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WATER SVELLABLE AND WATER SOLUBLE POLYMERS AND USE
THEREOF FI ELD OFTHE | NVENTI ON The present invention is

wa@oneassiesl with water swell abl e and wat er sol ubtBSG2008/000218

polymers. In particular, water soluble polymers _
derived from pol y(mal ei c anhydride) and their use in
wal | coatings and water based adhesives . BACKGROUND

: soI ublée and V\gter svvel § | olﬁ/rrers have |rzranyF

22 a Ot

rrakl ng eI astic coatl ngs as tenporary coveri ngs for
various surfaces |ike glass, netal and plastic. They
can protect agai nst nmechani cal damage and

FIEmﬂFrm{mmnAEalTlcdregradati on during storage and
their ter sol ubl e nature,

ort
Thegr @3EPRIRS BRonheiulrusipCoiesdbls 8o ieter Forhimbametig
In Parppjilaredamnsdllhm;p:olmeré aesgediyons polyiaed: ang;adirlden%@meur
ops,.filmthus fornmed can be
useg{t‘;raa{o%ggngdg%d b?% ?dé‘gﬁg%st.\,e surface after storage
and transport atl on. Water soluble polynmers also can
i nduce floccul ation and thickening properties. Hence

they are useful in water purification in various
mes Water swelling polyners are useful for
WatsRdelubE: MitviiterRaRRfg BEYSetHaGH nﬁﬂ?/ Q%p?@é}lo'nfat' ons 1 n

cosmetics and nedi cine. Water e polymers are
prepared by various nmethods. US patent US7230061

Wateti @Mbmqwl mbe{nea@r@mrfat makin Elaéﬂ‘ﬁoaﬁ@%ra‘éhérﬁpﬁgﬂyd based
°°V9Wﬁgse oL %’Hs Ejé‘f%iﬁ%ﬂ'%ﬁss e 3%41 re'%%'cpwes&ﬁ%ﬂ%%?t ggainst
echaicad damags anuenvid repitas idegraddtioa@uying sxonage asd ly: ic
( | [ rds fillers.
"fans?’%é%?&i%""é”%?ﬂg‘éﬁ%@g&b% 10 B3Pt IER glrassean
be magle injqwateLandcppliagearn thesasistages bysspraying, rolhng or dipping. The
continuous film thus formed can be stripped off from the respective surface after -

storage and transportation.

Water soluble polymers also can induce flocculation and thickening propevrties.
Hence they are useful in water purification in various industries. Water swelling
polymers are useful for makmg water based gels which have appllcatlons in

cosmetics and medicine.

Water soluble polymers are prepared by various methods. US p’aterit US7230061
discloses the preparation of (meth)acrylic acid based water soluble polymers with a,
high intrinsic viscosity. US7214737 discloses the preparation of aquéous pblymer
dispersion of acrylic or acrylic styrene with a high binding power towards fillers.
USRE39450 E discloses a water soluble polyvinyl pyridiriium derivative useful as
anti-dye transfer and colour protection agent. US7008618 discloses a water soluble
polymeric composition suitable for absorbing UV radiation. US7005143 discloses
water swelling poly(alkylene oxide) based polymer gels. US6472136 discloses a
water soluble polymeric surfactant based on hydrolyzed maleic anhydride derived co-

. polymers.
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anti-dye transfer and col our protection agent.
US7008618 di scl oses a water sol uble polyneric
W@ o0upasists on sui tabl e for absorbing UV radi at i pam/sG2008/000218

US7005143 di scl oses water swelling poly(al kyl ene
oxi de) based pol ynmer gels. US6472136 di scl oses a water

' f bas dr ol
e B S oG by RS bt e S othl SR v o
acidjohcrilicer p@lﬂ}ammiis atit derivatiesseoomasing aemphwyzedma@rgmomum
I : [of
T TR Y T
Polyethylene glysioistaisoevatersalphienat e, car boxynet hyl cel | ul ose,
al ginate salts etc. Polyethylene glycol is also water

sol uble. Polynmers which swell -in water are also terned
Polygengydichgued In whter arg alse teimed fis hyirdgels Hydragelslare of t he

for&P&y QFe'sQIf‘onf'\e W ftioR Yo ﬁé’tQﬁE}y Q}ﬁgpéi&%menpg%lyrfﬁg Shitiard

are in genera wat er insolu ue to crosslinking

in gpRera! waler ipsqhbin duede °£ﬂ§§'lﬂ<159n'ﬁ’ebléf%;@a%ﬁ’ﬁmﬁﬁésoﬁmga@@ous

_amburwwé‘qu@di@ naaidy ahd bod}SuRY Slicriss tHneRPddYda BRagse of

hese characteristic absorption properties
t“e?%%@éa%ﬁ'ﬁ%% AEREHPB BIPCHET PRes SPsF %bsr?é*i"%ﬁ‘f‘ polyreerg argmainly
used dmsdnitary adticldsGluets as viapere SasitaMp Rdpkinss aid 'halﬁe/cdltﬁﬁllﬂirﬂﬁ

the cul tiva n, of . pl.a I 1 ow ng US
piafE e e efoufty 8 WRlen s B B olmion and Lges Sye
absawtbsotrnwmerqmgmﬁswe US?’[IB39&)&63716!$§GB 638687450)a7d.
USéR9S®) US6087450 and US6087450. Commercial ly available
super absorbent. polyners are, mainly, crosslinked .
pol yacrylic acids or crosslinked starch / acrylic acid

CorfthéthalyCavanady SBSet aleiftﬁseﬁit Pol&rh@rs%?é DR, HEBkHkeq ar €

ially neutralized sodi um or potassi um i ons.
P°'>$ﬁféf@°e S Grassiinked Ftaéfi‘su/ GBIVEC 35 gigflce-palvanerowRarain the

carb@kﬁ@&mbd abypdreally malirdizewith SliiTBF pdi@iuBngS. asdeayy ! i C
ali netals.. SUWARY O:THE | NVENTI ON

' known wafcér solutne poll§'mers are generally prepared by neutralizing a

polymer bearing carboxylic acids with alkali metals.

SUMMARY OF THE INVENTION

The present inventors have noted that known water soluble polymers of the sort used

to form temporary coverings are not able to form clear transparent coatings. For -

example, a hazing or “crazing” can occur.

- Atits broadest, the present invention proposes that cyclic imido sulfonic acid groups

should be incorporated into a polyme‘r to provide novel and useful water swellable or
water soluble polymers. In particular, the present inventor has found that such useful
water swellable or water soluble polymers can be made from poly(cyclic anhydride)
by reaction with an amino sulfonic acid to form a polymer havnng repeating units

comprising cyclic imido sulfonic acid.
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The present inventors have noted that known water

sol ubl e polyners of the sort used to formtenporary
w@omens4sges are not able to form clear transpareait/SG2008/000218

coatings. For exanple, a hazing or "crazing" can

occur. At its broadest, the present invention proposes

h lic imd | d
parc{fBty (86T pBamles o 158 pefih e el os prHarRR AT VFP)
includingfcapolymers of sokg i i a&wh@dinddatvmtch%@é fobrhed moniewmns;f thlen

pon L Bl Vil aPY R ER s Ml Bl o bl yier s can

be made from poly(cyclic anhydride) by reaction with
r

Furtl‘?é?m@ﬁg| ﬁ%ééﬁ%&%mn?onﬂﬁﬁ gal’{s%f gl?Crh:Hoﬂln%?g ¥@Fab g/r}f}ﬂo d%cy
add'mﬂ Qi aMIQWM!m Idgmms@fatﬂ swamplaesarmages Wwiith réspettide
knowHek hydri de), including
nocoﬁ%¥€%%¥fﬁg?kgg%& naleléﬁgﬁﬁydride), whi ch are forned

by  reaction. of the poly(nmaleic anhydride) with alkyl
Ina ﬁ)rét RpYLt, tﬂEbF&eﬁtUNeﬁfBerraﬁH&Sa p&ﬁﬁérhﬁ@ﬂ% FeafitAlft Nary

a

mroni um sal ts of such polyners, suitably fornmed by
°°m%[&m9tai JHRiicgnide subienig %ﬁ‘?a%ﬁ?f todmyladt rat e surpri sing
advantages with respect to knomn wat er sol ubl e or

wat er swel | abl e poly v/s_\Lg a first aspect, the
present invention provides pol ynmer havi ng repeating

units conprising a cyglic ipido sulfonic acid
according to fornula I\ wherfein X and Y are selected to
forman optionally styt’u cyclic imdo; and Rs is

a sul fonic acid-containi hg group or salt thereof.
Suitably X and Y are selbcted so that the cyclic imdo
is a pyrolidine-2;5- di orRdg These pol yners show better
solubility in mater t han pol yvi nyl al cohol and al so
the correspondi ng al kali mnmetal salts obtained by the

wherEiM d(r aaidyxsa@ sefected hd’foﬁﬁ'aﬁ' tigHally SlivsftBied cyél@ imb UrdaflSs
di ssol vin e _pol ynmer of the present

asul °H'9@ﬁ‘9|°8ﬂta rypg\,%?@rorélag thereety t ransparent and |ess

vi scous whereas the sol utions obt ai ned by dissol ving
Suitably X and Y are selected so that the cyclic imido is a pyrolidine-2,5-dione.

These polymers show better solubility in water than polyviny! alcohol and also the
corresponding alkali metal salts obtained by the hydrolysis of poly(maleic anhydride).

The solutions prepared by dissolving the polymer of the present invention in water
are clear, transparent and less viscous whereas the solutions obtained by dissolving
polyvinyl alcohol and the metal salts obtained by the hydrolysis of poly(maleic
anhydride) are turbid.

Aqueous solutions of the polymer of the present invention cén be used to form clear,
transparent, uniform c(;atings on substrates like glass. A free standing, flexible,
transparent film can be obtained by casting a polymer solution of the present

invention on a glass plate.



pol yvi nyl al cohol and the netal salts obtained by the

hydr ol ysis of poly(mal eic anhydride) are turbid.
wa@ueosssesol uti ons of the pol yner of the presertT/SG2008/000218

i nvention can be used to formclear, transparent,

uni formcoatings on substrates |ike glass. A free

nd| n flexible, transparent fil mcan be obtained
: Ther!?;? Eﬁﬁétﬁ%ﬂf used 35 ¢ FRMPLRANG i aRRIRYCOMARSiANE WRSHE ticADent i on

_signifidaraly géduss thel cahictldnglensy hw’%@trrffg?lﬂrtrbﬁatdﬁ @rﬁaré’c@ aﬁ’drng the
osi tion,

Wategrféﬁﬁ‘?t %"nnlgﬁ"rfgame%s'tqrg? AP RNLRIE0 @ﬁbﬁ kSagiers doantoe, ng
- paintdniiposéib® Thistrhakes hye @ulyhhar@attibalampsd staple earfuse ssex@driot he

- pai it osition. This can also nake it easier to
> pamg?de@r?s‘%ﬁ@? aint conposition. This makes the pol yner
p np

particularly suitable for use in exterior paint

o BORREEL i R0 SR Bigoh A5 B
belownige pewﬁefrandma hemepolyoTep pod goRefymer. a Co pol yner.

Surtably the cyclic imdo sulfonic acid is fornmed by

he reaction of a cyclic anhydride with an am no
10 SU”%LM the AYQic irifeisulfppis apidds tofmed bivbateactiomef & eyglicianhdides

with G i samdsnraad.@l hb %ré%@ﬁttrh\ﬁénto@hlaé/foﬁﬁé it & Wit QhhyidREdTisNg
clic. i onic acid in a sinple one-step

pam?“ﬂ%[@'t%ﬁ?f"’eé?f q]?’ﬁm%/th? R¥elie &nide F‘dif?”l?e?tc!ﬂé%ﬁ St“h%e aMi-#ieP and
reactidme Sui@blynié edaption bdtw@ena?ammecteﬁgr@é@m“ay Hﬁtﬁé on of
n.preferred enbodine the -
sy oAb bR ot bR of s FOR R AP Aene e o
15 reactigpaueseeds gpioied:y optional |y substituted al kyl ene or

aryl ene. Suitably the cyclic anhydride precursor is
present |n the formof poly(cyclic anhydride). Thus,

is pre rred hat the starting materjal is a ’
poI yner. uI RE Rlsb,qs pr that the
for mation g qu ni g acid occurs by

sel ecti veo 0 r;l 0
L ,

|
SO,H

wherein R is a spacer, typically optionally substituted alkylene or arylene.

20  Suitably the cyclic anhydride precursor is present in the form of poly(cyclic
anhydride). Thus, it is preferred that the starting material is a polymer. In particular, it
is preferred that the‘ formation of the cyclic imido sulfonic acid occurs by selective
reaction of a cyclic anhydride repeating unit in the starting material polymer.

25  The cyclic anhydride can be any cyclic anhydride, provided it has an ethylenically
unsaturated bond suitable for free radical ponmerisation In other words, the cyclic
anhydride must be capable of ponmensatlon to form poly(cychc anhydride).

“Preferred cyclrc anhydrides include alicyclic or aromatic anhydrides.

30 In particularly ’preferr_ed embodiments the cyclic anhydride is maleic anhydride. Thus,
a preferred starting material is poly(maleic anhydride). The'present_invention is
therefore concerned in preferred embodiments with a polymer comprising units
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reaction of a cyclic anhydride repeating unit in the
starting material polyner. The cyclic anhydride can be

wanyoayeshs ¢ anhydride, provided it has an et hybe@nsGziosoo21s

unsat urated bond suitable for free radical
pol ymerisation. In other words, the cyclic anhydride
must be capabl e of polynerisation to formpoly(cyclic
deriged YoM Makejc anbydrdsy Hawevey othes cyptie gaftydddes, rpEhenge
corrdsgoRiifg pély@ycldaPRyirites)2dRdiusges. I n particularly
preferred enbodi ments the cyclic anhydride is mleic
anhydri de. Thus, a preferred starting material is
It folwvdsy(naimhéépdtylﬁél'hb‘ldi bdﬁ)nsm-grhﬁld@ E@foRRtacid TY@REd M the
congerned in ferred enbodi nents with a
poly s APy iR E P SR HG S pie Lotde 7S FOTReRIBI O ATAlS de.
stru¢tionead the anoydrme Bgfcdxamplarﬂwldznmme&:ruamésI@emgﬁsmg

cycl | c anhydrides), can be used. It
SUC($ Ggﬁd?%ﬁﬁ'a{]%tdﬁ' r%é units conprising indo
sul fonic acid forned from the poly(cyclic anhydride)

The Waha'r s& & o?w%@é? L\}v&labl@gf&t ﬁIEE HFthg hglyﬁlgl: 5f§§£ &%dé g to

cyclic structure exarrpl
mveetjml are partiswrslysurnrising given thahipe |psefergedssjwtnm potyrdsriof or

| |$|élb,l\ Ayd) ighsoiieinaldigd. The water sol uble or water
poyGﬁH abrfpg pr)(IJper?FHes noferthe pol ymer of the present

|nvent|on are particularly surprising given that the

Furtllierrmf)kér m@dllﬁt@mtdg%oﬁéﬁie%@fhe‘bf)lyﬁ@l' Uf(tﬁ@ RisBntdVRYEHN £1€)
urt e filmf.orm ng

atsoishrpHRg pih Gt P Tt aing MatER BPbRiEc FDHIR R &

a britile s@nsuontiniioss fign gbonefastlir’rgandﬁsh&)nﬂfaikﬁﬁréﬁld Swiilany, e

e Rt e BT el ioef P G adbecus sBiuton

on agigss platerepidiséman UGBaMsflaetpﬂyyllm,tblemghpdﬂmifqm'e domptrenkpatentf

and bh&npégng&ggal ei ¢ anhydri de) when cast from aqueous -
solution on a glass plate results in an unsatisfactory
film being non-uniform non-transparent .and

Surphﬁlh@mwmgélﬂ mv@HﬂbpﬁésSfbM that the BvRh@SEHs dr&)@ﬁHs‘Uf tHaas
l’flg1 ¥he advant ggeous roperties of th

polymer of the presen invention can btained independently of the exact structure

of the cyclic imido sulfonic acid. Thus, provided the polymer has repeating units

comprising the cyclic imido sulfonic acid, the polymer will suitably exhibit at least

some of the properties described herein.

