TH CKENED PERSONAL CARE COVPOSI TI ON The present igmam;@gm i s

rel ated to personal care conpositions which contain an acryl at e- based,
pol ymeri c rheol ogy nodifier. -~ Rneology nodifiers aresusefic;- g
generally to adjust or nodify the  rheol ogi cal properties of aquedus
conpositions. Such properties include, wi thout limtation, viscosity,

flowrate, stability to,Viscosity change over tinme and the ability to
suspend particles in such aqueous conpositions. The particul ar type of
modi fier used wigl depend on the particul ar agueous conposition to be
nodi fied and on the partlCuinaucxemblasnsaﬂAuctWREmmdrdsmdnaqueous

conposi tion.

The present invention is related to personal care compositions which
10  contain an acrylate-based, polymeric rheology modifier.

Rheology modifiers are used generally to adjust or modify the
rheological properties of aqueous compositions. Such properties include,
without fimitation, viscosity, flow rate, stability to viscosity change over time and
the ability to suspend particles in such aqueous compositions. The particular

15 - type'of modifier used will depend on the particular aqueous composition to be
modified and on the particular end-use of that modified aqueous composition.
Examples of wnvenﬁonal rheology modifiers include thickeners such as
cellulosic derivatives, polyviny! alcohol, sodium polyacrylate and other water-
soluble macromolecules, and copolymeric emulsions in which monomers with

20  acid groups have been introduced onto the main chain.

Another class of rheology modifiers known to thicken aqueous
compositions is one typically referred to as associative modifiers. Such
associative modifiers are reported in U.S. Patent Nos. 4,743,698, 4,600,761, RE
33,156, 4,792,343, 4,384,096, 3,657,175, 5,102,936 and 5,294,692. As noted,

25 these “alkali- swellable” thickeners become effective upon the addition of base,

-~ thereby raising the pH of the thickened composition to alkaline, but the
‘ thickeners do not thicken aqueous compositions having acidic pH. These types
of thickeners also are believed to be incompatible in systems containing cationic

ingredients.

30 Other rheology modifiers which are "activateq_” by the addition of acid to

aqueous composiﬁons which contain the modifiers also have been reported. As
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Exanpl es of conventional rheol ogy nodifiers include thickeners such as

eel l ul osi c derivatives, polyvinyl alcohol, sodium polyacrylate and ot her
wat er - sol ubl e macronol ecul es, and copol yneric enul sions in which
nononmers wth acid groups have been introduced onto the main chain.

Anot her class of rheol ogy nodifiers known to thicken aqueous conpositions
Is one typically referred to as associative nodifiers. Such associative
nodifiers are reported in U S. Patent Nos. 4,743,698, 4,600,761, RE

33,156, 4,792,348, wpaidd, éfifisions,dfd Prefaféd vid, fie6-2adiR3 Cenfubibn SpolythérizGfbd. As not ed,
t hese "al kali- swellable" thickeners becone effective upon the addition of
base, thereby rai sutiizingtdalsidgistaplizersn eThe laindikiensak mixgdowilb ithei compasoratok al i ne, but
the thickeners do not thicken aqueous conEositions havi ng aci dic pH These

types. of thi ckenebesthigheass and thep agiq ig gddgd fogheyaix, thesebijowerngthe RHPF 8st ens

contai ni ng cat I oni Csystieri;lrgcrbe.gi éo%%t %‘hese thickeners are reported to be effective at thickening
certain acidic aqueous compositions, but are not effective at thickening aqueous

10  compositions having basic pH.

it would be desirablé to develop a polymeric rheology modifier which is
stable fo change in viscosity and phase separation over time when in the form
of an emulsion, and which advantageously may be used to thicken both acidic
and basic compositions.

15 The present invention is directed to personal care compositions which
comprise at least one cosmetically-active agent in an amount effective to impart
desired cosmetic properties to the personal care composition, and an acrylate-
based polymeric rheology modifier in amounts effective to thicken the personal
care composition compared fo similar compositions which do not contain the

20  polymeric rheology modifier.

The present invention relates to personal care compositions which
comprise a polymeric rheology modifier (PRM) wh_ich has been 'prepared by
polymerizing from about 5 to about 80 weight percént of an acrylate monomer

o, (a) selected from the group consistin§ of a C,-Cg alkyl ester of acrylic acid and

25 a C;-C; alkyl ester of methacrylic acid, from about 5§ to about 80 weight
percent of -a monomer (b) selected from the group consisting of a vinyl-
substituted heterocyclic compound containing at least one of a nitrogen 'or_ a
sulfur atom, (meth)acrylamide, a mono- or di- (C,-C,)alkylamino (C,-C,)alkyl

(meth)acrylate and a mono or di-{(C,-C,alkylamino (C;-C.)alkyl

2-

I

This Sheet Has Been Replaced

I




Clher rheol ogy nodifiers which are "activated" by the addition of acid to
aqueous conpositions which contain the nodifiers also have been reported.

As reported, enulsions are prepared via free-radical enulsion
pol yneri zati on utilizing colloidal stabilizers. The emulsions are m xed
with the conposition to be thickened and then acid is added to the m x,
thereby | owering the pH of the systemto 6.5 to 0.5. These thickeners
are reported to be effective at thickening certain acidic aqueous
conposi tions, bug afrﬁeﬂﬁé&ylﬂléee%a @t@&b&hb@%@gpger@éﬂp%{agﬁ assocfé%pos' tions
havi ng basic pH woul d be desirable devel op a pol yneric

rheol ogy nodifier whosdmer &), all percentages based on the total weight of monomer used to
prepare the PRM; and a cosmetically-active agent (CAA).

The PRM may be_incorporated into the personal care composition in
various forms, including powder, solution, dispersion and emulsion.

10  Conventional methods of preparing acrylate-based polymers in the various
forms are known readily by those skilled in the art of polymerization of acrylate-
based polymers. Such methods include solution polymerization, precipitation
polymerization and emulsion polymerization, for example. The PRM may be
used to thicken agueous personal care products such as creams and lotions

15 and hair care producte such as conditioners, shampoos, hair fixatives, gels,
mousses, sprays and dyes.

While use of the PRMs of the present invention particularly is
advantageous to thicken aqueous personal care compositions, the PRMs also
may be used to thicken those personal care compositions which contain low

20 amounts of water or no water. For instance, in personal care compositions
where no water or very little water is present, the PRM may be dissolved or
dispersed in solvents in which the PRM is soluble or dispersible and'which-
conventionally are used in personal care compositions, and incorporated into

~. the non-aqueous composition. The PRM may be dissolved or dispersed in the

25  solvent either prior to formulation, in which case a solution or dispersion is
added to other ingredients, or the PRM may be added in the form of a solid with
other formulation ingredients and the soivent, thereby producing the thickened

composition.
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stable to change in viscosity and phase separation over tine when in the
form of an enul sion, and which advantageously may be used to thicken both
acidic and basi c conpositions. The present invention is
directed to personal care conpositions which conprise at |east one
cosnetically-active agent in an anmount effective to inpart desired
cosnetic properties to the personal care conposition, and an acryl ate-
based polynmeric rheology nodifier in anounts effective to thicken the

per sonal care s0NPOSi t THRNPRMSTPAhE Chrdsent SivBitibm prefefdtly Osié il MeSfomhbch do not
contain the pol ymeri c rheol ogy nodifier. The present invention
rel ates to personal agyatebasedrpaiier emuisionsiwhich surprisinply ihave teemp foupdrierbec r heol ogy
modi fier (PRM which has been prepared by polynerizing fromabout 5 to
about 80 wei ght per b agfiRMs forheth ggidig aad Hﬁ?c?ﬁ’@ﬂ“e%sa?mg‘é? st dBe BfSm t he group

COS S o 2 LRl St S PR H BB 288 gBhous o
wei ght preferred form, the emulsions are stable, meaning that no appreciable phase
10  separation or change in viscosity is noted over time, for example one to five
days at standard temperature and pressure.

The acrylate monomers are selected from the group consisting of
esters prepared from acrylic acid and C,-C; alcohols, such as methyi, ethyl or
propyl alcohol, and esters prepared from methacrylic ‘acid and C,-C; alcohoals.

156  Preferred acrylate m&nomers comprise C,-Cg alkyl esters of acrylic acid.
Even more preferred, the acrylate monomer is ethyl acrylate.l From about 5 to
about 80 weight percent of the acrylate monomer are used in preparing the
composition of the present invention, preferably from about 15 to about 70
‘weight percent, and more preferably, from about 40 to about 70 weight

20  percent of the acrylate monomer are used, all percents based on total weighi
of monémer used to prepare the polymer.

Where stable aqueous emulsions of the PRMs are required, methyl
acrylate may not be used in the present invention during preparation of the

- PRM, as it has been found to result’ in emulsions which are unstable with

25 respect to viscosity change over time. It was unexpected that polymers
prepared in the absence of a polymeric colloidal stabilizer with ethyl acrylate
provided stability to viscosity change over time when compared to polymers
prepared in the absence of a polymeric colloidal stabilizer with methyl

\
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percent of a nmononer (b) selected fromthe group consisting of a vinyl-
substituted heterocyclic conpound containing at |east one of a nitrogen or
a sulfur atom (nmeth)acrylamde, a nono- or di- (Cerr]-Cerr])al kylamno
(derr]-Cerr])alkyl (nmeth)acrylate and a nono or

-(derr]-derr])alkylamno (Cerr]-Clerr])alkyl
3 (nmeth)acrylam de, and 0 to about 30 wei ght percent of an associative
nononer (c), all percentages based on the total weight of nononmer used to

prepare the PRM sandcrfate 0aseinbliSias! prefafddi with MeBytactyfal Were found to be The PRM
may be incorporated into the personal care conposition in
unstable to viscosity change.

In addition to the acrylate ester, polymerized therewith is a monomer
selected from the group consisting of -a vinyl-substituted heterocyclic
‘compound containing at least one of a nitrogen or a sulfur atom,
10  (meth)acrylamide, a mono- or di- (C,-Cjalkylamino (C,-C,)alkyl
(meth)acrylate, a mono or di-{C,-C,)alkylamino (C,-C,)alkyl (meth)acrylamide.
Exemplary monomers include N,N-dimethylamino ethyl methacrylate
(DMAEMA), N, N-diethylamino ethyl acrylate, N,N-diethylamino 'ethyl
methacrylate, N-t-butylamino ethyl acrylate, N-t-butylamino ethyl
15  methacrylate, N,N—diﬁethylamino propyl acrylamide, N,N-dimethylamino
propyl methacrylamide, N,N- diethylamino propyl acrylamide and N,N-
diethylamino propyl methacrylamide. From about § to about 80 weight
percent of the monomer are used in preparing the modifiers of the present

invention, preferably from about 10 to about 70 weight percent, and more
20  preferably, from about 20 to about 60 weight percent of the monomer are
used, all pé'rcents based on total weight of monomer used to prepare the
polymer. |
Although the use of associative monomers is optional, in certain
-~ preferred embodiments, an associative monomer is used in amounts ranging
25 from about 0.1 to about 30 weight percent, based on total weight of monomer
used to prepare the polymer, in combination with the acrylate monomer and
the monomer (b). When used, the associative monomers prefetably are used
at levels ranging from at_:out 0.1 to about 10 weight percent. Such monomers

include those disclosed in U.S. Patent Nos. 3,657,175, 4,384,096, 4,616,074,
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various forms, including powder, solution, dispersion and enul sion.
Conventi onal nethods of preparing acryl ate-based polyners in the various
forms are known readily by those skilled in the art of polynerization of
acryl ate- based pol yners. Such net hods include sol ution polynerization,
precipitation pol ymeri zati on and enul si on polynerization, for exanple.
The PRM nay be used to thicken aqueous personal care products such as
creans and | otions and hair care products such as conditioners, shanpoos,
hair fixatives, @el 2,743698DUISE®3, SPIEITS, 3102,986C5,294,602, Re. 3338 lte use of the
PRVMs of the present invention particularly is advantageous to thicken
agueous personal carentestsngf@d whiclo are, herelme irofRharater katein anif sblefofs mdthdio t hi cken

t hose personal care cg%P05|t|ons which contain | ow anmpunts of water or no

wat er. For instance® ﬁ%"r%’bﬂ'ﬂle"\?é?féhec@ﬁtb’ﬁsqrbﬁﬁﬁ”zo%%@ whereafser - or very

d. I t
' wh ch 1 h LEMpfiﬁgéﬂfgafbf’m“P Y A BpPe R iodie = URBRBSTR 1 SO vents

zero or an integer, m and p are zero or an integer less than n, and R is a

10  hydrophobic group of at least 8 carbon atoms. Preferred associative
monomers include the urethane reaction products of a monoethylenically
unsaturated isocyanate and non-ionic surfactants comprising C,-C, alkoxy-
terminated, block copolymers of 1,2-butylene oxide and 1,2-ethylene oxide,
as disclosed in U.S. patent 5,294,692 (Barron et al.); an ethylenically

16  unsaturated copolymérizable surfactant monomer obtained by condensing a
nonionic surfactant with an a,B-ethylenically unsaturated carboxylic acid or
the anhydride thereof, preferably a.C;-C, mono- or di-carboxylic acid or the
anhydride thereof, more preferably a carboxylic acid or the anhydride thereof
selected from the group coqsisting of acrylic acid, methacrylic acid, crotonic

‘20 acid, maleic acid, maleic anhydride, itaconic acid and itaconic anhydride, as
disclosed in.U.S 4,616,074 (Ruffner); a surfactant monomer selected from the
urea reaction product of a monoethylenically unsaturated m.oﬁoisocyanate
with a nonionic surfactant having amine functionality as disclosed in U.S.

