is phenyl, nitrile, carbonmethoxy, or
carboet hoxy and characterized in that all of the A
WwWaQR0re3858¢ contain the sane X or two or three BUT/D820061037657
X groups and further characterlz dinthat Mjs alkalj
acrlamifie, o REIEerYE “@‘éﬁ*tﬁh%?é‘? regyt gﬂ‘i‘i‘o APRohmepization ot acrylamide or
hydrogen or nethyl. [0091] R4 is al kyl ene containin
me(ﬂ@cmlamadebwﬁh AhsprthyRaicelly sairated] RIOTRSSS tSHEN P @crxlomgﬂm styrene,
carbon atons; Z is an anion. The unit B can be present
acnyhateyor metheersistereateisomd e likeuin isechRrenegions thes thereswispipelyner is water-
[0092] Such nmaterials are well known to those skilled
solublet he art and include either solid materials or the
aqueous pol yner phase which results from het erogeneous
[0g9a] Y NMRnichit podynserdesuliefrom dr palymedzesiop hbemeylic scid ios fiesaiig thethacrylic
in a water-insoluble organi c phase. These are ‘
acill o€ @81 €4Ms) Yinyledneylsidinicacidsor Wa kaits; 2-Berglinido-2-methylpropane sulfonic acid
pol ymeri zations. Such polymers nay be non-ionic,
or GEtshIg Iof 2-sAFb@IR 116 eth AWyl &8 TR Gs &hlts; .andl €leich. mgtluded rin ttiie category of
nature of the ethylenically unsaturated nononers which

anf®hiBs e %delﬁnér@@ﬂ the BBARB AbREib&Anidh RS ond¥&wikOME Gon-ionic monomers,
wat er - sol ubl e, vinyl addition polynmers result fromthe

acrgﬁhﬂd@qﬁbtﬁ%r&l%ldgfaﬁgméllﬁm d(r) metha fy am de. They
I'so result” from copol yneri zati on of acryl ami de or

[G@L h a%‘aﬁhlﬂ%gﬁm% LR Q"o Ji?ﬁlatﬁ{/‘lh&ﬁlloglkylh@ﬁ%éjéftﬂttﬁéilhacrylates and

oners as acry Onltrl styrene, acrylate or

oE WA 8Oy e o G s
dlaiigl:don It}z:ylﬁlg rlrlg{l S h%h eésj,lalt o 1@)%%@1%%}1%&&@&1’1 thl?IfldCS. Similarly,

I“C acli
?Its nyl benz Isulfonlc a0|8 its sa lamid
coplaRsry/| Ghhi ssez ORG| BPEFR UP £ K oot gropqryers.  aerylamide,
salts, ,or 2-sulfoethyl nmethacrylate or its salts, and

mathperyfamide, and-he fudss: s category of anionics are
ol ymers of the above described ani oni c nononers

[0%6&] tipduded A j thn poveslsBnitip of g@lpgﬂpaaﬁfld:énomc polymers are the reaction
met hacryl am de, and the i ke. OO%@% Cationic polyners

preghuets bhroReignie pelbneis mathrojemaielreRsEIy foalupish aniogicgr gationic functionality.
nmet hacryl ates and their quaternary derivatives,

Fod iexemtphey [aniviie dpnasipydlite tanaler prodused &y haidralysisi af eﬁlmmrxlamlde to various
derivati ves,

degrees of acrylate content, while reaction with formaldehyde and bisulfite provides sulfonate

functionality. Alternately, polyacrylamide can be reacted with hypochlorite or hypobromite by the
Hoffinann reaction to give amine functionality, or reacted with formaldehyde and a dialkylamine to
furnish the Mannich amine derivative. Such amines can be alkylated to form the quaternaries.

