COPOLYMER, COWPCSI TI ON AND METHOD FOR MODI FYI NG RHEOLOGY CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application clains the benefit of, and
priority woemz/dsmissed States Provisional Patent Appli carcosc3ernjoadssdo.

61/ 425,497, filed Decenber 21, 2010, and entitled "Copol yners as Rheol ogy
Modifiers,” the entire contents of which are incorporated herein by
reference. FIELD OF THE | NVENTI ON [ 0002] The present invention rel ates
generally to rheology nodifiers, and particularly to rheol ogy nodifying
copolynmers and rel ated conpositions and met hods. BACKGROUND OF THE

vi'scosi Uy GPTOCOMBES M IAION ANk Minrial R ik NG K iaroly”

nodi fyi ng conpositions that allow nodification of viscosity of

el ectrol yte-contai ning environments include cross-1linked |inear poly(vinyl
am de/ unsat urat ed carboxylic acid) copolynmers, and cross-|inked copol yners
formed of un t C C nercaptan nononer, a

t hi oest er Wﬁs g@?%%@ﬁ%ﬂ? ﬁEEAﬂgpﬁéggm%gent into the copol yner
conpOsition and a cross-1linking agent. For exanple, hydrophobically

modi fi eqoogtr oxyefhig appiichtidrosiaines thet burdfy of, axy eiridyity feeh| Uhitéd States

hydr ophqbi ca Iy dified ethoxylate ur thanes ydr.ophobi cal | y nDdlfled
o kot |- SaptiptoakPRenbAPiaUR arr 8] Sns b THabRBEWRoE DRIty Snaotod o
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one aspect of the 1nvention ere is provided a copolymer for nodifying

r heol ogyncdrpenates lgreirobyraferenaet s consi st i ng essentially of at |east one
first nmononer unit conprising a polyhedral oligoneric silsesquioxane having
an ethylenically unsaturated radical; at |east one second nonomer unit _
conprising an unsaturated oligo-pol y(di met hyl siloxane) (neth)acrylate; and
a sufficient anount of .at | east one unsaturated water-sol uble nononmer, such
that the cop&lEROfF HEJNMHENTION wat er. [ 0005] I n sone enbodi nents, the
copolyrrer may conprise about 1 to about 30 wt% of the at |east one first

rmnorrer abo nononer
unit, a out 38‘Eeéré%ou%gtlgﬁwﬁ%&%gbﬁlyl eéé%tﬁééy Hﬂ%‘sf%? ed

wat er - sqﬂatﬁﬁt@rmnaheolpgbamhfym aopelynuera landeelghed ocbmpbsatwnmamdamaﬂnﬂdss and
the at | east one unsaturated water-soluble nononer. [0006]1n sone

enbodi ments, the copol yner nmay conprise about 5 to about 8 w % of the at

| east one first nononer unit, about 4 to about 35 wt % of the at |east one
second nonomer unit, and about 60 to about 90 wm % of the at |east one
unsat ur at ed BACKGROUNID ©OmMDHEN®BNVENHEON on t he total wei ght of the nononer
units and the at | east one unsaturated water-sol ubl e nononer.

[0003] A rheology modifier (RM) can be used to increase the viscosity of a
composition containing the RM. Conventional rheology modifying compositions that
allow modification of viscosity of elecftrolyte-containing environments include cross-
linked linear poly(vinyl amide/unsaturated carboxylic acid) copolymers, and cross-
linked copolymers formed of unsaturated carboxylic acid, a hydrophobic mercaptan

~ monomer, a thioester or amino acid contai'ning chain transfer agent into the copolymer '
composition, and a cross-linking agent. For example, hydrophobically modified
hydroxyethyl cellulose or ethylhydroxyethyl cellulose, hydrophobically modified
ethoxylate urethanes, and hydrophobically modified alkali-soluble or swellable

emulsions are known to modify rheology.



[ 0007] The at | east one first nononer unit may conprise a nonomer unit of
R'Oo0 Si-0-1-Si-Roll R7Si 0-Si formula (1):R(l1), wherein Y is

i ndependewol2g12z2087mhyl eni cal | y unsaturated radi cal, forpexsepor/ 000445

acryl oxypropyl; and each R is independently a G Cl2 nonoval ent hydrocarbon
radi cal such as i-butyl, a Cl-Cl2 nonoval ent hydrocarbon radi cal conprising
an ether |inkage, a hal ogen-substituted Cl-Cl2 nonoval ent hydrocarbon

radi cal, or a hal ogen- substitut ed Cl1-Cl12 nonoval ent hydrocarbon radi cal
conprising an ether |inkage. [0008] The at |east one first nononer unit may

al so. Comr'sgL@AW?ﬁ NQENtr%ﬁ“Ia(”) (rrr)y or (IV): RMe \Me O

R3s: Si Si

[0004] According to one aspect of the invention,~ there is provided a copolymer
for modifying rheology, formed of monomer units consisting essentially of at least one
first monomer unit compris‘ing a polyhedral oligomeric silsesquioxane having an
ethylenically unsaturated radical; at.least' one second monomer unit comprising an
unsaturated oligo-poly(dimethyl siloxane) (meth)acrylate; and a sufficient amount of at
least one unsaturated water-soluble monomer, such that the copolymer is soluble in

water.

[0005] In some embodiments, the copolymer may comprise about 1 to about 30
wt% of the at least one first monomer unit, about 1 to about 40 wt% of the at least one
second monomer unit, and about 30 to about 98 wt% of thé at least one unsaturated
water-soluble monomer, based on the'total weight of the monomer units and the at

least one unsaturated water-soluble monomer.

[0006] In some embodiments, the copolymer may comprise about 5 to about 8
wt% of the at least one first monomer unit, about 4 to about 35 wt% of the at least one
second monomer unit, and about 60 to about 90 wt% of the at least one unsaturated
water-soluble monomer, based on the total weight of the monomer units and the at

least one unsaturated water-soluble monomer.

[0007] The at least one first monomer unit may comprise a monomer unit of
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formula (1): R (1), wherein Y is independently an ethylenically

unsaturated radical, for example, acryloxypropyl; and each R is independently a C4-
C12 monovalent hydrocarbon radical such as i-butyl, a C4-C12 monovalent hydrocarbon

radical comprising an ether linkage, a halogen-substituted C+-C42 monovalent



/ 0SiSLOSISIM(CII);(lI11); R.s"i-640----si-d\c H3 V RICSIR3 0
l:L.& G SIiSi-0\ (I'V), wherein each Ris

I ndependeWniOI2912408CH4C12 nonoval ent hydrocarbon radi cal, RCTHGALA/0ABIHDVal ent
hydr ocar bon radi cal conprising an ether |inkage, a hal ogen-substituted

Cl1- C12 nonoval ent hydrocarbon radical, or a hal ogen-substituted Cl1-Cl2
nonoval ent hydrocarbon radi cal conprising an ether |inkage. In sone

enbodi ments, the R may each be i-butyl in formula (11), (II'l) or (1V).
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[0008] The at least one first monomer unif may also comprise a monomer unit
of formula (11), () or (IV):
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(IV), wherein each R is independently a C4-C12
monovalent hydrocarbon radical, a C1-C12 monovalent hydrocarbon radical comprising
an ether linkage, a halogen-substituted C1-C12 monovalent hydrocarbon radical, or a
halogen-substituted C4-C42 monovalent hydrocarbon radical comprising an ether

linkage. In some embodiments, the R may each be i-butyl in formula (I1), (Ill) or (IV).

[0009] The copolymer may comprisé 5 repeating units of the at least one first

“monomer unit.

[0010] @ The at least one second monomer unit may comprise a monomer unit of

formula (V):



| Y1 R3R3R3(V), wherein X is an activated unsaturated radical, for exanple,
(meth)acryloxy; Rl is a Cl-C22 dival ent hydrocarbon radical, for exanple,
propyl eneyORR12/87244 CL- C22 nonoval ent hydr ocar bon radi calPCTiSGr0B0aMas e, .
n-butyl; each R3 is nethyl; and y is from1l to 200. [0011] The copol yner may
conprise 1 to 5 repeating units of the at | east second nononer unit.

[ 0012] The at | east one unsaturated water-sol uble nononer conprises a
nononer having the fornmula (M): RA\N/(AmZ CCR \ 5 R6

(M), wherein mis an integer-fromO to 10; Ais a nethylene group; R4 is a
hydr ogen at om aRghenyI roup, gr a benzyl group; R5 is a hydrogen atom or
a | ower al kyl ar box grou R6 is a hydrogen atom a |ower alkyl

group, - CH2COCH, |a phenyl, grou a_benzyl group, or a polyneric group
conpri si ng= Rint&i 'd)-f ksBffonic acid; and Z is COOH, COQ(B)YL, or
CON\( R7) R8, wher eiln R? ahd’R8 i 4 _each lndependentl hydrogen or (B)Y1l; Bis
a nethyl ene grouff’ n isRan int&er f(¥lwhergnybis %h@CthtQ%U’éS%W@FQQ(yI

group, —pididE! tr 8FhMple, Erﬁé ryloi‘V‘ Cis £E,- %?H@F%W BN TadRb, for

[0013] The at’ |'east oneé uns ated water-soé orrer may conprise a
car boxylexamabl, gropytenea R’ amaé?arﬁjdzlmomm%bntmﬁuoc]amm reolfoall, \foeexaraglebs- a

random 3.2 block c graft copolyner. [0015]According
t o anot ﬁa&&%gﬁﬁ '81"“‘?@@ ?ng ?‘8’?? 1 fon%foe is provided a conposition
conprising an electrolyte and the copol ymer descri bed herein.

