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Salt Sensitive Aqueous Emulsions

Field of the Invention

10
This invention relates to aqueous emulsions comprising a water-
dispersible copolymer which is non-dispersible in aqueous solutions
containing 0.5% or more of an inorganic salt, comprising acidic ethylenically
unsaturated monomers and ethylenically unsaturated monomers. The acidic
15 ethylenically unsaturated monomers and the ethylenically unsaturated
monomers are defined herein. The present invention also pertains to

emulsion polymerization methods for making the aqueous emulsions with or
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without a surfactant.

Background of The Invention

Water-soluble polymers, soluble in tap water but insoluble in
dilute salt solutions, are known in the art, however many of these water-
soluble polymer compositions are not entirely satisfactory. Moreover, many
water-soluble copolymers require alkali to remove the polymeric film which is
often difficult and unsafe for the consumer. The present invention provides
improved  water-dispersible  copolymer compositions  without the

disadvantages characteristic of previously known compositions.
SUMMARY OF THE INVENTION

In a first embodiment, the present invention is directed to an
aqueous emulsion comprising a water-dispersible copolymer which is non-
dispersible in aqueous solutions containing 0.5% or more of an inorganic
salt, wherein the water-dispersible copolymer comprises in percentages by
weight:

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and
(B) frbm about 10% to about 90% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:
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(i) CH=C(R1)CORy;

(i) RsOOC-CH=CH-COORy;

(iiiy CH,=C(Rs)OCORyg;

(iv) CH,=C(COOR;)CH,COORg;

(v) CHsCH=CHCOORy;

(vi) R10CsH4CR11=CHR¢4; and

(vii) R12CH=CHR3;
wherein R4 is hydrogen or methyl and R; is -OZ’ or -N(Z”)(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydroger and alkyl groups having from
1 to 6 carbon atoms; R; and R, are indepidently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and Rg is an alkyl group having
from 1 to 7 carbon atoms; R; and Rs are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R are
not both hydrogen; Re is an alkyl group having from 1 to 7 carbon atoms; R
and R4 are hydrogen; Rs; and Ry; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, -NHCOCH;, and an alkyl
group having from 1 to 7 carbon atoms; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an

amount from about 20% to about 70%.
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In a second embodiment, the present invention is directed to an
aqueous emulsion comprising a water-dispersible copolymer which is non-
dispersible in aqueous solutions containing 0.5% or more of an inorganic
salt, wherein the water-dispersible copolymer comprises in percentages by
weight:

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and

(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R1)COR’;

(i) R'300C-CH=CH-COOR;

(i) CH,=C(R’5)OCOR’;

(iv) CH;=C(COOR’7)CH,COOR’s;

(v) CHsCH=CHCOOR’;

(vi) R'40CsH4sCR’11=CHR’4y; and

(vii) R12,CH=CHR'¢3;
wherein R’y is hydrogen or methyl, and R’; is selected from the group
consisting of -OZ’, -N(Z”)(Z”), and -OZ"”OH, wherein‘ Z' is an alkyl group
having from~8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alky] groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z’ is an alkyl

group having from 1 to 4 carbon atoms; R’; and R4 are independently an
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alkyl group having from 8 to 18 carbon atéms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’ are
independently an alkyl group having from 8 to 18 carbon atoms; R’g is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’1; and R’43
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, 2-pyridine, 3-pyridine, 4-pyridine, and an alkyl group having
from 7 to 18 carbon atoms, with the proviso that Rq, and Ry; are not at the
same time 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, or 4-
pyridine; and the copolymer has a weight average molecular weight greater
than about 25,000 and is present in an ;amount from about 20% to about

70%.

In a third embodiment, the present invention is directed to an
aqueous emulsion comprising a water-dispersible copolymer which is non-
dispersible in agueous solutions containing 0.5% or more of an inorganic
salt, wherein the water-dispersible copolymer comprises in percentages by
weight:

(A) from about 10% to about 80% of an acidic ethylenically unsaturated
monomer, with the proviso that the acidic ethylenically unsaturated monomer
is not acrylic acid,;

(B) from about 10% to about 80% of an ethylenically unsaturatéd

monomer selected from the group of monomer formulas consisting of:
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(i) CH=C(R1)COR;

(i) ROOC-CH=CH-COORy;

(i) CH2=C(Rs)OCORg;

(iv) CH,=C(COOR7)CH,COORs;

(v) CH3CH=CHCOORy;

(vi) R1CsH4CR11=CHR4¢; and

(vii) RizCH=CHR3;
wherein Ry is hydrogen or methyl and R, is -OZ’ or -N(Z")(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; Rs and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and R is an alkyl group having
from 1 to 7 carbon atoms; Ry and Rs are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Rg is an alkyl group having from 1 to 7 carbon atoms; Ry
and R4q are hydrogen; and Ry, and Ry; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, and an alkyl group having
from 1 to 7 carbon atoms; and

(C) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R)COR';
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(i) R’300C-CH=CH-COOR’;;

(iif) CH2=C(R’s)OCOR’;

(iv) CH,=C(COOR'’7)CH,COOR’s;

(v) CH3CH=CHCOOR’y;

(vi) R’10Ce¢H4CR’11=CHR’44; and

(vii) R'12CH=CHR’y3;
wherein R’y is hydrogen or methyl, and R’; is selected from the group
consisting of -OZ', -N(Z”)(Z"), and -OZ”OH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having ‘from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z”” is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’4 are independently an
alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’y is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’yy are
independently an alkyl group having from 1 to 2 carbon atoms; R’y, and R’43
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, and an alkyl group having from 7 to 18 carbon atoms, with the
proviso that Ry, and Ry; are not both 2-pyrrolidinone, are not both N-
caprolactam, or are not a mixture thereof; and the copolymer has a weight

average molecular weight greater than about 25,000 and is present in an



WO 01/74941 PCT/US01/09333

10

15

20

amount from about 20% to about 70%.

The present invention is also directed to methods for preparing the
aqueous emulsions in the above embodiments. A first method comprises
the steps of (a) providing the monomers in one of the above embodiments;
and (b) emuision polymerizing the monomers in water at a solids level from
about 20% to about 70% in the preéence of a surfactant. A second method
comp‘rises the steps of (a) providing the monomers in one of the above
embodiments; (b) neutralizing the monomers in water to a level from about
2% to about 15% molar of the acidic ethylenically unsaturated monomer
from (A); and (c) emulsion polymerizing the monomers at a solids level from

about 20% to about 60% without a surfactant.
DETAILED DESCRIPTION OF THE INVENTION

In accord with the present invention, aqueous emulsions comprising
water-dispersible copolymers are provided that are non-dispersible in dilute
inorganic salt solutions. The salt-sensitive copolymers are
soluble/dispersible in tap water but are non-dispersible in water containing at
least 0.5% of an inorganic monovalent, divalent, or trivalent salt. The water-
dispersible copolymers are prepared from acidic ethylenically unsaturated
monomers and a variety of other ethylenically unsaturated monomers. By

carefully selecting the type and amount of the acidic ethylenically
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unsaturated monomer, .-one can obtain copolymer products having good
hydrophilic properties such that the copolymer is water-dispersibie,
especially when partially neutralized, but is non-dispersible in dilute

inorganic salt solutions. By carefully selecting the type and amount of the

_other ethylenically unsaturated monomers, one can obtain copolymer

products useful for non-woven fabrics or papers having good wet strength
and permeability to body fluids. The water-dispersible copolymers may be
employed in protective top coats, floor polishes, temporary printing,
adhesives, skin creams, sun screens, hair fixatives, temporary decorative
paints, marine coatings, repulpable paper coatings, glass fiber sizing, time
release/erodible coatings or particles, and antiperspirant-film not removed by

perspiration but removed by soap and water.

Unlike conventional water-soluble polymers, the aqueous emuisions
of the present invention do not require divalent ion inhibitors. Film formation
of latexes differs from film formation of solution polymers since particle
coalescence is needed to form a film of high cohesive strength in emulsion
polymers. For solution polymers, particle coalescence is not necessary
because the solvent acts as a plasticizer which aids in the film formation by
allowing polymer chains to mix and entangle. For emulsion polymers, the
cohesive strength of the polymer film is reduced if the particles do not fully
coalesce because of the reduction of chain entanglements. For emulsion

polymers, the surface active layer remains as an interfacial boundary



WO 01/74941 PCT/US01/09333

10

15

20

between particles and prevents full chain entanglement to the extent
observed from solution polymers. As a result, films derived from the
aqueous emulsions of the present invention will readily disperse in the
presence of water. In addition, the novel polymer film will also disperse in
hard water since divalent ions do not inhibit the redispersability by the film
derived from emulsions. In contrast, for polymer films derived solution, hard
water is less effective in solubilizing the polymer since divalent ions inhibit
the movement of the highly entangled polymer chains. For films derived
from solution polymers, ion regulating agents are required to enhance the
solubilzation in hard water. This is the main reason why the aqueous
emulsions of the present invention do not require a divalent ion inhibitor
(sequestering agent) to aid in the redispersabilility in tap water, especially
hard water. Preferably the particle size of the water-dispersible copolymer is

from about 0.05 micron to about 0.8 micron.

The present invention also provides emulsion polymerization
methods to form stable, low viscosity, emulsions of the water—dispersib[e
copolymers both with the use of surfactants and without the use of
surfactants (in situ stabilization). In the surfactant embodiment, a seeded or
unseeded process is utilized to copolymerize an acidic ethylenically
unsaturated monomer, such as an unsaturated carboxylic acid monomer,
and other ethylenically unsaturated monomers, such as alkyl

(meth)acrylate(s) or vinyl monomer(s), in water with a surfactant. In the non-

-10 -
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surfactant embodiment, the monomers are first neutralized in water to a
level from about 2% to about 15% molar of the acidic ethylenically
unsaturated monomer, and the resulting emulsion is then polymerized
witﬁout a surfactant. In a preferred (non-surfactant) method, a seed polymer
is polymerized in water with the first stage comprising the acidic ethylenically
unsaturated monomer, and other ethylenically unsaturated monomers,
which are at least partially neutralized (10% to 100%) with aqueous
ammonia to form the in situ stabilizer colloid. In the second stage, this
colloid is copolymerized with 100 parts of an ethylenically unsaturated
monomer, such as acrylic monorhers like 2-ethyl hexyl acrylate, styrene,
butyl acrylate, ethyl acrylate, acrylic acid, methacrylic acid, etc. and/or vinyl
acetate, monoethyl maleate, maleic acid, itaconic acid, etc. When the
emulsions are dried, the resulting film particles are dispersible in water since
the copolymer contains a high concentration of hydrophilic monomers, such
as acidic functionality. This acidic functionality also prevents the particles
from dispersing in aqueous salt solutions. To further improve water
dispersability, a chain transfer agent, or polymerization terminator, such as
dodecyl mercaptan, may be added to reduce the molecular weight of the
polymer during the polymerization process. Typical emulsion
polymerizations are batch, semi-batch, slow-addition, and continuous
processes. Monomers can be slow added linearly, or via gradient

simultaneously, or separately.

-11 -
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As set out above, the salt-sensitive  copolymers are
soluble/dispersible in tap water but are non-dispersible in water containing at
least 0.5% of an inorganic monovalent, divalent, or trivalent metal salit.
Examples of monovalent inorganic metal salts include sodium chloride,
potassium phosphate, and sodium acetate. Examples of divalent inorganic
metal salts include magnesium chloride, barium chloride, calcium chloride,
calcium carbonate, and magnesium acetate. Examples of trivalent inorganic
metal salts include aluminum chloride, boron chloride, and aluminum

acetate.

The term “alkyl group”, as used herein, refers to branched or
unbranched hydrocarbon groups as well as cyclic and bicyclic hydrocarbon
groups. The term halogen, as used herein, refers to the chemically related

elements consisting of fluorine, chlorine, bromine and iodine.

in a first embodiment, the present invention is directed to an
aqueous emulsion comprising a water-dispersible copolymer which is non-
dispersible in aqueous solutions containing 0.5% or more of an inorganic
salt, wherein the water-dispersible copolymer comprises in percentages by

weight:
(A) from about 10% to abc;ut 90% of an acidic ethylenically unsaturated

monomer; and

-12 -
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(B) from about 10% to about 90% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

(i) CH,=C(R1)CORy;

(iiy RsOOC-CH=CH-COORy;

(iii) CH2=C(Rs)OCORyg;

(iv) CH,=C(COOR7)CH,COORg;

(v) CH3CH=CHCOORq;

(vi) R10CsH4CR11=CHR;4; and

(vii) R12CH=CHRq3;
wherein Ry is hydrogen or methyl and R; is -OZ’ or -N(Z")(Z"), wherein Z' is
an alkyl group having from 1 to 7 carbon atoms, and Z" is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R, are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and Rg is an alkyl group having
from 1 to 7 carbon atoms; R; and Rg are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Ry is an alkyl group having from 1 to 7 carbon atoms; R4
and R4 are hydrogen; Ri, and Rj; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, -NHCOCH;, and an alky!
group having from 1 to 7 carbon atoms; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an

amount from about 20% to about 70%.

-13 -
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In this embodiment, the acidic ethylenically unsaturated monomers
from (A) may be selected from the group consisting of monomers containing
a carboxylic acid group, monomers containing a sulfonic acid group, and
monomers containing a phosphoric acid group. Examples of monomers
containing a carboxylic acid group may be selected from the group
consisting of acrylic acid, methacrylic acid, maleic acid, maleic acid half
esters, maleic anhydride, itaconic acid, and crotonic acid. Preferably, the
monomer containing a carboxylic acid group is methacrylic acid. Examples
of monomers containing a sulfonic acid group may be selected from the
group consisting of styrene sulfonic acid, 2-acrylamido-2-methylpropane
sulfonic acid, and sodium vinyl sulfonate. Preferably, the monomer
containing a suifonic acid group is styrene suifonic acid or 2-acrylamido-2-
methylpropane sulfonic acid. Examples of monomers containing a
phosphoric acid group may be selected from the group consisting of styrene
phosphoric acid, sodium vinyl phosphonate, and
CH,=C(CH;)COO(CH,),OPO;H, wherein n is from 2 to 4. Preferably, the
monomer containing a phosphoric acid group is

CH,=C(CH3)COO(CH,),OPO3H, wherein n is from 2 to 4.
Preferably, the ethylenically unsaturated monomer from (B) is (i)

CH>=C(R1)COR;, wherein R is methyl and R; is -OZ’, wherein Z’ is an alkyl

group having from 1 to 4 carbon atoms. Examples of the ethylenically

-14 -
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unsaturated monomer from (B) (i), CH,=C(R1)COR;, may be selected from
the group of (meth)acrylamides consisting of (meth)acrylamide, N-methyl
(meth)acrylamide, N-ethyl (meth)acrylamide, N-propyl (meth)acrylamide, N-
butyl (meth)acrylamide, N-pentyl (meth)acrylamide, N-hexyl
(meth)acrylamide, N-heptyl (meth)acrylamide, N,N-dimethyl
(meth)acr);lamide, N,N-diethyl (meth)acrylamide, N,N-dipropyl
(meth)acrylamide, and N,N-dibutyl (meth)acrylamide. Other examples of the
ethylenically unsaturated monomer from (B) (i), CH2=C(R1)COR2, may be
selected from the group of (meth)acrylates consisting of methyl
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (meth)acrylate, heptyl
(meth)acrylate, dimethyl (meth)acrylate, diethyl (meth)acrylate, dipropyl

(meth)acrylate, and dibutyl (meth)acrylate.

Preferably, the ethylenically unsaturated monomer from (B) is (ji)
Rs0OC-CH=CH-COOR;, wherein R; and R, are independently an alkyi
group having from 1 to 4 carbon atoms, more preferably from 2 to 4 carbon

atoms.

Preferably, the ethylenically unsaturated monomer from (B) is (iii)
CH2=C(Rs)OCORs, wherein Rs is methyl and Rg is an alkyl group having
from 1 to 4 carbon atoms. Examples of the ethylenically unsaturated

monomer from (B) (jii), CH2=C(Rs)OCORg, may be selected from the group

-15-
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consisting of vinyl formate, vinyl acetate, vinyl propionate, vinyl isobutyrate,

and vinyl pivalate.

Preferably, the ethylenically unsaturated monomer from (B) is (iv)
CH,=C(COOR7)CH,COORg, wherein R; and Rs are independently an alkyl
group having from 1 to 4 carbon atoms, more preferably from 2 to 4 carbon
atoms. Preferably, the ethylenically unsaturated monomer from (B) is (V)
CH;CH=CHCOORs, wherein Ry is an alkyl group having from 1 to 4 carbon
atoms, more preferably from 2 to 4 carbon atoms. Preferably, the

ethylenically unsaturated monomer from (B) is (vi) styrene.

Preferably, the ethylenically unsaturated monomer from (B) is (vii)
R12CH=CHRs3, wf;erein R12 and R4z are independently hydrogen or methyl.
Examples of the ethylenically unsaturated monomer from (B) (vii),
R12CH=CHR43, may be selected from the group consisting of ethylene,
propylene, butylene, butadiene, acrylonitrile, N-vinyl formamide, and vinyl

acetamide.

In this embodiment, the exact amount of acidic ethylenically
unsaturated monomer from (A) and ethylenically unsaturated monomer from
(B) present in the water-dispersible copolymer is a matter of preference
subject to such factors as the particular type of ethylenically unsaturated

monomer employed, the molecular weight of the water-dispersible

-16 -
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copolymer employed, and are particular to the end use application. In a
breferred embodiment, the acidic ethylenically unsaturated monomer from
(A) is present in the water-dispersible copolymer in an amount from about
10% to about 90%, preferably from about 25% to about 75%, more
preferably from about 30% to about 70%, and most preferably from about
35% to about 65%, by weight. In a preferred embodiment, the ethylenically
unsaturated monomer from (B) is present in the water-dispersible copolymer
in an amount from about 10% to about 90%, preferably from about 25% to
about 75%, more preferably from about 30% to about 70%, and most

preferably from about 35% to about 65%, by weight.

In a second embodiment, the present invention is directed to an
aqueous emulsion comprising a water-dispersible copolymer which is non-
dispersible in aqueous solutions containing 0.5% or more of an inorganic
salt, wherein the water-dispersible copolymer comprises in percentages by
weight:

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and

(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

() CH=C(R'1)COR’;

(i) R’300C-CH=CH-COOR';;

-17 -
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(iii) CH2=C(R’s)OCOR’;

(iv) CH,=C(COOR’7)CH,COORs;

(v) CH3CH=CHCOORY;

(vi) R’10CeH4CR’1+=CHR’44; and

(vii) R’12CH=CHR'3;
wherein R’y is hydrogen or methyl, and R’, is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ"”OH, wherein Z’ is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z” is an alkyl
group having from 1 to 4 carbon atoms; R’;s and R’4 are independently an
alky! group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
independently an alkyi group having from 8 to 18 carbon atoms; R’s is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’s; and R’43
are independently selected from the group consisting of 2-pyrrolidinone, N
caprolactam, 2-pyridine, 3-pyridine, 4-pyridine, and an alkyl group having
from 7 to 18 carbon atoms, with the proviso that R, and R,z are not at the
same time 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, or 4-
pyridine; and the copolymer has a weight average molecular weight greater

than about 25,000 and is present in an amount from about 20% to about

-18 -
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70%.

The acidic ethylenically unsaturated monomers from (A) in this

embodiment are as defined above.

Preferably, the ethylenically unsaturated monomer from (B) is (i)
CHx=C(R’;)COR’;, wherein R’y is methyl, R’; is selected from the group
consisting of -OZ’, -N(Z")(Z”), and -OZ"”OH, wherein Z' is an alkyl group
having from 8 to 12 carbon atoms, preferably from 9 to 11 carbon atoms; Z”
is independently selected from the group consisting of alkyl groups having
from 8 to 10 carbon atoms, dimethylamino alkyl groups having from 1 to 3
carbon atoms, and hydroxyalkyl groups having from 1 to 3 carbon atoms;
and Z is an alkyl group having from 1 to 2 carbon atoms. Examples of the
ethylenically unsaturated monomer from (B) (i), CH.=C(R’;))COR’;, may be
selected from the group of (meth)acrylamides consisting of N-t-octyl
(meth)acrylamide, N,N-di-t-octyl (meth)acrylamide, 2-(dimethylamino)ethyi
(methacrylate), N-[3-(dimethylamino)propyl] (meth)acrylamide, N-
(hydroxymethyl) (meth)acrylamide, and N-(isobutoxymethyl)acrylamide.
Other examples of the ethylenically unsaturated monomer from (B) (i),
CH=C(R’1)COR’,, may be selected from the group of (meth)acrylates
consisting of 2-ethyl hexyl (meth)acrylate, octyl (meth)acrylate, t-octyl
(meth)acrylate, nonyl (meth)acrylate, decyl (meth)acrylate, isobornyl

(meth)acrylate, lauryl (meth)acrylate, and steryl (meth)acrylate. Other
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examples of the ethylenically unsaturated monomer from (B) (i),
CH,=C(R’1)COR’;, may be selected from the group of hydroxy
(meth)acrylates  consisting of 1-hydroxymethyl (meth)acrylate, 2-
hydroxymethyi (meth)acrylate, 1-hydroxyethyl (meth)acrylate, 2-hydroxyethyl
(meth)acrylate, 1-hydroxypropyi (meth)acrylate, 2-hydroxypropyl

(meth)acrylate, and 3-hydroxypropyl (meth)acrylate.

Preferably, the ethylenically unsaturated monomer from (B) is (ii)
R’300C-CH=CH-COOR’4, wherein R’; and R’y are independently an alkyl
group having from 8 to 12 carbon atoms, preferably from 9 to 11 carbon

atoms.

Preferably, the ethylenically unsaturated monomer from (B) is (jii)
CHz=C(R’s)OCOR’s, wherein R’s is methyi, and R’ is an alkyl group having
from 8 to 12 carbon atoms, preferably from 9 to 11 carbon atoms. Examples
of the ethylenically unsaturated monomer from (B) iii), CH,=C(R’s)OCOR’s,
and is selected from the group consisting of vinyl 2-ethylhexonate, vinyl p-t-

butyl benzoate, vinyl esters of versatic acid, vinyl laurate, and viny! stearate.

Preferably, the ethylenically unsaturated monomer from (B) is (iv)
CH=C(COOR’7)CH,COOR’s, wherein R’; and R’s are independently an alkyl
group having from 8 to 12 carbon atoms, preferably from 9 to 11 carbon

atoms. Preferably, the ethylenically unsaturated monomer from (B) is (V)
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CH3CH=CHCOOR’,, and R’y is an alkyl group having from 8 to 12 carbon
atoms, preferably from 9 to 11 carbon atoms. Preferably, the ethylenically
unsaturated monomer from (B) is (vi) R’1cCgH4sCR’11=CHR’44, and R’y and

R’41 are independently methyl.

Preferably, the ethylenically unsaturated monomer from (B) is (vii)
R’12CH=CHR’13, wherein R’1; and R’y3 are independently selected from the
group consisting of 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, 4-
pyridine, and an alkyl group having from 7 to 12 carbon atoms, preferably
from 8 to 11 carbon atoms. Examples of the ethylenically unsaturated
monomer from (B) (vii), R'12CH=CHR’3, and is independently selected from
the group consisting of vinyl 2-pyrrolidinone, vinyl N-caprolactam, and an
alkyl group having from 7 to 12 carbon atoms, preferably from 8 to 11

carbon atoms.

In this embodiment, the exact amount of acidic ethylenically
unsaturated monomer from (A) and ethylenically unsaturated monomer from
(B) present in the water-dispersible copolymer is a matter of preference
subject to such factors as the particular type of ethylenically unsaturated
monomer employed, the molecular weight of the water-dispersible
copolymer employed, and are particular to the end use applicétion. In a
preferred embodiment, the acidic ethylenically unsaturated monomer from

(A) is present in the water-dispersible copolymer in an amount from about
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10% to about 90%, preferably from about 25% to about 75%, more
preferably from about 30% to about 70%, and most preferably from about
35% to about 65%, by weight. In a preferred embodiment, the ethylenically
unsaturated monomer from (B) is present in the water-dispersible copolymer
in an amount from about 10% to about 90%, preferably from about 25% to
about 75%, more preferably from about 30% to about 70%, and most

preferably from about 35% to about 65%, by weight.

In a third embodiment, the present invention is directed to an
aqueous emulsion comprising a water-dispersible copolymer which is non-
dispersible in aqueous solutions containing 0.5% or more of an inorganic
salt, wherein the water-dispersible copolymer comprises in percentages by
weight:

(A) from about 10% to about 80% of an acidic ethylenically unsaturated
monomer, with the proviso that the acidic ethylenically unsaturated monomer
is not acrylic acid,;

(B) from about 10% to about 80% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R1)COR;

" (i) RsOOC-CH=CH-COOR;;

(iiiy CH,=C(Rs)OCORg;

(iv) CH=C(COOR7)CH>COORys;
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(v) CH3CH=CHCOORq;

(vi) R4oCsH4CR11=CHR;4; and

(vii) R2CH=CHR3;
wherein Ry is hydrogen or methyl and R; is -OZ’ or -N(Z")(Z"), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyl
group haviﬁg from 1 to 7 carbon atoms, with the proviso that R; and R4 are
not both hydrogen; Rs is hydrogen or methyl and R is an alkyl group having
from 1 to 7 carbon atoms; R; and Rg are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Ry is an alkyl group having from 1 to 7 carbon atoms; Ry
and R4¢ are hydrogen; and Rs; and R.; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, and an alkyl group having
from 1 to 7 carbon atoms; and

(C) from about 10% to about 80% of an efhylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R'1)COR';;

(i) R';00C-CH=CH-COOR’;;

(iiiy CH.=C(R’s)OCOR’;

(iv) CH,;=C(COOR’;)CH,COOR’s;

(v) CH;CH=CHCOOR';
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(vi) R'46CsH4sCR’11=CHR’4¢; and

(vil) R'uCH=CHR'5;
wherein R’y is hydrogen or methyl, and R’; is sele;:ted from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ”’OH, wherein Z’ is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z” is an alkyl
group having from 1 to 4 carbon aioms; R’3 and R’s are independently an
alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’y is an
alkyl group having from 8 to 18 carbon atoms; R’y aﬁd R'11 ‘are
independently an alkyl group having from 1 to 2 carbon atoms; R’y; and R’q3
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, and an alkyl group having from 7 to 18 carbon atoms, with the
proviso that Ry, and R4; are not both 2-pyrrolidinone, are not both N-
caprolactam, or are not a mixture thereof; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an

amount from about 20% to about 70%.

The acidic ethylenically unsaturated monomers from (A) in this

embodiment are as defined above. The ethylenically unsaturated
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monomers from (B) in this embodiment selected from the group of monomer
formulas consisting of (i) CH,=C(R4)CORz; (ii) R;OOC-CH=CH-COORy; (iii)
CHz=C(Rs)OCORg; (iv) CH,=C(COOR7)CH,COORg; (v) CH3CH=CHCOORq;
(vi) R10CsH4CR11=CHRy4; and (vii) R1;,CH=CHR; are as defined above. The
ethylenically unsaturated monomers from (C) in this embodiment selected
from the group of monomer formulas consisting of (i) CH,=C(R’{)COR’;; (ii)
R’sooC-éH=CH-COOR’4; (iii) CH,=C(R’s)OCOR’; (iv)
CH,=C(COOR’7)CH,COOR’s; (v) CH;CH=CHCOOR’q; (vi)

R’10CsH4CR’11=CHR’44; and (vii) R’1;,CH=CHR’y3 are as defined above.

In this embodiment, the exact amount of acidic ethylenically
unsaturated monomer from (A), ethylenically unsaturated monomer from (B),
and ethylenically unsaturated monomer from (C) present in the water-
dispersible copolymer is a matter of preference subject to such factors as the
particular type of ethylenically unsaturated monomer employed, the
molecular weight of the water-dispersible copqumer employed, and are
particular to the end use application. In a preferred embodiment, the acidic
ethylenically unsaturated monomer from (A) is preéent in the water-
dispersible copolymer in an amount from about 10% to about 80%,
preferably from about 15% to about 70%, and more preferably from about
20% to about 60%, by weight. In a preferred embodiment, the ethylenically
unsaturated monomer from (B) is present in the water-dispersible copolymer

in an amount from about 10% to about 80%, preferably from about 15% to

- 25 -



WO 01/74941 PCT/US01/09333

10

15

20

about 70%, and more preferably from about 20% to about 60%, by weight.
In a preferred embodiment, the ethylenically unsaturated monomer from (C)
is present in the water-dispersible copolymer in an amount from about 10%
to about 80%, preferably from about 15% to about 70%, more preferably
from about 20% to about 60%, and most preferably from about 25% to

about 50%, by weight.

When the amount of the acidic ethylenically unsaturated monomer
from (A) exceeds the amounts set out above, the strength of the copolymer
is insufficient when it is wet with a body fluid. When the amount of the
acidic ethylenically unsaturated monomer from (A) is less than the amounts
set out above, the dispersibility of the copolymer in water is insufficient.
When the amount of the ethylenically unsaturated monomer from (B) or (C)
exceeds the amounts set out above, the water repellency of the copolymer
is increased which lowers the permeability to the liquid. When the amount
of the ethylenically unsaturated monomer from (B) or (C) is less than the
amounts set out above, the strength of the copolymer is insufficient when it

is wet with the body fluid.

The water-dispersible copolymers of the present invention may be
used as is, or may be partially neutralized to further control the
solubility/dispersibility of the copolymer in water. When the degree of

neutralization exceeds 50 molar%, however, the water-dispersible
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copolymer may be soluble even in water containing 0.5% of a salt. The
method for the neutralization is not particularly limited. The polymerization
can be followed by the neutralization or, alternatively, the monomer can be
neutralized prior to the polymerization. The degree of neutralization of the
water-dispersible copolymer is preferably not higher than 50 molar%, more
preferably not higher than 40 molar%, and most preferably from about 5% to
about 35 molar%. Examples of the alkalis which may be used for the
neutralization include NaOH, KOH, LiOH, inorganic salts such as Na,COs;
and aminés such as monoethanolamine, diethanolamine, triethanolamine,
diethylaminoethanol, ammonia, trimethylamine and morpholine. Preferred
alkalis for neutralization are NaOH, KOH, ammonia, ethanolamines, and

combinations of an ethanolamine with NaOH or KOH.

The weight average molecular weight of the water-dispersible
copolymers of the present invention is greater than about 25,000, preferably
from about 25,000 to about 2,000,000, more preferably from about 25,000
to about 1,500,000, and most preferably from about 25,000 to about
1,250,000. When a polymerization terminator is used, the weight average
molecular weight of the water-dispersible copolymers of the present
invention may be lower, for example, greater than about 25,000, preferably
from about 25,000 to about 2,000,000, more preferably from about 25,000
to about. 1,500,000, and most preferably from about 25,000 to about

1,250,000. The acidic ethylenically unsaturated monomers from (A), the

-7 -



WO 01/74941 PCT/US01/09333

10

15

20

ethylenically unsaturated monomers from (B), and the ethylenically

unsaturated monomers from (C) are present in any order.

As set out above, to further improve water dispersability, a chain
transfer agent, or polymerization terminator, such as dodecyl mercaptan,
may be added to reduce the molecular weight of the water-dispersible
copolymer during the polymerization process. On the other hand,
crosslinking agents may be employed to increase the molecular weight of
the water-dispersible copolymer during the polymerization such as diallyl
phthalate, diallyl amine, allyl methacrylate, ethylene glycol diacrylate, 1,6-
hexane diacrylate, methylene, bisacrylamide, divinyl benzene, triallyl amine,

triallyl cyanurate, and trimethylolpropane triacrylate.

The precise formulation of the water-dispersible copolymers of the
present invention will vary depending upon the specific end use. Other
ingredients may also be incorporated into the copolymer composition as
dictated by the nature of the desired composition as well known by those having
ordinary skill in the .art. Examples of additives traditionally used include
plasticizers, tackifiers, thickeners, fillers, humectants, and surfactants which

may be employed in conventional amounts.

Nustrative examples of plasticizers include acetyl tributyl citrate,

butyl benzyl phthalate, butyl phthalyl butyl glycolate, dibutyl phthalate,
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dibutyl sebacate, diethyl phthalate, diethylene glycol dibenzoate,
dipropylene glycol, dipropylene glycol dibenzoate, ethyl phthalyl ethyl
glycolate, ethyl-p-toluene sulfonamide, hexylene glycol, methyl phthalyl ethyl
glycolate, polyoxyethylene aryl ether, tributoxyethyl phthalate, triethylene
glycol polyester of benzoic acid and phthalic acid. Of these plasticizers,
dibenzoate types, phthalates, liquid polyesters or sulfonated types are
preferred. When present, plasticizers are generally used in amounts of 2 to

20 parts by weight, preferably 3 to 15 parts.

llustrative examples of tackifiers include coumarone-indene, ester
gum, gum rosin, hydrocarbon resins, hydrogenated rosin, phenolic modified
hydrocarbon resins, rosin esters, tall oil rosins, terpene phenolic, terpene
resins, toluene-suifonamide-formaldehyde resin, and wood rosin. When
present, tackifiers are generally used in dispersion form at 40% to 65%

solids in amounts up to about 50 parts by weight, preferably 2 to 20 parts.

lllustrative examples of thickeners include associative thickeners
such as hydrophobically modified ethoxylated polyurethanes and"
hydrophobically modified alkali soluble emulsions, as well as alkali soluble
emulsions. Other thickeners include oliginates, bentonite, casein, fumed
silica, guar gum, gum tragacanth, hydroxy-ethylcellulose, locust bean gum,
methylcellulose, polyacrylic acid salts (ammonium, potassium, sodium),

polyvinyl alcohol, sodium carboxymethyl cellulose, and starches. When
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present, thickeners will be used in amounts up to about 25 parts by weight.

llustrative examples of fillers include bentonites, calcium carbonate,
calcium silicate, clay, mica, nut shell flours, silica, talc, uncooked starches,
and wood flour. When present, fillers will be used in amounts up to about

20 parts by weight.

llustrative examples of humectants include calcium chloride,
diethylene glycol, glycerine, hexylene glycol, propylene glycol, magnesium
chloride, sodium nitrate, sorbitol, sucrose, and urea. When present,

humectants will be used in amounts up to about 20 parts by weight.

Surfactants are ofteﬁ employed in adhesive compositions to
increase the penetrating effects of the adhesive. The surfactants may be
one or more of anionic, cationic, amphoteric or nonionic surface-éctive
compounds. Suitable anionic emulsifiers are, for example, alkyl sulfonates,
alkylaryl sulfonates, alkyl sulfates, sulfates of hydroxylalkanols, alkyl and
alkylaryl disulfonates, sulfonated fatty acids, suifates and phosphates of
polyethyoxylated alkanols and alkylphenolé, as well as esters of
sulfosuccinic acid. Suitable cationic emulsifiers are, for example, alkyl
quaternary ammonium salts, and alkyl quaternary phosphonium saits. One
type of suitable non-ionic emulisifier is the addition product of 5 to 50 moles

of ethylene oxide adducted to straight-chain and branched-chain alkanols
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with 6 to 22 carbon atoms, or to alkylphenols. higher fatty acids, higher fatty
acid aﬁmines, or primary and secondary higher alkyl amines. Other suitable
non-ionic emulsifiers are one or more block copolymers of propylene oxide
with ethylene oxide. Preferred surfactants include fluorinated alkyl
amphoterics or sodium dioctylsulfosuccinate. When present, the surfactant

will be used in amounts of about 0.05 to 5.0 parts by weight.

The present invention is also directed to methods for preparing the
water-dispersible copolymers in the above embodiments. The water-
dispersible copolymers may be prepared by emuision polymerization in
water at a solids level from about 20% to about 70% in the presence of a
surfactant or without a surfactant. No organic solvent is necessary. When
the water-dispersible copolymer is polymerized without a surfactant, the
monomers are first neutralized in water to a level from about 2% to about
15% molar of the acidic ethylenically unsaturated monomer from (A) to

solubilize/disperse the monomers.

A polymerization initiator may be employed in the emulsion
polymerization. Examples of the polymerization initiators include ammonium
persulfate, sodium persulfate, hydrogen peroxide, t-butyl hydroperoxide,
ascorbic acid, sodium formaldehyde sulfoxylate, sodium meta-bisulfite,
dialkyl  peroxides, peroxyesters, 2,2-azobisisobutyronitrile, 2,2'-

azobis(2methylbutyronitrile),  2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-
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azobis(2-amidinopropane) dihydrochloride, and 2,2"-azobis(N,N-
dimethyleneisobutylamidine). The amount of the polymerization initiator
ranges from about 0.01% to about 5% by weight based on the monomers.
The polymerization temperature which varies depending on the selection of
monomers ranges from about 30°C. to about 90°C. and the polymerization

time ranges from about 1 to about 7 hours.

In a specific embodiment, the present invention is directed to a
method for preparing an aqueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or
more of an inorganic salt, comprising the steps of:

(a) providing the following monomers in percentages by weight;

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and

(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R/)COR;

(i) RsOOC-CH=CH-COOR;

(iii) CH=C(Rs)OCORg;

(iv) CH=C(COOR7)CH,COORyg;

(v) CH3CH=CHCOORq;

(Vi) R10C5H4CR1 +=CH R1 1 and
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(vii) R12CH=CHR3;
wherein R, is hydrogen or methyl and R; is ~OZ’ or -N(Z”)(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and Ry are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and R is an alky!l group having
from 1 to 7 carbon atoms; R; and Rs are independently hydrogén or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Rq is an alky! group having from 1 to 7 carbon atoms; R4
and R4; are hydrogen; Rs; and Ri; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, -NHCOCH;, and an alkyl
group having from 1 to 7 carbon atoms; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an
amount from about 20% to about 70%; and

(b) emulsion polymerizing the monomers from (A) and (B) in water
at a solids level from about 20% to about 70% in the presence of a

surfactant.

In another specific embodiment, the present invention is directed to
a method for preparing an aqueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or

more of an inorganic salt, comprising the steps of:
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(a) providing the following monomers in percentages by weight;
(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and
(B) from about 10% to about 90% of an ethylenically unsaturated
5 monomer selected from the group of monomer formulas consisting of:
(i) CH2=C(R/1)CORy;
(i) RsO0C-CH=CH-COORy;
(i) CH;=C(Rs)OCORg;
(iv) CH,=C(COOR7)CH,COORyg;
10 (v) CH;CH=CHCOORy;
(vi) R40CsH4CR14=CHR14; and
(vii) R2CH=CHR3;
wherein R is hydrogen or methyl and R; is -OZ’ or -N(Z")(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
15 selected from the group consisting of hydrogen and alkyl groups having from
i to 6 carbon atoms; Rs and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R4 are
not both hydrogen; Rs is hydrogen or methyl and Rg is an alkyl group having
from 1 to 7 carbon atoms; R; and Rs are independently hydrogen or an alkyi
20 group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Ry is an alkyl group having from 1 to 7 carbon atoms; Ry
and Ry are hydrogen; Ri; and Rq; are independently selected from the

group consisting of hydrogen, -CN, -NHCHO, -NHCOCHS,;, and an alkyl
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group having from 1 to 7 carbon atoms; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an
amount from about 20% to about 70%; and

(b) neutralizing the monomers from (A) and (B) in water to a level
from about 2% to about 15% molar of the acidic ethylenically unsaturated
monomer from (A); and

(c) emulsion polymerizing the monomers from (A) and (B) at a

solids level from about 20% to about 70% without a surfactant.

In another specific embodiment, the present invention is directed to
a method for preparing an agueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or
more of an inorganic salt, comprising the steps of:
(a) providing the following monomers in percentages by weight;
(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and
(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:
(i) CH=C(R’4)COR’;
(i) R'300C-CH=CH-COOR’4;
(iiiy CH2=C(R’s)OCOR’s;

(iv) CH,=C(COOR’7)CH,COOR’;
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(v) CH3;CH=CHCOOR’y;

(vi) R'10CsH4CR’11=CHR’4;; and

(vii) R'42CH=CHR’y3;
wherein R’y is hydrogen or methyl, and R’; is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ”’OH, wherein Z’ is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z”” is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’4 are independently an
alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’y is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y; are
independently an alkyl group having from 1 to 2 carbon atoms; R’y and R’y3
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, 2-pyridine, 3-pyridine, 4-pyridine, and an alkyl group having
from 7 to 18 carbon atoms, with the proviso that Ry, and R4z are not at the
same time 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, or 4-
pyridine; and the copolymer has a weight average molecular weight greater
than about 25,000 and is present in an amount from about 20% to about

70%; and
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(b) emulsion polymerizing the monomers from (A) and (B) in water
at a solids level from about 20% to about 70% in the presence of a

surfactant.

5 In another specific embodiment, the present invention ils directed to
a method for preparing an aqueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or
more of an inorganic salt, comprising the steps of:

(a) providing the following monomers in percentages by weight;
10 (A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and
(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:
() CH=C(R'\)COR";
15 (i) R'300C-CH=CH-COOR';
(i) CH,=C(R’s)OCOR’s;
(iv) CH=C(COOR’7)CH,COOR’s;
(v) CH3CH=CHCOOR’y;
(vi) R’10CsH4CR’11=CHR’44; and
20 (vii) R’12CH=CHR’y3;
wherein R’y is hydrogen or methyl, and R’; is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ’OH, wherein Z’ is an alkyl group

having from 8 to 18 carbon atoms; Z” is independently selected from the
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group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and 2" is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’; are independently an
alky! group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’ is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’yy are
independently an alkyl group having from 1 to 2 carbon atoms; R’s2 and R’3
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, 2-pyridine, 3-pyridine, 4-pyridine, and an alkyl group having
from 7 to 18 carbon atoms, with the proviso that Ry, and R4; are not at the
same time 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, or 4-
pyridine; and the copolymer has a weight average molecular weight greater
than about 25,000 and is present in an amount from about 20% to about
70%; and

(b) neutralizing the monomers from (A) and (B) in water to a level
from about 2% to about 15% molar of the acidic ethylenically unsaturated
monomer from (A); and

(c) emulsion polymerizing the monomers from (A) and (B) at a

solids level from about 20% to about 70% without a surfactant.
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In another specific embodiment, the present invention is directed to
a method for preparing an aqueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or
more of an inorganic salt, comprising the steps of:

(a) providing the following monomers in percentages by weight;

(A) from about 10% to about 80% of an acidic ethylenically unsaturated
monomer;
(B) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

() CH=C(R1)CORy;

(i) RsOOC-CH=CH-COORg;

(iiy CH2=C(Rs)OCORyg;

(iv) CH,=C(COOR;)CH,COORg;

(v) CHsCH=CHCOORy;

(vi) R10CsH4CR14=CHR44; and

(vii) R12CH=CHR3;
wherein Ry is hydrogen or methyl and R; is -OZ’ or -N(Z”)(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyi
group having from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and Rs is an alkyl group having

from 1 to 7 carbon atoms; R; and Rg are independently hydrogen or an alkyl
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group having from 1 to 7 carbon atoms, with the proviso that R; and Rs are
not both hydrogen; Ry is an alkyl group having from 1 to 7 carbon atoms; Rqo
and R4q are hydrogen; and R4, and R4; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, and an alkyl group having
from 1 to 7 carbon atoms; and
(C) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R"\)COR’;

(i) R'300C-CH=CH-COOR’;;

(iiiy CH=C(R’s)OCOR’s;

(iv) CH=C(COOR'7)CH,COOR’s;

(v) CH;CH=CHCOOR’y;

(vi) R’40CeH4CR’11=CHR’44; and

(vii) R'12CH=CHR’43;
wherein R’y is hydrogen or methyl, and R’ is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZOH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z” is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’; are independently an
alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and

R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
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independently an alkyl group having from 8 to 18 carbon atoms; R’y is an

alkyl group having from 8 to 18 carbon atoms; R’yp and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’4; and R’q3
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, and an alkyl group having from 7 to 18 carbon atoms, with the
proviso that Ri; and Ry; are not both 2-pyrrolidinone, are not both N-
caprolactam, or are not a mixture thereof; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an
amount from about 20% to about 70%; and

(b) emulsion polymerizing the monomers from (A), (B), and (C) in
water at a solids level from about 20% to about 70% in the presence of a

surfactant.

In another specific embodiment, the present invention is directed to
a method for preparing an aqueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or
more of an inorganic salt, comprising the steps of:
| (a) providing the following monomers in percentages by weight;
(A) from about 10% to about 80% of an acidic ethylenically unsaturated
monomer;
(B) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:
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(i) CH=C(R1)CORy;

(i) RsOOC-CH=CH-COOR;

(iiiy CH,=C(Rs)OCORyg;

(iv) CH,=C(COOR7)CH,COORg;

(v) CHsCH=CHCOORq;

(vi) R4CsH4CR41=CHRy; and

(vii) R120H=QHR13;
wherein Rj is hydrogen or methyl and R; is -OZ’ or -N(Z")(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyl
group haviﬁg from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and R is an alkyl group having
from 1 to 7 carbon atoms; R; and Rg are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Ry is an alkyl group having frqm 1 to 7 carbon atoms; Rqo
and Rq1 are hydrogen; and Ry, and R; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, and an alkyl group.having
from 1 to 7 carbon atoms; and

(C) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R'1)COR’;
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(i) R’;00C-CH=CH-COOR';;

(iii) CH2=C(R’5)OCOR’;

(iv) CH;=C(COOR’7)CH,COOR’g;

(v) CHsCH=CHCOOR’y;

(vi) R'10CsH4CR’11=CHR’44; and

(vii) R’12CH=CHR’43;
wherein R’y is hydrogen or methyl, and R’, is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ"’OH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z™ is an alkyl
group having from 1 to 4 carbon atoms; R’s and R’; are independently an
alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’y and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’y is an
alkyl group having from 8 to 18 carbon atoms; R’yy and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’s, and R’y3
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, and an alkyl group having from 7 to 18 carbon atoms, with the
proviso that R, and R4 are not both 2-pyrrolidinone, are not both N-
caprolactam, or are not a mixture thereof; and the copolymer has a weight

average molecular weight greater than about 25,000 and is present in an
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amount from about 20% to about 70%; and

(b) neutralizing the monomers from (A), (B), and (C) in water to a
level from about 2% to about 15% molar of the acidic ethylenically
unsaturated monomer from (A); and

(c) emuision polymerizing the monomers from (A), (B), and (C) at a

solids level from about 20% to about 70% without a surfactant.

Throughout this application, various publications have been -
referenced. The disclosures in these publications are incorporated herein by

reference in order to more fully describe the state of the art.

Throughout this disclosure, applicant will suggest various theories or
mechanisms by which applicant believes the components in the adhesive
compositions function together in an unexpected manner to provide unique
waterborne hot melt agents. While applicant may offer various mechanisms to
explain the present invention, applicant does not wish to be bound by theory.
These theories are suggested to better understand the present invention but are

not intended to limit the effective scope of the claims.

The present invention is further illustrated by the following
examples which are presented for purposes of demonstrating, but not
limiting, the preparation of the compounds and compositions of this

invention.
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Examples

Example 1 (Surfactant process)

A quantity of 382.0 grams of deionized water and 5.7 grams Abex
EP-120 were added to a 2-L four-neck flask equipped with a condenser,
thermometer and stainless steel paddle agitator. The pH was adjusted to
2.5 with sulfuric acid, and the solution was stirred and purged with a gentie
stream of nitrogen for 30 minutes. Next, a solution of 10 grams deionized
water and 1.0 gram ammonium persulfate was added. Then 100.0 grams of
deionized water and 11.4 grams Abex EP-120 were mixed and to that
solution were added 120.0 grams methacrylic acid, 50.0 grams butyl
acrylate, 30.0 grams 2-ethylhexyl acrylate, and 0.6 grams dodecy!
mercaptan. The reaction mixture was heated to 80°C with a water bath, and
at 80°C, the monomer preemuision was added over 2.5 hours via monomer
pump, and the reaction was held at 80°C for 30 minutes after all of the
monomer was added. The resulting emulsion was 29.7% solids with a pH of
2.2, a viscosity of 85 cPs, and an average particle size of 82 nm. The
polymer was soluble in alkali, and dried films dispersed in tap water, but

were insoluble in 3% salt solutions.
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Example 2

The polymerization was conducted in the same manner as Example
1 except that 50 grams of butyl acrylate and 50 grams methacrylic acid were
used as the monomers. The resulting emulsion was 28.3% solids with a pH
of 2.2, a viscosity of 10 cPs, and an average particle size of 78 nm. The
polymer was soluble in alkali, and dried films dispersed in tap water, but

were insoluble in 3% salt solutions.

Example 3

The polymerization was conducted in the same manner as Example
1 except that 50 grams of 2-ethylhexyl acrylate and 50 grams methacrylic
acid were used as the monomers. The resulting emulsion was 27.3% solids
with a pH of 2.1, a viscosity of 26 cPs, and an average particle size of 102
nm. The polymer was soluble in alkali, and dried films dispersed in tap

water but were insoluble in 3% salt solutions
Example 4
The polymerization was conducted in the same manner as Example

1 except that 50 grams methacrylic acid, 30 grams butyl acrylate, 20 grams

2-ethylhexyl acrylate, and 10 grams maleic anhydride were used as the
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monomers. The resulting emulsion was 27.6% solids with a pH of 1.4, and a
viscosity of 36 cPs. the polymer was soluble in alkali, and dried films

dispersed in tap water, but were insoluble in 3% salt solutions.
Example 5

The polymerization was conducted in the same manner as Example
1 except that 50 grams methacrylic acid, 30 grams butyl acrylate, 20 grams
2-ethylhexyl acrylate, and 10 grams vinyl acetate were used as the
monomers. The resulting emulsion was 30.3% solids with a pH of 2.1, and a
viscosity of 12 cPs, The polymer was soluble in alkali, and dried films

dispersed in tap water, but were insoluble in 3% salt solutions.
Example 6

The polymerization was conducted in the same manner as Example
1 except that 50 grams methacrylic acid, 30 grams butyl acrylate, 20 grams
2-ethylhexyl acrylate, and 10 grams monooctyl maleate were used as the
monomers. The resulting emulsion was 30.0% solids with a pH of 1.6, and a
viscosity of 12 cPs. The polymer was soluble in alkali, and dried films

dispersed in tap water, but were insoluble in 3% salt solutions.
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The polymerization was conducted in the same manner as Example
1 except that 50 grams methacrylic acid, 30 grams butyl acrylate, 20 grams
2-ethylhexyl acrylate, and 10 grams itaconic acid were used as the
monomers. The resulting emulsion was 25.6% solids with a pH of 2.1, and a
viscosity of 12 cPs. The polymer was soluble in alkali, and dried fiims

dispersed in tap water, but were insoluble in 3% salt solutions.

Example 8

The polymerization was conducted in the same manner as Exampie
1 except that 50 grams methacrylic acid, 30 grams butyl acrylate, 20 grams
2-ethylhexyl acrylate, and 5 grams 2-acrylamido-2-methylpropane sulfonic
acid were used as the monomers. The resulting emulsion was 25.6% solids
with a pH of 2.1, and a viscosity of 12 cPs. The polymer was soluble in
alkali, and dried films dispersed in tap water, but were insoluble in 3% salt

solutions.
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Example 9

A quantity of 388.5 grams of deionized water, 3.0 grams Aeroso! A-
102 and 3.0 grams Rhodasurf L-4 were added to a 2-L four-neck flask
equipped with a condenser, thermometer and stainless steel paddle agitator.
The solution was stirred and purged with a gentle stream of nitrogen for 30
minutes. Next, 300.0 grams of deionized water, 3.0 grams Rhodasurf L-4,
and 3.0 grams Aerosol A-102 were mixed and to that solution were added
162.0 grams methacrylic acid, 8.0 grams acrylic acid, 75.0 grams butyl
acrylate, 15.0 grams methyl methacrylate, and 0.3 grams dodecyl
mercaptan. Then 30.0 grams of this monomer emulsion was added to the
initial charge, and the mixture was heated to 80°C with a water bath. At
76°C, a solution of 15 grams deionized water and 1.5 grams ammonium
persulfate was added. The reaction mixture was allowed to react for 5
minutes, then the monomer pre-emulsion was added over 2.5 hours via
monomer pump, and the reaction was held at 80°C for 15 minutes after all of
the monomer was added. The resulting emulsion was 29.5 solids with a pH
of 2.1 a viscosity of 13.5 cPs and an average particle size of 117 nm. The
polymer was soluble -in alkali, and dried films dispersed in tap water, but

were insoluble in 3% salt solutions.
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Example 10

Films from above examples were cast and air dried. Next, 1.0 gram
was placed in a flask with 100.0 grams tap water. The solution was stirred
for 1 hour, then filtered and the % solids was determined on the filtrate to

calculate the % insoluble polymer. The results are tabulated below:

Salt Sensitivity of Selected Latexes.

% Insoluble in % Insoluble in

Tap Water 3% NaCl
Example 1 15.9% 96.7%
Example 2 0.0% 100%
Example 3 46.2% 100%
Example 5 10.2% ﬁOO%
Example 7 8.2% 100%
Example 8 7.4% 92.0%
Example 9 57% 95.1%
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Example 11 (In-situ colloid process, no surfactant)

A quantity of 675.0 grams deionized water and 4.89 grams
ammonium hydroxide were added to a 2-L four-neck flask equipped with a
condenser, thermometer and stainless steel paddle agitator. The solution
was stirred and purged with a gentle stream of nitrogen for 30 minutes.
Next, 6.0 grams of acrylic acid and 0.6 grams of dodecyl mercaptan were
added, and the mixture was heated to 80°C with a water bath. At 75°C, a
solution of 15.0 grams deionized water and 1.5 grams ammonium persulfate
was added and the reaction was allowed to heat to 80°C. At 80°C, a
quantity of 180.0 grams methacrylic acid, 75.0 grams butyl acrylate, and
45.0 grams 2-ethylhexyl acrylate, were added over 2.5 hours via monomer
pump. The resulting emulsion was 29.7% solids with a pH of 4.0, and a

viscosity of 136 cPs.

Example 12

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 30 grams
methacrylic acid, 40 grams butyl acrylate, and 30 grams 2-ethylhexyl
acrylate. The resulting emulsion was 29.6% solids with a pH of 4.6, and a
viscosity of 14 cPs. The polymer was soluble in alkali, and dried films

dispersed in tap water, but were insoluble in 3% salt solutions. The polymer
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was also a film former at room temperature.

Example 13

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 30 grams
methacrylic acid and 70 grams butyl acrylate. The resulting emulsion was
29.5% solids with a pH of 4.4, and a viscosity of 348 cPs. The polymer was
soluble in alkali, and dried films dispersed in tap water, but were insoluble in

3% salt solutions. The polymer was also a film former at room temperature.

Example 14

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 30 grams
methacrylic acid, and 70 grams 2-ethylhexyl acrylate. The resuiting
emulsion was 29.6% solids with a pH of 4.4, and a viscosity of 210 cPs.
The polymer was soluble in alkali, and dried films dispersed in tap water, but
were insoluble in 3% salt solutions. The polymer was also a film former at

room temperature.
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Example 15

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 60 grams
methacrylic acid, 25 grams butyl acrylate, 15 grams 2-ethylhexyl acrylate,
and 10 grams maleic anhydride. The resuiting emulsion was 29.2% solids
with a pH of 1.7, and a viscosity of 12 cPs. The polymer was soluble in
alkali, and dried films dispersed in tap water, but were insoluble in 3% salt

solutions.
Example 16

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 60 grams
methacrylic acid, 25 grams butyl acrylate, 15 grams 2-ethylhexyl acrylate,
and 10 grams vinyl acefate. The resulting emulsion was 29.4% solids with a
pH of 2.2, and a viscosity of 10 cPs. The polymer was soluble in alkali, and

dried films dispersed in tap water, but were insoluble in 3% salt solutions.
Example 17

The polymerization was conducted in the same manner as Example

10 except the monomer slow addition composition was 60 grams
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methacrylic acid, 25 grams butyl acrylate, 15 grams 2-ethylhexyl acrylate,
and 10 grams monooctyl maleate. The resulting emulsion was 29.7% solids
with a pH of 4.0, and a viscosity of 14 cPs. The polymer was soluble in
alkali, and dried films dispersed in tap water, but were insoluble in 3% salt

solutions.
Example 18

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 40 grams
methacrylic acid, 50 grams vinyl acetate, and 10 grams monooctyl maleate.
The resuiting emulsion was 24.5% solids with a pH of 4.0, and a viscosity of
2140 cPs. The polymer was soluble in alkali, and dried films dispersed in
tap water, but were insolu.ble in 3% salt solutions. The polymer was also a

film former at room temperature.
Example 19

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 60 grams acrylic
acid, 25 grams butyl acrylate, 15 grams 2ethylhexy! acrylate, and 5 grams 2-
acrylamido-2-methylpropane sulfonic acid. The resulting emulsion was

29.8% solids with a pH of 1.8, and a viscosity of 2680 cPs. The polymer
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was soluble in alkali, and dried films dispersed in tap water, but were
insoluble in 3% salt solutions. The polymer was also a film former at room

temperature.

Example 20

The polymerization was conducted in the same manner as Example
10 except the monomer slow addition composition was 30 grams acrylic
acid, 30 grams methacrylic acid, 25 grams butyl acrylate, and 15 grams 2-
ethylhexyl acrylate. The resulting emulsion was 29.7% solids with a pH of
3.5, and a viscosity of 1020 cPs. The polymer was soluble in alkali, and
dried films dispersed in tap water, but were insoluble in 3% salt solutions.

The polymer was also a film former at room temperature.

Example 21

A quantity of 742.0 grams deionized water and 1.0 grams

~ ammonium hydroxide were added to a 2-L four-neck flask equipped with a

condenser, thermometer and stainless steel paddle agitator. The solution

was stirred and purged with a gentle stream of nitrogen for 30 minutes.

Next, 6.0 grams of methacrylic acid and 0.15 grams of dodecyl mercaptan
were added, and the mixture was heated to 80°C with a water bath. At

75°C, a solution of 15.0 grams deionized water and 1.5 grams ammonium
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persulfate was added and the reaction was allowed to heat to 80°C. At
80°C, a quantity of 172.0 grams methacrylic acid, 80.0 grams butyi acrylate,
15.0 grams monooctyl maleate, 48.0 methyl methacrylate, and 0.15 dodecyl
mercaptan were added over 2.5 hours via monomer pump. The resulting

emulsion was 30.1% solids with a pH of 2.8, and a viscosity of 32 cPs.

Example 22

The polymerization was conducted in the same manner as Example
21 except the monomer slow addition composition was 60 grams
methacrylic acid, 25 grams butyl acrylate, 15 grams methyl methacrylate and
5 grams of the ammonium salt of 2-acrylamido-2-methylipropane sulfonic
acid. The resulting latex was 30.0% solids with a pH of 3.5 and a viscosity
of 56 cPs. The polymer was soluble in alkali, and dried films dispersed in

tap water but were insoluble in 3% salt solutions.

Example 23

Films from the above examples were cast and air-dried. Next, 1.0

gram was placed in a flask with 100.0 grams tap water. The solution was

stirred for 1 hour, then filtered and % solids were determined on the filtrate

to calculate the % insoluble polymer. The results are tabulated below:
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% Insoluble in % Insoluble in
Tap Water 3% NaCl
Example 10 20.9% 81.6%
Example 11 21.5% 23.6%
Example 12 16.9% 20.6%
Example 13 9.8% 39.8%
Example 14 19.9% 66.0%
Example 15 15.9% 47.0%
Example 20 2.3% 100%
Higher solids latexes can be prepared with conventional

techniques, however ulfra-high solids using techniques outlined in United

states patent no. 6,001,916 can also be utilized. This patent demonstrates

that low viscosity, high solids emulsions (>65%) can be formed by the use of

a broad particle size distribution and/or seed emulsions in the initial charge.
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Example 24 (high solids)

The polymerization was conducted in the same manner as Example
1 except that 60 grams of methacrylic acid, 15 grams methyl methacrylate,
and 25 grams butyl acrylate were used as the monomers. The theoretical

solids of this emulsion is 55%.

Example 25

The polymerization was conducted in the same manner as Example
1 except that 60 grams of methacrylic acid, 15 grams methyl methacrylate,
and 25 grams butyl acrylate were used as the monomers. These monomers
were polymerized in an initial charge which contained a 50% solids polymer
made via example 22 instead of water to increase the solids content. The

theoretical solids of this emulsion is 65%.

Example 26

Films from several examples of water-dispersible copolymers were
cast and air-dried. Next, 1.0 gram was placed in a flask with 100.0 grams
tap water. The solution was stirred for 1 hour, then filtered and % solids
were determined on the filtrate to calculate the % insoluble polymer. The

results are tabulated below:
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25

30

PCT/US01/09333
Solubility
Monomer Composition Surfactant  Substrate Tap 3%
NacCl
60 MAA/ 25 BA/ 15 2EHA Yes Glass, Yes No
Hair, Wood
60 MAA/ 25 BA/ 15 2EHA No Glass, Yes No
Hair, Wood
50 MAA/ 30 BA/ 20 2EHA Yes Glass Yes No
30 MAA/ 40 BA/ 30 2EHA No Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 VA Yes Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 VA No Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 MOM Yes Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 MOM No Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 MAH Yes Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 MAH No Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 AMPS Yes Glass Yes No
60 MAA/ 25 BA/ 15 2EHA/ 5 AMPS No Glass Yes No
50 VA/ 50 MOM No Glass No No
40 VA/ 10 MOM/ 30 MAA No Glass Yes No
70 MAA/ 20 BA/ 10 2EHA Yes Glass Yes No
70 MAA/ 20 BA/ 10 2EHA No Glass Yes No
60 MAA/ 25 BA/ 15 MMA Yes Glass Yes No
60 MAA/ 25 BA/ 15 MMA No Glass Yes No
60 MAA/25 BA/15 MMA/ 5 AMPS Yes Glass Yes No
60 MAA/25 BA/15 MMA/ 5 AMPS No Glass Yes No
54 MAA/ 6 AA/ 25 BA/ 15 MMA Yes Glass Yes No
54 MAA/ 6 AA/ 25 BA/ 15 MMA No Glass Yes No
54 MAA/ 6 AA/ 25 BA/ 15 MMA/ 5 MOM  Yes Glass Yes No
54 MAA/ 6 AA/ 25 BA/ 15 MMA/ 5 MOM  No Glass Yes No
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In the Table above, the following abbreviations have the meaning

set out below.

AA - acrylic acid
5 MAA - methacrylic acid

MMA - methyl methacrylate

BA - butyl acrylate

2EHA - 2-ethylhexyl acrylate

AMPS - ammonium salt of 2-acrylamido-2-methylpropane sulfonic acid

10 MOM - monooctyl maleate
VA - vinyl acetate
MAH - maleic anhydride

While a number of embodiments of this invention have been

15 represented, it is apparent that the basic construction can be altered to
provide other embodiments which utilize the invention without departing from

the spirit and scope of the invention. All such modifications and variations

are intended to be included within the scope of the invention as defined in

the appended claims rather than the specific embodiments which have been

20 presented by way of example.
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I claim:

1. An aqueous emulsion comprising a water-dispersible copolymer

which is non-dispersible in aqueous solutions containing 0.5% or more of an

- inorganic salt, wherein the water-dispersible copolymer comprises in

percentages by weight:
(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and
(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:
(i) CH,=C(R{)CORy;
(i) R;OOC-CH=CH-COOR;;
(iiiy CH,=C(Rs)OCORg;
(iv) CH,=C(COOR7)CH,COORg;
(v) CH3CH=CHCOORy;
(vi) R1CeH4CR11=CHR¢; and
(vii) R12CH=CHR13;
wherein R; is hydrogen or methyl and R; is -OZ’ or -N(Z")(Z"), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R4 are

not both hydrogen; Rs is hydrogen or methyl and Rg is an alkyl group having
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from 1 to 7 carbon atoms; Ry and Rg are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Ry is an alkyl group having from 1 to 7 carbon atoms; R4
and R4 are hydrogen; Ri; and Ry3 are inéjependently selected from the
group consisting of hydrogen, -CN, -NHCHO, -NHCOCHs;, and an alkyl
group having from 1 to 7 carbon atoms; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an

amount from about 20% to about 70%.

2. The aqueous emulsion according to claim 1, wherein the acidic
ethylenically unsaturated monomer from (A) is a carboxylic acid group
selected from the group consisting of acrylic acid, methacrylic acid, maleic
acid, maleic acid half esters, maleic anhydride, itaconic acid, and crotonic

acid.

3. The aqueous emuision according to claim 1, wherein the acidic
ethylenically unsaturated monomer from (A) is a sulfonic acid group selected
from the group consisting of styrene sulfonic acid, 2-acrylamido-2-

methylpropane sulfonic acid, and sodium vinyl sulfonate.
4. The aqueous emulsion according to claim 1, wherein the acidic

ethylenically unsaturated monomer from (A) is a phosphoric acid group

selected from the group consisting of styrene phosphoric acid, sodium vinyl
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phosphonate, and CH,=C(CH3)COO(CH,),OPO3zH, wherein n is from 2 to 4.

5. The aqueous emulsion according to claim 1, wherein the
ethylenically unsaturated monomer from (B) is (i) CH,=C(R1)COR;, wherein
R4 is methyl and R; is -OZ’, wherein Z' is an alkyl group having from 1 to 4

carbon atoms.

6. The aqueous emulsion according to claim 1, wherein the
ethylenically unsaturated monomer from (B) is (i) R;OOC-CH=CH-COOR;,
wherein R; and R4 are independently an alkyl group having from 1 to 4

carbon atoms.

7. The aqueous emulsion according to claim 1, wherein the
ethylenically unsaturated monomer from (B) is (iii) CH,=C(Rs)OCORes,
wherein Rs is methyl and Rg is an alkyl group having from 1 to 4 carbon

atoms.

8. The aqueous emulsion according to claim 1, wherein the
ethylenically. unsaturated monomer from B) is (iv)
CH,=C(COOR7)CH,COORs, wherein R; and Rs are independently an alkyl

group having from 1 to 4 carbon atoms.
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9. The aqueous emulsion according to claim 1, wherein the
ethylenically unsaturated monomer from (B) is (v) CH;CH=CHCOOR;,

wherein Rg is an alkyl group having from 1 to 4 carbon atoms.

10. The aqueous emulsion according to claim 1, wherein the

ethylenically unsaturated monomer from (B) is (vi) styrene.

11. The aqueous emulsion according to claim 1, wherein the
ethylenically unsaturated monomer from (B) is (vii) R;CH=CHR;3, wherein

R+2 and Rqz are independently hydrogen or methyl.

12, An aqueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or
more of an inorganic salt, wherein the water-dispersible copolymer
comprises in percentages by weight:

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and |

(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

() CH=C(R'1)COR’;

(i) R'300C-CH=CH-COOR’4;

(i) CHz=C(R’s)OCOR’;

-64 -



WO 01/74941 PCT/US01/09333

10

15

20

(iv) CH,=C(COOR’7)CH,COOR’s;

(v) CHsCH=CHCOOR;

(vi) R’1¢CeH4CR’14=CHR’4s; and

(vii) R12CH=CHR’43;
wherein R’y is hydrogen or methyl, and R’, is selected from the group
consisting of -OZ’, -N(Z")(Z”), and -OZ”OH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z™ is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’; are independently an
alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R's is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’s is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’z and R’y3
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, 2-pyridine, 3-pyridine, - 4-pyridine, and an alkyl group having
from 7 to 18 carbon atoms, with the proviso that Ry, and R43 are not at the
same time 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, or 4-
pyridine; and the copolymer has a weight average molecular weight greater
than about 25,000 and is present in an amount from about 20% to about

70%.
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13. The aqueous emulsion according to claim 12, wherein the
acidic ethylenically unsaturated monomer from (A) is a carboxylic acid group
selected from the group consisting of acrylic acid, methacrylic acid, maleic
acid, maleic acid half esters, maleic anhydride, itaconic acid, and crotonic

acid.

14. The aqueous emulsion according to claim 12, wherein the
acidic ethylenically unsaturated monomer from (A) is a sulfonic acid group
selected from the group consisting of styrene sulfonic acid, 2-acrylamido-2-

methylpropane sulfonic acid, and sodium vinyl sulfonate.

15. The aqueous emulsion according to claim 12, wherein the
acidic ethylenically unsaturated monomer from (A) is a phosphoric acid
group selected from the group consisting of styrene phosphoric acid, sodium
vinyl phosphonate, and CH,=C(CH3;)COQ(CH,),OPO3zH, wherein n is from 2

to 4.

16. The aqueous emulsion according to claim 12, wherein the
ethylenically unsaturated monomer from (B) is (i) CH,=C(R’;)COR’,, wherein
R’y is methyl, R’; is selected from the group consisting of -OZ’, -N(Z”)(Z2”),
and -OZ"OH, wherein Z’ is an alky! group having from 8 to 12 carbon atoms;

Z” is independently selecied from the group consisting of alkyl groups '
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having from 8 to 10 carbon atoms, dimethylamino alkyl groups having from 1
to 3 carbon atoms, and hydroxyalkyl groups having from 1 to 3 carbon

atoms; and Z” is an alkyl group having from 1 to 2 carbon atoms.

17. The agueous emulsion according to claim 12, wherein the
ethylenically unsaturated monomer from (B) is (i) R’;00C-CH=CH-COOR’,,
wherein R’s and R’4 are independently an alkyl group having from 8 to 12

carbon atoms.

18. The aqueous emulsion according to claim 12, wherein the
ethylenically unsaturated monomer from (B) is (i) CH,=C(R’s)OCOR’,
wherein R’s is methyl, and R’s is an alkyl group having from 8 to 12 carbon

atoms.

19. The aqueous emulsion according to claim 12, wherein the
ethylenically unsaturated monomer from (B) is (iv)
CH;=C(COOR’7)CH,COOR’s, wherein R’; and R’s are independently an alkyl

group having from 8 to 12 carbon atoms.
20. The aqueous emulsion according to claim 12, wherein the

ethylenically unsaturated monomer from (B) is (v) CH;CH=CHCOOR’,, and

R’g is an alkyl group having from 8 to 12 carbon atoms.
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21. The aqueous emulsion according to claim 12, wherein the
ethylenically unsaturated monomer from (B) is (vi) R’1cCsH4CR'14=CHR’41,

and R’yp and R’y; are independently methyl.

22. The aqueous emulsion according to claim 12, wherein the
ethylenically unsaturated monomer from (B) is (vii) R'1,CH=CHR’;3, wherein
R’1; and R’y3 are independently selected from the Qroup consisting of 2-
pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, 4-pyridine, and an alkyl

group having from 7 to 12 carbon atoms.

23. An aqueous emulsion comprising a water-dispersible
copolymer which is non-dispersible in aqueous solutions containing 0.5% or
more of an inorganic salt, wherein the water-dispersible copolymer
comprises in percentages by weight:

(A) from about 10% to about 80% of an acidic ethylenically unsaturated
monomer, with the proviso that the acidic ethylenically unsaturated monomer
is not acrylic acid;

(B) from about 10% to about 80% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

(1) CHx=C(R¢)CORy;

(i) RsOOC-CH=CH-COORy;
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(i) CH,=C(Rs)OCORg;

(iv) CH,=C(COOR7)CH,COORys;

(v) CHsCH=CHCOORYy;

(vi) R40CsH4CR44=CHR44; and

(vi) RzCH=CHR3;
wherein R; is hydrogen or methyl and R; is -OZ’ or -N(Z”)(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; Rs; and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and Rg is an alkyl group having
from 1 to 7 carbon atoms; R; and Rg are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Rg is an alkyl group having from 1 to 7 carbon atoms; R4
and R, are hydrogen; and Ry, and R; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, and an alkyl group having
from 1 to 7 carbon atoms; and

(C) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

() CH=C(R'1)COR’;

(i) R’300C-CH=CH-COOR4;

(iiiy CH2=C(R’s)OCOR’;
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(iv) CH,=C(COOR'7)CH,COOR’;

(v) CHsCH=CHCOOR;

(vi) R’10Ce¢H4CR’11=CHR’44; and

(vii) R12CH=CHR’43;
wherein R’{ is hydrogen or methyl, and R’; is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ”OH, wherein Z’' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalky! groups having from 1 to 5 carbon atoms; and Z'” is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’; are independently an
alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’s is an
alkkyl group having from 8 to 18 carbon atoms; R’y and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’y2 and R’z
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, and an alkyl group having from 7 to 18 carbon atoms, with the
proviso that Ry, and Ry; are not both 2-pyrrolidinone, are not both N-
caprolactam, or are not a mixture thereof; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an

amount from about 20% to about 70%.
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24. The aqueous emulsion according to claim 23, wherein the
acidic ethylenically unsaturated monomer from (A) is a carboxylic acid group
selected from the group consisting of methacrylic acid, maleic acid, maleic

acid half esters, maleic anhydride, itaconic acid, and crotonic acid.

25. The aqueous emulsion according to claim 23, wherein the
acidic ethylenically unsaturated monomer from (A) is a suifonic acid group
selected from the group consisting of styrene sulfonic acid, 2-acrylamido-2-

methylpropane sulfonic acid, and sodium vinyl sulfonate.

26. The aqueous emuision according to claim 23, wherein the
acidic ethylenically unsaturated monomer from (A) is a phosphoric acid
group selected from the group consisting of styrene phosphoric acid, sodium
vinyl phosphonate, and CH,=C(CH3)COO(CH,),OPOsH, wherein n is from 2

to 4.

27. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (B) is (i) CH,=C(R{)COR;, wherein
Ry is methyl and R; is -OZ', wherein Z' is an alkyl group having from 1 to 4

carbon atoms.

-71 -



WO 01/74941 PCT/US01/09333

10

15

20

28. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (B) is (ii) RsOOC-CH=CH-COOR;,
wherein Rz and R4 are independently an alkyl group having from 2 to 4

carbon atoms.

29. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (B) is (i) CH,=C(Rs)OCORs,
wherein Rs is methyl and Rg is an alkyl group having from 1 to 4 carbon

atoms.

30. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (B) is (iv)
CH,=C(COOR7)CH,COOR;, wherein R; and Rs are independently an alkyl

group having from 2 to 4 carbon atoms.

31. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (B) is (v) CH;CH=CHCOOR,,

wherein Rg is an alkyl group having from 2 to 4 carbon atoms.

32. The aqueous emuision according to claim 23, wherein the

ethylenically unsaturated monomer from (B) is (vi) R1eCsHsCR11=CHRy1,

wherein Ry, and Rqq are hydrogen.
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33. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (B) is (vii) R12CH=CHR3, wherein

R4z and R4z are independently hydrogen or methyl.

34. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (C) is (i) CH,=C(R’1)COR’,, wherein
R’y is methyl, R’; is selected from the group consisting of -OZ’, -N(Z")(Z"),
and -OZ”OH, wherein Z’ is an alkyl group having from 8 to 12 carbon atoms;
Z” is independently selected from the group consisting of alkyl groups
having from 8 to 10 carbon atoms, dimethylamino alkyl groups having from 1
to 3 carbon atoms, and hydroxyalkyl groups having from 1 to 3 carbon

atoms; and Z"” is an alkyl group having from 1 to 2 carbon atoms.

35. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (C) is (ii) R’;00C-CH=CH-COOR’,,
wherein R’; and R’4 are independently an alkyl group having from 8 to 12

carbon atoms.

36. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (C) is (iii) CH,=C(R’s)OCOR’s,
wherein R’s is methyl, and R’g is an alkyl group having from 8 to 12 carbon

atoms.
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37. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from © is (iv)
CH,=C(COOR’7)CH,COOR’s, wherein R’; and R’s are independently an alkyl!

group having from 8 to 12 carbon atoms.

38. The aqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (C) is (v) CH3CH=CHCOOR’s, and

R’q is an alkyl group having from 8 to 12 carbon atoms.

39. The agqueous emulsion according to claim 23, wherein the
ethylenically unsaturated monomer from (C) is (vi) R’10CsH4sCR’11=CHR’¢4,

and R’'yp and R’4; have 1 carbon atom.

40. The aqueous emuision according to claim 23, wherein the
ethylenically unsaturated monomer from (C) is (vii) R’12CH=CHR’43, wherein
R’z and R’y; are independently selected from the group consisting of 2-
pyrrolidinone, N-caprolactam; and an alkyl group having from 7 to 12 carbon

atoms.
41. A method for preparing an aqueous emulsion comprising a

water-dispersible copolymer which is non-dispersible in aqueous solutions

containing 0.5% or more of an inorganic salt, comprising the steps of:
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(a) providing the following monomers in percentages by weight;
(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and
(B) from about 10% to about 90% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

(i) CHz=C(R1)COR;;

(i) R;OOC-CH=CH-COOR;

(iiiy CH2=C(Rs)OCORg;

(iv) CH,=C(COOR7)CH,COORg;

(v) CH3CH=CHCOORq;

(vi) R4CsH4CR11=CHR1y; and

(vii) R12CH=CHR3;
wherein R4 is hydrogen or methyl and R, is -OZ’ or -N(Z")(Z”), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R4 are
not both hydrogen; Rs is hydrogen .or methyl and Rg is an alkyl group having
from 1 to 7 carbon atoms; R; and Rg are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rg are
not both hydrogen; Rg is an alkyl group having from 1 to 7 carbon atoms; R1
and R4 are hydrogen; Ry, and Rss are independently selected from the

group consisting of hydrogen, -CN, -NHCHO, -NHCOCH;, and an alkyl
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group having from 1 to 7 carbon atoms; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an
amount from about 20% to about 70%; and

(b) emulsion polymerizing the monomers from (A) and (B) in water
at a solids level from about 20% to about 70% in the presence of a

surfactant.

42. The method according to claim 41, wherein the acidic
ethylenically unsaturated monomer from (A) is selected from the group
consisting of acrylic acid, methacrylic acid, maleic acid, maleic acid halif
esters, maleic anhydride, itaconic acid, crotonic acid, styrene sulfonic acid,
2-acrylamido-2-methylpropane sulfonic acid, sodium vinyl sulfonate, styrene
phosphoric acid, sodium vinyl phosphonate, and

CH,=C(CH3)COO(CH,),OPO3H, wherein n is from 2 to 4.

43. The method according to claim 41, wherein the ethylenically
unsaturated monomer from (B) is selected from the group consisting of:
(i) CH=C(R1)COR;, wherein R4 is methyl and R, is -OZ’, wherein Z’ is an
alkyl group having from 1 to 4 carbon atoms;
(i) R:OOC-CH=CH-COOR4, wherein R; and R4 are independently an alkyl
group having from 1 to 4 carbon atoms;
(iiiy CH,=C(Rs)OCORs, wherein Rs is methyl and Rs is an alky! group having

from 1 to 4 carbon atoms;
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(iv) CH=C(COOR7)CH,COORs, wherein R; and Rg are independently an
alkyl group having from 1 to 4 carbon atoms;

(v) CHsCH=CHCOOR,, wherein Rq is an alkyl group having from 1 to 4
carbon atoms;

(vi) styrene; and

(vii) R12CH=CHR43, wherein Ry, and Ri; are independently hydrogen or

methyl.

44. A method for preparing an agqueous emulsion comprising a
water-dispersible copolymer which is non-dispersible in aqueous solutions
containing 0.5% or more of an inorganic salt, comprising the steps of:

(@) providing the following monomers in percentages by weight;

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and

(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

(i) CHx=C(R{)COR;;

(i) R3OOC-CH=CH-COORy;

(ii) CH2=C(Rs)OCORg;

(iv) CH,=C(COOR7)CH,COORg;

(v) CHsCH=CHCOORy;

(VI) R10C5H4CR11=CH R11] and
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(vii) Ri2CH=CHRy3;
wherein R, is hydrogen or methyl and R; is -OZ’ or -N(Z")(Z"), wherein Z' is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R4 are
not both hydrogen; Rs is hydrogen or methyl and Rs is an alkyl group having
from 1 to 7 carbon atoms; R; and Rs are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and Rs are
not both hydrogen; Ry is an alkyl group having from 1 to 7 carbon atoms; R1g
and R,y are hydrogen; Ry; and Rj; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, -NHCOCH;, and an alkyl
group having from 1 to 7 carbon atoms; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an
amount from about 20% to about 70%; and

(b) neutralizing the monomers from (A) and (B) in water to a level
from about 2% to about 15% molar of the acidic ethylenically unsaturated
monomer from (A); and

(c) emulsion polymerizing the monomers from (A) and (B) at a

solids level from about 20% to about 70% without a surfactant.

45. The method according to claim 44, wherein the acidic

ethylenically unsaturated monomer from (A) is selected from the group
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consisting of acrylic acid, methacrylic acid, maleic acid, maleic acid half
esters, maleic anhydride, itaconic acid, crotonic acid, styrene sulfonic acid,
2-acrylamido-2-methylpropane suifonic acid, sodium vinyl sulfonate, styrene
phosphoric acid, sodium vinyl phosphonate, and

CH,=C(CH3)COO(CH,),OPO3H, wherein n is from 2 to 4.

46. The method according to claim 44, wherein the ethylenically
unsaturated monomer from (B) is selected from the group consisting of:
(i) CH=C(R{)COR;, wherein R, is methyl and R, is ~-OZ’, wherein Z’ is an
alkyl group having from 1 to 4 carbon atoms;
(i) RsOOC-CH=CH-COORy, wherein R; and R; are independently an alkyl
group having from 1 to 4 carbon atoms;
(iif) CH2=C(Rs)OCORg, wherein Rs is methyl and Rg is an alkyl group having
from 1 to 4 carbon atoms;
(iv) CH,=C(COOR7)CH,COORs, wherein R; and Rg are independently an
alkyl group having from 1 to 4 carbon atoms;
(v) CH3CH=CHCOORy, wherein Ry is an alkyl group having from 1 to 4
carbon atoms;
(vi) styrene; and
(vii) R12CH=CHR43, wherein R{; and R3; are independently hydrogen or

methyl.
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47. A method for preparing an aqueous emulsion comprising a
water-dispersible copolymer which is non-dispersible in agueous solutions
containing 0.5% or more of an inorganic salt, comprising the steps of:

(a) providing the following monomers in percentages by weight;

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and

(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

() CH=C(R'\)COR’;

(i) R';00C-CH=CH-COOR4;

(i) CH.=C(R’s)OCOR’g;

(iv) CH,=C(COOR’7)CH,COORYs;

(v) CH3CH=CHCOQOORY;

(Vi) R’10CeH4CR'11=CHR's5; and

(vii) R'42CH=CHR'43;
wherein R’y is hydrogen or methyl, and R’; is selected from the group
consisting of -OZ’, -N( ”)(Z”),' and -OZ”0OH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z”. is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups havihg from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and 2 is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’4 are independently an

alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
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R’s is an alkyl group having from 8 to 18 carbon atoms; R’; and R’; are
independently an alkyl group having from 8 to 18 carbon atoms; R’y is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’y; and R’y
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, 2-pyridine, 3-pyridine, 4-pyridine, and an alkyl groub having
from 7 to 18 carbon atoms, with the proviso that Ry and Rz are not at the
same time 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-pyridine, or 4-
pyridine; and the copolymer has a weight average molecular weight greater
than about 25,000 and is present in an amount from about 20% to about
70%; and

(b) emulsion polymerizing the monomers from (A) and (B) in water
at a ‘solids level from about 20% to about 70% in the presence of a

surfactant.

48. The method according to claim 47, wherein the acidic
ethylenically unsaturated monomer from (A) is selected from the group
consisting of acrylic acid, methacrylic. acid, maleic acid, maleic acid half
esters, maleic anhydride, itaconic acid, crotonic acid, styrene sulfonic acid,
2-acrylamido-2-methylpropane sulfonic acid, sodium vinyl sulfonate, styrene
phosphoric acid, sodium vinyl phosphonate, and

CH,=C(CH3)COO(CH,),OPQO3H, wherein n is from 2 to 4.
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49. The method according to claim 47, wherein the ethylenically
unsaturated monomer from (B) is selected from the group consisting of:
(i) CH2=C(R’4)COR’;, wherein R’y is methyl, R’; is selected from the group
consisting of -OZ’, -N(Z")(Z2”), and -OZ”’OH, wherein Z’ is an alkyl group
having from 8 to 12 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 8 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 3 carbon atoms, and
hydroxyalky! groups having from 1 to 3 carbon atoms; and Z'” is an alkyl
group having from 1 to 2 carbon atoms;
(i) R’30O0C-CH=CH-COOR'4, wherein R’s and R’4 are independently an alkyl
group having from 8 to 12 carbon atoms;
(i) CH,=C(R’s)OCOR’s, wherein R’s is methyl, and R’s is an alkyl group’
having from 8 to 12 carbon atoms;
(iv) CH,=C(COOR’;)CH,COOR’,, wherein R’; and R’s are independently an
alkyl group having from 8 to 12 carbon atoms;
(v) CH3;CH=CHCOOR’y, and R’y is an alkyl group having from 8 to 12 carbon
atoms;
(vi) R'10CeH4CR’411=CHR’44, and R’1¢ and R’4; are independently methyl; and
(vii) R’12CH=CHR’43, wherein R’;, and R’z are independently selected from
the group consisting of 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-

pyridine, 4-pyridine, and an alkyl group having from 7 to 12 carbon atoms.

-82-



WO 01/74941 PCT/US01/09333

10

15

20

50. A method for preparing an aqueous emulsion comprising a
water-dispersible copolymer which is non-dispersible in aqueous solutions
containing 0.5% or more of an inorganic salt, comprising the steps of:

(a) providing the following monomers inl percentages by weight;

(A) from about 10% to about 90% of an acidic ethylenically unsaturated
monomer; and

(B) from about 10% to about 90% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

() CH=C(R’1)COR’;

(i) R’00C-CH=CH-COORs;

(iiiy CH,=C(R’s)OCOR’;

(iv) CH,=C(COOR’7)CH2COOR’;

(v) CH;CH=CHCOORs;

(vi) R’10CeH4CR’44=CHR’44; and

(vii) R'12CH=CHR’4s;
wherein R’y is hydrogen or methyl, and R’, is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZOH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z is an alkyl

group having from 1 to 4 carbon atoms; R’s and R’; are independently an
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alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R’y and R’s are
independently an alkyl group having from 8 to 18 carbon atoms; R’s is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y; are
independently an alkyl group having from 1 to 2 carbon atoms; R’y; and R’z
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, 2-pyridine, 3-pyridine, 4-pyridine, and an alkyl group having
from 7 to 18 carbon atoms, with the proviso that Ry, and R4z are not at the
same time 2-pyrrolidinone, N-éaprolactam, 2-pyridine, 3-pyridine, or 4-
pyridine; and the copolymer has a weight average molecular weight greater
than about 25,000 and is present in an amount from about 20% to about
70%; and

(b) neutralizing the monomers from (A) and (B) in water to a level .
from about 2% to about 15% molar of the acidic ethylenically unsaturated
monomer from (A); and

(c) emulsion polymerizing the monomers from (A) and (B) at a

solids level from about 20% to about 70% without a surfactant.

51. The method according to claim 50, wherein the acidic
ethylenically unsaturated monomer from (A) is selected from the group
consisting of acrylic acid, methacrylic acid, maleic acid, maleic acid half
esters, maleic anhydride, itaconic acid, crotonic acid, styrene sulfonic acid,

2-acrylamido-2-methylpropane sulfonic acid, sodium vinyl sulfonate, styrene
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phosphoric acid, sodium vinyl phosphonate, and

CH,=C(CH3)COO(CH,),OPO3H, wherein n is from 2 to 4.

52. The method according to claim 50, wherein the ethylenically
unsaturated monomer from (B) is selected from the group consisting of:
(i) CH=C(R’1)COR’;, wherein R’{ is methyl, R’, is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ™OH, wherein Z’ is an alkyl group
having from 8 to 12 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 8 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 3 carbon atoms, and
hydroxyalkyl groups having from 1 to 3 carbon atoms; and Z" is an alkyl
group having from 1 to 2 carbon atoms;
(i) R'300C-CH=CH-COOR'4, wherein R’; and R’4 are independently an alkyl
group having from 8 to 12 carbon atoms;
(iiiy CH,=C(R’s)OCOR’s, wherein R’s is methyl, and R’s is an alkyl group
having from 8 to 12 carbon atoms;
(iv) CH,=C(COOR’;)CH,COOQOR’s, wherein R’z and R’ are independently an
alkyl group having from 8 to 12 carbon atoms;
(v) CH;CH=CHCOOR’y, and R’g is an alkyl group having from 8 to 12 carbon
atoms;
(vi) R’10CsH4CR’11=CHR’44, and R’yp and R’y; are independently methyl; and
(vii) R’12CH=CHR’43, wherein R’s; and R’z are independently selected from

the group consisting of 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-
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pyridine, 4-pyridine, and an alkyl group having from 7 to 12 carbon atoms.

53. A method for preparing an aqueous emulsion comprising a
water-dispersible copolymer which is non-dispersible in aqueous solutions
containing 0.5% or more of an inorganic salt, comprising the steps of:

(a) providing the following monomers in percentages by weight;

(A) from about 10% to about 80% of an acidic ethylenically unsaturated
monomer;

(B) from about 10% to about 80% of an ethylenically unsaturated
monomer selected from the group of monomer formulas consisting of:

(i) CH=C(R4)COR;;

(i) R;OOC-CH=CH-COORg;

(i) CH=C(Rs)OCORe;

(iv) CH=C(COOR7)CH,COORg;

(v) CH3CH=CHCOORy;

(vi) R4oCsH4CR11=CHR;4; and

(vi() RizCH=CHR3;
wherein R4 is hydrogen or methyl and R; is -OZ’ or -N(Z”)(Z"), wherein Z’ is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R4 are

not both hydrogen; Rs is hydrogen or methyl and R is an alkyl group having
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from 1 to 7 carbon atoms; R; and R are jndependently hydrogen or an alky!
group having from 1 to 7 carbon atoms, with the proviso that R; and R are
not both hydrogen; Rq is an alkyl group having from 1 to 7 carbon atoms; R
and R¢; are hydrogen; and Rq, and Ry3 are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, and an alkyl group having
from 1 to 7 carbon atoms; and
(C) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

(i) CH,=C(R’{)COR’;

(i) R300C-CH=CH-COOR'y;

(i) CH2=C(R’s)OCORs;

(iv) CH,=C(COOR’7)CH,COOR’;

(v) CH3sCH=CHCOOR’y;

(vi) R’10CsH4CR’11=CHR’4; and

(vii) R'12CH=CHR’3;
wherein R’y is hydrogen or methyl, and R’, is selected from the group
consisting of -OZ', -N(Z”)(Z"), and -OZ”OH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z™ is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’ are independently an

alkyl group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
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R’s is an alkyl group having from 8 to 18 carbon atoms; R’y and R’s are
independently an alkyl group having: from 8 to 18 carbon atoms; R’ is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’1> and R’s3
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, and an alky! group having from 7 to 18 carbon atoms, with the
proviso that R, and Rs; are not both 2-pyrrolidinone, are not both N-
caprolactam, or are not a mixture thereof; and the copolymer has a weight
average molecular weight greater than about 25,000 and is present in an
amount from about 20% to about 70%; and

(b) emulsion polymerizing the monomers from (A), (B), and (C) in
water at a solids level from about 20% to about 70% in the presence of a

surfactant.

54. The method according to claim 53, wherein the acidic
ethylenically unsaturated monomer from (A) is selected from the group
consisting of acrylic acid, methacrylic acid, maleic acid, maleic acid half
esters, maleic anhydride, itaconic acid, crotonic acid, styrene sulfonic acid,
2-acrylamido-2-methylpropane sulfonic acid, sodium vinyl sulfonate, styrene
phosphoric acid, sodium vinyl phosphonate, and

CH>=C(CH3)COO(CHy,),OPO3H, wherein n is from 2 to 4.
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55. The method according to claim 53, wherein the ethylenically
unsaturated monomer from (B) is selected from the group consisting of:
(i) CH,=C(R4)CORy, wherein R; is methyl and R; is -OZ’, wherein Z’ is an
alkyl group having from 1 to 4 carbon atoms;
(i) R:OOC-CH=CH-COOR,, wherein R; and R, are independently an alkyl
group having from 1 to 4 carbon atoms;
(i) CH2=C(Rs)OCORs, wherein Rs is methyl and Rg is an alkyl group having
from 1 to 4 carbon atoms;
(iv) CH=C(COOR7)CH,COORs, wherein R; and Rg are independently an
alky!l group having from 1 to 4 carbon atoms;
(v) CHsCH=CHCOORsy, wherein Ry is an alkyl group having from 1 to 4
carbon atoms;
(vi) styrene; and
(vii) R12CH=CHR43, wherein Ry, and R4; are independently hydrogen or

methyl.

56. The method according to claim 53, wherein the ethylenically
unsaturated monomer from (C) is selected from the group consisting of:
(i) CH=C(R’1)COR’;, wherein R’y is methyl, R’, is selected from the group
consisting of -OZ’, -N(Z”)(Z"), and -OZ’OH, wherein Z' is an alkyl group
having from 8 to 12 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 8 to 10 carbon atoms,

dimethylamino alkyl groups having from 1 to 3 carbon atoms, and
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hydroxyalkyl groups having from 1 to 3 carbon atoms; and Z"” is an alkyi

- group having from 1 to 2 carbon atoms;

(iiy R’300C-CH=CH-COOR’4, wherein R’; and R’4 are independently an a'lkyl
group having from 8 to 12 carbon atoms;

(iii) CH2=C(R’s)OCOR’, wherein R’s is methyl, and R’ is an alkyl group
having from 8 to 12 carbon atoms;

(iv) CH.=C(COOR’;)CH,COOR’s, wherein R’z and R’s are independently an
alkyl group having from 8 to 12 carbon atoms;

(v) CHsCH=CHCOOR’s, and R’y is an alkyl group having from 8 to 12 carbon
atoms;

(vi) R'10CeH4CR’14=CHR’44, and R’4p and R’; are independently methyl; and
(vii) R’12CH=CHR’43, wherein R’y, and R’s3 are independently selected from
the group consisting of 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-

pyridine, 4-pyridine, and an alkyl group having from 7 to 12 carbon atoms.

57. A method for preparing an aqueous emulsion comprising a
water-dispersible copolymer which is non-dispersible in aqueous solutions
containing 0.5% or more of an inorganic salt, compriéing the steps of:

(a) providing the following monomers in percentages by weight;

(A) from about 10% to about 80% of an acidic ethylenically unsaturated
monomer,
(B) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:
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() CH=C(R()COR;

(i) RsOOC-CH=CH-COOR;

(i) CH,=C(Rs)OCORg;

(iv) CH,=C(COOR7)CH,COORg;

(v) CH;CH=CHCOORq;

(Vi) R1oCsH4CR11=CHR4s; and

(Vi) R12CH=CHR3;
wherein R4 is hydrogen or methyl and R, is -OZ’ or -N(Z”)(Z"), wherein Z' is
an alkyl group having from 1 to 7 carbon atoms, and Z” is independently
selected from the group consisting of hydrogen and alkyl groups having from
1 to 6 carbon atoms; R; and R4 are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R, are
not both hydrogen; Rs is hydrogen or methyl and Rg is an alkyl group having
from 1 to 7 carbon atoms; R; and Rs are independently hydrogen or an alkyl
group having from 1 to 7 carbon atoms, with the proviso that R; and R are
not both hydrogen; Rg is an alkyl group having from 1 to 7 carbon atoms; R4
and Ry, are hydrogen; and R, and R4; are independently selected from the
group consisting of hydrogen, -CN, -NHCHO, .and an alkyl group having
from 1 to 7 carbon atoms; and

(C) from about 10% to about 80% of an ethylenically unsaturated

monomer selected from the group of monomer formulas consisting of:

() CH=C(R’1)COR’;;
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(i) R'500C-CH=CH-COOR's;

(iii) CH=C(R’s)OCOR’s;

(iv) CH,=C(COOR’7)CH,COOR’s;

(v) CHsCH=CHCOOR’s;

(vi) R’40CeH4CR’14=CHR’44; and

(vii) R'12CH=CHR’43;
wherein R’y is hydrogen or methyl, and R’; is selected from the group
consisting of -OZ’, -N(Z")(Z"), and -OZ’’OH, wherein Z' is an alkyl group
having from 8 to 18 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 7 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 5 carbon atoms, and
hydroxyalkyl groups having from 1 to 5 carbon atoms; and Z” is an alkyl
group having from 1 to 4 carbon atoms; R’; and R’s are independently an
alky!l group having from 8 to 18 carbon atoms; R’s is hydrogen or methyl and
R’s is an alkyl group having from 8 to 18 carbon atoms; R'; and R’ are
independently an alkyl group having from 8 to 18 carbon atoms; R’y is an
alkyl group having from 8 to 18 carbon atoms; R’y and R’y are
independently an alkyl group having from 1 to 2 carbon atoms; R’;; and R’43
are independently selected from the group consisting of 2-pyrrolidinone, N-
caprolactam, and an alkyl group having from 7 to 18 carbon atoms, with the
proviso that Ry and R4; are not both 2-pyrrolidinone, are not both N-
caprolactam, or are not a mixture thereof; and the copolymer has a weight

average molecular weight greater than about 25,000 and is present in an
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amount from about 20% to about 70%; and

(b) neutralizing the monomers from (A), (B), and (C) in water to a
level from about 2% to about 15% molar of the acidic ethylenically
unsaturated monomer from (A); and

(c) emulsion polymerizing the monomers from (A), (B), and (C) at a

solids level from about 20% to about 70% without a surfactant.

58. The method according to claim 57, wherein the acidic
ethylenically unsaturated monomer from (A) is selected from the group
consisting of acrylic acid, methacrylic acid, maleic acid, maleic acid half
esters, maleic anhydride, itaconic acid, crotonic acid, styrene sulfonic acid,
2-acrylamido-2-methylpropane sulfonic acid, sodium vinyl sulfonate, styrene
phosphoric acid, sodium vinyl phosphonate, and

CH,;=C(CH3)COO(CH,),OPO3H, wherein n is from 2 to 4.

59. The method according to claim 57, wherein the ethylenically
unsaturated monomer from (B) is selected from the group consisting of:
(i) CHx=C(R/)COR;, wherein R, is methyl and R; is -OZ’, wherein Z’ is an
alkyl group having from 1 to 4 carbon atoms;
(i) R;OOC-CH=CH-COORy4, wherein R; and R4 are independently an alkyl
group having from 1 to 4 carbon atoms;
(iii) CH2=C(Rs)OCORs, wherein Rs is methyl and Rg is an alkyl group having

from 1 to 4 carbon atoms;
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(iv) CH=C(COOR7)CH,COORs, wherein R; and Rg are independently an
alkyl group having from 1 to 4 carbon atoms;

(v) CHsCH=CHCOORgy, wherein Ry is an alkyl group having from 1 to 4
carbon atoms;

(vi) styrene; and

(vii) Ry2CH=CHR43, wherein R4, and R¢; are independently hydrogen or

methyl.

60. The method according to claim 57, wherein the ethylenically
unsaturated monomer from (C) is selected from the group consisting of:
(i) CH=C(R’1)COR’;, wherein R’y is methyl, R’, is selected from the group
consisting of -OZ’, -N(Z")(Z”), and -OZ”OH, wherein Z’ is an alkyl group
having from 8 to 12 carbon atoms; Z” is independently selected from the
group consisting of alkyl groups having from 8 to 10 carbon atoms,
dimethylamino alkyl groups having from 1 to 3 carbon atoms, and
hydroxyalkyl groups having from 1 to 3 carbon atoms; and Z” is an alkyl
group having from 1 to 2 carbon atoms;
(i) R’300C-CH=CH-COOR’,4, wherein R’; and R’; are independently an alkyi
group having from 8 to 12 carbon atoms;
(i) CH2=C(R’s)OCOR’s, wherein R’s is methyl, and R’s is an alkyl group
having from 8 to 12 carbon atoms;
(iv) CH.=C(COOR'7)CH,COOR’s, wherein R’y and R’s are independently an

alkyl group having from 8 to 12 carbon atoms;
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(v) CH;CH=CHCOOR’y, and R’s is an alkyl group having from 8 to 12 carbon

atoms;

(vi) R’10CsH4CR’14=CHR’44, and R’¢¢ and R’41 are independently methyl; and

(vii) R’4,CH=CHR’13, wherein R’j; and R’y3 are independently selected from
5 the group consisting of 2-pyrrolidinone, N-caprolactam, 2-pyridine, 3-

pyridine, 4-pyridine, and an alkyl group having from 7 to 12 carbon atoms.
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