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POLYMERIZABLE SILICONE COPOLYOL MACRONERS
AND POLYMERS MADE THEREFROM

FIELD OF THE INVENTION
[0001] The present invention relates to polymerizable dimethicone copolyol
macromers containing ethylenic unsaturation and to polymers obtained
therefrom. The ethylenically polymerizable macromer is formed from the
reaction of a dimethicone copolyol containing terminai or pendant hydroxyl
. groups and itaconic anhydride. The obtained macromer is homopolymerizable
. or copolymerizable with ethylenica.lly unsaturated monomers.

v A '‘BACKGROUND
[0002] A class of silicon ‘cbntaining polymers known as polydimethylsiloxanes’
“is widely employed in the coatings and pérsonal careindustries. In coatings
formulations,‘polydim‘ethylsiloxane and its derivatives are bei‘ng, increaéingly, ‘
used for general modification of surface properties as they provide water and.oil

repellency, stain resistance, barrier properties, surfactant properties and lubricity. -~ -

~ In personal care formulations, the use of polydimethylsiloxane and derivatives
thereof, particularly dimethicone copolyols, has gained widé acceptance for the
latter's surfactant characteristics and positive effect on sensvcl)‘rtyA properties of a

' given compossition. A I 5
[0003] Attempts to improve the physical properties of such formulations by -
incorporating dimethicone copolyols into the composition have met with limited
success. These polydimethylsiloxane derivatives were frequently incompatible
with the polar polymers and/or other ingredients typically contained in coatings
and personal care compositions. Often times auxiliary additives have to be. .
employed to compatibilize the polydimethylsiloxane derivative and the anionic
and cationic polymers typically used in the coatings and personal care industries

to prevent phase separation of the key components during extended storage
periods.
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[0004] Accordingly, efforts have been made to covalently incorporate the
polydimethylsiloxane derivatives into the target polymer backbone in an effort to
compatibilize the silicone and polymer components of the formulation. U.S.
Patent No. 6,403,074 discloses a silicone containing polymer obtained by
polymerizing ethylenically unsaturated monomers in the presence of dimethicone
copolyol via a free radical mechanism. The patent disclosure surmises that
grafting of the monomers onto the dimethicone copolyol occurs during the
polymerization reaction. However, it is not evident from the disclosure to what
extent (if any) that the dimethicone copolyol is covalently incorporated into the
polymer backbone or whether an interpolymer of the dimethicone copolyoland . .
the free radicélly polymerized monomers is formed. For polyhydroxy carbinol..
compounds, chain transfer can-often be a significant problem during free radical
pqume'ri'za"tion‘,. .a'hd this may prevent effective copolymerization of such
compounds with other ethylenically unsaturated monomers.

[0005] © - In another approach, silicone containing.macromeré contaihing

- terminal unsaturation have been synthesized via the anionic polymerizationof ... .

hexamethylcylotrisiloxane monomer (D3) to from a living polymer of controlled
molecular weight. Termination of the anionic polymerization reaction is achieved
via the direct reaction of the living polymeric anion Wi,th halogén—containing
termination agents, such as, chlorosilane compounds containing a polymerizable t
vinyl grdljp.' The obtained vinyl terminated siloxane containing macromers in .
turn can be polymerized with other copolymerizable unsaturated monomers to
obtain silicone containing copblymers as disclosed in U.S. Patent Nos.
4,693,935 and 4,728,571. However, the synthesis of these macromers is very
difficult and given the relatively high molecular weight of the macromer it is
arduous to separate the unreacted impurities from the reaction product.

[0006] In U.S. Patent No. 5,162,472, there is disclosed a vinyl terminated
dimethicone copolyol macromer that is prophetically reported to be synthesized
by esterifying acrylic acid with a hydroxyl terminated dimethicone copolyol. The
reaction mass is heated to 140 to 180°C and the disclosure states that the

purportedly obtained vinyl containing silicone ester is subsequently
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copolymerized without additional purification. As is well known, the esterification
of carboxylic acid with an alcohol is a slow reaction with moderate yields for
oligomeric or polymeric substrates. Further, it is also well known in the art of
acrylic acid chemistry that this highly reactive monomer spontaneously dimerizes
at room temperatures via a thermally induced ionic mechanism wherein the
proton dissociates from the carboxylic acid group forming a carboxylate anion
which subsequently adds to acrylic acid via Michael-type addition to give the
dimer. This phenomenon is substantially accelerated at increasing
temperatures. At the reaction tem-peratures reported in the '472 disclosure the t
acrylic acid starting material would rapidly dimerize consuming most if not all of
this reactant to yield a complex mixture of products: Given that the esterification
~ of a carboxylic acid with an alcohol is slow-and that acrylic acid rapidly
oligomerizes at the reaction temperatures reported in the '472 disclosure, it is «,
' difficult to ‘perceive how the purported product is obtained. Everi if some product
is formed it would be difficult, time consuming, and costly to separate the desired .. .
product from the reaction mass. A
[0007] A more traditional esterification procedure for functionalizi‘ng a -
dimethicone copolyol With a vinyl end group is to reactan acid chloride such as
acryloyl chloride with the dimethicone copolyol and employing a base to remove -
the liberated HCI. The use of the acryloyl chloride eliminatés the spontaneous
-oligomerization issues suffered from the use of acrylic écid as set forth in the
'472 disclosure. However, a salt is generated as a by-product of the
esterification reaction. Salts are not only difficult to remove from macromers but
may also be deleterious to the subsequent polymerization of the macromer.
[0008] In addition to the problems faced in synthesizing the foregoing
macromers, the polymerization activities of these acrylate-type macromers are
similar to the polymerization activities of the comonomers intended for
copolymerization into the polymer backbone, due to the unhindered nature of the
carbon-carbon unsaturation in the terminal vinyl group. It is common practice to
vary monomer reactivity as one approach to altering the copolymer structure and
thereby the latter's physical and chemical properties.
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[0009] Accordingly, there is a need for newer silicone containing macromers
that are easily synthesized and purified and exhibit polymerization activities that
allow flexibility in copolymerization to generate copolymers with desirable
properties. We have now unexpectedly discovered such a silicone macromer via
a reaction originally intended to prepare readily polymerizable compounds
containing the itaconate moiety.
[0010] The present invention provides dimethicone copolyol macromers that
are easily synthesized and that have unexpected polymerization activities which
allow ready copolymerization to generate products with desirable properties:
The copolyol macromers of the invention are synthesized from the reaction of a
dimethicone copolyol and itaconic anhydride. Dimethicone copolyols contain-
t&érminal or pendant polyether groups that termihate in an active hydroxyl group.
The réé:btion‘o‘f a hydroxy silicone compound such as dimethicone' copolyol with
" a'cyclic anhydride is known. As disclosed in U.S. Patent Nos. 3,560,544 and
5,296,625 the reaction of the active hydroxyl group(s) on'~the copolyol with the
anhydride 'yiélds the copolyol half-ester of the anhydride. While these patents
disclose the reaction of a dimethicone copolyol with a variety of cyclic anhydrides
- (including the olefinically unsaturated maleic anhydridé), the use of'anhydridés :
containing exocylic olefinic unsaturation is not described or suggested.

Moreover, the '544 patent mentions that the derivatized silicone polymer is used )
' as a surfactant, a wetting agent, detergent, emulsifier or fiber lubricant, and the
'625 disclosure teaches that the obtained esters are useful in textile and
persénal care applications to render softness and lubrication to treated
substrates. There is no teaching or suggestion in any of these disclosures that
the reaction product of a hydroxy silicone with an anhydride containing any type
of unsaturation can be employed as polymerizable macromer in the synthesis of
polymers and copolymers.
[0011] Unexpectedly, it has been discovered that the half-ester formed from
the reaction of itaconic anhydride (containing exocylic unsaturation) with a
dimethicone copolyol yields a mixture of various isomers of citraconate mono-
" esters formed from the rapid isomerization itaconic anhydride to citraconic
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anhydride and subsequent reaction of the citraconic anhydride with the silicone
copolyol. More surprisingly, given that the olefinic double bond in the citraconate
moiety of the so-formed macromer is sterically encumbered by triple substitution,
and the well known fact that trisubstituted olefins do not readily free radically
polymerize at useful rates, we have found the citraconate dimethicone copolyol
esters are easily copolymerized with a variety of monomers containing free
radically polymerizable olefinic unsaturation. This is a hovel and unexpected
finding in the preparation of ethylenically unsaturated silicone copolyol esters.
Itaconic anhydride is known to react with alcohols to generate the expected
itaconate esters. 4

' DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0‘0‘1‘2] ' The dimethicone copolyol macromers of the present invention are
obtained from the isomerization of itaconic anhydride and the subsequent
‘ eéterification of isomerization~products with a hydroxy: containing dimethicone
copolyol. ltaconic anhydride contains exocylic unsaturation as set forth in the
- structure below: ' ‘

The exocyclic unsaturation is depjctéd as the carbon-carbon double bond
between the ring carbon atom and the alkylidene, e.g., methylene, group.

[0013] In the reaction medium comprising a dimethicone copolyol (DMC-OH)
and itaconic anhydride, the itaconic anhydride nearly instantaneously isomerizes
to citraconic anhydridé which theh reacts with the copolyol to give the citraconate
dimethicone copolyol ester (and the regio- and stereo isomers thereof). Minor
amounts of the regio-isomers of itaconate esters are also formed. Anillustrative
general reaction scheme is as follows:
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2
DMC-OH + l—i

o [o) o

‘ major products minor products

CH, CH, DMG-O‘C<C(O)OH + DMC- O—*C(C(O)OH
/J\—i. e —— ﬂ + DMG-OH H,C H,C
(o] (o) o] (o] o] (o]
DMC-0 C(O)OH + DMC-O

isomerization G(O)OH

[0014] Minor amounts (less than 10 weight percent of the total ester formed) -
of the itaconate ester are formed due to an equilibrium between the citraconic -

_ anhydrlde and ltacomc anhydrlde - |

l‘ [001 5] Itis to be noted that the dlmethlcone copolyol represented by

'DMC- OH contams one or more anhydride reactwe hydroxyl groups that can be _

located at a terminal end(s) of the dlmethlcone backbone or can be Iocated as,

- .part of one or more pendant groups on the dimethicone backbone.

Repreeentatlve dlmethlcone copolyols are set forth under Formulae | and |i
below.

[0016] The esterification reaction can be carried out with or without a eatalyst. :

When conducting the esterification reaction without catalyst the reaction mixture ..

is heated to reaction temperatures of about 75°C to about 90°C. The reaction
can be run with either a stoichiometric amount of the dimethicone copolyol!
(based on the OH number) and the anhydride, or a slight excess of either
reactant. In one embodiment of the invention, the amount of anhydride loading
to dimethicone copolyol in the reaction mixture ranges between 0.1 equivalent to
1 equivalent based on the OH number of the dimethicone copelyol. In another

embodiment the loading of anhydride to dimethicone copolyol is between 025 .

equivalent to 0.75 equivalent based on the OH number of the copolyol, and in
still another embodiment the loading is between 0.5 equivalent to 0.75
equivalent. The reaction can be carried out from 1 te 3 hours. The reaction is
conducted under an inert atmosphere such as a nitrogen blanket and can be
carried out in a suitable solvent.
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[0017] When carrying out the reaction in the presence of an esterification
catalyst, the reaction rates are significantly accelerated. Standard esterification
catalysts can be used at concentrations of between 0.05 percent to 0.50 percent
based on the weight of the anhydride and the dimethicone copolyol in the
reaction mixture. Suitable esterification catalysts include but are not limited to
sulfuric acid, elemental tin, elemental zinc, elemental titanium, organo titanate
compounds, organo tin compounds, organo zinc compounds, zinc oxide,
magnesium oxide, calcium oxide, stannous oxide, and the alkali metal acetates
such as sodium acetate and potassium acetate. Reaction temperatures can
range from ambient room temperature to about 90°C. Typically ambient room
temperature ranges from about 20°C to about 26°C. - All other reaction
‘conditions are as above for the non-catalyzed reactions.’ |

"[0018] In another embodiment of the invention, citraconic anhydride which
" has méthyl.substitution on the double bond can be used in lieu of itaconic
“anhydride in the esterification reaction. |
-[0019] Inone embodiment of the invention the dimethicone copolyol suitable
for the esterification reaction contains a terminal hydroxy end group(s) and can
be represented by Formula | below:

Formula |

R1 ‘ A R‘l
{ OE -—O(CH,),SI(OSIR'R?), 0SI(CH,);0 —-EO-++ PO JFEO I H

R?2 R?

- \
H—OE )c( OP -

wherein R' and R? independently represent a radical selected from C; to Cao -
alkyl, C4 to Czp halo substituted alkyl (e.g., -CCl3, -CBrs;, CF3), Cs to Cg cycloalkyl,
Ce to Cy4 aryl, and Cz to Cy alkenyl; E represents a divalent ethylene radical
(-CH,CHz-); P independently represents a divalent propylene radical
(-CH2CH(CHa)-) or (-CH2CH>CH2-); &, b, and ¢ are independently 0 to 100; and n
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is 0 to 200. E taken together with the oxygen atom to which is attached
represents an ethylene oxide residue (EO or OE) and P taken together with the
oxygen atom to which it is attached represents a propylene oxide residue (PO or
OP). The EO/PO residues can be arranged in random, non-random, or blocky
sequences. As used here and throughout the specification the terms halogen
and halo include but are not limited to bromo, chloro, and fluoro.
[0020] Exemplary R' and R? radicals include but are not limited to methyl,
ethyl, propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl, phenyl, vinyl, and allyl.
Each of the foregoing radicals as Well as the generic R' and R? radicals set forth
above are optionally substituted with C4 to Cs alkyl, halogen, and halo(C4 to.
" Cs)alkyl (e.g., -CCls, -CBI's, CF3).~ . ' -
[0021] Ih one embodlment of the invention the dlmethlcone copolyol suitable
~ forthe esterlflca’uon reactlon contains a pendant hydroxy group(s) and can be
represented by Formula Il below: ‘

-Formula 11

-
(R4);Si(OSIR'R2),(0Si),08i(R*);
: L |

il

il

CH,

] .
0—+E0+—+ PO +HEO-H

wherein R® represents a radical selected from C; to Csp alkyl, halo(Cq to Cag)
alkyl (e.g., -CCls, -CBr3, CF3), Cs to Cg cycloalkyl, Cs to Cy4 aryl, and.Cz to Cao
alkenyl; R* independently represents a radical selected from C4 to Cso alkyl, Cs
to C14 aryl, and Cz to Cyg alkenyl; EO (OE) and PO (OP) represent ethylene
oxide and propylene oxide residues as previously defined; a, b, and c are
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independently 0 to 100; x is 0 to 200; and y is 1 to 200. The EO/PO residues

can be arranged in random, non-random, or blocky sequences.

[0022]° Exemplary R? radicals include but are not limited to methyl, ethyl,

propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl, phenyl, vinyl, and allyl. Each

of the foregoing radicals as well as the generic R® radicals described above are

optionally substituted with C4 to Cs alkyl, halogen, and halo(C, to C 2o) alkyl (e.g.,

-CCls, -CBrg, CF3).

