1 Method For Inproving Viscosity of Thickeners For Aqueous Systens This
invention relates to a conposition for a reduced viscosity hydrophobic

t hi ckener system for thickening a polymer-containing agueous system a

met hod for providing a reduced viscosity thickener systemfor a

pol ymer - cont ai ni ng aqueous system and a nethod for increasing the
viscosity of a pol yner-containing agueoys system Pol ynmer - cont ai ni ng agueous
systens, such as for exanple coatings contalnlng enul si on pol ynmer bi nders,
typically enpla : vr§c03|ty
needed for the % ReEEor system One
general type of thlckener used in aqueous systens IS referred toin the art
by the term "associative." Associative thickeners are so called because the
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t hus reduci ng the anount cycl odextrin required uppress the viscosity

of a hydrsoghashfa akamplepdifyiead gh&eMdderearbltal The function of the organic

cosolvent is to suppress the viscosity of the aqueous solution containing the associative

thickener to allow for ease in its handling before its use as a thickener. A disadvantage of
these organic cosolvents is that they possess potential environmental, safety and health
disadvantages. Viscosity suppression may also be accomplished by the use of surfactants.
While this presents no specific health/environmental hazard, it does degrade paint

performance.

Others have achieved viscosity suppression of associative thickeners without the use of
solvents. U.S. Patent Numbers 5,137,571, and 5,376,709 are directed to viscosity
suppression of hydrophobically modified associative thickeners by mixing them with
cyclodextrin-containing compounds which complex with the hydrophobic groups on the
thickener. However, none of these references teach, disclose, or suggest methods to achieve
such viscosity suppression in an efficient and cost-effective manner. Since cyclodextrin
compounds are extremely costly, it is desirable to have a method for increasing the viscosity-
suppression efficiency of the cyclodextrin-containing compound, thus reducing the amount of
cyclodextrin required to suppress the viscosity of a hydrophobically modified associative

thickener.



thi ckener. 2 Applicants have unexpectedly di scovered that when: suppressing
the viscosity of a hydrophobically nodified associative thickener by m xing
the thickener with a cycl odextrin- containing conpound, the viscosity
suppressi on efficiency of the cycl odext®in-containing conpound can be
significantly inproved by careful selection of the thickener phobe(s) and
the cycl odextrin-contai ning conpound. Applicants have further unexpectedly
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 hydr ophokiédodaidit-yonthining coaponnd.aspect of the present invention, there is

provi ded a method for providing a a reduced viscosity.thickener systemfor
a pol yner-contai ning aqueous system the nethod conprising: (a) providing a
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cavity of said cyclodextrin-containing compound; and, wherein at least a portion of said
cyclodextrin-containing compound is complexed with said hydrophob.ically modified
associative thickener in such a way that at least a portion of at least one of said phobes at

least partially fills said hydrophobic cavity.

In a second aspect of the present invention, there is provided a method for providing a
a reduced viscosity thickener system for a polymer-containing aqueoué system, the method
comprising: (a) providing a cyclodextrin-containing compound having a hydrophobic cavity
of a predetermined size; (b) providing a hydrophobically modified associative thickener
containing at least one terrninal phobe of a size capable of complexing with said hydrophobic
cavity of said cyclodextrin-containing compound; (¢) mixing said cyclodextrin-containing
compound provided in step (a) and said hydrophobically modified associative thickener
provided in step (b), such that at least a portion of said cyclodextrin-containing compound of
step (a) is complexed with said hydrophobically modified associative thickener of step (b) in
such a way that at least a portion of at least one of said phobes at least partially fills said
cavity. Preferably, the at least one terminal phobe of the hydrophobically modified
associative thickener is not larger in size than the hydrophobic cavity of the

cyclodextrin-containing compound.



such a way that at |east a portion of at |east one of said phobes at | east
partially fills said cavity. Preferably, the at | east one term nal phobe of
t he hydrophobically nodified associative thickener is not larger in size

t han the hydrophobic cavity of the cyclodextrin-containing conpound. lie 3
In a third aspect of the present invention, there is provided a nethod for
increasing the viscosity of a polyner-gontaining system conprising mXing
the reduced viscosity thickener system prepared according to the nethod of
t he second aspect of the invention with: a polyner-containing aqueous
system wherein said polyner is water-insoluble; and a ur fact ant. capabl e
oF decompl ex: b 2Ia P BEIoL BT ieRe BUTE T HE EOIRSBENA PGt tohiii eming B

hydr ophohj;cal.: h§d.ed L aldl hekeper:, t he

oy esent 1 sy of Pl ARRAGL Aot bR SRR Sixink Mol M AB Rk

Vi scosi t ysykteinqkepaedd sRysidai tb die method yfivhe sevond aspetingf theineentonsyisi:ean t he

met hod conprising: (a) providing nethyl-a-cyclodextrin having a hydrophobic
cavity; (ROIYPRRPREITGE AGeRYTYSiS Ao Whersin spidRRlY merdy Watesdesolitble; @nd Bj ckener

cont ai ni n | east, . ope, t .0al ~Shze I l exing with
cai d hycr SERsE BT P e PR sRARY o by A AR Gy o MR, °CL TS

met hyl - a-MedpheBisilly Modified hsieelative thicRghet.2) and sai d hydrophobical Iy nodified
associ ative thickener provided in step (b), such that at |east a portion of
said nethyl-a- cyclodextrin of step (a) is conplexed with said

hyd hobi cal | di.fied iatiwv hi f. ' .
bt ot Teact HAgBNH] tahee o 8 e R dp hERdt pRXER AP o o ViElnde "

cavity. |RdgeeliivisthsiGiRRRenePbystdAion a $eFler cOMBMEd LAuebR&Y Qe Sthe tvisded a
met hod for I ncreasing the Vviscosity of a pol yner-containing aqueous system

conpr i-si ngniprisingg (4)peovidmg amathylicscyeiadeytrinthavimig ertydropyisbie cayitye @by mdvidagor di ng
to the nmethod of the fourth aspect of the invention wth:

h .
pol yner - chtdspriichigalhymedifisd assoriatiye \Mﬁgﬁ*&qrﬁogtainwgp%ﬂlwneit%m\gig%léa%obmfoq ubl e;

and (b) a. s t 2. Qf 2X] [ 1+ a- extyin
.from sai Zs%ey%p%lg%éﬁ?oégﬁ %ﬂg @8?%92’38%@%%?%{1’?92)?? !dc eté era. %ﬁyed%;égﬁpgél tion
of the presery saidemyl-Qrkytiddase plovides idste ) ardlsald ﬁfd}§pﬁdbicahy%damh‘abl c
t hi ckener system capabl e of thickening a pol ymer-containing agueous system
associative thickener provided in step (b), such that at least a portion of said methyl-a.-
cyclodextrin of step (a) is complexed with said hydrophobically modified associative

thickener of step (b) in such a way that at least a portion of said phobes at least partially fills

said cavity.