The cyclic imido group may be important for its ability to introduce rigidity and hencé
planarity to the repeating units of the polymer.

The provision of a sulfonic acid or sulfonic acid salt-containing group as the imido
substituent imparts the polymer with a strong interaction with water and also with

-nitrogen-containing organic . In particular, by providing an interaction that favours the

inclusion of a tertiary amine base (examplesof which are discussed below) an ionic
interaction can be achieved between polymer chains. Indeed, long range interchain
interaction is believed to assist in the formation of films, and is a desirable property of
polymers of the present invention. In addition, the provision of these groups
contributes to the excellent water solubility or water swellability of the polymer.
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pol ynmer of the present invention can be obtained
i ndependently of the exact structure of the cyclic

WO p0dos468 f oni ¢ acid. Thus, provided the pol yneCT/k&x08/000218

repeating units conprising the cyclic imdo sulfonic
acid, the polymer will suitably exhibit at |east sone
of the properties described herein. The cyclic imdo
group may be inportant for its ability to introduce

FuriHegrhéte! T)‘le ﬂi’r‘n@ r‘l&ﬁ)?&@f thé 95‘I?|ran M?ﬁﬁotlcn'\ﬁ rér?g%qmerlaeﬁon%r'@t\kéen()f

the poly provi sion o fonic acld
PO'Yéﬂ?'fQB‘ﬁiné %ﬂa “E\“dr“fre%%ﬁﬁ’t'&tﬁfﬁch‘g" reciiging san alignitegedfier which
assiuiAtfilnt #6@Mitiohmpart s the polymer with a strong
interaction with water and also with
ni trogen-containing organic . In particular, by
Preferably the RghirsulfeHiCaEE fsl NHL- R1|3@(Dal-f Wﬁ@r‘él’nﬁ% Li68eléd&d tashon of

op Gt 1oy e €SB o o Sk GBS B

reagte Wjthvihre anhgdrids furictiateity, to brmlgcé B gesitealifide edup. The

prege BBk 8 g BN Rl A0 Rt BrBBMRBIE o1 e

anhydrisiednan ﬁmid@a\tano'menlthe antydtideis pattloka polgwersi on of t hese
groups contributes to the excellent water solubility
or water swellability of the polyner.Furthernore, the

Thus ghpartigiiarageanizgetoh Bsing Riy aavnol sulfertic acid Isdina thearegetion to

‘ fornﬁ mta%wewr B4h (REGWRAIDER & SRYle e@al Sa “Jaéepo% Qeddibs. Thus,

eased interaction, the chains can align together

SfaWﬂ fré é?glyg’b’g'cuaﬁhlfqnﬂﬁi f'l?r RRATRS FaN be Erape sl a/singie stari o

addgigh bbihe amarisdiférfic AdittoRhe BEly@Ytiicwhrydrte). R i s sel ected
fromoptionally substituted G to ClO al kyl ene and C5

to C20 arylene. The am no group reacts with the
Partionlayiy prefiegrefduandnd sutfahit tigids arepmorntheqp-atireethasesutidnic atido

and MtaHic ane(sl%Fr@%%QLzeénB%&ﬁ{%% Tagsraﬁﬁr‘rb”@ ﬁo@?@#ebr'eﬁ dri de

reaction can convert
to an imdo even when the anhydrlde is part of a

ThelpPdseRBihvenidt Has foﬁncﬂ)t'#af ih@%o%e?@ym{s%ﬁlcglfarl*‘ﬁééﬂg an

am no sulfonic acid he reaction formthe
ProRsH|ep neartiquiaty Blresract ?fétﬁm dRrmatien, avhen i seilfenigacid js preseqt
as a QANETHLY Rs ik eaxmuladis sultably -a sulfonic acid salt. Particularly preferred
salts are quaternary ammonium salts and alkali metal salts. Quaternary ammonium
salts produce the best results and are therefore most preferred. Its ambiphilic nature
enables the polymer to be soluble or swellable in water whilst preferably also being

soluble in organic solvents.

If alkali metal salts are used, monovalent counterions such as lithium-and sodium are
preferred. Divalent counterions such as calcium and magnesium can also be used,
as can multivalent counterions but these are less preférred because they may lead to
the formation of a crosslinked polymer. Nevertheless, divalent and multivalent

counterions may be used where flocculation is desired.

Suitably, in addition to the units comprising imido sulfonic acid groups according to
formula I, the polymer comprises units derived from at least one ethylenically
un‘s_aturated monomer. Thus, suitably, the polymer is a copolymer. It can be selected
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starting froma poly(cyclic anhydride), the polyner
can be fornmed in a single step, by addition of the
waeionasses fonic acid to the pol y(cyclic anhydrpcdB$G2008/000218
Particularly preferred am no sulfonic acids are
- taurine (2-am noet hanesul fonic acid) and nmetanilic
acid (3-am nobenzenesul fonic acid). Taurine is nost
frommedédic copplynFine randegesvpolymensnstatistibal sopaymets ahdblotke
' | useful properties,
cop rét{%ng\u e aﬁh%é gg‘tgt{é%t?é#%'mfor mat i on, when the
sul fonic aC|d IS present as a salt. Thus, Rs in

The Eﬁ%{llghﬂ::ﬂly unh&ur%ﬂiot Ao h fb%@e%ct%@'fr%nﬁﬁrgtof the known

Parti cul ar | Yy preferre S ts are quaternary anmoni um
typeg g fteg ragier! aPiaKerisahia rpnosiers aftencisad af AAM9NORALD Mdead. by

sele(ﬁr’r\b 513 aB;Br@SHeﬁ@ c&rh@n&r%?br éo?rﬁir'rbﬁférsaif‘ig p@éﬁbl& ﬂfédﬁfs@fh% ”USt
Its ic nature enables th

interfgjop &1 o6 PATET WA SalRT Raskinere Py Ao Le BRI g8 e At y
polyraérsmdaemngj With whie® Fone@ir@fthe pofimee Bbdd bé hdjastk@by

are use Qv t cou terr such as .
2P el S oSBTt & BRel Grpbas FLPtAer Bl er | ons
befoudidsolaing @a ramaim swalemagioasdissoddgy al so be used, as can

mul tival ent counterions but these are |ess preferred
because they may lead to the formation of a
Partigiaryiréfakediethpeninaly. unsivreted minoswrs ate\alkoer (eandthylene,

propﬂéﬂet bc‘.’t@&é‘d&he)‘: QHFetn‘ér\hﬁWﬁyrmﬂ%a@ leéﬁr%i:ry‘/@lﬁgs? (if F%&h‘érat 1 on
meth&'dﬂ‘?i?@%"ﬁ'ﬁ)’|'WH‘@“@M"TYblPM”é'“8(:40@/"@1*"6@;)%'“%[@6'@?'% #y acp/lic
acid. fApradahiondl behdtR oPBbYETBAd SRETEthyRdicaly Lhsatstael mwé@n’sat
h tllgeast one et %y E\{nl cal | % nsat ur at ed n1|)noner

that taey ¢apglvinerise eagiy yirthe peeterred sasiofnge malsig anbygi 'd8e

sel ectedf rom per| Odl c copol yners, random copol yners,

- Asu tdeﬁtel'e% tr?ealerrﬁ @1 tli()ngrplgte 351 nc? Ck C rﬁ(ﬁyg\eg{rﬁe}p%cml%tg‘sP;y

al'terndting

- asiswel hmqwramelmla arbrﬁynerstbe mam “(nmtls)ebrwhn anid”finctudeaagrylif t he

acid Mhééﬂﬂ oY, ab iEReI@BIS Rl th@QlyTer | sabl e mononer s

ten used as conononers. |ndeed, by sel ecting an
approprlate conononer or conononers it is possible to

The wits d&fivetil®m these comonomers are suitably present, as a % of total units
of comonomer and units comprising cyclic imido sulfonic acid, in an amount of up to
about 50%, preferably up to 40%, more preferably up to 30%.

Suitably the polymer consists essentially of units according to formulae | and units

derived from at least one ethylenically unsaturated monomer.
Thus, preferably the polymer comprises

(1) 50 to 100% units according to formula li
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interaction of the polyner with water and thereby

control the behaviour of the polynmer when m xed wth
wowdoens4s6or exanpl e, the polymer could be adj uBtEsGHWS/000218

appropriate choice of conononer(s) so that it

di ssolves readily in water, swells before dissolving

or remains swollen w thout dissolving. Particularly

preferred ethyl enically unsaturated nononers are

al kenes (e.g. ethyl efre,—progyl ene, octadecene),

styrene, vinyl pyrroli (nmeth)acrylate(s) (in

particul ar, nethyl nefs te), isobutene, vinyl

pyridine, acrylonitQle, vin@l chl oride and acrylic

acid. An additi onal beng%it of these, and ot her

et hyl eni cal | y unsaturat €dt nononers, is that they

copol ynerise readily with the preferred nononer naleic

anhydri de. As used hereis()SH he term

"(meth)acrylate(s)" includes abrylate(s) and

nmet hacryl ate(s), as is well known in the art.

Simlarly, the term"(nmeth)acrylic acid" includes
whergie i teldalec o pPipBr e b5 Ed Ge o alkVIPae 28 G5 RiGeun i n
arylehbeorardalt thErsf:watt s derived from these conononers are

suitably present, as a %of total units of cononomer

and units conprising cyclic imdo sulfonic acid, in an
(2) 03erbQfatunitsf deniped foora labletstobétethyteafcaliyalmsyturated moddiér. nor e

preferably up to 30% Suitably the pol ynmer consists

essentially of units according to fornmulae I and units

In thig ey tbel Propestiese! the:pelymermandeliyiednbciatdryoraticeafur at ed

REH \ conprises (1) 50
apprdtSBg 100%%%@21%45@%@%&?2%%*#}%? m%%%rs(ﬁH wherein Rl

is selected fromoptionally substituted G to d

_Whilﬂmé@ﬂoe@gr@ﬁﬂe Endltosedfven hlod PoprédentarSietnatif@r €of ;
0

nd (.2 50%.units . derjved fromat | east one
copo g (EAESRH oo elsp iR AR RapoSeR 0P YA, S GoPobET
arrangempets suels aoperiodie qopblymers, adorheopalymests, swfistical :
copofy%%%&%rb?otck ggpo%rmers. For each of these other copolymers, the optional

and preferred features described herein aiso apply.

In particularly preferred embodiments, the polymer comprises units according to
formula IIl |

| |
SO, *N(R,)
H oy

wherein
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appropriate anmounts of the ethylenically unsaturated
mononer. Wil st the above structure (and those given

whedooms4seepr esent an al ternating copol yner, theCpsexesnoo21s
i nvention al so includes, as discussed above, other
copol ymer arrangenents, such as periodic copol yners,
random copol yners, statistical copolyners and bl ock
%%Fegﬂmoptpaa"vwewtmd Ehiedeo akriene adfslly Ferasylenshe

eaclPR} |s eBBtted HicpsRibAty Rfh HRAL Bpfohaflesubsiitied A& @lo Ialk§l| SO
apply. In particularly preferred enbodlnents

a“dpol ymer conprises units according to formula III SCB-

Rs aNf R, ar)e%eldciebhndéb@’fo%hﬂﬁlorh 81 el opaérRdly butRtiuretd.aval, v
al lsgb"%?t(#%2 g tol Cl0 al kél ene and C5 to C20 aryl ene;
alkylabe P&%‘?'&E‘t’ e PRISPRRAERt Iy from H and

opt i onaIIy substituted G to C10 al kyl; and. R3 and R4

oL e ALSRERIRR o ARl P
to Cpyikylomodd m?ﬂerabb/afrdnobdyanandnaﬂaﬂ)aubsﬂmeﬂ €natbICy, 4Rd/l,angte R4

pref@é %?—fé@énﬂﬁ’aﬁ@%ﬁ@ﬁﬂ{:{d@w m)\”elkgll‘ er]:ag lﬁé t P e&}%raé%frﬁm
Ha“ﬁr@ﬂt'@]@ily euhshiluieddbiotGé %Ik&éd C10 to C20 al kyI nor e
preferabl y fromH and optionally substituted G 5 to
al kyl , and nost preferably fromH and optionally
Pref%’ﬂﬂl%ﬁi’?’ﬁﬂ Bﬁa@“&s'ttl?t'@%g- alkyl. Preferably R3 and R4 are
unsubstituted. In parti cuI arI y preferred enbodi nents,
s. hexade In ot her enbodi mrents, R3-

y H an
In PaEf?H'aae&P'&?%'egan&ef’w“Sn 6’%‘?‘1 i5 he¥aders and
optionally substituted CB to C20 aryI preferably from

In otltér%ﬂ%o&ﬂt 'n%nﬁl Ll¥d I§ aqg tselecl:t lnd penantly from H and optlonally

substituted Cs to Czo aryl, preferably from H and optionally substituted phenyl.

In yet further embodiments, R; and R4 are selectedA independently from H and
optionalyly substituted carboxy and ester, preferably ester, wherein the ester is
preferably —C(=0)OCHs.

Suitably R, is selected from optionally substituted C, to Cs alkylene and Cs to Cis.
arylene, preferably from optionally substituted C, to C alkylene and Cs to Cyo arylene,
and more preferably from optionally substituted C, to C, atkylene and Cs to Cs

arylene.

Suitably R: is unsubstituted.

‘In pérticularly preferred émbodiments, R is selected from ethylene ‘and phenylene.

‘Suitably each R; is selected independently from H and optionally substituted Cito Coo

alkyl, preferably from H and optionally substituted C, to Ce alkyl, more preferably from
H and optionally substituted C to C; alkyl.

