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polymeric rheology modifiers.

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 particles 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 medified aqueous composition,
Examples of conventional rheology modifiers include thickeners such as
cellulosic derivatives, bolyvinyl alcohol, sodium polyacrylate and other water-
soluble macromolecules, and copolymeric emulsians in which monomers with
acid groups have been introduced onto the main chain.

Ancther class of rheology modifiers known to thicken aqueous
compositions is one typically referred fo 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 incompatibie in systems containing cationic
ingredients.

Other rheology modifiers which are “activated” by the addition of acid to
aqueo(is compositions which contain the modifiers also have been reported. As
reported, emulsions are prepared via free-radical emulsion polymerization

utiizing colloidal stabilizers. The emulsions are mixed with the composition to
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It would be desirable to develop a polymeric rheology modifier which
advantageously may be used to thicken both acidic and basic compositions.

The present invention is directed to an acrylate-based polymeric
rheology modifier which has been prepared by polymerizing together from
about 5 to about 80 weight percent of an acrylate monomer (a) selected from
the group consisting of a C;-C; alkyl ester of acrylic acid and a C,-C; alkyl
ester of methacrylic écid, 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,-Calkylamino (C,-C,)alkyl
(meth)acrylamide; and from about 0.1 to about 30 weight percent of an
associative monomer (c).

The presént invention relates to olymeric rheology modifiers (PRMs)
which have been prepared by polymerizing together from about 5 to about 80
weight percent of an acrylate monomer (a) selected from the group consisting
of a C,-C; alkyl ester of acrylic acid and a C,-Cg alkyl ester of methacrylic
acid, from about 5 to about 80 weight percent of 2 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 (meth)acrylamide, and about 0.1 to about 30
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acrylate nonomer (a) selected from
to thicken various compositions, including personal care compositions,

adhesives, textile coatings, oil-well drilling fluids and the like.
The PRM may be incorporated into, for example, the personal care
10  composition in various forms, including powder, solution, dispersion and
emulsion. Conventi.onal 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
18  PRM may be used to fhicken aqueous personal care products such as creams
and lotions and hair care products 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
20 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 bedissolved or
dispersed in solvents in which the PRM is soluble or dispersiﬁle and which
- conventionally are used in personal care compositions, and incorporated into
25  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.
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t he 'group consisting of a C[err]-C[err]TatwmacTylic acid and a
Gerr]-Clerr] alkyl ester of nethacryli crgGh, Lom about 5 to about 80

f
wei ght percent of a nononer (b) sel ected Qt. o e¢onsi sting of a
vinyl -substituted heterocyclic conpound CHHWI E Iiffleast one of a
nitrogen or a sulfur atom (neth)acrylam d& M or di- (C
-C4)alkylamno ((err]-C4)alkyl (neth)acrylate and a nono or
di-(Cerr]-derr])alkylamno (Cerr]-Cerr])alkyl (meth)acrylam de; and
from about 0.1 tog about ' Lkl L oner (c).
The present i nvenst I on relsrg%\gg-y]?gtmc?ﬁﬁﬁr?gsre ?pce s?'%%%ﬁ]%ogsﬁlgrgc%ih?%%n\régm PRVE)  which
have been prepared bastepOdrapart krdr Byt a@Lind ) -cf d@ndia batbs hethy) eput 80 '
wei ght percent of an acrylate nononmer (a) selected fromthe group
consisting of a ( eredyla@okat _hd astekspreparet §pm okthaaryliyédidand €i-Ck almaitblsa C, - C6

al kyl ester of net hacrfyl ic acid, fromabout 5 to about 80 wei ght percent
of a nononer (b) sel HEEERY IR MpoEelr SR dnSs Sk fgtest of 2in3dd subst i t ut ed

heterocyclic conpou nigver(f %Q}e%}e e'eré? the acrylate monomer is ethyl acrylate. From about 5 to

10  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 weight
of monomer used to prepare the polymer.

15 In addition to the acrylate ester, polymerized therewith is a monomer
selected from the group consisting of a vinyl-substifuted heterocyclic
compound containing at least one of a nitrogen or a sulfur atom,
(meth)acrylamide, a mono- or di- {C,-C)alkylamino (C,-Calkyl
(meth)acrylate, a mono or di-(C,-C, Jalkytamino (C,-C )alkyl (meth)acrylamide.

20 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-butylamine ethyl
methacrylate, N,N-dimethylamino propyl acrylamide, N,N-dimethylamino

-~ propyl methacrylamide, N,N- diethylamino propyl 'acrylamide and N,N-

25  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
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

30 polymer.




at |east one of a nitrogen or a sulfur atom (neth)acrylam de, a nono- or
di- (derr]-Cerr])alkylamno (Cferr]-C4)al kyl (neth)agssa s K0k &y, QN0
or di-(Cerr]- dderr])alkylamno (Clerr]-C4)al kyl (et ) yaaw P d
about 0.1 to about 30 Imm ’nﬂ i ght
percent of an associative nononer (c), all percentages t ot al
wei ght of nononer used to prepare the PRM The PRV may be used to thicken
vari ous conpositions, including personal care conpositions, adhesives.
textile coatings, s0il-welAn fsdclalivieMndrhed isdSed@R@mbihes rhAgk@ from about0.1  The PRM
may be incorporated into, for exanple, the personal care conposition in
various forms, incluthagutpidnsleght parednt)tbagsd, ondivtalpedight oh mamither esad|tsi on.
Conventi onal methods of preparing acryl ate-based polyners in the

prepare the polymer, in combination with the acrylate monomer and the

monomer (b). The associative monomers preferably are used at levels
ranging from about 0.1 to about 10 weight percent. Such monomers include
10 those disclosed in U.S. Patent Nos. 3,657,175, 4,384,096, 4,616,074,
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 CH,=CR'CH,0A,B AR where R’ is
hydrogen or methyl, A is propyleneoxy or butyleneoxy, B is ethyleneoxy, n is
15 .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 urethane reaction products of a monoethylenicaily
unsaturated isocyanate and non-ionic surfactants comprising C,-C, alkoxy-
terminated, block copolymers of 1,2-butylene oxide and 1,2-ethylene oxide,
20 as disclosed in U.S. Patent 5,294,692 (Barron et al); an ethylenically
unsaturated copolymerizable surfactant monomer obtained by condensing a
nonionic surfactant with an a,p-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
25  selected from the group consisting of acrylic acid, methac_:rylic acid, crotonic
acid, maleic acid, maleic anhydride, itaconic acid and itaconic anhydride, as
disclosed in U.S. Patent 4,616,074 (Ruffner); a surfactant monomer selected
from the urea reaction product of a monoethylenically unsaturated
monoisocyanate with a nonionic surfactant having amine functionality as

30 disclosed in U.S. Patent 5,011,978 (Barron et al.); and a nonionic urethane

THIS SHEET HAS BEEN
REPLACED




various fornms are known readily by those skilled in theart—of

pol ymeri zation of acrylate-based polyners. Such nmethods include solution
pol yneri zation, precipitation polynerization and enul si &his
“for exanple. The PRM may be used to thicken aqueous pers
such as creans and |lotions and hair care products such a
shanpoos, hair fixatives, gels, nousses, sprays and dyes.
use of the PRMs of the present invention particularly is advantageous to

thicken aqueous RET Sfigther WA is U BARAS rldfan, drddfict Pl hrofthidhe nBfbmcDe Used to

t hi cken those personal care conp 05| I ons OM/ anount s of
water or no water. Eomachms&.ta@m%noétmlemegnu§ eﬁsadura&arn@n&&maﬁlﬁé tokedpsbi Wner e no
water or very little water is present, the PRM may be di ssol ve

di spersed i n sol ventose ilatkinghiestér grbugps RiuhA ias apdb U bibra-divetrgli-r5REpBpdale and whi ch
conventionally are used in personal care conpositions, and incorporated
into the non- aqueo®8nz¢diepisite asotisclogeddn PR\VReES 135Sty skab). \Radicarlydi spersed in

t he

preferred are the ethylenically unsaturated copolymerizable surfactant

10  monomers obtained by condensing a nonionic surfactant with itaconic acid.

Methods for preparing 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

15 relatively low amoun';s, 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 multi-vinyl-substituted

aromatic menomers, multi-vinyl-substituted alicyclic monomers, di-functional

20  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. Exernplary cross-

finking monomers include divinylbenzene, trivinylbenzene, 1,2,4-

- trivinylcyclohexane, 1,5-hexadiene, 1,5,9-decatriene, 1,9-decadiene, 1,5-

25  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 aqueous compositions, as they tend to

30  minimize turbidity.
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solvent either prior to formulation, in which case a-sekluti-on—or—dispersion
is added to other ingredients, or the PRMmay be added in the formof a
solid with other fornulation ingredients and the soIT#®Bheet HabBdeRRYplaced

prodUC|ng t he thickened conposition.

