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Aqueous Dispersions'Containing Multi-stage Emulsion Polymers

FIELD OF THE INVENTION
The invention relates generally to aqueous dispersions containing emulsion
nolymers, and more specifically, emulsion polymers made using a multi-

stage emulsion polymerization process. The aqueous dispersions are

useful in a variety of coating compositions.

BACKGROUND OF THE INVENTION

Aqueous emulsion polymers, also called latexes or polymer dispersions,

are known and used in both clear and pigmented form. They are used In
many products, including interior and exterior architectural coatings, general
metal coatings, adhesives, and the like. These latexes can be formed by
aqueous emulsion polymerization of ethylenically unsaturated monomers
such as hstyrene and its derivatives; acrylic and methacrylic aéids; alky!
acrylates, methacrylates, and hydroxyl-subsfituted derivatives; vinylz

acetate; acrylonitrile; glycidyl acrylates and methacrylates; and the like.

The large number of independent variables which can be manipulated in
desighing latex particles renders the preparation of improved latexes
technically challenging. The emulsion polymers used in aqueous coating
compdsitions must be hard enough to resist physical and chemical forces,'_
but, at the same time, soft enough to form a continuous film. Film durability,

water resistance, and chemical resistance are provided by hard polymers

ownth glass transition temperatures (Tg) above ambient temperature.

However o be fllm-formlng, these polymer dispersions must have a

minimum filming temperature (MFT) at or below ambient temperature, to

allow for fusion of the polymer particles into a continuous film.
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Film properties can be further improved if the polymer film crosslinks upon
film formation.

The preparation of emulsion polymers containing "dangling” or pendant
double bonds is one possible solution for a coating system which crosslinks

ambiently, thermally, and photochemically. See, for example, U.S. Pat. No.

5,539,073.

il'

U.S. Pat. No. 5,596,035 discloses autocrossslinkihg agueous dispersions,
having a minimum filming temperature (MFT) of from 0°C to about 50°C,
which are a mixture of at least one carbonyl-containing soft latex polymer.
having an MFT of below about 20°C, at least one hard latex polymer having

- an MFT of above about 25°C, and at least one polyfunc:tional carboxylic

hydrazide.

U.S. Pat. No. 6,005,042 discloses a polymer disperéion prepared by means
of stépwise emulsion polymerization of monomer mixtures which include a
proportion of hard monomers of at Ieést 30% by weight in the first
polymerization stage and at least 65% by weight in the second
polymerization stage. The dispersions are séid to have an MFT in the
range from 0° to 40°C, and to form polymer films which possess high .
blocking resistance and scratch resistance with sufficient elasticity for the

coating of substrates that are not dimensionally stable. To increase the
chemical resistance, the dispersion may also include polyfunctional

carboxylic hydrazides.

WO 98/08882 discloses an aqueous two-stage emulsion polymer having a
first stage polymer with a calculated glass transition temperature of at least

70°C and a second stage polymer having a calculated glass transition
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te'mperature between about 5° to 50°C, with a wet-adhesion promoting

monomer being used in the second stage polymer.

EP 1 149 875 discioses an aqueous stain-blocking coating composition
including an aqueous emulsion copolymer having a glass transition
temperature (Tg) from —20 to 60°C and including, as polymerized units, at
least one ethylenically unsaturated nonionic monomer and 1.5-6%, by
weight based on the dry weight of the copolymer, ethylenically unsaturated

strong acid monomer, such as a phosphorus-containing strong acid

monomer, or salts thereof.

EF‘ 1 302 515 discloses a coating composition comprising a bimodal
aqueous emulsion copolymer that includes as polymerized units from 0.1%
to 10% by weight, based on the dry weight of the c0polymer, of a strong
acid monomer, or salts thereof. The bimodal copolymer contains small
mode particles having a diameter of 50 to 150 nm, and large mode particles

having a diameter of less than 400 nm. The coating composition is said to

be particularly useful as a stain blocking coating. -

While multi-stage emulsion polymers have been described in the prior art,
there is a continuing need for.aqueous dispersions containing emulsion
polymers which provide a coating or film having excellent performance
properties such as blocking resistance at elevated temperature; high gloss,

water and chemical resistance, and excellent low temperature film

formation, all with minimal VOC levels.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, the invention relates to an aqueous dispersion, having

a minimum film formatidnotemperature no greater than about 50°C,
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comprising a multi-stage emulsion polymer'made by a process that
comprises a first polymerizatioh stage, in which a first monomer mixture
having a calculated glass transition temperature of at least about 50°C Is
polymerized via free radical emulsion polymerization to obtain a first-stage
emulsion polymer, the first monomer mixture including from about 80% to
about 99.5% by weight of one or more ethylenically unsaturated non-ionic
‘monomers: from 0% to about 5% by weight of one or more ethylenically
unsaturated “weak” acid monomers; from 0% to about 5% by weight of one
or more ethylenically unsaturated “strong” acid monomers; and from 0% to
about 10% by weight of one or more ethylenically unsaturated monomers
containing a keto group, wherein the first monomer mixture contains at least
about 0.5% by weight of the strong acid monomers or the weak acid
monomers, or a mixture of the two; and a second polymerization stage, in
which a second monomer mixture having a calculated glass transition
temperature from about -30°C to about 10°C is polymerized via free radical
emulsion polymerization, in the presence of the emulsion polymer
polymerized in the first polymerization stage, to obtain the multi-stage
emulsion polymer, the second monomer mixture including from about 80%
to about 99.5% by weight of one or more ethylenically unsaturated non-
ionic monomers; from 0% to about 5% by weight of one or more
ethylenically unsaturated “weak” acid monomers; from about 0.5% to about
10% by weight of one or more ethylenically unsaturated "strong” acid .
monomers: and from about 0.5% to about 10% by weight of one or more
ethylehically unsaturated monomers containing a keto group.

, | ,
The present invention may be understood more readily by reference 1o the

- following déscription of thé invention, and to the Exé;mples included therein.

Before the present compositions of matter and methods are disclosed and

described, it is to be understood that this invention is not limited to specific
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synthetic methods orto particular formulations, uniless otherwise indicated,
and, as such, may vary from the disclosure. It is also to be understood that

the terminology used is for the purpose of describing particular
embodiments only, and is not intended to limit the scope of the invention.

The singular forms "a,” "an," and "the" include plural referents, unless the
context clearly dictates otherwise.

Optional or optionally means that the subsequently described event or
circumstances may or may not occur. The description includes instances
where the event or circumstance occurs, and instances where it does not

OCCUT.

Raﬁges may be expressed herein as from about one particular value,

and/or to about another particular value. When such a range is expressed,
it Is to be understood that another embodiment is from the one particular

value and/or to the other particular value.

Terms including "meth"” in parentheses, such as “(meth)acrylate,” are

intended to refer either to the acrylate or to the methacrylate, or mixtures of

| both. Simi’larly, the term (meth)acrylamide woglq refer either to the

acrylamide or to the methacrylamide, or mixtures of both, as one skilled in
the art would readily understand.
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According to the invention, aqueous dispersions having a minimum film

formation temperature of no more than about 50°C are provided, containing

multi-stage emulsion pdlymers made by a multi-stage emulsion
nolymerization process that includes a first polymerization stage in which a
first monomer mixture having a calculated glass transition temperature of at
least about 50°C is polymerized via free radical emulsion polymerization;
and a second polymerization stage in which a second monomer mixture
having a calculated glass transition temperature from about -30” to about
10°C is polymerized via free radical emulsion poiymerization in the

presence of the polymer polymerized In the first polymerization stage.

In other embodiments, the agueous dispersions may have a minimum film

formation temperature no greater than about 40°C, or no greater than about

30°C.

In one embodiment, the monomer mixture of the first polymerization stage
includes at least one ethylenically unsaturated strong acid monomer or at
least one ethylenically unsaturated weak acid monomer, and the monomer
mixture of the second polymerization stage includes at least one
ethylenically unsaturated strong acid monomer, and at least one

ethylenically unsaturated monomer containing a keto group.

In other embodiments, the aqueous dispersion further contains one or more’

crosslinker molecules, as defined elsewhere herein.

The applicant has found that these multi-stage emulsion polymers may be

employed in coating compositions, such as paint compositions, to provide
coatings having one or more of excellent block resistance, excellent film

formation, good gloss, and low water uptake, when compared to simple

mofphology polymers and known multi-stage polymers.
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In one embodiment, the polymer formed in the first polymerization stage
has a calculated glass transition temperature of at least 50°C and
comprises from about 80% to about 99.5% by weight of ethylenically
unsaturated non-ionic monomers; from 0% to about 5% by weight of
ethylenically unsaturated “weak” acid monomers; from 0% to about 5% by "
weight of ethylenically unsaturated “strong” acid monomers; and from 0% to
about 10% by weight of ethylenically unsaturated monomers containing a
keto group. A mrnlmum amount of the total of the weak and strong acid
monomers used in the first polymerization stage is about 0.5% by weight of
the monomers used in the first polymerization stage, in order to obtain
stability of the first-stage emulsion polymer formed. According to this:
embodiment, the polymer formed in the second polymerization stage has a
calculated glass transition temperature from about -30° to about 10°C, and
comprises from about 80% to about 99.5% by weight of ethylenically
unsaturated non-ron!c monomers; from 0% o about 5% by weight of
ethylenically unsaturated “weak” acid monomers; from about 0. 5% to about
10% by weight of ethylenically unsaturated “strong acid monomers; and
from about 0.5% to about 10% by weight of ethylenically unsaturated

monomers containing a keto group.

In various embodiments, the aqueous multi-stage polymer dispersions as |
disclosed herein include from about. 80.0% to about 99.5% by weight, or
from about 85.0% to about 98.5% by weight, or from about 88.0% to about
97.0% by weight all based on the dry weight of the polymer, of one or rnore

ethylenically unsaturated nonionic monomers in each of the first and

“second monomer mixtures. As used herein, the terms "ethylenically

unsaturated nonionic monomer" and "nonionic monomer" mean those

monomers or monomer residues that do not bear an ionic charge at pHs at
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which paints are conventionally formulated, or at a pH from about 5 to about

10.

Ethylenically unsaturated non-ionic monomers useful according to the
invention include, but are not limited to, (meth)acrylic ester monomers such
as methyl acrylate, ethyl acrylate, ethyl methacrylate, butyl acrylate, 2~
ethylhexy! acrylate, decyl acrylate, lauryl acrylate, methyl methacrylate,
butyl methackylate, isodecyl methacrylate, lauryl methacrylate, hydroxyethyl

methacrylate, hydroxypropyl methacrylate, (meth)acrylonitrile,
(meth)acrylamide, amino-functional and ureido-functional monomers,

“styrene and subpstituted styrenes, butadiene, ethylene,' prop'ylene, a-olefins

: such as 1-decene, vinyl acetate, vinyl butyrate and other vinyl esters, and

vinyl monomers such as vinyli chloride and vinylidene chloride. Preferred

monomers include those comprising residues of two or more monomers

oroviding all-acrylic polymers, predominantly-acrylic polymers, styrene-

écrylic polymers, and vinyl acetate-acrylic polymers.