In a fifth aspect of the present invention, there is provided a method for increasing the
viscosity of a polymer-containing aqueous system, comprising mixing the reduced viscosity
thickener system prepared according to the method of the fourth aspect of the invention with:
(a) a polymer-containing aqueous system, wherein said polymer is water-insoluble; and (b) a
surfactant capable of decomplexing said methyl-a-cyclodextrin from said hydrophobically

modified associative thickener.

The composition of the present invention is useful for a reduced viscosity
hydrophobic thickener system capable of thickening a polymer-containing aqueous system.
The composition contains a hydrophobically modified associative thickener, and a

cyclodextrin-containing compound having a hydrophobic cavity.

The viscosity suppression of the hydrophobic thickener system is achieved by use of a

cyclodextrin-containing compound in the composition of the invention. Cyclodextrins are



The conposition contains a hydrophobically nodified associ ative thickener,
and a cycl odextrin-containing conpound having a hydrophobic cavity. The

vi scosity suppression of the hydrophobic thickener systemis achi eved by use
of a cyclodextrin-containing conpound in the conposition of the invention.
Cycl odextrins are 1 4 produced fromthe starch of plants such as corn,
potato, waxy naize, and the |like. The starch nmay be nodified or unnodified,
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production of pharamaceuticals and foods. In addition to o, § and y-cyclodextrins, modified
cyclodextrins such as for example ethoxylated cyclodextrin, propoxylated cyclodextrin,
methyl-o-cyclodextrin, methyl-B-cyclodextrin, and methyl—y—cyclodéxtrin are useful for the

present invention.

The torus structure of a cyclodextrin compound contains a central hydrophobic cavity.
The size of a cyclodextrin compound’s central hydrophobic cavity varies depending the type
of cyclodextrin, and increases with the number of glucose units. For example, the diameter
of the hydrophobic cavity of a-cyclodextrin (4.7 - 5.7 nm) is smaller than that of [3-
cyclodextrin (6.0 - 6.6 nm), which is smaller than that of y-cyclodextrin (7.5 - 8.5 nm). The
central cavity of a cyclodextrin compound can form inclusion complexes with hydrophobic
compounds, greatly increasing their solubility. By “complex” herein is meant a molecular
entity formed by loose association involving two or more component molecular entities,
where the bonding between the components is weaker than a covalent bond. By “inclusion
complex” herein is meant a complex in which one component (the host) forms a cavity in

which molecular entities of a different component (the guest) are located. The ability of



central cavity of a cyclodextrin conpound can forminclusion conplexes with
hydr ophobi ¢ conpounds, greatly increasing their solubility. By "conpl ex"
herein is meant a nolecular entity formed by | oose association involving
two or nore conponent nol ecular entities, where the bonding between the
conponents is weaker than a coval ent bond. By "inclusion conplex" hereinis
meant a conpl ex in which one conponent 5(the host) forns a cavity in which
mol ecul ar entities of a different conponent (the guest) are |ocated. The
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portions of the thickener, the viscosity suppression efficiency of the
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of the cyclodextrin-containing compound to maintain the viscosity of the thickener at the

level desired, for example for ease of handling. Applicants have discovered that the better

the fit of the terminal hydrophobic portions of the associative thickener in the cyclodextrin
compound hydrophobic cavity, the higher the viscosity suppression efficiency of the
cyclodextrin-containing compound. Thus, a host:guest ratio as low as 1:1 can be achieved by
selection of a cyclodextrin compound having a predetermined cavity size and a thickener

compound having terminal hydrophobic portions of a size and/or configuration such that they

are capable of complexing with the hydrophobic cavity of the cyclodextrin compound.

In one embodiment of the present invention, the terminal hydrophobic portions of the
associative thickener compound contain at least one terminal phobe. By “terminal phobe”
herein is meant a hydrophobic group located at the end of the thickener compound. In this
embodiment, the viscosity suppression efficiency of a cyclodextrin-containing compound is

improved by utilizing a composition containing a cyclodextrin-containing compound having



sel ection of a cyclodextrin conpound having a predeterm ned cavity size and
a thickener conpound having term nal hydrophobic portions of a size and/or
configuration such that they are capable of conplexing with the hydrophobic
cavity of the cyclodextrin conmpound. In one enbodi ment of the present

I nvention, the term nal hydrophobic portlons of the associative thickener
conpound contain at |east one term nal ®phobe. By "terminal phobe" hereinis
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cavity of yclogextrm -containing compound having a predetermined hydrophobic cavity size with a
hydrophobically modified polyethoxylated urethane thickener having at least one terminal
phobe of a size capable of complexing with the hydrophobic cavity of the cyclodextrin-
containing compound, and at least one diisocyanate functional group having a size and
configuration such that it is capable of complexing with the hydrophobic cavity of the
cyclodextrin-containing compound. Optionally, the at least one hydrophobically modified
polyethoxylated urethane thickener terminal phobe has a predetermined size, and/or the at

least one diisocyanate functional group has a predetermined size and configuration.

The associative thickener of this embodiment is a hydrophobically modified
polyethoxylated urethane thickener. Associative thickeners of this type are known in the art.
Typically, they contain polyethylene glycol units of varying length, connected by urethane
linkages, and terminated by hydrophobic end groups. The urethane linkages result from the
reaction of a diisocyanate with an alcohol. Applicants have unexpectedly discovered that the
configuration of the diisocanate used to make the thickener urethane linkage affects the

viscosity suppression efficiency of a cyclodextrin-containing compound. The configuration



cycl odextrin-contai ning conpound. Optionally, the at |east one

hydr ophobi cal |y nodi fi ed polyethoxyl ated urethane thickener terninal phobe
has a predeterm ned size, and/or the at |east one diisocyanate functional
group has a predeterm ned size and configuration. The associ ative thickener
of this enbodinent is a hydrophobically nodified polyethoxylated urethane
t hi ckener. Associative thickeners of this type are known in the art.
Typically, they contain polyethylene glycol units of varying |ength,
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cyclic, branched chaj ned, straight chained conmhi nat j ons t her eof.