The acryl ate nononers are selected fromthe MM"! H&H!H"Lng of
esters prepared fromacrylic acid and CJerr]-Cferr] al
maéh)(l:l[, ei[ h;(/:l6 olr Erf)pyl al cohol, and esters prepared fromnethacrylic acid -
an err al gohol s err
al kyl esters of gcryl i C parng%%%hggﬁe*r?a’%%eﬁ%%éﬁ%rgggBﬁ?@gggﬁ@%gt% (ri[onorraer IS
ethyl acrylate. Froguakpsiigetde® emabieolBRri2ah bthnies. C MBkoref, vialte acryl ate

nmononer are used in preparing the
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 abéut 20
weight percent of an aicohol selected from the group consisting of a C,-C,,

10  linear or' branched monohydric alcohol and a non-polymeric polyhydric
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

156 comprising the copol;lrmer 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. Preferably the polymerization reaction is Initiated at about 30

20  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.

25 Preferably, from about 1 to about 10 weight percent of the alcohol are
used and, more preferably, from about 1 to about 5 weight percent 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. [t is

30 desirable to minimize the level of alcohol used. The maximum amount of
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conposition of the present inventiom—preferably from about 15 to about 70
wei ght percent, and nore preferably, from about 40 to about 70 weight
percent of the acryl at"énsrﬁhﬁﬁmﬁhmeﬁrlﬁ piste€d, all percents based on total

wei ght of nononer used e pol yner. In addition to the
acryl ate ester, pol yrrer E'!w I's a nononer selected fromthe group
" consisting of a vinyl-su s erocyclic conpound contai ni ng at

| east one of a nitrogen or a sul fur atom (nmeth)acrylamde, a nono- or

di - (C[err] C[ersr])aebﬂsvus@@‘rn enﬁrﬁL@&%J&aﬁg{@%%@L )aglc%m;,?,\ne yl ate, a

nono or -(derr]-(err]) am no )acryl am de.

Exenpl ar y MONONEr S  iahd bkl d&an.Ncaﬁmwm«bimawan Qérladths. NBIhBAGaYhadee ( DVAEMA)
N, N-di et hyl ami no ethyl acrylate, N, N-diethylamno ethyl nethacrylate,

N-t-butyl am no et hydctorsagmauhtaoEalcohdifint exbrss i 20nweipbt peesetitychneeivastyhraeyr vl at e,
N, N- di met hyl ami no propyl acrylam de, N, N-di nethyiam no propyl
net hacryl ami de, N, N¥s&i et hyl anmi no propyl acryl am de and N, N-

Where stable emulsions are required, it is essential that polymeric

10 colloidal stabilizers such as polyviny! 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. [t was discovered surprisingly that use of such polymeric

15 colloidal stabilizers re;suits in emulsions which are not stable to changes in
viscosity or phase separation over time. Accordingly, the emulsions and
rheology modifiers comprising the emulsions essentially are free and more
preferably are free of polymeric colloidal stabilizers.

In water-based personal care compositions, the water is a vehicle for

20  application to some part of the body of some cosmetically-active agent (CAA)
that will have a cosmetic effect of some type, whether such effect is a softening
or cleansing or strengthening or body enhancing effect. The personal care
compositions can also include combinations of CAAs of various types, coloring

o~ agents, fragrances, preservatives, and the like.

25 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
incorporated 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

30 dispersible, the CAA and other ingredients as needed andlor desired, for
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di et hyl am no propyl nethacrylam de. From about 5—toabout 80 wei ght

percent of the nononer are used in preparing the nodifiers of the present
i nvention, preferably fromabout 10 to about 70 weiThisEhasidfas Been Replasesl npr e
preferably, from about 20 to about 60 wei ght percent f Gigr are
used, all percents based on total weight of nononer : e the
pol yner. 5 An associ ative nononer i s used I nh anpunts

rangi ng fromabout 0.1 to about 30 weight percent, based on total weight

of mononer used {50 epggg)gae@g?aﬁ&ervm xga@rnzmeifa?mgmbfa@&mg&,mg@%@e acrylate

nononer and the "nono he associ atlve nononers pre |y are used
at levels may be combined with the CAA and other ingredients upon formulation, or the

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 invention, with the minimum amount
allowed being an amount effective to thicken the personal care composition.
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 will contain from about 0.5 to about 5 dry
weight percent of the PRM.
The PRMs meet a number of needs of bersonal care product
20 formulators, such as compatibility with cationic ingredients, thickening
efficiency, clarity in gels, pH versatility (l.e., ability 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
oo 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 th;e scope of the invention, which scope is set forth
in the claims appended hereto.

30 Two PRMs of the present invention were prepared via the emulsion
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rangi ng fromabout 0.1 to about 10 wei ght percent. Sueh-—mononers jncl ude
t hose disclosed in U S. Patent Nos. 3,657,175, 4,384,096, 4,616, 074,
4,743,698, 4,792,343, 5,011,978, 5,102,936, 5,294, 692mhisGeet B L2 Gyl D
contents of all which are hereby incorporated herein a[mw Tﬂe‘fn
t

,.'r, e
their entirety, and an allyl ether of the formula ”F ’
CH err]=CR CH2OAnB[err]Alerr]R where R is hydrogen o

propyl eneoxy or butyl eneoxy, B is ethyleneoxy, nis zero or an integer, m
and p are zero or_an _integer less than n, and R is a_ hydrgphobic group of
at least 8 carbon®at® .e”zgff‘f"efrﬁﬁ?dédd?fg%b&gi’éﬂ'ﬁ"\/é‘bwﬁnnomﬁ%s Pﬁﬁﬁlﬂﬁe t he

ur et hane reaction pr | C A I socyanat e
and non-ionic surf ac?egﬁt%éc%n%?? g;lﬂ ﬂgeagée{%cﬂg‘yq%é‘lf %fnoéﬂa ﬁ%ﬁ:&{p%t?@}‘o‘m nat ed,

bl ock copol yners of dackpRMisskas® iorebide. and 1, 2- et hyl ene oxi de, as
disclosed in U S. Patent 5,294,692 (Barron et al.); an ethylenically

unsat urated copol yneri zabl e surfactant rfaberter obtai ned by condensing a
noni oni ¢ surfactant with an [err],[err]-ethylenically unsaturated

carboxylic acid or mespmexhhydride therdbf, prefefably a C3-(err] nono- or
di - carboxylic acid aﬂytgcrn:\/?ate 57 60
dimethylaminoethyl 38 37
methacrylate
associative monomer 5@ 3@
10 (1) = All values are in weight percent, based on total weight of

monomer used to prépare the PRM

(2) = ceteth-20 itaconate

(3 )= ceteth-20 allyl ether
The thickening efficiency of each PRM was evaluated by measuring
15  viscosity build in prototype personal care formulations: Viscosity was
measured using a Brookfield RVF heliopath viscometer at 10 rpm. Al
viscosity values are reported in units of centipoise (cps). Initial viscosity
measurements were taken after the personal care composition;; were
formulated and allowed to equilibrate under ambient temperature and
o, 20  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
viscosities of a control which contained no PRM. The formulations evaluated
are detailed in Formulations 1 through 9, below. Evaluations also were
25 conducted on model systems to determine stability to bleach, e.g., peroxide.

Peroxide stability was determined by boiling a 1% solids, 6% H,0, solution
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anhydride thereof, nore preferably a carboxylic acid
thereof selected fromthe group consisting of acrylic acid, nethacrylic
acid, crotonic acid, maleic acid, maleic anhydride, i’(‘lﬁ.{:&@étﬂwﬁ&d{»ﬁﬂ&d

i taconi ¢ anhydride, as disclosed in U S. Patent 4,616, Q¥ Ul & T T T
surfactant nononmer selected fromthe urea reaction prodEEEl ¥ '
nonoet hyl eni cal | y unsaturated nonoi socyanate with a no ant

having am ne functionality as disclosed in U S. Patent 5,011,978 (Barron
et al.); and a nopi oG8t |

nmononmer whi ch i sOétqhg(gu%%%eargggpﬁgcq’r%‘rzlfof)?(t:)o u%ftzog?ursét FF%?\"SF?? reﬁ’ogednoni onic
surl factant with a nrregjo)ktaes.cal |y unsaturated nonoi socyanate, preferably
one | acking ester groups such as al pha, al pha-di nmethyl-mi so-propenyl

6

Results and Discussion

The PRMs are useful in a broad range of personal care products.

10 The examples shown here highlight their effectiveness at building viscosity in
diverse formulations, including cationic alpha hydroxy acid {AHA) creams,
antiperspirant lotions, hair conditioners, specialty shampeos, 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.