[0097] Polyampholytes contain both cationic and anionic functionality in the same polymer
molecule. Such molecules can be formed by copolymerization of anionic monomers such as those
listed above, with cationic monomers such as those described above. Alternately, an anionic or
cationic polyelectrolyte can be chemically modified to provide the polyampholyte. For example, a

copolymer of acrylamide and sodium acrylate can be reacted with formaldehyde and dialkylamine

5.



di al | yl di met hyl anmoni um hal i des, and
vi nyl benzyl trial kyl anmoni um chlorides. Simlarly,
waeopaologsses s of these cationic nonomers with theCT/US2006/037657
non-ionj c npnoners, .acrylam de, nethacryl.am de, and
to fpppgsha PRy PRl cqnipinipg 2 @%’]Otlh PP %LH’@HO‘% Yt he above
definition of anignic and cationjc polyners are the .
[00p8lact Instudest dtithetdsfipiFiom gh the grater-spyPly RobaeRafenthe pERduets of solution
reagents to furnish anionic or cationic functionality. |
polFwerizetiempidewaterineili hetefagarsoropriymerization The rplyelariobie ¢ be in the
hydrol ysis of polyacrylam de to various degrees of.
formcofydrat@econpaymer pitesd. e Bodnthe ioverssi suspensieneiobateyigaiion rigethod of
bi sulfite provides sulfonate functionality.
Friddricierenat €U.§, Paott Nac 2,982 7M% end the iversesawisin pafynterization methods of
hypochl orite or hypobromte by the Hof fmann reaction
Vah@rt@ithy &. aln{ine. Patene Noo3284,3193) aralr Audesson,exdl ali (DI, Patent No. 3,826,771),
f ormal dehyde and a di al kyl am ne to furnish the Mannich
are3fdlRd fethisviatdr ¢aegoby Eira@pledi@siudathe belymblyhtat gheset whitioresalts from
the quaternaries. [0097] Pol yanphol ytes contain both
susp@sloR MpdtyrAdEatihl 61Nk CwdttrietubleMahylt Mondiner NspsRedE i@l warerinsoluble
nol ecul e. Such nol ecul es can be forned by
m%aggﬁh%gerization of ani oni ¢ nonomers such as those
sted above, with cationic nononers such as those

[Odégf crirhed éf-goluglletpgfgﬁgﬁ%lfﬁﬁe g?e@erﬁ‘ fHveftioh <8 b&@kl f14ng application,

yel'ectrol yte can emcally nodified to provide

he .paql r ’ [ i

suc 5 R 3 ABER oy o, nUORIE o, SRR ARnfucs, gl water, o

conol IR feS EEp G ok b FLPE oy Ry R BB boverdeniied
functionality. [0098] Included in the definition of

PaieR{E: wat er - sol ubl e pol yner are the products of solution
ol ynerization and water-in-oil heterogepeous .

0f381 § e PaTB T B Yol b Ay S dft PO foecmpigy pyhich ere
~of an aqueous pol ymer phase. Both the inverse
intendeperbsicuempl Phibe Prsttt BWe¥ei-hod of Friedrich, et al.

(U.S. Patent No. 2,982,749), and the inverse enul sion

pol ymeri zati on met hods of Vanderhoff, et. al. (U S

Patent No. 3,284,393) and Anderson, et. al. (U S
EXaBIES:No. 3, 826, 771), are included in this latter

category. Exanpl es include the polyner-water phase
[0M1] ch Bxempletls F00amh of VESERR palpmpolplantgradet 108mlgff 3§% ammonia, and

wat er - sol ubl e vinyl nononer dispersed in a
25Bd fedecdlBifhg) bdrborowegra rharg@hi@se2 L 3 neck flask, with mechanical mixer, reflux

condenser, under a nitrogen gas blanket, stopper and heating mantle. The ingredients were
heated, with mixing, to reflux and continued for 1 hour. The mixture was cooled to room
temperature and the carbon was removed by filter press. The filtered material was charged to a 2
L 3 neck flask with mechanical mixer and 2 stoppers, and 1 L of dry acetone was added and
mixed for 30 min. The top layer was decanted and discarded. The bottom layer was poured into
a suitable container and placed in a heated vacuum desscator set at 250° F, 23 in Hg until dry.