W t hout 8@ HFKBRAE AL teastmg teﬁalm%? elebgrn fh?émigppgpl?w.cwe?f 8%/ BXF1qdeRkrine he
Vi scosi t &l a he
nor eased IR Ing oy cpirBhedadt I8 <), PRAE Wit tnd BRETSRRAbL R T,
di i socyanadre ﬂéﬂmb&héaiﬁ@ﬁyzfrﬁfe chniy, iha Gktterfthd dﬁsoeianaffeheamhm&mwsﬁe &r ahgast
one term nal phobe in the hydrophobic cavity of the cycl odextrin- containing
conpound ,deBgiereyrip teditn the Rh@b@ Hethe gygledextril Gy V\Pt!lhoqymat?ﬁh@b@l fortiks ef or e,

t he rmreflemb t he d chal t.he better th i.socyanate is
abi e to OBt Egop g, P SaaoBRerHE FRobRRakoFanhiRIO IR

cycl odextdijsdtyamté tHDID); il 0CHa4AEE ehb%@ﬂsugyah% 1ha- trﬂﬁ&ﬁﬁnf- 64 nvention

i nclude, for "exanple 1,4-tetranethyl ene di |socyanate , 6- hexanet hyl ene

di i socyartbts@yéilaﬁﬁhex;me 141@6@écaﬁgw®ﬂseqyen¢lc,l4s‘beyanate 2 2,4- trinmethyl-1, 6-

(rjria![ ﬁ;fgﬁgﬁ%g{] gg@é%ié%%&bﬁhexg)l @B(: @e socgggyr;%gtg 3- 1socyanatomethyl 3,5,5-
1-i socyanaﬁ@a@rcyaesas@ﬂ@tmeahwlzt-élyien% dugédyaﬁit@thq flexap&hedylfne and

2,4-tolylene diisocyanate ("TD ");” m and p-phenyl ene diisocyanate; xylene
dii socyarchﬂseqyaﬂatc:hdylnnedihsc&ymmwahtmfod13 plenylenadigsocyiandte; b;4p|quyh)éele :
di i socya

I ene  di | i socyanat.e (.'MOT' ) ; napht hyl ene
di i socyar@é%cya%a @F?eaﬂgla‘g%%mm MDY iléoeipllﬂaﬂ@e diisoqypate; and
embodi meng 5 h g@ahh QL biQRyafad he cycl odextrin-contai ni ng- conpound i's
conpl exe V\A%* g‘? é} L %{ﬁy nodi fi ed associ ative thickener in such a
way that at |east a portl on of at |east one of the phobes and/or at |east a
portion of the di.i socydanate
In this embodiment, at least a portion of the cyclodextrin- contammg compound is
complexed with the hydrophobically modified associative thickener in such a way that at
least a portion of at least one of the phobes and/or at least a portion of the diisocyanate

functional group at least partially fills the cyclodextrin hydrophobic cavity.

The viscosity of the aqueous solution containing the associative thickener increases
with increased thickener solids content. Therefore, the amount of cyclodextrin needed to
suppress the viscosity of the associative thickener increases with the solids content of the
thickener. The thickener solids level can be decreased to limit the amount of cyclodextrin
required. Preferably, the solids level of the thickener is 15% to 25%, more preferably 16% to
20%.

The methods of the present invention relate to providing a reduced viscosity thickener
system for a polymer-containing aqueous system, and methods of increasing the viscosity of a

polymer-containing aqueous system using the reduced viscosity thickener system. The



functional group at least partially fills the cycl odextrin hydrophobic
cavity. The viscosity of the aqueous solution containing the associative

t hi ckener increases wth increased thickener solids content. Therefore, the-
anount of cyclodextrin needed to suppress the viscosity of the associative
t hi ckener increases with the solids content of the thickener. The thickener
solids |level can be decreased to limt Bhe amount of cyclodextrin required.
Preferably, the solids |evel of the thickener is 15%to 25% nore preferably
16% to 209ucettviscasittibivkenst systen pravides forieasecrfttiapdlinggfdheasserighivs\thigkengr a
reduced viscaosity. thickener stem for yaer - cont ai i aqueous system
and met hoB¥%, ?u?%lgPQ%%?H%@ert'%oéﬁ%Plgg8%51%%?8 %fs Pe(iaﬂxg%lnile?nlg?& tc%:’otﬁftcg%lni ng aqueous
system usi ng the reduced viscosity thickener system The 8 reduced
viscosity thickener system provides for ease of handling of the associative
t hi ckener  pr i lmrone embedinient phibe proleptien, theghickensr aypteny iscyovided/by maming ai s

i ntended {o, thicken. 1n.one enbadi t of .the inyention, the.thickener
system i sPETORNOGEa oA A oRAOHS SSRGS L W Srogeeaole ishians f ve

t hi ckener -t : i A ; : , i LBk Ng
conpound ﬁ@@?‘%gﬁ‘é‘ aﬁgg‘?‘gﬁg ‘?‘%ﬁ??%%%%ﬁ%%@ﬂ%ﬁé Hs(,ii@fzeg@ﬂkgglgg’i ng the

t hi ckener causfhgelyecthiviendr rahd eyodadeairin-coptaiing cemnpound te oombplex, thidprevidingvtheli ng
the conposition of the invention. In a different enbodi ment of the

i nvent i onComPRSItOPOf Hisdryentieicont ai ni ng conpound is nethyl - a-cycl odextrin