15
AHA creams
Performance of the PRMs was evaluated in thé 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
20  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
vy, 1B 2,2 | 37,000 28,563 384
nonet" 2.1 | 10,344 7,438 100
iC 26 | 24,625 26,625 428
none@ -2.4 | 5,570 9,563 100
25 (1) and (2); PRM 1B was tested against one control, while PRM 1C was

tested at a later time against a second, but similar, control independently of

PRM 18,
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benzyl isocyanate as disclosed in U S. Re. 33,156 (Shay et al.).
Particularly preferred are the ethylenically unsat at d ol nerlzable
surfactant nononers obtained by condensing a noni oni M e
i taconic acid. Methods for preparing such nononers a Ci[Rui § deta|
in the various patents incorporated herein above. LRIl tlon to
the required and preferred nononers di scussed above, nnnoners whi ch
provide cross-linking in the polyner also nmay be utilized in relatively
| ow amounts, up tg about chi@ﬁly%erpﬁﬁggmkn o%ﬁ?@@%@&xdé%k%&lwe a‘tNe' ght of
nononer used to prepare the polyner. Wen used, the cross- [Iinking
mononer s preferably msiRg tredscssity loeyeht&nuefAHfAr@mnabCUdhpa(Biso]: bha abaut 1 wei ght
percent. Cross-1linking nonomers include nmulti-vinyl-substituted aromatic
nmononers, nulti-vi nywithedbietPRMut ed al i cyclic nmononers, di-functional esters
of phthalic acid, di-functional esters of nethacrylic acid,
mul ti-functional esters of acrylic acid, N nethylene-bis-acrylamde and
mul ti-vinyl-substit u;&n?gersglrant lotion

10 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. Results are set forth

in Table 3.
15
Table 3
PRM pH | Day 7 viscosity | % of Day 7 control
(cps) viscosity
1B 4.1 | 20,650 529
none'® 4.0 | 3,800 100
iCc 43 | 3,325 N/A
none® 41 | phase N/A
: separation

(1) and (2); PRM 1B was tested against one control, while PF\;M 1C

20 was tested at a later time against a second, but similar, control i'ndependently

of PRM 1B. Control® formed an unstable emulsion, i.e. there was phase

separation, which prevented determination of a viscosity for the control
formulation.

As;“is clearly seen, only 1.0% solids of the associative PRM is

25 effective at significantly raising the viscosity of an aqueous, high salt

antiperspirant lotion in comparison to a product without the PRM.
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al i phatic nononmers such as dienes, trienes, and tetraenes. Exenplary cross-

| i nki ng nononers include di vi nyl benzene, triviny-benzene,— 1,2 4-

trivinyl cycl ohexane, 1,5-hexadiene, 1,5,9-decatriene, 1,9-decadiene, 1,5-

hept adi ene, di-allyl phthal ate, ethylene glycol di rrEt’Ifhﬁ(Sﬁe)éJI?aEﬁeenReglace

pol yet hyl ene gl ycol dinethacrylate, penta- and tetraoﬁa!1 HE
I

yl
pentaerythritol, octaallyl sucrose, cycloparrafins, HE"T and
tes are

N- net hyl ene-bi s- acryl am de. The pol yethyl ene glyc
particularly pre%erred fqr t hi ckening in acid agueous comnpositions, as

they tend to mini mZE-RHRG; ¢y

REPLACEMENT SHEET PRM 1B was galBated in the, rinse-off hair cor?dltlZner set forth in Preferred
PRMs in enul sion formare prepare formng an enulsion utilizing

si ngl e- st age enul si OFbriR@AtyATEr rrﬁiﬁforrﬁiratrére&hﬁhﬂu%h Iob@MYOIIB6th MoBdrRKic

and polymeric conditioning agents. The unexpected, excellent viscasity build
shown in Table 4 exhibits the surprising ability of the PRM to build viscosity of

10  aqueous, cationic-rich formulations at a 2% solids level.

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

16  Shampoos
PRM was formulated into the conditioning shampoo prototype set
forth in Formulation 4. As is seen in Table 5, PRM 1B was effective at
building v_iscosity of the shampoo after mixing. Thus, the PRM is shown to be

capable of boosting viscosity of highly concentrated surfactant systems.

20
Table 5
. PRM pH | initial viscosity | % of control viscosity
' 1B 6.0 | 54,000 1,278
none 6.0 | 4,225 100

Additional work was performed to demonstrate the ability of the PRMs

to build viscosity of highly concentrated surfactant systems. The PRMs were

25 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
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stHfaetanti-n-anmpunts effective to disperse the
and from about

free-radical initiator,
polymer in the water upon polynerization of the nononers,

0.5 to about 20 weight pernﬂrsheegiasg&nﬁ Hp sel ected fromthe group
consisting of a C2-Cferr] | _ ed nonohydric al cohol and a
non- pol ynmeri c pol yhydric al HWMHH}&EH& et hyl ene gl ycol, propylene
gl ycol and gl ycerol, based o t of the enuIS|on are conbi ned
in a polynerization reactor and naintained at a desired terrperature and

for a period of 1 m.uhbe Hie B4 SbEKEAA PR WIRELZE I NG Tongrer s,

thereby formng a po I C enu

(a) and (b), water, %ﬁ!ﬁ&ﬁ'famﬁbleﬁﬁﬂn P?JCQPQEH Gamble. The mgr-nmgntscﬂ%éasgts of the’
pol ymeri zation vessel preferably are mai ntained at tenperature and for a

period of tine effecpiduetstas meaants@oxpﬂieymr lazaltste® I airmulétiaﬁs SIOANEHYET. S -
Preferably the polynerization reaction is initiated at about 30 degrees
centigrade, wth thedintheptast levelstof usepef| thenmartictartingradiente sorddined tit tie ni ng a

respective commercial shampoos may be proprietary, ranges of the levels of

10 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.

15 ) Table 6

formulation | formulation PRM initial viscosity | % of control
pH (cps) viscosity

Johnson’s 7.8 1B 21,469 2,863
Johnson's 7.9 1C 17,375 2,317
Johnson's 6,6 none 750 100
Rave 8.9 1B 26,344 10,538
Rave 8.9 1C 17,938 7,175
Rave 566 none 250 100
Prell 79 1B 30,844 1,371
Prell 8.0 1C 18,781 °| 835
Prell 6.6 none 2,250 100

.. Gels

20

Clarity is an important attribute for many hair and skin care gels.

Using exiéfihg 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 tfo thicken two clear AHA gels,

as set forth in Formulation 8, one of which contains an additional conditioner
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t enper ature of about 60 degrees centigrade. The reaction tine mﬁll be from

about 1 to about 6 hours. One skilled in the art of emglsﬁéegﬂ ation
will be able to ascertain readily exactly what condi t ure
and time are required, as both are well within the kn

skilled in the art. Preferably, from about 1 |ght

percent of the alcohol are used and, nore preferably, from about lto
about 5 wei ght percent of the al cohol are used, based on the total weight
of the enmulsion. [f no al coho or an insufficient anpunts of the al cohol ,

is used in pr epar? ng "Pﬁ"é‘até'i’i‘lﬂl“é‘*l’) g ong HEWh'ﬁ*‘é’é’Eﬁ oh ntheiseRs '6?1‘“%“1“1“ not be
stable to change in %le@%ﬁ/ﬁ Imt%blg\;ed’emulsﬂgte {hat t?e! PRMs e%l%lentlagtlmg vuscos olpl mze the

| evel of al cohol use

8 clear gels.
Table 7

formulation | PRM initial viscosity

(cps)
+ conditioner | 1B 23,344
- conditioner | 1B 124,594
control™” none <100
+ conditioner | 1C 21,063
- conditioner | 1C 20,594
control® none <250

10

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

separate, but similar controls.

Hair Dyes
15 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. The
results set forth in Table 8 clearly show PRM 1B is effective at boos.ting the
20  viscosity of the Nice ‘'n Easy ® commercial hair dye product available from

o,

Clairol Inc., the composition of which Is set forth in Formulation 9.
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al cohol used may be linmted practically by factors such as cost,
flammability andﬁyngLLLe—e%ganr"conpound envi ronnent al concerns. O her
than those factors, amounts of al cohol in excess of 20 wei ght percent
concei vably may u§§ggmdjhsan&wM@Pe stable emul sions are required, it is
essenti al that pol yng iy Biiteal stabilizers such as pol yvinyl al cohol
not be used during priERtEAERERI IO the enul sion via emul sion polynerization
i n any anmount which alters the properties of the enul sion,

particularly the grrulion stability. Pr. S ably, no polyneric coll oidal

stabilizer is used during enuI5|on pre ion It was discovered
surprisingly that f otyrrer+c ar—stab esults in
enul si ons whi ch ard r$§gtj Sit r}r‘eﬂry’f o—-Ghanges bl:,bfb\rén}d vrgéo%lfjé o mﬁid"g separation
over tine. Accordindby. rH@VWWmP@Fﬁﬁ@pgnig theol of9*¥bdifiers comprising
the emul sions essentBal | y| Rb@eriopdyabise nb?2 prefefdBly are free of
pol ymeri c col | oi dalf nenedbi |l i zers. $.n wat er  B&9%ed personal care
conposi tions, the Wyater 1[Spogmerdiomakwichar | 9.6 4,500

1C polymer from dye hase | 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,

10
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

16 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. PRM 1B was evaluated in such a
test at 1% solids using 6% hydrogen peroxide, with the pH adjusted to 3 with

HyPO,. The results are summarized in Table 9.