[0011] The copolymer may comprise 1 to 5 repeating units of the at least

second monomer unit.

[0012] The at least one unsaturated water-soluble monomer comprises a

monomer having the formula (VI):

R4\ PnZ
c=c¢C
R® Nge

(VI), wherein m is an integer from 0 to 10; A is a methylene group;

R*is a hydrogen atom, a phenyl group, or a benzyl group; R® is a hydrogen atom, or a
lower alkyl or carboxyl group; R® is a hydrogen atom, a lower alkyl group, ~CH,COOH,
a phenyl group, a benZyI group, or a polymeric group comprising a unit derived from a
sulfonic acid; and Z is COOH, COO(B),Y', or CON(R")R®, wherein R” and R® is each
independently hydrogen or (B),Y'; B is a methylene group; n is an integer from 1 to 10;
and Y' is a hydroxyl group, primary amine, tertiary amine, or quaternary ammonium

salt.

[0013] The at least one unsaturated water-soluble monomer may comprise a

carboxyllc acid such as an acrylic acid.

[0014] The copolymer may be a random copolymer, a block copolymer or a

graft copolymer.

[0015] According to another aspect of the invention, there is provided a

composition comprising an electrolyte and the copolymer described herein.
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WD 2012/ 087244PCT/ SG2011/ 000445 [ 0016] Accordi ng to anot her aspect of the

I nvention, there is provided a nethod of nodifying the rheol ogy of an

envi r onmend 20218r143i Ng an el ectrol yte, the nethod conpripeirsg2eddongst he
copolyner to the environnment. The environnent may conprise a solution and
the copolyner is added to the solution. [0017] O her aspects and features of
the present invention wll becone apparent to those of ordinary skill in
the art upon review of the follow ng description of specific enbodi ments of

the inv iQn in ¢conjynction with the conmpanyi ng, fi gures.. BRI EF

pescR PHBGIGF THESeBRBrenptsT aspRS AR Myaten. Ipiech Frovided PAREhosy way
of exanpf modifling teeTREISER bfarPénvifdPnitng e8RfprisimgedH &18Btroll 0 1 efod 1A, 1B,

1C and 1D are schematic di agrams show ng possi bl e chem Cal structures of a
first coAmeRsng asding mﬁ@@p@%m ithg ERyranapety e enyreBm@nhmay Cosmasisei nent s
of the Brs%ﬁﬁi% H?i"tﬁetéopﬂ' n{eqqggljé:ézﬁ A is% l_ﬂioﬁcherrati‘c diagramillustrating
a synthesis rou%e or ol;ym ng a po yqnegral| ol i goneric silsesqui oxane (POSS)

nononer; [0021]FIG 3 is a schematic diagram showi ng the chemical structure
of a sef@id]conpobther aspectsanddpaluyesof the@oesdritiaention svithbecdment i ¢ di agr am

show ng_the chemcal structure.of .a third conponent of the copol yner;
053] ebaehl 08k qL hidHary 5Rudb 1k & ukPn SETRE e ok FERRRIER B o
copol ynmgpecifi€ embatingeritd ofthesiib@stionEn iconfunttién ithskebceavpatyingfiglrdg24] FI G
6 is a schematic diagramillustrating a synthesis route for formng

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the figures, which illustrate, by way of example only, embodiments of

the present invention,

[0019] FIGS. 1A, 1B, 1C and 1D are schematic diagrams showi'ng possible
chemical structures of a first component of a rheology modifying copolymer, according

to embodiments of the present invention;

[0020] 'FIG. 2 is a schematic diagram illustrating a synthesis route for forming a
polyhedral oligomeric silsesquioxane (POSS) monomer;

[0021] FIG. 3 is a schematic diagram showing the chemical structure of a

second component of the copolymer;

[0022] FIG. 4 is a schematic diagram showing the chemical structure of a third

component of the copolymer;

[0023] FIG. 5 is a schematic diagram showing the chemicai structure of a

copolymer, according to an embodiment of the present invention;

[0024]  FIG. 6 is a schematic diagram illustrating a synthesis route fbr forming
the copolymer of FIG. 5;

[0025] FIG. 7 is a "H-NMR spectrum of a sample copolymer; and
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the copolynmer of FIG 5; [0025]FIG 7 is a 1H NVWR spectrum of a sanple
copol yner; and WD 2012/ 087244PCT/ S&011/ 000445 [0026]FIG 8 is a 1H NWR
spect r umwP 201298make POSS nononer. DETAI LED DESCRI PTI ONPLOGBZ)11R0@METr Vi ew,
it has been recogni zed that a rheol ogy nodifier can be forned froma
copol ymer consisting essentially of (a) a nononmer unit conprising a

pol yhedral oligoneric silsesqui oxane (PCSS) having an ethylenically
unsaturated radical; (b) a nononer unit conprising an unsaturated

oligo-p i meth ] _oxan r (c) a

suffici Ednq%grmunt Hq%'ﬁ %ﬁéﬁw gﬁégt}%t&éraaéagnélg n%/ﬁ%%o &Wnere t he
copolyner is soluble in water. In a specific enbodi nent, the wat er - sol ubl e
nmononer may be an acrylic acid. [0028] The nunbers of (a) and (b) nonomer
units in the copolyner may vary. In sone cases; the copolyner may include
about 1 to a nsat ur at ed wat er - sol ubl e nononer, about 1
to about 99 W%H?'?ng%?ﬂg’é\r. ng nononer, about 1 to about 99% of the
PDVB- MA nonomer, based on the total weight of these ronomers. [0029] I n a
sel ect e@boaim}odi meint oveirviewc it hak Yoeen rmgmmdmbnaabmlbgﬁﬁlddmemautbe% wt % of
t he unsatu ted wat er - sol ubl e rmnorrer bo Z@l t o about 30 wt % of the

POSS- be X3S fFRIAGRAPCIVRST CoRsisting etSée JAGMEr MO SERRSING B noner .
For eXaBBiyﬁedFa'l‘Shé‘cS?ﬁ@rlld’Q‘%resaﬁbxér%‘ F*’G)SS?HQMEﬁ/%ntélhﬁBﬁfélalIﬁuﬁ‘&éz’(ml%ftedj'oss

nonomer units, about to about 35 wt % nonomer units, and about
60 to abadmalg(@)\mmommahgmt mrap@alng@nemsgmra@mh@omiﬂdgnetbwgl@xeme)t he

total %F@%@?@é‘n@ﬁiﬁgﬁg&é@u@a%ﬂﬁ%ﬁ a'r#ﬁbiﬁw‘t‘d’f%ﬁ%ﬂs A&k 3 4! e

nmononer a co € conbi ne W|th an
el ect r obgluble moaomenssre it cd)pnlflmemsasaltktﬂe Ilrowtemdin Byipedgific @miagiimeot), or

added tg an_envi rrent cont ai Iect olyte, to nodify the rheol ogy
of the g}ﬁ/ ﬁ@eﬂ“ﬁ’eom‘?\n"?%yg%g? aﬁ%} B&'% sol ution such as an aqueous:

sol ution, or an ionic liquid. The copolynmer may be added to increase the

vi scosi {0028] t he Fied Humbers of@) aﬁd@ﬁ)ﬂﬂaﬁéﬂa@mhlm&é/c@ﬁaﬁﬁﬁr[nWGdrT.hm
copol ymer may random co olyrrer bl ock copolyner or a graft
copol ynﬁ?me‘ﬂ?éet%ngIC?HBN”Tﬁﬁy %é'”&'h‘ﬂﬁl ut i do apeetH8 Wive ohiteriungaturated ¢ hus

rel at edywhfsrdsdhBIR Afdrontet, SO6\taH 1 dbbut B8 wit% of the POSS-bearing monomer,
about 1 to about 99% of the PDMS-MA monomer, based on the total weight of these

monomers.

[0029] In a selected embodiment, the copolymer may contain about 30 to about
98 wt% of the unsaturated water-soluble monomer, about 1 to about 30 wt% of the
POSS-bearing monomer, and about 1 to about 40 wt% of the PDMS-MA monomer.
For example, the copolymer may contain about 5 to about 8 wt% of POSS monomer
units, about 4 to about 35 wt% of PDMS-MA monomer units, and about 60 to about 90
wt% of unsaturated water-soluble monomers, based on the total weight of the

" monomer units and the unsaturated water-soluble monomer.