[0023] Exemplary R* radicals include but are not limited to methyl, phenyl,

~ and vinyl. Each of the foregoing radicals as well as the generic R* radicals -
described above are optionally substituted with G4 to Cs alkyl, halogen, and

halo(C1 to Czo) alkyl (e.9., -CCla, -CBrs, CFs). o
[0024] Exemplary dimethicone copolyol reactant materials suitable for the -

‘esterification are disclosed in U.S. Patent Nos. 5,136,063 and 5,180,843, the -

"~ disclosures of which are incorporated herein by reference. In"addition, |
dimethicone copolyols are.commercially available under the Silsoft® and Silwet®.
brand names from the General Electric Company (GE-OSi). Specific product
designations include but are not limited to Silsoft 305, 430, 475, 810, 895, Silwet
L 7604 (GE-OSi) and DC 5103 (Dow Corning Corporation). t
[0025] An exemplary reaction scheme illustrating fhe esterification of a
dimethicone copolyol of Formula | is as follows: - h
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Formuia |

RI R1

H—-{—0E—}—{-0P—}{-0E—}— 0(GH,)SI(OSIRR?),08i(CH,);,0 ——E0—} PO —A-EO——H
| I

R? R2

Formula 1
. . Rt R . . .
o R_Q_OE—)-C-Q-QP-.)TEOE—)a—-_O(CQZ)BISI(osmjRz),,(l)sncHz)ao—(—-EO—-};{—PO%EO-}C—R'
- wherein R and R’ independently répreéent hydrogen and a cyclic anhydridé
4 resiplue (half ester) repfesénted by the formulae: . | a : |

t . HC ' ) CH, H,C 4 , . CH,
: I\C(O)OH (<C(O)OH I\C(O)OH -4,_/{:(0)0&{ -
‘ . o o o , e) , 0"

and all isomers thereof; subject to the proviso that R and R’ can not both be
hydrogen at the same time: and R', R?, EO, PO, a, b, ¢, and n are as previously
defined. The reaction product represented by Formula Il will contain a mixture
of dimethicone copolyol citraconates and itaconates includiﬁg the regio—\and
stereo isomers thereof (isomers). _
[0026] An exemplary reaction scheme illustrating the esterification of a
dimethiconeA copolyol of Formula II is as follows:
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Formula ll

R3

' LS —
(RM;SIOSIRRA(OS),08iR  + (A Xg

GH,

CH,

CH,

T2y \ \ ! \

O——EO— 71 PO~ EO—H

Formula IV
R® R?
o 1
(R%3Si(0 Si)y z(OSiR1‘R2),((()Si)zOSi(R“)a
CH, CH,
CH, CH
. . CH, :
\ | \ ) S eo Y AdPoVd—EO R
;Hf(_AOEA/c\PP FetOE—j7=0 © " U EO— U PO B0 R

wherein R' is a cyclic anhydride residue as previously defined, and, R!, R?, R3
R* a, b, ¢, xand y are as previously defined, and z is < y. The reaction product
represented by Formula IV will contain a mixture of dimethicone copolyol
citraconates (in major portion) and itaconates (in minor portlon) including the
isomers thereof.

[0027] Surpnsmgly, it has been discovered that the dimethicone copolyol
citraconates of Formulae |l and IV wherein the R and R’ groups contain olefinic
unsaturation are readily polymerizable. It has also been found that the half
esters formed from dimethicone copolyols and maleic anhydride are also
polymerizable with a variety of copolymerizable monomers.

[0028] In one embodiment of the present invention the polymerizable . ..
dimethicone copolyol macromers conform to the following structures:
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Formula llla

R1 . R1 RS RG

R'—OE Y-t OP -+ OE-}— O(CH,);Si(OSIRIR?),08i(CH,),0—F EO Hro -);(—-EO‘);ZZE(O)OH

R2 R2
Formula Va
RS Re
I I
(R4)3Si(0?i)y_z(OSiR1RZ)X(OSIi)ZOSi(R“)s ‘ -
GH, - GH, RS RS
= ‘ GH,. ¢H,
: GH, GH, ‘ —
© H—OE J=f- 0P+ OE+—-0 o—eo0 -+ Potteo AN G(O)OH

wherein R', R2, R®, R*, EO (OE), PO (OP), a, b, ¢, n, X, y and vz.‘are as preyiously
'defined; R® and R® are independently selected from 'hydrogen and methyl, '
subject to the proviso that R® and R® can not both represent methyl at the same
time; énd R represents hydrogeh’ or a radical represented by the structure: '

R5 RS

.;Z__S)OOH
| o (O)

wherein R® and R® are defined as above. In one embodiment at least one of R®
and R? in the formulae above is“methyl.

[0029] In one embodiment of the invention, the dimethicone copolyol
macromers set forth under Formulae lli, llla, IV, and IVa are free radically
polymerizable. The copolyol macromers are homopolymerizable’and can be
employed as building blocks to create a star-like, comb-like, brush-like, and/or
flower-like polymers) or are copolymerizable and can be utilized as building
blocks to design well-defined structure like arms, branches, rakes, combs graft

copolymers) with ethylenically unsaturated free radically polymerizable
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monomers. By ethylenically unsaturated is meant that the monomer possesses
at least one polymerizable carbon-carbon double bond. The macromers of this
invention can be employed in the synthesis of polymers to convey properties
inherent to dimethicone copolyols to a particular polymer backbone. Such
polymers can be used in personal care, textile and industrial formulations to
deliver softness, lubricity, sensory, fixative, conditioning, water repellency, gloss,
surface, and solubility properties, to hame a few.

[0030] In one embodiment, the polymers of the invention can be polymerized
from a monomer mixture compriéihg (on a total monomer weight basis): (a)
about 0.1 to 100 weight percent of at least one dimethicone copolyol macromer
selected from Formulae HlI, a, IV and IVa above; (b) 0 to 99.9 weight percent of
‘a non-ionic monomer; (c) 0 to:99.9 weight percent of at least an acidic vinyl
monomer; (d) 0 to 99.9 weight percent of at least one cationic vinyl monomer; (€)
‘0 to 99.9 weight percent of at least one associative vinyl monomer; (f) 0 to 99.9 -
weight percent of at least one semihydrophobic vinylAmonomer; and (g)0Oto 5 '
weight perqent of a crosslinking monomer. The amount and selection of each -
monomer employed in the polymerizable monomer mixture will depend on>the :
desired properties of the polymer product. Suitable monomers that are -
copolymerizable with the dimethic‘oné copolyol macromers ére described 'b'elow.
While overlapping weight ranges for the various monomer components that '
make up the polymerizabie monomer mixture have been expressed for selected
embodiments of the invention, it should be readily appér’ent that the speciﬁé
amount of each monomer component in the monomer mixture will be selected
from its disclosed range such that the desired amount of each monomer will be
adjusted so that the sum of all monomer components in the polymerizable
monomer mixture will total 100 weight percent.

[0031] The polymers can optionally be prepared from a monomer mixture
comprising one or more chain transfer agents, which are well known in the
polymer arfs.

[0032] Theterms "hahlogen-substituted", "hydroxy-substituted", "carboxy-
substituted”, "polyoxyalkylene-substituted”, alkyl-substituted”, and "aryl-
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substituted" as used herein in reference to alkyl or aryl groups, and the like,
mean that at least one hydrogen atom on an alkyl, aryl, or like group has been
replaced by at least one halogen atom, hydroxyl group, carboxyl group,
polyoxyalkylene group, alkyl group, or aryl group, respectively. As used herein,
the terms "(meth)acrylic" acid, "(meth)acrylate", and "(meth)acrylamide" are
meant to include the corresponding methyl derivatives of acrylic acid, alkyl
acrylate, and acrylamide. For example, "(meth)acrylic" acid refers to acrylic acid
and/or methacrylic acid, "(meth)acrylate” refers to alkyl acrylate and/or alkyl
hethacrylate, and "(meth)acrylamide" refers to acrylamide and/or
methacrylamide derivatives. '

~Nonionic Vinyl Monomer o ,
[0033] - Nonionic vinyl monomers suitable for use in the present invention are
copolymériZablé, nonionic, ethylenically unsaturated monomers, which are well
known in the art. In one embodiment the nonionic monomers are compounds
having either of the following Formulae:
| (V) - CH=C(X)Z,
(Vl) CH;=CH-OC(O)R;

Wherein, in each of formulas (V) and (V1), X is H or methyl; and Z is -C(O)ORé,
-C(O)NHa, -C(O)NHR®, -C(O)N(R®),, -CsH4R®, -CsH4OR3, -CsH4Cl, -CeH11,
-CeH7(R®)(R®)(R?) (e.g., tri-substituted cyclohexyl), -CN, -NHC(O)CHs,
-NHC(O)H, N-(2-pyrrolidonyl), N-caprolactamyl, -C(O)NHC(CHs)s,
-C(O)NHCH,CH,-N-ethyleneurea, -Si(R")s, -C(O)O(CH2)Si(R")s,
-C(O)NH(CH2)xSi(R")s, or (CH,),Si(R")s; x is an integer in the range of 1 to
about 6; each R’ is independently linear and branched C; to C4g alkyl; each R8is
independently linear and Abranched Cq10 Cso élkyl,_hydroxy-substituted C, 1o Cao
alkyl, or halogen—substitdted C4 to Cgg alkyl.

[0034] Non limiting examples of suitable nonionic monomers include G4 to Cap
alkyl (meth)acrylates; cyclohexyl(meth)acrylates;
3,3,5-trimethylcyclohexyl(meth)acrylates (TMCHMA); C, to Csp alkyl
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(meth)acrylamides; styrene; substituted styrenes, such as vinyl toluene (e.g.,
2-methyl styrene), butyl styrene, isopropyl styrene, p-chloro styrene, and the like;
vinyl ésters,‘ such as vinyl acetate, vinyl butyrate, vinyl caprolate, vinyl pivalate,
vinyl neodecanoate, and the like; unsaturated nitriles, such as methacrylonitrile,
acrylonitrile, and the like; and unsaturated silanes, such as trimethylvinyisilane,
dimethylethylvinylsilane, allyldimethylphenylsilane, allyltrimethylsilane,
3-acrylamidopropyltrimethylsilane, 3-trimethylsilylpropyl (meth)acrylate, and the
like. Non limiting examples of suitable water soluble nonionic monomers are C;
to Ce hydroxyalkyl (meth)acrylates, such as 2- -hydroxyethyl (meth)acrylate ‘ v
(HEMA), 2-hydroxyethyl (meth)acrylate (2-HEA), 3- hydroxypropyl (meth)acrylate

! glycero! mono(meth)acrylate; tris(hydroxymethyl)ethane mono(meth)acrylate;

- pentaerythritol mono(meth)acrylate; N-hydroxymethyl (meth)acrylamide;

" ‘2—'hydr6>’<yeth3}l (meth)acrylamide; 3-hydroxypropyl (meth)acrylamide;
(meth)écrylafhide; t—octyl(meth)abrylaﬁxid‘e; N-'(2,3—dihydroxypropyl) acrylamide;:
t—butyl‘(meth)acrylahide' N-vinyl caprolactam; N-vinyl pyrrolidone;
methacrylamldoethyl -N-ethyleneurea (e.g., S

CHz C(CHg)C(O)NHCHZCHz-N-ethyleneurea) Cito Cy alkoxy—subshtuted
(meth)acrylates and (meth)acrylamides, such as methoxyethyl (meth)acrylate,
2-(2-ethoxyethoxy)ethyl (meth)acrylate, and the like; and combinations thereof.
'4[0035] Other useful nonionic vinyl monomers include allyl alcohol, glycerol
monoallyl ether, 3-methyl-3-buten-1-ol, and vinyl alcohol precursors and
equivalents, such as vinyl acetate.

Acidic Vinyl Monomer

[0036] The acidic vinyl monomers suitable for use in the present invention are
acidic, polymerizable, ethylenically unsaturated monomers preferably containing
at least one carboxylic acid, sulfonic acid group, or a phosphonic acid group to.
provide an acidic or anionic functional site. These acid groups can be derived

from monoacids or diacids, anhydrides of dicarboxylic acids, monoesters of ‘
diacids, and salts thereof.
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[0037] Suitable acidic vinyl carboxylic acid-containing monomers include, but
are not limited to acrylic acid, methacrylic acid, itaconic acid, citraconic acid,
maleic acid, fumaric acid, crotonic acid, aconitic acid, and the like, and Cq to Cqs
alkyl-monoesters of maleic, fumaric, itaconic, or aconitic acid, such as methyl
hydrogen maleate, monoisopropyl maleate, butyl hydrogen fumarate, and the
like. Anhydrides of dicarboxylic acids, such as maleic anhydride, itaconic
anhydride, citraconic anhydride, and the like can also be utilized as acidic vinyl
-monomers. Such anhydrides generally hydrolyze to the corresponding diacids

upon prolonged exposure to water or atelevated pH. = L

[0038] . Suitable sulfonic acid group-containing monomers mclude but are not

limited to vinyl sulfonic acid, 2-sulfoethyl methacrylate, styrene sulfonic acid,

2'—a7crylamid0‘-2—methylpropane sulfonic-acid (AMPS), allyloxybenzene sulfonic .

acid, and kthve'like. Particularly preferred are the sodium salt of styrene sulfonic

acid (SSSA) and AMPS. ‘

[0039]  Non limiting examples of suitable phosp;honic acid group-containing

monomers include vinyl phosphonic acid, allyl phosphonic acid,

3-acrylamidopropyl phosphonic acid, and the like.

[0040] Suitable salts include, without hmltatlon thereto, alkali metal salts, such
- as sodium, potassmm and lithium salts; alkalme earth metal salts, such as
calcium and magnesium salts; ammonium salits; and alkyl substltuted
ammonium salts, such as salts of 2-amino-2-methyl-1- propanol (AMP),
ethanolamine, diethanolamine, triethanolamine, triethyiamine, and the like.
[0041] The foregoing monomers or salts thereof can be used as the acidic
vinyl monomer component in mixtures of two or more. |

Cationic Vinyl Monomer

[0042] Cationic vinyl monomers suitable for copolymerization are basjc,
polymerizable, ethylenically unsaturated monomers preferably containing at least
one amino functional group. These basic amino groups can be derived from

mono-, di- or poly-amino alkyl groups or nitrogen containing heteroaromatic
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groups. The amino group can comprise primary, secondary or tertiary amines.
The monomers can be used in the amino form or in the salt form, as desired.
[0043] Non limiting examples of suitable cationic monomers can be selected
from: a mono-(C, to Csalkylamino(C4 to Cg)alkyl (meth)acrylate, a di-(C; o
Cs)alkylamino(C1 to Cg)alkyl (meth)acrylate, a mono-(C1 to Cs)alkylamino(C; to
Csg)alkyl (meth)acrylamide, a di-(C4 to Cs)alkylamino(C, to Cg)alkyl
(meth)acrylamide, a nitrogen-containing heterocyclic (meth)acrylamide, a
nitrogen-containing heterocyclic (meth)acrylate, and mixtures thereof.

. [0044]  Specific examples of suitable cationic monomers include, but are not

limited to 2—(N,N—dimefhylaminq)ethyl (meth)acrylate (DMAEMA),
3-(N,N-dimethylamino)propy! (meth)acrylate, 4—(N;N-diméfhylamino)butylA
“(meth)acrylate, (N,N-dimethylamino)-t-butyl(meth)acrylate, -
- 2- (tert—butylammo)ethyl(meth)acrylate (TBAEMA), 2-(N,N-diethylamino)ethy! -
: (meth)acrylate (DEAEMA) 3~(N;N- dlethylammo)propyl(meth)acrylate
2-(N,N-dimethylamino)neopentyl (meth)acrylate (DMANPA)
4-(N,N-diethylamino)butyi(meth)acrylate, 2-(N,N-dlpropylammo)ethyl
(meth)acrylate, 3-(N,N-dipropylamino)propyl (meth)acrylate, -
4-(N,N-dipropylamino)butyl (meth)acrylate 3~(N, N—dimethylamino)propyl ;
(meth)acrylate, 2-(4-morpholinyl)ethyl(meth)acrylate, 2-(4- morpholmyl)ethyl
acrylate, N'-(2-N,N- d|me’thylammo)ethyl(meth)acrylamlde
2-(N,N-dimethylamino)propyl(meth)acrylamide (DMAPMAm),’
N'-(3-N,N-dimethylamino)propyl (meth)acrylamide, N-(2-pyridyl)
(meth)acrylamide, N-(2-imidazoyl)(meth)acrylamide, N-(4-morpholinyl)
(meth)acrylamide, N-(4-morpholiny!) (meth)acrylamide, 2-vinyl pyridine, 4-vinyl
pyridine, N—vinyl—2-methyli’midazole N-vinylimidazole, N-vinyl-4-methylimidazole,
and N-vinyloxazolidone, and mixtures thereof.
[0045]  Suitable salt forms of the cationic monomers include, but are not
limited to, mineral acid salts such as the hydrochloride, sulfate, C4 to Cs alkyl

sulfate and phosphate salts; and organic acid salts such as the acetate, maleate,
and fumarate salts; and the like.
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[0046] Non limiting examples of salt forms of the cationic monomers include,
but are not limited to, 3-trimethylammonium propyl (meth)acrylamide chloride,
3-trimethylammonium propyl acrylamide chloride, quaternized
N,N-dimethylaminoethyl (meth)acrylate using C4 to Cag alkyl sulphate,
quaternized N,N-dimethylaminoethyl methacrylate using methyichioride,
quaternized vinyl imidazole, methacryloyl ethyl betaine, and methacryloyl N-
oxide.