20 Table 9
. PRM % peroxide retained
' 1B 98

These results show that the PRM exhibits excellent peroxide
compatibility.
The PRMs appear to show much promise in personal care
25  applications. They build viscosity in the presence of such common personal

care ingredients as cationics, acids, bases, salts and surfactants. Viscosities
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application to sone part of the body of some cosmetiecatty—act+ve—agent
(CAA) that will have a cosnetic effect of sone type, whether such effect
is a softening or cleansing or strengthening or hﬁd§Mﬂﬂham@nn@hamfect The
personal care conpositions can al so include conbi ";,y b of
various types, coloring agents, fragrances, preser If”’" ' he |ike.
The pol yneric rheology nodifier nay be incorporate

onal care
conposition at the tine the conposition is fornulated or the PRM may be

post-added to an alrgady- dlvgrrsgwlr%t ? ginﬁfgrgnﬁep Bk 2@l GHIRO §r{tléér§f3?ants When

i ncorporated during preparati Sroonal Care e t he PRM

may be conbined w tllihlr"@ﬁo‘ﬁiﬁné?sr s&bglﬁrshaﬁﬁﬂog@ FHoudses, Wik 478 slﬁrh@elsp B h°airt her is

sol ubl e or dispersible, the CAA and other ingredients as needed and/ or
desired, for 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.

10 Formulation 1
Cationic AHA Lotion
ingredient wt. %
15 PRM 0.50 (solids)
propylene glycol 2.00
Na,EDTA (39%) 0.25
octyl methoxycinnamate 4.00
lapyrium chioride 0.50
20 steapyrium c¢hloride 0.50
cetearyl alcohol 2.00
glyceryl stearate/glycerin 3.00
cyclomethicone 4.00
dimethicone 1.00
25 isopropyl myristate 2.00
glycolic acid (70%) 429
water to 100%
Formulation 2
30 - Aqueous Antiperspirant Lotion
ingredient wt % -
PRM o 1.00 (solids)
propylene glycot “4.00
35 aluminum chiorohydrate (50%) 42.00
glyceryl stearate/PEG-100 stearate 3.00
cetearyl! alcohol 0.75
o, glyceryl stearate/glycerine 1.50
cyclomethicone 2.00
40 water to 100%
- Formulation 3
Rinse-off Hair Conditioner
45
ingredient wt. %
PRM 2.00 (solids)
polyquaternium-10 0.50
glycerin 2.00
50 . laneth-15 1.00
cetearyl alcohol 2,50
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9 exanple enulsifiers. Wien used in the formof a stable enulsion, the
emul sion nay be conbined with the CAA and ot her ingredignts upon -
formul ation, or the enulsion nay be post-added and bl en u g8 Been Replaced

conposi ti ons which have been formulated previously. f”ﬁﬂ!f/
e

as little of the PRM as possible is used in preparing the
conpositions of the present invention, with the m ni num anount all owe
bei ng an amount effective to thicken the personal care conposition. The
anount of PRM req% red to effectively th| cken t he personal_ care

ra i
conposition will Yepend upon 35 'F@}%cgﬁ°i| aggr g%oglrrggls?L gﬁraﬁoln?l
"X wel Sk

care conposition. Typically, “ o

contain fromabout 0.1 to abogi ic percent of (e, PRM based on
the total weight of the thi ck,gtg,ed per sonal care conposi ty ay, Preferably,
the thickened peysonal care conposition will contain fromabout 0.5 to

about 5 dry Formulation 4

Conditioning Shampoo

15 ingredient wt. %
PRM 2.00 (solids)
polyquaternium-10 0.75
sodium lauryl sulfate (29%) 17.00
sodium [aureth sulfate (26%) 13.00

20 cocamidopropy! betaine (35%) 2.50
cocamide DEA 4.50
ethylene glycol distearate 1.25
stearath-20 0.30
dimethicone 3.00

25 citric acid topH &
water to 100%

Formulation 5
30

Johnson & Johnson Baby Shampoo

ingredient wt. %
35 : PRM 2.50 (solids)
Water

PEG-80 sorbitan laurate
Caocamidopropy! betaine
Sodium trideceth sulfate
40 Glycerin
Lauroamphoglycinate
PEG-150 distearate
- Sodium laureth-13 carboxylate
Fragrance
45 Polyquaternium-10
Tetrasodium EDTA
Quaternium-15
Citric acid
D&C yellow #10
50 D&C orange #4




meight percent of the PRM The PRMs neet a nunber of needs of

personal care product fornulators, such as conpatibility with cationic

i ngredients, thickenigg gefficiency,” clarity in gels, pHversatility (i.e.,
SSﬁ%E£35= @“dalkajine pH range), and tol erance to

ability to thicken over e
salts. A nunber of exar’Mﬂ i ! personal care conpositions making
use of the PRMs of the ) ] ti on have been eval uated and are
sumari zed bel ow. These exanples include both hair care and skin care

applications, as ghe PRV6 appear to off:oerr ltbe efits in both areas.
The foll owi ng exanpl es are set foré%,&rgﬁﬁ%ﬁ?gdawothe i nvention and shoul d
not be used to limt the scope of the I nventlon, %hi ch scope is set forth
in the clains appended her et 0jngredient Two PRV of the prgsgnt invention
were prepared via the emrmul si ORRM 2.50 (solids)
10 Water
Sodium lauryl sulfate
Cocamidopropyl betaine
Sodium chloride
Polyquaternium-10
15 Glycerin
Polyquaternium-7
Oleth-3 phosphate
Fragrance
BHT
20 Tetrasodium EDTA
DMDM hydantoin
lodopropynyl butyl carbamate
Red 33
Yellow 5

i

25
Formulation 7

Prell® Shampoo
30

=
2

ingredient
PRM 2.50 (solids)
Water
Ammonium laureth sulfate
35 - Ammonium lauryl sulfate
Cocamide DEA
Ammonium xylenesulfonate
Sodium phosphate
Fragrance
40 Disodium phosphate
Sodium chloride
EDTA
= Benzophenone-2
Methylchloroisothiazolinone
45 Methylisothiazolinone
D&C Green No. 8
= FD&C Blue No.1
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10 polynerization nmethods described herein above. These PRMs are
desi gnated PRM 1B and 1C, respectively. The nononeric conposition for each
PRMis set forth in Table 1. Table 1
nononer [ err] 1B 1C ethyl ac Mgﬁéth

57 60 di net hyl am noet hyl 38 it
s

net hacryl ate associative nononer 5(2)
(1) = All values are in weight percent, based on total
used to prepare tpe PRM

Formulation 8
Conditioning Gel

ingredient wt. % wt. % wt %
10 glycolic acid (70%) 4.29 429 429
PRM 3.00 3.00 -
polyquaternium-4 0.50 - -—
water to 100% to 100%
to100%
15

Formulation 9

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

=

ingredient %
PRM 3.0 (solids)

25 Dye base
water

oleic acid
propylene glycol
isopropyl alcohol

30 nonoxynol-2
nonoxynol-4
ethoxydiglycol
ammonium hydroxide
cocamide DEA

35 : PEG-8 hydrogenated tallow amine
sulfated castor oil
sodium sulfite
erythorbic acid
fragrance

40 EDTA
resorcinol
p-phenylenediamine

. 1-naphthol

N,N-bis(2-hydroxyethyl)-p-phenylenediamine sulfate

45
Developer

- water

hydrogen peroxide
nonoxynol-8

50 nonoxynol-4
phosphoric acid
cetyl alcohal
stearyl alcohol
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(2) = ceteth-20 itaconate (3 ) ceteth-20 allyl ether The
t hi ckening efficiency of each PRM was eval uated by neasuring viscosity
build in prototype personal care formulations. Vi i scosity was measur ed
using a Brookfield RVF heliopath visconeter at 10 r m"lulmmmﬂ“ty

val ues are reported in units of centipoise (cps). ﬁml'

nmeasurenents were taken after the personal care corrpo’S| t ohs the

formul ated and al | owed to equi l i brate under anbi ent terrperature and
pressure for 24 h urgY g l"‘[}gnd/ or seven day viscosities were neasured 8
or 7 days, respec '37 the initial viscosity was neasured. In all
cases, viscosities - of the fornmulations containing the PRM were '
conpared to viscosities of a control which contained no PRM The

fornul ations evaluated  Aneyd&kahdoRE) mBdifed RAthadrkN® thht tHRIRKEES. bel ow.
Eval uations al so were conducted on nodel systens to determne stability
to bl each, e.g., per debldgy. modifitlcis prepaiei Wytpalpmérizitipn wiarsondedre seleceddroly boi ling a

1% sol ids, 6% H202 sol ution
. the group consisting of

10 from 5 to 80 weight percent of an acrylate monomer
(a) selected from the group consisting of a C,-C, alkyl ester
of acrylic acid and a C,-C alkyl ester of methacrylic acid,

from 5 to 80 weight percent of a monomer (b)
selected from the group consisting of a vinyl-substituted

15 hete}ocyclic 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
from 0.1 to 30 weight percent of an associative monomer (c),

20 all percentages based on the total weight of monomer used to

prepare the polymeric rheology modifier.