[0030] Conveniently, such a copolymer may be combined with an electrolyte in
a composition to form a rheology modifying composition, or added to an ehvironment
containing an electrolyte, to modify the rheology of the environment. The environment
may be a solution such as an aqueous solution, or an ionic liquid. The copolymer may

be added to increase the viscosity of the solution.



copolynmer and an el ectrolyte. [0033] Anot her enbodi nent relates to a nethod
of nodi fying an environnent containing an electrolyte. In this nethod, the
copol ynmerwpoedded4t o t he environnment as a rheol ogy nodiPCIr&G201T060445

envi ronment may be a solution and the copol yner may be added to the
solution. [0034] The present inventors have found that a copol ymer .
consisting essentially of conmponents (a), (b) and (c) as described herein
can be effective for use as a rheology nodifier in an agueous environnent

wi t hout addi ti | cO . c t 0 - POSS
nmonomner {@%[]0036] X%?W‘ﬁ&'@‘%wqegg @6&%59?&%&%& ag:glgﬁg %‘?5@&5@‘ RL8 a

t hr ee- digrafneopuighenoT ige cdpolyratr maly Wecarnphiphilieh at | east two sil oxane rings
are connected to forma relatively rigid structure (referred to as a cage

struct ur rein), Suitable POSSbeari,ng,nononers..jnclude thqgse that contain
ot | easIB6H S\ pepn i RaliS Tmaater 4G S L ORHRHaM AR BT v at o

unsat ur gbgélySiePeRd ah@sottdrtanpl e structures of suitable POSS nononers are
illustrated”in FIGS. 1A, 1B, 1C and 1D. [0038]In sel ected enbodi nents, the
general structure of a suitable silsesqui oxane-based nononeric unit nay
have t h80Q3He st r Hoetheeembadimaentdelatestaramnetnqd of madifying an gnvirepmentyy| a
(1), Y. ; |0 y i ; itdMisndent |y
a Cl- Cl%arﬁ%m%%ﬁ%@%%cﬁ@ﬁh#gﬁgﬁé%clﬁ@hernlgf/éa E‘lgﬁttgﬁe gt I+er I'l nkages,
may be halaofenlogymsedifien ede envinoament niey eye sokiibe andithe dopelymen mayi ve et her
| i nkages, (ﬁ) t%012/I QB7244PCT/ SG2011/ 000445 [ 0039] A sui tabl e POSS nmononer
shoul d @8% QIESYERT: one pol yneri zable site. An ethylenically

unsat urated group conveniently provides a polynerizable site. An

et hyl en{et8d]y uns@he pedsedt inadniond have foundrthat aicopagmer oosistinat esseatialtles a

bstit t f facilitati f di cal I i zatjon, h
i nyl - cOhEAMAPREIS (@ (RXEHE) 2p Sseftiedlireld cln e pfectye apiRErs &) nel ude
(et h) agedicyymotiiiet i ¢ byl eststshvirbfnieny WitheutsnyHssitidiRi %bﬁolyﬁn'é? term
"(nmeth)" denotes optional nethyl substituent. The (neth)acryl oxy,

(et h) a€PyPaReEo and styryl radicals may be substituted with an al kyl
group. A (nmeth)acryloxy radical, for exanple, acryloxypropyl, my be

advant a over celiehehd@) CBESEMSBRegepodi ments. [ 0041] Exanple R
radi cal s 1 nCl ude al WI , c%a/(%;)oal kyl, aryl ,ﬁgjt)al kyl, al kary,
[0036] A polyhedral oligomeric silsesquioxane (POSS) has a three-dimensional

molecular structure in which at least two siloxane rings are connected to form a
relatively rigid structure (referred to as a cage structure herein). Suitable POSS-
bearing monomers include those that contain at least one substituent group

Comprising a polymerizable activated unsaturated group.

[0037] Example structures of suitable POSS monomers are illustrated in FIGS.
1A, 1B, 1C and 1D.

| [0038] In selected embodiments, the general structure of a suitable
silsesquidxane-based monomeric unit may have the cage structure indicated as
Formula (1) in FIG. 1A. In Formula (l), Y is an ethylenically unsaturated radical. Each R
may be independently a C1-C12 monovalent hydrocarbon radical, which may contain
ether linkages, may be halogen-substituted, or may be halogen-substituted and

Contain ether linkages.



al koxyal kyl radicals, and their hal ogen-substituted derivatives. In sone
enbodi nents, a CL-C4 al kyl, such as isobutyl, may be used. [0042] The PCSS
nonomer iWORorzmsra4(1) may have a cl osed-cage structurePCOISGan1®p@s cage
structure. [0043] Suitable POSS nononmers may have different cage sizes,
either larger or smaller than the size of the structure in Fornula (1).

[ 0044] Sui t abl e POSS nononers may al so have structures as illustrated by
Formulae (11), (Ill), and (IV) in FIGS. 1B, 1C and 1D. Each R in these

ot uSt Uiy Deal ISRETEISete Bl S TRARE S0ka D RO RRR R iR o2
hal OgensﬁslehldtWI@dcalMJmItﬁratdd @’bbprcthé\’tﬁé@tﬂﬁproEMes@(mlh'@nzﬁﬁé isutéi may be
i -buty [ 0045] As can be understood, the structures of Fornmnul ae

(1) e eéaﬂﬁwpe%v wisatwigiadradicab issan yesalkiated prpup thet igshides ag%lbst'ty&ehnr i ng
sili Confﬁthéﬂlt'aﬁnJT;]\‘r%?leEQI AN REr2ARA! sGeH 46 &ivin nylcBAtafihg SOBsRLAHE t hrough

respective oxyge tons 0046[I'n sone e nts t he” POSS nononer nmay
have the structure of For r_rul a (I11). W 2012/ 087244PCT/ SG2011/ 000445
[ 0047] T[\an@ﬂ r uct ubxample stitabiel ¥ rqdisgls inqludedangihiacrdoxy fmethiage/amidact ur es.

In an Bﬁﬁ %Wgﬁs u§Ia{j Heketh She téfh “{"rnéiﬂ"%ehbﬂe%hojiuohﬁf’rﬁeﬂé{g ‘iL?en‘?aC’Fhé | nked

to | ess ree other ring silicon atons t | n "ot her
wor-ds, éaeth) aﬁrylbhgas(métwacqnammbearrd stgrys rddicale n‘EHbeHstbBtllutedi&ﬂlthtah alkgr oup

that is not a onded to_an adjacent ring silicon atom,k [0048] The
FCas oAb 28 EBRIRCHBSH (Rl ol #xiblta sty PAvBTorit b5Y Re Vet bRg kS

ski | | edoiér éther ,@rd'gca@pﬁagapﬂ,@emamh&ug_s are descri bed In US 5412053, US
5484867, US 5589562, and US 6586548. [0049]In a sel ected enbodi nent, the

PCSS m)norrer may be forned accordln to the synthesis route |IIustrated in
FIG 2, [MMdlhave Examelediradicalsd rlkYlsh oyl amvb aralsks akane si de of

FIG 2. Kq %eﬁ(%@%@él% SR tHeR Hm@gﬁﬂéubsT‘ﬂﬁeM idehidatifest Mh SoRTOGRESIRAMDE

greater
a C4-C, alkyl, such as isobutyl, may be used.

[0042] - The POSS monomer in Formula (1) may have a closed-cage structure, or

an open-cage structure.

[0043] Suitable POSS monomers may have different cage sizes, either larger or

smaller than the size of the structure in Formula (l).

[0044] Suitable POSS monomers may also have structures as illustrated by
Formulae (Il), (1), and (IV) in FIGS. 1B, 1C and 1D. Each R in these structures may
be independently a C4-C12 monovalent hydrocarbon radical, which may contain ether
linkages, may be halogen-substituted, or may be halogen-substitut_ed and contain

ether linkages. For example, each R may be i-butyl.

[0045] - Ascanbe understood, the structures of Formulae (1) and (lll) are
examples of closed-cage structures. In a “closed-cage”, each ring silicon atom is

linked to three other adjacent ring silicon atoms through respective oxygen atoms.

[0046] - In some embodiments, the POSS monomer may have the structure of

Formula (1m.



[ 0050] Component (b) - PD Ms-MA nononer(s) [0051] As used herein, a PDVS-MA
nononmer denotes a nono(neth)acryl oxyal kyl -term nat ed

pol y(di mewbybeydszdane). A nono( et h) acryl oxypropyl -t er miPEAISEA011/000445

pol y(di net hyl si |l oxane) may be advant ageously used in some enbodi nents.

[ 0052] The PDVS- MA nononer may have the Fornula (V) shown in FIG 3.
[0053]In Fornmula (V), X nay be an activated unsaturated radical. RL may be
a Cl-C22 dival ent hydrocarbon radical. R2 may be a Cl- C22 nonoval ent

yin FolRE" (V) “Ths SEREUS SESHEMR Vel ¥ieioi@e PERGH phdRsityrebnf ™™
[ 0054] Fan “@d)@f-cége” dtiuctlreiwd dremuredingsilicsh bioais are exvbrtinkad té Bssuthae or
expre55| ons, the superscripts in expressions such as 5{% Sgchegi 1" are

posi t i oH‘rﬁﬂQﬂ?%§'"9a3r‘||!f°f‘rﬁ$°'§§BQFQPQB%YQ‘?P éﬁ?@?%s'@i Iher wa €8 " c12"

I ndi cat gyd BFnﬁ)'@JH RE Silitbn RERRSfhKBH TS griih ttt§at |§thér?H?)$gen B¥Aded to an
2012/ 087244PCIT/ S 11/ 000445 [ 0055] Sui. t'abl e nonomer units nmay

i ncl ude agigcgnt ingsiliean atoh. capped/ t er i nat ed W t h poI yneri zabl e unsat ur at ed
groups, and nmay be poly(organ05|loxane) and pol yparaffinsil oxane nononers.

[ 0056] S | e ol 1

t echni qEUed‘%iovm tg ose g@{ﬁﬁﬁ%&?ﬁﬁpﬁﬁgﬁ&w Qg}gg&%?&%@éﬂ Ikr?cm/r’?to

ol i go- sthozeaskidlenuntinead. Examipée fechdigaes! ase desatibed in (bJS 54¢126EHISues

di scl os U 4, US 4254248, US 4277595, and US 6545114.
[ 0057] sgﬂ%@‘?%?@ﬁgg%&ﬁgéﬁggg 0¥, so avail abl e from commercial sources
such as SI GVA- ALDRI CHTm [0058] An activated unsaturated radical is an

unsat urfGMJgrOUplnt&gélect@alemlﬁmmeaumé Powr.nd‘norne‘rmy bé fdrie@ free radi cal
pol ymerization, such as a vinyl-contaj md:n'%aium uent Sui taple X radicals

i ncl ude apFRIBIRPR e 8X”>)he%'ﬁ1§?ll'¥?d|5’rs§rlaéﬁﬁ ) dag’é yRYe thexcheraich) StRcrexy
rRidlr ;S: sh Sn Pﬁéﬁ@\ggﬂ Haébf FRG.2. ahe'R IrAdis ANEantsd REUTE M e yl[aﬂzoégti\éu' table

| ene radicals. For exanple, suitable
process can be greater than 90%.