In this enbodi nent, the thickener systemis provided by mxing a

hydr ophobi cal | y nodi fi ed associ ative thickener of the type described above

wi th net hyl - a- Incyditferdaxémbdtlimami of hedinetioa e byctodeaitin-sontLAHS corpdtif is

t hi ckener and net hyl -a-cycl odextrin to conplex, thus providing the

conposi t i owthyl-atdyeloilentgint ilnthis ¢mbodimart, the kiokamer systelmeisprovideddty miatgay| -
3-cycl odextri an._provi super.ior .viscosity suppressjion as.conpared to
hydr oxyet ﬁ;offm@w@rcaﬁgwﬁtff#%&ﬁswaf%%ﬁewﬁ? “55%% QHPgdR (’!:%é”tﬁ(ﬁfﬁet'@sl%pl e

U S Pate . £6,.14 i vV, i e in
some casedie Sty alidhonnbRUHAly, Rl GANRARUE MAEREEOERAATN 0.0, e
better vi geaplek thS&URpviamg tAcdrimiitRven theahvsakion 3-Tt 18 Yl Iadesnrih fhe af¥ thixout -

intending to be bound to a particular theory, it is believed that such
superi or wiethyb8iayglodexspn earsprovide seperior wiserssy seppreseiomian abmpardd tphobi ¢ porti on

of the agsocialye thlckener has a size andior Sopfiguralive suchyhat it
5,376,709). However, applicants have discovered that in some cases, other cyclodextrins,
such as methyl-a-cyclodextrin, can provide better viscosity suppression than even methyl-§-
cyclodextrin. Without intending to be bound to a particular theory, it is believed that sucﬁ
superior viscosity suppression occurs where the terminal hydrophobic portion of the
associative thickener has a size and/or configuration such that it fits well within the

hydrophobic cavity of the particular cyclodextrin-containing compound, which may be

methyl-a-cyclodextrin.

The efficiency with which an associative thickener is capable of thickening a
polymer-containing aqueous system varies depending upon the type of thickener. Applicants
have discovered that hydrophobically modified nonurethane thickeners tend to have a
thickening efficiency equal to or better than that of hydrophobically modified polyethoxylated
urethane thickeners, depending on the type of polyethoxylated urethane thickener. For
example, nonurethane thickeners typically have a thickening efficiency equivalent to that of
1,6- hexamethylene diisocyanate (“HDI”), and better than that of 4,4’ -methylenebis

(isocyanatocyclohexane) (“Des W™).



hydr ophobi ¢ cavity of the particul ar cycl odextrin-containing conmpound, which
may be methyl-a-cyclodextrin. The efficiency with which an associative
t hi ckener is capable of thickening a polynmer-containing agueous system
vari es dependi ng upon the type of thickener. Applicants have discovered
t hat hydrophobi cal ly nodi fi ed nonurethape thickeners tend to have a
t hi ckening efficiency equal to or bettef than that of hydrophobically
nodi fi ed pol yet hoxyl ated urethane thickeners, depending on the type of
pol yet hoxyl at ed uret hane thickener. For exanple, nonurethane thickeners
typi cal 1y haveyfed i G&kBBiaf6e @idkkfdr@BsdtoqHitle i EothpdsRtidn b thhventiofis a
hexanmet hyl ene di 1 socyanate ("HDI "), and better than that of
4, 4' - met hyideophbbisally(msdifiydpelyethyallaedumthane (hidReserythe. efféctiwdfoarbonlseze of the
associ ative thickener used to. nmake éhe cogagsition of the invention is a
figteagy

hydr ophobiisasyapatayiiuences thsohickeHag ¢ £ Hkeneh; Thessiaie, MeKe ef fecti ve

carbon 1 ABulobg, ek aABH LR WAPERRCRY L Bl MUEDBALELfu gRe ™! 1

di i socyangéift inlax eguishlesd f@alHt: teBeniptiitibmyc Y@ baleetodchleva el equiededtt in an
equi val ent paint thickening efficiency. In order to achieve an. equival ent
t hi ckeni nyicketing eligiepcyssingdifferenbdicsecyanpies.dely aneassary forteaths necessary for

each diisocyanate/term nal phobe .conbj nation to have t sane .ef fective

car bon' s SEoH R Rl hebe RIRRER I h1E e Pk R B e o SReder A havi ng
a cyclic dahpRCWRNALRenid ARG dMBICKGRE bﬁ?rhaﬂng% dyklid BiidRyddaR, W fhane .

| i nkage, and bearing a term nal” phobe having 10 carbons has a thickening

ef fi ci enceartpusizeafl &hin theutethane tifikaghi akidearing Bterthinal plipba hevingil @ larbohshased

di i socyanate, an effective.carbon size if 6 in the urethane |.inkage, and
bear 1 . ot KRG I RRGL AP GD At Seimisbener HiEvEia SRR GhaREomt ex e

cycl odext g3z ﬂ&k,a'amﬂ&tieﬁmﬁagxlalglzé rm&mremxﬁég@gg@j And PR Aknfialt hi ckener

is just as inportant as the a Ity of the cycl trin- contal ni ng conpound
t o conpl ephobe hhvihhe4 embasi at i ve t hi ckener in the first instance. In order
for the thickener to performits intended viscosity increasing function in

t he aqueous system to which the associative thickener solution is-added, it

o oL | 5 BB L SRS RAMELGARL R o oPnob <

conpoundshyiréphobizdisdogiatiee tighererdsljust ayrimipyetam @k alei abilitg 90 tHealytlv@extrin-
containing compound to complex with the associative thickener in the first instance. In order
for the thickener .to perform its intended viscosity increasing function in the aqueous system
to which the associative thickener solution is added, it is critical that the cyclodextrin
becomes decomplexed from the hydrophobic moieties on the associative thickener molecule.
Cyclodextrin-containing compounds are readily decomplexed from hydrophobic associative
thickeners simply by the addition of a material which has an affinity for the cyclodextrin.
Conventional surface active agents éommonly present in aqueous coating systems including,
anionic surfactants such as sodium lauryl sulfate, nonionic surfactants such as
IGEPAL®CO660 (a 10 mole ethoxylate of nonyl phenol), and cationic surfactants, may be
used to decomplex the cyclodextrin. Other water soluble organic solvents such as for
example ethanol and TEXANOL® solvent may also be employed for this purpose, but are
not preferred. It is preferred to utilize about one mole of the decomplexing agent per mole of

the cyclodextrin added to the associative thickener solution to achieve complete

decomplexation.