2. The polymeric rheology modifier of Claim 1 wherein said associative

-, monomer (c) is selected from the group consisting of urethane reaction
25 products of a monoethylenically unsaturated isocyanate and non-ionhic
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

30 anhydride thereof, a surfactant monomer selected from the urea reaction
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11 (pH adjusted to 3 using H3PJerr]) for a total of 20 hours. Results

are reported as % H202 ret ai ned. Resul ts and - Discussion

The PRMs are useful in a broad range of personal care roducts The
exanpl es shown here highlight their effectiveness a mwmm ty in
di verse formul ations, including cationic al pha hydr mL

antiperspirant lotions, hair conditioners, specialty sharrpbos kai r and
skin
5  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 bropyleneoxy 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,
10 and a nonionic urethane monomer which is the urethane reaction product of a
monohydric nonionic surfactantl with a monoethylenically unsaturated

isocyanate.

3. The polymeric rheology modifier of Claim 1 prepared with from 0.1 to

15 10 weight percent of said associative monomer (c).

4, The polymeric rheology modifier 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

20 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 propyl methacrylamide,

o,

25 5, The polymeric rheology modifier of Claim 5§ wherein said associative
monomer -(c) is selected from the group consisting of urethane reaction
products of a monocethylenically 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

30  copolymerizable surfactant monomer obtained by condensing a nonionic
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gels, and hair dyes. All PRMs eval uated were effective-at—raising the

Vi.scosity of personal care prototypes in hair and skin care systens.
AHA cr eans Per f ormance of the PRMs was eval ﬂﬂmmmmmm’
creamset forth in Formulation 1. This enulsion is

contains cationic surfactants. The PRVs surprisingly exhibit *ofh *
cationic conpatibility and acid thickening. Results are set forth in
Tabl e 2. Table 2 PRM pH
Initial viscosit I SiB0Sh T Va. . .

(ops) y 5( Eggrfa&aﬁf wihoah Ty e\}h%glgau%s#urﬁgﬁtcgr%xyhc acid, o, the 37. 000
28, 563 384ntyorite[teyrdo}, a surfastaht moﬂ&ne34éected from the urea réacflono

100 1C 2.6 24, 625 26, 625 428 none[err]
2.4 5,570 product ¢f ErB@oethylenically unsaturateiOnonoisocydnatp withd nbiignic PRM 1B was

sted agai nst one control, while PRM 1C was
te 9 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

10 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.

15
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tested at a later time against a second, but simlar, control independently
of PRM 1 B. 12 As
clearly is seen, the addition of only 0.5%solids PRMis effective at
raising the viscosity of a cationic AHA creamin conparison to a cream

wi t hout the PRM Anti perspirant |otion Perf ormance of each PRM
was evaluated in the aqueous antiperspirant lotion set forth in

Forrmul ation 2. This | ow pH emnul sion contains

5 ABSTRACT OF THE INVENTION
The present invention relates to acrylate-based, associative polymeric
rheology modifier prepared by polymerization of a C,-Cq alkyl ester of acrylic .
acid and/or a C,-C, alkyl ester of methacrylic acid, a monomer chosen from a
vinyl-substituted heterocyclic compound containing at least one of a nitrogen
10 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 an associative monomer.
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a high level o
exhibits salt t
forth in Tabl 4
pH - Day 7 visd

1B 4.1
100 1C
phase

. R e et o~
Wg%mesma um num chl or ohydr ate. Ther ef ore,mfoﬂgSPRM
orer ) s | ow pH viscosity build. Resul ts[ re set
- cn o Table 3 Fing).
osli t33 96Ffbay 1 control (cps) vi scosity
20, 650 529 none[ err| 4.0 3,900
4.3 3,324 - 1 N A none[ err] 4.1
separation (1) and

(2); PRM 1B was tested agai nstPGUYMERICIRHEQLOGY MOOPRERSC was tested at a

| ater time against a second, but simlar, control independently of PRM 1B.

Control [err] formed an Thestadb® eWUhtBhOR, rélated foh@EQIawasaspilagesockBRAr ati on,
whi ch prevented determ nation of a viscosity for the control formnulation.

As is clearly seemoly@BliyrhdolOprasifietls of the associative PRM is

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 particles in such aqueous compositions. The particuler
type of modifier used will depend on the particular aqueous composition to be

~
&

modified and on the particular end-use of that modified agueous composition.
Examples of conventional rheology modifiers include thickeners such as
celluicsic derivatives, polyvinyl alcohol, sodium polyacrylate and other water-
soluble macromolecules, and copolymeric emuisions 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. 4,743,688, 4,600,761, RE
33,188, 4,782,343, 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 aque'ous compositions having acidic pH. These types
of thickeners also are believed to be incompatible in systems containing cationic
ingredients.

ther rheology modifiers which are "activated” by the addition of acid to
aqueoﬁs compositions which contain the moedifiers also have been reported. As
reporied, emulsions are prepared via free-radical emulsion polymerization

utilizing colicidal stabilizers. The emulsions are mixed with the composition to



cant he viscosity of an aqueous, high salt
ant i perspirant Ioic to a product w thout' the PRM

18 Hair conditionen P was evaluated in the rinse-off hair
condi ti oner set f¢rih_in_ For rruI alipn 3. This formnulation contains a high

| oadi ng of both norrerl ¢ and pol ypreric conditioning agents. The

unexpect ed, excel kgnt  visc v buidd _.shown in Table 4 exhibits the
surprising ability of the PRMto build viscosi ty of aqueous, cationic-rich
fornul ations at ab@%ickehdddsdltearedcid is added to the mix, thereby lowering the pH of the Tabl e 4

effective at si gnif

system {0 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
advantageously may be used to thicken both acidic and basic compositions.

The present invention is directed to an acrylate-based polymeric
rheoiogy modifier which has been prepared by polymerizing together from
about 5 to about 80 weight percent of an acrylate monomer (a) selected from
the group consisting of a C,-C; alky! ester of acrylic acid and a C,-C, élk{/l
ester of methacrylic acid, from about 5 to about 80 weight percent of 2
monomer (b) selected from the .group consisting of a vinyl-substituted
heterocyclic compound containing at least one of a nitrogen or a sulfur atom,
(methjacrylamide, a mono- or di- (C,-C,alkylamino (C,-C,)alky!
{meth)acrylate and a mono or di<(C,-C,)alkylamino (C,-C,)alkyl
{meth)acrylamide; and from about 0.1 to about 30 weight percent of an
associative monomer (c).

The present invention relates to clymeric rheology modifiers {(PRMs)
which have been prepared by polymerizing together from about 5 to about 80
weight percent of an acrylate monomer (a) selected from the group consisting
of a C,-C, alky! ester of acrylic acid and a C,-C, alkyl ester of methacrylic

cid, from about 5 to about 80 weight percent of a monomer (b) selected from

the group consisting of a vinyi-substituted heterocyclic compound containing
at least one of a nitrogen or a sulfur atom, (meth)acrylamide, a mono- or di-
{C,-Cpalkylamino (C,-C,)alkyl (meth)acrylate and a mono or di-(C,-

C.alkylamino (C,-Cpalky! (meth)acrylamide, and about 0.1 to about 30



PRM pH initial viscosity %of control visfagld: CEW ) 1B
4.3 18,488 6, 163 ' none 4.4 309 =M TT00

Shanpoos PRM was formul ated into the condifti oni ng shanppot pr ot ot ype
set forth in Fornulation 4. As is seen in Tabl & %, 2FREEIB1s kffective at
bui | di ng viscosity of the shanpoo after m xing. Trus the PRM.iBs Bhown to
be capable of boosting viscosity of highly con¢entrated surfactat

syst emns. 7 Tabl ¢_5 _PRM . pH

'1”'2'[7;33| vi SCOS' ty weight ‘st;c@rgrbtf 'éF?'asé’dc%ﬁ@esHo){omer ©) gl pEicentages %389{3965”2'4 \?\g?k

was perforrred to Q@QWQ#'{ %E ﬁoE&ﬁera.PEé 'tc?é{r_?ﬁ;re%%epfﬁmfhe%!\p# BVI SC sity of

hi ghl y concentrated surfactant wer e uded™®s a 20%

polynmer solids aqlfc?otH.%kngaﬁ&gnc&r%pcgsnxogg ﬁ*.%m& Cpea}.l,onal care compositions,

adhesives. textile coatings, oil-well drilling fluids and the like.