[0102] Example 2: 500 ml of APCA polymer (plant grade) from Buckman Laboratories
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[0099] The dry water-sol uble polyners of the present
i nvention can be used in any application, such as in
WO h@7m38566 treat nent area, paper rraki ng ar ea SPCIﬂ’g82006/037657

SR i ) o
e 111 e a
drspacsane MASH BN AR 17 B n%rmfh@etpp Bk 0 ?#ec'ﬁscarded The

foll owi ng exanpl es, which are i nded to b exe
botgsfm fabier Vﬁﬂsé@@ﬁﬂ nipg éWfalblﬁrFomEWH\ﬂﬁB oot Fpfepte Hgéeiscgtor set at

500 M of WSCP(r) polyner (plant grade) 100 n1 of 36%
25Q¢h@hirmHegamtl @8 g of decol orizing carbon were charged
to a2 L 3 neck flask, with nechanical m xer, refl ux
[0168Nd e Esample (A d 850 anlrift Busge® 1953 pplymek éplantsaradepand AFY mi of dry
heating mantle. The ingredients were heated, with
acdidnéiwegg cliatped éd & 8L matk dlask witlumecHapicalimixerand 2Tgteppers and mixed for
m xture was cooled to roomtenperature and the carbon
30 was. Thensy/ Reerbyas fdetaned apd diseardeBih @he bbtt@n dayenuigserouedd inta s suitable
charged to a 2 L 3 neck flask with nechanical m xer
coRfiflerand bRBJIEN 8 he@bdlvabulbim Aéssehitt secp RS0, BB, Bigdmti] drpd
m xed for 30 min. The top | ayer was decanted and

(01044 P CadRAmethoe éa@t\b&m &smgeanyma@ POI4F Sfivdnt tsacha as Widtialable ethanol,
container and placed in heat ed vacuum desscat or set

iso #op%%&g h?&}roﬁﬂaﬂ"gcé’t'&ﬁﬂrllle dh Y the [1R4.08 lprdexiad Rl gRea? dedd @O efdrt is used

ymer (plant grade) from ucknan

to #’I‘?\Q Oc&é‘teg% ' ﬁﬁ’c?(e gbl:ym@ﬁl d ng'( Wsopd@plyed eflith Ght s@lv&ﬁcgnd preferably

xer and 2 st oppers.

w%rﬁé %é n‘n’\@g ﬁa%d%% d]?cﬂg arf%f( ggr {P ﬁ%ry ﬂ)ﬂowg@) é)&ﬂlple‘?)éerﬁuch larger

ant o ottom layer was

r

amﬁgﬁt 3&0?-%@8%%%%&5%@ &m;g%ts%l e?ggg%o%g%crﬁ&eﬂ ﬁgg lontg t1me (e.g., at
leaerpfgﬂ gq%a 53 i iy TR o e e rentuall

a .3 neck flask chani cal m xer and 2
ra@h@%ééV§AéWH“W$ﬁ%HwFHW éﬁgﬂﬂﬁ The top | ayer was

decant ed and di scarded. The_bottom | ayer was
[0108i 0 Exewpleats] S08ont &fi HEFZatnd B eaer. Wear%£?%5® and 500 ml of

vacuum desscator set at 250 F, 2 Hg u
acetone were charged into a flask and stirred until dlssolved An addltlonal 5(}6 ml of acetone

was added to separate the resin from the acetone/water layer, and the top layer was decanted and
discarded. 200 ml of water was charged and mixed until dissolved. 500 ml of additional acetone
(portion wise) was charged and mixed for 30 minutes. The mixing was stopped, and allowed to
settle, and then the top layer was decanted and discarded. The water and acetone additions were
repeated 2 more times. This method further showed the removal of non-reactants present in the
Amrez polymer, such as EPI, and EPI analogs and/or their derivatives.