[0050] Component (b) — PDMS-MA monomer(s)

[0051] As used herein, a PDMS-MA monomer denotes a
mono(meth)acryloxyalkyl-terminated poly(dimethylsiloxane). A
mono(meth)acryloxypropyl-terminated poly(dimethylsiloxane) may be advantageously

used in some embodiments.
[0052] The PDMS-MA monomer may have the Formula (V) shown in FIG. 3.

[0053] In Formula (V), X may be an activated unsaturated radical. R may be a
C1-Cy; divalent hydrocarbon radical. R? may be a C4-C2; monovalent hydrocarbon
- radical. Each side group R® may be a methyl radical. The number y in Formula (V)

may be an average number in the kange from 1 to 200.

[0054] For clarity, it should be understood that in chemical formulae or
expressions, the superscripts in expressions such as “R" to “R'"” are position indices,
and the subscripts in expressions such as “C4” to “C42” indicate the numbers of

repeated atoms, units, or groups.



radi cal s may include nethyl ene, propylene, and butylene. In sone

enbodi nents, Rl can be propylene. [0060] Suitable R2 radicals include al kyl
radi cal s.wbap1208z22¥pl e, suitable R2 radi cals nmay incl udePggiSiepoii/opesepyl , and
butyl. In sonme enbodinents, R2 can be n-butyl. [0061] Each R3 radical my be
met hyl . [ 0062] Conponent (c) - Unsaturated water-sol uble nononers [0063] A
"wat er - sol ubl e" nononer refers to a nononer that has a water solubility of
about one wt% or greater. That is, at |east about 1 g of the nonomer can

the vet E19%83i uoi (PRReSS PEIMS A BRI G TRaLT b ouBoRb ety o or "
wat er , aapbédﬁteymtnawwwttﬁrpogm’mtilaMnsametewgrQUpsoémbmlaytb)e is at Ieast

about 50 g, in 100 g of water. WD 20@19/087244PCT/ SG2011/ 000445 [0064] I n one
enbodi rrEﬁ'tY °r9ﬁ'é°%|ﬁ§§'i‘??ra&\de?f)'¥%r§ INSPXPHCMAMNBAES nay be a carboxylic acid,
such as an acrylic acid. In other enbodi nents, the unsaturated

wat er - s iose] e ”DnsmblérBNgél&Y@(ahBQn&%’tﬁé@ca$1tt5élﬁﬁddhéed Qpraeéiﬁt%bﬁ,ﬂ by Fornul a
(VI) in FIG 4. In Formula (M), mis an integer fromO to . "A" is a

met hyl etﬁ@hgtq@e&nowmt@ﬁhmslb%e 'ptthéﬁéllﬁpfl%ﬁlﬂmbﬁ tsome @Imsjloxan@m of an
unsat ur rgat er
than 1 MEREnHe gin bprbBucbd HEAIRG 16'tho VLA EEL IERNEa 16 SBdeh 781 5
sul»fur.4H§36¥&¥J8)625\4214,&;1M83é27k&95,nandLt81654!$1‘g4f.oup, or a benzyl group. RS
may be a hydrogen atom or a | ower alkyl or carboxyl group. R6 may be a

o oup. IRy of <5 Thie PR ARE ichiorsariiart lom MR ool et BierdaLl foni ¢

aci d, sgélircas sucmyi;sm;[vaQDm@W'enesul fonl c, or acryl am doal kyl sul fonic
units. [0065]1n Forrrula (M), Z may be COOH, COQ(B)Yl, or CON(R7) R8. R7

and Fe ach i ent | B)Y1. B.i arrehlee roup,
and mayﬁipg-’s ptio ‘@gﬁ%%z@t&]yage‘gg?cﬁ?)ﬁ %%Bl)‘rﬂnﬁ?tué?feaﬂé%‘f%{'ﬁ ltﬂegt?p gr to
a nei ghbetsstmgem%mmtwng FReratieanpdl ﬂnénﬂétﬂﬁt 8lch B3R \Anynobhmh

non- car bon atom such as oxygen or qu The nunber IS _an m?eger from1l

to 10. yabstiéuenthSitablg X r@d:qplsgn@luge (rpaeth%awloasm Gﬁ@ett‘)@%'am&%@ﬁd&twbm ne
(NRO) - Al Gl BN ABicbARTED ac Bh1BLER Y RTRDLAIL Shlod e (R10) Ri1

R9, ‘aro ‘an erent, are each
|ndependently a linear or br anched aI k I group havi ng from 1to 22 car bon
atorms, [H089]as 4 Swtabte B/ radicals islede blbmleaema@cawhé:orenemplamsutﬁa@lﬁcﬁned

Such asrREAETEyIfolBt kIR, SRS 5 ohvBhe: SRSor EnBelidiEdty ot

| east ooven belpsbpylersnt, whi ch may be a hydroxyl group or a hal ogen atom (Cl,
Br, I or F). [0066]D is an anion V\/nich may beahalideion and D may be a
halogen h as

phos pho hyd r%‘i‘fa@g Rb(f?g'tcgls 'E?Hﬂ? g@%' rcaéjrus%é%gf%r es)?almf] %H{%ﬂ:f rpate

t hi osul fa’iii@ls h9GHEN8é thetby! priopgl, ahtl utyl atia sofid émbedm@mé R%carthé heat e,
sul fide anate, acetate, or another inorganic or organic anion. [0067] The

unsaturb%‘ wat er - sol ubl e nononer may be an acid nononmer, such as
(nmeth)acrylic, crotonic, itaconic, maleic, and fumaric acid monomer or the

like. 863912/ O8ZZAFHREIAIR A My BORARyI.

| [0062] Component (¢) — Unsaturated water-soluble monomers

[0063] A “water-soluble” monomer refers to a monomer that has a water
solubility of about one wt% or greater. That is, at least about 1 g of the monomer can
dissolve in 100 g of water. In another embodiment of the present invention, the water
solubility of the monomer is at least about 10 g in 100 g of water, and in yet another

embodiment, the water solubility is at least about 50 g in 100 g of water.
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[ 0068] The unsat urated wat er-sol ubl e nononer nay al so be an am no-
substituted (nmeth)acryl am de, such as di net hyl am nopropyl (neth)acrylam de,
di met hyl awDrzoetdsyi44 ( met h) acryl am de, N, N-bi s(di net hyl anmPao&Gag11)000445
(meth)acrylam de, or N, N-bis(dinethyl-am nopropyl) (neth)acryl am de.

[ 0069] The unsat urated wat er-sol ubl e nononer nmay al so be an am no-
substituted (neth)acrylate, such as dinethyl am noethyl (neth)acrylate or

di met hyl am nopropyl (neth)acrylate. [0070] The unsat urated water-sol ubl e

nonomner al so pe I I I et hyl

(et h) a[:draﬁﬂt e or ﬁ)1h(§/nger %’ﬁ%&ﬁ@ﬁ%#&“%@@@ﬁa Aet&%ﬂﬂsl%’]crﬁ?@%ug%g’agpéaé fferent
unsat ur aftanbdax}nm ﬂd,%ﬂcﬁtaseammm@asidng% ?tzmé iemtidtgjldadnﬂsntrtehmsmmﬁd tedwatepr | t BF
m xture for formng the copaql yner. ui t abl e unsaturat ed water-sol ubl e
nmononer §°'§E}lz§’rf“8§°’§ F naydaye;t QSF‘%"a%’éﬁ“FtLlfﬂ @W?%‘%%&PWH‘@ Q’Xﬁﬂ%&@- such
as S| GV: Ak BBHAGTATVI) RPIEHNAMERPESR B1& 160N igH MdthPRRe oL XIS fHiaS

Met hods of Rheol ogy di fyi ng "Copol yners [ 0074] A rheol ogy nodi fying

copol ynbe optionallydrarisied talaccasbom atanaoban unsatacatbd grewn, gito ameighboriagge of

a1 yi NP Sie i nils sreéPlnd.f Tfe BBhARoTPbo Fibbendaleher 2% o
wher e Rcaboh-dioinyduchAs algpien oedulfirh R’ mebies adlydraepedtomg aRBetyhgraopesr uni ts

is 5 In FIG 5 mp+o=750, which is the total nupber of acrylic id
monomer 3HSNZY. 9revR tlmu'éysb%ﬁ qug,enaaiamoorra;t}%%r ﬁgﬁ&m@my é@é‘pn 1? need to

be cont hilylkda h?%@eh%mw%\ﬁé}p&wwu' m&:@@ﬂ%%@ﬁyw@&p, dlg_number

SCH
averaged nol ecul ar_wei ght’ (M) of the PDV5- nmononers is about 4590, x is
from 1 benzyl gyoups RPrroay alspbexdpolymed containiag Lpits fletives fremghsultshicamis. MA t o

tzgizﬁ gts%‘%fﬁ%%%gé%‘ﬁ? S%gfﬁgg@%@%ﬁq%%bé%{# gﬁ@yﬁé’u fggi%?r%]ri\t 5, a rheol ogy

nodi fyi ng copol yner may be
[0065] In Formula (VI), Z may be COOH, COO(B),Y', or CON(R") R®. R” and R®

are each independently hydrogen or (B),Y'. B is a methylene group, and may be
optionally bonded to a carbon atom of an unsaturated group or to a neighboring
methylene group when n is greater than 1, through a non-carbon atom such as oxygen
or sulfur. The number n is an integer from 1 to 10. Y' is a hydroxyl (OH) group,
primary amine (NH,), secondary amine (NHR®), tertiary amine (R°NR'?), or quaternary
ammonium salt (R’N*(R'©)R''D"). R®, R"® and R"", which may be identical or different,
are each independentiy a Iineér or branched alkyl group having from 1 to 22 carbon
atoms, such as 4 to 20 or 6 to 18 carbon atoms. The linear or branched alkyl group
may be optionally interrupted by at least one non-carbon atom such as O, N, S or P.
The alkyl group may be optionally substituted by at least one substituent, which may

be a hydroxyl group or a halogen atom (CI, Br, | or F).