Suitably R: is unsubstituted.
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In yet further enbodinents, R3 and R4 are sel ected
i ndependently fromH and optionally substituted

weanbossemnd ester, preferably ester, wherein PCES€ED®000218

is preferably -C(=O)OCH 3. Suitably Rl is selected
fromoptionally substituted CL to C6 alkylene and C to
C15 arylene, preferably fromoptionally substituted Ci
to C4 alkylene and C5 to Cl10 arylene, -and nore

In pd?ﬁcﬁfaﬂ{' Blkélféfreﬁ re%o@iﬁ'tén%” @édhﬁz%&?édtéd%g%e%rﬁ@ #& H and

| kyl ene and X ene

ethy'uﬁ%r'dg‘?rfetp[ﬂf%féb'y’l %Cbﬁ’?ﬁ eMl-ar |y preferr ed enbodi ment s,

Ri i's selected from et hyl ene and phenyl ene. SU|tany
r i s selected i ndependently fromH and

In patBtEP agheferejred 85@99‘(’1&’(‘@&“@1’0%‘961’@ GftRpiure BAFdiNgA| v

forméladra H and optionally substituted Cl1 to Cs al kyl, nore
preferably fromH and optionally substituted C1L to C3
alkyl. Suitably R2 is unsubstituted.In particularly
preferred enmbodi nents,Rea®) R2 is sel ected
i ndependently from H an hyl . Even nore preferably,
each R2 is ethyl. Inp rtlcularly preferred
enbodi nents, the has a structure according to
formula Ilia SCB-+ @ H I Ha wherein each of Ri,
R3 and R are as di gSed above. The present |nventor
has found that the@ pr¢pert|es of the polymer can be
further enhanced and/ & controlled if, in addition to
the units conprising aycllc i mi do sul fonic acid, the
pol ymer i ncl udes unit $OstpssBi ng cyclic imdo haV|ng
a pendant group bonded td'the il do nitrogen, wherein

wheréiR @adHesi G, dHdRUuré 8s QiEélﬁ‘séecI fea sul fonic

The present inventor has found that the properties of the polymer can be further
enhanced and/or controlied if, in addition to the units comprising cyclic imido sulfonic
_acid, the polymer includes units comprising cyclic imido having é pendant group '
bonded to the imido nitrogen, wherein the pendant group is other thén a sulfonic
acid. Preferably the pendant group is a neutral species (non-ionic), preferably an
optionally substituted alky! or aryl.

Suitably the pendant gro'up is formed by feacting a grafting component with the cyclic
anhydride units of the poly(cyplic anhydride) precursor. More specifically, those cyclic

-anhydride units that are not Areacted, e.g. with amino sulfonic acid, so as to form

sulfonic acid-containing-groups (Rs above) can then be reacted with an appropriate
grafting component. Suitable grafting components compnse a prlmary amine group
to facilitate reaction with the anhydride.

Indeed, the polymer demonstrates considerable flexibility in terms of its solubility or

extent of swelling in water. These properties can be modified to adjust the polymer

- from water soluble to water swelling by changing the grafting components, and hence

pendant groups on the imido units. This is surprising bec_:ause conventionally water
solubility 'and swellability can only be adjusted significantly by subjecting a water
soluble polymer to undergo crosslinking.

10
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acid. Preferably the pendant group is a neutra

species (non-ionic), preferably an optionally
wenpstis4sed ed al kyl or aryl. Suitably the pendartT/§cmmog000218

is formed by reacting a grafting conponent with the

cyclic anhydride units of the poly(cyclic anhydride)

precursor. More specifically, those cyclic anhydride

units that are not reacted, e.g. with amno sulfonic

fﬁ’ng é‘bﬁwp@ﬁerﬁ @arf 6\5‘ f1sdidd Qf‘éé:to‘ﬁdvﬂfe%@éﬁl' Hefdlidg

bove) can then be reacted wth appropriate
ff°"b%”a1* 1thyﬂf@><¥! éﬁ?ﬁaw&qﬁ& alky&pyi araine substityad aﬂgl Eowgwriethe grafting
comBETERE t4rPalso Y dr@ibMat’tr Afontdtie dihiddaddfci | itate reaction
with the anhydride. |Indeed, the polynmer denonstrates
considerable flexibility in ternms of its solubility or

Thu@,)ﬂt @dtﬁtloﬂfto emlabcdrgmg o forh@a 111, Heqsof/nivr pRESTAbIgaIsean be

the pol yner fromwater soluble to
v°°m§£st uh ?A%ﬁCPrdfﬂ‘gjt%fP"BH'sﬁ\ﬁu ng the grafting conponents,

and hence pendant groups on the imdo units. This is
surprising because convz:\pti ogally water solubility and
swellability can only b djusted significantly by
subj ecting a water sol ubl, | ymer to undergo
crosslinking. The grafting conponent can be sel ected so
as to provide a pe group selected from al kyl,
hydr oxyl substitute am ne substituted al kyl.
However, the grafti onent can al so be an
aliphatic or aromaiQ’c afino acid. Thus, in addition to -
units according to fornula Ill, the polyner preferably
al so conprises units acBer di ngl\;o formula IV wherein
R5 is selected fromoptionally substituted G to Cl10
al kyl and C5 to C20 aryl; and R3 and R4 are as defined

wherdiA®%68s sé?éc@éoeﬁ@:bbb‘tlo%lly' s‘hb§lﬂht@8b¢ﬂ) 038 QMI%H'C%'?@bLo)éryl

and substituted Cto C8 alkyl, nore preferably selected

from am ne and hydroxyl substituted C2 to Ce al kyl.

Rs and R4 are as defined above. :

Preferably Rs is selected from optionally substituted C, to Cs alkyl, more preferably
selected from amine and hydroxyl substituted C. to Cs alky!.

Suitably Rs is optionally substituted Cs alkyl. Preferably it is selected from hexyl and

. hexamethylamine.

Itis also preferred that Rs is optionally substituted C; alkyl, preferably ethylaicohol.

It is particularly preferred that Rs is selected from hexyl, hexamethylamine and
ethylalcohol.

Suitably the polymer consists esséntially of units according to formulae Ift and IV.

Suitably the polymer includes more than one type of pendant group, such that there
are two or more types of repeating units that comprise the reaction product of a cyclic

11
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Suitably R5 is optionally substituted C6 al kyl .
Preferably it is selected from hexyl and
wheocanetshy/l amine. It is also preferred that RS5PEESG2008/000218
optionally substituted C2 al kyl, preferably
ethylal cohol. It is particularly preferred that R5 is

sel.ected from hexyl, hexamethyl am ne and et hyl al cohol .
anniliie 2 § SraDO8mpHRAN B A Wk TusBeaanIral O regtoMIere s

‘propaniesah bgatmeviar nul ae 111 and 1V. Suitably the pol yner

i ncl udes nore than one type of pendant group, such
Accdrtiingly Goispraferedtthat theegubimearcoimp isde GhitOhcodrding to formulae 11,

&’\9' i canhydri de and a grafting conponent. In this way,
IVa

achi eved. Accordingly, it is preferred that the

pol(ﬁ/rrechorrpri ses units according to forrmulae 11, IV

an

R4 | fdependent|ly as defi 4bove; and R5 afd

sel ected i ndependently the definitions
oed that the uni cording to for
, as a %of all Qnits, in an

foRpula 111 to the toPal rfunber of units |rrulae

IViand V is at least 1. PRgferably the ratio ig at

pol ymed consists essentially of units according to
M formulae Il1l, 1V and M. The present inveNtor has found

that there are two or nore types of repeating units
~further control of the polymer's properties can be
}V#V wherein R is def,i ned above; each R3 and
en above. Suitably R5 d R6 are different. i's
N _ ,
O at|least 50% Thus, su y, the ratio of
| GO 8(Rpr e preferably at |east 10. Suitably & he
that the water swellable properties of the pol ynmer

wherein

R, is as defined above;

.each Rs and R is independently as defined above; and

Rs and Re are selected independently from the definitions of Rs given above.
Suitably Rs and Res are different.

Itis preferred that the units according to formula il are present, as a % of all of the
units, in an amount of at least 50%. Thus, suitably, the ratio of units of formuia Il to
the total number of units of formulae IV and V is at least 1. Preferably the ratio is at
least 5, more preferably at least 10. Suitably the polymer consists essenﬁally of units
according to formulae lll, [V and V. .

The‘present inventor has found that the water swellable propeﬁies of the polymer

* can be further controlled by introducing crosslinking into the polymer. For.example,

this can be achieved by providing a pendant group on some of the cyclic imido units,
which pendant group carries a group capable of reacting with a cyclic anhydride

12
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can be further controlled by introducing crosslinking
into the polyner. For exanple, this can be achi eved by
weeavilsisegy a pendant group on sone of the cyclPCT/862008000218
~units, which pendant group carries a group capabl e of
reacting with a cyclic anhydri degroup on another part
of the polyner. An exanple of such a group is a
grog PRrARINes AR &f the RolyMen Ag exemble of puohcediourjs e®IMadul d be

aminb, Blukyd suﬁ!ﬁbl@ 99nddﬁﬁ@€ﬁ|p wBid 'BQtaﬁ%II@pé??{lﬁe 1H&Ed Odcs robiel
referr R6 substitutents I's hexanethyl am ne,
abpyooR o e Pele

2R °F fﬁdo'?ﬁ A Rat5iybgtiienss ishexametbyapBaaHiich can

be mwmmé § R BIPEnenb NexafeHylcePBdiintng, By reX&tioh Gith a
%$ dride. Thus, suitably the polynmer 1s crosslinked.
cye Y961 y the pol ymer conprises crosslinking groups
according to fornula VI wherein R7 is selected from

. pt i ubsti t ut i to G 0 alkylene and Cs to

8D *hgry?gF"&{S%%gﬁq\?gsubstitut ed G to Go al kyl ene
is preferred, with optionally substituted C3 to C8

_ b specially

Profdl 8 B PGk e & sy Bt B0 g o pomE OF
crossllnklng can be selected in order to provide the
polymer with a desired level of water swellability, it
is preferred that the degree of crosslinking, being
the % of units that are cpjossli¥ked, is no nore than
50% In particular, gree of crosslinking has
been found to hel p control==e nmechanical stability of
the swol | en pol yner. this in mnd, the skilled
reader will be able @0 s¢l ect an. appropriate degree of
crosslinking based on thR,application. Suitably the
nol ecul ar wei ght of the ;olyner (as nmeasured by gel

per neati on chronmat ogdaphy wi th pol ystyrene standards)
is in the range of 10 1, 000, 000, preferably in

t he range of 5000 to 500, O and nore preferably in

t he range of 10, 000 40 , 000. Suitably the polynmer is
resistant to weight |oss bel ow 3000C. Wi ght | oss
nmeasurenents are made in the conventional way by

whetdiTeR:D gélestedrzdm ioptidhiagy disisGtuted Cy to Cqo alkylene and Cs to Cao

arylene. Optionally substituted C+ to C1o alkylene is preferred, with optionally -

substituted C; to Cs alkylene and particularly Cs alkylene being especially preferred.

Whilst an appropriate degree of crosslinking 6an be selected in order to provide' the
polymer with a desired level of water swellability, it is preferred that the degree of
crdsslinking, being the % of units that are crosslinked, is no more than 50%. In
particular, the d_egreé of crosslinking has been found to help control the mechanical
stability of the swollen polymer. With this in mind, the skilled reader will be able to |
select an appropriate degree of crosslinking based on the application. ‘

Suitably the molecular weight of the polymer (as measured by gel permeation
chromatography with polystyrene standards) is in the range of 1000 to 1,000,000,
preferably in the range of 5000 to 500,000, énd more preferably in the range of
10,000 to 100,000.

13



10

15

20

25

.30

35

(TG under a nitrogen atnosphere with a heating rate
of 10C mn. Preferably the polyner exhibits a weight
WO 289/134568000C of no nore than 10Wm % pref er abPGT/8G2008/000218
nore than 8w % and nost preferably no nore than 6w %
Preferably the polyner exhibits a weight |oss at 3360C
of no nore than 20wt % preferably no nore than 15w %
Suitaifytherpelymer ie fesisiastt {o weightiose behmsommwelgmmser ably the

mea&%MQHE a?@‘rfer ah?h@co%érglmal Ivﬁzﬁy g'ge V\flg/&gn trﬂ%{ﬂ%lg than

no nore th

(TGQ)ﬁ@ﬂ%fraawth%@tmmeWW Dimating ra eff OGNy t he pol ymer

is water swellable. The %swelling in water is

cal culated as follows: %swelling = {([Wight of
Preferally fherpojydiey aetibits agigittosst 3007C9bng merq than f@wight of |
preféﬂébfy ROMYRthan SwidO8d rhb& phdk f"rﬁlﬂgﬁmﬁe ‘h%n@?vg’ W th

deioni sed water and the y I's allowed to reach

equi | i brium swelling Preferabl y the polynmer exhibits a

Pref@(&tﬂY‘@Je'do%e‘r BxMﬁfsearwéiéht@ss af-‘@ﬁ% %990/ %oF@lﬁSn E(ﬁ\ﬁf’/er abl'y
ea

st '200% and preferably . | east

prefegqhily pynpre thafu1 3yEPaangimesk piefarably n%mefesmm é2‘§tv@el | i ng.

Preferably after five cycles of swelling and drying at

east 80%of the % swelling observed in the first

Prefeé?@( beipelyqenpriRig 2 wridht lasa Bt $P85¢ of eudereghay &M mor e
prefepabBf ) Mblelthait 28vRASdnd ¥edét F@wramsbhdmoreem&ﬁ safbe swel |ing

i's achieved after 10 cycles of swelling and drying.

Drying is carried out at 800C for 24 hours. Preferably
Preferdbdy the lpglymer is svatextsellabtd. Thé & sweling if waichBrcarapatas t he
followRi-€sent invention provides a method of formng a

pol ymer conprising the step of: (1) reacting a

pol y(cyclic anhydride) with an amno sulfonic acid to

% sweMhd: {(IWeight of swollen polymer - weight of dry polymer] / weight of dry
. polymer) X 100} ' :

The measurement is made with deionised water and the polymer is allowed to reach

. equilibrium swelling

Preferably the polymer exhibits a % swelling in water of at least 100%, more
preferably at least 200% and most preferably at least 300%

Suitably, the polymer exhibits reversible swelling. Preferably after five cycles of

-swelling and drying at least 80% of the % swelling observed in the first cycle is

achieved, preferably at Ieast 90%, and more preferably at least 95%. Suitably,

 reversible swelling is achleved after 10 cycles of swelling and drying. Drying is

carried out at 80°C for 24 hours.
Preferably the polymer is water soluble.
In a further aspect, the present invention provides a method of forming a polymer

comprlsmg the step of:

14
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pol ym do sulfonic acid). Suitably the poly(cyclic
anhydride) is a co-polyner conprising units derived
wo caoi§45§8 mal ei ¢ anhydride and (ii) at | east OPEI/SG2008/000218
ethylenically unsaturated nononer. Suitably it is an
al ternating copolyner Preferably the co-polynmer is
sel ected from (mal ei ¢ anhydri de-alt-oct adecene),
pol(FReliRg 8 PQ'M{‘)'?%'P@BEW&P?)L%”‘&@WM sulfgpic\pcifde torm
poly@mitodiifsHic &id)- 1 -t et radecene) and pol y(mal eic
anhydride-alt-isobutene). Suitably the am no sul fonic
acid in step (1) is used in a sub-stoichionetric

Swtamy)tmntpos'(oybllctdmaf{drﬂéﬁ isal do- ;ﬁfyn‘teh GorﬁM%ideJnﬂ@BMﬂ!éd #emi (§

convert d t o, oni ¢ aci
malip R o AL B e b mpe ey Sieol
is arpaiteyr(ativg topolyanenydri de) with a primary am ne.
Preferably steps (1) and (2) occur sinultaneously.
Preferably the nmethod includes the further step of
Preferablly tfp co-padymer éer seleptadfeon poly(meleicanty drire-girathdeteres,

poly el bt 2L TR b b B e S bR
POIYQUfaIeIQ)ﬁnfE/ﬁmetalylsaﬁtﬁme) step (1). In other words it is

preferred that the poly(cyclic anhydride), am no
sulfonic acid and tertiary amne are reacted together

Suitabiy i agnecysenjc adinsdan (1) sieed acaubsivichiommticamewnt of

such&hzﬁﬁlo( alllaf tHleScybl’b érh'\?drr dmg QO%HéQQ@ntlﬁm%h%M{ §:tu§ @ nsg%f
dur at |

(1), ‘ﬁ‘&éfe? Mgt Pé 'f\aws?%mtﬂfesp o (Direacding e PRiy(gvslic aRpyeride) with a

primgyafméteabl y about 18 hours. Preferably the reaction
occurs in a dipolar aprotic solvent. It is also
preferred that the reaction occurs in a high boiling

Prefasaiinstepo(1dand (2) vesur sinfltanemiokly. t he boiling point of the
solvent is higher than that of water. Preferably it is

at least 11Q0C
Preferably the method includes the further step of addlng a tertiary amine to the

reaqtlon product of step (1) or step (2) to form a quaternary ammonium salt.