[0106] Example 5: 3.2 L of a solution made from 1.784 kg of ATMEDA, 2.756 kg of DCEE
and 1.86 L of isopropyl alcohol, was charged to a 5 L bottom drain vessel with mechanical

stirrer reflux condenser, and under a nitrogen gas blanket. The mixture was heated to reflux and
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[0104] This nmethod can work using any dry, polar
sol vent such as nethanol, ethanol, isopropanol,
wWao edaorabsses of ur an, acetonitrile, and the i ke. PET/US2006/037657

oo by A L 5, P o
t d f
i e e S %ﬁ%ﬁlﬁeﬁﬂhﬁ“ﬁg%n? B afalel Lo gt can be

| arger anmount of acet s used an xi ng was

remged e PB Ry R FaHEm e %& Rch Hps lrss%gftﬁﬁ example.
hour), decanting the solvent and_ repeating th

The et pidavassherPEvariZab & AERE DIy ( BiechiGgE o bigamoved by
moi sture as neasured by NMR [0105] Exanple 4: 500 m

sprgyf-digimgez 25 HP pol yner (Georgia Pacific) and 500 m of
acetone were charged into a flask and stirred until

[0107]s s o Examhle An 18@ dil Buom$s 55 @oolyrcrybamide/RABMA Gugepodersle and 100 ml
to separate the resin fromthe acetone/water |ayer,

acetond webeechacged listy er S0Rais] Beemnyee dasknahdditivedimdbor spamite. mfter a short
of water was charged and m xed until dissolved. 500 n

ind@dtiondsdiibd, ohalpoBaet @reeipftated thioan thei watdr/acetena kyergeThang layer was
m xed for 30 mnutes. The m xi ng was stopped, and

decBhtb@YE Gnd theIRttbrh Sayetrnsh tiddsBrrédte atromdlbayan flagksand erdesd @eione was
and di scarded. The water and acetone additions were

rent R BE Al vashoLor Bfoford b\'ﬁ?&ateﬂ_ hivatewhdi@eh ddded felzais RigwR dhet poymer to its
renoval of non-reactants present in the Anrez pol yner,

or1€l g% Qg}lﬁﬁxe &P 00 rﬁf‘aﬁixd %PE (Q‘{l@ihf?lg %a@ﬂx@ésﬁfed‘bp eid. IR siad ddveMPs measured

a solution nade from 1. 784

as &?w@% i %{:Ir\gﬁmd aﬁé l‘iﬂlaﬂgvemg;%m‘y}fr&ﬁac la{?lﬁde' sopr opy!|

hoI ar g e to a ottomdrain vessel with

[01?1?]? &gﬁla%jmfcét L di (f(allgl %Aisﬁ%ra%) ee%ﬁ?ercon ﬁg A ted ref?rences in this

azL f ure was heated to re
ho|
d1s$lﬂ%1r% &dlétgaru ehe{}vg'ig alfrzoglg g%cenfa %t}(fc')%,r g ng%ﬂ%.s H%gésjtgg %rgmgtlgf' i given as
eltlgr;:?}qg%ggiﬁrg@lﬁgd teaglge E)ré% gﬂéﬁl@%\e’nggr}te Fﬂ;let veatgtﬁﬁ & cﬁgoweg Bre erable values,
a heat ed vacuum desg at or h was_.us ‘?
thigicdmgt anderReo 5l PHRRCUg ralonE ol FEHeD GIDEY FBp i of any upper
Varing bl ender. The sol vent can he renpved a@%
rangp Hentc pyefnted VRIDg 8T anplawesiranas limitey AR Temssk Yalte: t5gagless of whether

(pol yacryl am de/ DADVAC copol yner), and 100 nj
ranges are separately disclosed. Where a range of numerical values is recited herein, unless

otherwise stated, the range is intended to include the endpoints thereof, and all integers and
fractions within the range. It is not intended that the scope of the invention be limited to the
specific values recited when defining a range.