[0066] D" is an anion, which may be a halide ion and D may be a halogen, such
as Cl, Br, F, or I. D" may also be a sulfate, sulfonate, phosphonaté, hydroxide, borate,
cyanide, carbonate, thiocyanate, thiosulfate, isocyanate, suifite, bisulfate, nitrate,

oxalate, silicate, sulfide, cyanate, acetate, or another inorganic or organic anion.

[0067] The unsaturated water-soluble monomer may be an acid monomer, such

as (meth)acrylic, crotonic, itaconic, maleic, and fumaric acid monomer or the like.
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formed by polymerizing a m xture containing at | east one nononer conpri sing
a FOSS conpound including an ethylenically unsaturated radical; at |east
one et hylwoi2oeldsy244nsat ur at ed ol i go-si | oxane nononer; aRdT&G20BA8M4HNE
unsat urat ed wat er-sol ubl e mononer. In selected enbodi nents, the mxture to
be pol ynerized for formng the copolynmer may contain about 1 to about 30
wt % of the FOSS nononer, about 1 to about 40 wt % of the oligo-siloxane
nononer, and -about 30 to about 98 wt % of the unsaturated water-soluble

nonomner abo f ' based on
t he tot Lqﬁ\ﬁl ght uﬁ‘?@yﬁg&tﬁgaﬁ%%a&@r %&@gﬁcﬁn "H%’ﬁ?‘rﬁ‘ig!sg’g‘ﬁ %ﬁl M‘"ﬁ he copzl ymer
may be Sabstlt@téd((uieth)acriylwn"deﬂwdm dlnmmﬂaﬁmd]zrrq@)nl(meiH)ac@mrmdem xtures of

organlcflu Sui t abl e oIv nts i alco ol s suc t hgnol
et hanol d 2ammﬁh@|<meé% widenNaes dmainyiaminge M reasaneyd (THF)

and 1, 4oplqumd.nhétﬁwéimhuﬁfwsqmmaéw?maé hexane and hept ane;
cycl oal kanés such as” cycl ohexane; aromatics such as benzene and
al kyl - substituted _benzenes such as tol uene and xylene al kyl carboxyl at es

such as[289}1 acelbe ensatyt?é%wteraﬁ%wlae Eonanegfynayalsofiean aging/l acet ate or
but yl h
rrgt %yl e%gﬁ%&hﬂopkﬁeﬂﬁ%ﬁ@ene OI’ I eé@hrg)retti?)l gﬂ&@@é{ﬁ&?@ lr':”ICX'[ 3?68

t her eof d|nhélﬁylalnTmtmropychme|ﬂe)acnylatebe formed in mxed solvents, e.g. THF and
net hanol, or di oxane and nethanol, or THF and et hanol, which can be renoved

after t | ymer ron. Th I rd on_react ated in
the pr egtﬁ)r@i gf ahﬁ?aél’%%}%%%it“%?‘?{ﬁnﬁé@'%%%"&efdﬁﬁy'ﬁgsgs"zen?%xﬁr%f‘é%%"r at ur eI of
20 to lQHefB)acryiate, asich @sthydfskyEthyl (eth)darglate adnyirbxypropyl dinetipacytdtede
persul fates such as SOdI um pot assi um or anmoni um per sul fates, peroxygen

compoun ch as er oxi de r ogen per oxi de,
pel argoERjVs‘I eI’OXI MB‘ ér?iﬁg%}'i%r%‘ﬁé LH% Xteﬁg 'é‘grfr 9?”% ’5%%9 €car bonat e,
tertiarhcided m@lhé’@ér&h}'l’ﬁé} ot Bie rhikturk 3foRHing theebpeRarat e, sodi um

per acet at e, (2- et hyl hexyl) peroxy di carbonate, azo catal ysts such as

azobls(lsobutyronltrlle) and 4, 4' -azobi s(4-cyanoval erjc aci d the
e, RBTR 1Y) OpSlat i SRR A14 Wb 0 B0 K o uRb o8 BB 5 A5 @ o
car 1 i NavAbid HEmAArBIIA LR GRAESEIGMAGIRICA™L ur e was placed in a
round flask, and the flask was deoxygenated and seal ed The m xture was

pol ynerized by heati ng?f; in a water bath at 50 C for ¥?d'|The heat ed
sanpl e H03kre waSOme S@lh&%@@"f‘ﬂ'ﬂf@t'aﬂséR@&@thPé'SaMﬁﬁmdeﬁ‘f eslagyl ether to
preci pi {fving'c ation. The precipitates were collected and dried in
a vacuum ov frrllgt o%querfl%'%v\hl te powders. [0081]1n a selected enbodi nent, a
rheol ogy nodi fying copol ymer,. such as the copol yners shown in FIG 5, may
be forrrélﬂddcordl qhwiog%mosijfmmg@@pglymﬁﬂtae dascrieed abeve mayhaege &%. The yiel d
of this & | lustrated in FIG .6,

t he pr ogg%é)&’(gg?sﬁ%&gﬁtrr@ﬁ?ggﬁn&lés%g'?ﬂ?ﬁé?%@%#@n&r consisting essentially

of acryl oxy propyl isobutyl-POSS nononers, PDVSMA nononers, and acrylic
aci d nof00vé]s, anlh amgiebtediambdc&mbot mm’eola)gvmmmdjfymdmolyrpma}ﬂhava process

whi ch cHis Shertat R Bitlindubap, wRerdR i EBUE A dpicTR B8 e o
of the Bf idpeating POSS h%o&m\(mlts@é)suh FiG. 6onapeot750, whith isthelto$ about 75

to 90 wt% of a renovabl e organi ¢ sglvent; and about 0.1 to about 5 wt %
such asnHBOEF obagryliagid fRagonegr upitsy &£be valwes of M./, @ndiomay be<apdem ansk al

wei ght  Gbed 6t FAAPERIGColtRNBE] SiRNAHBE e QiPRRMREiS aTBHdsMLopolyRRREFhe Ve
per cent ages |8n t he poﬁsglorrer ) © s P
number averaged molecular weight (Mn) of the PDMS-MA monomers is about 4590, x
is from 1 to 5, y is from 1 to 200, and the ratio of the weight of PDMS-MA to the total

weight is about 7.25 to about 28.1 wt%.

12



solution are also listed in Table I. The |listed concentrations are based on
total weight of the nononers, except in the |ast row which shows the wei ght
per cent agkoab1dds@4dol vent based on the total weight of PhE/SSedIMBA44aNnd t he
nononers. WD 2012/ 087244PCT/ S&011/ 000445 Table |I. Contents of

pol ymeri zati on sol uti on Conponents Specific Exanpl es Concentration (w ok)
unsat ur at ed wat er - sol ubl e nononer (nmeth)acrylic acid, dinethyl-am noethyl
(et h)acryl am de, di met hyl am noet hyl (neth)acryl ate, hydroxyet hyl

(nmeth)a te 1- ["81 P n oxy propyl
et hyl - m(ﬁlﬂt yl or %’%‘I’%g%ﬁ od mg%sa %@ogﬁm&gqgﬁgéje b‘u@f?ﬁ%ﬁ’é ne nonomner
ol i go- p@dm{edjl tsgepcb]yﬂneﬁmhgmne@are(dmtdmmg 2 |e’ise ode &Sbndm@ colmpHsirtg &e radi cal
initiator g. peroxide, perester
PosS compound mcludlng an ethylemcally unsaturated radical; at least one

ethylenically unsaturated oligo-siloxane monomer; and at least one unsaturated water-

soluble monomer. In selected embodiments, the mixture'to be polymerized for forming

the copolymer may contain about 1 to about 30 wt% of the POSS monomer, about 1 to

about 40 wt% of the oligo-siloxane monomer, and about 30 to about 98 wt% of the

unsaturated water-soluble monomer, and about 0.2 to about 2 wt% of a free radical

initiator, based on the total weight of the monomers.

[0077] The polymerization of the copolymer may be carried out in inert diluents
such as organic fluids or mixtures of organic fluids. Suitable solvents include alcohols
such as methanol, ethanol and 2-propanol; ethers such as dlethyl ether,
tetrahydrofuran (THF) and 1,4-dioxane; I|qU|d hydrocarbons such as hexane and
heptane; cycloalkanes such as cyclohexane; aromatics such as benzene and alkyl-
substituted benzenes such as toluene and xylene; alkyl carboxylates such as ethyl
acetate, isopropyl acetate, propyl acetate, methyl acetate or butyl acetate; haloalkanes
such as chloro or fluoroalkanes such as methylene chloride, ethylene dichloride and

chloroform, and mixtures there_of.