Associative Vinyl NMlonomer » o o
. [0047]  Associative vinyl monomers (hydrophoblc monomer) suxtable for use
in the Synthesxs of.the polymers are compounds having an ethylenically
‘unsaturated end group portion (i) for addition polymerization with the other

~ monomers of the mixture; a polyoxyalkyiene midsection portion (ii) for imparting .
selective hydrophlhc properties to the product polymer and a hydrophobic end-
group portion (i) for providing selective hydrophobic properties to the polymer. . .
[0048] The portion (i) supplying the ethylenically unsaturated end group
preferably is derived from an ethylenically unsaturated -mono or di-carboxylic
acid or the anhydride thereof, more preferably a C3 or C;; mono- or di-carboxylic
acid orthe anhydride thereof. Alternatively, portion (i) of the associative
_monomer can be derived from 'an allyl ether or vinyl ether; a nonionic viny!-
substituted urethane monomer, such as disclosed in U.S. Reissue Patent No. .
33,156 or 'U'.S. Patent No.'5,294,692; or a vinyl-substituted urea reaction
product, such as disclosed in U.S. Patent No. 5,011,978; the relevant
disclosures of each are incorporated herein by reference.

[0049] The midsection portion (ii) is preferably a polyoxya!kylene segment of
about 5 to about 250, more preferably about 10 to about 120, and most
preferably abouf 15 to about 60 repeating Cz to Cy alkylene oxide units.
Preferred midsection portions (i) include polyoxyethylene, polyoxypropylene,
and polyoxybutylene segments comprising about 5 to about 150, more
preferably about 10 to about 100, and most preferably about 15 to about 60
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ethylene, propylene or butylene oxide units, and random or non-random
sequences of ethylene oxide, propylene oxide and or butylene oxide units.
[0050] The hydrophobic end group portion (iii) of the associative monomers is
preferably a hydrocarbon moiety belonging to one of the following hydrocarbon
classes: a Cg to Cyg linear alkyl, an aryl-substituted C; to C4 alkyl, a C; 1o Cyo
alkyl-substituted phenyl, a Cg to C4o branched alkyl, a Cg to Cy4o carbocyclic alkyl;
and a Cg to Cgo complex ester. Complex esters are formed by the esterification
of a polyol with a long chained hydroxy acid which contains both a hydroxyl

. group and a carboxylic group., The carboxylic group of the long chained hydroxy . .

acid reacts with at least one hydroxyl group of the polyol. In turn the hydroxyl
group of the long chainéd hydroxy acid reacts with a cérboxylic group of another
long chained hydroxy acid and/or‘anoth‘er‘long chained carboxylic acid. -By long
chained is meant that the hydroxy acid and the carboxylic acid contain from - -

- about 10 to 30 carbon atoms. The carbon chain can be saturated-or
Qnsaturated. Exemplary non-limiting examples of a suitable polyol are glycerol,
sorbitol, pentaerythritol, trimethylol propane. An exemplary non-limiting example
of a-hydroxy acid is 12-hydroxy steric acid. Exemplary non-limitiﬁglong chain .
cérboxylic acids are those that are the fatty acids derived from the végetable oils
and fatty acids set forth herein. , ' . o
[0051] Non limiting examples‘ of suitable hydrophobic end group portions (iii)
of the associative monomers are linear or brénched alkyl groups having about 8
to about 40 carbon atoms such as capryl (Cg), isooctyl (branched Cg), decyl
(C1o), lauryl (C1z2), myristyl (C4), cetyl (Cyg), cetearyl (Cqs to Cys), stearyl (Cis),
isostearyl (branched Cyg), arachidyl (Czo), behenyl (Czz), lignoceryl (Cz4), cerotyl
(C25), montanyl (Czs), melissyl (Cao), lacceryl (Csz), and the like. ,
[0052] Examples of linear and branched alkyl groups having about 8 to about
40 carbon atoms that are derived from a natural source include, without being
limited thereto, alkyl groups derived from hydrogenated peanut oil, soybean oil
and canola oil (all predominately C+g), hydrogenated tallow oil (C4s to C4g), and
the like; and hydrogenated Cg to Csg terpenols, such as hydrogenated geraniol
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(branched C1p), hydrogenated farnesol (branched C1s), hydrogenated phytol
(branched Czp), and the like.

[0053] Non limiting examples of suitable C, to Cy4p alkyl-substituted phenyl
groups include octylphenyl, nonylphenyl, decylphenyl, dodecylphenyi,
hexadecylphenyl, octadecylphenyl, isooctylphenyl, sec-butylphenyl, and the like.
[0054] Suitable Cgto Cy carbocylic alkyl groups include, without being limited
thereto, groups derived from sterols from animal sources, such as cholesterol,

lanosterol, 7-dehydrocholesterol, and the like; from vegetable sources, such as

phytosterol, stigmasterol, campesterol, and the like; and from yeast sources, . .

such as ergosterol, mycosterol, and the like. Other carbocyclic alkyl hydrophobic ‘s

end groups useful in the present invention inélude, without being limited thereto,
cyclooctyl, cyclododecyl, adamantyl, decahydronaphthyl, and groups derived

~ “from natural qérbOCyciib materials such as pinene, hydrogenated retinol,
camphor, isobérnylv‘alcohol, and the like. : S
[0055] - Exemplary aryl-substituted C; to-Cyo alkyl groups include, without
limitation thereto, styryl (e.g., 2-phenylethyl), distyryl (e.g., 2,4-diphenylbutyl),
tristyryl (e.g., 2,4,6-triphenylhexyl), 4-phenylbutyl, 2-methyl-2-phenylethyl,
tristyrylphenolyl, and the like. '

[0056] Non limiting examples of suitable Cg to Cgo compIAex esters include .. .
hydrogenated castor oil (predominately the triglyceride of 12-hydroxystearic
acid); 1,2-diacy! glycer’ols'such as 1,2-distearyl glycerol, 1,2-dipaimityl glycerol,
1,2-‘dimyristyl glycerol, and the like; di-, tri-, or poly-esters of sugars such as

- 3,4,6-tristearyl glucose, 2,3-dilauryl fructose, and the like; and sorbitan esters
such as those disclosed in U.S. Patent No. 4,600,761 to Ruffner et al., the
pertinent disclosures of which are incorporated herein by reference.

[0067] Useful associative monomers can be prepared by any method known
in the art.” See, for example, U.S. Patents No. 4,421,902 to Chang et al.; No.
4,384,096 to Sonnabend; No. 4,514,552 to Shay et al.; No. 4,600,761 to Ruffner
et al.; No. 4,616,074 to Ruffner; No. 5,294,692 to Barron et al.; No. 5,292,843 to
Jenkins et al.; No. 5,770,760 to Robinson; and No. 5,412,142 to Wilkerson, Ill et

al.; the pertinent disclosures of which are incorporated herein by reference.
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[0058] Examples of associative vinyl monomers include those represented by
the following Formula (VII):

Ro

|
ReHC ™ Ad-CHH- 0 HR1-04-v—R
k m n

_wherein, each R® is independently H, C+ to Cgo alkyl, -C(O)OH, or -C(O)OR'®;
R'%is C4 to Cap alkyl; A is -CH2C(Q)0-, -C(0)0-, -0-, -CH,0-, -NHC(O)NH-, .
. ~=C(O)NH-, -Ar-(CE3),-NHC(0)O-, -Ar-(CE2),-NHG(O)NH-, or -CH,CH,NHC(O)-;

© . Aris.adivalent aryl; E is H or methyl; zis 0 or 1; k is an integer in the range of 0 -

- to about 30, and mis O or 1, with the proviso that when k is 0, m is 0, and when k.-
- is-in the range of 1 to about 30, mis 1;.(R*'-0), is a polyoxyalkylene, which is a
-homopolymer, a random copolymer, or a block copolymer of Coto Cy .
oxyalkylene units, wherein R'" is C,H,, C3Hs (and isomers), C4Hs, or a mlxture A
. thereof, and n is an integer in the range of about 5 to about 250, preferably about
5 to about 100, more preferably about 10 to about 80, and most preferably about

| 15 to about 60;.Y is -R"'O-, -R"'NH-, -C(0)-, -C(O)NH-~, -R""NHC(O)NH-, or -
C(O)NHC(O)-; and R'? is a substituted or unsubstituted alky! selected from the

~ group consisting of a Cg to Csg linear alkyl, a Cg to C4o branched alkyl, a Cgto -
Cao carbocyclic alkyl, a C, to C4o alkyl-substituted phenyl, an aryl-substituted Cz
to Cao alkyl, and a Cg to Cgo complex ester; wherein the R'" alkylene and the R'? -
alkyl group optionally includes one or more substituents selected from a hydroxyl
group, a C4 to Cs alkoxyl group, and a halogen group.

[0059] Specific examples of associative vinyl monomers of Formula (VII)
include cetyl polyethoxylated methacrylate (CEM), cetearyl polyethoxylated
methacrylate (CSEM), stearyl polyethoxylated (meth)acrylate, arachidyl
polyethoxylated (meth)acrylate, behenyl polyethoxylated (meth)acrylate (BEM),
laury! polyethoxylated methacrylate (LEM), cerotyl polyethoxylated
(meth)acrylate, montanyl polyethoxylated (meth)acrylate, melissyl
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polyethoxylated (meth)acrylate, lacceryl polyethoxylated (meth)acrylate, tristyryl
phenolpolyethoxylated (meth)acrylate (TEM), hydrogenated castor oil
polyethoxylated (meth)acrylate (HCOEM), canola polyethoxylated
(meth)acrylate, and cholesterol polyethoxylated (meth)acrylate (CHEM), where
the polyethoxylated portion of the monomer comprises about 5 to about 100,
preferably about 10 to about 80, and more preferably about 15 to about 60
ethylene oxide repeating units.

‘Semihydrophobic Vinyl Monomer . o

[0060] As used herein the term semlhydrophoblc vmyl monomer refers:to:
compounds having two portions: (i} an ethylenically unsaturated end group
moiety for addition polymerization with the other monomers of the reaction
mlxture ‘and (n) a polyoxyalkylene moiety for attenuatlng the associations
between the hydrophoblc groups of the polymer or hydrophoblc groups from -

- other materials in a composntlon containing the polymer. A semihydrophobic
vinyl monomer is similar in structure to the associative vinyl monomer set forth
above, but has a substantially non-hydrophobic end group component and thus,
does not lmpart any associative propertles to the polymer

- [0061] = In one aspect, the unsaturated end group portlon (i) supplying the vinyl
or other ethylemcally unsaturated end group for addition-polymerization can be
derived from an ethylenically unsaturated mono- or di-c’arbokylic acid or the
anhydride thereof, such as, for example, a Cz orC, mono- or di-carboxylic acid,
or the anhydride thereof. Alternatively, in another aspect, the end group portion
(i) can be derived from an allyl ether, vinyl ether or-a nonionic unsaturated
urethane. | t

[0062] The polymerizable unsaturated end group portion (i) can also be
derived from a Cg to Csp unsaturated fatly acid group containing at least one free
carboxy-functional group. This Cg to C3p group is part of the unsaturated end
group portion (i) and is different from the hydrophobic groups pendant to the
associative monomers, which are specifically separated from the unsaturated

end group of the associative monomer by a hydrophilic "spacer" portion.
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[0063] The polyoxyalkylene portion (ii) specifically comprises a long-chain
polyoxyalkylene segment, which is substantially similar to the hydrophilic portion
of the associative monomers. Preferred polyoxyalkylene portion (ii) includes
polyoxyethylene, polyoxypropylene, and polyoxybutylene units comprising about
5 fo about 250, and preferably about 10 to about 100 oxyalkylene units. When
the semihydrophobic vinyl monomer comprises more than one type of
oxyalkylene unit, the units can be arranged in random, non-random, or block
sequences.

.[0064] In one embodiment, exemplary semihydrophobic vinyl monomers
include at least one compound represented by one of the following formulae
(VI or (1X): | | |

Formuia Vili
.Rg
ROHC? "~ Af-CH o HR1-0 R
~ k m n

; Formula IX

p —Af-CHoHRM-0}—R®
k m n

wherein in each of Formulae Vill and IX R%, R'!, A, k, m, and n are as described
previously; D is a Cg to C3o unsaturated alkyl, or a carboxy-substituted Cs to Cao
unsaturated alkyl; and R'® is H or C; to C4 alkyl.

[0065] In one embodiment, the semihydrophobic vinyl monomers include

monomers having the following formulae:

CH2=CH-O(CH2)a0O(C3Hs0)p(C2H40)H
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or
CH2=CH—CH20(C3HeO)d(CzH40)eH;

wherein a is an integer of 2,3, or 4; b is an integer in the range of 1 to about 10 in
one aspect, 2 to about 8 in another aspect, and about 3 to about 7 in a further
aspect; ¢ is an integer in the range of about 5 to about 50 in one aspect, about 8
to about 40 in another aspect, and about 10 to about 30 in a further aspect; d is
an integer in the range of 1 to about 10 in one aspect, 'aboLIt 2toabout8in
another aspect, and about 3(t’o’about 7 in a further aspect; and e is an integer in
the range of about 5 to aboltt 50 in one aspect, and about 8 to about 40 in
another aspect. - (

[0066] Exemplary examples of semihydrophobic vinyl monomers include
polymerizable'emulsifiers commercially available under the trade names
EMULSOGEN® R109, R208; R307, RAL109, RAL208, and RAL307 sold by . -
Clariant Corporation; BX-AA-E5P5 sold by Bimax, Inc.; and MAXEMUL® 5010
‘and 5011 sold by Unigema; and combinations thereof. Particularly preferred
SVS monomers include EMULSOGEN® R208, R307, and RAL307.

[0067] According to the manufacturers EMULSOGEN® R109 is a randomly *
ethoxylated/propoxyléted 1,4—butanediol vinyl ether having the empirical formula
' CH,=CH-O(CH2)40(C3Hs0)a(CaH40)10H; EMULSOGEN® R208 is a randomly
-ethoxylated/propoxylated 1,4—butanediol vinyl ether having the empirical formula:
CH,=CH-O(CH2)40(C3Hs0)4(C2H:0)20H; EMULSOGEN® R307 iis a randomly
ethoxylated/propoxylated 1,4-butanediol vinyl ether having the empirical formuta:
Ho=CH-O(CH2)40(C3Hs0)4(C2H40)s0H; EMULSOGEN®RAL109 is a randomly
ethoxylated/propoxylated allyl ether having the empirical formula

" CH2=CHCH0(C3He0)4(C2H40)10H; EMULSOGEN® RAL208 is a randomly
ethoxylated/propoxylated allyl ether having the empirical formula
CH2=CHCH20(C3Hs0)4(C2H40)20H; EMULSOGEN® RAL307 is a randomly
ethoxylated/propoxylated allyl ether having the empirical formula ,
CH2=CHCHQO(C3H50)4(CZH40)30H; MAXEMUL® 5010 is a carboxy-functional
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Ci2 to Cy5 alkenyl hydrophobe, ethoxylated with about 24 ethylene oxide units;
MAXEMUL® 5011 is a carboxy-functional Cy to Cys alkenyl hydrophobe,
ethoxylated with about 34 ethylehe oxide units; and BX-AA-E5P5 is a randomly
ethoxylated/propoxylated allyl ether having the empirical formula
CH=CHCH,0(C3Hs0)s(C2H40)sH.