-~ 5,011,978 (Barron et al); and a nonionic urethane monomer which is the

25 urethane reaction product of a monchydric nonionic surfactant with a
monoethylenically unsaturated monoisocyanate, preferably one lacking ester
groups such as alpha, alpha-dimethyl-m-iso-propenyl benzyl isocyanate as
disclosed in U.S. Re. 33,156 (Shay et al.). Particularly preferred. are the

ethylenically unsaturated copolymerizable surfactant monomers obtained by

—_—
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conventionally are used in personal care conpositions, and incorporated
l-nto the non-aqueous conposition. The PRM may be di ssol ved or dispersed in
the solvent either prior to fornulation, in which case a solution or

di spersion is added to other ingredients, or the PRM may be added in the
formof a solid with other fornulation ingredients and the sol vent,

t hereby producing the thickened conposition.
The PRMs of the present invention preferably are in the form of

acryl at e- based ps6l yreridessingl ssncnionic BdirfactBnt with [tadosit AGH.y Mathvds firegepafigund t o be
useful as PRvs for both acidic and basic pH aqueous conpositions. The terns
such monomers are disclosed in detail in the various patents incorporated
herein above.
In addition to the required and preferred monomers discussed above,
monomers which provide cross-linking in the polymer also may be utilized in
10  relatively low amounts, up to about 2 weight percent, based on the total
weight of monomer used to prepare the polymer. When used, the cross-
linking monomers preferably are used at levels of from about 0.1 to about 1
weight percent. Cross-linking monomers include muiti-vinyl-substituted
aromatic monomers, multi-vinyl-substituted alicyclic monomers, di-functional
16  esters of phthalic acid,- di-functional esters of methacrylic acid, multi-functional
esters of acrylic acid, N-methylene-bis;acrylamide and multi-vinyl-substituted
aliphatic monomers such as dienes, trienes, and tetraenes. Exemplary cross-
linking monomers include divinylbenzene, trivinylbenzene, 1,2,4-
trivinylcyclochexane, 1,5-hexadiene, 1,5,9-decatriene, 1,9-decadiene, 1,5-
20  heptadiene, di-allyl phthalate, ethylene glycol dimethacrylate, polyethylene
glycol dimethacrylate, penta- and tetra-acrylates, triallyl pentaerythritol,
octaallyl sucrose, cycloparrafins, cycloolefins and N-methylene-bis-
acrylamide. The polyethylene glycol dimethacrylates are particularly
. preferred for thickening in acid aqueocus compositions, as they tend to
25  minimize turbidity. '
Preferred PRMs' in emulsion form are prepared by forming an emulsion
utilizing single-stage emulsion polymerization techniques. Monomer, water,
free-radical initiator, surfactant in amounts effective to disperse the polymer in

the water upon polymerization of the monomers, and from about 0.5 to about 20

-7-
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PRM and pol yneric thickener are used interchangeably herein. In the nost
preferred form the emul sions are stable, neaning that no appreci abl e phase
separation or change in viscosity is noted over time, for exanple one to
five days at standard tenperature and pressure. The acryl ate
nononers are selected fromthe group consisting of esters prepared from
acrylic acid and (Jerr]-(ferr] alcohols, such as nethyl, ethyl or pr opyl
al cohol, and esters prepared fromnethacrylic acid and CJerr]-Cerr]

al cohol s. Pr ef er r adight etk lof anTBIBShBESefectSd it iteeyrdup @brislstingl #arg,-c3) kyl esters
of acrylic acid. Even nore preferred, the acrylate nonomer is ethyl

acryl ate. From aboutinedr top branglied umor@bydrie alpatiol od cze mon-polymetice pelghygtiicat e nononer
are used in preparlng t he conposition of the present invention,

preferably from abodfehphsych a&ﬁ‘ﬂ‘(ﬁ"e?@“' %Y'@Wﬁglyﬁ@ﬁ’&‘&'ﬁcemla?ﬂiewtémbr eferably,

fromabout 40 to abog 8 tWEeﬂ{' ‘on Fnblne f th&ly%%rrl%ko%t e Jpnoner are
used, all percents Base t

maintained at a desired temperature and for a period of time which are
10  effective to polymerize the monomers, thereby forming a polymeric emulsion
comprising the copolymer of monomers (a) and (b), water, surfactant and
alcohol.

The contents of the polymerization vessel preferably are maintained
at a temperature and for a period of time effective to cause_polymen'zation of
156  the monomers. Prefe;'ably the polymerization reaction is initiated at about 30
degrees centigrade, with the contents of the polymerization vessel attaining a
temperature of about 60 degrees centigrade. The reaction time will be from
about 1 to about 6 houre. One skilled in the art of emulsion polymerization will
be able to ascertain readily exactly what conditions of temperature and time

‘20 are required, as both are well within the knowledge of one skilled in the art.
Preferebly, from about 1 to about 10 weight percent of the alcohol are
used and, more preferably, from about 1 to about 5 weight pércent of the
alcohol are used, based on the total weight of the emulsion. If no alcohal, or
o, an insufficient amounts of the alcohol, is used in preparing the emuision, the
25  resultant emulsion will not be stable to change in viscosity over time. It is
desirable to"minimize the level of alcohol used. The maximum amount of
alcohol used may be limited practically by factors such as cost, flammability

and volatile organic compound environmental concerns. Other than those
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of nonomer used to prepare the polyner.

emul sions of the PRMs are required, nethyl
present invention during preparation of the
result in emul sions which are unstable with
It was unexpected that polyners

over tine.

pol yneric coll oi dal
vi scosity change over tinme when conpared to polyners

Wher e stabl e aqueous
acrylate may not be used in the
PRM as it has been found to
respect to viscosity change
prepared in the absence of a

stabilizer with ethyl acrylate provided stability to

absence of a pol $neffactors; edmbubtschd bicahbkity iekdegsesf 20/iwelghtpetclngt|conceivably may

acryl ate,

as emnul sions prepared w th nethyl

10

15

20

25

used.

Where stable emulsions are required, it is essential that polymeric
colloidal stabilizers such as polyvinyl alcohol not be used during preparation
of the emulsion via emulsion polymerization in any amount which materially
alters the properties of the emulsion, particularly the emulsion stability.
Preferably, no polymeric colioidal stabilizer is used during emulsion
preparation. it was discovered surprisingly that use of such polymeric
colloidal stabilizers results in emulsions which are not stable to changes in
viscosity or phase separation over time. Accordingly, the emulsions and
rheology modifiers co}npﬁsing the emulsions essentially are free and more
preferably are free of polymeric colloidal stabilizers.

CAA, as used herein, means any material, composition or compound
applied to the body, typically to téxe skin, hair, or nails, for the cosmetic treatment
thereof. Exemplary agents include emollients'and_lubricants for softening or
smoothing, surfactants for cleansing and other purposes, natural or s_ynthetic
polymers for the topical coating of the hair to build body or to enhance setting
characteristics, hair conditioning agents, and the like. Such CAAs include,
without limitation mineral oils, glycerin, beeswax, lanolin, acetylated lanolin,
stearic acid, palmitic acid, cetyl alcohol, sodium lauryl sulfate, sodium salts of
olefin sulfonates, various proteins, polymeric sugars, conditioning agents such
as polyquaterniun 7, polyquaterniun 4, polyquatemiun 10, and polyquaterniun
11, and hair fixative resins such as Acrylates/PVP copolymer,
Acrylates/Octylacrylamide copolymer, Acrylates copolymer  and

Acrylates/Acrylamide copolymer, Acrylates/VA copolymer,
-9~

_—

This Sheet Has Been Replaced

prepared in the.

acrylate were found to be

T

“PLACHD




unstJabI e to viscosity change. In addition to the acryl ate ester,
pol yneri zed therewith is a nononer sel ected fromthe group consisting of
a vinyl-substituted heterocyclic conpound contai ning at | east one of a

nitrogen or a sul fur atom (meth)acrylam de, a nono- or di-
(derr]-derr])alkylamno (Jerr]-Cerr])alkyl (meth)acryl ate,

a nono or

-(derr]-Cerr])alkylamno (Cerr]-Cerr])al kyl (meth)acryl am de.

Exenpl ary nonomners include N, N-di net hyl am no et hyl nethacryl ate

( DVAEMA)

N, N- di et hyl am no5et Aglylamide/pdrgdtes/DhbPRMEt Ly BEGMEtharyatedpbolymer e THIEIBE Y| at e,
N-t-butylamno ethyl acrylate, Nt-butylam no ethyl met hacryl at e,

N, N- di et hyl ami no prsoipighded de 9*eaﬂﬁaﬁeonlw\|an¢m reitingyasatai theomaterjaisohat | are
nmet hacryl am de, N, N di et h%drﬁ m no pr n{%ca acr I am de and N, N- di
propyl net hacryl ami GECOMPESSERY 1543 cos 3@ wei ght  percent

mononer are used in prepgrihd, e pé}&qélfégrcgm&;snérg thd WSS h venice for

application to some part of the body of some CAA that will have a cosmetic '

10 effect of some type, whether such effect is a softening or cleansing or

strengthening or body enhancing effect. it is the intent here to include within the

et hyl am no
of the

term CAA any and all of such materials that are provided for cosmetic effect. -

The personal care compositions of the present invention can aiso include

combinations of CAAs of various types, coloring agents, fragrances,

16  preservatives, and thé like. The levels at which the CAAs are used are

conventional and are known to those skilled in the art of personal care
compositions.

The present invention also provides a method of preparing a thickened

personal care composition comprising combining the PRM of the present

‘20 invention in amounts effective to increase the viscosity of the personal care

composition compared to a similar composition which does not contain the
PRM, and at least one CAA, thereby produ.cing,.a thickened personal care
“composition.
- The polymeric rheology modifier may be incorporated into the personal
25  care composition at the time the composition is formulated, or the PRM may be
post-added to an already-formulated personal care composition. When
inoorpor;ted during preparation of the personal care composition, the PRM may
be combined with water or other solvent in which the PRM either is soluble or

dispersible, the CAA and other ingredients as needed and/or desired, for

-10-
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i nvention, preferably fromabout 10 to about 70 wei ght percent, and nore
preferably, from about 20 to about 60 wei ght percent of the nononer are
used, all percents based on total weight of nonomer used to prepare the
pol yrer . Al t hough the use of associative nononers is optional, in
certain preferred enbodi nents, an associative nononmer is used in anounts
ranging from about 0.1 to about 30 wei ght percent, based on total weight
of nonomer used to prepare the polyner, in conbination with the acrylate

mononer and t he 5N Rddle drisifiersV\aRenWS&Ln the foem GfasBBle @inLilsieh, the BAGSIEES
preferably are used at |levels ranging fromabout 0.1 to about 10 wei ght
percent. Such nononemag be corgtingd witht he) SAA didsatiiep ibgredients ugortforniRiztiamnor thdos .