(.51

The PRM may be incorporated into, for example, the persona!l 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 skilied in the art of polymerization of
acrylate-based polymers. Such methods include solution polymerization,
precipitation polymerization and emuision polymerization, for example. The
PRM may be used to thicken aqueous personal care products such as creams
and lotions and hair care products such as conditioners, shampoocs, 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 io thicken those personai 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 dissoived or dispersed in the
solvent either prior to formulation, in which case a soluticn or dispersion is
added to other ingredients, or the PRM may be added in the form of a solid with
other formuiation ingredients and the solvent, thereby producing the thickened

composition.



shanpoos which were purchased and eval uated. The mld
baby shanpoo avail able from Johnson & Johnson, Raye|

14 shanpoo, avail abl e from Chesebrough-Pond' s UpA qupQﬁy!1gmkl bll[err]
shanpoo, avail able from Procter and Ganble. The i gredlents in thesge
products, as reported on the |abel, are listed inJFormu n " 6] and 7.
Wil e the exact levels of use of the par4icular i gredlents contalned I n

t he respective commercial shanmpoos may~be proprietary, ranges of the

| evel s of such i ngr ediﬁgta%m%ggnogém%%o%% Ldeﬁiorb qh% B&O?rgong%%ﬁ of

conventional and known e ar mul a

personal _care comg ag{slpg%%rﬁfﬁou Ry SRR e (S RA! 2 ERRI Y, ATl

propy! alcohol, and esters prepared from methacrylic acid and C,-C, alcohols.
Preferred acryiate monomers comprise C,-Cg alkyl esters of acrylic acid.
Even more preferred, the acrylate monomer is ethy! 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 weight
of monomer used to prepare the polymer.

in addition to the acrylate ester, polymerized therewith is @ monomer
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,-Calkylamino {C,-C,)alky!
{meth)acrylate, a mono or di-(C,-C,)alkylaminc (C,-C,)alkyl (meth)acrylamide.
Exemplary monomers include N,N-dimethylamino ethyl methacrylate
(CMAEMA), N,N-diethylamino ethyl acrylate, N,N-diethylamino ethyl
methacrylate, N-{-butylamino ethy! acrylate, N-t-butylamino ethyl
methacrylate, N,N-dimethylamino propyl acrylamide, N,N-dimethyiamino
propyl methacrylamide, N,N- diethylamino propyl acrylamide and N,N-
diethylamino propyl methacrylamide. From about 5 to about 8C 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

pclymer,



viscosity in all cases. REPLACEMENT SHEFT. |6
formul ati on formul ati on PRM initial vilscphsity % of ¢ontr ol
pH (cps) vi scosity Johhsp@ SEP 18978

1B 21, 469 2,863 Johnson's 719 1C
17,375 2,317 Johnson's 6,6 5, none 790

100 Rave 8.9 1B 24, 344 1(

8.9 1C A 2 ; 7 . .06
o 250 n assé&atlg%og?rgﬁ is used fn aﬂwg%&"éﬁ%mg from abOféé.'T

30, 844 L 3730 elek: ) e 8, 781
835 Prel | b 2t oPlubignt percerd Based on, taal eiont o monogper usge

Clarity is an inpo trl e f many haj,r..and in_care gels
exi sting thickener B{eggrtﬁn@%o%d, Toll g{im?'%?%gn“é‘{howec%cﬁﬁgtﬁ BRTHRET g% i ¢

d ' ' ' A b d I '
i ckener & ar o i ntBRABPRI wl th SERG A v BEPERG) B k0] T L0 ZhdP/@iul si ons

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,
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 CH,=CR'CH,0A,B,AR where R’ is
hydrogen or methyl, A is propyleneoxy or butylenecxy, B is ethyleneoxy, n is
zero or zn 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 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
unsaturaied copolymerizable surfactant monomer obtained by condensing a
nonionic surfactant with an «,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 consisting of acrylic acid, metha(_:rylic acid, crotonic
acid, meleic acid, maleic anhydride, itaconic acid and itaconic anhydride, as
disclosed in U.S. Patent 4,616,074 (Rufiner); a surfactant monomer selected
from the urea reaction product of a monoethylenically unsaturated

monoisocyanate with a nonionic surfactant having amine functionality as

disclosed in U.S. Patent 5,011,978 {Barron et al.); and a nonionic urethane

, 538 Rave



are necessary. PRVs 1B and 1C were used to thi ckcRERMGEMENRSHEER pels,  as
set forth in Formulation 9, one of which contains cpndi ti oner
15 (pol yquaternium4) and one of which does no m yl resul ts,
which are shown in Table 7, denonstrate that tHe |P |C|en ly build
viscosity of clear gels. Tapl ej 7
fornulation PRM initial viscésity

+ conditioner 1 B 23344

(cps)
-condi ti oner
<100

benzyi isocyanate as disclosed in U.S. Re.

1B monomer whict2#, th@4irethane reaction prodi@ntf alnfeohydric fdARAIc

surfactant with @ monoethylenically unsaturated monoisocyanate, preferably
one lacking ester groups such as alpha, alpha-dimethyl-m-isc-propenyl
33,156 (Shay et al.). Particularly
preferred are the ethylenically unsaturated copolymerizable surfactant
monomers oObtained by condensing a nonionic surfactant with itaconic acid.
Methods for preparing such monomers are disclosed in detail in the various
patents incorporated herein above.

In addition to the required and preferred monomers discussed above,
monecmers 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.  Cross-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, 124-
trivinylcyclohexane, 1,5-hexadiene, 1,58-decatriene, 1,8-decadiene, 1,5-
heptadiene, di-allyl phthalate, ethylene glycol dimethacrylate, polyethyiene
glycol dimethacrylate, penta- and tetra-acrylates, triallyl pentaerythritol,
octaallyl sucrose, cycloparrafins, cycloolefins and N-methylene-bis-
acrylemide.  The polyethylene glycol dimethacrylates are particularly
preferred for thickening in acid aqueous compositions, as they tend to

minimize turbidity.



| REPLACEMENT SHEET

+ conditioner 1C 21, 063 - |copei-tt

20, 594 control[err] none < ) di(2); PRMs
1: B and 1C were tested i ndependent of one anot her ag?ﬂs??éﬁs@@]ar tée, but
simlar controls. Hair Dyes Hair dye sy ; ylare

highly al kaline during use. The PRMis -Zound to|be effective at biilding
the viscosity of a two conponent permanent hair '
conponents are bl ended.Préférresi RRMg ingenuls@ntorwhaze ptepared pp fopmisg an emaislonver ed i n
the aci dic devel oper or in the al kaline dye base. The results set forth in
Tabl e 8 cl early shitmn@RMok-d:geseradi$ierc polymerddatitvo teshniqugest hBlonarmmes cagiet,y of the
Nice 'n Easy [err] commercial hair dye product available from d airol

Inc., the conposi tresredebl imtidterh sirdicaet infapiduhtsieffedios nadisger@nth® potymer in

the water upen polymerization of the monomers, and from about C.5 to about 20
weight percent of an aicoho! selected from the group consisting of a C,-C,,
linear or branched monohydric alcohol and a non-polymeric polyhydric
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
aicohol.

The contents of the polymerization vessel preferably are maintained
at & temperature and for a period of fime effective to cause polymerization of
the monomers. Preferably the polymerization reaction is initiated at about 30
degrees centigrade, with the contents of the polymerization vessel attaining a
temperature of about 80 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 skilied 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 & weight percent of the
alcohol are used, based on the total weight of the emulsion. If no alcohel, 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



15 Table 8 PRV-RERLAGEMENT. SHEET
pH of blend viscosity after blending 1B I poEeerFromteye
9. 7 5,200 18 polymer from dye basg¢ |9,/ ¢ N a
none[ err] 9.7 .2, 9("5)03 1‘t§P 1997 pb
from devel oper 9.6 4,500 1C pol y m+—+omrdyertase
3, 250 none[err] 8.6 ' 1,900 (1)
PRV 1B and 1C were tested i ndependent of one ancther—agarTst SEp

controls. Pet oxaidehas tisdul tay Ye limited practiogtynipyatactord $uch asi qont, figumebjiétm
peroxi de can be an inportant attribute in certain personal care

appl i cations, suchndsoibié oradyiescombostdroldrodmseieeancergs. t@ber then tmseoxi de
conpatibility is a 20 hour boil test. Peroxide concentration is

factors, amounts of alcohol in excess of 20 weight percent conceivably may
used.

Where stable emulsions are required, it is essential that polymeric
colloidat stabilizers such as polyviny! alcohol not be used during preparation
of the emuision 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 emuision
preparation. It was discovered surprisingly that use of such polymeric
colioidal stabilizers .résults in emulsions which are not stable to changes in
viscosity or phase separation over time. Accordingly, the emulsions and
rheology modifiers comprising the emulsions essentially are free and more
preferably are free of polymeric colloidal stabilizers.

in water-based personal care compositions, the water is a vehicle for
application to some part of the body of some cosmetically-active agent (CAA)
that will have a cosmetic effect of some type, whether such effect is a softening
or cleansing or strengthening or body enhancing effect. The personal care
compositions can also include combinations of CAAs of various types, colering
agents, fragrances, preservatives, and the like.