Both the complexation and decomplexation mechanisms are easily achieved by the

addition of the reactants with mixing. No special purification or separation steps are required



thi ckeners sinply by the addition of a material which has an affinity for
the cycl odextrin. Conventional surface active agents conmmonly present in
aqueous coating systens including, anionic surfactants such as sodi um

| auryl sul fate, nonionic surfactants such as | CGEPAL(r)C0660 (a 10 nole

et hoxyl ate of nonyl phenol), and cationic surfactants, may be wused to
deconpl ex the cycl odextrin. O her wateriosol ubl e organic solvents such as for
exanpl e et hanol and TEXANOL(r) solvent may al so be enployed for this

pur pose, ddrdondfetpefafire Wil @tiond suifsctfit fagbe @dddd) itu$ hbtinecessirgwé adhe nol e
of the deconpl exing agent per nole of the cyclodextrin added to the

associ at iadditiopal skdersant sorause he deepBRIpXatioB PEQSETS tetoscurgdie dpguatiani on. Bot h t he
conpl exat i gn_.and_.deconpl exat j,on i &Y. _achi eved by the

addi tion SB&acit?‘nnes ?%%@1’ g%ts%n)g\}ﬁ {hﬁ pa%ﬁlﬁ%%e °s“§5e§? g?al?dgﬁ%/lfﬁ’ cation or separation
steps are required 10 at roomtenperature. Wile additional surfactant may
be added, it is not necessary to add additional surfactant to cause the
deconpl exEiifollowing exmsplesare presentadhte itlustrateahe omvergiont act ant s al r eady
present in the paint have been found to be sufficient. Tha foll ow ng
exanples are presented to illustrate the invention. Exanples 1-4 Four
hydropho?')&ﬁ] ?ﬁl—n}f di fi ed pol yet hoxyl at ed uret hane (HEUR) thickener sanples
were use est. Two of them were synthesized using 4,4 -nethyl ene

bi s- (i socyandoachrirefiebiraly) mobEid Phlyathokyleted aekthuas €HEURY eiickehbesaaipi@r two
sanpl es used 1, 6- hexanet hyl ene dii socyanate (HEL% as the urethane linker. 5
grams of ‘eieHsedhp dledpsr Tyarphthem Wém%szse@dwsmg -jethitens Risur es of wat er

and rnet hyl - (3-cycl odext ri p-aty,different opcentrations to f.orm sqlutions of
2006 HEUR GBrARESS el Dty by 1 uEtape IRRGS e Bhis2 e M SRR vae
nmeasur ed heéghiéthef ARkEyRhd (MDICATRE GlethaddBnRék S § @fdntisyofehciihidkeh&Rhmple

cyclodextrin | evels was nornalized to the viscosity of the solution where no
cycl odextwére masesl wiﬁsé@graﬁmimasubft\saten/midatptbtyld.’)-synhodmtrhmﬂ differdgtbl e 1,

Py opho RS FoRdp FIBLSSSOpS G HA RSP THARY TRECKEASH Ry 1D
chem St YelitthRlondBf Y 2 bl OPRGH) §3L&P§gg@¢isfcb&gter.p?héfeits&%ﬁy LAY €t hane
cyclodextrin levels was normalized to the viscosity of the solution where no cyclodextrin was
used. The results, which are summarized in Table 1, demonstrate that the methyl-f3-
cyclodextrin suppressed the viscosity of the hydrophobically modified polyethoxylated
urethane thickener having HDI chemistry .better fhan a hydrophobically modified

polyethoxylated urethane thickener made with Des W cherniStry.

TABLE 1
METHYL-3-CD THICKENER THICKENER
WT% NORMALIZED VISCOSITY % SOLIDS
HEUR1 w/ |HEUR2 w/[HEUR3 w/| HEUR4 w/

DESW DES W HDI HDI

(Ex1) (Ex 2) (Ex 3) (Ex 4)
0 (comparative) 1 1 1 1 20
0.5 0.927 0.967 0.27 0.328 20
1 0.785 0.887 0.141 0.153 20
1.5 0.565 0.748 0.084 0.092 20
2 0.377 0.49 0.046 0.062 20
2.5 0.209 0.278 0.032 0.043 20
3 0.123 0.159 0.018 0.025 20
35 0.089 0.096 0.014 0.02 20




METHYL- | 3- CD THI CKENER THI CKENER W% NORMALI ZED VI SCOSI TY % SCOLI DS HEURL
w HEUR2 w HEUR3 w HEUR4 w DES WDES WHDI HDI (Ex 1) (Ex 2) (Ex 3) (Ex
4) O (conparative) 1 11120 0.5 0.927 0.967 0.27 0.328 20 1 0.785 0.887
0.141 0.153 20 1.5 0.565 0.748 0.084 0.092 20 2 0.377 0.49 0.046 0.062 20
2.5 0.209 0.278 0.032 0.043 20 3 0.123 0.159 0.018 0.025 20 3.5 0.089
0.096 0.014 0.02 20 11 Exanples 5-1 Four hydrophobically nodified

pol yet hoxyl ated urethane (HEUR) thickener sanples were used in the test.
Two of ExaMRleERE-18ynt hesized using Des Was the urethane linker, while the
ot her two us t 1 f t hi ckener
other {10 USkid koiEnlG HPAIRBB b UHAE i PN 1AOR P

met hyl - (@8reayad iodhexesti Tiwabf thvramassﬂltltc@m@ietmwd?@qwms the ufethane Bakeut i ons of 18%

HEUR I 20% H ds f h | t ant
sol ut ?gﬁ’l hagg‘arr‘]?&‘ﬁ‘s‘ﬁvroé’d %)ﬁif tg thffﬂ?f 1“5‘frd\g'lvSS @ ?gé%‘\[rl’%s eacgl’h‘g‘:kgqéeé ﬁ?tc s, r \%Squc hagr e
sunmar i zehd werI%m&i with SRBR0S A Rixtdad of whedr Bh & KERGILB-SYddeR®inRAVI NY

different 'solids contents, the methyl-(3-cyclodextrin suppressed the

Vi scosi tvyriawd cqmmtrahyrdrtommbpblabnswf dﬁ)‘@lHEléRisqildlsmmo(ﬁEél&sdhdﬂ dithane