3,657,175, 4,384,096, 4,616,074,
~ emulsion may be post-added and blended with compositions which have been

formulated previously.
Preferably, as little of the PRM as possible is used in preparing the
10  personal care compositions of the present inve.ntion, with the minimum amount
allowed-being an amount effective to thicken the personal care compaosition.
The amount of PRM required, to effectively thicken the personal care
composition will depend Upon the particular polymer and particular personal
care composition. Typically, the thickened personal care composition will
15 contain from about 0.1 ‘to about 10 dry weight percent of the PRM, based on the
total weight of the thickened personal care composition. Preferably, the
thickened personal care composition wili contain from about 0.5 to about 5 dry
weight percent of the PRM.
The PRMs meet a number of needs of personal care product
20 formulators, such as compatibility with cationic ingredients, th_ickening
efficiency, clarity in gels, pH versatility (i.e. -ability to thicken over wide acidic-
alkaline pH range), and folerance to salts. A number of examples dc_etailing
personal care compositions making use of the PRMs of the present invention
- have been evaluated and are summarized below. These examples include
25 both hair care and skin care applications, as the PRMs appear to offer
benefits in both areas.
The following examples are set forth to exemplify the invention and
should not be used to limit the scope of the invention, which scope is set forth

in the claims appended hereto. _
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4, 743, 698, 4,792,343, 5,011,978, 5,102,936, 5,294,692, Re. 33,156, the
contents of all which are hereby incorporated herein as if set forth in

their entirety, and an allyl ether of the formula
CHerr]=CR CH err]OA[err]B[err]A[err]R where R is hydrogen or nethyl, A
i s propyl eneoxy or butyleneoxy, B is ethyleneoxy, nis zero or an

integer, mand p are zero or an integer less than n, and Ris a

hydr ophobi ¢ group of at |east 8 carbon atons. Preferred associative
nononer s i ncl udest he ur eThésRRMsSH thieipresend neshtiart vier® pregaredosianipe érpdisioni cal | y
unsaturated i socyanate and non-ionic surfactants conprising Clerr]-Clerr]
al koxy- t er m nat e@lymeyikaﬁek TDQSMF y%ﬁ@ed)fheleiﬂz-abﬁneyl elese ARMs ared

1, 2- et hyl ene oxi de, | osed in U. S. patent 294, 692 (Barron et
al.); an ethyl eni caf‘?iﬂ"ated Bﬁ@éf‘u?aa?’lé’& e G5 r|T23m°%°"§J?F%{Epc° " nmonomer

obt ai ned by Condensk‘op%a& PRM is set forth in Table 1. PRMs 1B and 1C were prepared
utilizing an associative monomer, while PRM 1A did not utilize an associative

10 monomer.

Table1
monomer” 1A 1B 1iC
ethyl acrylate 60 57 60
- dimethylaminoethyl 40 38 37
methacrylate
associative monomer - 5@ 3@

(1) = All values are in weight percent, based on total weight of
monomer used to prepare the PRM
15 (2) = ceteth-20 itaconate
(3.)= ceteth-20 allyl ether
The thickening efficiency of each PRM was e\)aluated by measuring
viscosity build in prototype personal care formulations. Viscosity was
measured using a Brookfield RVF heliopath vfécometer at 10 rpn;l. All
20 viscosity values are reported in units of centipoise (cps). Initial viscosity
measurements were taken after the personal care compositions were
formulated ..and allowed to equilibrate under ambient temperature and
pressure for 24 hours. Eight and/or seven day viscosities were measured 8
or 7 days, respectively, after the initial viscosity was measured. In all cases,

25 viscosities of the formulations containing the PRM were compared to

-12-

R

as Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\ o




noni oni c surfactant with an a,[err]-ethylenically unsaturated carboxylic
acid or the anhydride thereof, preferably a {err]-Cerr] nono- or

di -carboxylic acid or the anhydride thereof, nore preferably a
carboxylic acid or the anhydride thereof selected fromthe group
consisting of acrylic acid, nmethacrylic acid, crotonic acid, maleic acid,
mal ei ¢ anhydride, itaconic acid and itaconic anhydride, as disclosed in
U S 4,616,074 (Ruffner); a surfactant nononer selected fromthe urea
reacti on product sof wscesiieoeftdphteonwhich doyitaidedssl RRMI e formaiationoewamBietie W th a
noni oni ¢ surfactant having am ne functionality as disclosed in U S

5,011, 978 (Barron etargdetyiled dmfHormulations dntheough 8t brigwe Fvaluatiens ajdeiwdrei s t he

ur et hane reaction product of a nonohydric nonionjic surfactant with a

nmonoet hyl eni cal |y urfOXUGEd PR AodRb Aesteas &g determine siapilly & bigact, afhh@ePt&i ng est er

h | ph - ML S0: . I 4 SQC t
o el osed i 0 o Prererdlil danfl, WEd Bl BPsRRI RN sl BioMol BARKATALE 0\
et hyl eni cal | y unsat ypabgchtdead 9 L¥iREN PO Hre tstklcl BE kRl RESS IR BpdpBd ai ned by

10  as % H,0, retained.
Results and Discussion
The PRMs are useful in a broad range of personal care products.
The exampies shown here highlight their effectiveness at building viscosity in
diverse formulations, including cationic alpha hydroxy acid (AHA) creams,
15  antiperspirant Ioﬁons,.hair conditioners, specialty shampoos, hair and skin
gels, and hair dyes. All PRMs evaluated were effective at raising the viscosity
of personal care prototypes in hair and skin care systems.
AHA creams
Performance of the PRMs Was evaluated in the AHA cream set forth
20 in Formulation 1. This emulsion is low in pH and contains cationic ’

surfactants. The PRMs surprisingly exhibit both cationic compatibility and

acid thickening. Results are set forth in Table 2.

Table 2
- 25
PRM pH | Initial viscosity | Day 8 viscosity | % of Day 8 control
(cps) (cps) viscosity
1A 2.1 | 6,438 11,219 151
1B 2.2 | 37,000 28,563 384
none!” 2.1 | 10,344 7,438 100
1C 26 | 24,625 26,625 428
none'® 24 | 5570 9,563 100
-13-
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condensing a nonionic surfactant wth itaconic acid. Methods for prepare
such nononers are disclosed in detail in the various patents incorporated
herei n above. In addition to the required and preferred nononers
di scussed above, nononers which provide cross-linking in the polyner also
may be utilized in relatively | ow amounts, up to about 2 weight percent,
based on the total weight of nononer used to prepare the pol yner. Wen
used, the cross- |inking nononmers preferably are used at |evels of from
about 0.1 to aboft (1) apgk(2)RRMsclARad 1B wedy tesied simyiRiaoushnagaivstethessamec| ude

mul ti-vinyl-substituted
y control, while PRM 1C was tested at a later time against a second, but similar,

control independently of PRMs 1A and 1B.

As clearly is seen, the addition of only 0.5% solids PRM is effective at
raising the viscosity of a cationic AHA cream in comparison to a cream

10  without the PRM.

Antiperspirant lotion

Performance of each PRM was evaluated in the aqueous
antiperspirant lotion set forth in Formulation 2. This low pH emulsion contains
a high level of electrolyte as aluminum chlorohydrate. Therefore, the PRM

16  exhibits salt tolerance'as well as low pH viscosity build. Results are set forth

in Table 3.
Table 3
PRM pH | Day 7 viscosity | % of Day 7 control
(cps) viscosity
1A 4.1 2,888 74
1B’ 41 | 20,650 - 529
none™ 4.0 | 3,900 100
1C 43 | 3,325 N/A
nong® 4.1 | phase N/A
separation

20
- (1) and (2); PRMs 1A and 1B were tested simultaneously against the

same control, while PRM 1C was tested at a later time against a second, but
similar, control independently of PRMs 1A and 1B. Control® formed an
unstable emulsion, i.e. there was phase separation, which prevent_ed

25 determination of a viscosity for the control formulation.

-14-
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aromatic nmononers, multi-vinyl-substituted alicyclic nononers,

di -functional esters of phthalic acid, di-functional esters of nethacrylic
acid, multi-functional esters of acrylic acid, N-nethylene-bis-acrylam de
and mul ti-vinyl-substituted aliphatic nononers such as dienes, trienes,
and tetraenes. Exenplary cross- linking nononers include

di vi nyl benzene, trivinyl benzene, 1,2,4- trivinylcyclohexane,

1, 5- hexadi ene, 1,5, 9-decatriene, 1,9-decadiene, 1,5- heptadiene, di-allyl
pht hal ate, ethyl &ne gl ycid isdélendy saem yanit £0% solidg eof Hiyel esseciatiy PEM is

di nret hacryl ate, penta- and tetra-acryl ates, trlallgl entaerythritol,

octaal | yl = sucrose, efectie| ?fp%lﬁ”\'r”&?’lt'hé'a's'“%m Yaosili ofsan angousn Nigdt #AM ene- bi s-

acryl am de. The poI eth al e particularly
preferred for thlcken'¥er5l¥nt non@c&ﬁég%ﬂuﬂ?&@ﬁﬁﬁ%*?%ﬁépﬁgs they tend to
mnimze turbidity. Hair conditioner Pr€f erred PRVs in enul sion formare prepared
by form ng an emnul ston

PRMs 1A and 1B were evaluated in the rinse-off hair conditioner set

10 forth in Formuilation 3. This formulation contains a high loading of both
monomeric and polymeric conditioning agents. The unexpected, excellent
viscosity build shown in Table 4 exhibits the surprising ability of the PRMs to

build viscosity of aqueous, cationic-rich formulations at a 2% solids level.

Table 4
PRM pH | initial viscosity | % of control viscosity
(cps) '
1A 44 | 5,288 1,763
1B 43 | 18,488 6,163
none 44 | 300 100

15
Shampoos
These PRMs were formulated into the condifioning shampoo
protofype set forth in Formulation 4. As is seen in Table 5, PRMs 1A and 1B
20 were effective equally at building viscosity of the shampoo after n:lixing. .'Thus,-
the PRMs are shown to be capable of boosting viscosity of highly

concentrated surfactant systems.

Table §
PRI\;I'I pH | Initial viscosity | % of control viscosity
1A 5.9 | 51,656 1,223
1B 6.0 | 54,000 1,278
none 6.0 | 4,225 100
-15-
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utilizing single-stage enul sion pol ynerization techni ques. Monomer, water,
free-radical initiator, surfactant in anmounts effective to disperse the
polymer in the water upon pol ynerization of the nononers, and from about
0.5 to about 20 wei ght percent of an al cohol selected fromthe
group consisting of a CJerr]-CJerr] Ilinear or branched nonohydric al cohol
and a non-polyneric polyhydric alcohol, such as ethylene glycol, propylene
gl ycol and gl ycerol, based on total weight of the enmul sion, are conbined
in a polynmerizatiSon reactAdditionalvorkvas peridimmegdo demoastrtedhierabitity bEthgBRM¢ ur e and
for a period of time which are effective to pol¥nerize t he nononers,
thereby forming a p(S‘P mylpqps@rﬂg highhpgpncentrated surfactant systems. The PRMs were

post-added as a 20% polymer solids aqueous emulsion to three commercial
shampoos which were purchased and evaluated. The shampoos include a
mild baby shampoo available from Johnson & Johnson, Rave® moisturizing
10  shampoo, available from Chesebrough—Pond's USA Company, and Prell®
shampoo, available from Procter and Gamble. The ingredients in these
products, as reported on the label, are listed in Formulations 5, 6 and 7.
While the exact levels of use of the particular ingredients contained in the
respective commercial shampoos may be proprietary, ranges of the levels of
15  such ingredients used. by those skilled in the art are conventional and known
by those skilled in the art of formulating personal care compositions. As is
seen in the results reported in Table 6, the PRMs are effective at building

viscosity in all cases.