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 aiready-formulated personal care composition. When
incorporated 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



measured before and after a 20 hour boil regi me[r g aataas e le t han

92% of the initial peroxide concentration is us f a
product which will exhibit satisfactory shelf § } was
evaluated in such a test at 1% solids using 6% E Wi

pH adjusted to 3 with Herr]PO4. The results af es AL 260 bble 9.
Table 9 PRM . ber C ;
99 These results show that the PRM exhihj ~p@r oXi de
conpatibility. example eftisifid?RMVEhap pesarin the fgrhoofarsteble qymmrsmelerqunsonal
care applications. They build viscosity in the presence of such conmon
personal care i ngregdieantdinas witatheCDAL and atberdsgrediersegnondadrutstion dr the
surfactants. Viscosities
emuision may be post-added and blended with compositions which have been
formutated previously.

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

personal care compositions of the present invention, with the minimum amount
allowed being an amount effective to thicken the personal care composition.
The amount of PRM required to effectively thicken the personal car
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 fo about 5 dry
weight percent of the PRM.

The PRMs meet a number of needs of perscnal care product
formulators, such as compatibility with cationic ingredients, thickening
efficiency, clarity in gels, pH versatility (i.e., ability to thicken over wide acidic-
alkaline pH range), and tolerance to salts. A number of examples detailing
perschai care compositions making use of the PRMs of the present invention
have been evaluated and are summarized below. These examples inciude
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.

Two PRMs of the present invention were prepared via the emulsion



17 of such diverse hair and skin fornul ations as {rREPEACEMENT SHEET
antiperspirants, hair conditioners, specialty shapp . h
skin gels, and hair dyes are enhanced by relative
t hese polyners. Furthernore, behaviors of interesf
as pseudoplastic flow, are evident with these pol\ .
Formul ation 1 10Cat i onic AHA Lotion
i ngredi ent % PRV

W .
RIQZOEE)'SI'zl I(gg())/() polymerization R\reﬁw%gé egcsscﬁtlaéec%r% above. These PR%St >§|re

i r and

v Wr ions of
of “personal cjarf, such

2. 00

nmet hoxyci nnanat e _ 4. 00 : |l apyrium chl ori de
0. 50 y degtg;@%{ﬁg‘,,PiR&H%ﬁpgr‘lpdéespecnvely. The monomeric c%%po%t}@ofor
cetearyl al cohol ) , , 2.00
each PRM is set forth in Table 1.
Table 1

monomer™" 1B 1Cc

ethyl acrylate 57 50

dimethylaminoethyl 38 37

methacryiate

associative monomer 5@ 3@

(1) = Al values are in weight percent, based on total weight of
monomer used {o prépare the PRM

(2) = ceteth-20 itaconate

(3 )= ceteth-20 ally! 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 rpm. Al
viscosity values are reported in units of centipoise (cps). Initial viscosity
measuremenis were taken after the personal care composition_s 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 o
viscosities of a control which contained no PRM. The formulations evaluated
are detailed in Formulations 1 through 8, below. Evaiuations also were
conducted on model systems to determine stability to bleach, e.g., peroxide.

Peroxide stability was determined by boiling 2 1% sofids, 6% H,0, solution



[ yceryl stearate/glycerin 3.00 s
gy%:/l orrgt hi cone ° 4. 00| REPLACEMENT SHEET rfet hi cone
1. 00 i sopropyl nyristate - —3. 0
| ycolic acid (709 4. 29 W er
tgoyIOO% (70% For mul ati on| 2 2 3 St 1997}
Agueous Anti perspirant Lotion I Nngr ee-ent
w. % PRM 1.00
(solids) propyl ene gl ycol 11 4.00
al um num chl or ohydrate (50% 42. 00 gl yceryl
st ear at e/ PEG 100 s{pBaidilstd to 3 using: r@@oé) for a total of 20 ho&r8! ¢Rkits Ak ‘Fé’dégdad
0.75 gl yceryl stearat e/ gl ycerine 1.
cycl onet hi cone as % H,0, retained. 2.00 wat er
to 100% Formul ati on 3
Ri nse-of f Hair Conditioner I ngr edi ent
w. % PRM 2. 08 -
sol i ds i niuml 0 .
él yceri ) Resuits BXY BRAIRSBh 2.00 laneth-1 5
1.00

The PRMs are useful 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 lotions, 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.

surfactants.

This emulsion is low in pH and contains cationic

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
1B 2.2 | 37,000 28,563 384
nong'" 2.1 110,344 7,438 100
1C 26 | 24,625 26,625 428
none® 2.4 | 5570 9,563 100

(1) and (2); PRM 1B was tested against one control, while PRM 1C was

tested at a later time against a second, but similar, control independently of

PRM 18B.




cetearyl al cohol
m neral oil

| anol i n al cohol
acid (20%

to 100%

I ngr edi ent

2.00 (solids) polyquaterniuml1 O

sul fate (29%

2.50

2.00 cefyl.

1. 00 cetrinoniumchloride (25% 2
to pH 4 water

Formul ati on 4 Confli ﬁ@ ﬁpsm%pjo

w . % PRM

0.75 sodiu
17. 00 sodi unatBaur et h sdgl fate (269

13. 00 cocam dopropyl betaine (35% 2.50

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 chiorohydrate. Therefore, the PRM

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
1B 41 | 20650 529
nonet! 40 | 3,800 100
1C 43 |3,325 N/A
none® 4.1 | phase N/A
separation

(1) and (2); PRM 1B was tested against one control, while PFéM 1C
was tested at a later time against a second, but similar, control ;ndependently
of PRM 1B. Control® formed an unstable emulsion, i.e. there was phase
separation, which prevented determination of a viscosity for the control
formulation.

As is clearly seen, only 1.0% solids of the associative PRM is
effective at significantly raising the viscosity of an aqueous, high sait

antiperspirant lotion in comparison to a product without the PRM.

FERY SeEy ot ed
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cocam de DEA 4.50 et hyl.ene @l [stearate
1. 25 steareth-20 ' | Ky :

3.00 citric acid

to 100% Formul ation 5
Shanpoo i ngredi ent

2.50 (solids) Water PEG 80 sorbitan |autdte Cocam Sodi um
trideceth sulfate A ycerin Lauroanphogl yci nate PE{

50 dlstearate di um
| auret h-1 3 car boxygiratgsifgn@agr ance Pol yquat er ni um [:,Q_ler..n.a,s.gd-u—u-m-EE A
Quaternium 15 Citric acid D&C yel | ow #10

PRM 1B was evaluated in the rinse-off hair conditioner set forth in

n Baby

Formulation 3. This formulation contains a high loading of both mconomeric
and poiymeric conditioning agents. The unexpected, excellent viscosity build
shown in Table 4 exhibits the surprising ability of the PRM to buiid viscosity of

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

Table 4
PRM pH | initial viscosity | % of control viscosity
{cps)
1 4.3 | 18,488 6,163
none 44 | 300 100

Shampoos

PRM was formulated into the conditioning shampoo prototype set
forth in Formulation 4. As is seen in Table 5, PRM 1B was effective at
building viscosity of the shampoo after mixing. Thus, the PRM is shown to be

capable of boosting viscosity of highly concentrated surfactant systems.

Table §
PRM pH | initial viscosity | % of control viscosity
1B 6.0 | 54,000 1,278
none 8.0 | 4,225 100

Additional work was performed to demonstrate the ability of the PRMs
to build viscosity of highly concentrated surfactant systems. The PRMs wer
post-added as a 20% polymer solids agueous emulsion to three commercial
shampoos which were purchased and evaluated. The shampoos include a

mild baby shampoo available from Johnson & Johnson, Rave® moisturizing



D&C orange #4 19
Rave[err] Moisturizing Shanpoo i ngredient
wt. % PRM

Sodi um | auryl sul fate Cocam dopropyl betaine Sodiju
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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 particuiar 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) viscosity
Johnson's 7.8 18 21,469 2,863
Johnson's 7.8 1C 17,375 2,317
Johnson's 5,6 none 750 100
Rave 8.9 1B 26,344 10,538
Rave 8.8 1C 17,938 7,175
Rave 5.66 none 250 100
Preli 7.8 1B 30,844 1,371
Prell 8.0 1C 18,781 ‘| 835
Preli 6.6 none 2,250 100

Geis

Clarity is an important atfribute for many hair and skin care gels.
Using exiéﬁng thickener technology, fow 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
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(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.

Tahle 7
formulation | PRM initial viscosity
(cps)
+ conditioner | 1B 23,344
- conditioner | 1B 24,594
control™ 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, but similar 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 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. The

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

viscosity of the Nice 'n Easy ® commercial hair dye product available from

Clairol Inc., the composition of which is set forth in Formulation 8.