[0078] The copolymer may be formed in mixed solvents, e.g. THF and
méthanol, or dioxane and methanol, or THF and ethanol, which can be removed after
the polymerization. The polymerization reactions may be initiated in the presence of a
free radical initiator at a polymerization temperature of 20 to 100 °C, such as 40 to

80 °C.

[0079] Free radical initiators include persulfates such as sodium, potassium or
ammonium persulfates, peroxygen compounds such as caprylyl peroxide, benzoyl
peroxide, hydrogen peroxide, pelargonyl peroxide, cumene hydroperoxides,
diisopropyl peroxydicarbonate, tertiary butyl diperphthalate, tertiary butyl perbenzoate,
sodium peracetate, di-(2-ethylhexyl) peroxy dicarbonate, azo catalysts such as

azobis(isobutyronitrile) and 4,4'-azobis(4-cyanovaleric acid), and the like.

13



4,4' - Azobi s(4-cyanoval eric acid), 2,2 - azobis(2-nmethylbutanenitrile), t-
butyl peroxy pivalate 0.1-5, e.g. 0.2-2 Organic solvent or m xed solvents
Met hanol ,wethe8ir3442- pr opanol , THF, 1, 4-di oxane, chl or ofPOTI$G2omatonds4Ene
chloride 95-50, e.g. 90-75 [0085] Conveniently, the copol yners descri bed
herein can be produced in a facile process that can be easily scal ed-up.
The conponents of the copol yner can provide conbined effects such that the
copol ymer can be i ncorporated into a product. to nodify the rheol ogy of the

or oduct T8 111 GRARA! HRcre ir il dls e ReRRMAIE bl e ™

PMDS- MAglviensaiktire wes mahctegnnwoddnhdlfmekraﬂd mel flaskiveds deoiyhenated|amide) | S shown
to provide a sy ner)gl stic rheol o%éﬂm)dif effect. The incl U?I on

suf fi ci eflednthmmigare was patyaercgd by he a @W@tﬁoeﬁt%ﬂtﬁ%%qrd@aw he
copol ynghetaahsy éé?ﬁﬂe'rﬁlxﬁﬂe%é%&% BIRHTRBER xREs iV aheour%@a%ﬁb%rl nto a

product that 1s to be used in an aqueous envi ronment such as 1 n’iquids
t hat cotkn piesipiiatesfor pudfi@giono Jsietnrecipjiptes ovare soieattd RNddiriedyin bdickyimg

Copol y 0 ing limted to any particular theory, it is
expecte %’hgqggwlmﬁhegéj\&%%%mdlfyl ng effect of the copolyners may result at
| east in part fromthe mechani sm di scussed herein. PGCSS portions in the
copol ymigo&itle explacd seletied mmaﬁo&mwegwrﬁmmny Ediplythern, ste asthev t h

hydr ophobi ¢ domai ns rfact an in.a soluti respyl ti n increased
heo! bogoPav RS in 16, FitgHE foprmad Beiictie & e syptheblstBHls or ovi do- s
hi gher yjusga@dtiv FAS. 60T JIEIaDf ARG tprédss sCadh wg@at&ﬂﬂam gbgg.act with the
hydr ophobi ¢ domai ns. However, vvhen the POSS content is higher than the

limt, the copolyner nplecul to_a ate apong thensel ves due
to int e[%q,atzion beffllbstrated Ip Botf‘?lp(b' Ctﬂgpgg’mﬁg'&ﬁ'on ISR 8NERHSS portions

wil reesgaoly@bhcémsth%;dé%hﬁavofdéwwpfafpyit .stétw fseets%bnoﬁfé@s tpsmsheol ogy
nodi f effect may

yi ng expect'ed to decreasSe, inStead I ncrease.
[ 0088] TMA owpomensrandirerylid acid manogiers nand m@v@e;pphe fgxm ofra white owdenl
care, hone care, and pharmaceutical applications. Exanples of

phar mac d al aplfﬁ'ép ?QForfBﬁu'qu‘fhé V\ﬂb Zrlnt °J£Bi‘u€cf on'Pnér tibQ 8y

creans, ons, Oin e Cco s may be used as a
wetting belde\ildmd twmcrpbamtamealxautélto pbaot 50/wt%asmh a$ abomtrﬂhtg abawikich

Bect hot Mirepf BErgre diyo i aEeboy & o inf eRS iR Aol 157 "

bi oavai bekttd, byacrémbbeblefmgmceutveﬁalahm about U8 teriboiut 8wty susRaskdoused as
a bi oadhesj ve agent for nucus nenbranes. [ 0089] Enbodi nents of the present

i nvent i 8r2 @r&WHiar e free Ir?@lé‘r@'r'ﬁ@'@@rvﬁaﬁﬁidt%toﬁ%I"Y%%" R s BIAMCEErswhi ch are
not intended to be limting. [0090]. EXAMPLES

[0084] Possible components and their respective percentages in the polymer
solution are also listed in Table I. The listed concentrations are based on total weight
of the monomers, except in the last row which shows the weight percentage of the

solvent based on the total weight of the solvent and the monomers.
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[0091] I n these exanpl es, various sanple copol yners were polynerized from

different nononeric m xtures whose contents are listed in Table Il. The
val ues giwenowyus7z4he wej ght percentages of the respecti PETSGRPIOMRSNUS based
on the total weight of the m xture except the solvent. Table Il. Sanple AA

POSS- A PDMS- MA ACVA-Solvent (1/1) T (C Tine (day) Viscosity (1%sanple
in 12% SDS) '

~ Table I.

Contents of polymerization solution
_ . ' ’ .| Concentration
Components Specific Examples (Wi%)
unsaturated (meth)acrylic acid, dimethyl-aminoethyl
(meth)acrylamide, dimethylaminoethyl
water-soluble h ate. hvd thv 1-99, e.g. 30-98
monomer (meth)acrylate, hydroxyethy

(meth)acrylate
POSS-bearing | (meth)acryloxy propyl ethyl-(isobutyl- 1-99, e.g. 1-30

monomer or cyclopentyl-) POSS

Oligo-siloxane | oligo-poly(dimethyl siloxanes) 1-99, e.g. 1-40
monomer (meth)acrylate T
Free radical

4,4'-Azobis(4-cyanovaleric acid), 2,2'-

?;Eg:(?g’ee'g' azobis(2-methylbutanenitrile), t- 0.1-5, e.g. 0.2-2
perester butylperoxy pivalate _
Organic solvent | Methanol, ethanol, 2-propanol, THF,
or mixed 1,4-dioxane, chloroform, methylene 95-50, e.g. 90-75
solvents chloride '

[0085] Conveniently, the copolymers described herein can be produced in a

facile process that can be easily scaled-up. The components of the copolymer can
provide combined effects such that the copolymer can be incorporated into a product
to modify the rheology of the final product, even when the concentration of the
Copolymer in the final product is relatively low. In particular, the combination of POSS
and PMDS-MA (unsaturated oligo-poly(dimethyl siloxane) (meth)acrylate) is shown to
provide a synergistic rheology modifying effect. The inélusion of a sufficient amount of
the water-soluble monomer conveﬁiently allows the copolymer to be used in an

| aqueous environment or to be incorporated into a product that is to be used in an

aqueous environment such as in liquids that contain water.
[0086] Possible Applications of Rheology Modifying Copolymers

[0087] . Without being limited to any particular theory, it is expected that the
fheol,ogy modifying effect of the copolymers may result at least in part from the

mechanism discussed herein. POSS portions in the copolymer are expected to

15



(cps) 1 88.4 7.6 3.8 0.2 THF/ MeOH 50 1 14.1 2 76.9 6.6 16.3 0.2 THF/ MeOH 50
1 15.0
WO 2012/087244 PCT/SG2011/000445

interact with hydrophobic domains of a surfactant in a solution, resulting in increased
rheology. Within a limit, a higher POSS content is expected to provide a higher
viscosity as more POSS portions can enter and interat;t with the hydrophobic domains.
Howevei', when the POSS content is higher than the limit, the copolymer molecules
will tend to aggregate among themselves due to interaction between the POSS
portions. As a result, less POSS portions will react with the}hydrophobic domains of
-the surfactant, and the rheology modifying effect may be expected to decrease,

instead of increase.

[0088] ' The copolymers described herein may have application in personal care,
home care, and pharmaceutical applications. Examples of pharmaceutical
applications include topical formulatiohs in the form of creams, Iotions, ointments, or
gels, where the copolymers may be used as a wetting aid for the pharmaceutically
‘active materials, or as a skin penetration enhancer,_ or as an emulsifier for a solvent
phase having an aesthetic effect, or may be present to enhance the solubility or
bioavailability of the pharmaceutically active material, or may be used as a

bioadhesive agent for mucus membranes.

[0089] - Embodiments of the present invention are further illustrated with the

following examples, which are not intended to be limiting.
 [0090]  EXAMPLES

[0091] In these examples, various sample copolymers were polymerized from
different monomeric mixtures whose contents are listed in Table Il. The values given
~are the weight percentages of the respective components based on the total weight of

the mixture except the solvent.