Crosslinking Monomer

[0068] The polymers of the present invention can be prepared from a

monomer mixture comprising one or more crosslinking monomers for introducing .

branch'ing‘ and controlling'molec‘:ular weight. Suitable polyunsaturated- - -
crosslinkers are well known in the art. Monb—unsaturate’d compounds carrying a
reactive group that is capable of causing a formedccpolymef to be crosslinked .
) befofé’,' during, or after polymerizaﬁoh has taken place can also be utilized.
Other useful crosslinking monomers include polyfunctional monomers containing-
multiple reactive groups such as epoxide groups, isocyanate groups, and -
hydrolyzable silane groups. Various polyunsaturated compounds can be utilized
to generate either a partially or substantially cross-linked three dimensional
hetwork. '

[0069] Examples of suitable polyunsaturated crosslinking monomer
| .cdn“lponents»ihclude, without being limited thereto, polyunsaturated aromatic -
monomers such as divinylbenzene, divinyl naphthylehe,' and trAi\)inylbé‘nzehe; |
polyunsaturatéd alicyblib nﬁénofners, such as 1,2,4—tr‘ivivnylcyclohexane;
.di-functional esters of phthalic acid such as diallyl phthalate; polyunsaturated
aliphatic monomers, such as dienes, trienes, and tetraenes, including isoprene,
butadiene, 1,5-hexadiene, 1,5,9-decatriene, 1,9-decadiene, 1,5-heptadiene; and
the like.
[0070] Other suitable polyunsaturated crosshnklng monomers include .
polyalkenyl ethers such as triallyl pentaerythritol, diallyl pentaerythrltol dlallyl .
sucrose, octaallyl sucrose, and trimethylolpropane diallyl ether; polyunsaturated
esters of polyalcohols or polyacids such as 1,6-hexanediol di(meth)acrylate, .
tetramethylene triimeth)acrylate, allyl acrylate, diallyl itaconate, diallyl fumarate,
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diallyl maleate, trimethylolpropane triimeth)acrylate, trimethylolpropane
di(meth)acrylate, and-polyethylene glycol di(meth)acrylate; alkylene
bisacrylamides, such as methylene bisacrylamide, propylene bisacrylamide, and
the like; hydroxy and carboxy derivatives of methylene bisacrylamide, such as
N,N'-bismethylol methylene bisacrylamide; polyethyleneglycol di(meth)acrylates,
such as ethyleneglycol di(meth)acrylate, diethyleneglycol di(meth)acrylate, and
triethyleneglycol di(meth)acrylate; polyunsaturated silanes, such as
dimethyldivinylsilane, methyltrivinylsilane, allyldimethylvinylsilane,
diallyldimethylsilane, and tetravinylsilane; polyunsaturated stannanes, suchas _ -
tetraallyl tin, and: dlallyldlmethyl tin; and the like. I - |
[0071] Useful monounsaturated compounds carrying a reactlve group include
. 'N-methylolacrylamide; N-alkoxy(meth)acrylamide, wherein the alkoxy group is a -
Cqto Cig alkoxy; and unsaturated hydrolyzable silanes such as
triethoxyvinylsilane, tris- isopropoxyvinylsilane, and 3-triethoxysilylpropy!
methacrylate; and the like. t o
[0072]  Useful polyfunctional crosslinking monomers contammg multlple
reactive groups include, but are not limited to, hydrolyzable silanes such as
ethyltriethoxysilane and ethyltrimethoxysilane; epoxy-substituted hydrolyzable
silanes, such as 2-(3, 4—epoxycyclohexyl)ethyltriethoxysilane énd r V
-glyC|doxypropyltnmethyoxysﬂane polylsocyanates such as
1,4- dusocyanatobutane 1,6~ dnsocyanatohexane 1,4- phenylenednsocyanate
and-4 4'-oxybls(phenyhsocyanate) 'unsaturated epoxides, such as glycidyl
(meth)acrylate and allylglycidyl ether; polyepoxides, such as diglycidyl ether,
1,2,5,6-diepdxyhexane, and ethyleneglycoldiglycidyl ether; and the like.
[0073] - Particularly useful are polyunsaturated crosslinkers derived from
ethoxylated polyols, such as diols, triols and bis-phenols, ethoxylated with about
2 to about 100 moﬁes of ethylene oxide per mole of hydroxyl functional group and
end-capped with a polymerizablé unsaturated group such as a vinyl ether, allyl '
ether, acrylate ester, methacrylate ester, and the like. T‘E’xamples of such
crosslinkers include bisphenol A ethoxylated di(meth)acrylate; bisphenbl F
ethoxylated di(meth)acrylate, ethoxylated trimethylol propane tri(meth)acrylate,
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and the like. Other ethoxylated crosslinkers useful in the polymers of the present
invention include ethoxylated polyol-derived crosslinkers disclosed in U.S. Patent
No. 6,140,435 to Zanotti-Russo, the pertinent disclosures of which are
incorporated herein by reference.

[0074]  Non limiting examples of crosslinking monomers are acrylate and
methacrylate esters of polyols having at least two acrylate or methacrylate ester
groups, such as trimethylolpropane triacrylate (TMPTA), trimethylolpropane
ethoxylated (15) triacrylate (TMPEO15TA), trimethylolpropane dimethacryiate,

+ triethylene glycol dimethacrylate (TEGDMA), ethoxylated (30) blsphenol A

" dimethacrylate (EOBDMA), and the like.

Chain Transfer Agent :
'[0075]  Suitable chain transfer agents (CTAs) for use in this invention, without
" being limited thereto, are selected from a variety of thio and disulfide containing - -
compounds; such as C4 to ‘Cw alkyl mercaptans, mercaptocarbo*ylic acids, o
mercaptocarboxylic esters, thioesters, C1 to Cyg alkyl disulfides, aryldisulfides, . .
polyfunctional thiols, and the like; phosphites and hypophosphites; haloalky!
compounds, such aé carbon tetrachloride, bromotrichloromethane, and the like;
and unéaturated chain transfer agents, such as alpha—methylstyrene.
'[0076] Polyfunctional thiols include trifunctional thiols, such as ’
trim"eihylolpropane—tris-(3—mercaptopropionate) tetrafunctioﬁél“thiols such as
pentaerythritol-tetra-(3- mercaptoproplonate) pentaerythntol—tetra (thloglycolate)
and pentaerythritol-tetra-(thiolactate); hexafunctional thiols, such as =
dlpentaerythn’col—hexa-(thloglycolate), and the like.
[0077] - Alternatively, the chain transfer agent can be any catalytic chain
transfer agent which reduces molecular weight of addition polymers during free
radical polymerization of vinyl monomers. Examples of catalytic chain transfer
agents include, for example, cobalt complexes (e.g., cobalt (1) chelates). |
Catalytic chain transfer agents can often be utilized in relatively low
concentrations relative to thiol-based CTAs.
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[0078] In one embodiment of the invention the chain transfer agents include
octyl mercaptan, n-dodecyl mercaptan, t-dodecyl mercaptan, hexadecyl
mercaptan, bctadecyl mercaptan (ODM), isooctyl 3-mercaptopropionate (IMP),
butyl 3-mercaptopropionate, 3-mercaptopropionic acid, butyl thioglycolate,
isooctyl thioglycolate, dodecyl thioglycolate, and the like. The chain transfer
agents can be added to a monomer reaction mixture preferably in amounts of up
to about 10 weight percent of polymerizable monomer mixture, based on total
monomer mixture weight. In one embodiment, the chain transfer agent is

- present.in an amount of at least.ébqut 0.01 percent byw\e{igrht based on the total .
monomer weight. : . r

[00798] The dimethicone copolyol macromer of the present invention can be |
polymérized alone of in combination with at least one of copolymerizable
“':mqhbmeré. (b) 'th‘ro‘Ugh (@). The polymerization can be conducted inthe optional
‘presence of‘a chain transfer agent. The unsaturated monomers can be
polymerizéd by a variety of well known free radical polymerization techniques
such- as bulk polymerization, photo polymerization, microwave polymerization, .
solution polymerization, precipitation pélymerization, suspension polymerization,
emulsion polymerization, inverse emulsion polymerization, microemulsion
polymerization and the like. , f .

[0080] Initia‘tor"s' which can be used for the free radical polymerization
‘processes of the invention are the water soluble and water insoluble persuifate,
peréxide, organic hydropéroxides, brganic peracids, and azo.compounds.
Suitable initiators include but are not limited to the ammonium persulfate,
potaésium persulfate, sodium persuifate, hydrogen peroxide, dibenzoyl peroxide,
benzoyl peroxide, acetyl peroxide, lauryl peroxide, tert-butyl perpivalate, tert-
butyl per-2-ethylhexanoate, di-tert-butyi peroxide, di-(2-ethylhexyl)-peroxy
dicarbonate, tert-butyl hydroperoxide, cumene hydroperoxide,
azobisisobutyronitrile, azobis(2-amidinopropane) dihydrochloride or
2,2'-azobis(2-methyl-butyronitrile), peracetic acid. The peroxides and peracids
can optionally be activated with reducing‘agents, such as sodium bisulfite or

ascorbic acid, transition metalé, hydrazine, and the like. Mixtures of initiator
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systems can also be utilized, such as, for example, sulfate/sodium
peroxodisulfate, tert-butyl hydroperoxide/sodium sulfite, tert-butyl
hydroperoxide/sodium hydroxymethanesulfinate. The initiators can be employed
in suitable amounts, for example, in amounts of from 0.05 to 5% by weight,
based on the amount of monomers to be polymerized.
[0081] In one embodiment of the invention, the polymers can be prepared
using solution polymerization (e.g., precipitation polymerization) in a polar
_solvent or non-polar solvent and mixtures thereof. Exemplary solvents include
" but.»are not limited to water, meth.éqnol, methylene chloride chloroform, carbon ,
' tetrat:hloride, ethanol, isopropanol, hexane, cyclohexane, ethyl acetate, : |
- methylethyl ketone and benzene, tolluene, N-me{hyi pyfroiidone, ahd mixtures of
these solvents. The ‘amounts of monomers and solvents can be chosen to give
from 15 to 90% by weight of monomer in solution (based on the total weight of
’monomer'and solvent). The polymerization is usually carried outat -
temperatures of from 40 to 140°C and at»atmospherip(pressvure or under
'autogeneous préssure. . .
- [0082] - In"another embodiment of the invention, the polymers can be
synthesized via anionic and cationic emulsion polymerization techniques as is
well known in the polymer art. Typically the anionic emulsion polymerization
process is carried out at a reaction temperature in the range of about 30 to about |
95°C,4 however, higher or lower temperatures can be used. To facilitate -
emulsification of the monomer mixture, the emulsion polymerizatioh can be
carried out in the presénce of anionic surfactants, such as fatty alcohol sulfates .
or élkyl sulfonates, nonionic surfactants, such as linear or branched alcohol
ethdxylat'es, amphoteric surfactaﬁts, or mixtures thereof. The emulsion
polymerization reaction mixture also includes one or more free radical initiators
in an amount in the range of about 0.01 to about 3 weight percent based on total
monomer weight. The polymerization can be performed in an aqueous or

aqueous alcohol medium at a low pH, i.e., preferably not more than about pH
4.5,
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[0083] Anionic surfactants suitable for facilitating emulsion polymerizations
are well known in the polymer art, and include but are not limited to sodium lauryl
sulfate, sodium dodecyl benzene sulfonate, disodium laureth-3 sulfosuccinate,
sodium dioctyl sulfosuccinate, sodium di-sec-butyl naphthalene sulfonate,
clisodium dodecyl diphenyl ether sulfonate, disodium n-octadecyl sulfosuccinate,
phosphate esters of branched alcohol ethoxylates, and the like.

[0084] In a typical cationic polymerization procedure, a mixture of monomers
is added with mixing agitation to a solution of emulsifying surfactant, such as a
__nonionic surfactant, preferably a linear or branched alcohol ethoxylate or "
mixtures of nonlonlc surfactants and anionic surfactants such as fatty alcohol

sulfates or alkyl sulfonates, in a suitable amount of water in a suitable reactor, to

prepare a monomer emulsion. . The emulsion is deoxygenated by any convenient ..

method, such as by sparging with nitrogen, and then a polymerization reaction is

’initiated by adding a pclyme'rization catalyst (initiator) such as sodium persulfate,

. or any other suitable free radical polymerization catalyst, as is well known inthe . .

. emulsion polymerization art. The reaction is agitated until the polymerization is .
- complete,-typically for.a time in the range of about 4 to.about 16 hours.. The
monomer emulsion can be heated toa temperature in the range of about 20 to
about 80°C prior to addition of the initiator, if desired.. Unreacted monomer can
be ehmmated by addition of more catalyst, as is well known in the emulsion
polyrnerizaticn art. The resulting polymer emulsion produvcttcan then be
discharged from the reactor and backaged for storage or use..

'[0085] Nonionic surfactants suitable for facilitating cationic emulsion
polymerizations are well known in the polymer art, and include, without limitation,
linear or branched alcohol ethoxylates, Cg to C1; alkylphenol alkoxylates, such
as octylphenol ethoxylates, polyoxyethylene pclyoxyp_ropylene block copolymers,

" and the like. Other useful nonionic surfactants include Cs to Ca, fatty acid esters

of polyoxyethylene glycol, mono and diglycerides, sorbitan esters and

ethoxylated sorbitan esters, Cg to Co2 fatty acid glycol esters, block copolymers
of ethylene oxide and propylene oxide having an HLB value of greater than
about 15, ethoxylated octylphenols, and combinations thereof.



WO 2007/101048 PCT/US2007/062550

- 31 -

[0086] In one aspect, alkylphenol alkoxylate surfactants include an
octylphenol sold under the trade nhame IGEPAL® CA-897 by Rhodia, Inc.
Preferred linear alcohol alkoxylates include polyethylene glycol ethers of cetearyl
alcohol (a mixture of cetyl and stearyl alcohols) sold under the trade names
PLURAFAC® C-17, PLURAFAC® A-38 and PLURAFAC® A-39 by BASF Corp.
Preferred polyoxyethylene polyoxypropylene block copolymers include
copolymers sold under the trade names PLURONIC® F127, and

PLURONIC® L35 by BASF Corp.

- [0087] . In another aspect, the nonionic surfactants include Ethoxylated (50), g

linear fa’tty alcohols such as DISPONIL®A 5060 (Cognls) branched alkyl

- - ethoxylates such as GENAPOL® X 1005 (Clariant Corp.), secondary. Cqz to C14 :

" ‘alcohol ethoxylates such as TERGITQL® S15-30 and S15-40 (Dow Chemical

" .Co.), ethoxylated octylphenol-based surfactants such as TRITON® X-305, X-405
and X-705 C(Dow Chemical Co.), IGEPAL® CA 407, 887, and 897 (Rhodia, Inc.),.
: ICONOL@ OP 3070 and 4070 (BASF Corp.), SYNPERONIC® OP.30 and 40
(Unigema), block copolymers of ethylene oxide and propylene oxide such as
PLURONIC® L35 and F127 (BASF Corp.), and secondary C1; alcohol
‘ethoxylates such as EMULSOG:EN® EPN 407 (Clariant Corp.). Numerous other
suppliers are found in the trade literature.

[0088] The free radical polymenzatlon |n|t|ators discussed above are suitable
herein. Exemplary commercially available polymerization initiators include the
VAZOP® free radical polymerization lnltiators, available from DuPont, such as
VAZO® 44 (2,2'-azobis(2-(4,5-dihydroimidazolyl)propane), VAZO® 56
(2,2’-azobis(2—methylpropionam“idlne) dihydrochloride), and VAZO® 68
(4,4'-azobis(4-cyanovaleric a‘cid). ‘ ,

. [0089] Optionally, other emulsion polymerization additives, which are well
known in the erhulsi»on polymerization art, such as buffering agents, chelating

agents inorganic electrolytes chain terminators, antifoaming agent biocides

.....
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[0090] An exemplary general anionic emulsion polymerization procedure for
the preparation of alkali swellable or alkali soluble polymer embodiment of the
present invention is provided below:

[0091] A monomer emulsion is prepared in a first reactor equipped with a
nitrogen inlet and an agitator, by combining a desired amount of each monomer
in water containing an emulsifying amount of an anionic surfactant under a
nitrogen atmosphere and with mixing agitation. To a second reactor equipped
with an agitator, nitrogen inlet and feed pumps are added a desired amount of

water and -additional anionic surfactant if desrred under a mtrogen atmosphere o

and the contenfs of the second- reactor are heated with mlxmg agitation. After. -
the contents of the second reactor reach a temperature in the range of about 55

“to 98°C; a free radical initiator is injected into the so formed aqueous surfactant -

! solutlon in the second reactor and the monomer emulsion from the first reactor

‘is then gradually pumped into the second reactor over a period of typically in the -
range of about one to-about four hours at a controlled reaction temperature in
"‘the range of about 45 to 95°C. After completion of the monomer addition, an.
additional quantity of free radical initiator can be added to the second reactor, if
“desired, and the resulting reaction mixture is typically held at a temperature of
about 45 to 95°C for a time period sufficient to complete the polymerization
‘reaction. The resulting polymer emulsron can then be cooled and dlscharged
from the reactor. '
[0092] One skilled in the polymer arts will recognize that the amounts of each
monomer component can be adjusted to obtain polymers having any desired
ratio of monomers. Larger or smaller proportions of water may also be utilized,
as desired. Water miscible solvents, such as alcohols, and other polymerization
additives, as described above, may also be included in the reaction mixture. .
Nonionic surfactants, such as linear or branched alcohol ethoxylates, can aiso.- -
be added as is known in the emulsion polymerization art.
[0093] The product polymer emulsions can be prepared to preferably contain
about 1 percent to about 60 percent total polymer solids, more preferably about
10 percent to about 50 percent total polymer solids, most preferably about 15
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percent to about 45 percent total polymer solids (TS) based on the weight of the
polymer.