[0109] Other embodiments of the present invention will be apparent to those skilled in the
art from consideration of the present specification and practice of the present invention disclosed
herein. It is intended that the present specification and examples be considered as exemplary
only with a true scope and spirit of the invention being indicated by the following claims and

equivalents thereof.
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acetone were charged into a 500 m Erlennyer flask and
stirred with a spatula. After a short induction
W@eoo7o8838¢ he pol yner precipitated fromthe PCT/US2006/037657
éﬁg%%kgf.“i gbayer. The top | ayer was decanted off,
f “potton1 ayer was transferred to a round bottom
flask and excess acetone was repoved in vacuo on a
rotéry e‘%ﬁ’ﬁgﬁogf’g?rep%g E’f'y %@'s?lﬂglgl PaRfRE LIS n
dilute the polynmer to its original volune of 10
and fred) aonining aavaliesolila soh et ipyvase withisbleagt sm &y potr solvent
| evel was nmeasured as 0.3 w% free acrylamde, and the
to farmad mixewe thainesarates intevp Gt laver eEVPFisiRE aanaiqriy ofjaid dry polar solvent
Applicants specifically incorporate the entire
an¢ wateeantl 8 sesbndlayercpmpisingd mejerity @8 saidwatbirsolubleolyostr e.
Furt her, when an anount, concentration, or other val ue
or par art eapaiatinggaideirstdayeefrot exid secpechigeer; ad ef er r ed
range, or a list of upper preferable values and | ower
pr ef er alt) edwwilguedd stdond layer tto dbéainuradsolislt cmapriamg said water-soluble
specifically disclosing all ranges forned from any
poRalef. of any upper range limt or preferred val ue and
any lower range limt or preferred val ue, regardl ess
of whether ranges are separately disclosed. Were a
range of nunerical values is recited herein, unless

ot her Wi S@eShah&sl .of tdhm" ?nﬁﬂhéts cdniirBRNg Cshel Qtdpn@ e bEBR step ¢)
endpoi nt's thereof, and all integers and fractions

coxWhitrJHg@alH E@coﬁ@ﬁ%@ vYﬂht adHﬁoﬁE@ tiryl g2 8616yt fBEm b Bﬁxtﬁfé‘?lﬁh@ s&@hrates into

e I'nvention Imted to the specific val ues
#f conducting st
SRS L0 ARl PR ntng s
to those skilled in the art from consideration of the
present specification and practice of the present

i nventi di scl.o e

or edont Dp AR ehish et BB RERSES by o pobymer.
exenplary only with a true scope and spirit of the

i nvention being indicated by the follomﬁng cIainB and

equi valents thereof . WH - |S CL B ISc

of fr epatherpthadypl Glatme} e b ?’FéPlVE‘HﬁﬁfFF*Q%@ anabcohol
conbi ning a water-sol uble polyner in water with at

| east one dry polar solvent to forma m xture that

separates into a first layer conprising a mgj orlty
sai 4. dr yTheanesirodsaf|clagmitl, wherein said dry polar solvent comprises less than 10 wt%

moisture.

6. The method of claim 1, wherein the ratio of said dry polar solvent to said water-

soluble polymer in water is at least 1:1 by volume.