Table 6
20 .
formulation | formuiation PRM initial viscosity | % of control
pH ’ (cps) viscos:ity
Johnson's 7.8 1A 17,344 2,313
"Johnson's 7.8 1B 21,469 F 2,863
Johnson's | 7.9 1C 17,375 2,317
Johnson’s 6,6 none 750 100
Rave 8.8 1A 21,906 8,762
Rave 8.9 1B 26,344 10,538
Rave 8.9 1C 17,938 7,175
Rave .- | 5.66 none 250 100
Prell 8.0 1A 28,000 1,244
Prell 7.9 1B 30,844 . 1,371
Prell 8.0 1C ‘1 18,781 835
Prell 6.6 none 2,250 - 100
-16-
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conprising the copolynmer of nononers (a) and (b), water, surfactant and

al cohol . The -contents of the polynerization vessel preferably are
mai nt ai ned at a tenmperature and for a period of tine effective to cause
pol ynmeri zati on of t he nononers. Preferably the polynerization reaction is
initiated at about 30 degrees centigrade, with the contents of the

pol yneri zati on vessel attaining a tenperature of about 60 degrees
centigrade. The reaction tine will be from about 1 to about 6 hours. One
skilled in the aft @eisenul sion pol ynerization wl | be able to ascertain
readily exactly what conditions of tenperature and tinme are required, as.
both are wel | within theCRROR Bdigeertant gitibute 1for) masy hpip apg, gkiny pare gels. :
Preferably, fromabgut 1.t0 out .1 I ght nt of . | cohol are
used and, nore pref ?'%fxf/s?mgf tﬁ%’?ﬁngﬁ%%f'gﬁgyt '8wgﬁg‘;t}§g rvﬁgrltdbt'h@%p%r'sc“é'ﬁt of the
glrcohol are used, basgeatONscbll§ tipRhi}!catet Bl thadelciehf acRiBt bshhrMicial ka0 al cohol

thickeners are incompatible with the low pH and/or cationics, and emulsions
10  are necessary. PRMs 1B and 1C were used to thicken two clear AHA gels,
as set forth in Formutation 9, one of which contains an additional conditioner
(polyquaternium-4) and one of which does not. The viscosity results, which

are shown in Table 7, demonstrate that the PRMs efficiently build viscosity of

clear gels.
16 Table 7

formulation | PRM initial viscosity
(cps)

+ conditioner | 18 23,344

- conditioner | 1B 24,594

control® none <100

+ conditioner | 1C 21,083

- conditioner | 1C 20,594

control® none <250

(1) and (2); PRMs 1B and 1C were tested independent of one another against
separate cont_rols. | '
20 HairDyes
Hair dye systems typically are highly alkaline during use. The PRM is
found to be effective at building the viscosity of a two component permanent
hair dye after the two components are blended. This is true both when the
polymer is delivered in the acidic developer or in the alkaline dye base. Tﬁe

25 results set forth in Table 8 clearly show PRM 1B is effective at boosting the

A7-
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an insufficient amounts of the alcohol, is used in preparing the enulsion,
the resultant emulsion will not be stable to change in viscosity over
time. It is desirable to mnimze the | evel of alcohol used. The maxi num
anount of ~ al cohol used may be linited practically by factors such as cost,
flammability and volatile organic conpound environnental concerns. O her

t han t hose factors, amounts of alcohol in excess of 20 wei ght
percent concei vably may used. Where stable enul sions are
required, it i's @ssaiatdsiy ofitirecilicgr'olEpspe® icommerciall Haid idgknproducbdpialiablecirom such as

pol yvinyl al cohol not be used during preparation
Clairol Inc, the compasition of which is set forth in Formulation 9.

Table 8
PRM Delivery pH of blend | viscosity after blending
1B polymer from developer | 9.7 5,200
1B polymer from dye base | 9.7 4,713
nonet 9.7 2,900
1C polymer from developer | 9.6 4,500
1C polymer from dye base | 9.6 3,250
none® 96 1,900

10 (1) and (2;) PRMs 1B and 1C were tested independent of one another

against separate controls.

Peroxide stabili

Compatibility with hydrogen peroxide can be an important attribute in

15  certain personal care applications, such as hair dyes. A standard screening
test for peroxide compatibility is a 20 hour boil test. Peroxide concentration is
measured- before and after a 20 hour boil regime. Retention of more than

92% of the initial peroxide concentration is usually indicative of a product
which will exhibit satisfactory sheif stability. PRMs 1A and 1B were evaluated

20  in such a test at 1% solids using 6% hydrogen peroxide, with the pH adjusted

- - .to 3 with H;PO,. The results are summarized in Table9.

Table 9
PRM % peroxide retained
1A 98
1B T
-18-
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of the enulsion via enul sion polynerization in any anmount which materially
alters the properties of the enulsion, particularly the enulsion stability.
Preferably, no polyneric colloidal stabilizer is used during emulsion
preparation. It was discovered surprisingly that use of such polyneric
colloidal stabilizers results in enulsions which are not stable to changes
I n vi scosity or phase separation over time. Accordingly, the enul sions
and rheol ogy nodifiers conprising the enul sions essentially are free and
nor e preferabl § are froesofresoits yhoer that thesd BRMs | exlibit bxcelent peroxide

CAA, as used herein, neans any material, conposition or conpound applied.
to the body, typi caFQ’%PaE'Qﬂ'Wt he skin, hair, or nail s for the cosnetic

t r eat ment t hereof . Exe i ncl ude_eml ients and | ubricants for

agent s
T e me or o i noTHR, BRits SRSt Bfow M, TS T PERRE T poscs
natural or syntheti QppllcaB&Isy 'ﬁéysbu [iVischdh§ it AP plencE GRLdn WmHon b&orni@i ' tO

buil d body or to enhance set
care ingredients as catlomcs, acids, bases, salts and surfactants. Viscosities

10  of such diverse hair and skin formulations as creams, lotions, antiperspirants,
hair conditioners, specialty shampoos, mousses, hair and skin gels, and hair
dyes are enhanced by relatively low concentrations of these polymers. -
Furthermore, behaviors of interest for personal care, such as pseudoplastic

flow, are evident with these polymers.

15 Formulation 1
Cationic AHA Lotion

ingredient wt. %

20 PRM 0.50 (solids)
propylene glycol . 2.00
Na,EDTA (39%) 0.28
octyl methoxycinnamate 4.00
lapyrium chloride 0.50

25 . steapyrium chioride 0.50
cetearyl alcohol 2.00
glyceryl stearate/glycerin 3.00
cyclomethicone 4.00
dimethicone 1.00 .

30 isopropyl myristate 200
glycolic acid (70%) 4.29
water to 100%

-19-

-

B
Been Replaced Fois 5 1wmsmwfw

\\\\\\\\\\\\\\\\\\\\\\\\\




characteristics,

W thout Iimtation m neral
| anol i n, stearic acid, palmtic acid, cetyl alcohol,
sul fate, sodiumsalts of
sugars, conditioning agents such

hair conditioni ng agents,
oils, glycerin, beeswax,

ol efin sul fonat es,

and the like. Such CAAs incl ude,
| anol i n, acetyl ated

sodi um | auryl

vari ous proteins, polyneric
as pol yquaterniun 7, polyquaterniun 4,

pol yquat erni un 10, and pol yquaterniun 11, and hair fixative resins
such as Acrylates/PVP copolyner, Acrylates/Cctylacrylam de
copol yner, Acr @l at es copol yrner and Acryl ates/ Acryl am de
copol yner, Acryl at esNA C op offogmudation 2
Acrylanide/AcryIates/DNAPA/thhoxx PEG thhacr¥late copolynmer. This |ist
. queous Antiperspirant Lotion
10 ingredient wt. %
PRM 1.00 (solids)
propylene glycol 4.00
aluminum chiorohydrate (50%) 42.00
glyceryl stearate/PEG-100 stearate 3.00
15 cetearyl aicohol 0.75
glyceryl stearate/glycerine 1.50
cyclomethicone 2.00
water to 100%
20 Formulation 3
Rinse-off Hair Conditioner
ingredient wt. %
25 PRM 2.00 (solids)
polyquaternium-10 0.50
glycerin 2.00
laneth-15 1.00
cetearyl alcohol 2.50
30 mineral oil 2.00
cetyl acetate/acetylated lanolin alcohol 1.00
cetrimonium chloride (25%) 4.00
citric acid (20%) topH 4
water to 100%
-35
Formulation 4
Conditioning Shampco
40 ingredient wt %
PRM 2,00 (solids)
polyquaternium-10 0.75
sodium lauryl sulfate (29%) 17.00
sodium laureth sulfate (26%) 13.00
45 cocamidopropyl betaine (35%) 2.50
cocamide DEA 4.50
ethylene glycol distearate 1.25
steareth-20 0.30
dimethicone 3.00
50 citric acid topH6
water to 100%
-20-
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is intended to exenplitive only and not |limting as to the materials that
are enconpassed by the termcosnetically-active agent.

wat er - based persona

In

care conpositions, the water is a vehicle for

application to sonme part of the body of some CAA that will have a cosnetic

effect of sone type, whether such effect

st rengt heni ng or

wi thin the term CAA any and al
The personal
conbi nati ons of CAAs of various types,

cosnetic effect. 5
can al so incl ude
fragrances,

used are convent i onal
personal care 1Borrpositions.

preservatives,
and are

is a softening or cleansing or
body enhancing effect. It is the intent here to include
of such materials that are provided for
car e cpomoiatichisons of the present invention

coloring agents, .

andohngen & Jageson Baky Shapedos at which the CAAs are

PRM

a method of preparing a thickgigd

15

20

25

30

35

45

PEG-80 sorbitan laurate
Cocamidopropyl betaine
Sodium trideceth sulfate
Glycerin

- Lauroamphoglycinate

PEG-150 distearate

Sodium laureth-13 carboxylate
Fragrance
Polyquaternium-10
Tetrasodium EDTA
Quaternium-15

Citric acid

D&C yellow #10

D&C orange #4

Formulation 6

Rave® Moisturizing Shampoo

ingredient
PRM

Water

Sodium lauryl sulfate
Cocamidopropyl betaine
Sodium chloride
Polyquaternium-10
Glycerin
Polyquaternium-7
Oleth-3 phosphate
Fragrance

BHT

Tetrasodium EDTA
DMDM hydantoin
lodopropynyl butyl carbamate
Red 33

Yellow 5

21-
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personal care conposition conprising conbining the PRM of the present
Fnvention in anmounts effective to increase the viscosity of the personal
care conposition conpared to a simlar conposition which does not contain
the PRM and at | east one CAA thereby producing a thickened personal care
conposi tion. The polyneric rheol ogy nodifier may be incorporated
into the personal care conposition at the tine the conposition is

formul ated, or the PRM nay be post-added to an. al ready-formul ated personal

care conpositions Wen incorporated m&mmaﬁbpreparatlon of the persona
care conposition, the PRMmay be conbined wth water or other solvent in
which the PRM either is soluble or dPe§@shembéee, the CAA and ot her

i ngredi ents as needed and/or desired, for t %

ingredient
10 PRM 2.50 (solids)

Water
Ammonium laureth sulfate
Ammonium lauryl sulfate
Cocamide DEA

15 Ammonium xylenesulfonate
Sodium phosphate
Fragrance
Disodium phosphate
Sodium chloride

20 EDTA
Benzophenone-2
Methylchioroisothiazolinone
Methylisothiazolinone
D&C Green No. 8

25 " FD&C Blue No.1

Formulation 8

30 Conditioning Gel

ingredient wt. % wt % wt. %
glycolic acid (70%) 4.29 4,29 4.29
_ PRM 3.00 3.00 -
35 ‘ polyquaternium-4 0.50 - -
- water to 100% ~ to 100%
to100% :

40 Formulation 9

Nice 'n Easy® Dye Ingredients
Natural Dark Brown #120

=3
=

45 ingredient
" PRM 3.0 (solids)

Dye base
water

50 oleic acid
propylene glycol
isopropyl alcohol
nonoxynol-2
nonoxynol-4

-22-
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11 exanple enmulsifiers. Wien used in the formof a stable enulsion, the
emul si on may be conbined with the CAA and other ingredients upon

formul ation, or the enul si on may be post-added and bl ended with

conposi tions which have been fornul ated previously. Preferably,
as little of the PRM as possible is used in preparing the personal care
conpositions of the present invention, with the m ni nrum anount al | oned
bei ng an amount effective to thicken the personal care conposition. The
anmount of PRMregquired, to efdusjdigigbly t hi cken the personal care
conposition wll depend upon dnmonavhydrexidear pol yner and particul ar personal.
care conposition. Typically, dobmeniddDEAened personal care conposition wll
contain fromabout 0.1 to abo?ﬁG'&degwamltﬁmaw cent of the PRM based on

the total weight of the thlﬁ':‘l@?i’efésgéﬁ“sonal care conposition. Preferably,
t he 0 sodium sulfit

erythorbic acid
fragrance
EDTA
resorcinol
15 p-phenylenediamine
1-naphthol
N,N-bis(2-hydroxyethyl)-p-phenylenediamine sulfate

Developer
20 water

hydrogen peroxide-
nonoxynol-9
nonoxynol-4
phosphoric acid

25 cetyl alcohol
stearyl alcohol

23-
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t hi ckened personal care conposition will contain fromabout 0.5 to about 5
dry wei ght percent of the PRM The f needs
of personal care product formulators, such as cationic
i ngredients, thickening efficiency, clarity in mmﬂmll""em !lrl ty (i.e.
ability to thicken over wde acidic- alkaline pRrange) nan erance to
salts. A nunber of exanples detailing personal care conpositions making
use of the PRMs of the present invention have been evaluated and are
sumari zed bel ows Tiamaas @xme®! es i ncl ude both hair care and skin care
applications, as the PRVs appear to offer benefits in both areas. _
The followi ng exanples are set forth to exenplify the invention and should

not be used to limt the scope of the invention, which scope is set forth
in the clains appenéled h@ thickened personal care composntlon compnsmg

a polymerlc rheology modlﬁer in amounts effective to thicken

the personal care composition, said polymeric rheology madifier
10 prepared by polymerization of monomers selected from the group
consisting of
from about 5 to about 80 weight percent of an
acrylate monomer (a) selected from the group consisting of a
C,-Cq alkyl ester of acrylic acid and a C,-C; alkyl ester of
15 methacrylic acid,
from about 5§ to about 80 weight percent of a
monomer (b) selected from the group consisting of a vinyl-
substituted heterocyclic compound containing at least one of
a nitrogen or sulfur atom, (meth)acrylamide, a mono- or di-
20 - (C4-C,)alkylamino (C,-C,)alkyl {(meth)acrylate, a mono or di-
(C,-C,Jalkylamino (C,-C,Jalkyl {meth)acrylamide; and
0 to about 30 weight percent of an" associative
monomer (c), all percentages bésed on the total weight of
monomer used to prepare the polymeric rheology modifier;
25 and
a cosmetically-active agent in amounts effective to impart

cosmetic properties to the personal care composition.