[0094] Prior to any neutralization, the polymer emulsions, as produced,
typically. have a pH in the range of about 2 to not more than about 5.5, a
Brookfield viscosity of not more than about 100 milli-Pascal seconds (mPa-s) at
ambient room temperature (spindle #2, 20 rpm) and a glass transition
temperature (Tg) of not more than about 250°C as determined by Method below.

[0095] Optionally, the produced polymer emuisions can be further processed

. by adjusting the pH to a value preferably.in the range of about 3-to about7.50or . ...,

greater, if an alkaline pH is desired, with alkaline materials, preferably alkali -

metal hydroxides, organic bases, and the like. The polymer emulsions typically

swelito a wscosﬁy greater than about 100 mPas and form viscous solutions or . -

gels at neutral o alkalme pH and the polymers are generally substantually stabie
at such pH values, even at pH values greater than about 12. The polymer
emulsions can be diluted with water or solvent, or concentrated by evaporation
-of a portion of the water. Alternatively, the obtained polymer emuision may be

* substantially dried to a powder or crystalline form by utilizing equipment well -
known in the art, such as, for example, a spray drier, a drum drier, or a freeze
drier. |
[0096] The polymers/monomers of the present invention msofar as they 7
_contain |onlzable groups can be fully or partially neutralized thh acids or bases
before or after polymerization to adjust the solubility or dispensability in aqueous
medium. I addition, the viscosity properties of the polymers can be adjusted by
neutralizing the polymer. '

[0097] Non limiting examples of suitable neutralizing agents for monomers
and polymers that carry anionic groups are mineral bases and organic bases.
Non limiting examples of mineral bases include the alk;a_lli metal hydroxides (e.g.,
sodium and potassium); sodium carbonate; ammoniUm hydroxide; and
ammonia. Non limiting examples of organic bases such as amino alcohols (e.g.,
2-amino-2-methyl-1-propanol, monoethanolamine, diethanolamine,

triethanolamine, triisopropylamine, tris[(2-hydroxy)-1-propyllamine,
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2-amino-2-methyl-1,3-propanediol, 2-amino-2-hydroxymethyl-1,3-propanediol;
diamines such as lysine; cocamine; oleamine; and mopholine.

[0098] Non limiting examples of suitable neutralizing agents for monomers
and polymers that carry cationic groups are organic acids, including amino acids,
and inorganic mineral acids. Non limiting examples of organic acids include
acetic acid, citric acid, fumaric acid, glutamic acid, tartaric acid, lactic acid, and
glycolic acid. Non limiting examples of mineral acids include hydrochloric acid,
nitric acid, phosphoric acid, sodium bisulfate, sulfuric acid, and the like, and

. mixtures thereof.

' [0099] The polymers of the mven’uon that contam anhionic and/or catromc
groups can swell upon neutralization wrth the. appropriate base or acid. These ‘
polymers ben‘eﬁcia’lly can thicken acidic or basic aoueous formulations to provide
aesthetically smooth-textured products that flow smoothly-and spread easily. .

The' lnven‘uve mui’u—purpose polymers can be employed as thickeners,
emulsifiers, stabilizers, suspending agents, film formers, ,condltroners,
moisturizers, spreading aids, surface modifiers, shine enhancers, and carriers for .
enhancing the efficacy, deposition or delivery of chemically and physiologically e
active ingredients and cosmetic materials, and és vehicles for improving the
psychosensory, and aesthetic properties of a formulatlon in which they are

‘included. The cationic character of the polymers at low pH makes them useful
as an’ustatlc agents, and under certain condltlons may also provrde blocrdal '
anti-microbial, or other preservative actnvrty ,

[0100] Advantageously, the polymérs of this invention can be employed,
without beir\g limited thereto, in personal care products, health care products,
household care products, institutional and industrial (collectively “I&") care
products, and the like. The polyrners can be employed as a film,forming
conditioner, and for promoting the deposition of silicone, conditioning agents or -
aids, color cosmetics and of polar and non-polar oils on skin, hair, nails, and
fibers. Further, the polymers can be employed in products for industrial chemical
processes, textile finishing processes, printihg, adhesive coating, and like

applications as, for example, rheology modifiers, emulsifiers, stabilizers,
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solubilizers, suspending agents, flocculents, shine enhancers, surface modifiers,
and pigment and grinding additives.

[0101]  The following examples are presented for the purpose of illustrating
the invention disclosed herein in greater detail. However, the examples are not
to be construed as limiting the invention in any manner. Unless otherwise
specified all parts are given by weight and the term "level" means weight
percent.

.- Methods Descrlptlon
“Clarity

[0102] Whén reported, the clarity of the polymer-containing composition was -
' measured in % T (transmlttance) by Brinkmann PC 920 calorimeter at least
'about 24 hours after the composmon was made. Clarlty measurements were
taken agamst deionized water (clarity rating of 100%). Compositions having a
‘clarity of about 60% or more were substantially clear; compositions -having a

clarity in the range of about 45 to 59% were judged substantially translucent.

Glass Transition Témperature (Ta) .

[0103] The glass transition temperature (Tg) of the inventive polymers is
determined by well known Differential Scanning Calorimetry (DSC) technique.

Turbidity
[0104]° When reported, the turbidity of a polymer-containing composition was
determined in Nephelometric Turbidity Units (NTU)-employing a nephelometric

turbidity meter with distilled water (NTU = 0) as the standard. Compositions
having an NTU value of about 90 or greater were judged turbid.
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Viscosity

[0105] The reported viscosity of each polymer containing composition was
measured ir1 milli-Pascal seconds (mPa-s), employing a Brookfield rotating
spindle viscometer, (Brookfield, Model RVT) at about 20 revolutions per minute
(rpm), at ambient room temperature of about 20 to 25°C. (hereafter referred to
as Brookfield viscosity). Viscosity was measured on freshly prepared
compositions (referred to as "initial viscosity", and re-measured after allowing the
composition to age for at least about 24 hours at ambient room temperature
(referred to as "24- hour vrscosrty") Where only one VlSCOSIty value is shown, the.r
vrscos;ty value is the 24- hour vrscosrty, unless otherwise mdrcated ;

" Yield Value
| [0106] _Yield Value, also referred to as Yield Stress, is hereir\ defined as the
“initial resistance to flow under stress. It can be measured using a number of

- techniques, such as via the use of a constant stress rheometer or via

'extrapolation using a Brookfield viscometer. These techniques and the
usefulness of the Yield Value measurement are further explained in Technical

Data Sheet Number 244 available from Noveon, Inc., herein incorporated by
reference. .. '

Materials Abbreviations and Trade Names

AA o acrylic acid .
AAE5SP5 | : a randomly ethoxylated- 5/propoxylated -5 allyl ether
- (BX-AA-E5P5 Bimax, Inc.)

AMP-95 : ammomethyl propanol

AMPS® mtmorher 2-acrylamido- 2-methylpropane sulfonic acid
APE - allylpentaerythritol

Bam - "~ t-butylacrylamide

BEM25 beheneth-25 methacrylate
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Bruggolite® FF6

CitA
CSEM25
DC 5103

DMAEMA
EA

'EMULSOGEN®
EPN 407

iPA
HA

. Luperox 11M 75 .

MAA
“MalA,
-MMA

- Oam

RAL 307
Silsoft® 305

Silsoft® 475
Silsoft® 810
Siisoft® 895

STY
SucA
TEGDMA
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sodium hydroxymethane sulfinate dihydrate -
reducing agent (Bruggeman Chemical U.S.)

citraconic anhydride
ceteareth-25 methacrylate

pendant dimethicone copolyol (PEG-7 dimethicone),
MW = 2,500, CAS No. 68937-54-2, Dow Corning

N,N’-dimethylaminoethyl methacryiate
ethyl acrylate

secondary C4 ethoxylate having 40 ethylene oxide
units per alcohol unit’, Clariant Corp.)

~ isopropyl! alcohol

itaconic anhydrlde |

t-butyl peroxyvaalate free radlcal mxtlator (75%
solution in odorless mlneral sprits), Atofina

- “methacrylic acid
. maleic anhydnde .

methyl methacrylate

. t-Octylacrylamide

a randomly ethoxylated- 30/propoxylated 5 allyl ether

pendant dimethicone copolyol (PEG-5/PPG-3
methicone), MW = 600, CAS No. 134180-76-0, GE
Silicones/OSi Specialties

pendant dimethicone copolyol (PEG-23/PPG-6
dimethicone), MW = 19,000, CAS No. 68937-55- 3

-GE SllICOneS/OSI Specnalhes

linear dimethicone copolyol (PEG-8 dimethicone),
MW = 1,700, CAS No. 102783-01-7, GE
Silicones/OSi Specialties -

pendant dimethicone copolyol (PEG- 17 dimethicone),

"~ MW = 5,000, CAS No. 68937 54-2, GE Silicones/OSi

Specnalttes

styrene

succinic anhydride

triethyléne glycol dimethacrylate
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TMCHMA trimethyl cyclohexyl methacrylate (Ciba Specialty
Chemicals)

TMPEO15TA . trimethylolpropane PEG-15 triacrylate

TMPTA trimethylolpropane triacrylate

WAM (I methacrylamidoethyl-N-ethylene urea,

SIPOMER RTM WAM lI, Rhodia, Inc.

Examples SM 1 to SM 11
A D:methlcone Copolyol Macromer Synthesis. (WIthout catalyst)

o [01‘07,] Dlmethlcone copolyol macromers (SM) contalnlng termlnal and

pendant polyether groups conformmg to Formulae I, llia, 1V, and {Va are
‘synthemzed by reacting the cychc anhydrides and the dimethicone copolyols set
forth in Table 1A. '

o [0108] A 2L glass reactor, equipped’with a mechanical stirrer, nitrogen inlet, -
temperature probe connected to an'eiéctrbnic conirolier, a'nd a water éon,denser
is charged with the respective dimethicone copolyol (Table 1A). Under stirring
the copolyol is heated to 80 to 105°C and stripped under vacuum for 15 minutes -
to 1 hour. The reactor is cooled to 80 to 85°C, vacuum broken with N and then
‘the respective cyclic anhydride (Table 1A) is charged to the reactor. The stirred

~ mixture is heated at 80 té 85°C for 1 to 3 hours. The mixture is then stripped
under vacuum for 15 minutes, vacuum broken with nitrogen, and cooled to 50°C.
The mixture is then filtered to remove particulates. In éach éxample, analysis by
"H NMR spectroscopy confirms formation of the respective dimethicone copolyol
carboxylate half esters. | '

B.  Dimethicone Copolyol Macromer Synthesis (with catalyst)

[0109] Using a set up identical to the no catalyst synthesis procedure above,
dimethicone copolyol and anhydrous alkali metal acetate (0.7 g, 0.2% w/w of
total recipe components) are heated to 80°C under vacuum for 15 minutes.
Following backfilling with nitrogen, the mixture is allowed to react with the cyclic
anhydride for 1 to 2 hours at 80 to 82°C. Analysis by "H NMR spectroscopy
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confirms formation of the respective dimethicone copolyol carboxylate half ester

(Table 1B).
Table 1A Macromer Synthesis
Ex. No. Dimethicone Amount of Cydlic OH:CA Amount of
C(%pi\czlg?l DMC Anhydride | (equivalents) CA
(@ (CA) (9)
SM1 Silsoft 305 299.6 A 1:1 54.8
SM2 Silsoft 810 299.7 ItA 1:1 458
SV3 Silsoft 810 - | 300.0 | A 105 .. 234 -
R “Siisoft810 | 3000 | CWA . 4B
SWI5 DG 5103 672.1 WalA 1075 770
SM6 Silsoft 475 250.0 SucA 1105 . . ]1041
(comparative); | - R o
SM7 Silsoft 475 250.0 MalA 1:0.5 0.9
SV Silsoft 475 | 250 A 1.0.25 5.72
SMS Silsoft 475 | 400 TtA 1.05 181
SM9a’ - Silsoft 475 335.9 ItA 1:.0.5 134 .
SM10° Silsoft 475 238.0 ItA 1.0.75 161
SM11 - Silsoft 895 470.9 ItA 1:0.5 29.1
1Cai&alys‘t: Anhydrous potassium acetate at 0.2% w/w of total recipe e
Table 1B Macrometr Synthesis Product -
Ex. No Formula a blc |z - Anhydride
' Residue Source
SM1 v 5 (3|0]z= A
SM2 1 8 |0|0]z= ItA
SM3 i 8 0|01}z ItA
SMid i 8 |00 |z=y |CHtA
SM5 Va 7 100 [z<y |MaA
SM6 Comparative 23 1610 |=zx< y SucA
SM7 \YJ 23 {610 (zgy | MaA
SMm8 Ny, 23 |60 |z<y |ItA
SM9 v 23 |60 |z<y | A
SMoa v 23 |80 |zsy |ItA
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Ex. No Formula a blclz Anhydride
Residue Source

SM10 v 23 |60 }z=<y | ItA

SM11 v 17 (0|0 |z<y | A

[0110] Examples 1 and 2 illustrate the bulk homopolymerization of two
olefinically unsaturated dimethicone copolyol macromers (SM) of the invention.
One macromer is derived from a substituted cyclic anhydride (i.e., itaconic
anhydride) and the other macromer is denved from an unsubstituted cyclic
'anhydnde (| e malenc anhydnde)

| ‘Example I
011131 ‘A"1‘oo ml three neck-round bottom flask with magnietic stirring,
thermocouple is flushed with nitrogen. The flask is charged with 30° g of the

dimethicone copolyol macromer of Example SM 11 (Table 1B). An ammonium - =~

persulifate initiator solution (2.6'g in 25 g water) is added in several portions at N
4 hour intervals. The reaction was run under continuous stirring at 80 to 85°C. It
~ took 8 hours for approximately 50% of the macromer to convert o the
homopolymer and 16 hrs for approximately 70% of the macromer to convert to
the homopolymer. "H NMR analysis from CDCl; extract of the polymer product
. indicates that unreacted itaconic anhydride derivatives are in the product.

Example 1l

[0112] Example | is repeated with the macromer of Example SM 7 (Table 1B)
except that 0.5% of Luperox 11M 75 initiator (based on the total monomer
weight) is added to the menomer mixture which is then heated to 60°C. In 10
minutes the reaction mass,g'ellscafter reaching an exotherm of 72°C. The ’
maleate derivative of DMC is much more reactive than the trisubstituted (methyl)
maleate derivative of Example 1. 'H NMR analysis from CDCl, extract of this gel

indicates that only a small portion of unreacted maleic anhydride remains in the
reaction product. k
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[0113]  The following examples illustrate the copolymerization of olefinically
unsaturated dimethicone copolyol macromers (SM) of the invention with other
olefinically unsaturated monomers such as AMPS, MMA, MAA and STY utilizing
solution and precipitation polymerization techniques.