7. The method of claim 1, further comprising reducing said solid comprising said

water-soluble polymer to powder form.
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and water and a second | ayer conprising a mgjority of
sai d wat er-sol uble polyner; b) separating said first
wo ag0e103§580m sai d second | ayer; and c) dryi ng SBCTUS2006/037657

\?\gf érn ij s %ﬁ%‘%{g’t‘g&% %‘f ‘5%}%“? ﬁg'thgt?-‘lf?lléﬂ%ﬁglfo] ng%ér %%B %P,z‘%{rlngvil’lg at least a portion
furth i Si ft t b b t
of SR PHEFHE R BB SE 25781 APURRORIEY BHES<IP B

solvent to forma mxture that separates into two

| ayers, and optionally repeating this step one or nore

times prior to conducting step c). 3. The nethod, of )

cl &9-m 1 Thewnethed of claimd., wherein saie mgthod IspBpipied on p gonifpuous basis.

i onene polyner. 4. The nethod of claim11, wherein said

dry polar solvent is acetone or an al cohol. 5. The

nmet hod of claiml| 5 wherein said dry pol ar sol vent

contl.i sés ibmeess polyamer d@vdat Bavingi aspolarsolvent chient o€ fimdibewt 5 ppm to

claim1, wherein the ratio of said dry polar sol vent
abdu01,8@0 ghmiat er sol ubl e polymer in water is at least 1:1

by volune. 7. The nethod of claim11, further

conpri sing reducing said solid conprising said

wat er - sol ubl e polynmer to powder form8. The ffleteod

of ¢l ai Mhd jordels tHbEMmeE PoWddr SdfNgai@f 105 rwitekedp shifl , poty@ied \potwger has a

at least a portion of said water present in said first
moks@¥EEorteht SFREOMERISFYwagkar sol vent to re-use in said

nmet hod. 9. The nethod of claim1, wherein said nethod

is operated on a continuous basis. 10. An ionene

pol ynmer powder having a polar solvent content of from

abo 5 : .3 j i

pouttsr GREHet ¥y Gl BB ridds i AIROSHRPL WY chemical

Jmoi.styre content of hel % ey . 12. The
W‘tﬁg?lﬁ S(gldo‘ﬁ{a%e(g Is%llugr%e Q&y?qgrratnﬁ\gérr&%l&??%% Féﬁh%n% xi ng at | east

one other dry chemical with said solid water sol uble

pol ymer and forming a solid material.

13.  The jonene polymer powder of claim 10, further having a low molecular weight

impurity level of from about 50 ppm to about 5,000 ppm.

14. The ionene polymer powder of claim 19, wherein said low molecular weight

impurity is TMEDA, dioxane, or both.

15. A wet strength resin powder comprising wet strength resin and an epichlorohydrin

or daughter thereof impurity level of from about 50 ppm to about 5,000 ppm.

16.  The wet strength resin powder of claim 15, wherein said wet strength resin powder

is a polyaminoamide polymer.

-30-



13. The ionene pol ymer powder of claim 10, further
having a | ow nol ecul ar weight inpurity Ievel of from
W(abtmmsﬁ% ppmto about 5,000 ppm 14. The i oneP€&T/US2006/037657

pol 1é %%3]1118{6 sp%hﬁ%kg/i& \Mj’ alrg_]lg 2; Qva“?é? '581%19 ‘f/_pllgﬂlep &Ml e@lr impurity

R R AR S P e o

| evel of fron1about 50 ppmto about 5,000 ppm 16. The

wet strength resin powder of claim15, wherein said

wet strength resin powd a | yam.noam de . .

Dol Wt The ek St ROBENE! SISy orVEaHs Gt stigpiesichgnt is a polr

wat er - sol ubl e polynmer and an inpurity level of fromb5
mg@pmﬁﬁ@mabout 1,500 ppmw th respect to inpurities

sol uble in an organic solvent. 18. The water-sol ubl e

pol ymer of claim 17, wherein said organic sol vent is a

pol ar organic solvent. 19. The water-sol ubl e polyne

of 1L ai Fhd Watemdobrbés polyweer of daigaldi whesen yaid prepric éfé\éﬁtnbﬁécetone

20. The water-sol ubl e polyner of claim17, wherein

said inpurities conprise acrylamde, acrylic acid, or

bot h.

20. The water-soluble polymer of claim 17, wherein said impurities comprise

acrylamide, acrylic acid, or both.
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