Preferably tertiary amine is added at the start of, or shortly after, step (1). In other
words it is preferred that the poly(cyclic anhydride), amino sulfonic acid and tertiary

amine are reacted together simultaneously.

Suitably the reaction temperature of step (1) is in the range of room temperature to
200°C, preferably in the range 60° to 180°C. The duration of heating is preferably at
least 15 hours, more preferably about 18 hours. |

Preferably the reaction occurs in a dipolar aprotic solvent. It is also preferred that the
reaction occurs in a high boilihg point polar solvent. Suitably the boiling point of the

solvent is higher than that of water. Preferably it is at least 110°C.]

Preferably the solvent is selected from N,N-dimethyl formamide, N,N-dimethy!

acetamide and ‘N-methyl pyrrolidone. N,N-dimethyl formamide is most preferred.

15
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o conposrtlon conprising a polynmer according tolthe

Preferably the solvent is selected from N, N-di net hyl
formam de, N, N-di net hyl acetam de and N-net hyl

weopasisdone. N, N-di net hyl formam de is nbst PCT/SG2008/000218

preferred.In preferred enbodi nents the reaction (e.qg.
the reaction between the polyneric anhydride and the
_amnosul fonic acid in the presence of triamne) is
In peederradeaanbogdimants the eeagtianelgde thefreaatipy befeerTingPolyaefier t her

n@@hc@ra‘na% ShinddiforiOAEDN I tRE pleSerltdd®r PRI darr)édQ)fut in the’
nt - fr reaction conditions. In a particularly

ab55?°§f°z P?'}é?j“ B HERR agrantage %F’@s‘@\‘ﬁ”“%\?éfrﬁ H’Q?ﬁ'b'“tVrPé
solvent-fygeareadtion poreftdhed according to Schene 1. RSO3
N(C2H )3 H Scheme 1 wherein each of Rl, R3 and R4 are
as defined above. This represents an efficient "one
In apatiitulayinprafeseds embodimehtalf €fer AN BIRTENTOL TS pdlyméis an

med%?dk%c&%kg%gg&}%Q'g gr oup- cont ai ni ng pol ymer. As not ed

preferred am no sulfonic acids are

taurine and netanilic acid and so R is preferably
ethyl ene or phenylene. In a further aspect, th R
R 4

» invention provides a r formed by 1
of the previous aspecﬂ %ﬂYHE further aspeéc

present |nvent|on}£rOV|des a latex co ng a
r accBFBi g0t %Npresg 4nVETTi on,
r aspect, the present invention provy

present invention.Preferably the paint conposiglion has
a contact angle of less than 75, nore preferabl | ess
than 70 and nost preferably |ess than 67. The % e)ﬁ"l(%li't)s

angle is
‘Scheme 1

wherein each of Ry, Rs and R, are as defined above.

This represents an efficient “one pot” synthesis of a quaternary ammonium salt of an

imido sulfonic acid group-containing polymer.

As noted above, the most preferred amino sulfonic acids are taurine and metanilic |
acid and so Ry is preferably ethylene or phenylene. '

In a further aspect, the present invention provides a polymer formed by the method of

. the previous aspect.

In a further aspect, the present invention provides a latex comprising a polymer

accordihg_ to the present invention.

In a further aspect, the present invention provrdes a pamt composition comprising a

polymer according to the present invention.
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measured with water by a static method using a
goni oneter. The neasurenent was made by providing the

wWaowensksex oat i ng sanples with the additive andP@i/s¢zo08/000218

the additive and spreadi ng them evenly on a
m croscopi c glass slide and allow ng to dry under
anbi ent conditions. A drop of water was placed on the

Prefegaiydle rYpYoRpwosiiemhasiaconiachangfe of lesp thangd° dnerevi ewed
pref&rtéb? Y8 1 rOAR 'aﬁ(ﬂ‘ﬁ'ﬁo@trprefz@\ngb@ tfarlR OFA @ flta %ﬁl}%@l@s ur ed

goni oneter contro a corrput er
meaﬁ@ﬂeg mﬂh “@fertbm & sitie ieffiodiusing ratgoowrrteém Be m@@@lr%@enawas

made B pASAdiR 18k Bqlicd\e Ebeﬂﬂg agldpibl Wﬁh th%yadhw\@&’lcﬂgltﬂﬁ?the

contact angle, the pol ynmer nmakes e pal nt conp05|t|on
add‘%@drﬁy&a&msuth% SVaRW QIR Missascoric B'ﬁs%@'ﬂﬁ and gligwing: éo dry

undeweiribaddit boriditions.ch @@§ 8f Wate OV BANATRE onltie Sbadd SuMBEe ARPHE! -
es an adhesive conpri sing

[esent | nv I on provi
el g7 S S TGE i Ml R TPR G SaoTisiars B SNORAATEI800 o
meabured bysme@pmteterbbmromwsmt:omm@nmrhwtn@rpbwnfée@f e

presg i BB e RTIRER o hBPruict B TS aPGE Y cbtesing e
contaqtqugld thédpolgmer makes thmp‘aualc_smpbﬁtum rgoriellﬁdroblﬁlh@ whicht her
resu@éiﬁ%%ﬁer Juhg e%&&%ﬂgltdnﬁ\égg%éfocﬂeeaﬂ]n Vi des a method of

meki ng a po ymer d conprising the step
of dispersing the polynmer of the present invention in

In a {Rh& aspbd, Be prérsErlﬂ‘?ﬁveﬁﬁd?\e&deés% ﬂh@sﬁ%‘&on‘ﬂ‘ég@td ﬁU;S/mer

rovi des a of preparing a paint conp

accm’r‘ﬁ?‘ﬁé’i‘%féﬁsi‘ﬁfﬁyﬁmﬁnng the step of mxing the pol yner

of the present invention with water. Suitably the

udes the step of addin nent. In a
na Pt aeped bt bEsertib Pl bunroa artr A shportien o
compristng achbabimepraegmding t tas prdégsnveation, he nmet hod conpri si ng
the step of adding the polynmer of the present

Suitably the surfactant is a liquid. However, it can also be a solid.

- In afurther aspect, the present invention provides a method of making a polymer

latex, the method comprising the step of dispersing the polymer of the present

invention in water.

In a further aspect, the present invention provides a method of preparing a paint
composition, the method comprising the. step. of mixing the polymer of the present
invention with water.

Suitably the method includes the step of adding a pigment.

In a further aspect, the present invention provides a method of preparing an
adhesive, the method comprising the step of adding the polymer of the present

invention to water.
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invention to water.In a further aspect, the present
i nvention provides a method of preparing a surfactant
W@ 209p034568 on, the net hod conprising the step oOPCHSG2008/000218
a pol ymer of the present invention to the conposition.
In a further aspect the present invention provides

ﬁ-""ﬁ tﬁl according to the present invention in

Ina ﬁ‘caeSReCti r“’lsﬁ‘?tt'%‘@f‘t"%[b%@ﬂ‘?es%’ﬁéth[@@ ebrrARaring aeaHtfagNt

compositich(as mesdeomprisied aBiepdt Akl @Foupmem%w@&e\ﬂt
on_in.a paint conp03|t| on. In a further aspect,

'“Ye“tr?ﬁ%f"gs%ﬁ‘? $¥8%nt i on provides use of a pol ymer

according to the present invention in a surfactant

o SRIPbA o o b S ol Aoy B sare

presemfiiryentianbn ailaied by renovi ng two hydrogen atons, either

both fromthe sane carbon atom or one from each of
two di fferent carbon atons, of a hydrocarbon conpound
In a fygheragreqt.dhe present fyeatiantpoovides oiss o{ aipdlyser azrbrdingits the
pres(&ﬁmb,ﬁt|oﬁdaap%{ &hgRRYoe aliphatic or alicyclic, and
may be saturated, partially unsaturated, or
fuI I y unsat ur at ed. Thus the term "al kyl ene” incl udes

In a fuRiterabect, |tﬁ§§r@§erﬁ"ﬁ9€ﬁﬂdng&mde§|u§¥ BY4A B4l FI Fmerltebambkyihene.

’ﬁ, di scussed. bel ow. | | es of hear saturated Ci
presgny ingantion)in a § C&”E)El‘ﬁgpqsﬁ'epude but are not linited to,
-(CH2 n- where nis an integer from1l to 7, for
Cherf -CH2- (methylene), -CH2CH2- (ethylene),
- - (propylene), and - CH2CH2CH2CH2-
(butyl ene). Exanpl es of branched saturated

Alkyde: ﬁbkﬁ/wﬁ% %f%ﬂe%6%3 %%E@ﬁateln{gig@d to,

obtaln@_!l(y@p.@yw M@quen atams? eikecheth dlam- the same carbon atom,
or one @bﬁ@dﬁﬁbﬁ@mﬁn carb&Hét@H%C%@ hydrocgﬂ(af;%@ngﬂ%vmg

-from ?po 20 carbon atoms (unless otherwise specufled) wh|ch may be aliphatic or

alicyclic, and which may be saturated, partially unsaturated or fully unsaturated.
Thus, the term "alkylene" includes the sub-classes alkenyléene, alkynylene,

cycloalkylene, etc., discussed below.

Examples of linear saturated C, to C7 alkylene groups include, but are not limited to,
~(CHz)a- where n is an integer from 1 to 7, for example, -CH,- (methylene), -CH.CH,-
(ethylene), -CH.CH,CH;- (propylene), and -CH.CH.CH,CH;- (butylene).

Examples of branchéd saturated C,.salkylene groupsbinclude, but are not limited to,
-CH(CHa)-, -CH(CH3)CHz-, -CH(CH3)CH2CH,-, -CH(CH3)CH2.CH:CH,-,
-CHzCH(CHa)CHz- -CH,CH(CH3)CH.CH.-, -CH(CHzCHs)- -CH(CH2CH3)CH;-, and
-CHCH(CH,CH3)CHo-.

Examples of linear partially unsaturated C1 to C;alkylene groups include, but is not
limited to, -CH=CH- (vinylene), -CH=CH- CHg-, -CH»-CH= CH;-, -CH=CH- CHz-CHz'
-CH=CH-CH,-CH,-CH,-, -CH=CH-CH= =CH-, -CH=CH-CH=CH-CH,-, -CH=CH-
CH=CH-CH,-CH,-, -CH=CH-CH,-CH=CH-, and -CH=CH-CH2-CH2-CH=CH-.
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- CH2CH( CH2CH3) CH2- . Exanpl es of linear partially

unsaturated C to C7 al kyl ene groups include, but is
woetols4s68 ed t o, - CH=CH (Vi nyl ene), -CH=CH CHXCT/$G2008/000218

CH CH2- CH2-, -CH=CH CH2-CH=CH, and -CH=CH CH 2-CH

2- CH=CH . Exanpl es of branched partially unsaturated GCi
ExapleEdrbrindhed pardisl atuR€ddCl&o @H&ylé%ﬂﬁﬁps' ihdideS Butli®

I.—Cé? )& )=C|+-g|2-, and - CHECH- CH( CH3) - .
not ligy %&ég( GRI=GH el e hie=(dalieaped-CH=GHCakdlky | ene

groups include, but are not linmted to, cyclopentylene

. 0., .CYCl opent - -yl .. and cycl ohexyl ene (e.qg.,

exarlef gl §165e S515t5 s o ErsliioaOine ey Sites Tl e
to, cynimpetiyleat ¢elg.Coyctopefi7iad-kigh@nandyelopsxyienel ude, but are

n LI 1€ , cyclopentenylene (e.qg., -
(e'.g'ﬂ%g(?h{e%}'o’téﬁ&é{ﬁgl , 3-ylene), cycl ohexenyl ene (e.qg.,

2-cycl ohexen-1 , 4-yl-ene; 3-cyclohexen-1 ,2-yl ene;

s : Len: I . : e

el e BE I dneqtuftel G ot ¥iins itk b
not lifip@toy cyairpanieaYiens (erdrfosiclegentarr 1 13pdensy eticlohexasylensne
(e.9.f 3-8y0PRRh- Ph-ylenB, FbfciRERIM 1 ,_Q-Méﬂ@,l2,§-c¥dld?ﬂx§36ti<?g‘ﬁ4-3fen§ﬁ

aromati ¢ conpound, which noi éty has tTrom 20 ring
atons (unless otherw se specified). Preferably, each

Arylem}a:lwghéwwgmﬁmn@hé" h@uged_rﬁef&n,@kgﬁiﬁs tolTQBidéritétg NS BbtEREd be
all. carbon, ato as | "carboary e groups"” (e.q.,
by refigvip§ MBS Byt ok flomieRbnal b dbent eoriale gag 5Bk e
of angargrogtic ontripotind) evhich tmdiety Bas frory 3he e riogpatons (friless. , Cs to

ofhert@gsg SPRERART BIRDG0 PR Rlg hldifiBro Plthg Alofe Ot 11 M I ed

ose’'derived ’'fromthe conmpounds discussed above
in regard to carboaryl groups. Alternatively, the ring

The fHgHIBMERYyY boal BEoPB8me! aeém “'t?ar%%atq?%%gu " (5., EMo Cao

"heteroaryl ene groups” (e.dg.

carqaetinedar yi ene) . -

Examples of Cs to Cxarylene groups which do not have ring heterdatoms (i.e.,,Csto
Czo carbéarylene groups) include, but are not limited to, those derived from the
compounds discussed above in regard to carboaryl groups.

Alternatively, the ring atoms may include one or more heteroatoms, as in
‘heteroarylene groups" (e.g., Cs to Cx heteroarylene). '

Examples of Cs to Cz heteroarylene groups include, but are not limited to, those
derived from the compounds discussed above in regard to heteroaryl’groups.'

Arylene-alkylene: The term "arylene-alkylene," as used herein, pertains to a
bidentate moiety comprising an aryléne moiety, -Arylene-, linked to an alkylene

moiety, -Alkylene-, that is, -Arylene-Alkylene-.