-24-
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12 ; Three PRVs of the present inveqLLgﬂ,MELe~pr€§§T€a/V|a t he

emul si on pol yneri zati on met hods descri bed These PRMs
are designated PRM 1A, 1B and 1C, respect %\&g@j\}‘“ | C
conposition for each PRMis set forth in PRV 1B and 1C were
pr epar ed utilizing an associative nononer, while PRM 1A did not utilize
an associ ative nmononer . Table 1
monomner [ err] 1A 1B 1C
ethyl acrylate s 2 THeQomposition of Claim 1 wherein said asso8idtive monomer (c) is 60

selected from the group consisting of urethane reaction products of a
monoethylenically unsaturated isocyanate and non-ionic surfactants
comprising C,-C, alkoxy-terminated, block copolymers of 1,2-butylene oxide
and 1,2-ethylene oxide, an ethylenically unsaturated copolymerizable
10  surfactant monomer obtained by condensing a nonionic surfactant with an
o,B-ethylenically unsaturated carboxylic acid or the anhydride thereof, a
surfactant monomer selected from the urea reaction product of a
monoethylenically unsaturated monoisocyanate with a nonionic surfactant
having amine functionality, an allyl ether of the formula CH,=CR'CH,0A,B,A,R
15~ where R' is hydrogen or methyl- A is propyleneoxy or butyleneoxy, B is
ethyleneoxy, n is zero or an integer, m and p are zero or an integer less than n,
and R is a hydrophobic group of at least 8 carbon atoms, and a nonionic
urethane monomer which is the urethane reaction product of a monohydric
nonionic surfactant with a monoethylenically unsaturated isocyanate.
20
3. Thé composition of Claim 1 wherein the monomer (b) is selected from
the group consisting of N,N-dimethylamino ethyl methaciylate, - N,N-
diethylamino ethyl acrylate, N,N-diethylamino ethyl methacrylate, N-t-
butylamino - ethyl acrylate, N-t-butylamino ethyl methacrylate, N,N-
25  dimethylamino propyl acrylamide, N,N-dimethylamino propyl methacrylamide,

N.N- diethylamino propyl acrylamide and N,N-diethylamino propyl

methacrylamide.
25-
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dinéthylaninoethyl 40 —ss—

sferrt 0 A el e are i veion \llllllll!\l\llll\lﬁlll\\\llS[ o,

wei ght of nononmer used to prepare the PRM % cetéth-20

I taconat e (3 )= ceteth-20 allyl ether The t hi ckeni ng
efficiency of each PRM was eval uated by neasuring viscosity build in
prot ot ype personal care fornulations. Viscosity was measured using a
Brookfield RVF hel i apat hti apserbe bf Gidim EGvhefim sailabsociative HidAshdr Yo) ¥wal ues are
reported in units of centipoise (cps). Initial viscosity measur enent s
were taken after theelentgdstomalthe group consistingi off umtbange regction fanaduets of ed and

al lowed to equilibrate under anbient tenperature and pressure for 24

hours. Eight and/ or MSBRAHMlepicAlY | Hrsalyeated; docfaste ApdisTRndRfics surfactants

comprising C,-C, alkoxy-terminated, block copolymers of 1,2-butylene oxide
and 1,2-ethylene oxide, an ethylenically unsaturated copolymerizable

10  surfactant monomer obtained by condensing a nonionic surfactant with an
a,B—ethyienically unsaturated carboxylic acid or the anhydride thereof, a
surfactant monomer selected from the urea reaction product of a
monoethylenically unsaturated monoisocyanate with a nonionic surfactant
having amine functionality, an allyl ether of the formula CH,=CR'CH,0A,B,AR

15 where R is hydrogeﬁ or methyl, A is propyleneoxy or butyleneoxy, B is
_ ethyleneoxy, n is zero or an integer, m and p are zero or an integer less than n,
and R is a hydrophobic group of at least 8 carbon atoms, and a nonionic
urethane monomer which is the urethane reaction product of a monohydric
nbnionic surfactant with a monoethylenically unsaturated isocyanate..
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or 7 days, respectively, after the initial viscosity was neasured. In all

cases, viscosities of the fornul ations containing the PRM were conpared
to viscosities of a control which contained no PRM The
formul ati ons eval uat ed are detailed in Fornmulations 1 through 9,

bel ow. Eval uations al so were conducted on nodel systens to determ ne
stability to bl each, e.g. peroxide. Peroxi de stability was determ ned
by boiling a 1% solids, 6% H202 sol ution (pH adjusted to 3 using
Herr]PQerr]) fgr a total of 20adsrRaeT ORTSEIINVENTION reported as % H202
retai ned. Results and Di scussion

The present invention relates to thickened personal care compositions
which utilize a thickening amount of an acrylate-based polymeric rheology
modifier prepared by polymerization of a C,-Cs alkyl ester of acrylic acid
and/or a C,-Cq alkyl ester of methacrylid acid, a monomer chosen from a vinyl-

10  substituted heterocyclic compound containing at least one of a nitrogen or
sulfur atom, (meth)acrylamide, a mono- or di- (C,-C,)alkylamino (C,-C,)alkyl
(meth)acrylate, a mono or di-(C,-C.)aIkylamino (C,-C,)alkyl (meth)acrylamide,

and, optionally, an associative monomer.
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The PRVs are useful in a broad range of personal care prod'c P
exanpl es shown here highlight their effectiveness at buildi n%??h@gyﬁ\i}ygﬁgﬂ

di verse fornul ations, including cationic al pha hydroxy aci AHA) creans,
antiperspirant |otions, hair conditioners, specialty shanppog, hai EEEriS97
ski n. gels, and hair dyes. Al PRMs eval uated were effective at_raisin
the viscosity of personal care protoyypes in hair andjskin care

syst ens. AHA creans Performance of the PRMs._was._eval uated
in the AHA cream set forth in Formulation 1. This ermulsionis lowin
pH and cont ai ns cati oni HICKENEDIRERSONAL CAREFCOMPOSITIONI ngl y exhi bi t
both cationic conpatibility and acid thickening. Results are set forth
in Table 2. Table 2 PRM pH

Initial viscosity TDeypfesehsinosition is YelafedDaYpdissritiica® compositions which
contain an acrylate-based, polymeric rheology modifier.

Rheology modifiers are used generally to adjust or modify the
rheological properties of aqueous compositions. Such properties include,

. without limitation, viscosity, flow rate, stability to viscosity change over time and
the ability to suspend partic'l‘es in such aqueous compositions. The particular

- type of modifier used will depend on the particular aqueous composition to be
modified and on the particular end-use of that modified aqueous composition.
Examples of convenfional rheology modifiers include thickeners such as
cellulosic derivatives, polyvinyl alcohol, sodium polyacrylate and other water-
soluble macromolecules, and copolymeric emulsions in which monomers with
acid groups have been introduced onto the main chain.

Another. class of rheology modifiers known to thicken aqueous
compositions is one typically referred to as associative modifiers. Such
associative modifiers are reported in U.S. Patent Nos. 4,743,698, 4,600,761, RE
33,156, 4,792,343, 4,384,096, 3,657,175, 5,102,936 and 5,294,692, As noted,
these “alkali- swellable” thickeners become effective upon the addition of base,
thereby raising the pH of the thickened composition to alkaline, but the
thickeners do not thicken aqueous compositions having acidic pH. These types -
of thickeners also are believed to be incompatible in systems containing 'catiohic
ingredients.

Other rheology modifiers which are "activated” by the addition of acid to

aqueous compositions which contain the modifiers also have been reported. As
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(cps) (cps) viscosity 1A

11, 219 151 1B 2.2 37,000 28, 963, 5o 107

384 none[err] 2.1 10, 344 7,438 }1db11Ca- puF

2.6 24,625 26, 625 428 noneferr] 2. 5,.570

9, 563 100 14
sane

(1) and (2); PRVs 1A and 1B were tested sinul taneously agai S-~sant
simi1ar, " conerae SfSRat e, oo, Hesiraden” dltion Bofmasialemr | y i s

simlar, co _ 3121
seen, the additjon of oply 0, 5% solids PRMis effective at rai sing the
viscosity of &U&9 G‘PHOBJ;AFB@% £&8m 1he emHisions 458 mixechwith dagrcomposition to

be thickened and then acid is added to the mix, thereby lowering the pH of the
system to 6.5 to 0.5. These thickeners are reported to be effective at thickening
certain acidic aqueous compositions, but are not effective at thickening aqueous
compositions having basic pH.

It would be desirable to develop a polymeric rheology modifier which is
stable to change in viscosity and phase separation over time when in the form
of an emulsion, and which advantageously may. be used to thicken both acidic
and basic compositions.

The present iﬁvention is directed to personal care compositions which
comprise at least one cosmetically-active agent in an amount effective to impart
desired cosmetic properties to the personal care composition, and an acrylate-
based polymeric rheology modifier in amounts effective to thicken the personal
care composition compared to similar compositions which do not contain the
polymeric rheology modifier.

The present invention relates to personal care compositions which
comprise a polymeric rheology modifier (PRM) which has been “prepared by '
polymerizing from about 5 to about 80 weight percent of an acrylate monomer |
(a) selected from the group consiéting of a C-C, alky! ester of acrylic acid and
a C,-Cg alkyl ester of methacrylic acid, from about 5 to about 80 weight
percent of a monomer (b) selected from the group consisting of a vinyl-
substituted heterocyclic compound containing at least one of a nitrogen 'orj a
sulfur atom, (meth)acrylamide, a mono- or di- (C,-C,)alkylamino (C,-C,)alkyl

(meth)acrylate and a mono or di<(C,-C,)alkylamino (C4-Cyalkyl
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w t-hout the PRM Antiperspirant |otion Per f or manc PL
was evaluated in the agueous antiperspirant lotion set forth #.IFL nen mé’

Forrmul ation 2. This | ow pH emnul sion contains a high level jofel ectt ol yt
as al um num chl orohydrate. Therefore, the PRM exhibits saljt tolerance.as..|

well .as low pH viscosity build. Results are set forth i n Tlabl e 3.

Table 3 PRM pH Day 7 V|3sc05|ty % of Dajt—rF—eonttol
(cps) Vi sc 2,888 . 74
1B 4({meth)asgy %'gtgi% and 0 to a@yg 30 welghtnge@pghqf an assgciatige 900
100 1C 4.3 3,325 N A none [err]

4.1 phase  monomer (qy all percentages based on the total weightpbmanhomer used to (1)

and (2); PRMs 1A and 1B were tested sinultaneously against the
prepare the PRM; and a cosmetically-active agent (CAA).

The PRM ﬁay be incorporated into"the personal care composition in
various forms, including powder, ‘solution, dispersion and emulsion.
Conventional methods of preparing acrylate-based polymers in the various

. forms are known readily by those skilled in the art of polymerization of acrylate-
based polymers. Such methods include solution polymerization, precipitation
polymerization and emulsion polymerization, for example. The PRM may be
used to thicken aqueous personal care products such as creams and lotions
and hair care producte such as conditioners, shampoos, hair fixatives, gels,
mousses, sprays and dyes.