20

w. %
4.29 PRM
pol yquat er ni um 4
100% to 100%

I ngredi ents

W .

.
Is R Tt 8uibbe
EAS AP RUT R % a3k | bV
70 : /] O

Formul ati on 8 Cond gr pdi ent
% wt.%glycolic acid (70% 29, e A
0.50 500 water?)'00 23 SEP 1% to
Fornul ati orL69 Nijcd 'n Easy Dye
Nat ural Dark Brown #120
Table 8
PRM Delivery pH of blend | viscosity after blending
1B polymer from developer i 8.7 5,200
1B polymer from dye base | 8.7 4,713
nonet™ | 8.7 2,800
1C polymer from developer | 8.6 4,500
1C polymer from dye base | 8.6 3,250
none'® g 8.6 1,800

{1) and {2;) PRMs 1B and 1C were tested independent of one anocther

against separate controls.

Peroxide stability

Competibility with hydrogen peroxide can be an important attribute in
certain personai care applications, such as hair dyes. A standard screening
test for peroxidé compatibility is a 20 hour boil test. Peroxide concentration is
measured before and after a 20 hour boil regime. Retention of more than
82% of the initial peroxide concentration is usually indicative of a product

which will exhibit satisfactory shelf stability. PRM 1B was 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 Table 8.
Table 8
PRM % peroxide retained
1B 8g

These results show that the PRM exhibits excellent peroxide
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
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of such diverse hair :nc skin formulations as creams, lotions, antiperspirants,
hair conditicners, specialty shampoos, mousses, hair and skin gels, and hair
dyes are enhanced by reiatively low concentrations of these polymers.

Furthermore, behaviors of interest for personal care, such as pseudoplastic

flow, are evident with these poiymers.

Ceticnic AHA Lotion

ingredient wi. %
PRM 0.50 {solids)
propylene glycol 2.00
Na,EDTA (38%) 0.25
octyl methoxycinnamate 4.00
lapyrium chloride 0.50
steapyrium chloride 0.50
cetearyi alcohol 2.00
glyceryl stearate/glycerin 3.00
cyclomethicone 4.00
dimethicone 1.00
isopropyl myristate 2.00
glycelic acid (70%) 4.28
water to 100%
Formulation 2
Aqueous Antiperspirant Lotion
ingredient wt % -
PRM 1.00 {solids)
propylene glycol " 4.00
aluminum chlorohydrate {50%) 42.00
glycery! stearate/PEG-100 siearate 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 1.0C
cetearyl alcohol 2.50

cohol

hol N.

dr ogen
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sel ected fromthe group consisting of a G Clerr] plkyl ester
of acrylic acid and a CJerr]-Cerr] al kxl8 ester of methacrylic acid

mineral oil 2.00
cetyl acetate/acetylated lanolin alcohol 1.00
cetrimonium chloride (25%) 4.00
citric acid (20%) to pH 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
cocamidopropy! 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%

Formulation 5

Johnson & Johnson Baby Shampoo

ingredient wt. %
PRM 2.50 (solids)
Water

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

Citric acid

D&C yellow #10

D&C orange #4
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conpound contai ning at | east one of a nitrogen
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nononer (c) is selected fromthe GN&®MoRFHhISAEMPo Ur €t hane reacti on
products of a nonoethylenically unsaturated isocyanate and non-ionic
surfactants conprising C[errlindebfsdt] al koxy-term nated, bl ocly gopol ymers of
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Water

Sodium faury! sulfate
Cocamidopropy! betaine
Sodium chloride
Polyquaternium-10
Glycerin
Polyquaternium-7
Oleth-3 phosphate
Fragrance

BHT

Tetrasodium EDTA
DMDM hydantoin
lodopropyny! butyl carbamate
Red 33

Yellow 5

Formulation 7

Prell® Shampoo

ingredient wt. %
PRM 2,50 (solids)

Water

Ammonium laureth sulfate
Ammonium lauryl sulfate
Cocamide DEA

Ammonium xylenestlfonate
Sodium phosphate
Fragrance

Disodium phosphate
Sodium chloride

EDTA

Benzophenone-2
Methylchloroisothiazolinone
Methylisothiazolinone

D&C Green No. 8

FD&C Blue No.1



copol yneri zabl e surfactant nonomer obtained by condensing a nonionic
surfactant wwth an [err],[err]-ethylenically unsaturated carboxylic acid or
the anhydride thereof, a surfactant nononer selec Lol e wrea
reaction 22 gﬁ&&%@f s[; _
nmonoet hyl eni cal | y unsat urat ed nonoi socyanate with @ fonionic-  surfacjant
havi ng am ne functionality, an allyl ether of the ?orm?liz’a SEP 1397 |

CH err] =CR CH2OAB[err]Alerr]R where Rlerr] is hydrggdn or nethyl . A {s
propyl eneoxy or butyl eneoxy, B is ethy2&neoxy, n ils zero or an integer, m
and p are zero or an integer less than n, and Ri4 _a hydrophobic qarpup of
at |least 8 carbon atons, and a noni onggiifbmane nonomer which is the
uret hane reaction product of a nonohydric nonionic surfactant with a
nonoet hyl eni cal | y unsat ur at ed
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Conditioning Gel
ingredient wt. % wt. % wt. %
glycolic acid (70%}) 4.29 429 429
PRM 3.00 3.00
polyquaternium-4 0.50 - --
water to 100% to 100%

10100%

Formulation 9

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

ingredient wt. %
PRM 3.0 (solids)

Dye base

water

oleic acid

propyiene glycol

isopropy! alcohol

nonoxynol-2

nonoxynol-4

ethoxydiglycol

ammonium hydroxide

cocamide DEA

PEG-8 hydrogenated tallow amine
sulfated castor oil

sodium sulfite

erythorbic acid

fragrance

EDTA

resorcinol

p-phenylenediamine

1-naphthol
N.N-bis(2-hydroxyethy!)-p-phenylenediamine sulfate

Developer

water

hydrogen peroxide
nonoxynol-9
nonoxynot-4
phosphoric acid
cetyl alcohol
stearyl alcoho}
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L. A polymeric rheology modifier, characterized in that the polymeric
rheology modifier is prepared by polymerization of monomers selected from
the group consisting of
from 5 to 80 weight percent of an acrylate monomer
(2} selected from the group consisting of a C,-C, alkyl ester
of acrylic acid and a C,-C, alky! ester of methacrylic acig,
from 5 to 80 weight percent of a monomer (b)
selected from the group consisting of a vinyl-substituted
hete;’ocyclic compound containing at least one of a nitrogen
or sulfur atom, (meth)acrylamide, & mono- or di- {(C,-
C.)alkylamino (C,-C,)alky! (meth)acrylate, a mono or di-{C;-
C.)alkylamino (C,-C,)alkyl {meth)acrylamide; and
from 0.1 to 30 weight percent of an associative monomer {c)
ali percentages based on the total weight of monomer used to

prepare the polymeric rheology medifier.

2. The polymeric rheology modifier of Claim 1 wherein said associative
menomer (¢) is 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 surfactant monomer obtained by condensing a nonionic
surfactant with an «,B-ethylenically unsaturated carboxylic acid or the

anhydride thereof, a surfactant monomer selected from the urea reaction
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23 surfactant with an a,[err]-ethylenigally ungaturated carboxyl c acid or
the anhydride thereof, a surfactant nononer sel ea

reaction product mbau: BDAGRMBMhABIIEAY lisatDGRdUnEicRdcymAE WCy aBAbEc W th a
noni oni ¢ surfactant having am ne functionality, an allyl ether of the

formul a surfactant having amine functionality, an allyl ether of the formula

CH,=CR'CH,0A,B,AR where R is hydrogen or methyl, A is propyleneoxy or

butyieneoxy, 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
i jsocyanate.

3. The pelymeric rheology modifier of Claim 1 prepared with from 0.1 to

10 weight percent of said associative monomer (c).

4, The polymeric rheology modifier of Claim 1 wherein the monomer (b)
is selected from the group consisting of N,/N-dimethylamino ethyl
methacryiate, 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 propyl methacrylamide.

5. The polymeric rheology modifier of Claim 5 wherein said associative
monomer {c) is seiected from the group consisting of urethane reaction
products of a moncethylenically 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

copolymerizabie surfactant monomer obtained by condensing a nonionic
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reaction product of a nonohydric nonionic surfactant
nonoet hyl eni cal | y unsaturated isocyanate.

23,
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 AR 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.
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POLYMERIC RHEOLOGY MODIFIERS

ABSTRACT OF THE INVENTION
The present invention relates to acrylate-based, associative polymeric
rheology modifier prepared by polymerization of a C,-Cq alkyl ester of acrylic .
acid and/or a C,-Cq 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- (C4-C,)alkylamino (C,-
CJalkyl (methacrylate, a mono or di-(C,-Cjalkylamino (C,-C,)alkyl

(meth)acrylamide, and an associative monomer.
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