Examples of arylene-alkylene groups include, e.g., Cs to Cz aryIéne-C1 to C;
alkylene, such as, for éxample, phenylene-methylene, phenylene-ethylene,
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Exanpl es of C5 to C20 heteroaryl ene groups include,
but are not limted to, those derived fromthe

w@E@opasuses di scussed above in regard to het er op@HBG2008/000218

groups. Aryl ene-al kyl ene: The term "aryl ene-al kyl ene, "

as used herein, pertains to a bidentate noiety

conprising an aryI ene noiety, -Arylene-, linked to an
phermlq@yr%wlq@g, Whenﬁemt@rylene {atheq kriown as phenylene-
vinyreA$)y| ene- Al kyl ene-. Exanpl es of aryl ene-al kyl ene

groups include, e.g., C5 to C20 arylene-C to C7

al kyl ene, such as, for exanple, phenyl ene-nethyl ene,

Alkyl@h@ﬁWléﬁ@e TR lféfﬂnealﬁylarlib%\?nle@@e ad ﬁ@é&/ﬂm&@uﬁ, peMafhs to a

|.ene- et he ene (a
bidel P G AT Ay Tt Sy e inkestio e
moictytAryleaaethat i) ANglene-Asyleteed herein, pertains to a
bi dentate noi ety conprising an al kyI ene noi ety,
-Al kyl ene-, linked to an arylene noiety, -Arylene-,
Exarpies ofi aikylensiakyérergreuusyimahue; e.g E€atopCgalkgéne- Cq to C;

r I ,
aneRe SR 15} hafFe Sl e bRETVIEHE e pismub ipyions:
phenyiene,and reéhq@wengrbmmlenet(aiw lnown gk @imyleper@henylene).
propylenephenylene and et henyl ene- phenyl ene (al so
own as vi nyI ene phenyl ene). Carboxy (carboxylic
Carbﬁ’éﬂ (grboxydic agiglorC ®r (carboxyl ate, carboxylic acid
ester, oxycar bonyl) C( O)(R vvherei n Ris an ester

uent, for exa roup,
Est%éa%swifﬂ@rcamwgﬂacer@é Sy, xzéafgw (ihgTain R s an
estemsubét&memlfgrr exaﬁpie?&ldﬂdllkyggjrﬁlhtga c%mmﬂr@clwfgr@ﬂi @fa gr oups
Imt t
Cond UEHE el 5. D o e CHERE oo
are notiiritsdite, ac=fQ30Calm@K%b)mOeh@wa:@ocng(moshamw)@m
sul fonic acid. Exanpl es include N(R)2-Ri - SO 3H wherein
each Ris H, an al ky! or an aryl, and R is al kylene

Aming sulianjq aqitk a eplpquisFamsising both g arl syforin ecid dpremples
includdMH)i-R:-SOH WAGLInRICR RNs HPAH 4RI BF ah Bnyf aBE RYR aliehB ohas

at | east one ring.
arylene.

Sulfonic acid: -S(=0).-OH

The term “Cyclic” as used herein, pertains to a group which has at least one ring.
Where a cyclic compound has two or more rings, they may be fused (e.g., as in
naphthalene, decalin, etc.), bridged (e.g., as in norbornane, adamantane, etc.), spiro
(e.g.,asin spiro[3.3]héptane), or a combination thereof.. Cyclic groups with one ring
may be referred to as “monocyclic" or "mononuclear,” whereas cyclic groups with two

or more rings may be referred to as "polycyclic" or "polynuclear.”
The term "unsaturated," as used herein, pertains to compoLmds and/or groups which

have at least one carbon-carbon double bond or carbon-carbon triple bond.
Compounds and/or groups may be partially unsaturated or fully unsaturated.
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Where a cyclic conpound has two or nore rings, they
may be fused (e.g., as in naphthal ene, decalin, etc.),
wheoodgedef €. 9., as i n norbormane, adamantane, €ePCI/$G2008/000218
spiro (e.g., as in spiro[3.3]heptane), or a
conbi nation thereof. Cyclic groups with one ring may
be referred to as "nonocyclic" or "nononucl ear, "
whereas cyclic groups with two or nore rings nmay be
Subdtiepty €ed to as "pol ycyclic" or "polynuclear.” The term
"unsaturated,” as used herein, pertains to conmpounds
and/ or groups which have at | east one carbon-carbon

Tﬁe ﬂhmbé wpheraty aubstiatedoas @@éd)ﬁelniah r ﬂ)d@ﬂaﬁ\ts (9% tgrogwmwls
roun unsaturated o r fu
be“n 8?5?39%“ %&5@%P?ﬁ@ﬁ$§ﬁ%ﬁe %hrase "optionally Y

substltut ed," as used herein, pertains to a group

ol RS TS LSl e PR, BSitains 0,

group wbbs beansoael o mare substiuthets e The tepre 'subbtitsertt'ts asert loargin

in th%rﬁ@ntmﬂarsﬁn%dq@fe@{oea cﬁwlén&laﬁ %erﬁ%h?ch J Icqc?va, e%lg] sense

stituent™ 1s used here
attachefhjtoy e ibappransiate, fRedrio alpawot @oyp.whivitle vaset;z ot/@ubeﬁtuerys_

are vl kAGIAE Gnbl thettRs Fdr AL ARIbA LAY infréGRfor iRio @vef??f A own.

A w de variety of substituents are we

.pare’gﬁéo'ﬁétaﬁ’oﬂg" Vel knoWBi r formati on and introduction into

a varlety of parent groups are also well known.
se |isted _above

f sub tjituents include th Sted_above
Sxanpl sy S it eﬁ.aﬁﬂ@-vndwﬁﬁ Berding iefinitngnt s
Typical substitients ﬂle, Br, and -1; -OH, -Owe, -0CEt, -Q(tBu),
E _an_gr -a%]_—,ZPh; -SH, -SMe, -SEt, -S(tBu), and - SCH2Ph;
-OMe, -OFEt, -O(tBu)_, and -OCHxPh;
-SH; '
-SMe, -SEt, -S(tBu), and -SCH:Ph;
-C(=0O)H;
-C(=O)Me, -C(=O)Et, -C(=0)(tBu), and -C(=O)Ph;
-C(=0)OH

-C(=0)OMe, -C(=O)OEt, and -C(=0)O(tBu);

-C(=O)NH,, -C(=O)NHMe, -C(=0O)NMe, and -C(=O)NHEt;

-NHC(= O)Me -NHC(=O)Et, -NHC(=0)Ph, succinimidyl, and maleimidy!;

-NHz, -NHMe, -NHEt, -NH(iPr), -NH(nPr), -NMeg, -NEtz, -N(iPr)z, -N(nPr)s, -N(nBu)
and -N(tBu),;

-CN;

-NO;

-Me, -Et, -nPr, -iPr, -nBu, -tBu;

-CF;, 'CHFz, -CHzF, -CCls, -CBrs, -CH.CH.F, -CH,CHF», and -CH,CFs;

-OCF,, 'OCHFz, -OCHqzF, -OCCls, -OCBr3, -OCH,CH,F, 'OCHzCHFz, and -OCHCF;
-CH20H, -CH.CH:0H, and -CH(OH)CH,OH;

-CHNHz,-CH,CH;NH,, and -CH.CH:NMe,; and

phenyl. '
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-(=0H -C(=0)M, -(=OFEt, -C(=0(tBu), and
-C(=0 Ph; -C(=O OH, -C(=0)0Me, -C(=0O CEt, and
WO gos@p4368 Bu) ; - C(=0) NH2, - C(=0) NHMVe, - C(=0) NMRCERSG208/000218

-C(=O) NHEt ; - NHC(=0) Me, -NHC(=O Et, -NHC(=O) Ph,
succinimdyl, and mal ei mdyl; -NH2, -NHWe, -NHEt,
-NH(i Pr), -NH(nPr), -NMme2, -NEt2, -N(iPr)2, -N(nPr) 2,
-N(nBu)2, and -N(tBu)2; -CN, -NO2; -Me, -Et, -nPr,

Any ondR$r,mor8 Btthe a&;ﬁ@is of @@prese@i‘ﬁ@entibﬁ)ﬁ'@'ge c@ﬁbﬁued w@%ﬁy

and -

- one O'&Sﬁ&?tﬁee@ei %Specf@efs?he@resemcpmmrr S'm@éwmze onfgre

of the f8atP4sFdid opfidiaOidaturdsti? @hl2 6Hhe agibctsChityhd Il&Qd any one

O R W

may apply foessoseridaiheidthavasgecsnin partizular, optidreal ahd préfrod feakures

e B Sl 16 BLEREBhal DA e bt el
and py¢fetredfeattiprscssoaipigd yith appEthoddr use anay atsnappif td diprodadier
and s. Thus, the discussion herein of optional and

- preferred features may apply to sone or all of the
aspects. In particular, optional and preferred

BRIEFERIAMATION OF ThE: Smawiisgat ure of the pol ymer apply
~ to all of the aspects. Furthernore, optional and

preferred features associated with a nmethod or use may
Figurah $Bowpmk YR Efecirufl (eheCholyn?dt@f Bk&fply @1 sa.

Figure 2 shows the TGA curve of the polymer of Example 1; and
Figure 3 shows the swelling curve of the polymer of Example 1

EXAMPLES

Example 1 - Preparation of quaternary ammonium salt of sulfonic acid group
containing polymer

'To an oven dried single neck round bottom flask, poly(maleic anhydride-alt-
- octadecene) (10g), and taurine (3.57g) were added. These two solids were stirred

slowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (100mL) was
added through a syringe and the stirrer speed was increased. Triethylamine (2.89g,
4mL) was then added. The suspension turned light brown immediately after the
addition of tertiary amine. The flask was then fitted with a double surface cohdenser
and a drying tube on top of the condenser. This reaction mixture was heated in an oil
bath at 160°C for 18h.

The reaction flask was then cooled and the DMF solution was added dropwisetoa
beaker containing a large excess of ethyl acetate and stirred well. The solid
separated was allowed to settle. The ethylacetate layer was decanted off and the
solid residue was washed repeatedly with ethyl acetate. Then the beaker was air .

dried to constant weight.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows the
| R spectrum of the polynmer of Exanple 1; Figure 2
Wahwags4she TGA curve of the pol ymer of Exanpl ePQT/SGrids/000218
Figure 3 shows the swelling curve of the polyner of
Exanpl e 1 EXAMPLES Exanple 1 - Preparation of
. quaternary ammoni um salt of sulfonic acid _group
Yield, 5 Gieh RSB ritsPmaiBoraRNY (RofysirFane ataonrigh B sbiRn:dimd
= 10b68; Mvn=f1basds Polyakpersml=f 60.anhydri de- al t oct adecene)
(1Qg), and taurine (3.57g) were added. These two
solids were stirred slowy using a nagnetic stirrer.
IR (KBrycri!:[84d®, raspin\As68) ramegri 2te9 (48vD) 2402 0ATk) 1688514880 ed

et DR S IR IBaEE) AT kiR S B SRR
Spec;nws‘_p(eh Esnhm of the rstgrtmlgmgmndumoly(mm atrgdrydeaélt- er . t :1 tGed
octa%&ghé)g?ﬂ%féé?%@ rg%r %’res%g%tﬂg% @ e tﬁw% %Eyﬁmﬁ@@ (? g’u br'getg%
stretehiig foanhmide cadends i 856Tands1 7r7ea7m"| respegiivetyl NESPM@FN éat ed

' k
the l:{llﬂw}g@dq en Cgﬁ?d@ d}@ﬁhe&@?ﬁﬁe&%&n&%?m -ggﬁ s\fll\'glgﬁlhggﬂgrd S
carbepisp i Geando! 689 seakesPedyAlai ni ng a | arge excess of

ethyl acetate and stirred well. The solid separated
was allowed to settle. The ethylacetate |ayer was

"H-NYBGRGE SGPM): 0L K Tsol BdbY 43 HE), Rd<2 B8t a1 (o)
3.18. B@P@é @fﬂ (), 9istdns ).y NMF?@@% s@ﬁﬁ H& 189akeE g air

to constant wel Per rreatl on
29,3020 GRed U8, ST, St 8 o 4TS, 90 BRI 4T el ot s+ M

= 10563; Mv = 16924; Pol ydispersity = 1.60. IR (KBr)
679 2492,

e e 1Rt o i B Ve

usingl®leenmRag@dot thestrfcidre i S shown in Figure 1.

SO, +N
~)
Thermogravimetric analysis (TGA) (Nitrogen atmosphere; heating rate: 10°C/min):

5% weighf loss at 298°C, 10% weight loss at 336°C and 20% weight loss at 358°C.
The weight loss curve (1) is shown in Flgure 2, and shows weight loss in mg (Y axns)

obtalned directly from the TGA instrument.

The contribution of triethyl amine (TEA) to the polymer is 18.1 wi%. Assuming ihat
the TEA is not strongly bound to the polymer, it would be expected to observe a
higher weight loss at lower temperatureé due to the low boiling point .of TEA (bp
88.8°C). However, this was not observed, indicating that the TEA is strongly bound to
the polymer and does not leave the polymer chain until the degradation of the
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Spectrum (2) is that of the starting material, viz.

pol y(mal ei ¢ anhydri de-al t oct adecene). The | abell ed
WprmRas4568 spectrum (2) are the asymmetric andPCT/SG2008/000218

symetric stretching of anhydride carbonyls, 1856 and

1779 cnr 1 respectively. In spectrum (1), the | abel | ed

eaks are due to the asymetric and symetr
baC@P?%‘R@mSﬁ@ Opgur; ?ﬁedaefmsmtpt@s merkpg a8 200 HigGoisdpat of the
stanrngsrmatal vl yoly(m%wm&)oc%EML 0.8-0.9 (t),

1.3 (b), 1.3-1.4 (t), 2.7-2.8 (b), 3-3.1 (b),

3. 13.3(b), 3.6-3.8 (b), 9.5-9.8 (b). 13C NWR (CDCl 3)

The dqrjbngion &. tfi&hyl latfhlrib, (TER) i tershé.of WeigRiP% 30’ the $Blyrier cah Be 92,

calctded By usin 75, 47.43, 49.38, 50.1, 179.1 . The
0b a"gl with

ser °\'7al ues correl ated well
Wt%bfe'l'cﬁﬁe#{M,*éilofVEAué’@pe&tlemW}edmml ng ChenDraw(r) for

the struy bpqglgglﬁéérggqﬁ%(at | t1r| c analysis (TGA) S0s

troe at nos ng rate: 10C/ m n):
The b@lngrppmt oisE-Anis @@Coﬁmceltbe/@%& yHossd ip obseated3® 81€ ptythe? 0%

only ﬁ@dvg @BO tofh% dﬁyn%_?‘ci;rghe 1 o \f‘ﬁsge]rtnaélo%?r[\&r%ﬁ{ Calf él/ete/

shown ‘I n
stablg, s a'é%trw"ﬁééhaathee%mptyrequ9pﬂvmnererr@msum1@cttrauhfeht The

tempe@Riréd. buti on of triethyl amne (TEA) to the polymer is
18.1 % Assum ng that the TEA is not strongly bound
to the polyner, it would be expected to observe a

Prephnag&mfpwh@hto/bmﬁnatatérmakdaaa}%at ures due to the

The éu%\’&r#aﬂ a'BB@e@\T wﬁtﬂfﬁ’%@ﬁ%ﬂggf?%@"{% QT@:@\F"\{G? st ﬁ 2Iﬂ;' y

(100mg)uafi Exarople 1 equcid;dae to asainme bettlercdntdisiay evateh € Opdl) yiner
samdFJ‘\ﬁésPalMﬂ/ a ﬁ?@ol\%e&/eﬁ%i on of thebackbone_ begi ns to

occur. thernogramthat is narked as 2 in Fig 2 is
t hat of the starting material, viz. poly(nmaleic

A colaur}féxﬁl Edlﬁtﬁm@lfats db@&uﬁéiﬁ?ﬁé‘ﬁ)t of the eongmm \K/ésbbtattdvé’éh &hnd 7. A

amne (T in terns of weight %to the

et
rectalyig ARES BRIP e CoYBreHWIAtS PR SHlIPRBY EaRues SRS o
and tod wateAwas 4iiikatto &'\E‘boiat&nﬁahmbhahttcowmoﬁé A6 18h, the

glass plate was covered with a homogenous, transparent film which was free of

cracks.