The aqueous two-stage polymer dispersions according to the invention may
include, in the first polymerization stége, from 0% to about 5%, or from
about 0% to about 2%, all by weight based on the weight of the first
monomer mixture, and, in the second polymerization stage, from 0% to |
about 5%, or from about 0% to about 2%, all by weight based on the weight
of the second monomer mixture, of one or more ethylenically unsaturated
weak acid monomers, or salts thereof. As used herein, the terms
"ethylenically unsaturated weak acid monomer” and "weak acid monomer"
mean a moﬁomer or monbm_er residue bearing a pendant acid group having
a pKa (in water at 20°C) of greater than 4, or a salt of such a weak acid.

Examples of ethylenically unsaturated weék acid monomers useful

‘according to the invention include, but are not limited to, acrylic acid,
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methacrylic acid, crotonic acid, itaconic acid, fumaric acid, maleic acid, and

maleic anhydride.

In various embodiments, the aqueous two-stage polymer dispersions

include, in the first polymerization stage, from 0% to 5%, or from about 0%
to about 2%, all by weight based on the weight of the first monomer
mixture, and, in the second polymerization stage, from about 0.5% to about
10%, or from about 0.5% to about 7.5%, or from about 1.0% to about 5.0%,
all by weight based on the weight of the second monomer mixture, of one or
more ethylenically unsaturated strong acid monomers, or salts thereof. As
used herein, =fhe terms “ethylenically unsaturated strong acid monomer" and
"strong acid bmonomer“ mean a monomer bearing a pendant acid group::
having a pKa (in water at 20°C ).of less than 4, or a salt of such a strong

acid monomer.

Examples of ethylenica!ly unsaturated strong acid monomers useful
according to the invention include, but are not limited to, 2-acrylamido-2-
methylpropane sulfonic acid, 1-allyloxy-2-hydroxypropane sulfonic acid,
vinyléulfonic acid, styrene sulfonic acid, alkyl allyl sulfosuccinic acid,
sulphoethyl (meth)acrylate, phosphoalky! (meth)acrylates such as
phosphoethyl methacryl‘ate (phosphate ester of 2-hydroxyethyl
methacrylate), phosphoethyl acrylate, phosphopropyl (meth)acrylate,
phosphobutyl (meth)acrylate, phosphate ester of polyethyleneglycol
(meth)acrylate, phosphate ester of polypropyleneglycol (meth)acrylate,
phbsphoalkyl crotonates, phosphoalkyl maleates, phosphoalkyl fumarates,

phosphodialkyl (meth)acrylates, phosphodialkyl crotonates, and allyl
phosphate. Salts of these unsaturated strong acid monomers are also

;"-

useful. Diesters and blends of monesters and diesters of the phosphate
strong acids are useful also. The term “(meth)acrylate,” and the like, as

used throughout means either an acrylate, or a methacrylate, or mixtures of
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both. In a preferred embodiment, the ethylenically unsaturated strong acid
monomer is a phosphorous-containing monomer, and especially an
unsaturated phosphate ester such as phosphoethyl methacrylate

(phosphate ester of 2-hydroxyethyl methacrylate).

Acéording to the invention, the first monomer mixture comprises a total
amount of at least 0.5% by weight weak acid monomers and strong acid
monomers, provided to aid in the stability of the first-stage emulsion
polymer formed. In other embodiments, the total amount of strong and
weak acid monomers in the first polymerization mixture is from 0.5% to 5%, .
or from 1% to 3%, in each case by weight based on the weight of“the

monomers used in the first monomer mixture.

Strong acid monomer is used in the second polymerization stage in an

" amount-of from about 0.5% to about 10%, or from about 0.5% to about

7.5%. or from about 1.0% to about 5.0%, in each case by weight based on
the wéight of the monomers used in the second polymerization stage.
Weak acid monomer may be used in the second polymerization stage in an
amount of from 0% to about 5%, or from 0% to about 2%, or from about 0%

to 1%, in each case by weight based on the weight of the monomers used
in the second polymerization stage. , |
The emulsion polymer may"contain, in the first polymerization stage, from
about 0% to about 10%, or from about 1% to about 7%, or from about 2% to
about 5%, in each case by weight based on the weight of the monomers
used in the first polymerization stage, of one or more ethylenically
unsaturated monomers containing a keto group. The emulsion polymer
may con'ta.in, in the second polymerization stage, from about 0.5% to about
10%, or ffom about 1% to about 7%, or from about 2% to about 5%, in each

case by weight based on the weight of the monomers used In the second
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nolymerization stage, of ethylenically unsaturated monomers containing a

keto group.

As used herein, the terms "ethylenically unsaturated monomers containing

a keto group" and "monomers containing a keto group” mean ethylenically

unsaturated monomers that have one or more of ketone or aldehyde ’

functionality. These monomers include, but are not limited to,

"diacetoneacrylamide, diacetonemethacrylamide, acetoacetoxyethyi

(meth)acrylate, acetoacetoxypropys (meth)acrylate, acetoacetoxybutyt
(meth)acrylate, acrylamidomethylacetylacetone, allyl acetoacetate, and

vinyl acetoacetate. In a preferred embodiment, the monomer containing a

keto group is diacetoneacrylamide, providing keto groups that are useful for

crosslinking.

The aqueous dispersions according to the invention may also include a
crosslinker molecule, that can be, for example, a molecule containing
multiple -NH2 or -NH- functionality, such as hydrazine, aliphatic polyamines
such as ethylene diamine, propanediamine, butanediaminé_, '
hexanediamine, isophorone diamine, piperazine, diethylene triamine,

dipropylene triamine, triethylene tetramine, and other such oligomers or

polymers of ethylene diamine known as polyethylene amines (also known

as polyaziradines or poly(ethyleneimines)), or a polyfunctional carboXyIic :
hydrazide containing at least two hydrazide groups per moledule, such as
adipic dihydrazide, oxalic dihydrazide, isophthalic dihydrazide, or polyacrylic
polyhydrazide. Preferably, the polyfunctional carboxylic hydrazide is adipic
dihydrazide. In various embodiments, the ratio of reactive amine or
hydrazide groups to keto groups present in the emulsion may be from 0:1 to

about 1.5:1, or from about 0.5:1 to about 1:1.
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According to the invention, the calculated glass transition temperature (TQ)
is at least 50°C for the first monomer mixture polymerized in the first
nolymerization stage, and from -30 to 10°C for the second monomer
mixture polymerized in the second polymerization stage. Calculated Tg

5 _ values as used herein are those calculated using the Fox equation (T.G.
Fox, Bull. Am. Physics Soc. Volume 1, Issue No. 3, page 123 (1956)),

that is, for caiculating the Tg of a

copolymer of monomers (1) and (2):

0 1Ta(calc. ) = wi)Ta(1) + W2)Tg(2),

wherein | |
Tg(calc.) is the glass transition temperature calculated for the
copolymer; |
15 w(1) is the weight fraction of monomer (1) in the copolymer;
w(2) is the weight fraction of monomer (2) in the copolymer:
Tg(1) Is the glass transition temperature of the homopolymer of
monomer (1); | | o
Tg(2) is the glass transition temperature of the homopolyrher of
20 monomer (2).

The glass.transition temperatures of homopolymers may be found, for
example, in "Emulsion Polymerization and Emulsion Polymers”, edited by |
P.A. Lovell and M.S. E-Aasser, John Wiley and Sons, 1997.

25

The calculated glass transition temperature (Tg) of the residues of the first
monomer mixture are thus at least about 50°C, or at least about 60°C, or at
least about 70°C. The calculated glass transition temperature (Tg) of the
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residues of the second polymerization stage are from about -30°C to about

10°C, or from about -20 to about 0°C.

Generally, the weight ratio of the residues of the first stage with respect to
the residues of the second stage is from about 20:80 to about 50:50, or
from about 30:70 to about 40:60. The emulsion polymer typically has an

average number particle size from about 50 to about 500 nanometers, or

"~ from about 50 to about 200 nanometers.

The present invention also provides a process for preparing a polymer
dispersion, as described above, by a multi-stage emulsion polymerization
process. The multi-stage emulsion polymer according to the invention:.is.
prepared by a multi-stage emulsion polymerization brocess, iIn which two
stages differing in composition are polymerized in sequential fashion. Such
a process is believed to result in the formation of two polymer compositions
that are not entirely compatible, thereby resullting in the formation of two
phases within the polymer particles. These particles may be composed of
two phases of various geometries, such as, for example, core-shell .
particles, core-shell particles with shell phases incompletely encapsulating
the core, core-shell particles with a multiplicity of cores, and ihterpenetrating
network particles. Each of the stages of the multi-stage emulsion polymer

rhay contain the same monomers, surfactants, chain transfer agents, etc.,

" as disclosed elsewhere herein.

The multi-stage emulsion polymerization process may be carried out by first

emulsifying and polymerizing the first monomer mixture, for the first

d polymerization stage, in an aqueous phase in the presence of surfactants

~ and initiators, at suitable temperatures, such as, for example, from about

30° to about 95°C. Subsequently, the second polymerization stage is |
carried out by emulsion polymerizing the second monomer mixture in the
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presénce of the first stage polymer, at suitable temperatures, for example,

from 50° to 95°C, via initiatars.

The invention may also be accomplished by introduc:in'g a portion of the first
monomer mixture into the reaction vessel in which the emulsion
polymerization is to be conducted in order to generate a seed patrticle, prior
to adding the remainder of the first monomer mixture. Generally, this
precharge is from about 3% to about 10% by weight of the total weight of
the first and second stage monomer mixtures. Generatlon of these seed

particles provides a means to control the particle size of the emulsion

polymer. The seed partlcles can be added directly to the reaction vessel,

.e., prepared in a separate reaction, or may be generated in situ as
described above. The process according to the invention may alternatively
be carried out in the absence of a seed particle, or in the presence of a

seed particle comprised of monomers different from those present in either

the first or the second monomer mixtures.

“The emulsion polymers according to the invention may be prepared-in the

presence or in the substantial absence of one or more support resins, as is
known in the art. These support resins typically contain one or more acid-
functional monomer residues, and are neutralized, for example with amines,

in order to disperse the support resin in the reaction medium.

The polymers may likewise be prepared using one or more monomers that
contribute to,wet adhesion, as are known in the art, or in the substantial

gbsence of such wet adhesion monomers. Useful wet adhesion monomers

include methacrylamidoethyl ethylene urea, N-(2-methacryloxyethyl)

ethylene urea, vinylimidazole, vinylpyrrolidone, 2-(1-imidazolyl) ethyl
methacrylate, 2-(1-imidazolidin-2-on) ethyl methacrylate, N-(4-morpholino-
methyl) acrylamide and methacrylamide, t-butylaminoethyl acrylate and
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methacrylate, dimethylaminoethyi acrylate and methacrylate,
diethylaminoethy! acrylate and methacrylate, dimethylaminopropyl acrylate

and methacrylate, and N-(dimethylamino)propy! acrylamide and

methacrylamide.

Either thermal or redox initiation processes may be used. A suitable
reaction temperature is from about 30” to about 95°C, preferably from about

50° to about 90°C. The monomer mixtures may be added neat, or as an

emulsion in water.

The polymerizable compositions may further comprise, iﬂn the usual known
amounts, surfactants, initiators, catalysts, chain transfer agents and other

additives used in polymerizatidn reactions known to those skilled in the art.

In the emulsion polymerization process accdrding to the invenﬁon,
conventibna! surfactants may be used, such as, for example, anionic and/or
nonionic emulsifiers such as alkali metal or ammonium salts of alkylaryl
sulfates, sulfonates or phosphates; alkyl sulfonic acids; sulfosuccinate salts;
fatty acids and ethoxylated alcohols or ’phenols. “‘Reactive” surfactants may
also be used, meaning emulsifiers bearing a pendant unsaturated functional
group eligible to copolymerize with other commonly used monomers. The
amount of surfactant used is usuélly 0.5 to 5% by weight, based on the

weight of monomers, more preferably from 1 to 3% by weight, based on the

Weight of the monomers.

Conventional oil-soluble and/or, preferably, water-soluble free radical
initiators may be used, such asa, for example, hydrogen peroxide, sodium
peroxide, potassium peroxide, t-butyl hydroperoxide, cumene

hydroperoxide, ammonium and/or alkali metal persulfates, sodium
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perborate, perphosphoric acid and salts thereof, potassium permanganate,

and ammonium or alkali metal salts of peroxydisulfuric acid, etc.

Redox systems using the same initiators, coupled with a suitable reductant,
such as, for example, sodium sulfoxylate formaldehyde, ascorbic acid,
isoascorbic acid, alkali metal andammonium salts of sulfur-containing
acids, such as sodium sulffite, bisulfite, thiosulfate, hydrosulfite, sulfite,

hydrosulficie or dithionite, formadinesulfinic acid, hydroxymethanesulfonic

acid, acetone bisulfite, etc., may be used

Chain transfer agents such as, for exampie, h'alogen compounds such as
tetrabromomethane; allyl compounds; or mercaptans such as alkyl
thioglycolates, alkyl mercaptoalkanoates, and C4-Cz linear or branched
alkyl mercaptans may be used to lower the molecular weight of the

‘emulsion polymer, and/or to provide a-different molecular weight distribution

than would otherwise have been obfained with a given free radical initiator.
Alkyl mercaptoalkanoates, such as isooctyl mercaptopropionate, and linear
or branched C4-Co2 alkyl niercaptans such as"t-dodecyl mercaptan are.
preferred. Chain transfer agent(s) may be added in one or moore additions
or continuously, linearly or not, over most or all of the reaction period or
during limited portion(s) of the reaction period. Preferred is the use of 0%
to 1 % by Weight, or from 0 to 0.5%, based on total weight of monomers

used to form the emulsion polyrher.'

The aqueous polyfner dispersions may be neutralized with aqueous
ammonia, or alkali metal or alkali-earth metal hydroxide solutions, and can
be adjusted to a pH of from 5 to 11, or from 7 to 9. Aqueous ammonia
solution is a preferred neutralization agent. The neutralization may be

carried out either during the polymerization process or after the

polymerization is finished.
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The aqueous multi-stage polymer dispersions of the invention are generally
employed in coating compositions that provide a protective finish or film on

a substrate to which the coating compoéition has been applied.

The aqueous dispersions of the invention are contemplated to encompass
coatings or paint compositions which are described in the art as clear
coatings, flat coatings, satin coatings, semi-gloss coatings, gloss coatings,
primers, textured coatings, and the like. The aqueous coating compositions
of the invention are applied to a substrate. Substrates to which the aqueous
dispersions of the invention may be applied include, for example, wood,

plastic, metal, minerai substrates, previously painted‘or primed surfaces.

(fresh, aged, or weathered :) and the like.

This invention can be further illustrated by the following examples of
nreferred embodiments thereof, although it will be understood that these
examples are included merely for purposes of illustration and are not

intended to limit the scope of the invention unless otherwise specifically

indicated.

EXPERIMENTAL

Minimum Film Forming Temperature (MFFT), also called Minimum Filming
Temperature (MFT), is the minimum temperature at which the latex forms a
continuous film, as evidenced by a visual lack of cracking or powdery
appearance of the film. As used herein, MFFT was measured according to
1ISO Test Method I1SO 2115. According to the method, a polymer dispersion
is dried at a suitable temperature gradient with a current of moisture-free |
air, and the temperature at which the coalesced (transparent) section of the

film meets the uncoalesced (white) section is determined in (°C).
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BLOCK RESISTANCE TEST

Block resistance measuremenis were detsrmined using one of the following
block resistance tests designated as either room temperature block
resistance or hot-block resistance: Cast films of the test paints were
orepared with a 120um Spiral film applicator ( Model 358, available from
Erichsen) on unsealed paper charts No. 2805 ( available from BYK
Gardner). Films were dried for 1 day at ambient temperature, and the films
with card support were cut into two 4 X 4cm squares. For the ROOM
TEMPERATURE (RT) BLOCK RESISTANCE TEST, the squares were
placed together (paint film against paint film), and a 2000 gram weight:.
placed on the squares such that the weight was pressing with a force of
2000g per 16 cm? (or 1259/cm2).' After 6 hours, the weights were removed
“and the squares separated by gently peeling from one another. For
elevated temperature block, or the HOT-BLOCK RESISTANCE TEST,afwo
4 x 4cm squares as described above were placed together (paint film
against paint film), a 2000 gram weight (preheated to 50°C) placed ;on the "
squares and the weight and squares placed in a 50°C oven. A set of
squares and weight were removed from the oven after 30 minutes, 60
minutes, and 6 hours, the weights removed, and the samples allowed to
cool to room temperature, and the squares separated.. The block

resistance was evaluated according to the following ratings:

Block
Rating . Type of Separation , Performance
0 separation of films not possible very poor
1 up to 25% film not damaged very poor
2 50 fo 75% seal very poor
3 25 to 50% seal . poor
4 5 to 25% seal | poor to fair
5 0 to 5% seal (areal damage) fair
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6 moderate tack; higher number of point damage fair to good
through the coating film to-the substrate
7 slight tack; few damages on the coating surface only good
8 slight tack; higher pressure required very good
9 very slight tack; slight pressure required excellent
10 no tack; falls apart spontaneously or if shaken perfect

Elongation was measured using ASTM Test Method D 1708. According to
the method, elongation is measured as the increase in the length (in % ) in

the gauge length of the test specimen by a tensile load. The test
specimens are prepared by cutting out from free sheet, dimension of the
specimen is described at the ASTM D 1708 and the film thickness is about

200um, dry.

Water uptake was measured as follows: Free films of the aqueous coating
composition were exposed to distilled water for 24 hours at 23°C. The
effect of immersion ( swelling ) was evaluated by weighing (in % ). The
specimens were prepared from free film by shearing, the shape of the

specimens was square ( 5 x 5ecm ) and thickness about 200um, dry.

Konig hardness was measured using ISO Test Method 1522. According to

~ the method, the test aqueous coating composition was applied using a

120um film applicator. The film was then allowed to dry for 7days at 23°C
and 50% relative humidity. After the film was dried, the film was tested for
pendulum hardness using Pendulum Konig apparatus ( I.e. BRAIVE

Instruments ). Record the average hardness in (s).

Film formation at low temperature tests the ability of a paint to film at 5° C,
and was measured as follows: Drew down the test paint with a 250um film

applicator on a glass and/or wooden substrate. Immediately placed the film
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into the CTS Climate Cabinet and dried for 24 hours at 5°C and 50%

relative humidity. Rated for cracking on this scale:

excellent no cracks

good isolated very small cracks ( size of cracks approx. 1mm)
fair isolated small cracks ( size of cracks approx. 1 cm)
poor totally cracked film

Gloss of the coating film was measured by drawing down a 120um wet
samplé on black glass. The film was dried at "23.°C and 50% relative
humidity for 24 hours. Gloss was then measured at an angle of reflection of
20 degrees ahd 60 degrees, using a glossmeter ( 1.e. Q-gloss 3, Pausch

Messtechnic GmbH ). Take at least 3 measurements at each appropriate

angle. Record the average glbss in (%).

EXAMPLES
Example 1

To a 2000 mL resin kettle eciuipped with a condenser, nitrogen purge and
feed tubes were added 472 g ﬂdf DI water, 24 g of a 30% solution of fatty
alcohol'ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The first stage
monomer pre-emulslion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30

g/min. After the first stage addition was completed, the second stag'e

monomer pre-emulsion charge was begun and fed over about 110 mins.
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After all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.5g of adipic'dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and
filtered through a 100 ym screen. The solids content in this latex was about
46.0%, the pH about 8.0, and the MFFT was about 0°C.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 93.0g DI water, 17.1g of a 30% solution of fatty .
alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g

phosphoethyl methacrylate (phosphate ester of 2-hydroxyethyl
methacrylate; as used herein throughout, available as T-MULZ® 1228,.a

product of Harcros Chem:icals, Inc., 5200 Speaker Road, Kansas City,
Kansas 66106), 159 diacetone acrylamide, 2.9g of 25% aqueous ammonia,

' 35.1g 2-ethylhexyl acrylate, and. 246.2g methyl methacrylate. The

calculated Tg was +73°C.

The stable second stage monomer pre-emulsion was prepared by mixing
the following components: 160.6g DI water, 30.99g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 11.2g phosphoethyl

methacrylate (phosphate ester of 2-hydroxyethyl methacrylate), 28.1g
diacetone acrylamide, 5.2g of 25% aqueous ammonia, 317.6g 2-ethylhexyl
acrylate, and 205.6g methyl methacrylate. The calculated Tg was -10°C.

Example 2 — Single-stage polymer ( Comparative )

Toua 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of Di water, 24 g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt and 3.6g of 25% aqueous
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ammonia. A nitrogen purge was begun and the reactor heated to 80°C and

agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )

dissolved in 6.2g D! water was added to the reactor. The monomer pre-
emulsion charge was fed over about 170 mins. An initiator charge of 4.0 g
of APS in 64.0 g of DI water was also begun and fed at 8.30 g/min. Aiter all
monomer and initiator feeds were complete, heating was continued for 60
minutes. After that the emulsion was cooled to 40°C at which point latex
was treated with 19.5g of adipic dihydrazide dissolved in 190g DI water.
The emulsion was mixed for 15 minutes and cooled down and filtered
through a 100 um screen. The solids content in this latex was: about 46.0%,

the pH about 8.0, and the MFFT was about 14°C.

The stable monomer pré-emulsion was prepared by mixing the following

~ components: 253.6g D! water, 48.09 of a 30% solution of fatty alcohol ether

(12 EO units) sulfate Na salt, 3.0g methacrylic acid, 14.29 phosphoethyl
methacrylate (phosphate ester of 2-hydroxyethyl methacrylate), 43.19
diacetone acrylamide, 8.1g of 25% aqueous ammonia, 352.7/9 2-ethylhexyi
acrylate and 451.8g methyl methacrylate. The calculated Tg was +14°C.,

Example 3 — In\/erted multi-stage polymer (Comparative)

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of Dl water, 24 g grams of a 30% solution of
fatty alcohol ether (12 EO units) sulfate Na sait and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rpm. At80°C, 0.4 9 ammonium persulphate ( APS ) :
dissolved in 6.2g DI water was added to the reactor. The 1irst stage
monomer pre-emulsion charge was fed over about 110 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30

g/min. After the first stage addition was completed, the second stage
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monomer pre-emulsion charge was begun and fed 0ver about 60 mins.
After all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.5¢g of adipic dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and

filtered through a 100 um screen. The solids content in this latex was about

46.0%, the pH about 8.0, and the MFFT was about 0°C.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 160.6g DI water, 30.9g of a 30% solution of fatty‘
alcohol ether (12 EO units) sulfate Na salt, 11.2g phosphoethyl
methacrylate (phosphate ester of 2-hydroxyethyl methacrylate), 28.1g:
diacetone acrylamide, 5.2g of 25% aqueous ammonia, 317.6g 2-ethylhexyl
acrylate, and 205.6g methyl methacrylate. The calculated Tg was -1 0°C.

The stable second stage monomer pre-emulsnon was prepared by mixing

the following components: 93.0g DI water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g

phosphoethyl methacrylate (phosphate ester of 2-hydroxyethyl
methacrylate), 15g diacetone acrylamide, 2.9g of 25% aqueous ammonia,

35.1g 2-ethylhexyl acrylate, and 246.2g methyl methacrylate. The
calculated Tg was +73°C.

Example 4 — Blend of two single-stage polymers (Comparative)
Example 4A - Single-stage hard polymer

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g grams of a 30% solution of
fatty alcohol ether (12 EO units) sulfate Na salt and 3.6g of 25% aqueous
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ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The monomer pre-
emulsion charge was fed over about 170 mins. An initiator charge of 4.0 g
of APS in 64.0 g of D! water was also begun and fed at 8.30 g/min. After all
monomer and initiator feeds were complete, heating was continued for 60
minutes. After that the emuilsion was cooled to 40°C at which point latex
was treated with 19.5g of adipic dihydrazide dissolved in 190g DI water.
The emulsion was mixed for 15 minutes and cooled down and filtered

through a 100 um screen. The solids content in this latex was about 46.0%,
the pH about 7.8, and the MFFT was >90°C.

The stable monomer pre-emulsion was prepared by mixing the following
components: 253.6g DI water, 48.0g of a 30% solution of fatty alcohol ether

(12 EO units) sulfate Na salt, 8.6g methacrylic acid, 8.6g phosphoethy!

| methacrylate (phosphate ester of 2-1hydroxyethyl methacrylate), 43.1g

diacetone acrylamide, 8.1g of 25% aqueous ammonia, 100.3g 2-ethylhexyi
acrylate, and 703.9g methyl methacrylate. The calculated Tg was +73°C.

Example 4B — Single-stage soft polymer

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and

 feed tubes were added 472 g of DI water, 24 g grams of a 30% solution of
~ fatty alcohol ether (12 EQ units) sulfate Na salt and 3.6g of 25% aqueous
- ammonia. A nitrogen purge was begun and the reactor heated to 800C and

agitated at 200 rom. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The monomer pre-
emulsion charge was fed over about 170 mins. An initiator charge of 4.0 g
of APS in 64.0 g of DI water was also begun and fed at 8.30 g/min. After all

monomer and initiator feeds were complete, heating was continued for 60
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‘minutes. Aﬂer that the emulsion was cooled to 40°C at which point latex
was treated with 19.5g of adipic dihydrazide dissolved in 1 9Qg DI water.
The emulsion was mixed for 15 minutes and cooled down and filiered

through a 100 um screen. The solids content In this latex was about 46.0%,

the pH about 8.3 and the MFFT was about 0°C.

The stable monomer pre-emulsion was prepared by mixing the following
componen_{s: 253.6g DI water, 48.0g of a 30% solution of fatty alcohol ether

(12 EO units) sulfate Na salt, 17.29 phosphoethyl methacrylate (phosphate
ester of 2-hydroxyethyl methacrylate), 43.1g diacetone acrylamide, 8.19g of
25% aqueous ammonia, 488.5g 2-ethylhexyl acrylate, and 315.6g methyl

methacrylate. The calculated Tg was -10°C.

The Examples 4A and 4B were mixed in a ratio 35:65 ( wt.% ) to get the
same overall monomer composition as in Example 1. The solids content in
this latex blend-was about 46.0%, the pH about 8.0, and the MFFT was

about 0°C.

}

Example O — Preparatibn of a solvent-free transparent coating composition

A transparent coating composition was prepared by mixing the components

listed in Table 1.

Table 1
weight parts | component
83.59 latex o Example 1,2,3,4
14.86 | water L _I
0.10 25% agueous ammonia _
‘ 0.50  Tego Wet 500 ~Wetting agent ( TEGO ) '
| 0.15 | Mergal KSN | Biocide ( TROY o I
0.20 | BYK 024 ~ l Defoamer (BYK)
1.00 _L! Acrysol RM 2_026 Thickener (Rohm and Haas ) |
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The components were mixed at room temperature with stirring to form a -

transparent coating composition. In Table 2 the properties of solvent free

transparent coating composition films are listed.

5 Table 2 L
' T Example1 | Example 2 | Example 3 | Example 4 |
I RT block resistance |
125g/cm®—6hours at23°C| 10 6 10 10
Hot-block resistance
| 125g/cm? — 30 minutes at 50°C 10 5 10 10
125g/cm? — 60 minutes at 50°C 10 4 9 9
| 125g/cm?— 6 hours at 50°C 10 3 5 7
Elongation (% ) - 120 | 100 | 119 130 B
| Water uptake (% 8 9 8 | 14
Konig hardness (s ) 40 | 55 43 25
Film formation at low excellent - poor ~ good excellent
temperature
| (5°C/50%R.H. L

Example 6 — Preparation of solvent-free white gloss paint

10 A white gloss paint was prepared by mixing the following components:

Table 3

weight parts | component ~ [pote

Pigment paste

e e e

10.00 water i |
0.20 25% agueous ammonia | - | |
1.20 Edaplan 480 | Dispersant ( Mlnzing Chemie ) |
050 Tego Wet 500 | Wetting agent (TEGO ) . |
0.15 | Tego Foamex 805 Defoamer ( TEGO ) o
| Kronos 2190 - Titanium dioxide ( Kronos ) )
Lef down

58.40 [ latex “Example 1234
. 790 | water ]

045 | Mergal KON | Biocide ( TROY ) .
005 ! Tego Foamex 805 | Defoamer (TEGO ) i
2.00 ~Acrysol RM 2020 Thickener (Rohm and Haas ) |

Characteristics:
Solids content : ~ 50%
15 Pigment volume concentration ( PVC ): ~ 17%
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The components of the pigment paste were mixed in the order listed in
Table 3 at room temperature and subsequently dispersed for about
10 minutes in a dissolver at about 4,000 rpm and with an appropriate

wessel/dissolver disk geometry. After cooling of the pigment paste, the

components of the let down were each added in the order listed in Table 3

with thorough stirring. Stirring was continued until a homogeneous mixture

had been formed.

In Table 4 the properties 6f the solvent-free white gloss paint films are

listed.

S

RT block resistance
125a/cm® — 6hours at 23°C
- Hot-block resistance
125g/cm? — 30 minutes at 50°C
125g/cm? — 60 minutes at 50°C
125a/cm” ~ 6 hours at 50°C
~__Elongation (%) =
Water uptake (%
Gloss on glass ( at 60°/20°
Film formation at low

temperaiure
5°C/50%R.H. ) -

Example
3 ;

10
9
5
85
8
42
~77146%

good

Table 4
Example | Example
1 2
10 7
10 6
10 | 4
10 3

80 0

6 j 7

42 53
82/53% | 78/45%
excellent | poor.
Example 7

| 10

Example
4 .

10

10

9

7
115

12

23

77/140%
excellent

J

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty

~ alcohol ether (12 EO units) sulfate Na salt and 3.6g of 25% aqueous
ammonia. A nitrogen purge was bégun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The first stage
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monomer pre—einulsion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. After the first stage addition was completed, the second stage
monomer pre-emulsion charge was begun and fed over about 110 mins.
After all monomer and initiator feeds were compiete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.5g of adipic dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and
filtered through a 100 ym screen. The solids content in this latex was about

46.0%, the pH about 8.2, and the MFFT was about 0°C.

. The stable first stage monomer pre-emulsion was prepared by mixing: the

following components: 93.0g DI water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 6.0g phosphoethyl methacrylate
(phosphate ester of 2-hydroxyetﬁyl methacrylate), 15g diacetone
acrylamide, 2.9g of 25% aqueous ammonia, 35.1g 2-ethylhexyl acrylate,
and 246.2g methy methacrylaté; The calculated Tg was +72°C.

The stable second stage monomer pre-emulsion was prepared by mixing
the following components: 160.6g DI water, 30.9g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 11.2g phosphoethyl ‘
methacrylate (phosphate ester of 2-hydroxyethyl - methacrylate), 28.1g
diacetone acrylamidre, 5.2g of 25% aqueous ammonia, 317.69 2-ethylhexyl
acrylate, and 205.6g methyl methacrylate. The calculated Tg was -10°C.

Examples 8 to 10 — phosphoethyl rﬁethacrylate (phosphate ester of 2-;
hydroxyethyl methacrylate) amount variation

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty



CA 02545727 2006-05-11

WO 2005/049184 PCT/US2004/037818

10

15

20

25

30

- 29 .

aicohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The first stage
monomer pre-emulsion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30

~g/min. After the first stage addition was completed, the second stage

monomer pre-emulsion charge was begun and fed over about 110 mins.
After all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.5g of adipic dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and

filtered through a 100 ym screen. The solids content in this latex was about
46.0%, the pH and the MFFT are listed in Table 5.

The stable first stage monomer pre-emulsion was prepared by m:xmg the
following components: 93.0g DI water, 17.1g of a 30% solution of fatty

' alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g

phosphoethyl methaérylate (phosphate ester of 2-hydroxyethyl
methacrylate), 159 diacetone acrylamide, 2.9g of 25% aqueous ammonia,

35.1g 2-ethylhexyl acrylate, and 246.2g methyl methacrylate The

calculated Tg was +73°C.

The stable second stage monomer pre-emulsion was pkepared by mixing

the following components: 160.6g DI water, 30.9g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, (x)g phosphoethyl methacrylate

(phosphate ester of 2-hydroxyethyl methac‘rylate), 28.1g diacetone
acrylamide, 5.2g of 25% aqueous ammonia, 317.6g 2-ethylhexyl acrylate, -

and (216.5-x)g methyl methacrylate.
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o Table5 _FL_
Example | Example | Example | Example
8 1 9 10
] x{g) 0 11.2 281 394 |
W1.% based on second stage 0 2 5 7
polymer (2% | |
MAA) | | 4.
Tg calculated — second stage -9°C -10°C -10°C -11°C
pH 7’5 | 80 59 - 5,5
L MFFT ~0°C_ [ ~0C | ~0C | ~0°C _
Example 11
5

A transparent coating composition as described in Table 1 of Example 5
was prepared with Examples 7, 8, 9, and 10. In Table 6, the properties of

the solvent-free transparent coating composition films are listed.

10
Table 6
L 7 8 9 10
RT block resistance : .
125g/cm* — 6hours at 23°C 10 10 10 10 10
Hot-block resistance
125g/cm® — 30 minutes at 50°C 10 i 10 10 10 10
125g/cm?® — 60 minutes at 50°C 10 10 - 10 10 10
125g/cm” — 6 hours at 50°C 10 10 10 | 10 10
~ Elongation (% ) 120 110 110 05
8 8 13 | 10
Konig hardness (s ) 40 40 40 45
Film formation at low temperature excellent | excellent good excellent | excellent
( 5°C/50%R.H. ) : .
Examples 12 to 17 — DAAM amount variation
15

To a 2000 mL resin keitle equipped with a condenser, nitrogen purge and

feed tubes were added 472 g of D] water, 24 g of a 30% solution of fatty

alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous

ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
20 agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )

" dissolved in 6.2g DI water was added fo the reactor. The first stage
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monomer pre-emuision charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. After the first stage addition was completed, the second stage
monomer pre-emulsion charge was begun and fed over about 110 mins.
After all monomer and initiator feeds were complete, heating was continued
for 60 minutes.’ After that the emulsion was cooled to 40°C at which point
latex was treated with (z)g of 8.3% aqueous solution of adipic dihydrazidé.
The emulsion was mixed for 15 minutes and cooled down and filtered

through a 100 ym screen. The solids content in this latex, the pH and the

MFFT are listed in Table 7.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 93.0g DI water, 17.1g of a 30% solution of fatty

alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g

phosphoethyl methacrylate (phosphate ester of 2-hydroxyethyl
methacrylate), (x)g diacetone acrylamide, 2.9g of 25% aqueous ammonia,

35.1g 2-ethylhexy! acrylate, and (261.2-x)g methyl methacrylate. The
calculated Tg was about +73°C ( from +72°C for 10%DAAM to +74°C for

0%DAAM ).

The stable second stage monomer pre-emulsion was prepared by mixing |
the following components: 160.6g DI water, 30.9g of a 30% Solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 11.2g phosphoethyl
methacrylate (phosphaté ester of 2-hydroxyethyl methacrylate), (y)g
diacetone acrylamide, 5.2g of 25% aqueous ammonia, 317.6g 2-ethylhexyl
acrylate, and (233.7-y)g methyl methacrylate. The calculated Tg was about

-10°C ( from -9°C for 0%DAAM to -10°C for 10%DAAM ).
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~ Table 7 L 3
— | Example | Example | Example | Example | Example | Example | Example
12{(Comp.) 13 14 15 1 16 17
X (C D 6.0 9.0 12.0 15.0 227 30.2
Wt.% based on 0 2 3 4 5 7.5 | 10 |
first stage ’
holymer |
v(@) 0 | 1.2 | 169 | 225 281 | 422 56,3
W1t.% based on 0 2 3 4 S 7.5 10
second stage .
olymer
-zo--_ 125.9 167.7 209.5 3154 420.1
Solids content 50.5 48 8 | 478 47.0 46.0 42.6
— MFFT 8.0°C T ~0°C_ | ~0C | ~0°C ~0°C = ooc ~0°C

5 Example 18

A transparent coating composition as described in Table 1 of Example 5
was prepared with Examples 12 (Comp.), 13, 14, 15, 16, and 17. In
Table 8 the properties of solvent free transparent coating composition films

10 - are listed.

Table 8
- | Example | Example | Example | Example | Example | Example | Example

12 13 14 15 1 16 17

RT block resistance ﬂ
125g/cm? — 6hours at 10 10 10 10 - 10 10 10

23°C
Hot-block |

| resistance 7 10 10 10 10
~ 125g/cm®~ 30 7 7 10 10 10
minutes at 50°C 5 7 10 ‘ 10 - 10

| 125g/cm® - 60
minutes at 5Q°C
125g/cm® — 6 hours at

50°C S D _
"Elongation (%) |- 160 [ 140 i 140 [ 120 120 | 80 60
Water uptake (% 21 13 10 | 8 ’ 8 8 8
INi 27 30 39 - 40 40

Kénig hardness ( s I R .. 45 o0 |
Film formation at low fair goad excelient | excellent | excellent | excellent | excellent

temperature ( |
| 5°CI50%R.H. I I I o

19
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Examples 19 o 22 — hard to soft stage ratio variation

To a 2000 mL resin kettle equqipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty

alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DIl water was added to the reactor. The first stage
monomer pre-emulsion charge was fed over about x mins. An initiator
charge of 4.0 g 6f APS in 64.0 g of Dl water was also begun and fed at 8.30
g/min: After the first stage addition was completed, the second stage
monomer pre-emulsion charge was begun and fed over about y mins. After
all monomer and initiator feeds were complete, heating was continued for
60 minutes. After that the emuision waé cooled to 40°C at which point latex
was treated with 19.5g of adipic dihydrazide dissolved in 190g.Dl water.

" The emulsion was mixed for 15 minutes and cooled down and filtered

through a 100 um screen. The solids content in these latexes were about
46.0%, the pH about 8.0 and the MFFTs are listed in Table 9.

The composition of first and second stage monomer pre-emulsions are
listed in Table 9.. The calculated Tgs of the first stage were +73°C. The

calculated Tgs of the second stage were ~10°C.
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- Table O L o
Example | Example | Example | Example | Example | Example | Example
, 4B 19 1 20 21 22 4A
First stage monomer pre-emulsion composition ( g )
DI water - 79.7 93.0 106.3 119.5 130.0 253.6
surfactant - 14.6 17.1 19.5 22.0 244 48.0
MAA - 2.6 3.0 3.4 3.9 4.3 8.6
|  PEMA - 26 | 3.0 3.4 3.9 4.3 8.6
DAAM . 128 | 15.0 17.1 19.3 214 | 431
- 25% . 2.5 2.9 3.3 3.7 4.1 8.1
ammonia - | 30.1 35.1 40.0 45.1 50.1 100.3
| 2-EHA - 211.0 246.2 281.4 316.5 351.7 703.9
| MMA 1 = I -
| Feed time - 50 60 70 75 85 170
X (min. ) '
J
Second stage monomer pre-emulsion composition ( g )
- DIwater | 253.6 173.0 160.6 1482 | 135.9 126.3 -
surfactant |  48.0 33.3 30.9 28.5 26.1 | 23.7 -
PEMA | 172 121 | 112 10.3 9.5 8.6 -
' paaMm | 431 |. 303 | 281 | 259 | 238 21.6 :
25% . 8.1 5.6 5.2 4.8 4.4 4.0 -
ammonia | 488.5 342.0 317.6 293.2 268.7 2443 . ;
l 2-EHA 3156 | 2214 | 205.6 189.8 | 174.0 158.2 -
MMA | ______I_______________
Feed time | 170 120 110 100 95 85 -
y (min. )
hard/soft -
ratio °
_5°C 15°C | 50°C
Example 23

Transparent coating compositions, as described in Table 1 of Example 5,
were prepared with Examples 4A, 4B, 20, 21, 22, and 23. In Table 10 the

properties of solvent free transparent coating composition films are listed.
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Examples 24 to 27 — Second-stage Tg variation

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate (APS)
dissolved in 6.2g DI water was added to the reactor. The first stage
monomer pre-emulsion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. After the first stage addition was completed, the second stage
monomer pre-emulsion charge was begun and fed over about 110 mins...
Aﬁér all monomer and initiator feeds were com'plete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.5g of adipic dihydrazide dissolved in 190g DI

water. The emulsion was mixed for 15 minutes and cooled down and

filtered through a 100 um screen. The solids content in these latexes were

about 46.0%, the pH about 8.0, and the MFFTs are listed in Table 11.
The composition of first and second stage monomer pre-emulsions are
listed in Table 11. The calculated Tg of the first stage was +73°C.

- - Table 11 B
| Example | Example | Example | Example | Example
24 25 1 26 27

First stage monomer pre-emulsion composition

DI water 93.0
surfactant = 17.1
MAA 3.0
PEMA | - 3.0
DAAM 15.0
25% ammonia | 2.9
2-EHA 35.1

MMA 246,2
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Second stage monomer pre-vemul:sion composition

DI water 160.6 | 160.6 | 160.6 160.6 160.6
surfactant 30.9 30.9 30.9 30.9 30.9

PEMA 11.2 11.2 11.2 11.2 11.2

DAAM 28.1 28.1 28.1 28.1 28.1

25% ammonia 5.2 5.2 5.2 5.2 5.2
2-EHA 410.7 | 365.7 317.6 | 284.2 247.6
MMA 112.5 157.5 205.6 239.1 275.6
Calculated Tg of second ~30°C -20°C -10°C 0°C 10°C

stage polymer

A transparent coating composition as described in Table 1 was prepared
with Examples 24, 25, 26, and 27. In Table 12 the properties of solvent-

free transparent coating composition films are listed.

Table 12 | )
Example | Example | Example | Example | Example
24 25 1 26 27
RT block resistance
125g/cm” — 6hours at 23°C 10 10 10 10 10
- Hot-block resistance , |
125g/cm® — 30 minutes at 50°C 10 10 10 10 10
125g/cm’® — 60 minutes at 50°C 9 10 | 10 10 10
125g/cm® — 6 hours at S0°C | 8 10 | 10 9
Elongation ( % ) 160 140 120
Water uptake (% 10 9 8
Konig hardness (s ) 18 33 40
Film formation at low excellent | excellent | excellent |
temperature ( 5°C/50%R.H. ) ] ]

Examples 29' to 32 — ADH amount variation

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty
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alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge v;as begun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added fo the reactor. The first stage
monomer pre-emulsion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. After the first stage addition was completed, the second stage
monomer pre%emulsion charge was begun and fed over about 110 mins.
After all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point

latex was treated with different amount of adipic dihydrazide dissolved in DI

water ( 9.3% aqueous solution ). The amounts of ADH used for this

treatment are listed in Table 13.- The emulsion was mixed for 15 minutes
and cooled down and filtered through a 100 ym screen. The solids content

in these latexes and the MFFTs are listed in Table 13.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 93.0g DI water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g
phosphoethyl methacrylate (phosphate ester of 2-hydroxyethyil ‘
methacrylate), 15g diacetone acrylam:de 2.9g of 25% aqueous ammoma
35.1g 2-ethylhexyl acrylate, and 246. 20 methyl methacrylate. The

calculated Tg was +73°C.

The stable second stage monomer pre-emulsion was prepared by mixing
the following components: 160.6g DI water, 30.9g of a 30% solution of faﬁy
alcohol éther (12 EO units) sulfate Na salt, 11.2g phosphoethy!
methacrylate (phosphate ester of 2-hydroxyethyl methacrylate), 28.1g
diacetone acrylamide, 5.2g of 25% aqueous ammonia, 317.6g 2-ethylhexyl

acrylate, and 205.6g methyl methacrylate. The caiculated Tg was -10°C.
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Table 13 -
Example Example Example Example Example

-_

- Solids content 493 481 469 | 460 460
[ MmT | ~0°C | ~0°C | ~0°C | ~0°C | ~0°C
O
Example 33

A transparent coating composition as described In Table 1 was prepared
10 with Examples 29, 30, 31, and 32. In Table 14 the properties of solvent free

transparent coating composition films are listed.

~ Table 14 | B
Example | Example | Example | Example Exalii:nle
RT block resistance | |
| 125g/cm?® — 6hours at 23°C | 10 10 | 10 10 10 |
. Hot-block resistance
lZSg/cm 30 minutes at 50°C 10 10 10 | 10 10 |
| 125g/cm” - 60 minutes at 50°C 7 7 | 10 10 10 |
125g/cm* — 6 hours at 50°C 7 | 7 9 10 10
B Elongation ( % ) 160 140 ~ 120 125 120
Water uptake (% ) 9 9 | 8 | 9 8
Konig hardness ( s 33 | 34 36 38 40)
Film formation at low exce]lent excellent | excellent | excellent | excellent
temperature ( 5°C/50%R.H. ) l , |

15

}
[

Examples 34 to 36 — BA instead of 2-EHA - Second-stage Tg variation

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
20  feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty

alcohol ether (12 EO units) suifate Na salt, and 3.6g of 25% aqueous

ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
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agitéted at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The first stage
‘monomer pre-emulsion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of Dl water was also begun and fed at 8.30
ag/min. After the first stage addition was completed, the second stage
monomer pre-emulsion charge was begun and fed over about 110 mins.
Aﬁer all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.5g of adipic dihydrazide dissolved in 190g DI

- water. The emulsion was mixed for 15 minutes and cooled down and
filtered thro'ugh a 100 ym screen. The solids content in these latexes wére
about 46.0%, the pH about 8.0, and the MFFTs are listed in Table 15. -

The composition of first and second stage monomer pre-emulsions were

listed in Table 15.

Table 15

| Example34 Example 35 Example 36

First stage monomer pre-emulsion compaosition

DI water
surfactant
MAA
PEMA
DAAM
25% ammonia
BA.
MMA

Calculated Tg of first stage
polymer

Second stage monomer pre-emulsion composition

DI water
l | surfactant

PEMA
DAAM

25% ammonia

Calculated Tg of second stage
! olvmer

93.0
17.1
3.0
3.0
15.0
2.9
35.1
246.2

+17°C

160.6 160.6 160.6
30.9 30.9 30.9
11.2 11.2 11.2
28.1 28.1 28.1
5.2 5.2 5.2
354.4 337.6 317.6
168.8 185.6 205.6

~0°C

1.5°C
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Example 37 — BA latex — BA/IMMA partially replaced with BMA

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rom. At 80°C, 0.4 g ammonium persulphate (APS )
dissolved in 6.2g DI water was added to the reactor. The first stage

monomer pre-emulsion charge was fed over about 60 mins. An initiator

charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. After the first stage addition was completed, the second stage.
monomer pre-emulsion charge was begun and fed over about 110 mins.
After all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treéted with 19.5g of adipic dihydrazide dissolved in 190g Dl

~ water. The emulsion was mixed for 15 minutes and cooled down and

filtered through a 100 um screen. The solids content in this latex was about
46.0%, the pH about 8.0, and the MFFT was about 3°C.

The stable first stage-monomer pre-emulsion was prepared by mixing the
following components: 93.0g Dl water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g
phosphoethyl methacrylate (phosphate ester of Z2-hydroxyethyl
methacrylate), 15g diacetone écrylamide, 2.9g of 25% agueous ammonia,
12.1g n-butyl acrylate, 45.4g n-butyl methacrylate, and 223.8g methyi
methacrylate. The calculéted Tg was +82°C. |

The stable second stage monomer pre-emulsion was prepared by mixing
the following components: 160.6g DI water, 30.9g of a 30% solution of fatty
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alcohol ether (12 EO units) sulfate Na salt, 11.2g phosphoethyl
methacrylate (phosphate ester of 2-hydroxyethyl methacrylate), 28.1g
diacetone acrylamide, 5.2g of 25% aqueous ammonia, 281.3g n-butyl
acrylate, 84.4g n-butyl methacrylate, and 157.5g methyl methacrylate. The

calculated Tg was +4°C.

Example 38

A transparent coating cemposition, as described in Table 1, was prepared
with Examples 34, 35, 36, and 37. In Table 16 the properties of the

resulting solvent-free transparent coating composition films are listed.

' Table 16 o
— Example | Example Example Example
~ 34 35 36 37
| RT block resistance
125¢/cm?— 6hours at23°C | : 10 ] 10 10 10
Hot-block resistance | |
125g/cm — 30 minutes at 50°C 10 - | 10 l 10 10
125g/cm”® — 60 minutes at 50°C 10 10 10 10 |
125g/cm’” — — 6 hours at 50°C 10 10 0 10
~ Elongation ( % 120 | 120 130 |
9 8 7
45 48 51

Film formatlon at low temperature excellent excellent |  good
(5°C/50%R.H. ) | -

wom—

Examples 39 to 42 — Styrene instead of MMA

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and

feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty

alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 80°C and

agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
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dissolved in 6.2g DI water was added to the reactor. The first stage

monomer pre-emuision charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. After the first stage addition was completed, the second stage

monomer pre-emulsion charge was begun and fed over about 110 mins.

After all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which point
létex was treated with 19.5¢g of adipic dihydrazide dissolved in 190g DI

- water. The emulsion was mixed for 15 minutes and cooled down and
filtered through a 100 ym screen. The solids content in these latexes were
about 46.0%, the pH about 8.0, and the MFFTs are listed in Table 17.

The composition of first and second stage monomer pre-emulsions were;

'Iisted in Table 17.

nolymer

t DI water -

| surfactant
PEMA
DAAM

25% ammonia
2-EHA
MMA
Styrene

Calculated Tg of second stage
nolymer

MFFT

160.6
30.9
11.2
28.1

5.2

317.6

205.6
-9°C

~)°C

160.6
30.9
11.2
28.1

5.2

317.6

205.6

-10°C

~(°C

Second stage monomer pre-emulsion composition

L

160.6
30.9
11.2
28.1

5.2

317.6

205.6
-9°C

’ Table 17
First stage monomer pre-emulsion composition | :
DI water 03.0 903.0 03.0 93.0
surfactant | 17.1 17.1 17.1 17.1
MAA 3.0 3.0 3.0 3.0 [
PEMA 3.0 | 3.0 3.0 3.0 .
| DAAM 15.0 15.0 15.0 15.0
i 25% ammonia 2.9 2.9 2.9 2.9
2-EHA 35.1 35.1 35.1 35.1
MMA 246.2 - . 123.1
Styrene i 246.2 2462 123.1

160.6 .
30.9
11.2
28.1
5.2
317.6
102.8
102.8

-9°C

~()°C

~)°C
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Example 43

A transparent coating composition as described in Table 1 was prepared
with Examples 39, 40, 41 and 42. In Table 18 the properties of solvent free

transparent coating composition films are listed.

L'-—-

- Table 18 .
B ) B Example Example Example Example
39 40 41 42
RT block resistance
125¢/cm® — 6hours at 23°C 10 10 10 10
Hot-block resistance
125g/cm® — 30 minutes at 50°C 10 10 10 10
125g/cm® — 60 minutes at 50°C | -~ 10 7 10 10
125g/cm” — 6 hours at 50°C 10 7 1 9.

Examples 44 to 47 - reactive surfactants

To a 2000 mL resin kettie equipped with a condenser, nitrogen purge and
feed tubes were added 460 g of DI water, 36 g of a 20% aqueous solution
of the reactive surfactant listed in Table 19, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heated to 8‘0°C. and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate (APS)
diésolved in 6.2g DI water was added to the reactor. The first stage
monomer pfe-emulsion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of Dl watebr was also begun and fed at 8.30
g/min. After the first stage addition was compléeted, the second stage
monomer pre-emulsion charge was begun and fed ovér about 110 mins.
After all monomer and initiator feeds were complete, heating was continued
for 60 miﬁutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.59 of adipic dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and
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filtered through a 100 ym screen. The solids content in this latex, pH and

MFFT as well as different reactive surfactant types are listed in Table 19.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 84.59 DI water, 25.6g of a 20% aqueous solution of
a reactive surfactant listed in Table 19, 3.0g methacrylic acid, 3.0g
phosphoethyl methacrylate (phosphate ester of 2-hydroxyethyi
methacrylate), 15g diacetone acrylamide, 2.9g of 25% aqueous ammonia,
35.1g 2-ethylhexyl acrylate, and 246.2g methyl methacrylate. The

calculated Tg was +73°C.

Thé stable second stage monomer pre-emuision was prepared by fnixi‘ng
the following components: 145.2g DI water, 46.3g of a:20% agueous
solution 6f reactive surfactant, 11.2g phosphoethyl methacrylate (phosphate
ester of 2-hydroxyethyl methacrylate), 28.1g diacetone acrylamide, 5.2g of
25% aqueous ammonia, 317.6g 2-ethylhexyl acrylate, and 205.6g methy!
methacrylate. The calculated Tg was -~10°C.

Table 19

Example 44 Example 45 Example Example 47
l 46

! ... Poly(oxy-1,2-ethanediyl), a-sulfo-0-[4-nony!l-2-(1-propenyl)phenoxy], branched, ammonium
salt . -

2 .. o~sulfo-o-[1-alkyl-2-(2-propenyloxy)ethoxy]-poly(oxy-1,2-ethanediyl), ammonium salt

? ... o-sulfo-o-[1-[(nonylphenoxy)methyl]-2-(2-propenyloxy)ethoxy]-poly(oxy-1,2-ethanediyl),
ammonium salt

4 ... o-sulfo-o-[1-(alkoxy)methyl-2-(2-propenyloxy)ethoxy]-poly(oxy-1,2-ethanediyl), ammonium

 salt
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A transparent coating composition, as described in Table 1, was prepared
with Examples 44, 45, 46, 47, and 48. In Table 20 the properties of solvent

free transparent coating composition films are lisied.

Tabie 20

o Example
44

RT block resistance
| 125g/cm” — 6hours at 23°C 10

"~ Hot-block resistance
| (25g/om’ - 30 minutes at S0°C | 10
| 125g/cm® — 60 minutes at 50°C 10

| 125gcm — 6 hours at 50°C 10

| Film formation at low temperature | excellent

(5°C/50%RH.)

S —

J

Example { Example

43 46

10 | 10

|

10 10

10 10

10 | 10
excellent | excellent |

Examples 49 to 52 — other phosphate monomers

Example
47

10

10
10
10

excellent

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of D] water, 24 g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous

ammonia. A nitrogen purge was begun and the reactor heated to 80°C and

agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The first stage

monomer pre-emulsion charge was fed over about 60 mins. An initiator

charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30

g/min. After the first stage addition was completed, the second stage

monomer pre-emulsion charge was begun and fed over about 110 mins.

After all monomer and initiator feeds were complete, heating was continued

for 60 minutes. After that the emulsion was cooled to 40°C at which point
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latex was treated with 19.5g of adipic dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and

filtered through a 100 ym screen. The solids content in this latex was about
46.0%, the pH about 8.0, and the MFFT was about 0°C.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 93.0g DI water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g of a
phosphate monomer as listed in Table 21, 15g diacetone acrylamude 2.99
10 of 25% aqueous ammonia, 39. 1g 2- ethylhexyl acrylate, and 246. 29 methyl '
methacry!ate The calculated Tg was about +73°C. ' ~

The stable second stage monomer pre-emulsion was prepared by mixing
the following components: 160.6g DI water, 30.9g of a 30% solution of fatty
15 alcohol ether (12 EO units) sulfate Na salt, 11.2g phosphate monomer,
28.1g diacetone écrylamide, 5.2g of 25% aqueous ammonia, 317.6g 2-
ethylhexyl acrylate, and 205.69 methyl methacrylate'. The calculated 19

was about -10°C.

20 ~ Table 21 L
] Example49 Example S0 Example 51 Example 52
| Phosphate | Phosphate ester of | Phosphate ester of Phosphate Phosphate ester | -

| monomer | polyethyleneglycol | polypropyleneglycol ester of 2~ of 4-hydroxy-
methacrylate methacrylate hydroxyethyl | butyl acrylate
acrylate
Solids 46.0 46.0 460 46.0
___content . , |
MEFT o ~c | 2 ~0C | ~0C | ~0°C
- Example 53
25 A transparent coating composition, as described in Table 1, was prepared

with Examples 49, 50, 51, and 52. In Table 22 the properties of the

resulting solvent-free transparent coating composition films are listed:
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Example | Example | Example | Example
49 50 51 52
RT block resistance
125g/cm” — 6hours at 23°C 10 10 10 10
Hot-block resistance
125g/cm® — 30 minutes at 50°C 10 10 10 10
125g/cm® — 60 minutes at 50°C 10 10 0 [ 10
125g/cm” — 6 hours at 50°C 10 10 10 10

- s d— M

Film formation at low temperature excellent | excellent | excellent | excellent

(5°C/50%R.H.)

Examples 54 to 55 — other strong acid monomers

To a 2000 mL resin kettle equipped with a condenser,‘nit’rogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
amﬂmonia. A nitrogen purge was begun and the reactor heated to 80°C and
agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )
dissolved in 6.2g DI water was added to the reactor. The first stage
monomer pre-emulsion charge was fed over about 60 mins. An.initiator-
charge of 4.0 g of APS in 64.0 g of DI water Was also begun and fed at 8.30
g/min. After the first stage addition was combleted, the second stage
monomer pre-emulsion charge was begun and fed over about 110 mins.
After all monomer and initiator feeds were complete, heating was continued
for 60 minutes. After that the emulsion was cooled to 40°C at which boint
latex was treated with 19.5g of adipic dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and

filtered through a 100 um screen. The solids content in this latex was about

46.0%, the pH about 8.0, and the MFFT was about 0°C.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 93.0g Dl water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g of
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one of the strong acid monomers listed in Table 23, 15g diacetone
acrylamide, 2.9g of 25% aqueous ammonia, 35.1g 2-ethylhexyl acrylate,
and 246.2g methyl methacrylate. The caiculated Tg was about +73°C.

D The stable second stage monomer pre-emulsion was prepared by mixing
the following components: 160.6g Dl water, 30.99 of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 11.2g of one of the strong acid
monomers listed in Table 23, 28.1g diacetone acrylamide, 5.2g of 25%
‘aqueous ammonia, 317.6g 2-ethylhexyl acrylate, and 205.69 methyl

10 methacrylate. The calculated Tg was about -10°C.

. Tabie 23 =
: Example 54 . Example 55
Special monomer 2-acrylamido-2-methylpropane - Allyloxy 2-hydroxy
sulfonic acid sodium salt * | 3-sulfonate propane sodium
salt >
| 46.0 il 46.0
~0°C_______ | _—oc

!... AMPS 2405 ( LUBRIZOL )
% ... SIPOMER COPS-1 (RHODIA )

15
Example 56
Transparent coating compositions, as described in Table 1, were prepared
with Examples 54 and 55. In Table 24 the properties of the resulting
20 solvent-free transparent coating composition films are listed:

Table 24 _
Example 54 Example 55
RT block resistance
' 125g/cm” - 6hours at 23°C 10 10
Hot-block resistance | o
125g/cm® — 30 minutes at 50°C 10 10
125g/cm’ - 60 minutes at 50°C 10 9
125g/cm® — 6 hours at 50°C 9 o 8
Film formation at low temperature § good good ]
( 5°C/50%R.H. ) L |

o e ———P e——— e ——— e ——
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Example 57 — no acid monomer in the second stage (Comparative)

" To a 2000 mL resin kettle equipped with a condenser, nifrogen purge and

feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous
ammonia. A nitrogen purge was begun and the reactor heaied to 80°C and

agitated at 200 rpm. At 80°C, 0.4 g ammonium persulphate ( APS )

- dissolved in 6.2g DI water was added to the reactor. The first stage

" monomer pre-emulsion charge was fed over about 60 mins. An initiator

charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. Aftejr the first stage addition was completed, the second stage
monomer pre-emulsion charge was begun and fed over about 110 mins.
After all monomer and initiator feeds were 'cqmple,te, heating was continued
for 60 minutes. After that the erﬁulsion was cooled to 40°C atlwhich point
latex was treated with 19.5¢ of adipic dihydrazide dissolved in 190¢g DI
water. The emulsion was mixed for 15 minutes and cooled down and’
filtered through a 100 um screen. The solids content in this latex was about
46.0%, the pH about 8.0, and the MFFT was about 0°C.

The stable first stage monomer pre-emulsioh was prepared by mixing the

following components: 93.0g DI water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, 3.0g methacrylic acid, 3.0g
phosphoethyl methacrylate (phosphate ester of 2-hydroxyethyl
methacrylaté), 15g diacetone acrylamide, 2.99g of 25% agueous ammonia,

- 35.1g 2-ethylhexyl acrylate, and 246.2g methyl methacrylate. The

calculated Tg was +73°C.

The stable second stage monomer pre-emulsion was prepared by mixing

the following components: 160.6g DI water, 30.9g of a 30% solution of fatty
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alcohol ether (12 EO units) sulfate Na salt, 28.1g diacetone acrylamide,
5.2g of 25% aqgueous ammonia, 317.6g 2-ethylhexyl acrylate, and 216.8g
methyl methacrylate. The calculated Tg was -9°C.

Example 58

A transparent coating composition, as described in Table 1, was prepared
with Example 58. In Table 25 the properties of the resulting solvent-free

transparent coating composition films are listed.

- Table 25 B
Example1l | Example 57
- RT block resistance
'~ 125g/cm’” — 6hours at 23°C 10 10
Hot-block resistance 1 |
125g/cm’” — 30 minutes at 50°C 10 10
| 125g/cm’ ~ 60 minutes at 50°C 10 %
~ 125g/cm” — 6 hours at 50°C 10 | 7
Film formation at low temperature ( 5°C/50%R.H. ) excellent |  good |

Example 59 1o 64 — acid monomer variation in the first stage-

To a 2000 mL resin kettle equipped with a condenser, nitrogen purge and
feed tubes were added 472 g of DI water, 24 g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, and 3.6g of 25% aqueous |
ammonia. A nitrogen purge was begun and the reactor heatéd to 80°C and
agitated at 200 rom. At 80°C, 0.4 g ammonium persulphate (APS)
dissolved in 6.2g DI water was added to the reactor. The first stage
monomer pre-emulsion charge was fed over about 60 mins. An initiator
charge of 4.0 g of APS in 64.0 g of DI water was also begun and fed at 8.30
g/min. After the first stage addition was éompleted, the second stage
monomer pre-emulsion charge was begun and fed over about 110 mins.

After all monomer and initiator feeds were complete, heating was continued
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for 60 minutes. After that the emulsion was cooled to 40°C at which point
latex was treated with 19.5¢ of adipic dihydrazide dissolved in 190g DI
water. The emulsion was mixed for 15 minutes and cooled down and
filtered through a 100 ym screen. The amount of acid monomer in the first

stage, the solids content in these latexes, and the MFFTs are listed In

Tables 26a and 26b.

The stable first stage monomer pre-emulsion was prepared by mixing the
following components: 93.0g DI water, 17.1g of a 30% solution of fatty
alcohol ether (12 EO units) sulfate Na salt, xg acid monomer, 15g diacetone
acrylamide, 2.9g of 25% aqueous ammonia, 35.1g 2-ethylhexyl acrylate,
and 252.2-xg methyl methacrylate. The calculated Tgs are listed in

Table26.

The stable second stage monomer pre-emulsion was prepared by mixing
the fo”owing components: 160.6g DI water, 30.9g of a 30% solution of fatty

alcohol ether (12 EO units) sulfate Na salt, 11.2g phosphoethyi
methacrylate (phosphate ester of 2-hydroxyethyl methacrylate), 28.1g
diacetone acrylamide, 5.2g of 25% aqueous ammonia, 317.6g 2-ethylhexyl
acrylate, and 216.8g methyl methacrylate. The caloulated:Tg was -10°C.

Table 26a o
Example 59 Example 60 | Example 61 Example 62

Acid monomer type - MAA MAA MAA

e s

Acid monomer 0 1.5 3.0 - 6.0
amount 0.5% ) (1% ) 2%
Calculated Tg of +73°C +73°C +74°C
first stage polymer ‘

Solids content unstable latex 46.0 - 46.0

e A b — e ——— p——— v —

MEFT high grit content ~ (0°C ~ 0°C ~0°C
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"“Example 7 | E;alﬁle 1

MAA -+
PEMA

3.0 +3.0
(2%
+73°C

46.0

- 53 .
. __Table26b
Example 63 | Example 64
Acid monomer type PEMA PEMA PEMA
O
Acid monomer amount ( g ) 1.5 3.0 6.0
(0.5% ) 1% 2% )
Calculated Tg of first stage +73°C +73°C +72°C
nolymer
. Solids content 46.0 460 ~46.0
MFEET ~ (0°C ~0°C ~0°C
Example 65

~ (°C

A transparent coating composition, as described in Table 14, was prepared
with Examples 59, 60, 61, 62, 63, and 64. In Tables 27a and 27b, the

‘properties of solvent-free fransparent coating composition films are listed.

10

!

15

RT block resistance
125g/cm® — 6hours at 23°C

Hot-block resistance
125g/cm?* — 30 minutes at 50°C
125p/cm” — 60 minutes at 50°C

- 125 g/cm’ — 6 hours at 50°C

Film formation at low

temperature ( 5°C/50%R.H.

RT block resistance

- om—

Hot-block resistance

125 /cm?‘ — 6hours at 23°C

Table27a

Example 59 Example
60 61
unstable latex 10 | 10
high grit content 10 I 10
9 10
8 9

excellent | excellent
Table 27b
Example | Example | Example
63 64 "

125g/cm® — 30 minutes at 50°C

125g/cm® — 60 minutes at 50°C

Film formation at low

1255/01112 — 6 hours at 50°C

temperature ( 5°C/50%R.H. )

;

Example | Example

62

10

e P ————

10
10
10

excellent

Example
7 1

e e —

10 10

0 10
9 | 10
excellent excellent

|

S

10 | 10
L ’
10 10
10 10
10 10
excellent | excellent
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The invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope of the invention.

5 Although specific terms are employed, they are used in a generic and

descriptive sense only and not for purposes of limitation, the scope of the

invention being set forth in the following claims.
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CLAIMS:

1. An aqueous dispersion, having a minimum film formation temperature no
oreater than 50°C, comprising a multi-stage emulsion polymer made by a process
that comprises:

a first polymerization stage, in which a first monomer mixture having a
calculated glass transition temperature of at least 50°C 1s polymerized via free
radical emulsion polymerization to obtain a first-stage emulsion polymer, the first
monomer mixture comprising, in weight % based on the weight of said first
monomer, to a total of 100%:

from 80 to 99.5% by weight of one or more ethylenically
unsaturated non-ionic monomers which bear no 1onic charge at a pH from 5
to 10;

from 0 to 5% by weight of one or more ethylenically unsaturated
weak acid monomers which bear a pendant acid group having a pKa of

greater than 4;

from 0 to 5% by weight of one or more ethylenically unsaturated
strong acid monomers which bear a pendant acid group having a pKa of
less than 4; and

from 0 to 10% by weight of one or more ethylenically unsaturated
monomers containing a keto group,

whereln the first monomer mixture contains at least 0.5% by weight
of at least one of the ethylenically unsaturated strong acid monomers or the
cthylenically unsaturated weak acid monomers, or mixtures thereof; and

a second polymerization stage, in which a second monomer mixture having
a calculated glass transition temperature from -30°C to 10°C is polymerized via
free radical emulsion polymerization, in the presence of the first-stage emulsion
polymer, to obtain the multi-stage emulsion polymer, the second monomer
mixture comprising, in weight % based on the weight of the second monomer
mixture, to a total of 100%:

from 80 to 99.5% by weight of one or more ethylenically

unsaturated non-ionic monomers which bear no ionic charge at a pH from 5
to 10;
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from O to 5% by weight of one or more ethylenically unsaturated
weak acid monomers which bear a pendant acid group having a pKa of
greater than 4;

from 0.5 to 10% by weight of one or more ethylenically unsaturated
strong acid monomers which bear a pendant acid group having a pKa of
less than 4; and

from 0.5% to 10% by weight of one or more ethylenically
unsaturated monomers containing a keto group.

2. The aqueous dispersion according to claim 1, wherein the aqueous
dispersion turther comprises one or more of: a molecule containing multiple

-NH,; or -NH- functionality, or a polyfunctional carboxylic hydrazide containing at
least two hydrazide groups per molecule.

3. The aqueous dispersion according to claim 1, wherein the one or more non-
ionic monomers of the first monomer mixture, or of the second monomer mixture,
or both, comprise one or more of: methyl acrylate, methyl methacrylate, ethyl
acrylate, ethyl methacrylate, butyl acrylate, butyl methacrylate, 2-ethylhexyl
acrylate, decyl acrylate, lauryl acrylate, isodecyl methacrylate, lauryl
methacrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate,
acrylonitrile, methacrylonitrile, acrylamide, methacrylamide, an amino-functional
monomer, an ureido-functional monomer, styrene, a substituted styrene,
butadiene, ethylene, propylene, an a-olefin, vinyl acetate, vinyl butyrate, vinyl
chloride, or vinylidene chloride.

4, The aqueous dispersion according to claim 1, wherein the one or more
strong acid monomers of the first monomer mixture, or of the second monomer
mixture, or both, comprise one or more of: 2-acrylamido-2-methylpropane
sultonic acid, 1-allyloxy-2-hydroxypropane sulfonic acid, vinylsulfonic acid,
styrene sulfonic acid, an alkyl allyl sulfosuccinic acid, sulphoethyl methacrylate,
sulphoethyl acrylate, phosphoethyl methacrylate, phosphoethyl acrylate,
phosphopropyl methacrylate, phosphopropyl acrylate, phosphobutyl methacrylate,
phosphobutyl acrylate, a phosphate ester of polyethyleneglycol acrylate or
methacrylate, a phosphate ester of polypropyleneglycol acrylate or methacrylate, a
phosphoalkyl crotonate, a phosphoalkyl maleate, a phosphoalkyl fumarate, a
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phosphodialkyl acrylate or methacrylate, a phosphodialkyl crotonate, allyl
phosphate, or a salt of any of the foregoing.

5. The aqueous dispersion according to claim 1, wherein the one or more
weak acid monomers of the first monomer mixture, or of the second monomer
mixture, or both, comprise one or more of: acrylic acid, methacrylic acid, crotonic
acid, 1taconic acid, fumaric acid, maleic acid, maleic anhydride, or a salt of any of
the foregoing..

6. The aqueous dispersion according to claim 1, wherein the one or more
monomers containing a keto group of the first monomer mixture, or of the second
monomer mixture, or both, comprise one or more of: diacetoneacrylamide,
diacetonemethacrylamide, acetoacetoxyethyl methacrylate, acetoacetoxyethyl
acrylate, acetoacetoxybutyl methacrylate, acetoacetoxybutyl acrylate,
acetoacetoxypropyl methacrylate, acetoacetoxypropyl acrylate,
acrylammdomethylacetylacetone, allyl acetoacetate, or vinyl acetoacetate.

7. The aqueous dispersion according to claim 2, wherein the molecule
containing multiple -NH, or -NH- functionality comprises one or more of:
hydrazine, ethylene diamine, propanediamine, butanediamine, hexanediamine,
isophorone diamine, piperazine, diethylene triamine, dipropylene triamine,
triethylene tetramine, an oligomer of ethylene diamine, or a poly(ethyleneimine).

8. The aqueous dispersion according to claim 2, wherein the polyfunctional
carboxylic hydrazide comprises one or more of: adipic dihydrazide, oxalic
dihydrazide, 1sophthalic dihydrazide, or polyacrylic polyhydrazide.

9. The aqueous dispersion according to any one of claims 1 to 8, wherein the
aqueous dispersion further comprises adipic dihydrazide.

10.  The aqueous dispersion according to claim 1, wherein the one or more
strong acid monomers of the second monomer mixture comprise phosphoethyl
methacrylate, and the one or more monomers containing a keto group of the
second monomer mixture comprise diacetone acrylamide.
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11.  The aqueous dispersion according to claim 1, wherein the one or more
strong acid monomers of the second monomer mixture are present in an amount
from 1.0 to 5.0% by weight based on the weight of the second monomer mixture.

12.  The aqueous dispersion according to claim 1, wherein the one or more
monomers containing a keto group of the second monomer mixture are present in
an amount from 2.0% to 5.0% by weight based on the weight of the second
monomer mixture.

13.  The aqueous dispersion according to any one of claims 1 to 12, wherein the
weight ratio of the first monomer mixture with respect to the second monomer
mixture 1s from 20:80 to 50:50.

14.  The aqueous dispersion according to any one of claims 1 to 12, wherein the
weight ratio of the first monomer mixture with respect to the second monomer

mixture 1S from 30:70 to 40:60.

15.  The aqueous dispersion according to any one of claims 1 to 12, wherein the
first monomer mixture has a calculated glass transition temperature of at least

60°C.

16.  The aqueous dispersion according to any one of claims 1 to 15, wherein the

first monomer mixture has a calculated glass transition temperature of at least
70°C.

17.  The aqueous dispersion according to any one of claims 1 to 16, wherein the
second monomer mixture has a calculated glass transition temperature from -20 to

0°C.

18.  The aqueous dispersion according to any one of claims 1 to 17, wherein a

dry film formed from the aqueous dispersion obtains a score of at least 7 on a
HOT-BLOCK RESISTANCE TEST.

19.  The aqueous dispersion according to any one of claims 1 to 17, wherein a

dry film formed from the aqueous dispersion obtains a score of at least 8 on a
HOT-BLOCK RESISTANCE TEST.
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