Example 1l
[0114] A 500 ml jacketed reactor equipped with a condenser, thermocouple,
mechanical stirring (half moon blade) and nitrogen bianket is charged with 2
parts of the dlmethlcone copolyol macromer of Example SM 9, 28.5 parts IPA,

and 28 5 parts d!st!lled water. . Initiator (O 2 parts Luperox 11M75 in 1 part IPA)

is injected into the reactor at 72°C and a mixture of 18 parts AMPS 2405
monomer, 9 parts IPA, and 9 paris distilled water is metered iri over 3 hours. An -

initiator booster (0.02 parts Luperox 11M75 in 1 part IPA) is added every hiour

after the metering commenced. Addition of booster continued until conversion

of all reactants is confirmed by '"H NMR. A clear product is obtained by

neutralizing with diluted AMP-95. The final product had 21.15% total solids -
content at pH 4.5, ‘ '

Example IV

[0115] A 500 ml jacketed reactor equipped as in Example 1ll is bharged with
15 parts of the dimethicone Copolyojl macromer of Example SM 9a, 380 parts
.distilled water and 100 parts of IPA. . Initiator (O 4 parts Luperox 11M75 in 1 part -
IPA) is injected into the reactor at 80° c and a mixture of 40 parts MMA and 20
parts MAA is metered into the reactor through a syringe pump. A mixture of 25
' parts AMPS 2405 monomer and 25 parts water is metered into the reactor by
another syringe pump over the course of 3 hours. An initiator booster (0.06 parts
Luperox 11M75 in 1 part IPA) is.added every hour after the metering
commenced. The addition of bposter continued until conversion of all reactants
is confirmed by '"H NMR. The ﬁﬁal product has a total solids content of 21.94% .

at pH 8.9 and appears as translucent liquid after stripping of the IPA and
neutralizing with AMP-95. '
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Example V
[0116] A 500 ml jacketed reactor equipped as in Example IV is charged with 5
parts of the dimethicone copolyol macromer of Example SM 9, 190 parts distilled
water and 190 parts of IPA. Initiator (0.4 parts Luperox 11M75 in 1 part IPA) is
injected into the reactor at 80°C and a mixture of 55 parts styrene and 20 parts
MAA is metered into the reactor through a syringe pump. A mixture of 20 parts
AMPS 2405/ 10 parts water is injected into the reactor by another syringe pump

over the course of 3 hours. An initiator booster (a total of.0.78 parts Luperox ., .. .

" 11M75in 4 part IPA) is added every hour after metering commenced. - A
polymer solid is obtained and is filtered and washed with 100 g IPA and followed
by 50 g IPA/ water mixture and then dried. The final product is a white powder.
[0117]1  The following examples illustrate copolymerization of the olefinically

~ unsaturated dimethicone copdlyol' macromers (SM) of the invention with different
types'.rofmonomers via anionic.emulsion pollymerizati'on,,, ' ‘

Examples VI to VIl | ‘
[0118] Emulsion polymers are prepared from the monomers set forth in
Table 2 as follows: A monomer reaction mixture is prepared in a first reactor
equipped with an agitator rotating at about 900 rpm under a nitrogen atmosphere
by combining 148 parts by weight of MAA about 200 ‘parts 'b"y‘weight of EA, and ’
about 40.0 parts by weight of the macromer prepared in Example SM 7 in 192 |
parts by weight of deionized water containing about 13.3 parts by weight of 30%
aqueous sodium lauryl sulfate. To a second reactor equipped with a mixing
agitator and nitrogen inlet and feed pumps, is added about 580 parts by weight
of deionized water and about 1.27 parts by weight of 30% aqueous sodium lauryl
sulfate. The contents of the éecond reactor are heated with agitation at a
rotation speed of about 200 rpm under a nitrogen atmosphere. After the
contents of the second reactor reach a temperature in the range of about 85 to
88°C, about 7.84 parts of a 1.73% ammonium persulfate solution (free radicél

initiator) is injected into the warmed surfactant solution in the second reactor.
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The aqueous emulsion of the monomer mixture from the first reactor is gradually
pumped into the second reactor over a period of about 180 minutes at a
temperature in the range of about 85 to 88°C. Simultaneously, an initiator feed
about 60 parts by weight of 1.7% ammonium persulfate solution is metered to
the reaction mixture in the second reactor and the temperature of the reaction is
maintained at about 90°C for an additional one and half hours to complete
polymerization. The resulting emulsion is cooled to room temperature,

discharged from the reactor and collected All three copolymers are analyzed by
1H NMR usmg CDCLg extract

Table 2

Ex No. | MAA EA ] M SM Type | 'H NMR (CDCh
- (wf.v%) . (wtl%)” (Wt %) o IR - - extract)
Vi 37 53 0 | sSM7 No free SM 7
Vil
(comparative) - 37 63 10 : SM 6 Free SM 6
Vil 37 53 10 sM9 No free SM 9

[0119] The copolymer 6f comparative Example VIl showed 'H NMR peaks
colrrespéndin'g to non-reactive sUccinate dimethicone copolyol ester which is
presumably not incorporated into the copolymer. Surprisingly, the copolymers of
4 Examples VI and VI contalnmg reactive double bonds did not show a functional .
ester peak related to unreacted maleate ester derivative (SM 7) or unreacted
itaconate derivative of dimethicone copolyol ester (SM 9). These experiments -
illustrate that the macromers of the invention are readily copolymerizable in |

emulsion polymerization.

- Examples 110 3 (
[0120] Emulsion polymers are prepared as in Examples VI to VIII utilizing the
monomers and macromers set forth in Table 3. Three copolymers were



WO 2007/101048 PCT/US2007/062550

- 44 -

synthesized using a non-reactive dimethicone copolyol (Silsoft® 475) in Example
3, the macromer SM 9 in Example 1, and no silicone additive in Example 2 to
observe if incorporating the dimethicone copolyol macromers of the invention
into a copolymer backbone has any affect on copolymer properties.

[0121]
mucilages neutralized with AMP-95 to pH 7. In addition Tg, clarity and turbidity

The viscosity of each polymer is measured at 1 and 2 percent solids

(NTU) values are measured for each polymer. The results are reported in Table
3A.

Al 1,Tab|e 3
L . I R - osm
Ex. No. MMA | Bam | Xlinker | CSEM25' | AAESPS® | MAA | EA | Type
level | level (level) ; level level Level level | (Ievei)
' T7EGDVA | ‘ ' SM o
R 10 3 ©2) 3 2 37 | 348 | - (10)
2 - TEGDMA . . : \ ,
(controf) . 10 3 0.2) 3 2 .37 448 No SM-
3 TEGDMA , BMC®
(comparative) 10 3 (0.2) 3 2 37 34.8 "1 (10)
Tassociative monomer '
zsc.emih%dropho.bic monomer
Silsoft® 475 dimethicone copolyol
Table 3A
1% 2%
Visc osfty Clarity” Tqrbidity Viscosity | Clarity Turpidity
Ex. No. Tg (mPars) | (%T) (NTU) (mPa-s), (%T) | (NTU)
1a 65 1,230 o8 5 10,500
" 2a 73 | 1,200 97 1 12,600 | 97.0 | - 0.77
3a ‘68 - 370 100 1 4,600

[0122] The viscosity efficiency of the polymer of ‘Example 1 is maintained
utilizing 10% weight percent of the dimethibone copolyol macromer of the
invention. In contrast, the polymer-of Example 3, whidh is made according to the
teaching of U.S. Patent No. 6,403,074 B1 containing 10 weight percent of a non-

functionalized dimethicone copolyol has a lower viscosity at both 1 and 2 percent



WO 2007/101048 PCT/US2007/062550

- 45 -

mucilages. The non-functionalized dimethicone copolyol (Silsoft® 475) might be
acting as chain transfer agent in Example 3a and causing the viscosity
deficiency of the resulting associative polymer.

Examples 4 to 6

[0123] Emulsion polymers are prepared as in Examples VI to VI utilizing the

monomers and macromers set forth in Table 4. The comonomers of Examples 4

and 5 are copolymerlzed ln the presence of oleﬂnlcally unsaturated dlmethlcone
copolyol macromers of the lnventlon while the comonomers of comparatlve

| Example 6 are polymenzed in the presence of a non- -reactive (i.e., saturated

-dimethicone copolyol carboxylate).  The polymers are compared for relative

- viscosity-performance.

" Table 4

Ex. No. MMA Bam X-linker - ‘ CSEM25' | AAE5P5? MAA EA TSy‘;\)Ae )
level level (level) . level level . | ‘level level (level) |-
TEGDMA SM9 .
4 10 3 0.2) 3 2 | 37 4138 (3)
TEGDMA ‘ SM7
5 10 3 0.2) 3 2 37 | 418 3
6 ‘ TEGDWA | SM6
(comparative) | 10 3 (0.2) 3 2 37 | 418 @)

1hydrophoblc monomer
2semihydrophobic monomer

[0124] The gel properties of each polymer are measured at 1 and 2 percent
solids mucilages néutralized with AMP-95 to pH 7. When unsaturated functional
dimethicone copolyol macromers (SM 9 and SM 7) are copolymerized into the
associative polymer backbone, such polymers overcome the typical viscosity
depression phenomenon exhibited by associative polymers containing saturated
dimthicone copolyol (SM 6) as shown in Table 4A below. Glass transition-and
clarity values of the mucilages were maintained.
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Table 4A
1% 2%
Viscosity Clarity | Turbidity | Viscosity | Clarity | Turbidity
Ex. No. Tg (mPa-s), (%T) (NTU) (mPas), (%T) (NTU)
4a 70 700 96 4 8,350 94.8 1.64
5a 69 1,000 96 1 7,750 94.0 0.24
6a 69 370 99 1 3,800 98.0 0.563

- [0125] - Emulsion polymers are prepared as in Examples VI to VIl utilizing the "

Examples 7 'to 10

‘monomers and macromers set forth in Table 5. In these examples the loading .

effect of the cyclic anhydride to the dimethicone copolyol in synthesizing the .

dimethicone copolyol macromer on the gel properties of the final copolymer
product is determined and reported in Table 5A. '

Table 5

: SM

Ex.No: | poa | Bam X-linker CSEM25' | AAESP5% | MAA EA Type
level level (level) level level level | level (level)

TMPEO15TA

4 10 3 (0.25) 3 0 40 43.8 -none
TMPEO15TA SM9

10 3 | (025 3 0 40 40.8 3)

) TMPEO15TA SM 8

10 3 (0.25) 3 0 40, 40.8 @)
TMPEO15TA SM 10

10 10 | 3 (0.25) 3 ) 40 | 408 @)

1

associative monomer

2gemihydrophobic monomer
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Table 5A
1% 2%
Visc osit y‘ Clarity | Turbidity | Viscosity | Clarity | Turbidity

Ex. No. Tg (mPa-s), (%T) (NTU) (mPa-s), (%T) (NTU)
7a 78 n/a n/a n/a 9,650 97.0 0.89

8a 77 nfa n/a nfa 9,750 08.0 0.43.
9a 75 1,100 96 0.89 1,260 98.0 0.39
10a 74 12,280 96 1.3 10,300 96.0 0.38

7[0'1'2'6] " The gel pro‘berﬁ‘es"of each polymer are‘me‘a'éu‘réd rét:1 and 2 pe’rceht

solids ‘mucilages neutrahzed wnth AMP-95 fo pH 7. From the data in Table 5A

_ polymers polymerized from macromers synthesnzed from anhydnde loading to

dlmethlcone copolyol loadings of between 0. 2510 0.75 equnvalents (based on the,: .

OH number of the dimethicone copolyol) give optimal ge! properties. -

Examples 11 and 12

[01 27] Emulsxon polymers are prepared as in Examples VI to VIl utilizing the
monomers and macromers set forth in Table 8. Two copolymers were
polymerized utilizing the monomers and macromers set forth in Table 6. The
reactive dimethicone copolyol macromers of Examples SM § and SM 7 are.
synthesized from dimethicone copolyols of differing molecular weights

(MW = 2,500 and 19,000, respectively). Copolymers synthesnzed from low and
high molecular welght dimethicone copolyol macromers give good sensory and
gel properties.
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Table 6

SM

Ex. No. MMA | Bam X-linker CSEM25' | AAESP5® | MAA EA Type
level level (level) level level level level (level)
TMPEO15TA SM7

11 10 3 (0.25) 3 0 40 40.8 3)
TMPEO15TA SM5

12 10 3 (0.25) 3 0 40 40.8 3)

associative monomer
2semihydrophobic menomer

104 28']:‘ ‘The gel properties of each polymer are measured at 1 and 2 percent
solids mucilages neutralized with- AMP-85 to pH 7. The data are presented in
Table 6A, S : SR

Table 6A

1% o 2% _
| Viscosity Clarity | Turbidity | Viscosity | Clarity Turbidity
Ex. No. Ty (mPa-s), (%T) | (NTU) (mPa-s), (%T) (NTU) .
11a n/a 1,500 97.5 - 099 12,600 98 0.39
12a | nla 980 96 08 | 8,750 96 0.85-

Examples 13 to 20-

[0129] Emulsion polymers are prepared as in Examples VI to VIl utilizing the
monomers and macromers set forth in Table 7.. Sevéral non-associative
copolymers are synthesized utilizing dimethicone copolyol macromers containing
terminal and pendant polyether groups that are fully functionalized with an
unsaturated carboxylate group (R = R' = cyclic anhydride residue in Formula llia;
z= y in Formula Via) or partially functionalized with an unsaturated carboxylate
group (oneof RorR' = hydrogen in Formula llla; z < y in Formula Via). The
viscosity of each polymer is measured at 1 and 2.5 percent solids mucilages’
neutralized with AMP-95 to pH 7. In addition Tg, clarity, and turbidity (NTU)
values are measured for each polymer. The results are reported in Table 7A.
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Table 7
Acrylate Amide
Ex. No. Monomer | Monomer X-linker MAA EA SMm
(level) (level) (level) level level (level)
TMPTA SM9
13 0 0 (0.3) 32 | 627 (5)
TMPTA SM9
14 0 0 0.3) 35 61.7 3
T A - TMPTA ' sSM9 :
15 0’ o 1 om | er BT @
Bam. | TEGDMA T SMo ‘
16 0 @) - (02) a7 5;6.8 @) |
MMA Bam TEGDMA SM9
17 . (20) () (0.2) 37- | 368 | . (3
o MMA ~ | Oam | TMPEO15TA SM 9
18 15). ©) ©3 | 40 | 387 @
MMA Bam TMPEO15TA SM9
19 (15) 3 (0.3) 40 | 387 3) -
, TMCHMA Bam TMPEO15TA SM9
20 (10) @) ©0.2) 40 | 438 @
TMPTA - SM 3
20a 0 0 (0.3) 35 59.7 ()
TMPTA SM 4
20b 0 0 . (0.3) 35 | 59.7. (5)
~TMPTA ) SM 1
20c 0 0 0.3) 35 59.7 (5)
' TMPTA “ SW 2
-20d 0 ) (0.3) 35 50.7 (5)
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Table 7A
% 2.5%
Viscosity Clarity Turbidity Viscosity | Clarity | Turbidity

Ex. No. Tg | (mPas), | @T) (NTU) | (mPass), | T) | (NTU)
132 456 | 2,660 N/A 20.4 7,650 NI/A 9.3
14a 54 720 a3 5 2,400 91.0 3.10
15a 50 | 640 95 4 1,500 95.0 2.20
dea | o8t | s | 100 | o7 {:N?A NiIAA‘ N/A 2
17a- 87, - .57 .| 100 _o.71,., ONA LN NA L NA
1;35 85 | . 280 94.0. 2.27 250 95.0 | 207
Cqea | 88 | 220 980 | o058 | 280 . 97.0 064 -
20a t, 83 200 96.0 1.53 980 940 | 188
20aa s65 | 8770 | 875 147 7,350 83.6 14
20ba | 588 | 7,550 811 |- 369 16,éOO 1 704 31
20ca NA | 1,880 89.9 21.4 5,250 91.3 9.65
20da | N/A 1,320 92.0. 103 | 4900 842 | 138