Adhesive to bond glass plates
A rectangular glass plate was covered with the above mentioned aqueous
solution. Another glass plate of the same size was placed on top of the aqueous

-_solution and the two slides separated by the layer of aqueous solution were left in a -

fume hood overnight under ambient conditions. The glass plates were bonded
together strongly and also showed birefringence. Indeed, the birefringent nature was
found to be concentration dependent. Glass plates bonded together with a 1 wt%
solution showed birefringence and those bonded together by a 5 wt% solution did
not show birefringence. In both cases the adhesive layer was transparent.

Preparation of transparent film
The quaternary ammonium salt of sulfonic acid group containing polymer
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= {101 .19 / 558.86 }X 100 = 18.1 . The boiling point
of TEA is 88.80 Since the 20 %w |o0oss is observed in

wo beopeisgsrer only above 350 C, the pol yner in pdESGINg00218

of quaternary ammoniumsalt is very stable. This also
inplies that the structure of polymer remains intact

t er Preparati on_of polyne
108t Biamait ToBs eRtet S sasaineld e @a@tn'wl%ﬁmﬁmy
Theemﬂ}melr wes siadwied ad dxssdhfe:xmmplémy gndifofth R c@éﬂ&@lbt@nnﬂ’ne top

poriBiof FECcutigp Wror e e o esa b csnsion Bydpes

additibh evdeplatenl il Ssad Mmdomﬁeerrﬂ4ghMe glss plhmuma{semmembm aon
[ t spl.utiaon between 6.and
100 %(P(Qltc‘gotn%ﬁng'i 8-9%(:1‘_ (ﬁgssanﬁ gﬁlgx@gstragge%rﬁ fra\-:;ﬁ ?tﬂncﬁ%%m
film pvg$ yeparatedfrom rtrmrglap,s Ribrte pavich evaa didkintdried uadel atribientat er
sal lowed to evaporate under anbient conditions.
Ater 18h, the glass plate was covered with a
hormgenous transparent filmwhich was free of cracks.
The'ﬁg)hlﬁﬁty ¥Ethb ﬂlnb%kdtegt'ea%z a@uﬁél@ afudl %Eﬁ&}ﬁ@fékfgéndgi ViS¥ound
| at e” was cover ed ove mentioned aqueous
that §11 frpej séandingfitse ﬁ‘@ﬂd@q’h@ﬁt%ﬂ%ﬁ% of the same size was
pI aced on top of the aqueous sol ution and the two
des: separ ated by the |ayer of ac*ueou_s sol ution were
Eq“'f%’ fum swellingrrefiodn AU "oV ioltien & Ra%r{Swaingretio =(Weight
of svaiiedl pbliaBs- weldit oBdirg polyRledt/ %lg‘i‘ﬁéﬁir}bﬁmﬂﬁ’&? xqeet her
strongly and al so showed birefringence ndeed t he
bi refringent nature was found to be concentration
The chypsitilinef swellisg s qeiozmtzes watsrdeshoivadreFigare avFbheaehl Wt %

Ui h bopnded
repeﬁtfgn {h g&@!&?%’ﬁgaﬁ A) SO %{gﬁ gﬁtﬁlube} 9\ Rnieﬂ‘ﬁﬁ gng ﬂmen dried at
0°0d'|0r %4 h¢u1i§é|'|e0 gepelitiorisoteie omslesNa fdvesssivbangecin lsagling was
tendércWHYbEEWed. This shows that the polymer has a robust structure that can
tolerate repeated swelling and drying without loss of performance.

con

Example 2 - Preparation of guaternary ammonium salt of sulfonic acid group -

containing polymer partly grafted with ethanol amine

To an oven dried single neck round bottom flask, poly(maleic anhydride-
altoctadecene)(3.5g), and taurine (0.63g) were added. These two solids were stirred
slowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (30mL) was
added through a syringe and the stirrer speed was increased. Triethylamine (0.5g,
0.7mL) was then added. The suspension turned light brown immediately after the
addition of tertiary amine. The flask was then fitted with a double surface condenser
and a d'rying tube on top of the condenser. This reaction mixture was heated slowly
in an oil bath. At about 90°C, a clear solution was obtained. Ethanol amine (0.31g,
0.3mL) was added ahd flask was heated to reflux for 18h.

The reaction flask was then cooled and the DMF solution was added dropwise to a

beaker containing a large excess of water. The swollen gel was separated by
filtration, washed repeatedly with water. It was then transferred to a beaker and dried. 4
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Preparation of transparent film The quaternary
ammoni um salt of sulfonic acid group containing
w@odoynerse.00ng) of Exanple 1 was added to a sap@l/eG2008/000218
bottl e containing chloroform (1nm). The pol yner was
all onwed to dissolve conpletely and forma cl ear
solution. The top portion of a rectangular glass plate
was then covered with this solution by dropw se
Yieldddi Gél Germasutiop Carethtdghaphy (RoIpstfrensstamiar® MHEAent) hen =

in a 100m beaker containing
177%\5()@5%&5\@35%%6)(?8' transparent, free

standing, thin filmwas separated fromthe glass plate

RSk ESRE5. ot ALl SRS ey RIE

bendr ng test and it was found that the free standing

S0 D 38 B e gt

3.3-3:05 Wi Y2r0.5d(b). SODIMFE (CIPEH) Brippm): 8| tht3,@b.6dya7. migg/a@r]
29760\%\??\’9%%59%6?@/5901] 4mer) X 100} The reversibility of
el

oni zed water is shown in Figure 3. For
each repetition, the polyner was allowed to reach

| _Themravrnwtr.@gﬂaﬁ)é@ (teﬂﬂr@ﬂ%gh Eﬁﬁbsghér%ﬂ%@at.agpa%% /m

ours. Ten repetitio erse c an e
5% “sr%r&lrtr'q%%@t ?%Geh% WRight legisdBP8Y amth?09% whighklogsai B58°
polyner has a robust structure that can tolerate
eat swel | and drying w thout |oss of
P“*B@&PBP ﬁ%@ba le 2 - Preparation of quaternary
The polyman abtaissl ih erdmsie Rf(@.Bg)ovaacidded tcwaarﬁmabatr@bdrmammg

watch e EnefiBhinet ok Ao HsPeht vaei ety (e "
COlOlawhy,dranelemntg@t\me@’med)( 3.5g), and taurine (0. 639)

wer e added. These two solids were stirred slowy using
a magnetrc strrrer Dry N, N-dr nethylformam de ( DVF)

E ‘ ¢
cont& ﬁ ér MNrthTﬂé ta'ﬁif & ne (0 59,

To an oven dried singte neck round bottom flask, poly(maleic anhydride-
altoctadecene) (3.5 g), and taurine (0.63 g) were added. These two solids were
stirred siowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (30 mL)
was added through'a syringe and the stirrer speed was increased. Triethylamine (0.5
g, 0.7 mL) was then added. The suspension turned light brown tmmediately after the
addition of tertiary amine. The flask was then fitted with a double surface condenser
and a drying tube on top of the condenser. This reaction mixture was heated slowly
in an oil bath. At about 90°C, a clear solution was obtained. Hexyl amine (0.51g,
0.7mL). was added and flask was heated to reflux for 18h.

The reaction flask was then cooled and the DMF solution was added dropwise to a

- beaker containing a large excess of water. The swollen gel was separated by

filtration, washed repeatedly with water. It was then transferred to a beaker and dried. '

26



10

15

20

25

_30

35

0. 7nm.) was then added. The suspension turned |ight

brown i medi ately after the addition of tertiary
wamonas4sdhe flask was then fitted with a doubl eCEsGI008/@00218

condenser and a drying tube on top of the condenser.

This reaction m'xture was heated slowy in an oil

Yi ICE?hh. AI‘P about gg a clear solution was _obtained.
telcr-Renfot! PEATGRYOY @Taé°9’@h3ﬁ€9'yﬁkﬁ§"eaﬂ%ré’d"daﬁé":f?"é%w Was
= 12Beqn vl =t1864% Pbiydispersityt8hs. The reaction flask was then
cool ed and the DWVF sol uti on was added dropwi se to a
beaker containing a | arge excess of water. The swoll en
IR (KBz) crv 848@, (29242863, 71 i 1696 at46v 4081342 01 208p eER7e dd41, -
249 WM th water. It was then transferred to a beaker and
dried.Yield 49. Gel Perneation Chromatography
(Pol ystyrene standard; THF eluent): M = 17783; Mwv =

NGRS EBCRB M RBET SRl o el TohHawi TR ¢ 1041,
2.917.94(b), BHEMNVES (WLDBT-3B (o), 07 (b) oacswm(o(uoua) 5Qpiaby: 8.68,

14.0%,@34312 2%5% 2% G%b%(B 5% ggeﬁw% %4{%&1 é) e Bgi’?; _9@.@9,%;.37:7,3' 65

31.34,8193, 3282,39,53246.7,28, 179. 38, 29.77, 31.93, 35.57,
46.28, 59, 179. Thernogravinetric analysis (TGA)
(Nitrogen atnosphere; heating rate: 10C mn): 5%

Thermggr@wfnqtrmaygus 3, (NIW@meiﬂthphdr@st@aMQ BB 0C CGimih):20%

5% v&@%h@ Ib"s? LOSERe@l 034,5\%@“ |5’§s%‘?%§?°8 a‘?@ 2?6 Qg@g;ﬁ‘tr |o§%aa§§g ecg,‘? o

ynmer obtained in exanp was a
a sarrpl e bottle containing vvater (5m) . The pol yner

p,epmgo,a&ﬂ‘,péq@,dbgsgdgé,sperse in water overnight. A stable,
ess, translucent gel was formed. Exanple 3 -

|
The el @8%505{%' 5 Ibexaipia @ %%&ana@ﬁm tarh seEPle brttia eantaiping

watela(shﬂi) gThelpblyﬁ@ﬂW% AioN@d RO bigpEEe Pavatdrbveinjht. a0stibib,h

colou i F 993 an oven dri ed single neck round bot t om
i R-' %{)‘6’ R IRLIMEF ™Rty dr i deal t oct adecene) (3.5 @),

and taurine (0.63 g) wer e added. These two solids were

Example 4 - Preparation of quaternary ammonium salt of suiphonic acid group
containing polymer partly grafted with hexyl amine and ethanol amine

To an oven dried single ‘neck round bottom flask, poly(maleic anhydride-
altoctadecene) (3.5g), and taurine (0.63g) were added. These two solids weré stirred
slowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (30mL) was
added through a syringe and the stirrer speed was increased. Triethylamine (0.5g,
0.7mL) was then added. The suspenéion turned light brown immediately after the
addition of tertiary amine. The flask was then fitted with a double surface condenser
and a drying tube on top of the condenser. This reaction mixture was heated slowly
in an oil bath. At about 90°C, a clear solution was obtained. Hexyl amine (0.26g,

.0.3mL) and ethanol amine (0.16g, 0.16mL) were added and flask was heated to

reflux for 18h.
The reaction flask was -then cooled and the DMF solution was added dropwise to a

beaker containing a large excess of water. The swollen gel was separated by
filtration, washed repeatedly with water. It was then transferred to a beaker and dried.
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stirred slowy using a magnetic stirrer. Dry
N, N- di net hyl f ormam de (DMF) (30 nL) was added through

wa2@yns4sge and the stirrer speed was i ncreasedPCT/SG2008/000218

Triethylamne (0.5 g, 0.7 nL) was then added. The
suspension turned light brown i mediately after the
addition of tertiary amne. The flask was then fitted
with a doubl e surface condenser and a drying tube on
Yielt §8goGelt Feemeativdelts@natodraply/ (Pelystlicaa stahadrdy BHRi\elgerite #tned
_ ) _ i o _At, about 900C, a clear solution
_13\?/32’\«(/') t“a%)'r?g%l.%f??&%#@(o. 51 g, 0.7m) was added
and flask was heated to reflux for 18h. __The reaction
Bk t 5129 5&3 afshst Nes7OV led
R (gr@%'\lf'vi \é%%ts’o a bea é?ﬁgbﬁbgi’ E%ng aoq?g%éféhg&éﬁ%’zgg
wat er. The swollen gel was separated by filtration, ;
H-NIRY (90 24l96-0'6 1) 192, 2 Bobipnsherse
to a be@%grselggg égrq,\%gm(:%gibsl’. %34 I(ﬁ’%ér]mtgéa gn
(b), Shrohdd).FF-2Q b)Y BOINMR (CREI) S{ppmii 868, 1416F 1411662252, M

= X g 9; (BAY{e 1A ol 7 | ry cm
227y2050 B o 3t 0k S A REL T o 2 S
35.54p4816.1177, 1041, 749. 1H NWVR (CDCI3) d (ppm:
0.61-0.65 (t), 0.9-1.1 (b), 1.09-1.13 (t),b2.552.769 A
b .912.94(b), 3.15-3.25 (b), 3.7-3.8 . 9.7-9.
T“e{"t#ffavzmi.wl%é)d&ﬁé) <fﬁff<(q@ﬁrﬁr!('°%>he@,: hegding ,(te:)ﬂ@?q{min): ,
5% #lghidoss 22289 C, 26% WighRibsHH, 3388 ¥d 2329 whight BS aB6149. 5,
29.69, 29.77, 3 1.34, -3 1.53, 33.82, 35.53, 46. 2,48,
179. Thernogravinetric analysis (TGA) (N trogen
Prepatatios pheater baseatgehg rate: 10C/ min): 5% wei ght | oss at
9 ' U 9 ' at
The EG5er Rl ShimnB 3o Sy e el SN B IR oo
wates (i) nEre Ralymesr avas|adovged to dbgprsadswatdteusrnight A stabip) e
coloffelss,InfilkG WAk o vk el (5nl ). The pol ynmer was
allowed to disperse in water overnight. A stable,
colourless, mlky white gel was forned.