Table Il.
Viscosity
POSS- | PDMS- |- Solvent T | Time | (1% sample in

Sample | AA | "7y Ma | ACVA (1/1) (°C) | (day) | 12% SDS)
; (cps)
1 | 884 76 38 0.2 | THF/MeOH | 50 | 1 14.1
2 | 769 | 66 16.3 0.2 | THF/MeOH | 50 | 1 15.0
3 | 594 51 35.3 0.2 | THF/MeOH | 50 | 1 15.3
4 ; : ; ; ) - | - 1.45
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359.45'135.30.2 THF/MOH50 1 15.34 - - - - - - - 1.45

. WO 2012/087244 PCT/SG2011/000445

[0092] In Table Il and the description below, AA = acrylic acid; POSS-A =
acronXy'propyI isobutyl-POSS; PDMS-MA = oligo-polj(dimethyl siloxanes)
methacrylate (Mn=4587); ACVA = 4,4'-azobis(4-cyanovaleric acid); and SDS = sodium

n-dodecyl sulfate. Sample 4 was a control sample used for viscosity testing at 12%

SDS solution.
[0093] Example 1
[0094] 2 g of AA, 172 mg of POSS-A, 85 mg of PDMS-MA and 5.2 mg of ACVA

were dissolved by 5 mL of THF and 5 mL MeOH mixed solvent in a 50 mL round
flask. The contents in the flask were deoxygenated by argon bubbling for half an hour
and sealed. The mixture in the flask was stirred at 50 °C fof one day, and the heated
‘mixture was precipitated into 300 mL of ether. The white powder (Sample 1) was

collected by ultrafiltration and dried at 50 °C under vacuum for two days.
[0095] Example 2

[0096] 2 g of AA, 172 mg of POSS-A, 424 mg of PDMS-MA and 5.2 mg of
ACVA were dissolved by 5§ mL. THF and 5 mL MeOH mixed solvent in a 50 mL round
flask. The contents in the flask were deoxygenated by argon bubbling for half an hour
and sealed. The mixture in the flask was stirred at 50 °C for one day, and the heated
mixture was precipitated into 300 mL of ether. The white powder (Sample 2) was

collected by ultrafiltration and dried at 50 °C under vacuum for two days.

-[0097] A measured "H-NMR spectrum of Sample 2 and the chemical structure

of copolymer in Sample 2 are shown in FIG. 7.

[0098] In comparison, the "H-NMR spectrum of a POSS-A monomer is shown in
FIG. 8. |
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WO 2012/ 087244PCT/ SG2011/ 000445 [0092] I n Table Il and the description

bel ow, AA = acrylic acid; FOSS-A = acryl oxy propyl isobutyl-PGCSS; PDVS-MA =
ol i go- polwOdonreansma si | oxanes) met hacryl ate (Vh=4587); RCVAG2011/000445

4, 4" -azobi s(4-cyanoval eric acid); and SDS = sodi um n-dodecyl sulfate.
Sample 4 was a control sanple used for viscosity testing at 12% SDS
solution. [0093] Exanple 1 [0094]2 g of AA, 172 ng of FOSS-A, 85 ng of PD
M5- MA and 5.2 ng of ACVA were dissolved by 5 nL of THF and 5 nL MeOH mi xed
solvent in a 50 nL round flask. The contents in the flask were deoxygenated
by ar goyg bli nggf fedf an hour and seal ed. The mixture in the flask was
stirred 0C for oRe day, and the heated m xture was precipitated into
300 nL of ether. The white powder (Sanple 1) was coll ected by

ul trafi (000 on aBg afrAled 7& mgef EQEkHY, 1vEiAgueh RIMSEMA. atal/s.2 rﬁg@@ﬂp‘&é@arrpl e

2 [0096] 2 of J72 . F - AL 424 f - MA.-an 5.2 f ACVA
et o werd oBgolyes SV mITEE RSB HEWESH Mhelsob @il g Shtt FafdBeRoung
fl ask. The contdnginstheflatkwveré aékxmﬁté&ﬁﬁﬁwwbhhg f@ﬂmmanbhblhﬂ ap for
hal f an hour and sealed. The m xture-in t flask was stirred at 50 C for

one daySealgd The midyreid the flesk wagsdirmse & 58 pafpéen?ﬁ%’ ambthehestedt her. The
white payMis d at 50 C
under vacuu%&??@émﬁp@tem?%g% Abpngtggﬁr@f%ﬂéﬁwg%t@é%gg?wénpl e 2 and
t he chewrpledted by uttrafilteation andpdiiegnatr50 € Gader! vacRuar fer bhodays.n FIG 7.

[0098] I n conparison, the 1H NVR spectrum of a POSS-A nononer is shown in

FIG 8. 012/ PCT/ S&011/ 000445 [ 0099] Exanpl e 3 [00100]2 g of AA,
172 ny B?M@éi E%ﬁé@gﬂm MA and 5.2 ng of ACVA were dissolved by 5 nL

THF and ‘5 nL I\/EOH m xed solvent in a 50 nL round flask. The contents in the
flask wi0@02¢oxyglridh etbckydispegsion lofiSampig 1f 2ior Bl fg) avaswepareddnsi@dloed. The

T X B b eSS S Rho o Sl R e TSR, . o)
was col beriokdl tdiperaturafor dvead daysas doreh b ednidgeP@ols woldeonvacuum for two
days. [00101] Exanple 4

[00103] The viscosity of the dispersion was then measured using a Rheometer

Rheostress 600 (THERMO HAAKE ™) at 20 rpm. The measured results are

summarized in Table Il and the viscosity values were determined to be around 15 cps

for all three Sémples 1, 2, and 3. In comparison, the viscosity of 12% SDS solution

without addihg the copolymer (Sample 4) was found to be about 1.45 cps. With adding

1 wt% of the sample copolymer, the viscosity of the final solution was enhanced to be

about ten times higher than the original surfactant solution.

[00104] It will be understood that any singular form is intended to include plurals
herein. For example, the word “a”, “an” or “the” is intended to mean “one or more” or
- “at least one.” Plural forms may also include a singular form unless the context clearly

indicates otherwise.

[00105] It will be further understood that the term “comprise”, including any
variation thereof, is intended to be open-ended and means “include, but not limited to,”

unless otherwise specifically indicated to the contrary.
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[ 00102] A 1% st ock dispersion of Sanple 1, 2 or 3 (1 g) was prepared in 12 %
sodi um n-dodecyl sulfate (SDS) solution (99 g). In each case, the mxture
was stirrwe 2a12/0803 t enperature for over 3 days to for mPETISGROIJONGIETS
solution. [00103] The viscosity of the dispersion was then neasured using a
Rheonet er Rheostress 600 ( THERMO HAAKETM at 20 rpm The neasured results
are summari zed in Table Il and the viscosity values were determ ned to be
around 15 cps for. - all three Sanples 1, 2, and 3. In conparison, the

Vi Scosi 2% was

f ound ti(yoo@%bout%%ﬂ‘ghé{ fﬂg\ﬂgﬁég%h haeq%hv\\ﬁ%g‘f (Bag#sa elgagg]p r, t he
Vi scosi oyieof tHelstéd hahsmlanylwnale&omﬁimtmcbfttWohe naxtmuif the hsted rhteenshl gher
than the origi sur f act ant solu on 0 t wi || under st ood t hat
any ' si GRS FOPHPRSHSSaa g POV AP RS FIeraonit PEGAUES PrOGerBIfe, < o
wor d " athjs sF@c:féHtlont Bfy sh@-hb%ﬁiﬂ&@sﬂthﬁrﬁlﬂ@@@en dt9s QlsoTRtefided! " at Ieast
one.” Plural fornms may also include a singular formunless the context

cl earl y i ndl cates otherwi se. [00105]It will be further underst_ood t hat the
term " c AR §e Smlanlon Ay engecfvialiasdaivemberedt is intendad én grerificallye

cheor 11 Ay TRl 18 VL or dberBRbe i €6 o fen.cARECAR BIBEEM) SG0aas
[ 00106] Wemmexildahestaluﬁs aricesb-ranggs \aee individuallyartchspacificatly disefosed. t he | ast
item any one of the listed itens or any suitable conbination of two or

ol eront 00008 oo, uPLEOTRE, FRareFn Erb &l aBPolifs ol I UbshoRes 1 7T g

wi t hin illuetrgliveonly iagtl in foabagdinitihgnThe desBitidd dhbodinerity araﬂysde@ﬂule tof
val ues venhrelnlsmtendedto SP |f|cé4%a/|ncdsg diate
val ue o %WB“? ifigRbaRsafiferm. R agioeaIent 9 ils| gndsey, ﬁrP ?f‘a val ues

and subif\RREGS, ratrier] 9 HighaeRld é/né%)‘ﬁ%a%%eéﬂ' dichahbainiditim wiend .ts[see.a@&]sd
course, the above described enbodi nents are intended to be illustrative
only andefmﬂthﬂMydaﬂmﬁtlng. The descri bed enmbodi nents are susceptible to
many nodi fications of form arrangenent of parts, details and order of
operation. The invention, rather, is intended to enconpass all such

nodi fication within its scope, as defined by the clains. WHAT IS CLAI MED
IS: 1. A copolyner for nodifying rheol ogy, formed of nononer units

consi sting essentially of:
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at |l east one first nonomer unit conprising a polyhedral oligoneric

si | sesqui oxane having an ethylenically unsaturated radical; at |east one
second nOWOr2eT2/08/M4# conpri si ng an unsat urated ol i gopol yPairseeomo0sHs oxane)
(meth)acrylate, and a sufficient anount of at |east one unsaturated

wat er - sol ubl e nononer, such that said copolyner is soluble in water. 2. The
copolynmer of claim11, conprising: about 1 to about 30 wt% of said at |east
one first nmonomer unit; about 1 to about 40 wt % of said at |east one second
nmonomer unit; and about 30 to about 98 wt % of said at |east one unsaturated