Examples 21 to 54

[0130] Emulsion polymers are prepared as in Examples VI to Vil utilizing the
monomers and macromers set forth in Table 8. The viscosity of each polymer is
measured at 2, 3, and 5 percent solids mucilages neutralized with AMP-95 to pH
7. In addition Tg, clarity and turbidity (NTU) values are measured for each
polymer. The results are reported in Table 8A.
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Table 8
Ex. Monomer Amide X-linker CSEM25' AAESP5? MAA EA SM Type
No. (level) (level) (level) level ~ level level level (level)
VIiA Bam TEGDVA Y]
21 (15) 3) ©0.2) 3 0 40 35.8 @)
VIVIA, Bam TEGDMA SV
22 (10) @) (0.3) 1 2 40 40.7 @)
TMGHMA Bam TEGDMA SV
23 (10) 1) (0.3) 1 0 37 a7 @)
MMA | Oam - | TMPEOTSTA | — 1 SV}
24 s5) @) ey | 2 a7 fae7 | @
— [ MMA | Oam TEGDWA T SMS
25 10) ) (0.1) 3 2 37 439 @)
T WWA- | Oam TMPEOT5TA P T N SV S
- 26. SO ) 02 1. 0. |37 458 | -3
TMCHAMA | Bam TMPEGTSTA ' YER
" 27 (1) ) (0.3) -1 0 40 a7 3y
TMCHWMA | Bam TEGDNVA . SM S
28 (10) @) o 3 0 37 439 | @ '
MVA Oam TMPEOT5TA ' ST
29 (15) ) - ©.1) 3 2 37 38.9 3)
TMCHMA Oam TMPEOT5TA SMo
30 (10) @ ©.1) 1 2 40 40.9 @)
TMCHMA/ SM9
31 MMA Bam TMPEO15TA
(5/5) (3) (0.15) 1 1.8 40 41.1 3)
| TMCHMA/ o
32 MMA Oam TMPEO15TA sM9
' (5/5) (3) (0.15) 1 1.8 " 40 41.1 3)
MMA Gam TMPEO15TA SV o
33 (15) @) ©.2) 1 0 37 40.8 ®)
VIMA Bam TMPEOTGTA )
34 (10) @) (0.25) 3 o 40 | 428 )
' TMPEOT5TA _ M9
35 (0.3) 1 0 40 56.9 (1.8)
WVIA ~Bam TMPEOTETA ' SYE)
36 (10) @) (0.25) 3 0 40 41.8 @
VA Bam TMPEOT5TA Swo
37 (10) ®) (0.25) 3 0 40 40.8 @)
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Ex. Monomer Amide X-iinker CSEM25' AAESPE? MAA EA SM Type
No. (level) (level) (level) level level level level (level)
WIA Bam | TMPEOT5TA SM 9
38 (10) @) (0.25) 2 ) 40 418 @)
NiA Bam TMPEOT5TA SV 9
39 (10) @) (0.3) 1 0 40 427 @)
NNIA Bam TMPEOI5TA SV
40 (10) @) (0.3) 1.5 0 40 42.2 @)
TMPEOTETA SV o
41 ) (0.3) 1 ] 40 55.7 3)
| Oam | TMPEOTSTA .
42 - 1 e {0.3) b1 .0 .. 40 |0539. @) -
T " Oam | TMPEOI5TA ‘ BRI ” “SM9
43 @) ©.3) 1 0 a0 | 517 @)
WAM T T TMPEOIBTA | RN IR D SM 9
44 | @13 . o G o o o | 40 |44l @)
WAMT | [ TMPEOTSTA | . : 4 SYE
45 @9 | ©3 1 o | 40 | s28 3)
MVIA ) B : " 0 | Smo
46 (52) ’ : 0 0 s | @)
NiNIA Bam TEGDMA t ) ST
47 (10) @) 02) 6 2 37 | 388 |- (3
TMPEOTETA SM 9
48 _ ©.3) 1 o | 40 537 | (5
TMPEOTETA SM9
49 (0.3) 1 ) 40 51.2 (7.5)
‘ ' TMPEOTBTA ‘ SWo
50 | ' (0.3) 1 0 40 - 48.7 (10)
_ ' “TMPEOTSTA . 5M3
51 (0.3) 1 0o 40 537 | (5)
TMPEOT5TA V4
52 (0.3) 1 0 40 53.7 (5)
TMPEOT5TA S 2
53 0.3) 1 0 40 53.7 (5)
TMPEO15TA SM 1
54 ©.3) 1 0 40 53.7 (5)

associative monomer
2semihydrophobic monomer
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Table 8A
Ex. 2% 3% 5%
No. Viscosity | Clarity | Turbidity | Viscosity | Clarity | Turbidity | Viscosity | Clarity Turbidity
Tg (mPa-s), (%T) (NTU) {mPa-s), (%T) (NTU) {mPa-s), (%T) (NTU)

21a 84 5,600 97.0 2.07 25,600 96.0 2.92 115,000 89.0 3.95
22a 79 1,320 98.9 0.38 5,150 98.2 0.60 15,300 96.9 0.68
23a 71 1,680 96.0 3.62 9,800 94.0 553 52,000 90.0 8.52
24a 78 2,740 97.0 2.00 8,700 93.0 1.77 15,000 93.0 2.28
25a 70 10,000 84.0 0.85 35,200 95.0 0.92 78,000 93.0 0.95
26a 72 1,800 99.0 0.52 5,500 98.0 0.59 14,000 97.0 0.68
27a 91 2,680 82.0 8.40 15,500 83.0 6.48 92,000 88.0 577
28a |73 | 10,600 | 940 ~|3.04 38,000. | 940 [232 104,000 | 88.0 304
Z6a |73 | 14900 . | 980 | 077 40500 | 910 | 100 [ 92000 [640 | 120
30a : 79 840 1-97.0° 1.88 . .. 5,850 96.0 1.84 30,000 93.0 3.57 -
31a 76 720 a8 0.78 2,400 97 0.98 8,250 97 1.18
32a |.75 | 540 97.0 . | 077 1,800  |.96 091 17050 | o4 1.28
.33a 78 860 99.0 0.3 3.1 00 99.0 0.26 8,300 98.0 0.31
34a 77 10,400 97.0 0.53 32,700 ' '96.0 ,0.54" 104,000 | 95.0. 0.59
35a |60 4,980, . 96.0 1.01 13,500 95 0.83. 28,000 94 0.81
36a 77 8,250 98.0 0.33 27,9800 97.0 0.38 . 93,000 96.0 0.56
37a |78 10,200 97.0 0.45 25,300 | 97.5 0.42 - 86,000 95 0.75
38a 84 5,400 97.5 0.48 20,900 96.5 0.67 68,006 95.5 0.6
39a 81 3,100 98.0 0.41 8,800 98 :0.42, .29,100 96 0.99
40a 85 5,200 97.0 0.61 29,100 96 .0.99 75,000 94 1.28
41a 61 6,700 93.0 1.63 17,000 93 1.74 49,000 90 1.93
42a 59 3,060 984 2.03 7,450 97.8 2.85 25,600 97.5 248"
43a | 60 2,200 98.3 1.09' 5,300 98.9 1.23 14,400 96 1.77
44a 60 24,500 89.0 22.1 46,000 89.7 11.37 93,000 S0 6.44
45a 60 - | 11,800 88.5 5.01 24,500 a0.1 2.81 50,500 a0 2.9
486a 121 |- 1200 n/a 83 nla n/a nfa n/a n/a n/a

47a -y 45 | 35,200 95.7 1.75 n/a n/a n/a n/a n/a n/a
48a 64.5 | 3,020 98.7 0.1~ 3,020 98.7 0.11 nfa nfa . nfa
49a 65.9 | 2,110 98 0.5 2,110 98 0.54 n/a n/a n/a
50a | 333 | 2,110 961 | 1.3 2,110 9.1 | 1.28 n/a a n/a

5ta | 64.5 | 1,220 o5 6.9 1,220 95 6.86 n/a n/a n/a

52a 668.0 | 1,530 95.6 6.3 1,530 95.6 6.3 n/a n/a n/a

53a 68.6 | 5,000 97.8 3.02 n/a n/a n/a n/a n/a( n/a
54a | 68.3 |-9,5650 99.6 3.0 n/a n/a n/a nla n/a n/a
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Examples 55 to 59
[0131] Cationic acid-swellable associative emuision polymers are
polymerized from the monomers and macromers set forth in Table 9
according to the following procedure.
[0132] A monomer emulsion is prepared by adding (with mixing) the
monomers in Table 9 into a reactor containing about 340 parts by weight of
water, about 5.5 parts by weight of Emulsogen® EPN 407 nonionic surfactant
and about 0.3 parts by weight of sodium lauryl sulfate (30%) anionic
. surfactant.. The resulting mlxture is agltated (about 400 rpm) ata temperature

" in the range of about 20 to about 25°C' under a nitrogen atmosphere untitan .. o

emuision is obtained. A solution of about 0.12 parts by weight of

Bruggollte FF6 (reducmg agent) in about 5.0 parts by weight of water is then

- added to the-monomer emulsion, with mixing agitation, to initiate the

polymerization reaction. A solution of about 0.16 parts by weight of sodium

v persulfate (oxidizing agent) in about 5.0 parts by weight of water is then added

to the monomer emulsion with mlxmg agltatlon to initiate the polymerization

- reaction. The-temperature of the reaction mixture is maintained at.a
temperature in the range of about 60 to about 70°C for about 2.5 hours after

. Aaddrtlon of the rmtrator. Additional quantltles of |n|trator are added at about

0.5 hours and about 1.5 hours after the reaction is initiated (about 0.08 parts

| by weight of sodium persulfate in about 3.0 parts by Werght of water for each
additional quantity of initiator added). , ,
[0133]  The resulting polymer emulsion'is cooled to a temperature in the
range of about 44 to about 46°C over a period of about 45 minutes and an
oxidizing solution is added to the reaction mixture in two portions at one hour
intervals thereafter. Each oxidizing (redox) solution contains about 0.15 parte
by weight of t-butylhydroperoxide (70%), about 0.015 parts by weight of
sodium lauryl sulfate (30%) and about 0.15 parts by weight of Bruggolite® FF6
reducing agent in about nine parts by weight of water. The polymer emulsions

" are cooled to ambient room temperature and discharged from the reactor.
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Table 9
Ex. No. | TEGDMA HEMA CSEM25' RAL 307 DMAEMA EA SM 9
; level level level level level level level
55 01 18 0 4 35 58.1 7
56 0.1 1.8 0 4 35 56.1 3
57 0.1 1.8 0 4 35 49.1 10
58 0.1 1.8 3 4 35 55,1 1
59 0.1 1.8 3 4 35 53.1 3

associative monomer

[01 34] The vnscosnty and clanty properties of each of the polymers are . -
measured at 2 percent solids mucilages ! neutrahzed to pH 4 with a 50 percent

. solutlonhof gtyeohc acid. The results are reported in Table 9A.

Table 9A
» o e N 2% ° v L . . T,
"Ex.No.." | - Viscosity Yield Value Turbidity
- | (mPas), (dynesfcm®) - (NTU)
55a 11,100 1,280 . 773
56a . 11,400 . - 1,460 ) 8.63
57a 9,050 1,330 9.99
58a . {7,700 2,230 . 578
59a 16,000 1,890 4.85

Examples 60 to 62
[0135] Preeipitation polymerization reactions are conducted in a water
jacketed two liter Pyrex® resin kettle equipped with mechanical stirrer, a
-thermometer and reflux condenser topped with a nitrogen inlet connected toa . -
bubbler to provide a slightly positive pressure of nitrogen throughout the
polymerization. The water jacket is connected to a constant temperature
crrculator The resin kettle is charged with an azeotropic mixture of ethyl
acetate cyclohexane, along with the polymerizable monomers acrylic acid,
silicone macromer (SM 9a) and allylpentaerythritol in the levels (paris by wt.)
shown in Table 10. The mixture is sparged with nitrogen for 30 minutes while
the reactor is heated to 45°C. At 45°C, the sparging tube is removed while a
nitrogen purge is maintained. Under stirring di-(2-ethylhexyl)-peroxydicarbonate
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(in an amount of 0.275 to 0.98 grams) is added to the mixture. Polymerization is
evident in a matter of minutes as the solution becomes hazy with precipitated
polymer. After a few hours the mixture forms a thick slurry. The polymerization
is continued for a total of 8 hours. The polymer slurry is transferred to a single
neck flask and the solvent is removed by a rotary evaporator at 65°C to 102°C at
27 inches of vacuum. The obtained dry polymer product is a fine white powder.
When dispersed in water, the polymer hydrates, and when neutralized with base
becomes a thickened aqueous solution.

" Table 10

Ex. No. AA | SMOa APE | Polymer Solids
4 level level level (wt. %)
‘60 96.35 '3 0.65- 12

. 61 94.52 5 0.48 12
62 94.70 5 17

0.3

[0136] ' ‘M'ucilages of each polymer are prepared by neutralizing samples of
0;2, 0.5, and 1 wt. % (polymer solids) of each polymer in deionized water with an
18% acjﬁeous solution of NaOH to a pH of about 7.5. The Brookfield viscosity
and clarity value of each sample is measured and reported in Table 10a.
Sbihdlé sizes 5, 6, and 7 were employed for the viscosity measurements of the
0.2, 0.5, and 1 wt. % mucilages, respectivély.

Table 10a
0.2 % mucilage | 0.5 % mucitage | 1.0 % mucilage Clarity
Viscosity Viscosity Viscosity (0.5 wt%
Ex. No. {mPa-s) - (mPa-s) : {mPa-s) mucilage)
60 16000 29500 52200 90.2 -
61 10600 26000 45200 90.0
62 10540 24200 88.2

36500
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What is claimed is:
1. A free radically polymerizable macromer represented by the
formula:
fli
R? Rt
o} bor-sk-oe— ooy, siosRRy, o8O0 —-Eotet-Pofgt-EofoR
o ST " Re U Re - 3 §
or
\Y
R? R3
i < ! .
(R);S1(O8i),.(OSIR'R?),(0S),08i(R%);
CH, GH,
H

. _ CH, . CH, ‘ L : .
.. ‘ . : H . H
wdboejbor o8 T of-eoe-rofpeofer

wherein in formula ill R and R' independently represent hydrogen and a
cyclic anhydride residue, subject to the proviso that R and R' do not both
represent hydrogen at the same time, R' and R? independently represent‘a
radical selected from C to Cso élkyl; C4 to Cy halo substituted alkyl, C3to Cg
cycloalkyl, Cg to Cq4 aryl, and Gz to Czo alkenyl, E represents a divalent ethylene
radical, P independently représents a divalent propylene radical, a, b, and c are
independently O to 100; and n is 0 to 200, E taken together with the oxygen atom
to which is attached represénts an ethylene oxide residue (EO or OE) and P
taken together with the oxygen atom to which it is attached represents a
propylene oxide residue (PO or OP) wherein the EO/PO and OE/OP residues
can be arranged in random, non-random, or blocky sequences;
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wherein in formula IV R' and R?, E, P, a, b, and ¢ are as defined above,
R3 represents a radical selected from C4 to Cag alkyl, C4 to Cyp halo substituted
alkyl, Cs to Cg cycloalkyl, Ce to G4 aryl, and C; to Cyg alkenyl, R* represents a
radical selected from C4 to Csg alkyl, Cs to C44 aryl, and C; to Cyp alkenyl, x is 0
to 200, y is 110 200, z=y; and '

wherein said cyclic anhydride residue in formulae It and IV is represented
by the formula:

RS RS
I&OSOH
o )
- wherein R® and R® are independently selected from hydrogen and methyl,

subject to the proviso that R® and R® do not both represent methyl at the same
time. ' ‘

2. k,A macromer of claim 1 whereih said cyclic anhydride residue Ais
represented by the formulae:

H,C CH, H,C CH,
—Z‘\C(O)OH —[<C(O)OH —E\C(cﬁ)OH —((C(O)OH
Q0 ? (e} ? 0 : ] s

3. A free radically polymerizable macromer composition comprising
the reaction product of maleic anhydride and a dimethicone copolyol containing
at least one terminal and/or pendant hydroxyl group.

4. A composition of claim 3 wherein said dimethicone copolyol is
represented by the formula:
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R! R!
H——oE—YA-op—5-oE—); O(CHZ)BISi(oswRZ),,cI)Si(CHz)ao——EEO-};EPO—)—;&-EO-};H
Re R?

wherein R! and R? independently represent a radical selected from G to
Cao alkyl, Cq to Czp halo substituted alkyl, Cs to Cs cycloalkyl, Cg to G4 aryl, and
C: to Czp alkenyl, E represents a divalent ethylene radical, P independently
represents a dlvalent propylene radlcal a; b, and c are mdependently 0 to 100;.
and n is 0'to 200, E taken together with the oxygen atom to Wthh is attached
represents an ethylene ox1de residue (EO or OE) and P taken together with the

~oxygen atom to Wthh it is attached represents a propylene oxnde residue (PO or

OP) wherem the EO/PO and OE/OP residues can be arranged ln random non-
random or blocky sequences

5. A composition of claim 3 wherein said dimethicone copolyol is
represented by the formula:

l .
(R)sSI(OSIR'R?),(OSi),0Si(R4)s

824 £oy4-poJyt-e0d;

wherein R', R?, and R® independently represent a radical selected from
C4 to Cxp alkyl, C4 to Cyg halo substituted alkyl, Cs to Cg cycloalkyl, Cs to Cq4 aryl,
and C, to Cy alkenyl, R* independently represents a radical selected from C; to
Cso alkyl, Ce to Cyq aryl, and C; to Czo alkenyl, x is 0 to 260, yis 110200, E .
represents a divalent ethylene radical, P independently represe‘nts a divalent
propylene radical, a, b, and ¢ are independently O to 100, E taken together with
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the oxygen atom to which is attached represents an ethylene oxide residue (EO
or OE) and P taken together with the oxygen atom to which it is attached
represents a propylene oxide residue (PO or OP) wherein the EO/PO and

OE/OP residues can be arranged in random, non-random, or blocky sequences.