t hi cken er  _than the h caII nmodi fi ed

ol yot hiRy T e e onEE Remhrt et ion en aeritfod e Mo SRE Py apL e 2

THI CKENfhe }ékmlu&'ﬁ(mé CRfnmatiEddRS Tble bl nateHRIROWICkERURAWms iR W HEUR7W
METHYL- p-CD DES Wat HDI at DES Wat HDI at DES Wat HD at

different solids contents, the methyl-B-cyclodextrin suppressed the viscosity of the
hydrophobically modified polyethoxylated urethane thickener having HDI chemistry better

than the hydrophobically modified polyethoxylated urethane thickener made with Des W

chemistry.
TABLE 2
- ) THICKENER VISCOSITY (cps)
. HEURSw/ | HEUR3w/ | HEUR6w/ | HEUR7w/ | HEUR6w/ | HEUR7 w/
METHYL-3-CD| DESW at HDI at DES W at HDI at DESWat | HDIlat
WT% 20% Solids 20% Solids 20% Solids 20% Solids 18% Solids 18% Solids
(Ex 5) (Ex 6) (Ex7) (Ex 8) (Ex9) (Ex 10)
0 (comparative) 22700 44400 - 17200 21250 11000 14700
045 : 11300 6900
05 22600 12000 17800 9800
1 18450 6250 14400 5850 10100 4050
1.35 7800 2850
15 14200 3750 11500 4200
1.8 5250
2 8900 2050 7750
2.25 3700
25 5300 1400 5250
27 2300
3 3500 800 3150
3.5 1650 600

Examples 11-14
Two hydrophobically modified polyethoxylated urethane (HEUR) thickener samples

were used in the test. One of them was synthesized using Des W as the urethane linker,
while the other one used HDI as the urethane linker. 5 grams of each thickener sample were

mixed with 20 gram mixtures of water and methyl- f -cyclodextrin at various concetrations



W% 20% Sol i ds 20% Sol i ds 20% Sol i ds 20% Sol i ds 18% Sol i ds 18% Sol i ds (Ex 5)
(Ex 6) (Ex 7) (Ex 8) (Ex 9) (Ex 10) O (conparative) 22700 44400 17200 21250
11000 14700 0.45 11300 6900 0.5 22600 12000 17800 9800 1 18450 6250 14400
5850 10100 4050 1.35 7800 2850 1.5 14200 3750 11500 4200 1.8 5250 2 8900
2050 7750 2.25 3700 2.5 5300 1400 525Q 2.7 2300 3 3500 800 3150 3.5 1650
600 Exanples 11-14 Two hydr ophobi cal I]ﬁ nodi fi ed pol yet hoxyl at ed ur et hane

(HEUR) t hi ckener sanmpl e used in the test. . of them was synt hesi zed
ot ) Dedd Gradolpam Db ORRAES Anolsr BETretseatuiclst SRME RBIC 26 t ho

uret hane gl SAEATE s Gaferld & RyMdRirid¥&Gotdi th 20 gram
m Xt ures nb)lk%{ﬂégéén mett hysl - (3 g cyc%&ggg)rf{(ﬁ)?gmat yvari orhs concetrations 12
t o f or m sohdetrations t@forAGStithdRf 20 HEURAnbdsh dihe Doy slosas visdosepafeachi ckener
sanple were. mxed with 20 gram m xtures of water _and hydroxypropyl- J3

- cycl odexesuftant spluten waimeaspiGA deing abrepidieldyiscgmaies dibgresyRs YIHchase, HEUR

sol i ds. i i I tJ: ONc: asured
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3, denpngiyd@pleotidaily modifiedpolyethexylatedumthans thickeskr hbeing HDI@Bérhigtrpbetiche

hydr ophobi cal | y nodi fi ed pol yet hoxyl at ed ur et hane thi ckener_ having HDI

cheni st r yhasdhg kydrophrbigaliyyeodifiert el reskxylefedyretanethigkensomada Wik PraWed ur et hane

t hi ck A ' h | '
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was more efficient in viscosity suppression than the hydroxypropyl- B -cyclodextrin.

TABLE 3
METHYL-B-CD | THICKENER VISCOSITY (cps) PrOH-3-CD | THICKENER VISCOSITY (cps)
WT% HEURS w/ HEUR9 w/ WT% HEURS w/ HEUR9 w/
DES W at HDI at DES W at HDIat
18% Solids | = 18% Solids 18% Solids 18% Solids
(Ex 11) (Ex 12) (Ex 13) (Ex 14)
0.5 20800 0.5
1 9400 1 45700
15 5600 15 31300
2 17300 3500 2 21100
25 11100 2200 2.5 37400 17000
3 6650 1500 3 22600 13800
35 3100 3.5 11200
4 2500 4 8400
45 1200 45 2050

Examples 15-18

Two hydrophobically modified polyethoxylated urethane (HEUR) thickener samples

were used in the test. One of them was synthesized using Des W as the urethane linker,

while the other one used HDI as the urethane linker. 5 grams of each thickener sample were

mixed with 20 gram mixtures of water and methyl-B-cyclodextrin at various concentrations

to form solutions of 20% HEUR solids. Another 5 grams of each thickener sample were

mixed with 20 gram mixtures of water and methyl-o.-cyclodextrin at various concentrations

to form solutions of 20% HEUR solids. The low shear viscosity of each resultant solution

was measured using a Brookfield viscometer. The results, which are summarized in Table 4,




was nore efficient in viscosity suppression than the hydroxypropyl- Q
~-cyclodextrin. TABLE 3 ETHYL-P-CD THI CKENER VI SCOSI TY (cps) rOH (i-CD

i THI CKENER VI SCOSI TY (cps) W% HEURS w HEUR9 w W% HEUR8 w HEUR9 w  DES
"Wat HDI at DES Wat HDI at 18% Solids 18% Solids 18% Sol i ds 18% Sol i ds ( Ex
11) (Ex 12) (Ex 13) (Ex 14) 0.5 20800 0.5!31 9400 1 45700 1.5 5600 1.5
31300 2 17300 3500 2 21100 2.5 11100 2200 2.5 37400 17000 3 6650 1500 3
22600 13800demoﬁst&1001a8th§ c}tdlldx{xtmn sa.@ﬂessbdahe)@nscmms of #@thydraphbisdlly madifipd es

15-18 Two hyd hobj di h” d hi ck
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20% HEUR sol1ds. Another 5 grans of each thickener sanple were mxed wth

20 gram mi xtemesstoite that wheramdts Ve way bseal-asylod tittkeoeriunethanedmkenoethy- J -
concentrations to _form solutions of 20% HEUR solids. The | ow shear. _
Vi scosity ofYaedetiinwas merm e §lsaeaft'Pdﬁcowssuﬁe%%%@anéwal-aa EYSdexigngwhile

aE oL L AT U B R 3. BB

modi f i ed peﬁm%nrﬂwws@ssas; swﬁamﬂehammahsgnw-c deRtridiDl  chenistry better
t han the hydrophobi cally” nodified pol yet hoxyl ated urethane thickener nade
with Des Wchem stry, whether the cyclodextrin used was nethyl- p
-cycl odext rjl‘RB(irE lr"ret hyl - a -cycl odextrin. The resuks al so
ETHYL-B-CD| THICKENER VISCOSITY (cps) ETHYL-a-CD| THICKENER VISCOSITY -
(cps)
WT% HEUR 10w/ | HEUR11 w/ WT%  |HEUR10 w/ | HEUR1l w/
DES W at HDI at DES W at HDI at
20% Solids | 20% Solids 20% Solids | 20% Solids
(Ex 15) (Ex 16) - (Ex 17) (Ex 18)
1 14300 1 : ' 14100-
2 17800 5400 2 3350
3 8350 2550 3 13300 1600
4 2500 4 2750

Examples 19-22

Two hydrophobically modified polyethoxylated urethane (HEUR) thickener

samples were used in the test. One of them was synthesized using Des W as the

urethane linker, while the other one used HDI as the urethane linker. 42 lbs of a 20%
HEUR solids solution of each thickener sample were mixed with a paint based on a 100
gallon formulation of Rhoplex™ SG-30 (an acrylic binder containing a surfactant, made
by Rohm and Haas Company, Philadelphia, Pennsylvania). Another 8.4 1bs of each
thickener sample was mixed with 0.84 Ibs of a 50% solution of methyl-a-cyclodextrin
and 32.8 Ibs of water to make a | wt% solution of methyl-d.-cyclodextrin, which isthen
mixed with a paint based on a 100 gallon formulation of of Rhoplex™ SG-30. The
efficiency of the thickener was determined by measuring KU viscosity and ICI viscosity.
The high shear ICI viscosity of the painfs was measured using an ICI Viscometer. The

Stormer Viscosity was measured by using the Brookfield Viscometer.



denonstrate that where Des Wwas used as the thickener urethane |inker,
methy- (3 - cyclodextrin was nore efficient in viscosity suppression than
met hyl - a -cyclodextrin; while where HDI was used as the thickener urethane
linker, methyl- a -cyclodextrin was nore efficient in viscosity suppression
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Two hydrophobically modified associative thickener samples were used in the test.
The first sample was a hydrophobically modified polyethoxylated urethane (HEUR) thickener
that was synthesized us.ing‘HDI as the urethane linker. The éecond sample, was a non-
urethane type of hydrop.h.obically modified associative thickener. Solutions of 20% solids
thickeners were made By dissolving 5 grams of each thickener sample in 20 gram mixtures
caonatining water and various cyclodextrins at various concentrations. The low shear
viscosity of each resultant solution was measured using a Brookﬁeld viscometer. The results
were summarized in Table 6, demonstrating that the cyclodextrin suppressed the viscosity of
the hydrophobically modified non-urethane associative thickener efficiently, with the degree

of viscosity suppression efficiency varying depending upon the type of cyclodextrin
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Wl mngton, DE, USA 16 WHAT IS CLAIMED I'S: 1. A conposition for a reduced
vi scosity hydrophobi c thickener systemfor thickening a polyner-containing

aqueous syste saj onposition conprising: a) a

nmet hyl -a-cy\gﬂ é§¢£ﬁm E-hi ng conpound havi ng a hydrophobic cavity of a
predet erm ned size; and b) a hydrophobically nodified associative thickener
containing at |east one termnal phobe of a size capable of conplexing with

sai d hydr ophoRicenfy¥ition fof a $@iu@ec_[7’€isbc)@ita@yd?d&xb@ﬁ%ickbrﬁbr%?ﬂ%ﬂli for fcleaifipaund;
wherein at |l east a portion of said nethyl-a-cycl odextrin-containing conpound

is cotnpl exgublyimetrcentaighing aqusphosyisteamn, | spiduomfosdwnaosurising:ve t hi ckener in
such a way that ap |east ortion.of at |east,one of sai hobes aj | east
o tial 1y 1 198 maty-rulesReer toaiting orpotal bEige SuRtPeB A LY R o) a
nmet hyl - a- cycl |- ;0 ng conpound havi ng a hydrophobic cavity of a
pr edet er m neﬁggégﬁhlgﬁgg%%ﬂmydrophobi cally nodified pol yet hoxyl at ed

ur et hane t hi akenkydrophobigallyahodifiad bssobiative ehickenat cqrhaibinghdesst onaterhinakt one
hexanet hyl ene dii socyanate (HM ) functi onal _ar oup has, a size _and

confi gur at i orphoberefiatsige Gapabls of spmplexing with sl dydraphabicieayity af sid aedphdbi ¢
cavity of said | odext rin-cont ai ni ag conpound; and further wherein said
conpl exati on 98@#5 nnC%’H%ﬂm é\/\lﬁ@c{%gt at least a portion of at |east one

of said HM fung{hepéialat Badtdportiod/oPEaidimdtRasd-cfiledextrisabhtaligtstapoindabes at
| east partially fills said hydrophobic cavity. 17 3. A nmethod for providing

a reduced vi swwospleyed withisaiddrydsgphobieaily moglifies) gsseqiative thickener in such a way

that at least a portion of at least one of said phobes at least partiaily fiils said

hydrophobic cavity.

2. A composition comprising:

a) amethyl-a-cyclodextrin-containing compound having a hydrophobic cavity of a
predetermined size; and

b) ahydrophobically modified polyethoxylated urethane thickener having, at least one
terminal phobe wherein at least one hexamethylene diisocyanate (HMI) functional
group has a size and configuration such that it is capable of complexing with said
hydrophobic cavity of said cyclodextrin-containing compound; and
further wherein said complexation occurs in such a way that at least a portion of at

least one of said HMI functional groups and/or at least one of said terminal phobes at

least partially fills said hydrophobic cavity.



cont ai ni ng aqueous system the nethod conprising: a) providing a

nmet hyl - a- cycl odextrin-cont ai ni ng conpound havi ng a hydrophobic cavity of a
predeterm ned size; b) providing a hydrogdfiobically nodified pol yet hoxyl at ed
ur et hane thickener containing at |east one term nal phobe and further
containing at |east one hexanethylene diisocyanate (HM) functional group
havi ng a size and configuration such that it is capable of conplexing wth
sai d hydrophopi c c of .said t a: cycl odextrijn- _cont nlng conpound;
i g sai & MRETEOLOL PENRiER £ FePeeLHschoi S RORp ORI 5F GHOBEEET St ep ()
and said hydgoggg?,qhggall,éd,sm,ﬁltﬁgnﬁfﬁg%%”gmlgckener provided in step (b),

such that at least a 'portion of said nethyl-a-cycl odextrin-contai ning
conpound o#) gir epnd(rzg)a mstho/bnﬁlyebodcb(tmn-tchntamgjcdmyphuo@Ihehngalhlyyqunbdbrk:lcedty
ur et hane thic (ﬁener eﬁ St e(g & in such a way at least a portion of said HM
functi onal edsiempedtizficast one of said phobes at |east partially

fills sai dey;s}wiamgtu 5y captichicall moliRed B RN,SASS Hethdnd BickeAbiRcRraitthe” el n

the cl oser the size of” said cyclodextrin- contalnlng conmpound hydr ophobi ¢
cavity is to atheastonegenhingbphdbatand &uther qcméammgrai least onpﬂnomeihylsaq: d

hydr ophobi cal di f th t hi .h
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sai d at Ieastcagaslefoemﬁ&bun@hﬂhesm hﬁﬁbﬂmd&y&éaonp@bgé;@lrdethﬂadwcu&ﬂxuw et hane

thickener is not |arger in size than said hydrophobic cavity ‘of said
cycl odext ri n-eotaisingcagpewihound. 5. A net hod for increasing the viscosity

of a pol y”%{]xmg'},%'xﬁétl‘glt%-%88&'&&#3&%%1% (]cB’%g) n?d n,%vmeé'.,ga V\f)[(‘?‘j a|1§358a) a

Vi scosi ty t ener s prepared acco C| al m

pol ymer - coihty aiophastgcailgruaodnﬁew&nm thibleaner pros iied nrpaé;y(tgrsmh th@taeleastiansol ubl e;
and b) a surfact bI e of (gq | exi hg sai d odextrin- c?nt i ni.ng
conpound  PPBIAN A mﬁﬁ YpHEB eIt P SOTPRVHANSEE esBtPietsd Wihret hod

for provi digng hgdfopHiNsiesl1y e it Lethdhk SKERSEr SYSELM) iPfuch aRPAyY AFBEAst a

portion of said HMI functional groups and/or at least one of said phobes at least partially

fills said hydrophobic cavity.

4. The method according to claim 3, wherein the closer the size of said cyclodextnn-
~ containing compound hydrophobic cavity is to the size of said at least one terminal
phobe of said hydrophobically modified urethane thickener, the higher the viscosity
suppression efficiency of said cyclodexirin-containing compound,
wherein said at least one terminal phobe of said hydrophobically modified
urethane thickener is not larger in size than said hydrophobic cavity of said

cyclodextrin-containing compound.

5. A method for increasing the viscosity of a polymer-containing aqueous system,
comprising mixing the reduced viscosity thickener system prepared according to

claim 3 with:



cont ai ni ng aqueous system the nmethod conprising: a) providing

nmet hyl - a- cycl odextrin having a hydrophobic cavity; b) providing a

hydr ophobi cal | y nodi fi ed associ ative thil8kener containing at |east one
term nal phobe of a size capable of conplexing with said hydrophobic cavity
of said nethyl-a-cyclodextrin; c¢) mxing said nethyl-a-cycl odextrin provided
in step (a) andaka pplymyreantdinipg@aghéeops sysiémn, whereinsaisi palymer ishwatérener
provided in step (.b% uch that at |least a portion of said

met hyl - a- cycl odextP djuble Won (a) is conplexed with said hydrophobical Iy

nodi fi ed associ gj iafﬁufabiaﬁk@@ﬁme%ffds@cﬁmém% kdid ey bde B on 7gé’6m]5<%8t a
|1 ills" said ca A

portion of said phobes at |east partial| % vity. met hod for

i ncreasi ng the vi stemisaid hyflraphpbicgliypmo arethang thiskersus system  conpri si ng
m xi ng the reduced viscosity thickener system prepared according to claim38
with: a) a polyner-containing agueous system wherein said polynmer is

wat er - i nsogubh %eﬂ%@fop?r@idﬁﬂg hacduasd vfé@d&ﬂg tfciner SR 6P piilymai-d

met hyl -a-cycl odextrin fromsaid hydrophobically nodified associative

t hi ckener. 8.coftaimingagquenss syskimyttie metholdaiompgisingher ei n t he sai d

hydr ophobi cal |y podifj ed atisoci atjve thickener conprises a non-urethane
associ ative thi @kepreyiding methyl-a-cyclodextrin having a hydrophobic cavity;

b) providing a hydrophobically modified associative thickener containing at least
one terminal phobe of a size capable of complexing with said hydrophobic
cavity of said methyl-a-cyclodextrin;

¢) mixing said methyl-a-cyclodextrin provided in step (a) and said
hydrophobically modified associative thickener provided in step (b), such that
at least a portion of said methyl-a-cyclodextrin of step (a) is complexed with
said hydrophobically modified associative thickener of step (b) in such a way

that at least a portion of said phobes at least partially fills said cavity.

7. A method for increasing the viscosity of a polymer-containing aqueous system,
comprising mixing the reduced viscosity thickener system prepared according to
claim 8 with:

a) apolymer-containing aqueous system,
wherein said polymer is water-insoluble; and
b) a surfactant capable of decomplexing said methyl-a-cyclodextrin from said
hydrophobically modified associative thickener.

8. A method as claimed in claim 8, wherein the said hydrophobically modified

associative thickener comprises a non-urethane associative thickener.