While use of the PRMs of the present invention particularly is
advantageous to thicken aqueous pereonal care compositions, the PRMs also
may be used to thicken those personal care compositions which contain low
amounts of water or no water. For instance, in personal care compositions
where no water or very little water is present, the PRM may be dissolved or
dispersed in solvents in which the PRM is soluble or dispersible and which
conventionally are used in personal care compositions, and incorporated into
the non-aqueous composition. The PRM may be dissolved or dispersed in the
solvent either prior to formulation, in which case a solution or dispersion is
added to other ingredients, or the PRM may be added in the form of a solid with
other formulation ingredients and the solvent, thereby producing the thickened

composition.



sarre control,

simlar, control independently of PRVMs 1A and 1B. Control [err]
unstabl e enulsion, i.e. there was phase separation, which preye t dd*
determination of a viscosity for the control forrrul ation. R
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only 1.0% solids of the associative PRMig effective at sign

| . gr-Puraz;,
while PRM 1C was tested at a later tine agai nst
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dybt -3
or n;ch &n a7 |
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15 As is{clearly seen,

flpgnfl\l

rai sing the viscosit ofpﬁw%guueous gh-5alt antiperspirant |otion

conparison-to

a prod

and 1 B were evaluated in the rinse-off hair conditioner set

acrylate-based polymer emulsions which surprisingly have been found to be
useful as PRMs for both acidic and basic pH aqueous compositions. The terms
PRM and polymeric thickener are used interchangeably herein. In the most
preferred form, the emulsions are stable, meaning that no appreciable phaée

separation or change in viscosity is noted over time, for example one to five

. days at standard temperature and pressure.

The acrylate monomers are selected from the group consisting of
esters prepared from acrylic acid and C,-C; alcohols, such as methyl, ethyl or
propyl alcohol, and esters prepared from methacrylic'acid and C,-C; alcohols.
Preferred acrylate mbnomers comprise C,-C; alkyl esters of acrylic acid.
Even more preferred, the acrylate monomer is ethyl acrylate.- From about 5 to
about 80 weight percent of the acrylate monomer are used in preparing the

composition of the present invention, preferably from about 15 to about 70

‘weight percent, and more preferably, from about 40 to about 70 weight

percent of the acrylate monomer are used, all percents based on total weighi
of monomer used to prepare the polymer.

Where stable aqueous emulsions of the PRMs are required, methyl
acrylate may not be used in the présent invention during preparation of the
PRM, as it has been found to result'in emulsions which are unstable with
respect to viscosity change over time. It was unexpected that polymers
prepared in the absence of a polymeric colloidal stabilizer with ethy! acrylate
provided stability to viscosity change over time when compared to polymers

prepared in the absence of a polymeric colloidal stabilizer with methyl

in

tth %m{emt/l inventiop prgfesably arerin the form obPRME 1A



forth in Formulation 3. This fornulation contains a high | ¢gagrm both
mononeri ¢ and pol ymeric conditioning agents. The unexpect ed, @lﬁ@ff\!éﬂﬂ SHEET

viscosity build shown in Table 4 exhibits the surprising abi [Ty ~of—tire
PRV to build viscosity of aqueous, cationic-rich fornula I 9Ny at cap29a?
ary ¢

solids level. Tabl e 4 P”__ |

pH initial viscosity % of control vi scg5| ty T

(cps) 1A 4.4 5,288 763 1B

4.3 18, 488 acrylate, as %ﬂlﬂggns 'prepargg nwith methyuamyla;gowere dtobg e
100 Shanpoos These PRVs were fornulated into the conditioning

shanpoo pr ot otngiable ta viseasity changernul ation 4. As is seen in Table 5, PRMs
1A and 1B were effective equally at building viscosity of the shanpoo
after mixing. Thus, IntbditiBRis i scrplbtaesten pofyntarizel liferelvith 99 atrhdbriés cosi ty

o nonty selected from the group consisting of a vinyl-substituted heterocyclic
compound containing at least one of a nitrogen or a sulfur atom,
(meth)acrylamide, a mono- or di- (C,-C,)alkylamino (C,-C,)alkyl

. (meth)acrylate, a mono or di-(C,-C,)alkylamino (C,-C,)alky! (meth)acrylamide.
Exemplary monomers ihclude N,N-dimethylamino ethyl methacrylate
(DMAEMA), N,N-diethylamino ethyl acrylate, N,N-diethylamino ethyl
methacrylate, N-t-butylamino ethyl acrylate, N-t-butylamino ethyl
methacrylate, N,N-dihethylamino propyl acrylamide, N,N-dimethylamino
propyl methacrylamide, N,N- diethylamino propyl acrylamide and N,N-
diethylamino propyl methacrylamide. From about 5 to about 80 weight
percent of the monomer are used in preparing the modifiers of the present
invention, preferably from about 10 to about 70 weight percent, and more
preferably, from about 20 to about 60 weight percent of the monomer are
used, all percents based on total weight of monomer used to prepare the
polymer.

Although the use of associative monomers is optional, in certain
preferred embodiments, an associative monomer is used in amounts ranging
from about 0.1 to about 30 weight percent, based on total weight of monomer
used to prepare the polymer, in combination with the acrylate monomer and
the monomer (b). When used, the associative monomers preferably are used
at levels ranging from about 0.1 to about 10 weight percent. Such monomers

include those disclosed in U.S. Patent Nos. 3,657,175, 4,384,096, 4,616,074,



concentrated surfactant systens. REPU!GT. e BUEET

PRM pH initial viscosity % of control viscosity

5.9 51,656 1,223 1B 6.0 54,000 2 0,_,,1_,%%8}
none 6.0 4,225 100 1 SEFERY
16 . Addi ti onal work was perforned to denonstrate thejability..of..the.d

PRMs to build viscosity of highly concen'lt%_at ed surfactant gystens. The
as_a 20% oI yner solTds aqueous enul silten-t-o-three

comer el al - ShAAS6tut 3% ¢ ST MR a0k P40, Reme 358k dbe

commerci al -
i ncl ude a

contents of all which are hereby incorporated herein as if set forth in theit_'
entirety, and an allyl ether of the formula CH,=CR'CH,0A,B,A R where R’ is
hydrogen or methyl, A is propyleneoxy or butyleneoxy, B is ethyleneoxy, n is
zero or an integer, m and p are zero or an integer less than n, and R is a
hydrophobic group of at least 8 carbon atoms. Preferred associative
. monomers include the urethané reaction products of a monoethylenically
unsaturated isocyanate aﬁd non-ionic surfactants comprising C,-C, alkoxy-
terminated, block copolymers of 1,2-butylene oxide and 1,2-ethylene oxide,
as disclosed in U.S. patent 5,294,692 (Barron et al); an efhylenically
unsaturated copolyme'rizable_g.:surfactant monomer obtained by condensing a
nonionic surfactant with an o,B-ethylenically unsaturated carboxylic acid or
the anhydride thereof, preferably a.C;-C, mono- or di-carboxylic acid or the
anhydride thereof, more preferably a carboxylic acid or the anhydride thereof
selected from the group con_sisting of acrylic acid, methacrylic acid, crotonic
acid, maleic acid, maleic anhydride, itaconic acid and itaconic anhydride, as
disclosed in U.S 4,616,074 (Ruffner); a surfactant monomer selected from the
urea reaction product of a monoethylenically unsaturated mornioisocyanate
with a nonionic surfactant having amine functionality as disclosed in U.S.
5,011,978 (Barron et al.); and a nonionic urethane monomer which is the
urethane reaction product of a monohydric nonionic surfactant with a
monoethylenically unsaturated monoisoCyanate, preferably one lacking ester
groups such as alpha, .alpha-dimethyl-m-iso-propenyl benzyl isocyanate as
disclosed in U.S. Re. 33,156 (Shay et al.). Particularly preferred are the

ethylenically unsaturated copolymerizable surfactant monomers obtained by




m | d baby shanpoo avail abl e from Johnson & Johnson, Rave Ak
shanpoo, avail abl e from Chesebrough-Pond's USA Conpany, an erT{err]
shanpoo, available fromProcter and Ganbl e. The ingredient N thesg . .an
products, as reported on the |abel, are listed in Fornul atijons £7 6and™T.
Wil e the exact |evels of use of the particular ingredientg cgntai.ned..in. ...
the respective comercial shanpoos nmay lge proprietary, ranges of the
| evel s of sucly,d edi : e s ki <k N

RS & BoelESaridiah 33, Bbhis g " sJtfodt

conventional an 0S€ S e ar
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care conpositions. As is seen.in ther lts, reported in . Table 6, the PRVs
are eff ggt Ive %HC?'bWPPﬂrinﬁff aR 5'@8@??‘} n r‘ﬁgﬁlﬁl 'nctgge rious patents Iricorporatec

Table 6 fornulatjon formul ati on PRM initial viscosity % of
control herein abovgH vi scosi ty
(cps) vi scosity Johnson's 7.8 1A 17, 344
2,313 In addition to the required and preferred monomers discussed above,

monomers which provide cross-linking in the polymer also may be utilized in -
relatively low amounts, up to about 2 weight percent, based on the total
weight of monomer used to prepare the polymer. When used, the cross-
linking monomers preferably are used at levels of from about 0.1 to about 1
weight percent. Crdss-linking monomers include multi-vinyl-substituted
aromatic monomers, multi-vinyl-substituted alicyclic monomers, di-functional
esters of phthalic acid,. di-functional esters of methacrylic acid, multi-functional
esters of acrylic acid, N-methylene-bis-acrylamide and multi-vinyl-substituted
aliphatic monomers such as dienes, trienes, and tetraenes. Exemplary cross-
linking monomers include divinylbenzene, ftrivinylbenzene, 1,2,4-
trivinylcyclohexane, 1,5-hexadiene, 1,5,9-decatriene, 1,9-decadiene, 1,5-
heptadiene, di-allyl phthalate, ethylene glycol dimethacrylate, polyethylene
glycol dimethacrylate, penta- and tetra-acrylates, triéllyl pentaerythritol,
octaallyl sucrose, cycloparrafins, cycloolefins and N-méthylene-bis-
acrylamide.  The polyethylene glycol dimethacrylates are particularly
preferred for thickening in acid aqueous compositions, as they tend to
minimize turbidity. |

Preferred PRMs‘ in emulsion form are prepared by forming an emulsion
utilizing single-stage emulsion polymerization techniques. Monomer, water,
free-radical initiator, surfactant in amounts effective to disperse the polymer in

the water upon polymerization of the monomers, and from about 0.5 to about 20



Johnson's 7.8 1B 21, 469 4, BERLALMENIn SHEET
7.9 1C 17,375 2,317 Johnson'{s G, 0

none 750 100 Rave 8.8 1AM o SFEP 1097
21, 906 8, 762 Rave 8.9 1B 26, 344

10, 538 Rave 8.9 1C 17,938 7, IT75 Rave
5. 66 none 250 100 Prell 8.0

1A 28, 000 Pr el Ta‘ 7.9 1B

30, 844 welgj_lt percept ef pn alcohol selgctgd from the groupl consisting of a £8-(781

835 Prell 6.6 none 2,250 100 _

Cel s lineari of branchedi manohydric aticatiobudrel feomorepalyrheria palyhydhé n care
gels. Using existing thickener technology, |Ilow pH I otions or conditioning
gels with alcohol, such as ethylene glycol, propylene glycol and glycerol, based on total

weight of the emulsion, are combined in a polymerization reactor and
maintained at a desired temperature and for a period of time which are
effective to polymerize the monomers, thereby forming a polymeric emulsion
. comprising the copolymer of monomers (a) and (b), water,' surfactant and
alcohol. |
The contents of the polymerization vessel preferably are maintained
at a temperature and for a period of time effective to cause polymerization of
the monomers. Prefe'rably the polymerization reaction is initiated at about 30
degrees centigrade, with the contents of the polymerization vessel attaining a
temperature of about 60 degrees centigrade. The reaction time will be from
about 1 to about 6 hours. One skilled in the art of emulsion polymerization will
be able to ascertain readily exactly what conditions of temperature and time
are required, as both are well within the knowledge of one skilled in the art.
Preferably, from about 1 to about 10 weight percent of the alcohol are
used and, more preferably, from about 1 to about 5 weight pércent of the
alcohol are used, based on the total weight of the emulsion. If no alcohol, or
an insufficient amounts of the alcohol, is used in preparing the emulsion, the
resultant emulsion will not be stable to change in viscosity over time. It is
desirable to"minimize the level of alcohol used. The maximum amount of
alcohol used may be lin;iited practically by factors such as cost, flammability

and volatile organic compound environmental concerns. Other than those
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adequat e viscosity typically cannot be nmade clear because (OUETCIat—etear
t hi gkeners are i n%:/orr%gti bl eyvm' th the | ow pH and/or cati onid ség%d:té'rﬁﬂJTsBHﬁST
are necessary. PRvs 1B and 1C were used to thicken two cl ear !M"ge-i*js:*jm&s:’
set forth in Formulation 9, one of which contains an additio al1=goncjf_;:tg;zg-pe§
(polyquaternium4) and one of which does not. The viscosity fesults, which;
are shown in Table 7, dermpnstrate that thg PRMs efficiently burTd vistosity

of clear gels . oy . Table 7{
formul ati on IBRYFS, amounts of ajcohelin excess,of £§ weight percent conceivabtly fray— -~

(cps) + conditioner 1 B 23, 344
condi ti oner 1used. 24,594 control[err] none
<100 + conditioner 1C 21, 063 -

condi tioner 1C Where2€tablgédemulsions are requiredynit iolefsdrntlal thatQitymeric . <
250 (1) and (2); PRvMs 1B and 1C were tested independent of one another
agai nst colloidal stabilizers such as polyvinyl alcohol not be used during preparation

of the emulsion via emulsion polymerization in any amount which materially

alters the properties of the emulsion, particularly the emulsion stability.