6. A process for making a free radically polymerizable dimethicone
copolyol macromer comprising:

a) mixing itaconic anhydride with a dimethicone copolyol to form a
reaction mixt’ure;A _ ' T o o
» b)  allowing said itaconic anhydride in said reaction mixture to
isomerize to form isomerization products thereof: and

'~ 6) . ‘reacting said reaction mixture containing Séid isomerization

prod ucts at a sUitéble‘temperature’ and permitting the esterification of said’
i’sdmeriz‘ationvprc')ducts with said d‘imethi'cone copolyol. -

7. 'A process of claim 6 wherein said dimethicone copolyol contains a
terminal and/or a pendant hydroxyl group.

8. A process of claim 7 wherein said dimethicone cdpolydl is
represented by the formula:

R R
- - I ‘
H~{—oE—{-or—5t ors—);—O(CHZ)S'Si(OSiwRz)n(})Si(CHZ)aof{—EO—);{—Po——)ﬁeq—}c—H

R2 R2

wherein R' and R? independently represent a radical selected from G4 to
Cao alkyl, C1 to Cy halo substituted alkyl, C3 to Cg cycloalkyl, Cg to'C14 aryl, and
Cz to Cy alkenyl, E represents a divalent ethylene radical, P independently
represents a divalent propylene radical, a, b, and ¢ are independently 0 to 100;
and n is 0 to 200, E taken together with the oxygen atom to which is attached
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represents an ethylene oxide residue (EO or OF) and P taken together with the
oxygen atom to which it is attached represents a propylene oxide residue (PO or
OP) wherein the EO/PO and OE/OP residues can be arranged in random, non-
random, or blocky sequences

9. A process of claim 6 wherein said dimethicone copolyol is
represented by the formula:

R3

r
(R4)3Sx(OSxR1Rz)x(os|)yos|(R4)3

"CH,

CH

CH

- o—{—Eo—f{-Po-frfroi

“wherein R", R?, and R® independently represent a radical selected from
C1to Cgo alkyl, C4 to Cyp halo substituted alkyl, C3 to Cg cycloalkyl, Cg to Cq4 aryl,
and C; to Cy alkenyl, R* independently represenfs a radical selected from C, to
Cso alkyl, Cg to Cy4 aryl, and Cs to Cap alkenyl, x is 0 to 200, y is 1 to 200, E
represents a dlvalent ethylene rad:cal P independently represents a divalent
propylene radical, a, b, and ¢ are independently 0 to 100, E taken together wnth
the oxygen atom to which is attached represents an ethylene oxide residue (EO
or OE) and P taken together with the oxygen atom to which it is attached .
represents a propylene oxide residue (PO or OP) wherein the EO/PQ and
OE/OP residues can be arranged in random, non-random, or blocky sequences.

- 10. A process of claim 6 wherein said isomerization products of
itaconic anhydride includes citraconic anhydride.

11. A process of claim 6 wherein said reaction mixture is reacted at a
temperature ranging from about 75°C to about 90°C.
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12. A process of claim 6 wherein said reaction mixture is reacted in the
presence of an esterification catalyst at a temperature ranging between ambient
room temperature and 90°C.

13. A process of claim 12 wherein said esterification catalyst is
selected from sulfuric acid, elemental tin, elemental zinc, elemental titanium,
organo titanate compounds, organo tin compounds, organo zinc compounds,
zinc oxide, magnesium oxide, calcium oxide, stannous oxide, and alkali metal

acetates.

14. A polymer polymerized from a monomer composition comprising at
least one dimethicone copolyol macromer selected from formulae 11l and IV:

S i

R R
R—~{—OE—}{~0P—J5{—0E—};—O(CH,),SIOSIR R?),08i(CH),0-{~E0—{-Po—{-E0—}-R

|

R2 R2
IV
R3 R3 .
1} }
(R4)5SI(0Si), ,(OSIR! R?),(0S),08i(R* ),
, |
GH, GH,

CH CH,

s A
CH CH .
H~{—oE——+oP—f{-oe——0 ° 6—{-eo—t{-Po—tt-E0 R

wherein in formula Il R and R' independently represent hydrogen and a
cyclic.anhydride residue, subject to the proviso that R and R' do not both

represent hydrogen at the same time, R' and R? independently represent a
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radical selected from C4 to Cyp alkyl, Cq 1o Czo halo substituted alkyl, C3 to Cs
cycloalkyl, Cg to Cy4 aryl, and Cp to Cyp alkenyl, E represents a divalent ethylene
radical, P;independently represents a divalent propylene radical, a, b, and ¢ are
independently 0 to 100; and n is 0 to 200, E taken together with the oxygen atom
to which is attached represents an ethylene oxide residue (EO or OE) and P
taken together with the oxygen atom to which it is attached represents a
propylene oxide residue (PO or OP) wherein the EO/PO and OE/OP residues
can be arranged in random, non-random, or blocky sequences;

: wherem in formula v R .and R2 E,P,a,b, and care as defined above *
R represents a ‘radical selected from C1 to Cyp alkyl, Cy to Cao halo subs’ututed ;
alkyl, C3 to Cg cycloalkyl, Cg to Cy4 aryl, and C; to Cyg alkenyl, R* represents a
" radical selected from C; to Cag alkyl, Ce, to Cysaryl, and C, to Cop alkenyl Xis 0

to 200 y|s1to 200, z=y; and ' :
~ wherein said cyclic anhydride resxdue in formulae ll and IV is represented
by the formula:

RS RS

I{:OOH
o (©)O

wherein R® and R® are independently selected from hydr‘oge'n and methyl
subject to the proviso that R® and R® do not both represent methyl at the same
time.

15. A polymer of claim 14 wherein said monomer composition further
comprises one or more monomers selected from:

a) at least one non-ionic vinyl monomer;

b) at least one acidic vinyl monomer;

c) at least one cationic vinyl monomer;

d) at least one associative vinyl monomer;

e) at least one semihydrophobic vinyl monomer;
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f) at least one crosslinking monomer; and mixtures thereof.

16. - A polymer of claim 15 wherein said non-ionic vinyl monomer is
selected from at least one monomer represented by the formulae:

CH=C(X)Z;
CHz=CH-OC(O)R’

wherein, X is H or methyl; and Z is -G(O)OR®, -G(O)NHs, ~C(O)NHR®,
~C(O)N(R®)z, -CeHaR®, -CeH4OR®, -CgH,CI, -CsHy1, -CsH7(RE)(R3)(RP)..
-CN, -NHC(O)CHs, -NHC(O)H, N- -(2-pyrrolidonyl), N-caprolactamyl,
-C(O)NHC(CH3)3, —C(O)NHCHgCHg-N ethyleneurea -Si(R")s,
-C(O)O(CH2)SI(R s, —C(O)NH(CHg)xSI(R7)3, or -(CH2),Si(R7)s; x is an integer
ranging from about 1 to about 6; R’ independently represents linear and
branched C to Cyg alkyl; R® independently represents linear and branched C to

Cso alkyl, hydroxy substituted G, to Cgp alkyl, and halogen substituted Cq to Cs
alkyl.

~17. A polymer of claim 15 wherein said acidic vinyl monomer contains |
at least one acidic group selected from a carboxyhc acnd aroup and salts thereof
a sulfonic acid group and salts thereof, and a phosphonic acid group and salts
thereof.

18. A polymer of claim 17 wherein said acidic vinyl monomer is
selected from acrylic acid, methacrylic acid, itaconic acid, citraconic acid, maleic
acid, fumaric acid,A crotonic acid, aconitic acid, C4 to Cqs alkyl monoesters of
maleic, fumaric, itaconic, or aconitic acid, anhydrides of dicérbpxylic acids, vinyl
sulfonic acid, 2-sulfoethyl methacrylate, styrene sulfonic acid, 2-acrylamido-2-

methylpropane sulfonic acid, allyloxybenzene sulfonic acid, vinyl phosphonic
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acid, allyl phosphonic acid, 3-acrylamidopropyl phosphonic acid; and salts
thereof; and mixtures thereof.

19. A polymer of claim 15 wherein said cationic vinyl monomer is
selected from mono-(C4 to C4)alkylamino(C; to Csg)alkyl (meth)acrylate, a di-(C4
to Ca)alkylamino(C+ to Cg)alkyl (meth)acrylate, a mono-(C4 to Cs)alkylamino(Cs.
to Gg)alkyl (meth)acrylamide, a di-(C4 to C4)alkylamino(C4 to Cg)alkyl
(meth)acrylamide, a nitrogen-containing heterocyclic (meth)acrylamide, a

nitrogen- contalmng heterocychc (meth)acrylate and salts thereof and m|xtures: AETITINES

thereof

- 720. A polymer of claim 19 wherein said cationic vinyl monomer is
selected from 2‘-(N,N—dimethylam'ino)ethyl (meth)acrylate, 3-(N,N-"~ - -
dimethylamino)propyi (meth)acrylate, 4-(N, N—dimethylamino)butyi‘
“(meth)acrylate, (N,N-dimethylamino)-t-butyi(meth)acrylate, . ‘
2-tert—butylammo)ethyl(meth)acrylate 2-(N,N-diethylamino)ethyl (meth)acrylate
3-(N,N-diethylamino)propyl(meth)acrylate, 2-(N,N-dimethylamino)neopentyl
acrylate, 4-N,N-diethylamino)butyl(meth)acrylate, 2-(N,N-dipropylamino)ethyl
(meth)acrylate, 3-N,N-(dipropylamino)propyl (meth)acrylate, |
4-N,N-dipfqpylamino)butyl (m,_eth)acrylate, 3-(N,N—dim_ethy!amjno’)propyl
(meth)acry[ate 2-(4- morpholihyl)ethyl(meth)acrylate‘ 2-(4-morpholinyl)ethyl
acrylate, N'-(2-N,N- dlmethylammo)ethyl(meth)acrylamlde
2-(N, N-dimethylamino)propyl(meth)acrylamide, N'-3-(N,N- dlmethylammo)propyl
(meth)acrylamide, N-(2_~pyndy!)agrylam|de, N-2-imidazoyl)(meth)acrylamide,
N-(4-morpholinyl) (meth)acrylamide, N-(4-morpholinyl) acrylamide, 2-vinyl
pyridine, 4-vinyl pyridine, N-vinyl-2-methylimidazole, N-vinylimidazole, N-vinyl-4-
methylimidazole, and N-vinyloxazolidone; and salts thereof; and mixtures
thereof.

21. A polymer of claim 19 wherein said cationic vinyl monomer is
selected from 3-trimethylah1monium propyl (meth)acrylamide chloride,
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3-trimethylammonium propyl acrylamide chloride, quaternized
N,N-dimethylaminoethyl (meth)acrylate with C4 to Cso alkyl sulphate, quaternized
N,N—dimethylaminoe‘thyl (meth)acrylate with methylchloride, quaternized vinyl
imidazole, methacryloyl ethyl betaine, and methacryloyl N-oxide.

22. A polymer of claim 15 wherein said associative vinyl monomer is
selected from at least one monomer represented by the formula:

RO

R® Hc//C\A{—cHi—)—éo%Rﬂ—o%—Y—w?r

- wherein, each R® is independently H, C4 to Cso alkyl, -C(O)OH; or
-C(O)OR'?; R"is € to Cqp alkyl; A is -CH2G(0)O-, -C(0)0O-, -O-, -CH0-,
—NHC(O)NH~,' -C(O)NH-, -Ar-(CE2),-NHC(0)O-, -Ar-(CEz),-NHC(O)NH-, or ‘

- -CHzCHoNHC(O)-; Aris a divalent aryl; E is H or methyl; zis O or 1; kis an .
integer in the range of 0 to about 30, and m is 0 or 1, with the proviso that when
K is O; m is 0, and when K is in the range of 1 to about 30, m is 1; (R'1-0), | B
represents a polyoxyalkylene moiety of Gz to C, oxyal‘kylene units, wherein R"! is

"CaHay, C3H6,A C4Hs, or a'mixture thereof, and n is an integer in the range of about
5 to about 250; Y is -R''O-, -R'"'NH-, -C(0)-, -C(O)NH-, -R'"NHC(O)NH-, or
-C(O)NHC(O)-; and R'Z is a substituted or unsubstituted alkyl selected from a Cg
to Cuo linear alkyl, a Cg to C4g branched alkyl, a Cg to Csg carbocyclic alkyl, a Cz
to Cao alkyl-substituted phenyl, an aryl-substituted C; to- C4 alkyl, and a Cg to Cago .
complex ester; wherein R'! and R'? optionally includes one or more substituents
selected from hydroxyl, alkoxyl, and halogen.

23. A polymer of claim 22 wherein said associative vinyl monomer is
selected from cetyl polyethoxylated methacrylate, cetearyl polyethoxylated
(meth)acrylate, stearyl polyethoxylated (meth)acrylate, arachidyl polyethoxylated
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(meth)acrylate, behenyl polyethoxylated (meth)acrylate, lauryl polyethoxylated
(meth)acrylate, cerotyl polyethoxylated (meth)acrylate, montanyl polyethoxylated
(meth)acrylate, melissyl polyethoxylated (meth)acrylate, lacceryl polyethoxylated
(meth)acrylate, tristyryl phenolpolyethoxylated (meth)acrylate, hydrogenated
castor oil polyethoxylated methacrylate, canola polyethoxylated (meth)acrylate,
and cholesterol polyethoxylated (meth)acrylate, wherein the polyethoxylated
portion of the monomer contains from about 5 to about 100 ethylene oxide
repeating units.

24, A polymer of claim 15 wherein said semihydrophobic vinyl‘ .
monomer is selected from at least one monomer represented by the formula:

.‘~Rg’

RoHC? e H o HR1-0 RS
] —k m n g

- p—AfcHHoHR-04— R1s
, k m n

wherein R® is independently H, Cy to Cag alkyl, -C(O)OH, or
-C(O)OR"; R' is C; to Cap alkyl; A is -CH,C(0)0O-, -C(O)O-, -O-; -CH20-,
-NHC(O)NH-, -C(O)NH-, -Ar-(CE2)»-NHC(O)O-, -Ar-(CEjz).-NHC(O)NH-, or
-CH2CH2NHC(O)-; Aris a divalent aryl; E is H or methyl; zis 0 or 1; kis an
integer in the range of 0 to about 30, and mis 0 or 1, with the proviso that when
k is 0, m is 0, and when k is in the range of 1 to about 30, m is 1; (R"'-O),
repfesents a polyoxyalkylene moiety of C, to C4 oxyalkylene units, wherein R'is
CoHa, C3He, C4Hs, or a mixture thereof, and n is an integer in the range of about
5 to about 250; Y is -R'O-, -R"'NH-, -C(O)-, -C(O)NH-, -R'"NHC(O)NH-, or
-C(O)NHC(O)-; wherein R"" optionally includes one or more substituents
selected from hydroxyl, alkoxyl, and halogen; D is a Cg to C3g unsaturated alkyl,
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or a carboxy-substituted Cs to Cao unsaturated alkyl; and R is H or Cq to C4
alkyl.

25. A polymer of claim 24 wherein said semihydrophobic vinyl
monomer is represented by at least one monomer of the formulae:

CHo=CH-O(CH3)20(C3He0)p(C2H40)H
. CHz=CH-CH,0(CsHs0)4(CzHsO)eH

. wherein a is an integer of 2,3, or 4; b is an integer in the range‘of 1to
about 10; c is an integer in the range of about 5 to about 50; d is an integer in the

Arange;of 1to about 10; and e is an integer in the range of about 5 to about 50.

+26. - A polymer of claim 15 wherein said monomer compo_si’cion
comprises 0 to 5 weight percent (based on the weight of the total monomers of a
crosslinking - monomer.

27. A polymer of claim 15 wherein said monomer composition
comprises at least 0.01 percent by weight based on the total monomer weight of
a chain transfer agent. ' '



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims

