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(57) ABSTRACT

Pressure sensitive adhesive compositions having enhanced
resistance to water-whitening comprising an aqueous emul-
sion polymer are disclosed. The polymer comprises the poly-
merization reaction product of a polymerizable aqueous
emulsion comprising: (i) at least one hydrophobic alkyl acry-
late or alkyl methacrylate ester of an alcohol, (ii) at least about
1 wt. % of at least one hydrophilic monomer, (iii) at least
about 5 wt. % of at least one partially hydrophilic alkyl
acrylate or alkyl methacrylate ester of an alcohol, and (iv) a
water-soluble or water-dispersible polymerizable surfactant
selected from compounds having a terminal allyl amine moi-
ety, substituted phenyl compounds having at least one alkenyl
substituent, polyoxyalkylene-1-(allyloxymethyl) alkyl ether
sulfate salts, or mixtures thereof, and the average particle size
of'the polymer is less than or equal to 200 nm. Also disclosed
are processes for preparing same.
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PROCESS FOR IMPROVING WATER-WHITENING
RESISTANCE OF PRESSURE SENSITIVE
ADHESIVES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
nonprovisional application Ser. No. 10/142,455, filed May
10, 2002, which claims the priority of prior provisional appli-
cations Ser. No. 60/305,174, filed Jul. 13, 2001 and Ser. No.
60/323,984, filed Sep. 21, 2001, the disclosures of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to pressure sensitive adhe-
sives based on aqueous emulsions and processes for prepara-
tion of the adhesives. The pressure sensitive adhesives of the
invention have enhanced resistance to water-whitening.

[0003] These pressure sensitive adhesives are particularly
suitable for applications that require that the pressure sensi-
tive adhesive maintain adhesion between the substrate and
facestock when subjected to hot water spraying or immersion.
Hot water adhesion is required in applications such as bottle
labels where the bottles are subjected to hot water spraying in
washing operations. In general, resistance to water-whitening
is desirable anywhere a pressure sensitive adhesive with
transparent facestock or substrate is subjected to water or high
humidity. Examples include labels on the sides of trucks,
signs and bottles.

[0004] Methods of providing water-whitening resistant
latex emulsions for use in pressure sensitive adhesives are
disclosed in the art. U.S. Pat. No. 5,286,843 discloses a pro-
cess for improving the water-whitening resistance of pressure
sensitive adhesives containing an aqueous latex emulsion and
water soluble ions by removing the water soluble ions and
adjusting the pH to at least about 6. The patent discloses that
water soluble ions may be removed by a number of tech-
niques including centrifugation, dialysis, precipitation and
deionization with ion exchange resins. The preferred method
of removing the water soluble ions is to contact the aqueous
latex emulsion, the formulated pressure sensitive adhesive
containing the aqueous emulsion or both with an ion
exchange resin. International Publication No. WO 97/11996
discloses a process for preparing hot water-whitening resis-
tant latex emulsions useful in pressure sensitive adhesive
compositions. The process involves copolymerizing a mono-
mer mixture containing at least one alkyl acrylate ester of an
alcohol containing at least 4 carbon atoms, at least one polar
co-monomer, and at least one partially water-soluble
co-monomer present in an amount of at least about 7 wt. %.
Polymerization is carried out in the presence of at least one
nonionic surfactant containing at least 8 moles of ethylene
oxide and at least one anionic surfactant containing up to
about 10 moles of ethylene oxide. The polymerization prod-
uct is neutralized to produce an emulsion having a pH greater
than 7 and containing particles having a volume average
particle size diameter up to about 165 nm. An electrolyte may
be added subsequent to polymerization to stabilize opacity of
a film cast from the emulsion. International Publication No.
WO 00/61670 discloses a process for preparing an aqueous
latex emulsion for use in pressure sensitive adhesives that
maintain adhesion in hot water environments in addition to
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exhibiting enhanced resistance to water-whitening. The pro-
cess involves preparing an aqueous latex emulsion from a
monomer mixture consisting essentially of at least one alkyl
acrylate having at least 4 carbon atoms in the alkyl chain, at
least one ethylenically unsaturated carboxylic acid, and at
least one styrenic monomer, the polymerization being carried
out in the presence of at least one anionic surfactant and a
redox type free radical initiator system. The aqueous latex
emulsion prepared according to the process of WO 00/61670
is disclosed to have polymer particles with a mean particle
size diameter of less than or equal to about 100 nm. None of
the above patents/publications disclose preparing pressure
sensitive adhesives wherein a polymerizable surfactant is
used.

[0005] U.S. Pat. Nos. 5,928,783 and 6,239,240 disclose
processes for preparing aqueous emulsion polymers that have
application as pressure sensitive adhesives. The polymers are
prepared by reacting at least one ethylenically unsaturated
monomer and a polymerizable surfactant having a terminal
allyl amine moiety. Neither patent discloses preparation of
pressure sensitive adhesives having enhanced resistance to
water-whitening.

SUMMARY OF THE INVENTION

[0006] It is an object of this invention to provide pressure
sensitive adhesive (“PSA”) compositions having enhanced
resistance to water-whitening. It is another object of this
invention to provide a process(es) for preparing pressure sen-
sitive adhesives having enhanced resistance to water-whiten-
ing.

[0007] These and other objects are achieved in the inven-
tion which is described in more nonlimiting detail hereinafter.

[0008] According to the invention, a process for preparing
a pressure sensitive adhesive having enhanced resistance to
water-whitening is provided comprising: (a) forming a poly-
merizable aqueous pre-emulsion comprising: (i) at least one
hydrophobic alkyl acrylate or alkyl methacrylate ester of an
alcohol, (ii) at least about 1 wt. % of at least one hydrophilic
monomer, (iii) at least about 5 wt. % of at least one partially
hydrophilic alkyl acrylate or alkyl methacrylate ester of an
alcohol, and (iv) a water-soluble or water-dispersible poly-
merizable surfactant selected from compounds having a ter-
minal allyl amine moiety, substituted phenyl compounds hav-
ing at least one alkenyl substituent, polyoxyalkylene-1-
(allyloxymethyl) alkyl ether sulfate salts, or mixtures thereof,
wherein the wt. % of monomers (i), (ii) and (iii) are based on
the total weight of monomers (i), (ii) and (iii) in the pre-
emulsion; (b) contacting water, an effective amount of a
water-soluble or water-dispersible polymerizable surfactant
selected from compounds having a terminal allyl amine moi-
ety, substituted phenyl compounds having at least one alkenyl
substituent, polyoxyalkylene-1-(allyloxymethyl) alkyl ether
sulfate salts, or mixtures thereof, and an initial amount of
polymerization initiator to form a mixture; (c¢) continuously
adding the pre-emulsion to the mixture of (b) to polymerize
the pre-emulsion to form a latex emulsion, wherein additional
polymerization initiator is added during the polymerization
of the pre-emulsion; and (d) adjusting the pH of the latex
emulsion with a suitable base to a pH of about 6.5 to about 9;
wherein the effective amount of water-soluble or water-dis-
persible polymerizable surfactant in the mixture of (b) is that
amount necessary to produce pressure sensitive adhesive hav-
ing an average particle size of less than or equal to 200 nm.
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[0009] Further according to the invention, a process for
preparing a pressure sensitive adhesive having enhanced
resistance to water-whitening is provided comprising: (a)
contacting water, an effective amount of a water-soluble or
water-dispersible polymerizable surfactant selected from
compounds having a terminal allyl amine moiety, substituted
phenyl compounds having at least one alkenyl substituent,
polyoxyalkylene-1-(allyloxymethyl) alkyl ether sulfate salts,
or mixtures thereof, and an initial amount of polymerization
initiator to form a mixture; (b) continuously adding mono-
mers and, optionally, additional water to the mixture and
polymerizing the resultant emulsion to form alatex emulsion,
wherein additional polymerization initiator is added during
the polymerization of the emulsion, and wherein the mono-
mers comprise: (i) at least one hydrophobic alkyl acrylate or
alkyl methacrylate ester of an alcohol, (ii) at least about 1 wt.
% of at least one hydrophilic monomer, (iii) at least about 5
wt. % of at least one partially hydrophilic alkyl acrylate or
alkyl methacrylate ester of an alcohol, and (iv) a water-
soluble or water-dispersible polymerizable surfactant
selected from compounds having a terminal allyl amine moi-
ety, substituted phenyl compounds having at least one alkenyl
substituent, polyoxyalkylene-1-(allyloxymethyl) alkyl ether
sulfate salts, or mixtures thereof, wherein the wt. % of mono-
mers (i), (ii) and (iii) are based on the total weight of mono-
mers (i), (i) and (iii); and (c) adjusting the pH of the latex
emulsion with a suitable base to a pH of about 6.5 to about 9;
wherein the effective amount of water-soluble or water-dis-
persible polymerizable surfactant in the mixture is that
amount necessary to produce the pressure sensitive adhesive
having an average particle size of less than or equal to 200 nm.

[0010] Further according to the invention, pressure sensi-
tive adhesive compositions having enhanced resistance to
water-whitening comprising an aqueous emulsion polymer
are provided, the polymer comprising the polymerization
reaction product of a polymerizable aqueous emulsion com-
prising: (i) at least one hydrophobic alkyl acrylate or alkyl
methacrylate ester of an alcohol, (ii) at least about 1 wt. % of
at least one hydrophilic monomer, (iii) at least about 5 wt. %
of at least one partially hydrophilic alkyl acrylate or alkyl
methacrylate ester of an alcohol, and (iv) a water-soluble or
water-dispersible polymerizable surfactant selected from
compounds having a terminal allyl amine moiety, substituted
phenyl compounds having at least one alkenyl substituent,
polyoxyalkylene-1-(allyloxymethyl) alkyl ether sulfate salts,
or mixtures thereof, wherein the wt. % of monomers (1), (ii)
and (iii) are based on the total weight of monomers (i), (i) and
(iii); wherein after the polymerization the pH of the polymer
is adjusted to a pH of about 6.5 to about 9, and the average
particle size of the polymer is less than or equal to 200 nm.

[0011] Still further according to the invention, pressure
sensitive adhesives having enhanced resistance to water-
whitening produced by the process(es) described above are
provided.

[0012] Optionally included in the process of the invention
is the addition of a vinyl ester ofa C, to C, , carboxylic acid to
the latex emulsion after the conversion of monomers (i), (ii)
and (iii) is greater than 90%. The invention also optionally
provides pressure sensitive adhesives wherein the polymer-
ization reaction product further comprises a vinyl esterofa C,
to C,, carboxylic acid that is added to the polymerization
reaction product after the conversion of monomers (1), (ii) and
(iii) is greater than 90%.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In describing the invention, reference will be made
to FIG. 1 which is a graph showing the change in absorbance
over a 24 hour period of direct-and transfer-coated pressure
sensitive adhesives of the invention (curves 1 and 2) versus a
control pressure sensitive adhesive prepared using conven-
tional surfactants (curve 3).

DETAILED DESCRIPTION OF THE INVENTION

[0014] This invention provides aqueous emulsion pressure
sensitive adhesives useful in the production of products such
as labels, decals and the like, particularly label and decal
facestock that are at least partially transparent, and are subject
to water or high humidity during use. The pressure sensitive
adhesives of the invention are particularly useful in bottle
label applications where the labeled bottles are subject to hot
water environments.

[0015] The pressure sensitive adhesives of the invention
exhibit enhanced resistance to water-whitening. The extent of
water-whitening can be determined visually or by using
UV/Visible spectroscopy measuring absorbance as a function
of time. As used herein, the PSA’s of the invention were
determined to have an acceptable level of water whitening of
the PSA film when (a) the increase of absorbance was less
than 0.2, preferably less than 0.05, after 24 hour room tem-
perature water immersion (as determined by UV/Visible
spectroscopy), and/or (b) there was no visible change after 30
min. immersion in 190° F. (87.8° C.) water.

[0016] A first embodiment of the invention relates to a
process for preparing a pressure sensitive adhesive having
enhanced resistance to water-whitening comprising: (a)
forming a polymerizable aqueous pre-emulsion comprising:
(1) at least one hydrophobic alkyl acrylate or alkyl methacry-
late ester of an alcohol, (ii) at least about 1 wt. % of at least one
hydrophilic monomer, (iii) at least about 5 wt. % of at least
one partially hydrophilic alkyl acrylate or alkyl methacrylate
ester of an alcohol, and (iv) a water-soluble or water-dispers-
ible polymerizable surfactant selected from compounds hav-
ing a terminal allyl amine moiety, substituted phenyl com-
pounds having at least one alkenyl substituent,
polyoxyalkylene-1-(allyloxymethyl) alkyl ether sulfate salts,
or mixtures thereof, wherein the wt. % of monomers (1), (ii)
and (iii) are based on the total weight of monomers (i), (ii) and
(iii) in the pre-emulsion; (b) contacting water, an effective
amount of a water-soluble or water-dispersible polymerizable
surfactant selected from compounds having a terminal allyl
amine moiety, substituted phenyl compounds having at least
one alkenyl substituent, polyoxyalkylene-1-(allyloxymethyl)
alkyl ether sulfate salts, or mixtures thereof, and an initial
amount of polymerization initiator to form a mixture; (c)
continuously adding the pre-emulsion to the mixture of (b) to
polymerize the pre-emulsion to form a latex emulsion,
wherein additional polymerization initiator is added during
the polymerization of the pre-emulsion; and (d) adjusting the
pH of the latex emulsion with a suitable base to a pH of about
6.5 to about 9; wherein the effective amount of water-soluble
or water-dispersible polymerizable surfactant in the mixture
of (b) is that amount necessary to produce pressure sensitive
adhesive having an average particle size of less than or equal
to 200 nm, preferably less than or equal to 100 nm.

[0017] A second embodiment of the invention relates to a
process for preparing a pressure sensitive adhesive having
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enhanced resistance to water-whitening comprising: (a) con-
tacting water, an effective amount of a water-soluble or water-
dispersible polymerizable surfactant selected from com-
pounds having a terminal allyl amine moiety, substituted
phenyl compounds having at least one alkenyl substituent,
polyoxyalkylene-1-(allyloxymethyl) alkyl ether sulfate salts,
or mixtures thereof, and an initial amount of polymerization
initiator to form a mixture; (b) continuously adding mono-
mers and, optionally, additional water to the mixture and
polymerizing the resultant emulsion to form alatex emulsion,
wherein additional polymerization initiator is added during
the polymerization of the emulsion, and wherein said mono-
mers comprise: (i) at least one hydrophobic alkyl acrylate or
alkyl methacrylate ester of an alcohol, (ii) at least about 1 wt.
% of at least one hydrophilic monomer, (iii) at least about 5
wt. % of at least one partially hydrophilic alkyl acrylate or
alkyl methacrylate ester of an alcohol, and (iv) a water-
soluble or water-dispersible polymerizable surfactant
selected from compounds having a terminal allyl amine moi-
ety, substituted phenyl compounds having at least one alkenyl
substituent, polyoxyalkylene-1-(allyloxymethyl) alkyl ether
sulfate salts, or mixtures thereof, wherein the wt. % of mono-
mers (i), (ii) and (iii) are based on the total weight of mono-
mers (1), (ii) and (iii) added to the mixture; and (c¢) adjusting
the pH of the latex emulsion with a suitable base to a pH of
about 6.5 to about 9; wherein the effective amount of water-
soluble or water-dispersible polymerizable surfactant in the
mixture is that amount necessary to produce the pressure
sensitive adhesive having an average particle size of less than
or equal to 200 nm, preferably less than or equal to 100 nm.

[0018] Hydrophobic alkyl acrylate or alkyl methacrylate
ester monomers that can be employed according to the inven-
tion include alkyl acrylate or alkyl methacrylate esters of an
alcohol wherein the alkyl portion of the alcohol is linear or
branched and contains at least 4 carbon atoms. The alkyl
groups of the alkyl acrylate or alkyl methacrylate monomers
are preferably linear or branched alkyl radicals having from 4
to about 14 carbon atoms, more preferably from 4 to about 10
carbon atoms, and most preferably from 4 to about 8 carbon
atoms. Examples of this class of monomers include, but are
not limited to, isooctyl acrylate, 4-methyl-2-pentyl acrylate,
2-methyl-butyl acrylate, isoamy] acrylate, sec-butyl acrylate,
n-butyl acrylate, 2-ethylhexyl acrylate, isodecyl methacry-
late, isononyl acrylate, isodecyl acrylate, and the like, singly
or in mixtures of two or more.

[0019] The currently preferred hydrophobic monomers are
2-ethylhexyl acrylate, n-butyl acrylate, and mixtures thereof.

[0020] The amount of hydrophobic alkyl acrylate or alkyl
methacrylate ester monomers based on the total weight of
monomers (i), (i1) and (iii) is preferably about 70 to about 90
wt. %, and more preferably about 75 to about 85 wt. %.

[0021] Hydrophilic monomers that can be employed
according to the invention are monomers that are copolymer-
izable with the hydrophobic monomer and that are water
soluble. The hydrophilic monomers are selected from
monoolefinic monocarboxylic acids, monoolefinic dicar-
boxylic acids, or mixtures thereof.

[0022] Examples of suitable hydrophilic monomers
include, but are not limited to, acrylic acid, methacrylic acid,
fumaric acid, maleic acid, itaconic acid, crotonic acid, oligo-
meric acrylic acid, and mixtures thereof. The currently pre-
ferred acids are acrylic acid, methacrylic acid, and mixtures
thereof.
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[0023] The amount of hydrophilic monomers based on the
total weight of monomers (i), (ii) and (iii) is at least about 1
wt. %, preferably about 2 to about 10 wt. %, more preferably
about 3 to about 10 wt. %, and most preferably about 4 to
about 8 wt. %.

[0024] Partially hydrophilic alkyl acrylate or alkyl meth-
acrylate ester monomers that can be employed according to
the invention include alkyl acrylate or alkyl methacrylate
esters of an alcohol wherein the alkyl portion of the alcohol
has 1 to 2 carbon atoms. The partially hydrophilic monomers
can also be referred to as partially water soluble monomers.

[0025] Examples of suitable partially hydrophilic mono-
mers include methyl acrylate, methyl methacrylate, ethyl
acrylate, and mixtures thereof. The currently preferred acids
are methyl acrylate, methyl methacrylate, and mixtures
thereof, with methyl acrylate being currently most preferred.

[0026] The amount of partially hydrophilic monomers
based on the total weight of monomers (i), (ii) and (iii) is at
least about 5 wt. %, preferably about 5 to about 20 wt. %,
more preferably about 5 to about 18 wt. %, and most prefer-
ably about 10 to about 16 wt. %.

[0027] Water-soluble or water-dispersible polymerizable
surfactants having a terminal allyl amine moiety that can be
employed according to the invention include those polymer-
izable surfactants disclosed in U.S. Pat. No. 5,928,783 and
U.S. Pat. No. 6,239,240, which are incorporated herein by
reference in their entirety. Preferably, the polymerizable sur-
factants of the invention contain a hydrophilic portion
selected from a sulfonate allyl amine moiety, a sulfate allyl
amine moiety, or a phosphate allyl amine moiety, and a hydro-
phobic portion selected from—R, or a group having the for-
mula

RO—(CH,CH,0)n—;

wherein R is an alkyl group or an alkyl-substituted phenyl
group wherein the alkyl group has 1 to 20 carbon atoms,
preferably 10 to 18 carbon atoms, and n is an integer from 2
to 100, preferably 2 to 15. The hydrophilic portion and the
hydrophobic portion are connected by means of a covalent
bond. Combinations of such polymerizable surfactants can be
used in preparing the polymers of the invention. The water-
soluble or water-dispersible polymerizable surfactants hav-
ing a terminal allyl amine moiety useful in the invention are
available from Stepan Company under the Polystep® NMS
trademark.

[0028] Suitable water-soluble or water-dispersible poly-
merizable surfactants having a terminal allyl amine moiety
include, but are not limited to, the following examples.

[0029] A preferred polymerizable surfactant is an allyl
amine salt of an alkyl benzene sulfonate having the formula

R1‘©7803'X*\/\

wherein R, is an alkyl group having 1 to 20 carbon atoms,
preferably 10 to 18 carbon atoms, and X" is selected from
*NH;, *“NH,R,, or *NHR R, wherein R, and R are inde-
pendently selected from C, -C,, alkyl or hydroxyalkyl groups.
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X* is preferably *NH;. An example of a polymerizable sur-
factant of this type is an allyl amine salt of dodecylbenzene
sulfonate.

[0030] Another preferred polymerizable surfactant is an
allyl amine salt of an alkyl ether sulfate having the formula

RO~ CHCHO0 TN A -
080X
X

wherein R, is an alkyl group having 1 to 20 carbon atoms,
preferably 10 to 18 carbon atoms, n is an integer from 2 to
100, preferably 2 to 15, and X*is selected from NH;",
*NH,R,, or "NHR R, wherein R, and R are independently
selected from C,-C, alkyl or hydroxyalkyl groups. X" is
preferably *NH;. An example of a polymerizable surfactant
of this type is an allyl amine salt of laureth sulfate.

[0031] Another preferred polymerizable surfactant is an
allyl amine salt of a phosphate ester having the formula

R30—CH,CH,O t PO4_X+\/\

wherein R; is an alkyl or alkyl-substituted phenyl group
wherein the alkyl group has 1 to 20 carbon atoms, n is an
integer from 2 to 100, preferably 2 to 15, and X* is selected
from *NH;, *“NH,R,, or *“NHR R, wherein R, and R; are
independently selected from C,-C, alkyl or hydroxyalkyl
groups. X" is preferably *NH;. An example of a polymeriz-
able surfactant of this type is an allyl amine salt of nonylphe-
nol ethoxylate (9 moles EO) phosphate ester.

[0032] Yet another preferred polymerizable surfactant is an
allyl amine salt of a sulfate having the formula

Re—SO; *X—CH,—CH=CH,
wherein R is an alkyl group having 6 to 20 carbon atoms,
preferably 10 to 18 carbon atoms, and X* is selected
from *NH; *NH,R,, or "NHR R, wherein R, and Ry are
independently selected from C,-C, alkyl or hydroxyalkyl
groups. X" is preferably “NH,.
[0033] The substituted phenyl compounds having at least
one alkenyl substituent that can be employed as water-soluble
or water dispersible polymerizable surfactants according to
the invention include those disclosed in U.S. Pat. No. 5,332,
854, which is incorporated herein by reference in its entirety.

[0034] Suitable substituted phenyl compounds having at
least one alkenyl substituent include compounds having the
formula:

CH=CH—CH;

Ry
( O(AO),—SOM
Rg™ \>=

Ry

wherein R, is an alkyl, alkenyl or aralkyl group containing 6
to 18 carbon atoms; R is a hydrogen atom or an alkyl, alkenyl
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or aralkyl group containing 6 to 18 carbon atoms; R is a
hydrogen atom or a propenyl group; A is an unsubstituted or
substituted alkylene group of 2 to 4 carbon atoms; n is an
integer of 1 to about 200, preferably 2 to about 100; and M is
an alkali metal, an ammonium ion or an alkanolamine resi-
due.

[0035] In the substituted phenyl compounds of the inven-
tion, the alkyl, alkenyl and aralkyl groups of R, and R are
independently selected and may be the same or different.
Suitable alkyl groups include, but are not limited to, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tet-
radecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl.
Suitable alkenyl groups include, but are not limited to, hex-
enyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dode-
cenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl,
heptadecenyl and octadecenyl. Suitable aralkyl groups
include, but are not limited to, styryl, benzyl and cumyl.

[0036] The propenyl group may occur as trans- and cis-
isomers. For the purposes of the present invention, these
isomers may be used independently or as a mixture.

[0037] ForA, suitable unsubstituted or substituted alkylene
groups include, for example, ethylene, propylene, butylene,
and isobutylene. The polyoxyalkylene group —(AO)n— can
be a homo-, block or random polymer, or a mixture thereof.

[0038] The conditions of the reaction for producing the
substituted phenyl surfactant of the present invention are not
critical. For example, the substituted phenyl surfactant can be
produced by adding an alkylene oxide such as ethylene oxide
(EO) or propylene oxide (PO)to an alkylated propenyl phenol
in the usual manner, sulfating the addict with a sulfating agent
such as sulfuric acid, sulfamic acid, chlorosulfonic acid, or
the like, followed by neutralizing with an alkaline substance.

[0039] A currently preferred group of substituted phenyl
compounds are those compounds having the formula:

CH—CH—CH;

R, O(A0),—SO;M

wherein R, A, M and n is as defined above. More preferred
compounds are those wherein R, is alkyl, A is ethylene
(—CH,CH,—), and M is alkali metal or ammonium. Most
preferred compounds are those wherein M is ammonium, R,
is nonyl, and n is about 10 to about 30, such as the compounds
available from Dai-Ichi Kogyo Seiyaku Co., Ltd. (Tokyo,
Japan) under the tradename Hitenol BC.

[0040] The polyoxyalkylene-1-(allyloxymethyl) alkyl
ether sulfate salt compounds that can be employed as water-
soluble or water-dispersible polymerizable surfactants
according to the invention include those disclosed in Japanese
Patent No. JP 2596441 B2 (Dia-Ichi Kogyo Seiyaku Co.,
Ltd.).

[0041] Suitable polyoxyalkylene-1-(allyloxymethyl) alkyl
ether sulfate salt compounds include compounds having the
formula:
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Il{u
Rjp—CH—CH,—OCH,—C=—=CH,

O—tAOI—SO;M

wherein R, is a linear or branched alkyl group containing 8
to 30 carbon atoms, preferably 8 to 14 carbon atoms, and
more preferably 10 to 12 carbon atoms; R,; is hydrogen or
methyl, preferably hydrogen; A is an unsubstituted or substi-
tuted alkylene group having 2 to 4 carbon atoms; n is 0 or an
integer of 1 to about 200, preferably 2 to about 100, more
preferably 2 to about 30; and M is an alkali metal, an ammo-
nium ion, or an alkanolamine residue. Examples of alkano-
lamine residues include monoethanolamine, triethanolamine,
and the like.

[0042] For A, suitable unsubstituted or substituted alkylene
groups include, for example, ethylene, propylene, butylene,
and isobutylene. The polyoxyalkylene group —(AO)n— can
be a homo-, block or random polymer, or a mixture thereof.

[0043] The polyoxyalkylene-1-(allyloxymethyl) alkyl
ether sulfate salt compounds of the invention can be prepared
according to the methods described in Japanese Pat. No. JP
2596441 B2.

[0044] A currently preferred group of polyoxyalkylene-1-
(allyloxymethyl) alkyl ether sulfate salt compounds are those
compounds having the formula:

Rjp—CH—CH,—OCH,—CH=—CH,

O—tCHCH0—50;M

wherein R, is an alkyl group containing 8 to 14 carbon
atoms, and preferably 10 to 12 carbon atoms; nis an integer of
1 to about 200, preferably 2 to about 100, more preferably 2
to about 30; and M is an alkali metal, an ammonium ion, or an
alkanolamine residue. More preferred compounds are those
wherein R is a decyl or dodecyl group, nis 5to 10, and M is
NH,, such as the compounds available from Dai-Ichi Kogyo
Seiyaku Co., Ltd. (Tokyo, Japan) under the trademark
Hitenol ® KH.

[0045] The total amount of water-soluble or water-dispers-
ible polymerizable surfactant utilized in the process, e.g.
added in steps (a) and (b) of the process, based on the total
weight of monomers (i), (ii) and (iii) is about 0.1 to about 5 wt.
%, preferably about 0.5 to about 2 wt. %.

[0046] The amount of water-soluble or water-dispersible
polymerizable surfactant added to the mixture of water, poly-
merizable surfactant, and polymerization initiator is that
amount effective to produce a latex emulsion having particles
having an average particle size of less than or equal to 200 nm,
preferably less than or equal to 100 nm. The effective amount
needed to obtain the required particle size will be dependent
on operating conditions known in the art to have an affect on
particle size, including agitation (shear), viscosity, and the
like. The remainder of the polymerizable surfactant is added
with monomers (i), (i1) and (iii). In a preferred embodiment of
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the invention, the amount of polymerizable surfactant added
to the mixture of water, polymerizable surfactant, and poly-
merization initiator is at least about 20 wt. % of the total
amount of polymerizable surfactant added in steps (a) and (b).
In the preferred embodiment of the invention, the amount of
polymerizable surfactant added with monomers (i), (ii) and
(iii) is less than about 80 wt. % of the total amount of poly-
merizable surfactant added in steps (a) and (b).

[0047] The process(es) of the invention also utilizes at least
one water-soluble polymerization initiator. Any conventional
water-soluble polymerization initiator that is normally
acceptable for emulsion polymerization of acrylate mono-
mers may be used and such polymerization initiators are well
known in the art. The typical concentration of water-soluble
polymerization initiators is about 0.01 wt. % to about 1 wt. %,
preferably about 0.01 wt. % to about 0.5 wt. %, of the total
weight of monomers (i), (ii) and (iii) charged in the pre-
emulsion. The water soluble polymerization initiators can be
used alone or used in combination with one or more conven-
tional reducing agents, such as bisulfites, metabisulfites,
ascorbic acid, sodium formaldehyde sulfoxylate, ferrous sul-
fate, ferrous ammonium sulfate, ferric ethylenediamine-tet-
raacetic acid, and the like. Water-soluble polymerization ini-
tiators that can be employed according to the invention
include water soluble persulfates, peroxides, azo compounds
and the like, and mixtures thereof. Examples of water soluble
initiators include, but are not limited to, persulfates (e.g.
potassium persulfate, and sodium persulfate), peroxides (e.g.
hydrogen peroxide, and tert-butyl hydroperoxide), and azo
compounds (e.g. 4,4'-azobis(4-cyano-pentanoic acid), V-501
from Wako Chemicals). Currently the preferred water soluble
polymerization initiators are the persulfates, particularly
potassium persulfate.

[0048] The polymerization can be initiated by any conven-
tional method known to those skilled in the art, such as by
application of heat or radiation. The method of initiation will
be dependent on the water-soluble polymerization initiator
used and will be readily apparent to those skilled in the art.

[0049] The water soluble polymerization initiator can be
added to the polymerization reaction in any conventional
manner known in the art. It is currently preferred to add a
portion of the initiator to the initial reactor charge which
comprises water, an effective amount of the water-soluble or
water-dispersible polymerizable surfactant, and an initial
amount of the polymerization initiator. The remainder of the
initiator can be added continuously or incrementally during
the emulsion polymerization. It is currently preferred to
incrementally add the remaining initiator.

[0050] Following polymerization, the pH of the latex emul-
sion is adjusted by contacting the latex emulsion with a suit-
able base in an amount necessary to raise the pH to about 6.5
to about 9, preferably about 7 to about 8. Examples of suitable
bases for adjusting the pH of the latex emulsion include alkali
metal hydroxides, alkaline earth metal hydroxides, ammo-
nium hydroxide, amines, and the like, and mixtures thereof.
The currently preferred base for use in the invention is ammo-
nium hydroxide.

[0051] The latex emulsion typically has a solids content of
from about 40 to about 70 wt. %, preferably about 45 to about
55 wt. %, and more preferably about 46 to about 48 wt. %.

[0052] Inanoptional, but currently preferred, embodiment
of the invention, the processes of the invention further com-
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prise the addition of a vinyl ester of a C, to C,, aliphatic
carboxylic acid to the latex emulsion after the conversion of
monomers (i), (ii) and (iii) is greater than 90%, preferably
greater than 95%, and more preferably greater than 97%.
Typically, this can be accomplished in the processes of the
invention by adding the vinyl ester to the latex emulsion after
the addition of monomers (i), (ii) and (iii) is completed.

[0053] Examples of suitable vinyl esters for use in the pro-
cesses of the invention include, but are not limited to, vinyl
acetate, vinyl propionate, vinyl butyrate, vinyl isobutyrate,
vinyl 2-ethylhexanoate, vinyl laurate, the vinyl esters of neo-
acids (available from Resolution Performance Products
under the trademark VeoVa™), and the like, and mixtures
thereof. The preferred vinyl esters are those that have a reac-
tivity similar to the reactivity of the water-soluble or water-
dispersible polymerizable surfactant.

[0054] The amount of vinyl ester added to the latex emul-
sion is about 0.1 to about 1 wt. %, preferably about 0.2 to
about 0.8 wt. %, of the total weight of monomers (i), (i1) and
(iii) charged to the polymerization.

[0055] Ifa vinyl ester is used in the processes of the inven-
tion, it is currently preferred that additional polymerization
initiator be added at the time of addition of the vinyl ester.

[0056] The polymerization reaction can be conducted in
any conventional reaction vessel capable of an emulsion poly-
merization.

[0057] The polymerization can be conducted at a tempera-
ture typical for emulsion polymerizations. The polymeriza-
tion is preferably conducted at a temperature in the range of
about 50° C. to about 95° C., preferably in the range of about
60° C. to about 85° C.

[0058] The polymerization time is that time needed to
achieve the desired conversion based on the other reaction
conditions, e.g. temperature profile, and reaction compo-
nents, e.g. monomers, initiator, etc. The polymerization time
will be readily apparent to those skilled in the art.

[0059] A third embodiment ofthe invention relates to pres-
sure sensitive adhesive compositions having enhanced resis-
tance to water-whitening comprising an aqueous emulsion
polymer are provided, the polymer comprising the polymer-
ization reaction product of a polymerizable aqueous emulsion
comprising: (i) at least one hydrophobic alkyl acrylate or
alkyl methacrylate ester of an alcohol, (ii) at least about 1 wt.
% of at least one hydrophilic monomer, (iii) at least about 5
wt. % of at least one partially hydrophilic alkyl acrylate or
alkyl methacrylate ester of an alcohol, and (iv) a water-
soluble or water-dispersible polymerizable surfactant
selected from compounds having a terminal allyl amine moi-
ety, substituted phenyl compounds having at least one alkenyl
substituent, polyoxyalkylene-1-(allyloxymethyl) alkyl ether
sulfate salts, or mixtures thereof, wherein the wt. % of mono-
mers (i), (ii) and (iii) are based on the total weight of mono-
mers (1), (ii) and (iii); wherein after the polymerization the pH
of'the polymer is adjusted to a pH of about 6.5 to about 9, and
the average particle size of the polymer is less than or equal to
200 nm, preferably less than or equal to 100 nm.

[0060] Inanoptional, but currently preferred, embodiment
of the invention, the PSA compositions of the invention fur-
ther comprise a vinyl ester of a C, to C, , aliphatic carboxylic
acid, the vinyl ester having been added to the latex emulsion
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after the conversion of monomers (i), (ii) and (iii) is greater
than 90%, preferably greater than 95%, and more preferably
greater than 97%.

EXAMPLES

Abbreviations and Source of Materials

[0061] 2-EHA: 2-ethylhexyl acrylate; Ashland Inc.

[0062] BA: butyl acrylate; Ashland Inc.

[0063] MA: methyl acrylate; Ashland Inc.

[0064] iOA: isooctyl acrylate; Ashland Inc.

[0065] MMA: methyl methacrylate; Ashland Inc.

[0066] AA: acrylic acid; Ashland Inc.

[0067] MAA: methacrylic acid; Ashland Inc.

[0068] Polystep: allylammonium laureth-3-sulfate; Stepan

Company
[0069] NMS-7

[0070] Polystep: allylammonium lauryl sulfate; Stepan
Company

NMS-5
CH=—CH—CH;

CoHio O(CH,CH,0),——S0;3NH,

[0071] Hitenol BC-2020: 20% active in water, n is about
20;
[0072] Dai-Ichi Kogyo Seiyaku Co., Ltd.

[0073] VeoVa 5: vinyl ester of neopentanoic acid; Resolu-
tion Performance Products

[0074] PPS: potassium persulfate; Sigma-Aldrich Co.
[0075] NH4,H: Ammonium hydroxide (28%); Sigma-Al-
drich Co.

[0076] Abex: sulfated nonylphenoxy-poly(ethyleneoxy-
)ethanol;

[0077] EP-120 Rhodia

[0078] AOT-75: sodium dioctyl sulfosuccinate; Cytec
[0079] Igepal: nonylphenol ethoxylate (with 9 moles of
[0080] Co0-630 ethylene oxide); Rhodia

[0081] Mylar: polyester film; DuPont

[0082] Poly HO: release liner; Rexam Release

[0083] Hitenol KH-05: Polyoxyethylene-1-(allyloxym-

ethyl) alkyl ether sulfate, ammonium salt; Dai-Ichi Kogyo
Seiyaku Co., Ltd.

Example 1

[0084] Ina2L jacketed glass reactor equipped with a reflux
condenser, thermocouple and twin blade agitator, 701.5 g of
polyacrylate latex was prepared. Monomer pre-emulsion was
prepared by mixing 110 g water, 192.4 g 2-EHA, 64 g BA, 45
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g MA, 6.25 g MAA, and 9.75 g AA with 9.27 g Polystep
NMS-7. The reactor was charged with 140 g of water and 3 g
of Polystep NMS-7. Separately, 117 g of PPS stock solution
(0.94 wt. % concentration) was prepared in water. The reactor
was heated with water. When the temperature reached 79° C.,
0.75 g PPS was added followed by continuous addition of the
monomer pre-emulsion at a 2.1-2.2 g/min rate for 3.5 hr. The
temperature was maintained at 83° C. and the polymerization
charge agitated continuously at 240 rpm. Every 20 min, 10 g
of the PPS stock solution was added to the reactor. After the
pre-emulsion addition was complete, the reactor temperature
was raised to 85° C. and agitated for an additional 40 min after
which 1.5 g VeoVa 5 was added to the reactor with 5 g of PPS
stock solution.

[0085] The latex has 47.2 % solids. The wt. % solids was
determined by placing a known amount of latex into a
weighed aluminum weighing tin, drying at 150° C. for 60
min, weighing the tin again and calculating the solids content.
The average particle size is 80 nm as measured using a Horiba
laser scattering particle size distribution analyzer model
LA-910. The pH was 2.34 as measured using an Orion model
250 pH meter. The Brookfield viscosity is 860 cp using a
Brookfield viscometer LV 11+ with spindle #3 at 30 rpm.

[0086] The latex was then neutralized with NH,OH to a pH
of 7.85.

[0087] The neutralized latex was direct coated on a 1 mil
Mylar film as well as on Poly H9 release liner. Both films were
air dried for 10 min and heat dried at 90° C. for 5 min. The
coated Mylar was laminated with release liner (direct coat),
and the coated release liner was laminated with Mylar (trans-
fer coat). For water whitening/water immersion tests, the
release liners were removed thus exposing the polymer sur-
faces to water. UV/Visible spectroscopy (UV/VIS) using a
Cintra 40 UV-Visible spectrophotometer was used to deter-
mine absorbance. The coated Mylar film (facestock) was
placed in a cuvette which was filled with water at time=0. The
light absorbance was measured and recorded for 24 hr at 400
nm (room temperature). The final absorbance increase of the
direct- and transfer- coated films was 0.015 and 0.041 respec-
tively (curves #1 and 2 in FIG. 1).

Example 2 (Control)

[0088] In acontrol experiment, latex was prepared accord-
ing to the procedure described in Example 1 except conven-
tional surfactants were used in place of the Polystep NMS-7.
Thus, 5.3 g Abex EP-120 (30% solids) was used in the initial
reactor charge, and 3.2 g Abex EP-120, 0.78 g AOT 75, and
3.88 g Igepal Co-630 was used to stabilize the pre-emulsion.
The final latex had an average particle size of 87 nm, 46.9 %
solids, pH=2.24, and Brookfield viscosity of 546. The latex
was neutralized to pH 7.84. The latex film was direct coated as
described in Example 1, and the UV/VIS absorbance was
measured in room temperature water during a 24 hr immer-
sion test. The final absorbance was 0.388 (curve #3 in FIG. 1).

[0089] The results of Examples 1 and 2 demonstrate that
the PSAs of the invention have significantly improved resis-
tance to water-whitening compared to a similar polymer pre-
pared using conventional surfactants.

Example 3

[0090] A polymerization was carried out according to the
procedure described in Experiment 1 except instead of
2-EHA, 192 grams of iOA was emulsified with BA, MA, AA,
and MAA.
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The latex had 47.5 % solids. The average particle size was 98
nm and pH=2.23. Brookfield viscosity was 740 cp. The latex
was neutralized to a pH of 7.98 with NH,OH.

[0091] Latex film was prepared by direct coating on Mylar
at 1 mil coat weight. The change of absorbance after 24 hr
room temperature immersion was 0.039.

Example 4

[0092] A polymerization was carried out according to the
procedure described in Experiment 1 except 16 grams of AA
was emulsified with 192 grams of 2-EHA, 64 grams of BA,
and 45 grams of MA. The polymerization conditions were
identical to those described in Example 1. The latex had
45.4% solids, pH=2.38 and Brookfield viscosity was 572.
Average particle size was 77 nm. The latex was neutralized to
a pH of 7.8 using NH,OH.

[0093] The direct coated film on Mylar has 0.046 absor-
bance increase after the 24 hr room temperature water immer-
sion test.

Example 5

[0094] A polymerization was carried out according to the
procedure described in Experiment 1 except 45 grams of
MMA was emulsified with the described amounts of 2-EHA,
BA, AA, and MAA. The latex had 45.91% solids, pH=2.41,
and Brookfield viscosity is 678. The average particle size was
93 nm. The latex was neutralized with NH,OH to pH=7.95.

[0095] The latex film was prepared by direct coating on
Mylar as described in Example 1 and tested for water whit-
ening. The absorbance increase after 24 hr in room tempera-
ture water is 0.024.

Example 6 (comparative)

[0096] A polymerization was carried out according to the
procedure described in Experiment 1 except no partially
water soluble monomer i.e., methyl acrylate or methyl meth-
acrylate, was used. Thus, the pre-emulsion consisted of 217
grams of 2-EHA, 84 grams of BA, 6.4 grams of MAA, and 9.1
grams of AA emulsified in 110 grams of water with 12.9
grams of Polystep NMS-7. The latex had 46% solids,
pH=2.39, and Brookfield viscosity was 380. The average
particle size was 106 rm. The latex was neutralized to
pH=7.98 using NH,OH.

[0097] The latex film was direct coated on Mylar. The
absorbance increase of the latex film after 24 hr room tem-
perature water immersion was 0.38.

[0098] Theresults of Example 6 demonstrate that polymer-
ization without partially water soluble monomer produces
PSA with unacceptable water whitening.

Example 7 (Comparative)

[0099] A polymerization was carried out according to the
procedure described in Experiment 1 except 1 gram of Polys-
tep NMS-7 was added to the initial reactor charge. The latex
had 47.1 solids, pH=2.76, and Brookfield viscosity was 348
cp. The average particle size was 119 nm. The latex was
neutralized to pH=7.54 with NH,OH and direct coated on
Mylar. The absorbance increase after 24 hr, room temperature
water immersion was 0.13.
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[0100] Theresults of Example 7 demonstrate that polymer-
ization with less than an effective amount of polymerizable
surfactant in the initial reactor charge produces PSA with
unacceptable water whitening and particles with too large of
an average particle size.

Example 8

[0101] A polymerization was carried out according to the
procedure described in Experiment 1 except instead of adding
3 grams of Polystep NMS-7, 4.33 grams of Polystep NMS-5
was added to the initial reactor charge. Also, the monomer
mixture was emulsified with 17.9 grams of Polystep NMS-5.
The latex had 46.5% solids. The particle size was 78nm, and
pH=2.64. The latex was neutralized with NH,OH to
pH=7.49, and coated directly on Mylar.

[0102] The absorbance increase after 24 hr. room tempera-
ture water immersion test is 0.05.

Example 9

[0103] Ina 2L jacketed glass reactor equipped with a reflux
condenser, thermocouple and twin blade agitator, a polyacry-
late latex was prepared. In a separate vessel, monomer pre-
emulsion was prepared by mixing 122.8 g water, 298 g
2-EHA, 99.1 g BA, 69.75 g MA, 10.06 g MAA, and 14.08 g
AA with 14.75 g Hitenol BC-2020. The reactor was charged
with 296.72 g of water, 1.18 g PPS, and 7.37 g of Hitenol
BC-2020. Separately, 61.77 g of PPS stock solution (0.94 wt.
% concentration) was prepared in water. The reactor was
heated with water. When the temperature reached 79° C.,
continuous addition of the monomer pre-emulsion at a 3
g/min rate was started and continued for 200 minutes. The
temperature was maintained at 83° C. and the polymerization
charge agitated continuously at 240 rpm. Every 20 min for the
200 minute pre-emulsion addition time beginning 20 minutes
after the start of the pre-emulsion addition, 6 g of the PPS
stock solution was added to the reactor. After the pre-emul-
sion addition was complete, the reactor temperature was
raised to 88° C. and agitated for an additional 60 minutes.

[0104] The latex has 46.79% solids. The wt. % solids was
determined by placing a known amount of latex into a
weighed aluminum weighing tin, drying at 150° C. for 60
min, weighing the tin again and calculating the solids content.
The average particle size is 86 nm as measured using a Horiba
laser scattering particle size distribution analyzer model
LA-910. The pH was 2.34 as measured using an Orion model
250 pH meter. The Brookfield viscosity is 1124 cp using a
Brookfield viscometer LV 11+ with spindle #3 at 30 rpm.

[0105] The latex was then neutralized with NH,OH to a pH
of 7.85.

[0106] The neutralized latex was direct coated on a 1 mil
Mylar film. The film was air dried for 10 min and heat dried at
90° C. for 5 min. The coated Mylar was laminated with
release liner (direct coat). For water whitening/water immer-
sion tests, the release liners were removed thus exposing the
polymer surfaces to water. UV/Visible spectroscopy (UV/
VIS) using a Cintra 40 UV-Visible spectrophotometer was
used to determine absorbance. The coated Mylar film (face-
stock) was placed in a cuvette which was filled with water at
time=0. The light absorbance was measured and recorded for
24 hr at 400 nm (room temperature). The final absorbance
increase of the direct-coated film was 0.005 which corre-
sponds to 98.8% light transmission.

Oct. 9, 2008

Example 10

[0107] Ina2L jacketed glass reactor equipped with a reflux
condenser, thermocouple and twin blade agitator, a polyacry-
late latex was prepared. In a separate vessel, monomer pre-
emulsion was prepared by mixing 134.5 g water, 2719 g
2-EHA, 90.7 g BA, 63.6 g MA, 9.1 g MAA, and 12.9 g AA
with 5.4 g Hitenol KH-05. The reactor was charged with
364.4 g of water, 1.57 g PPS, and 1.35 g of Hitenol KH-05.
Separately, 35.5 g of PPS stock solution (2.5 wt. % concen-
tration) was prepared in water. The reactor was heated with
water. When the temperature reached 79° C., continuous
addition of the monomer pre-emulsion at a 2.94 g/min rate
was started and continued for 200 minutes. The temperature
was maintained at 83° C. and the polymerization charge agi-
tated continuously at 240 rpm. Every 20 min for the 200
minute pre-emulsion addition time beginning 20 minutes
after the start of the pre-emulsion addition, 3.5 g of the PPS
stock solution was added to the reactor. After the pre-emul-
sion addition was complete, the reactor temperature was
raised to 88° C. and agitated for an additional 60 minutes. The
latex had 45.8 % solids. The wt. % solids was determined by
placing a known amount of latex into a weighed aluminum
weighing tin, drying at 150° C. for 60 min, weighing the tin
again and calculating the solids content. The average particle
size was 76 nm as measured using a Horiba laser scattering
particle size distribution analyzer model LA-910. The pH was
2.2 as measured using an Orion model 250 pH meter. The
Brookfield viscosity was 1200 cp using a Brookfield viscom-
eter LV 11+ with spindle #3 at 30 rpm.

[0108] The latex was then neutralized with NH,OH to a pH
of 7.12.

[0109] The neutralized latex was direct coated on a 1 mil
Mylar film. The film was air dried for 10 min and heat dried at
90° C. for 5 min. The coated Mylar was laminated with
release liner (direct coat). For water whitening/water immer-
sion tests, the release liner was removed thus exposing the
polymer surface to water. UV/Visible spectroscopy (UV/
VIS) using a Cintra 40 UV-Visible spectrophotometer was
used to determine absorbance. The coated Mylar film (face-
stock) was placed in a cuvette which was filled with water at
time=0. The light absorbance was measured and recorded for
24 hr at 400 nm (room temperature). The final absorbance
increase of the direct-coated film was 0.014. The adhesive
was also exposed to 190° F. water for 10 minutes. After the
high temperature exposure, the no visible color change.

We claim:
1. A process for preparing a pressure sensitive adhesive
having enhanced resistance to water-whitening comprising:

(a) contacting water, an effective amount of a water-soluble
or water-dispersible polymerizable surfactant selected
from compounds having a terminal allyl amine moiety,
substituted phenyl compounds having at least one alk-
enyl substituent, polyoxyalkylene-1-(allyloxymethyl)
alkyl ether sulfate salts, or mixtures thereof, and an
initial amount of polymerization initiator to form a mix-
ture;

(b) continuously adding monomers and, optionally, addi-
tional water to said mixture and polymerizing the result-
ant emulsion to form a latex emulsion, wherein addi-
tional polymerization initiator is added during the
polymerization of said emulsion, and wherein said
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monomers comprise: (i) at least one hydrophobic alkyl
acrylate or alkyl methacrylate ester of an alcohol, (ii) at
least about 1 wt. % of at least one hydrophilic monomer,
(iii) at least about 5 wt. % of at least one partially hydro-
philic alkyl acrylate or alkyl methacrylate ester of an
alcohol, and (iv) a water-soluble or water-dispersible
polymerizable surfactant selected from compounds hav-
ing a terminal allyl amine moiety, substituted phenyl
compounds having at least one alkenyl substituent, poly-
oxyalkylene-1-(allyloxymethyl) alkyl ether sulfate
salts, or mixtures thereof, wherein the wt. % of mono-
mers (i), (ii) and (iii) are based on the total weight of
monomers (1), (ii) and (iii); and

(c) adjusting the pH of said latex emulsion with a suitable
base to a pH of about 6.5 to about 9;

wherein said effective amount of water-soluble or water-
dispersible polymerizable surfactant in said mixture is
that amount necessary to produce said pressure sensitive
adhesive having an average particle size of less than or
equal to 200 nm.

2. The process of claim. 1 wherein the amount of monomer
(1) is about 70 to about 90 wt. %.

3. The process of claim 2 wherein the amount of monomer
(1) is about 75 to about 85 wt. %.

4. The process of claim 1 wherein the amount of monomer
(ii) is about 2 to about 10 wt. %.

5. The process of claim 4 wherein the amount of monomer
(ii) is about 4 to about 8 wt. %.

6. The process of claim 1 wherein the amount of monomer
(iii) is about 5 to about 20 wt. %.

7. The process of claim 6 wherein the amount of monomer
(iii) is about 5 to about 18 wt. %.

8. The process of claim 1 wherein said pressure sensitive
adhesive has an average particle size of less than or equal to
100 nm.

9. The process of claim 1 wherein said monomer (i) is at
least one hydrophobic alkyl acrylate or alkyl methacrylate
ester of an alcohol wherein the alkyl portion contains at least
4 carbon atoms.

10. The process of claim 9 wherein said monomer (i) is
selected from isooctyl acrylate, 4-methyl-2-pentyl acrylate,
2-methylbutyl acrylate, isoamy] acrylate, sec-butyl acrylate,
n-butyl acrylate, 2-ethylhexyl acrylate, isodecyl methacry-
late, isononyl acrylate, isodecyl acrylate, or mixtures thereof.

11. The process of claim 9 wherein said monomer (i) is
selected from n-butyl acrylate, 2-ethylhexyl acrylate, or mix-
tures thereof.

12. The process of claim 1 wherein said monomer (ii) is
selected from a monoolefinic monocarboxylic acid, a
monoolefinic dicarboxylic acid, or mixtures thereof.

13. The process of claim 12 wherein said monomer (ii) is
selected from acrylic acid, methacrylic acid, fumaric acid,
maleic acid, itaconic acid, crotonic acid, or mixtures thereof.

14. The process of claim 13 wherein said monomer (ii) is
selected from acrylic acid, methacrylic acid, or mixtures
thereof.

15. The process of claim 1 wherein said monomer (iii) is
selected from methyl acrylate, methyl methacrylate, ethyl
acrylate, or mixtures thereof.

16. The process of claim 15 wherein said monomer (iii) is
selected from methyl acrylate, methyl methacrylate, or mix-
tures thereof.
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17. The process of claim 1 wherein the total amount of
water-soluble or water-dispersible polymerizable surfactant
added in steps (a) and (b) is about 0.1 to about 5 wt. % of the
total weight of monomers (i), (ii) and (iii) charged.

18. The process of claim 17 wherein the total amount of
water-soluble or water-dispersible polymerizable surfactant
added in steps (a) and (b) is about 0.5 to about 2 wt. % of the
total weight of monomers (i), (ii) and (iii) charged.

19. The process of claim 17 wherein the amount of water-
soluble or water-dispersible polymerizable surfactant in said
mixture of step (a) is at least about 20 wt. % of the total
amount of water-soluble or water-dispersible polymerizable
surfactant added in steps (a) and (b).

20. The process of claim 1 wherein said polymerizable
surfactant has a hydrophilic portion selected from a sulfonate
allyl amine moiety, a sulfate allyl amine moiety, or a phos-
phate allyl amine moiety, and a hydrophobic portion selected
from —R, or a group having the formula

RO—(CH,CH,O)n,—;

wherein R is an alkyl group or an alkyl-substituted phenyl
group wherein the alkyl group has 1 to 20 carbon atoms,
and n is an integer from 2 to 100.
21. The process of claim 20 wherein n is an integer from 2
to 15.

22. The process of claim 1 wherein said polymerizable
surfactant is an allyl amine salt of an alkyl benzene sulfonate
having the formula

R14©7803'X*\/\

wherein R, is an alkyl group having 1 to 20 carbon atoms, and
X*is selected from *NH;, *"NH,R,, or 'NHR R, wherein R,
and Rj are independently selected from C,-C, alkyl or
hydroxyalkyl groups.

23. The process of claim 22 wherein said polymerizable
surfactant is an allyl amine salt of dodecylbenzene sulfonate.

24. The process of claim 1 wherein said polymerizable
surfactant is an allyl amine salt of an alkyl ether sulfate having
the formula

RO—-CHCH0 T A~ -
005X
AN

wherein R, is an alkyl group having 1 to 20 carbon atoms, n is
an integer from 2 to 100, and X" is selected from *NHj,
*NH,R,, or *"NHR R, wherein R4 and R are independently
selected from C, -C, alkyl or hydroxyalkyl groups.

25. The process of claim 24 wherein n is an integer from 2
to 15.

26. The process of claim 25 wherein said polymerizable
surfactant is an allyl amine salt of laureth sulfate.

27. The process of claim 1 wherein said polymerizable
surfactant is an allyl amine salt of a phosphate ester having the
formula
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R3O—¢CH,CH,0O jn_ PO4_X+\/\

wherein R; is an alkyl or alkyl-substituted phenyl group
wherein the alkyl group has 1 to 20 carbon atoms, n is an
integer from 2 to 100, and X"is selected from *NH;, "NH,R,,
or "NHR R, wherein R, and R, are independently selected
from C,-C, alkyl or hydroxyalkyl groups.

28. The process of claim 27 wherein n is an integer from 2
to 15.

29. The process of claim 27 wherein said polymerizable
surfactant is an allyl amine salt of nonylphenol ethoxylate (9
moles EO) phosphate ester.

30. The process of claim 1 wherein said polymerizable
surfactant is an allyl amine salt of a sulfate having the formula

RS0, "X—CH,—CH—CH,

wherein R is an alkyl group having 6 to 20 carbon atoms,
and X*is selected from *NH;, *“NH,R,, or "NHR,R,
wherein R, and Rs are independently selected from
C,-C, alkyl or hydroxyalkyl groups.
31. The process of claim 30 wherein Ry is an alkyl group
having 10 to 18 carbon atoms.
32. The process of claim 1 wherein said polymerizable
surfactant is a substituted phenyl compound having the for-
mula

CH=—CH—CH;

Ry
{ O(AD),—SOM
Ro

R¢™ \=

wherein R, is an alkyl, alkenyl or aralkyl group containing 6
to 18 carbon atoms; R is a hydrogen atom or an alkyl, alkenyl
or aralkyl group containing 6 to 18 carbon atoms; R, is a
hydrogen atom or a propenyl group; A is an unsubstituted or
substituted alkylene group containing 2 to 4 carbon atoms; n
is an integer of 1 to about 200; and M is an alkali metal, an
ammonium ion, or an alkanolamine residue.

33. The process of claim 30 wherein said polymerizable
surfactant is a substituted phenyl compound having the for-
mula

CH=—CH—CH;

Ry O(A0),—SO;M

34. The process of claim 33 wherein R, is alkyl, A is
ethylene, and M is alkali metal or ammonium.

35. The process of claim 34 wherein R, is nonyl, n is about
10 to about 30, and M is ammonium.

36. The process of claim 1 wherein said polymerizable
surfactant is a polyoxyalkylene-1-(allyloxymethyl) alkyl
ether sulfate salt having the formula:
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Rjo—CH—CH,—OCH,—C=CH,

O—+A03——SOM

wherein R, is an alkyl group containing 8 to 30 carbon
atoms; R, is hydrogen or methyl; A is an unsubstituted or
substituted alkylene group having 2 to 4 carbon atoms; n is 0
or an integer of 1 to about 200; and M is an alkali metal, an
ammonium ion, or an alkanolamine residue.

37. The process of claim 36 wherein said polymerizable
surfactant is a polyoxyalkylene-1-(allyloxymethyl) alkyl
ether sulfate salt having the formula:

Rjo—CH—CH,—OCH,—CH=—=CH,

O—+CH,CH,05——S0;M

wherein R, is an alkyl group containing 8 to 14 carbon
atoms; and n is an integer of 1 to about 200.

38. The process of claim 1 wherein the total amount of said
polymerization initiator added is about 0.01 to about 0.5 wt.
% of the total weight of monomers (i), (ii) and (iii) charged.

39. The process of claim 1 further comprising the addition
of a vinyl ester of a C, to C,, carboxylic acid to said latex
emulsion after the conversion of monomers (i), (ii) and (iii) is
greater than 90%.

40. The process of claim 39 wherein said vinyl ester is
added to said latex emulsion after the conversion of mono-
mers (1), (ii) and (iii) is greater than 95%.

41. The process of claim 1 further comprising the addition
of a vinyl ester of a C, to C,, carboxylic acid to said latex
emulsion after the addition of monomers is completed.

42. A pressure sensitive adhesive composition having
enhanced resistance to water-whitening comprising an aque-
ous emulsion polymer prepared according to the process of
claim 1.

43. A pressure sensitive adhesive composition having
enhanced resistance to water-whitening comprising an aque-
ous emulsion polymer prepared according to the process of
claim 40.

44. A process for preparing a pressure sensitive adhesive
having enhanced resistance to water-whitening comprising:

(a) contacting water, an effective amount of a water-soluble
or water-dispersible polymerizable surfactant selected
from compounds having a terminal allyl amine moiety,
substituted phenyl compounds having at least one alk-
enyl substituent, polyoxyalkylene-1-(allyloxymethyl)
alkyl ether sulfate salts, or mixtures thereof, and an
initial amount of polymerization initiator to form a mix-
ture;

(b) continuously adding monomers and, optionally, addi-
tional water to said mixture and polymerizing the result-
ant emulsion to form a latex emulsion, wherein addi-
tional polymerization initiator is added during the
polymerization of said emulsion, and wherein said
monomers comprise: (i) about 70 to about 90 wt. % of at
least one hydrophobic alkyl acrylate ester selected from
n-butyl acrylate, 2-ethylhexyl acrylate, or mixtures
thereof, (ii) about 2 to about 10 wt. % of at least one
hydrophilic monomer selected from acrylic acid, meth-
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acrylic acid, or mixtures thereof, (iii) about 5 to about 20 (c) adjusting the pH of said latex emulsion with a suitable
wt. % of methyl acrylate, and (iv) a water-soluble or base to a pH of about 6.5 to about 9;

water-dispersible po.lymerlzab.le surfactaqt sele.cted wherein said effective amount of water-soluble or water-
from compounds having a terminal allyl amine moiety, dispersible polymerizable surfactant in said mixture is
substituted phenyl compounds having at least one alk- that amount necessary to produce said pressure sensitive
enyl substituent, polyoxyalkylene-1-(allyloxymethyl) adhesive having an average particle size of less than or
alkyl ether sulfate salts, or mixtures thereof, wherein the equal to 200 nm.

wt. % of monomers (i), (ii) and (iii) are based on the total
weight of monomers (i), (i1) and (iii); and