Example 5 - Preparation ofguaternary ammonium sait of sulfonic acid aroup

' containing polymer partly crosslinked with hexamethylene diamine

To an oven 'dried single neck round bottom flask, poly(maleic anhydride-
altoctadecene) (3.5g), and taurine (0.63g) were added. These two solids were stirred
slowly using a magnetic stirrer. Dry N,N-dimethylformamide (DMF) (30mL) was
added through a syringe and the stirrer speed was increased. Triethylamine (0.5g,
0.7mL) was then added. The suspension turned light brown immediately after the
addition of tertiary amine. The flask was then fitted with a double surface condenser

' and a drying tube on top of the condenser. This reaction mixture was heated sloWIy

in an oil bath. At about 90°C, a clear solution was obtained. Hexamethylene diamine
(0.23g) was added and the flask was heated to reflux for 18h. ’

The reaction flask was then cooled and the DMF solution was added dropwi-se toa

beaker containing a large excess of ethyl acetate and stirred well. The solid
separated was allowed to seitle. The ethylacetate layer was decanted off and the
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Exanpl e 4 - Preparation of quaternary ammoni um salt of
sui phoni ¢ acid group containing polyner partly grafted

wowd/1hssy | am ne and et hanol amine To an ovenpdr/s€zh08/000218

singl e neck round bottom flask, poly(maleic’

anhydri deal t oct adecene) (3.5g), and taurine (O. 639)
were stirred IOV\A S|ng

were added. These sol i d

soidBsGudBEF Yogedisatetf e afsiebriendh

dried BQ@ubjtanageigtdded t hrough a syringe and the str rrer
speed was increased. Triethylamne (0.5g, 0.7nL) was
t hen added. The suspension turned |ight brown

Yield gfedbelRermeaibo Ehromatogaalstiyt(Polpstprnd standaad; \H&TEIwent): Whe

JdSbﬁ%“%ﬁé’%l EI'SIBJFQQI vvr'gh a doubl e surface condenser
‘ Thi s

and a dryi ng e on"top of the condenser.

reaction mxture was heated slowmy in an oil bath. At
IR r@eh éHh %@?29@40286§r17$§|+6‘9 Ofy b0 ”ﬁ?ﬁy m ne

( P and et hang1 gﬁrﬂ%‘gg(% Yﬁ% 1’ Zﬁ

vvere added and flask was heated to reflux for 18h. The

1H. Nm@:tdcﬂﬁ af(ﬂgﬂrg K0.¥8D. stsftsfh ?903 @:}’ 1244 e Ak (b°')°‘3, %H' 635‘

W se beaker cont ai I ning

- 31 %&6@5%6'@1‘3 \hhtgéi5 9.8 H’é} ‘MMFEWQ%&) sm)s%aﬂaﬂ@dzwg

29.38) dol 76281 08, 34WSBLAy ueRRAiAALY W th water. |t was then
' transferred to a beaker and dried.Yield 3.8g. Gel

Per meat i on Chr onat ography (Pol ystyrene standard; THF
Ther&iogr&ﬂliﬁetnd\é'haﬁsré@'ﬁ@ﬂ) (NMMgen athRg heremeﬁﬂhgsr@ﬁ! 3040/mm 1. 6.

. 1, 1698, 146
5% W 1025 S0 150 Rughtloes o 30 et v igssit @gm
0.86-0.9 (t), 1.2-1.3 (b), 1.34-1.38 (t), 2.6-2.9 (b),
9 (b), 9.9-10.1 (b). 13C NMR
P'ep%@%?%é”éofg’)basgggeg 66( M 02, 14. 13( b 52, 22.7,
The patyraey obfamegidn exegniel5 (RBg) MBS a@ge@@ a %pﬂielbqtt@@m?ammg
wate? mYJ Th'é pBIyﬁ%r ﬁéal%edquéa%rséﬁg\% rov@rn&@t A stable,

ernmogravinmetric analysis I troden atnDsphere;

'°°'°Lﬁ'é%& |tfﬁgS'F%?r‘ége'r'@€qu1ﬁ9 5% wei ght | oss at 293C, 10%

wei ght |loss at 339C and 20% wei ght | oss at 361 0C.

Equilibrium swelling ratio in deionized water = 357%
Equilibrium swelling ratio in 0.9 wt% NaCl solution = 37%.

Example 6 — Paint composition

The polymer of Example 1 was added tb a paint composition and the contact angle of
the exterior surface of the resulting painf composition (when dried) was measured
(with water by a static method using a goniometer). The paint composition containing
the polymer additive had a contact angle of 65.03°. A similar measurement made
using an identical paint composition, except for the absence of the polymer, had a
contact angle of 77°. Thus, the polyrner lowered significantly the contact angle.
Furthermore, the polymer was fully compatible with the paint composition, as
indicated by the smoothness of the finished coating. The paint composition was an
exterior wall coating made up of water based emulsion containing latex and inorganic

particles.

Comparative Example 1
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Preparati on of water based gel The polynmer obtained in

exanple 4 (0.5g) was added to a sanple bottle
w@onbas4sssng water (5m ). The pol ynmer was al | oredS¢mos/000218

di sperse in water overnight. A stable, colourless,

m'Iky white gel was forned. Exanple 5 - Preparation

AT BAAR I 2oy 2

disphsrd inetqoydusradkati isalofioreat Towdhcancentralioh add shstghte a‘gmls

- leic .. ; .
ot A A sk PR BB IBL B Samerapasippseenlivis )
chloggéeren ascdivent. Mibethecasemna tilni foratien eas bbserest. sl owl y usi ng -
a magnetic stirrer. Dry N, N-di net hyl f or mam de ( DVF)

-(SOqL)- was added through a syringe and the stirrer
reased. Triethylamne (0.5g, 0.7m _) was

An aliag Bal%*%@F}(maTQ@ aﬁ’ﬁ&%ﬂ@@éli Qaadéééﬁ@)dwhlbﬂ b Eﬁ}‘m maten%lh

i mredi ately a ion of tertiar

for examRig 1ypas Rrﬂaﬁeq' ?@q @%Pewtq watar dbe rseitantsphd @1 efrRpeAYR

and MAGMageRbYS With the REILI iRy wrtdiBogmrdenser . This
reaction mxture was heated sl OV\Ay in an oil bath. At

about 900C, a clear solution was obtai ned.

ComplerativeefExapipi@ di am ne (0. 239) was added and the fl ask

fl ti fl
Poiy E5 IEBEF Ha® Sudetn Wotstr e Palie et oS 336 BReP 3B o t o
mhoraomuethrwawmum saitlisg davmge serisrgiohieret hyl acet at e

and stirred well. The solid separated was allowed to
settle. The ethylacetate | ayer was decanted off and
Compargtive Bx@ampled due was washed repeatedly with ethyl

Poly(&lh?lt eﬂ&oﬁol{(WB@é‘dJe@Qo e el"he"ﬁ@s%lté‘r’mtrsoﬂﬁlbﬁ dak QPQQB % gnt

¢ g E‘i‘%‘e ‘g Per neat i on. Chr ona P
rec a{’% \alqsg slide- Agpthp o%l?%f P'ait‘ﬁPf the S@RE pize was-plapgd on top ofe=
layer2® aquisous Sealitidianp esfsin ayfurme hod ovleRuéH{Bh&ieerﬁlBlent Sértfions.

8 7 9, 1465, 1403 79, 1041
The %%%Ablai%i \ﬁﬁ%ﬁb Ef%a tg?g}ge (?’ﬁ'q'?n tansggregﬂ g@n(m% )an%i fisperped
partiglgs)werg Oasel\leﬂ tiinopghdit ﬂ‘}eZJOBde(dJQurfaGe Biditatify the formation of
inhomogeneous adhesive layer.
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3.1-3.3 (b), 3.6-3.8 (b), 9.65-9.8 (b). 13C NWR
(CDCI3) d (ppm: 8.72, 14.12, 22.69, 29.38, 29.76, 3
wd208/154348 02, 35.47, 46.28, 179.4. Ther nogravi PeL/SGIN08/000218
anal ysis (TG) (N trogen atnosphere; heating rate:
10C/ mn): 5% weight |oss at 2830C, 10% wei ght | oss at
3300C and 20% wei ght | oss at 360C. Preparation of
wat er based gel The pol yner obtained in exanple 5
CLAIMS. 5g) was added to a sanple bottle containing water
(5m _). The polyner was allowed to disperse in water
overnight. A stable, colourless, translucent gel was
1. f dvpriyinerfiquing rdpeating usike tomprigingad éyolid imiddesutboriz agd wat er

5 accorﬁingw%%ﬁﬂl giylibriumswelling ratio in 0.9 w % NaCl
SO
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tron = 37% Exanple 6 - Paint conposition The
pol yner of Exanple 1 was added to a paint conposition

and the contact angle he exterior surface of the
resulting paint conp | t| o (when dried) was measured
(with water by a sta od using a gonioneter).
The paint conpositio cont i ning the polynmer additive
had a contact angl eO06f A sim | ar neasurenent

the absence of the polyner, had a contact angle of 77.
Thus, the polyner |ower significantly the contact
angl e. Furthernore, the polymer was fully conpatible
with the paint conposition, as indicated by the

wheregm¥ atth Mess saléctédie férmarsdpidnallyatubstiuted dyeligiadidd; and Rs is
elolysele wal | coating made up of

aS-u'fwat er@%&ﬁt?ﬂmm @%%‘3%‘5%'] a{ ning | atex and i norganic
particles. Conparative Exanple 1Poly(maleic

2. aﬁl'bl&%’ie?‘ﬁaﬁ‘)'raln&%tc%‘ﬂﬁqe\nﬁéreﬁttlh@ L};% (ﬁgrﬁdd% Pﬁ& g&igal for

|sperse INn. ag ution at

acw@mioo}&%#% LAG1eERAN RidUEtal @ PO(ls aghydyigle) and an

amino sulfonic acid.

made using an identi cal &w nt conposition, except for

3. A polymer according to claim 2, wherein the cyclic anhydride is selected from
alicyclic and aromatic anhydrides.

4, A polymer according to claim 3, wherein the cyclic anhydride is maleic
anhydride.
5. A polymer according to any one of claims 2 to 4, wherein the amino sulfonic

acid is NHz-R4-SOsH, wherein R; is selected from optionally substituted C+ to C1o
alkylene and Cs to Cy arylene.

6. A polymer according to claim 5, wherein the amino sulfonic acid is selected
from taurine (2-aminoethanesulfonic acid) and metanilic acid (3-
aminobenzenesulfonic acid).

7. A polymer according to any one of the preceding claims, wherein Rs is a
sulfonic acid salt and the salt is selected from a quaternary ammonium salt and an

‘alkali metal salt.
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plate. A simlar test was done using poly(maleic
anhydri de-al t-octadecene) with chlorof ormas sol vent.

WO poobas43egases no filmformati on was obser ved. PCT/SG2008/000218

Conparative Exanple 2 An alkali salt of poly(naleic
anhydri de-al t-.oct adecene), which is the starting
material for exanple 1, was prepared and added to
wat er. The resultant solution was opaque and

8. i nAqelygenaecmrding to anfiene bisthd pecsditg ¢laimg, wioewainaf addition

to thgg}a}ef%&{m(fr@ﬂ?mﬁg%kl\éo%}c@%ﬁq%lﬁ}s%cg Ok @/ goﬂ% mr/g@é g%e q&&ey%r

compiigesivpitfedriived fwmiat lepst WB§1W|EBICB|MQDISamgitQii!mmmﬁerS\NO| | en
pol ynmer. Conparative Exanple 4 Pol yvinyl alcohol) was
added to water. The resultant solution was applied to

9 a Aé’@b’m‘?geﬁcafd'@ tastain Bj weereipgaeef theyttdeast pheetbyleticalifie

unsFERIFoABMBAS sBleaes %o‘éﬁeﬁo‘éﬁtlﬂforﬁ Qﬁer{ea(}ﬂﬁe"fer%ly @fﬂlVI%F?éJS
solution and left in a fune "hood overni

PropylaRe-QRtadeesRE) Fﬁvb‘ﬁ@ viny gyiRligiog apd gpeia) ?aée(ﬁ)dﬁ@&jablv

metHyD@ethb&ylaiel isob0Rhe] Vi p @frfénécrﬂ&ilﬂﬁifér ViIAP@h@gP SRRy lic
dpartl cles were obser vedﬂt hr ou ut theﬂbonded su?'?)é\ce

indicating the formation of i nhom)geneous adhesi ve
| ayer. CLAIMS 1. A polynmer having repeating units

10- 7 oRBabReEkeRER afy bR Shitec e Y B oa A fme?

Com@ﬂ@?’ﬁonal |y substituted cyclic imdo; and Rs is a
sul foni c acid-containing group or salt thereof. 2. A
mer according to claim1, wherein the cyclic imdo
(1)586? ¥Q9r{? nigeceprdivain ermegadlo fornula | is the reaction
product of a poly(cyclic anhydride) and an am no
sul foni c acid.

SOH

wherein R; is selected from optionally substituted C, to C1o alkylene and Cs to Cx
arylene, or a salt thereof; and

(2) 0 to 50% units derived from at least one ethyienically unsaturated monomer.

11. A polymer according to claim 10, comprising units according to formula Il
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3. A polynmer according to claim2, wherein the cyclic
anhydride is selected fromalicyclic and aromatic
waevydsdsees. 4. A pol ynmer according to clai m 3pCTbe2088/000218
the cyclic anhydride is maleic anhydride. 5. A pol yner
according to any one of clains 2 to 4, wherein the
amno sulfonic acid is NH2-RrSO 3H, wherein R is
sel ected from optional IRs syBstituted G toG O
al kyl ene and C to C20 ar 6. A polyner according
to claim5, wherein thefamno sulfonic acid is
sel ected fromtaun (2- am noet hanesul foni ¢ aci d) and
nmetanilic acid (3- ﬁ;enesulfonic acid). 7. A
pol ymer according t e of the preceding clains,
wherein Rs is a s ofNc acid salt and the salt is
sel ected froma quateréary anmoni um salt and an al kal
netal salt.8. A polyne 1accord|ng to any one of the
precedi ng cl ai ns, mher§ ddition to the units
conprising imdo sul f oRP 3groups according to
formula I, the polyner co rlse3|un|ts derived from at
| east one ethylenically unsaturated nmononer. 9. A
pol ymer according to claim8, wherein each of the at
whergipast one et hyl enical ly unsaturated nonomer is
sel ect ed independently from al kene (preferably .
et hyl ene, ene, octadecene), styrene, vin
Riis 6‘??‘?‘%‘# frem ﬁet'%ﬁﬁ/v ubBltupd & yo Qtoead'@')ene sr\@ﬁetoacbb 9FYK’QPJhyI
each Mg Ishfciddatdbendch\PH B PandVd Mhalg)éﬁbsﬂl'nﬂ&j Ci11t0Cyo alkyl
nd acrylonitrile, vinyl chlori acrylic acid. A
an pol ymer according to any one of the preceding clalns,
Rs andifz iaed selddiel ipddpgnentlg oI aes ogtichhllyalibétutdd B Yoy, t S

alkyl,%%?ooég iaFW, p"yProIfcj‘?nryr,r"&lar%o>|(yI and ester.

12. A polymer according to claim 11, wherein Rs and R, are selected
independently from H and optionally substituted C+ to Cy alkyi

13. A ponmer'according to claim 12, wherein Rs and R, are selected
independently from H and optionally substituted C1o to Cx alky!

14. A polymer according to claim 13, wherein R; and R, are selected
independently from H and optionally substituted C1s to C1g alkyl.

15. A polymer according to claim 14, wherein Rs and R, are selected
independently from H and optionally substituted C4s to Cis alkyl.

16. A polymer according to clain'i 16, wherein Rs is H and R4 is hexadecyl.

17." A polymer according to any one of claims. 11 to 16, wherein R, is selected
from optionally substituted C, to Cs alkylene and Cs to Css arylene.

18. A polymer according to claim 17, wherein Ry is selected from optionally
substituted C; to C, alkylene and Cs to C1o arylene.
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SBH wherein R is selected fromoptionally
substituted G to G o al kylene and C5 to C20 aryl ene,

W@ro0g/18668 t hereof; and (2) 0 to 50% units derP@EEGIN08N0218

at | east one ethylenically unsaturated nononer. 11. A
pol ynmer according to claim10, conprising units
according to fornulawherein Ri is selected from
optionally substituted G to GO0 alkylene and C5 to

19. C28 paiyy\bemprdﬁ@dh clein 18, V\Ehefea'clt-‘{eisl selacteg énmieptidnallf r om H

SubSEf;}?eo%’ttbené‘i |¥I’&fsé%§55t5 % to GO alkyl: and R3 and

are se epend fromH and opti onal Iy
substituted G to C3o0 al kyI Cto C20 aryl,

20. PYA 'lelyingll é}:}ébrdl % P@?ﬁ% @\?ﬁe%ﬂ ]Y lfgéhgctg%gr‘ﬂ ne and

according to al m1l erein sel ected
phenyleaependent | y from H and optional ly substituted G to
C20 al kyl 13. A polyner according to claim 12, wherein
R3 and R4 are sel ected independently fromH and
1. opt POMRPT 3rcQigingtte ey e A claims 1lg 29) whereinpachiRpls| yer
selecﬁ@ﬂnﬁﬁ@eﬂ@brﬁl? fromaH Bhd SptionkIRIsabdlitUte e ddairfie sel ected
i ndependently from H and optionally substituted Cl5 to
C 8 al kyl. 15. A polyner according to claim 14,
22. whepelymeRR:canithg Ré-claime2 5 @lheeireshch rmammmﬁhqepénmmy-l
. It ot C5to CG8 alkyl. 16. A
from@ln%d E&rgag Lu%lt't?fgve%féd ‘é#&?‘g‘{'m, wherein R3 is H and R4
is hexadecyl 17. A polymer according to any one of.

23. cl @b&?méﬂactz&d%@ fo %ﬁ{ % %halelrf e%é:ﬁ@{ Esc'{e‘?é%té‘drl pggdeingy 15

opt i onall ene an
from ﬁ'r"’}ﬂd@rﬁ’@“ Bsuqﬁ(t'ﬁb'iﬁdﬁré? Cagldr ding to claim 17, wherein
R is selectedfromoptlonally substltutedO to 4

lo‘b lene and C5.to ene. 19 | ymer accordi ng
4. ¢ S EPTThAERordR L @?'H‘ %a Whéreg'e%a@mef ﬁ%ﬁﬁdqupsmnm

from H and ethyl.
25. A polymer accdrding to claim 24, wherein each Rz is ethyl.
26. A polymer according to any one of claims 11 to 25, wherein in addition to

units according to formula lll, the polymer also comprises units according to formula
\% '

R, R,
: 0]
o
' Rs v

wherein.Rs is selected from optionally substituted C; to Cio alkyl and Cs to Cy aryl;

and
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Ry Ra Ry Ry
‘ N O o]
O | N N
R o | 0" ]
. _ R

substituted C2 to C4 al kylene and C5 to C8 aryl ene.
20. A polynmer according to claim19, wherein R is
W@ 00eas4s68 f r om et hyl ene and phenylene. 2 1. A POI/§Gm08/000218
according to any one of clainms 11 to 20, wherein each
R2 is selected independently fromH and optionally

St . 1 0.al kyl . A pol ymer according
Ro a@cﬁ%%%%#é%f&'%@roﬁeﬁf g‘g' 2&2% 5 sel ected
i ndependently fromH and optionally substituted G to
: . : ' reeli. erein
27. ¢ A EReractug PORHE, WAGRAIIRIT Soiodftih Bhdhauy'”
subsi@ptef 6nia Caalilibstituted G to C3 al kyl. 24. A pol yner
according to claim23, wherein each R2 is sel ected
~independently fromH and ethyl. 25. A Pol ynmer
28. RN RCEHTRD 4 PRIIR7, Wherewi s ivsriertemdirom agingyand 26. A
hydrﬁl'sﬁﬂﬁﬁuté@@?fo%%yﬁ.o any one of claims 11 to 25,
erein in addition to units according to formula II1,
t he polyner also conprises units according to fornula
29. | VA pungiietiabedrBing $o Same® aHerbindni®©E) apal | y substi t ut ed
C to Co alkyl and C5 to C20 aryl; andFt3 and R4 are
as defined in any one of clains 2 to 16. 27. A polyner
30. adquryhergctadiog & claid®9, wheeiri R ifseléctedsiedre aégtaid om
: ' LIy substituted Cto C8 al kyl. 28. A polyner
hexaﬁ%&%’?@?’ﬁg to claim27, wherein R5 is selected from
~am ne and hydroxyl substituted C2 to C8 alkyl. 29. A
 pal di 0 4l alm. , ej ' yl .
1. EIPTRerBECRAR) i 0, S gl Bk Ro e Al
sel ected from hexyl and

32. A polymer according to claim 31, wherein Rs is ethylalcohol.

33. A polymer according to claim 26, wherein Rs is selected from hexyl,

hexamethylamine and ethylalcohol.

34. A polymer according to any one of claims 11 to 33, wherein the polymer

comprises units according to formulae Ill, IV and V

1

|
SO;*N(Ry);
H

l
Ry .
i ‘ v Y

wherein

R is as defined in any one of the preceding claims;
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hexanet hyl am ne. 3 1. A polyner according to claim 30,

wherein R5 is optionally substituted C2 al kyl. 32. A
w@olognerseaccording to claim3 1, wherein R5 i SPCT/SG2008/000218

et hyl al cohol. 33. A polyner according to claim 26,

wherein R5 is selected from hexyl, hexanethyl am ne and

r accordi to any one o
cacfl i hEhs R IRboepleoy b AT I 760 BLPSpia i ol e
Rs 8@d<i?erada sefpcted ifdepemndeady from,thd défiations\of IRY inamheneef olaiis | s
ostgdgzdefined in any one of the preceding cl ai ms; each R3

and R4 is independently as defined in any one of the
preceding clainms; and R5 and R6 are sel ected

35.1n Wﬁééddl 3(,{ @'Hélrh%4d\ﬁfuérglintﬁsgﬂ§|? %e%ﬁ‘fe?é'ht any one of

clainms 26 to 3 ymer “according to claim 34,
wherein R5 and R6are dlfferent 36. A pol yner

36. ac Nﬁ'ogﬂnfé@ ab@rdi b Bladft 38Tor Sl 58, %ere‘M‘tﬁé Shits 5J&Srdh'ﬁ't$ S of

¢ %éﬁ to formula |1l are present, as a 9% of
ormliizd’! @i R Se”l" RS 3ne Sﬁﬂh?ftth%P“'tﬁt'“la@&gPUBW@t lgast 5R/°pol yrrer
according to any one of clains 34 to 36, wherein the
rati o of un f formula 111 to e tot
7. Lne0Bier #pirnada anGoliafpins shfo da fuptiThggatogt uns
of fopmjalgﬁ'eﬂotlm:mtal nlimiger obunitsadf forBidlae WheniceV s dtheast &t i o i s at
| east 5. 39. A polyner according to claim 38, wherein
the ratio is at least 10. 40. A polynmer according to
38. an4 polyanepdiccotdiriorte claim 69, Wissreinterraiiois ehieagd. y mer
consi sts essenti aI | y of units according to fornul ae
11, 1V and V. ol ymer according to any one of
39. thd PBW@@é%HCﬁ@"@tapﬁﬁn 33nuhasein theratiqis y/least 10s
crosslinked.

40. A polymer according to any one of claims 34 to 39, wherein the polymer

consists essentially of units according to formulae lil, IV and V.

41, A polymer according to any one of the preceding claims, wherein the polymer

is crosslinked.

42, A polymer according to claim 41, wherein the polymer comprises crosslinking

groups according to formula VI

Vi

o

o)

O

whereln Ry is selected from optionally substituted C, to C, alkylene and Cs to Cxo
arylene



10

15

20

25

30

35

42. A polyner according to claim4 1, wherein the
pol ymer conprises crosslinking groups according to
wo ooooab&68/1 wherein R7 is selected from opti oned1/§G2008/000218
substituted G to C o al kylene and C5 to C20
aryl ene. 43. A polyner according to claim4 1 or claim
42, E 0 i nki i re than
4. 5oy P eF ki RAR R Bl RS Wh R ggrbgp™ © 11
CrOSplrré(tﬂG@H mgmetedhas50%her ei n t he nol ecul ar wei ght of the
polymer is in the range of 1000 to 1, 000,000. 45. A
pol ynmer according to claim 44, V\herel n the nol ecul ar
44. e AgRYMSS aedeedingioyneene of theprepedinglymsorhesegnthet o
mo:e%gbam@?m% the'bdRfef A tr?eqsﬁgedafﬁaoé R £6),§045, wherein
ecul ar’ wei ght of the polyner 1s 1n the range of
10,000 to 50, 000. 47. A net hod of formng a pol yner

45, comblymengccbmwgetb%rmm whefdin th@@6d1bdithr deRBt ot/ Sdlyrfer
q b with an amno sulfonic acid to form

is m%%me{ﬁ& Q1A% M% acid). 48. A method according to
claim 47, vvherei n the poly(cyclic anhydride) is a co
po S|n units deri ed fro i l.eic

6. DR EFaE SEREHR Bty uSfEin b8 iR elosf Ry Soymer

is mmgaIDgﬂeiﬂemomme. 49. A nethod according to claim
48, wherein the co-polyner is selected from
pol y(mal ei ¢ anhydri de-alt-octadecene), poly(naleic-

47. anfynsthodeof frmingza- pellysfer admprisiigtheratepiof .
anhydride-alt-1-tetradecene) and poly(maleic

anhydri de-al t - i sobut ene 50. A nmethod according to

ant)) Baetingra pelyrypiic annygde) with g aricsUTRRIC A0 FROERII f oni ¢

poly(@ﬂddsulﬁ:.nlé?a@@)l n a sub-stoichionetric amount such .t hat
not all of the cyclic anhydride is converted to an
imdo sulfonic acid in step (1), and the nethod

48. | metted acbardimy épclaifn 47, wherein the poly(cyclic anhydride) is a co-

polymer comprising units derived from (i) maleic anhydride and (ii) at least one

ethyleniéally unsaturated monomer.

49. A method according to claim 48, wherein the co-polymer is selected from
poly(maleic anhydride-alt-octadecene), poly(maleic anhydride-alt-oc-olefin),
poly(maleic anhydride-alt-1-tetradecene) and poly(maleic anhydride-alt-isobutene).

50. A method according to any one of claims 47 to 49, wherein the amino sulfonic
acid is used in a sub-stoichiometric amount such that not all of the cyclic anhydride is
converted to an imido sulfonic acid in step (1), and the method includes the step of

(2) reacting the poly(cyclic anhydride) with a primary amine.
51. A method according to any one of claims 47 to 50, wherein the method
includes the step of adding a tertiary amine to the reaction product of step (1) or step

(2) to form a quaternary ammonium salt

52, A method according to any one of claims 47 to 51, wherein the reaction
temperature of step (1) is in the range of room temperature to 200°C.
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(2) reacting the poly(cyclic anhydride) with a primary
amne. 5 1. A nethod according to any one of clains 47
WQ®0050545Wher ein the nmethod includes the step oOPCHSG0M8000218
a tertiary amne to the reaction product of step (1)
or step (2) to forma quaternary amoniumsalt 52. A
nmet hod according to any one of clains 47 to 5 1,
wherein the reaction tenperature of step (1) is in the
53. r afdeetaed acseringderplainu®a) miretain the OerctigBtemperatdra ofistep (1)
is inALARGH B& th9s@lcal m 52, wherein the reaction
" tenperature of step (1) is in the range 60 to 1800C.
54. A nethod according to any one of clainms 47 to 53,
54. \Amrneétﬁbd é&ofdﬁﬁ@% B orfRCet Ylafnd 47 @ 53 MR tﬁepfe‘ébﬂc?n
A nmet hod according to any one of clains
°°°“457'”taod"391arW'Féf"ﬁerithe reaction occurs in a high
boili ng point polar solvent. 56. A nethod according to

cl |m54 or _cl ai m 55 vent, i s sel ected
5. ¢ BT SHenBr Ry T ehainsieaas 1 R fasrapine Batin de
occuahid aNhighebdilinlg point paari sdoveet. 57. A pol ymer forned by the

nmet hod of any one of clains 47 to 56. 58. A | atex

conpri sing a polyner according to any one of claims 1
56. t oA athechcsFrding Yo claimped ortclaio iBposhereio thecsnivent isiseigctad
from%“%&h@q&ﬁ{amld@gm@dlm &,eeté#u ELA REnetnyi g?/ﬁlrﬁldeﬂg 57.

hesi ve conprising a po yner accor
one of clains 1 to 46 and 57. 6 1. A surfactant

57. CONBOgkt RFmELEIhE Fefibddf B YHEES cRik®hAiodE. t 0 any one
of claims 1 to 46 and 57. 62. A surfactant conposition

according to claim6 1, wherein the surfactant is a
58. | i Aytdtek comprising a polymer according to any one of claims 1 to 46 and 57.

59. A paint composition comprising a polymer according to any one of claims 1 to

- 46 and 57.

60. An adhesive comprising a polymer according to any one of claims 1 to 46 and
57. |

61. - A surfactant composition comprising a polymer according to any one of
claims 1 to 46 and 57.

62. A surfactant composition according to claim 61, wherein the surfactantis a

liquid.

63. A surfactant composition according to claim 61, wherein the surfactant is a

solid.

64. A method of making a polymer latex, the method comprising the step of

dispersihg the polymer of any one of claims 1 to 46 and 57 in water.
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63. A surfactant conposition according to claimé6 1,
wherein the surfactant is a solid. 64. A nmethod of

woradoonsgises pol yner | atex, the method conpri si ngpeeGED&P00218
of dispersing the polynmer of any one of clains 1 to 46
and 57 in water.65. A nethod of preparing a paint

o5 CORRARbY ot IRatn GRS, B i B
mixinggpepolye of aphener@f ¢laiee botoraNdtsd véihyvaiefe of clains 1

to 46 and 57, wherein the nethod includes the step of
a pignent. 67. A nmethod of preparing an

ddi
66. gd‘h'@g\%% acqoFingyiorany @ne Shprimg i1 ig 46 ped §£é’ﬁ"e€ﬁ““ Bamepdt he

5  includeltiésep 6f acalty s0femedt. claims 1 to 46 and 57 to water.
68. A nethod of preparing a surfactant conposition,

the nmet hod conprising the step of addi ng a pol yner
67. adcmetiotgf grepaming adz@hedives thainBihod dompfiSing fié Steb df@ddihg

e TR Sehi O olfropes e e oM P WBrex. 70, e of a

pol ynmer according to any one of clains 1 to 46 and 57

' [ i ] it 7 0 -

0 oo, |\ Aol i GRRGS A hm Lppo B R RBfone v
step @@ﬂﬁig@p@nwl'ngbmgjimg torany one of claims 1 to 46 and 57 to the
composition.

69. - Use of a polymer according to any one of claims 1 to 46 and 57 in a latex.

15
70. 'Useofa polymer according to any one of claims 1to 46.and 57 in a paiht
composition.
71. Use of a polymer according to any one of claims 1 to 46 and 57 in a

20  surfactant composition.
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