wat e'r'SWHRJT‘?S@_’)ﬁWD dased on the total weight of said nonomer units and
said at | east one unsa{urat ed wat er-sol ubl e nononer. 3. The copol yner of

claiml c ne first
ronorer Tarle E0PaEPfor R 8o torfipt ol nibngiRordu®s <sERYEGRa nononer
unit; and edsentialybft o about 90 wt % of said at | east one unsaturated
wat er - sol ubl e nononer, based on the total weight of said nononmer units and

said at |easgt I@Q@tmﬁﬁsumh@ﬁéﬁ@hﬂrc:oﬁ@n@big% poIyRstEral ofgordéric copol ymer of
any one of clainms 1 to 3, wherein said at |east one first nonomer unit

conprises a BUIGSAEIOXANE hawngfa@rqmylgmeayy unsafyeated radicalis | ndependent |y an

t hyl N turat ed radi d each R t Cl- C12
monoval ent. hoHEBRETBAPPRATBaNT e Wil CABPiOng PRI ERE g GtRPbon adi cal

conpri sing aﬁol?{dﬁétriyl g.l@@ae? fn&th) Ates@hgt i tuted C1-Cl2 nonoval ent
hydr ocar bon radi cal, or a hal ogen-su stituted Cl-Cl2 nonoval ent hydr ocar bon

radi cal COWpé'sﬁfﬁwarﬁ'anﬁMh%f 4t 18K&tIhe unsaturated water-soluble monomer, such

that said copolymer is soluble in water.
2. The copolymer of claim 1, comprising:

about 1 to about 30 wt% of said at least one first monomer unit;
about 1 to about 40 wt% of said at least oné second monomer unit; and

about 30 to about 98 wt% of said at least one unsaturated water-soluble

monomer,
based on the total weight of said monomer units and said at least one
unsaturated water-soluble monomer.
3. The copolymer of claim 1, comprising:
| about 5 to about 8 wt% of said at least one first monomer unit;
about 4 to about 35 wt% of said at least one second monomer unit; and

about 60 to about 90 wt% of said at least one unsaturated water-soluble

monomer,

based on the total weight of said monomer units and said at least one

unsaturated water-soluble monomer.

4. The copolymer of any one of claims 1 to 3, wherein said at least one ﬂvrst monomer

unit comprises a monomer unit of formula (1):
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5. The copolynmer of claim4, wherein Y is acryloxypropyl, and each Ris

I -butyl. 6. The copol yner of any one of clains 1 to 3, wherein said at

| east onewOi2pp¥08M¥AoNer unit conprises a nonomer unit oPCTSGIUMIAHOEHS) .
(rer), or (1V): .,0 _SI R9"io, \ " 'SI-C 0 M M/ 0\--IR 0 R3si
\P"-O-AFrITh R Si""0--- \R\ PO"SI ,'"Op OR-'"O0O \R WO .

2012/ 087244PCT/ SG2011/ 000445 / c\-"R OSiR3 0 ‘

R Y
~si—0—si”
R_.90
Ssi—0+SiZR g
[

[
RS . . )
R R (1),

wherein

Y is independently an ethylenically unsaturated radical; and

each R is independently a C1-C42 monovalent hydrocarbon radical, a C-
C12 monovalent hydrocarbon radical comprising an ether'|inkage, a
halogen-substituted C1-C1; monovalent hydrocarbon radical, or a
halogen-substituted C1-C12 monovalent hydrocarbon radical comprising

an ether linkage.
5. The copolymer of claim 4, wherein Y is acryloxypropyl, and each R is i-butyl.

6. The copolymer of any one of cléims 1 to 3, wherein said at least one first monomer

unit comprises a monomer unit of formula (1), (Ill), or (1V):

o

R
o
o5~ s s ™0
RO AN /N
Sig s8I0 h Me Me A -

/ VR

: (i)

, ()
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PR SiSi-0 1: (\ wherein each Ris independently a Cl-Cl2 nonoval ent

hydr ocar bon radi cal, a Cl-Cl2 nonoval ent hydrocarbon radi cal conprising an
et her |i Wege12/@7H3al ogen- substituted G -Cl2 nonoval ent REHSGearvon4s adi cal ,
or a hal ogen-substituted Cl1-Cl2 nonoval ent hydrocarbon radical conprising
an ether linkage. 7. _ The copolyner of claim®6, wherein each Ris i-butyl.
8. The copol yner of any one of clains 1 to 7, conprising 5 repeating units
of said at |east one first nonomer unit. 9. The copol yner of any one of
claims 1 to 8, wherein said at |,east one second nononmer unit conprises a
nmononer unit of prrrruIa (V): THRL-1i40 -Sii- 0 -Si - R2 Y R3R3R3 (V),

wherein X is ana ed\;ms% d radical; RL is a Cl-C22 dival ent
hydr ocar bon reﬁ:uﬁ is a Cl- monoval ent hydr ocar bon radi cal; each R3
is methyl; and ?\me;uig to 200. 10 The copol yner of claim?9, wherein X
is (nmeth) acryl 63< \I%%,/s;s propyl ene, and R2 is n- butyI

R/ \O/

R | v,

whe‘reinv each R is independently a C4-C4, monovalent hydrocarbon rédical, a
C1-C12 monovalent hydrocarbon radical comprising an ether linkage, a halogen-
substituted C1-C12 monovalent hydrocarbon radical, or a halogen-substituted

C+1-C42 monovalent hydrocarbon radical comprising an ether linkage.
7.. The copolymer of claim 6, wherein each R is i-butyl.

8. The copolymer of any one of claims 1 to 7, comprising 5 repeating units of said at

least one first monomer unit.

9. - The copolymer of any one of claims 1 to 8, wherein said at least one second

monomer unit comprises a monomer unit of formula (V):

R3 : R3 R3
| | |

X— R1—-S|E—GO—-—S|,3—)y—O ——T‘,i —R?

Re RS R V),

wherein
X is an activated unsaturated radical;
R'is a C1-Cy; divalent hydrocarbon'radical;
R?is a C4-C2 monovalent hydrocarbon radical;
each R is methyl; and
y is from 1 to 200.

10. The copolymer of claim 9, wherein X is (meth)acryloxy, R' is propylene, and R?is

n-butyl.
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1. The copol ymer of any one of clainms 1 to 10, conprising 1 to 5 repeating
units of said at |east one second nononer unit. 12. The copol ynmer of any
one of clwomei2lostm41l, wherein said at |east one unsaturetrsd2valesssol ubl e
nmonomer conprises a nononmer having the formula (M): R4 C=C /R Rs6 (V)
wherein mis an integer fromO to 10; Ais a nmethylene group; R4 is a

hydr ogen atom a phenyl group, or a benzyl group; R5 is a hydrogen atom or
a |lower al kyl or car boxyl group; R6 is a hydrogen atom a | ower aI kyI

group, oup rou pol iC.

conpri sil m CRAAlY "a%r&%}xﬁlﬂ #n%a'gﬁl fg)n%i c% gi%{jtozs rgp%%%q B) Y1, or
CON( R7)R8,savd1§tr|@béld%§ét@n88nd>r$orﬁéﬁlmm ndependent |y hydrogen or (B)YI1; Bis
a methylene group; n is an integer fromlto 10; and Y1 is a hydroxyl group,

pri mary 1anteeoptRFREIds ahyBHS B cldiffst1 & ¥1,8Mdi8in stid BHREST A ¥nsHiiRited M
salt. 13." The copol ymer of any one of clainms 1 to 12, wherein said at |east

one unsat wateegoluhleanoremabsempesese maemarinavingthedemadga (VD: aci d.

: (WD)
wherein |
m is an integer from 0 to 10;
A is a methylene group;
R*isa hydrogén atom, a phenyl group, or a benzyl group;
R® is a hydrogen atom, or a Iowver alkyl or carboxyl group;
R® is a hydrogen atom, a lower alkyl group, —CHgCOOH, a phenyl group, a
benzyl group, or a polymeric group comprising a unit derived from a sulfonic
acid; and '
Zis C_OOH, COO(B).Y', or CON(R7)R8, wherein
R’ and R® is each independently hydrogen or (B),Y";
B is a methylene group;
nis an integer from 1 to 10; and
Y'is a hydroxyl group, primary amine, secondary amine, tertiary amine,
or quaternary ammonium salt. |

13.The copolymer of any one of claims 1 to 12, wherein said at least one unsaturated

water-soluble monomer comprises a carboxylic acid.

14.The copolymer of any one of claims 1 to 11, wherein said at least one unsaturated

water-soluble monomer is an acrylic acid.

15.The copolymer of any one of claims 1 to 14, wherein said copolymer is a random

copolymer, a block copolymer, or a graft copolymer.
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14. The copol yner of any one of clainms 1 to 11, wherein said at |east one
unsat urated wat er-sol ubl e nononer is an acrylic acid. 15. The copol yner of
any one OVOcChEy038243 to 14, wherein said copolyner is.a PamGGaVIOpOHFNEr, a
bl ock copolyner, or a graft copolyner. 16.A conposition conprising an

el ectrolyte and the copolyner of any one of clains 1 to 15. 17. A net hod of
nodi fyi ng the rheol ogy of an environnent conprising an electrolyte, the
met hod conpri'sing addi ng the copol yner of any one of clains 1 to 15 to the

o ko B RS S ShAl A A GBS O B o

to 15.

17. A method of modifying the rheology of an environment comprising an electrolyte,
the method comprising adding the copolymer of any one of claims 1 to 15 to the

environment.

18.The method of claim 17, wherein the environment comprises a solution and the

copolymer is added to the solution.
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