_ Preferably, no polymeric colloidal stabilizer is used during emulsion
preparation. It was discbvered surprisingly that use of such polymeric
colloidal stabilizers results in emulsions which are not stable to changes in
viscosity or phase separation over time. Accordingly, the emulsions and
rheology modifiers cohprising the emulsions essentially are free and more
preferably are free of polymeric colloidal stabilizers.

CAA, as used herein, means any material, composition or compound
applied to the body, typically to the skin, hair, or nails, for the cosmetic treatment
thereof. Exemplary agents include emollients and lubricants for softening or
smoothing, surfactants for cleansing and other purposes, natural or synthetic
polymers for the topical coating of the hair to build body or to enhance setting
characteristics, hair conditioning agents, and the like. Such CAAs include,
‘without limitation mineral oils, glycerin, beeswax, lanolin, acetylated lanolin,
stearic acid, palmitic acid, cetyl alcohol, sodium lauryl sulfate, sodium salts of
olefin sulfonates, various proteins, polymeric sugars, conditioning agents such
as polyquaterniun 7, polyquaterniun 4, polyquaterniun 10, and polyquaterniun
11, and hair ﬁxatfve resins such as Acrylates/PVP copolymer,
Acrylates/Octylacrylamide copolymer, Acrylates copolymer and

Acrylates/Acrylamide copolymer, Acrylates/VA copolymer,
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separate controls. Hair Dyes Hair dye systens typijcally are

hi ghly al kaline during use. The PRMis found to be effectiVe at%%uQ5#;N%7
the viscosity-of a two component pernmanent hair dye after tihel twy =& ¥
conponents are blended. This is true both when the polyner |i stdelivered in
the aci dic devel oper or in the al kaline dye base. The resulfts set forth in

Table 8 clearly show PRM 1B is effective gt boosting the
18 viscosity of the Nice 'n Easg err] rcial hair dye product
avai | abl e fronf\crylemide/erylatas/DMA o8l PEGnMethagnilate copolyemer.f dhisHist n

Formul ati on 9.
is intended to exemplitive only and not limiting as to the materials that are

encompassed by the term cosmetically-active agent.

In water-based personal care compositions, the water is a vehicle for
application to some part of the body of some CAA that will have a cosmetic
effect of some type, whether such effect is a softening or cleansing or

. strengthening or body enhancing effect. Itis the intent here to include within the
term CAA any and all of snch materials that are provided for cosmetic effect.
The personal care compositions of the present invention can also include
combinations of CAAs of various types, coloring agents, fragrances,
preservatives, and thé like. The levels at which the CAAs are used are
conventional and are known to those skilled in the art of personal care
compositions.

The present invention also provides a method of preparing a thickened
personal care composition comprising combining the PRM of the present
invention in amounts effective to increase the viscosity of the personal care
composition compared to a similar composition which does not contain the
PRM, and at least one CAA, thereby producing a thickened personal care
composition.

The polymeric rheology modifier may be incorporated into the personal
care composition at the time the composition is formulated, or the PRM may be
post-added 'to an already-formulated personal care composition. When
incorpornted during prepération of the personal care composition, the PRM may
be combined with water or other solvent in which the PRM either is soluble or

dispersible, the CAA and other ingredients as needed and/or desired, for



Table 8 PRM Del i very pH of bl end viscosity after

bl endi ng 1B pol ymer from devel oper 9,7 5,200 1B pol yner
from dye base 9.7 4,713 none[err]

9.7 2,900 1C pol ymer from devel oper 9.6 4,500 1C
pol ymer from dye base 9.6 3,250 none [err] _

9.6 1,900 (1) and (2;) PRMs14B and 1C were tested independent

of one anot her i nst .sgparat.e controls.,  Peroxide stabpiljty .
Conpatibility &i‘?’ﬁs‘ﬁfm%ﬁ@%&p%i%&dé’b eH@’”éHF? f%%mt"g-gﬂt h‘ﬁetﬁfg‘és'% |
certain personal care applications, such as hair dyes. A standard screening
test for perox"¥ Q?o?ﬁfﬁ&ﬁ?ﬁ with yhe GAA angl ofber ingeadientsypon fﬂém@htlg@ or the
concentration is measured before and after a 20 hour boil regine.

Ret enti on of nBmylsiafamay be post-added and blended with compositions which have been

formulated previously.

Preferably, as little of the PRM as possible is used in preparing the

personal care compositions of the present inve;ntion. with the minimum amount

_ allowed-being an amount effective to thicken the personal care composition.
The amount of PRM réquired, to effectively thicken the personal care
composition will depend Upon the particular polymer and particular personal
care composition. Typically, the thickened personal care composition will
contain from about 0.1 .to about 10 dry weight percent of the PRM, based on the
total weight of the thickened personal care composition. Preferably, the
thickened personal care composition will contain from about 0.5 to about 5 dry
weight percent of the PRM.

The PRMs meet a number of needs of personal care product
formulators, such as compatibility with cationic ingredients, thjckening
efficiency, clarity in gels, pH versatility (i.e. ébility to thicken over wide acidic-
alkaline pH range), and tolerance to salts. A number of examples detailing '
personal care compositions making use of the PRMs of the present invention
have been evaluated and are summarized below. These examples include
both hair care and skin care applications, as the PRMs appear to offer
benefits in both areas.

The following 'ekamples are set forth to exemplify the invention and
should not be used to limit the scope of the invention, which scope is set forth

in the claims appended hereto.



92% of the initial peroxide concentration is usually indicatfi
product which will exhibit satisfactory shelf stability. P
were evaluated in such a test at 1% solids using 6% hydrogén
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per oxiue; !

with the pH adjusted to 3 with Herr]PJerr]. The results grg summérizedy |
i n Tabl e9. Table 9 __PRM /
% per oxi de retai ned 1A %]A ﬁ llF-uJ _
99 w rhat these PRVs It cel |l ent B
peroxi de conpati bi \f p?{}, PRMs%t thd Brese t fnvertion were prepared Via In&-ematsion

polymerization methods described herein above. These PRMs are
designated PRM 1A, 1B and 1C, respectively. The monomeric composition
for each PRM is set forth in Table 1. PRMs 1B and 1C were prepared

utilizing an associative monomer, while PRM 1A did not utilize an associative

monomer.
Table 1
monomer!” _1_A 1B_ 1C
ethyl acrylate © 860 57 _ 60
dimethylaminoethy! 40 38 37
methacrylate
associative monomer -— 5@ 3@

(1) = All values are in weight percent, based on total weight of
monomer used to prepare the PRM

(2) = ceteth-20 itaconate

(3 )= ceteth-20 allyl ether

The thickening efficiency of each PRM was evaluated by measuring
viscosity build in prototype personal care formulations. Viscosity was
measured using a Brookfield RVF heliopath viscometer at 10 rpn'1.' All
viscosity values are reported in units of centipoise (cps). Initial viscosity
measurements were taken after the personal care compositions were
formulated --and allowed to equilibrate under ambient temperature and
pressure for 24 hours. Eight and/or seven day viscosities were measured 8
or 7 days, respectively, after the initial viscosity was measured. In all cases,

viscosities of the formulations containing the PRM were compared to
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Peroxide stability was determined by boiling a 1% solids, 6% H,0, solution
(pH adjusted to 3 using H,PO,) for a total of 20 hours. Results are reported

as % H,0, retained.

- Results and Discussion

The PRMs are us-eful in a broad range of personal care products.
The examples shown here highlight their effectiveness at building viscosity in
diverse formulations, including cationic alpha hydroxy acid (AHA) creams,
antiperspirant Iotions,- hair conditioners, specialty shampoos, hair and skin
gels, and hair dyes. All PRMs evaluated were effective at raising the viscosity
of personal care prototypes in hair and skin care systems.
AHA creams

Performance of the PRMs was evaluated in the AHA cream set forth
in Formulation 1. This emulsion is low in pH and contains cationic
surfactants. The PRMs surprisingly exhibit both cationic compatibility and

acid thickening. Results are set forth in Table 2.

Table 2
PRM pH | Initial viscosity | Day 8 viscosity | % of Day 8 control
(cps) (cps) viscosity
1A 2.1 | 6,438 11,219 151
1B 22 | 37,000 28,563 384
none" 2.1 | 10,344 7,438 . 100
1C 2.6 | 24,625 26,625 428
none® 2.4 | 5570 9,563 100
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control independently of PRMs 1A and 1B.

As clearly is seen, the addition of only 0.5% solids PRM is effective at
raising the viscosity of a cationic AHA cream in comparison to a cream

without the PRM.

_ Antiperspirant lotion

Performance of each PRM was evaluated in the aqueous
antiperspirant lotion set forth in Formulation 2. This low pH emulsion contains
a high level of electrolyte as aluminum chlorohydrate. Therefore, the PRM

exhibits salt tolerance as well as low pH viscosity build. Resuits are set forth

in Table 3.
Table 3
PRM pH | Day 7 viscosity | % of Day 7 control
(cps) viscosity
1A - 41 |2,888 74
1B 4.1 120,650 - 529
none(" 4.0 | 3,900 100
1C 43 | 3,325 N/A
none®@ 4.1 | phase N/A
separation

(1) and (2); PRMs 1A and 1B were tested simultaneously against the
same control, while PRM 1C was tested at a later time against a second, but
similar, control independently of PRMs 1A and 1B. Control® formed an
unstable emulsion, i.e. there was phase separation, which prevented

determination of a viscosity for the control formulation.
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Hair conditioner

PRMs 1A and 1B were evaluated in the rinse-off hair conditioner set
forth in Formulation 3. This formulation contains a high loading of both
monomeric and polymeric conditioning agents. The unexpected, excellent

viscosity build shown in Table 4 exhibits the surprising ability of the PRMs to

build viscosity of aqueous, cationic-rich formulations at a 2% solids level.

Table 4
PRM pH | initial viscosity | % of control viscosity
(cps)
1A 44 | 5,288 1,763
1B 4.3 | 18,488 6,163
none 44 | 300 100
Shampoos

These PRMs were formulated into the conditioning shampoo
prototype set forth in Formulation 4. As is seen in Table 5, PRMs 1A and 1B

were effective equally at building viscosity of the shampoo after r';\ixing. “Thus,

the PRMs are shown to be capable of boosting viscosity of highly

concentrated surfactant systems.

Table 5
PRIﬁ pH | initial viscosity | % of control viscosity
1A 5.9 | 51,656 1,223
1B 6.0 | 54,000 1,278
none 6.0 | 4,225 100
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PRM : 2.00 (solids) polyquagtemuml O
0.75 sodiumlauryl sulfate (29% 17.00 sodi um i aurlethf:sGEFaFET?
(26% 13. 00 cocam dopropyl betaine (35% 2.50
cocam de DEA 4.50 ethylene glycgl distearate

1.25 steareth-20 0. 30 di net hi cgne
: to pH 6 water

3.00 citric acid
Sghﬁgg? & Johnson Béﬁg?"@ﬁa%%’g was performeé% demonstrate the abilit';()orl‘ m“'ea! Bhl\/l%n >
to build viscosity of highly concentrated surfactant systems. The PRMs were
post-added as a 20% polymer solids aqueous emulsion to three commercial
shampoos which were purchased and evaluated. The shampoos include a
mild baby shampoo available from Johnson & Johnson, Rave® moisturizing
shampoo, available from Chesebrough-Pond's USA Company, and Prell®
. shampoo, available from Procter and Gamble. The ingredients in these
products, as reported on the label, are listed in Formulations 5, 6 and 7.
While the exact levels of use of the particular ingredients contained in the
respective commercial shampoos may be proprietary, ranges of the levels of
such ingredients used‘ by those skilled in the art are conventional and known
by those skilled in the art of formulating personal care compositions. As is

seen in the results reported in Table 6, the PRMs are effective at building

viscosity in all cases.

Table 6

formulation | formulation PRM initial viscosity | % of control

pH (cps) viscosjty
Johnson's 7.8 1A 17,344 2,313
Johnson's 7.8 1B 21,469 [ 2,863
Johnson's 7.9 iC 17,375 2,317
Johnson’s 6,6 none 750 100
Rave 8.8 1A 21,906 8,762
Rave 8.9 1B 26,344 10,538
Rave 8.9 1C 17,938 7,175
Rave - | 5.66 none 250 100
Prell 8.0 1A . 28,000 1,244
Prell 7.9 1B 30,844 1,371
Prell 8.0 1C 18,781 835
Prell 6.6 none 2,250 - 100
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Clarity is an important attribute for many hair and skin care gels.

Using existing thickener technology, low pH lotions or conditioning gels with
adequate viscosity typically cannot be made clear because commercial clear
thickeners are incompatible with the low pH and/or cationics, and emulsions
are necessary. PRMs 1B and 1C were used to thicken two clear AHA gels,

_ as set forth in Formulation 9, one of which contains an additional conditioner
(polyquaternium-4) and oné of which does not. The viscosity resuits, which

are shown in Table 7, demonstrate that the PRMs efficiently build viscosity of

clear gels.
Jable 7
formulation | PRM initial viscosity
(cps)
+ conditioner | 1B 23,344
- conditioner | 1B 24,594
controlt" none <100
+ conditioner | 1C 21,063
- conditioner | 1C 20,594
control® none < 250

(1) and (2); PRMs 1B and 1C were tested independent of one another against -
separate controls. |
Hair Dyes

Hair dye systems typically are highly alkaline during use. The PRMis
found to be effective at building the viscosity of a two component permanent
hair dye aﬁer the two components are blended. This is true both when the
polymer is delivered in the acidic developer or in the alkaline dye base. The

results set forth in Table 8 clearly show PRM 1B is effective at boosting the
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Clairol Inc, the composition of which is set forth in Formulation 9.

Table 8
PRM Delivery pH of blend | viscosity after blending -
1B polymer from developer | 9.7 5,200
1B ‘polymer from dye base | 9.7 4,713
none" 9.7 2,900
1C polymer from developer | 9.6 4,500
1C polymer from dye base | 9.6 3,250
none® 9.6 1,900

(1) and (2;) PRMs 1B and 1C were tested independent of one another

against separate controls.

Peroxide stability

Compatibility with hydrogen peroxide can be an important attribute in

certain personal care applications, such as hair dyes. A standard screening

test for peroxide compatibility is a 20 hour boil test. Peroxide concentration is

measured before and after a 20 hour boil regime. Retention of more than

92% of the initial peroxide concentration is usually indicative of a product

which will exhibit satisfactory shelf stability. PRMs 1A and 1B were evaluated

in such a test at 1% solids using 6% hydrogen peroxide, with the pH adjusted

to 3 with H;PO,. The results are summarized in TableS.

Table 9
PRM % peroxide retained
1A 98
1B 99




I ngr edi ent _ w. % PRM

2.50% (solids) Water Ammonium |l aureth sulfate Amonium | auryl sulfate
Cocam de DEA Ammoni um xyl enesul fonate Sodi um phosphate Fragrance

Di-sodi um phosphate Sodi um chl oride EDTA Benzophenone-2

Met hyl chl or oi sot hi azol i none Methylisothiazolinone D& G een No. 8 FD&C

Bl ue No. 1 Formul ati on 8 Condi ti oni ng GCel

i ngredi ent w. % w. % 19- w. %glycolic acid (70%

4.29 4.29 These résds By that these PRMs ehibit excellent perdxide
compatibility.

The PRMs appear to show much promise in personal care
applications. They build viscosity in the presence of such common personal
care ingredients as cationics, acids, bases, salts and surfactants. Viscosities
of such diverse hair and skin formulations as creams, lotions, antiperspirants,

- hair conditioners, specialty shampoos, mousses, hair and skin gels, and hair
dyes are enhanced by relatively low concentrations of these polymers.
Furthe}more, behaviors of interest for personal care, such as pseudoplastic
flow, are evident with these polymers.

Formulation 1

Cationic AHA Lotion
ingredient wt. %
PRM 0.50 (solids)
propylene glycol 2.00
Na,EDTA (39%) 0.25
octyl methoxycinnamate 4.00
lapyrium chioride 0.50
steapyrium chloride 0.50
cetearyl alcohol 2.00
glyceryl stearate/glycerin - 3.00
cyclomethicone 4.00
dimethicone 1.00 .
isopropyl myristate 2.00
glycolic acid (70%) 4.29

water to 100%
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Formulation 2

Aqueous Antiperspirant Lotion

ingredient - wt. %

PRM 1.00 (solids)
propylene glycol 4.00
aluminum chlorohydrate (50%) 42.00
glycery| stearate/PEG-100 stearate 3.00
cetearyl alcohol 0.75
glyceryl stearate/glycerine : 1.50
cyclomethicone 2.00

water _ to 100%

Formulation 3

Rinse-off Hair Conditioner

ingredient wt. %

PRM 2.00 (solids)
polyquaternium-10 0.50
glycerin 2.00
laneth-15 1.00
cetearyl alcohol ' 2.50
mineral oil 2.00

cetyl acetate/acetylated lanolin alcohol 1.00
cetrimonium chloride (25%) 4.00

citric acid (20%) topH 4

water ' to 100%

Formulation 4

Conditioning Shampoo

ingredient wt. %
PRM 2.00 (solids)
polyquaternium-10 _ 0.75
sodium lauryl sulfate (29%) 17.00
sodium laureth sulfate (26%) 13.00
cocamidopropyl betaine (35%) 2.50
cocamide DEA 4.50
ethylene glycol distearate 1.25
steareth-20 0.30
dimethicone ' 3.00
citric acid topH 6

water to 100%
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Formulation 5§

Johnson & Johnson Baby Shampoo

ingredient
PRM

Water

PEG-80 sorbitan laurate
Cocamidopropyl betaine
Sodium trideceth sulfate
Glycerin
Lauroamphoglycinate
PEG-150 distearate
Sodium laureth-13 carboxylate
Fragrance
Polyquaternium-10
Tetrasodium EDTA
Quaternium-15

Citric acid

D&C yellow #10

D&C orange #4

Formulation 6

Rave® Moisturizing Shampoo

ingredient
PRM

Water
Sodium lauryl sulfate
Cocamidopropy! betaine
Sodium chloride
Polyquaternium-10
Glycerin
Polyquaternium-7
Oleth-3 phosphate
Fragrance
BHT
Tetrasodium EDTA
DMDM hydantein
lodopropyny! butyl carbamate
Red 33

Yellow 5

ammoni um hydr oxi de cocam de DEA PEG 8 hydrdggpat £d-,tall QWe.-—
sodiumsul fite erythorbic acid fragrgg_b‘e%gjﬁwj‘r‘ﬁ\h ShieeT

Devel oper Vth'éﬁ“-f SR
yli al cohol.

wt. %
2.50 (solids)

wt. %
2.50 (solids)
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. ; Formulation 7

Prell® Shampoo

ingredient wt. %
PRM 2.50 (solids)
Water

Ammonium laureth sulfate

Ammonium lauryl sulfate

Cocamide DEA

Ammonium xylenesulfonate

Sodium phosphate

Fragrance

Disodium phosphate

Sodium chloride

EDTA

Benzophenone-2

Methylchloroisothiazolinone

Methylisothiazolinone

D&C Green No. 8

FD&C Blue No.1

Formulation 8
Conditioning Gel

ingredient wt. % wt. % wt. %
glycolic acid (70%) 429 4.29 429
PRM 3.00 3.00 -
polyquaternium-4 0.50 — -
water to 100% to 100%

to100% :

Formulation 9

Nice 'n Easy® Dye Ingredients
Natural Dark Brown #120

ingredient wt. %
PRM 3.0 (solids)

Dye base
water

oleic acid
propylene glycol
- isopropy! alcohol
nonoxynol-2
nonoxynol-4
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What is claimed:

1. A thickened personal care composition, comprising:

a polymeric rheology madifier in amounts effective to thicken
the personal care composition, said polymeric rheology modifier
prepared by polymerjzation of monomers selected from the group
consisting of |

from about 5 to about 80 weight percent of an

acrylate monomer (a) selected from the group consisting of a

C,-Cs alkyl ester of acrylic acid and a C,-Cg alkyl ester of

methécrylic acid,

from about 5 to about 80 weight percent of a
monomer (b) selected from the group consisting of a vinyl-
substituted heterocyclic compound containing at least one of

a nitrogen or sulfur atom, (meth)acrylamide, a mono- or di-

(C4-Cpalkylamino (C,-C,)alkyl (meth)acrylate, a mono or di-

(C,-C,)alkylamino (C,-C,)alkyl (meth)acrylamide; and

0 to about 30 weight percent of an” associative
monomer (c), all percentages based on the total weight of
monomer used to prepare the polymeric rheology modifier;
and |

a cosmetically-active agent in amounts effective to impart

cosmetic properties to the personal care composition.
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a surfactant nononer sel ec[‘lﬂ‘im Wmnmﬁ reaction product of 4 672 sy ;
noenoet hyl eni cal | y unsat ur at oL socyanatte with a noni onici sprfact ant R
havi ng am ne functionality, an allyl ether of the formula - 5
CHerr]=CR CHerr]OAlerr]B[err]Alerr]R where R is hydrogent or nethyl, A

i s propyl eneoxy or butyleneoxy, B is ethyleneoxy, n is zero or an intreger;
mand p are zero or an integer less than n, and R is a hydrophobic group

of at |east 8 carbon atons, and a noni@gCc urethane nononer whi ch is t he
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N, N- di et hyl
monoethylenically unsaturated isocyanate and non-ionic surfactants

—

comprising C,-C, alkoxy-terminated, block copolymers of 1,2-butylene oxide
and 1,2-ethylene oxide, an ethylenically unsaturated copolymerizable
surfactant monomer obtained by condensing a nonionic surfactant with an
o, p-ethylenically unsatu_rated carboxylic acid or the anhydride thereof, a
surfactant monomer selected from the urea reaction product of a
monoethylenically unsaturated monoisocyanate with a nonionic surfactant
having amine functionality, an allyl ether of the formula CH,=CR'CH,0A,B,A,R
where R’ is hydrogen or methyl,. A is propyleneoxy or butyleneoxy, B is
ethyleneoxy, n is zero or an integer, m and p are zero or an integer less than n,
and R is a hydrophobic group of at least 8 carbon atoms, and a nonionic
urethane monomer which is the urethane reaction product of a monohydric

nonionic surfactant with a monoethylenically unsaturated isocyanate.

3. The composition of Claim 1 wherein the monomer (b) is selected from
the group consisting of N,N-dimethylamino ethyl methacrylate, . N,N-
diethylamino ethyl acrylate, N,N-diethylamino ethyl methacrylate, N-t-
butylamino ethyl acrylate, N-t-butylamino ethyl methacrylate, N,N-
dimethylamino propyl acrylamide, N,N-dimethylamino propyl methacrylamide,
N,N- diethylamino propyl acrylamide and N,N-diethylamino propyi

methacrylamide.
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4, The composition of Claim 5 wherein said associative monomer (c) is

selected from the group consisting of urethaﬁe reaction products of a
monoethylenically unsaturated isocyanate and non-ionic surfactants
comprising C,-C, alkoxy-terminated, block copolymers of 1,2-butylene oxide
and 1,2-ethylene oxide, an ethylenically unsaturated copolymerizable
. surfactant monomer obtained by condensing a nonionic surfactant with an
o, p-ethylenically unsaturated‘ carboxylic acid or the anhydride thereof, a
surfactant monomer selected from the urea reaction product of a
monoethylenically unsaturated monoisocyanate with a nonionic surfactant _
having amine functionality, an allyl ether of the formula CH,=CR'CH,0A,B,A.R
where R’ is hydroger; or methyl, A is propyleneoxy or 'butyleneoxy, B is
_ethyleneoxy, n is zero or an integer, m and p are zero or an integer less than n,
and R is a hydrophobic group of at least 8 carbon atoms, and a nonionic
urethane monomer which is the urethane reaction product of a monohydric

nonionic surfactant with a monoethylenically unsaturated isocyanate..
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surfactant wwth an a,[err]-ethylenically unsaturated carboxylilc fromm ey
the anhydride thereof, a surfactant nononer selected fromthe jur a, erp 007 |
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which utilize a thickening amount of an acrylate-based polymeric rheology

modifier prepared by polymerization of a C,-Cq4 alkyl ester of acrylic acid
and/or a C,-C, alky! ester of methacrylic acid, a monomer chosen from a vinyl-
substituted heterocyclic compound containing at least one of a nitrogen or
sulfur atom, (meth)acrylamide, a mono- or di- (C,-C,)alkylamino (C,-C,)alkyl
(meth)acrylate, a mono or di<{(C,-C,)alkylamino (C,-C,)alkyl (meth)acrylamide,

and, optionally, an associative monomer.



