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WATER-BORNE ALKYD COATINGS BY
MINIEMULSION POLYMERIZATION

This application claims priority to provisional applica-
tion 60/002,367 filed Aug. 15, 1995.

TECHNICAL FIELD

The invention described herein pertains generally to mini-
emulsion polymerization processes in which an alkyd resin
is dissolved in a vinyl monomer or monomer mixture which
is then dispersed under high shear conditions, in the pres-
ence of at least one surfactant and optionally, a cosurfactant,
into an emulsion of submicron droplets. The emulsion is
polymerized by a free radical mechanism under conditions
which favor nucleation of the monomer droplets. The result-
ant submicron polymer particles contain polymer with alkyd
resin grafted to the backbone polymer.

BACKGROUND OF THE INVENTION

Water-based coatings, and polymer latexes in particular,
have become more widely used in the past several decades
because they are environmentally friendly, offer easier clean
up, and offer improved performance characteristics.
However, in spite of these advantages, solvent based sys-
tems such as alkyd resins have remained important for some
applications because of superior properties such as gloss and
hardness.

Emulsion polymerization is a widely used technique
which has been extensively described in literature, both
patent and non-patent. Production of synthetic latexes via
emulsion polymerization is well-known. Among the poly-
mers commonly produced by emulsion polymerization are
styrene-butadiene copolymers, acrylic polymers and
copolymers, and polyvinyl acetate. Polymers prepared by
emulsion polymerization are widely used as binders in
water-based latex paints for both interior and exterior use.
Emulsion polymerization is also used to prepare polymer
foams and polymers used as coatings.

Emulsion polymerization requires the following key
ingredients: water, a monomer or mixture thereof, a surfac-
tant or mixture thereof, and a polymerization initiator. The
monomer or mixture thereof is typically dispersed into
droplets and polymer particles are formed during the poly-
merization with the aid of a surfactant or mixture thereof
with the aid of an agitator. Monomer droplet diameters are
typically from 1 to 10 microns.

Emulsion and miniemulsion polymerizations have many
similarities but the particle nucleation and reagent transplant
phenomena are very different. Conventional emulsion poly-
merization starts with a monomer emulsion comprised of
relatively large (in the range of 1 to 10 microns) monomer
droplets and significant free or micellar emulsifier. Particle
nucleation takes place early in the reaction via homogeneous
(water phase) reactions or via free radical entry into
monomer-swollen micelles. Radicals can enter the monomer
droplets but this phenomenon is generally discounted
because of the relatively small droplet surface area. Nucle-
ation stops or slows significantly after the surface area of the
particles becomes sufficient to adsorb all of the emulsifier.
The major locus of polymerization thereafter is in the
nucleated particles. The reagents (monomer, chain transfer
agents, etc.) must move from the monomer droplets to the
reaction sites in the particles.

Miniemulsion polymerization, by contrast, begins with
submicron droplets which are able to accommodate most of
the added emulsifier. High intensity fluid deformation and a

10

15

20

30

35

40

45

50

55

60

65

2

cosurfactant are employed to generate and stabilize the small
droplet size miniemulsion. Particle nucleation is primarily
via droplet penetration and, if most droplets are nucleated,
the reagents are located at the polymerization sites and mass
transport, except for the radicals, is not involved. Either
water-soluble or oil-soluble initiators can be employed in
miniemulsion polymerization.

Monomer droplet size instability is observed in monomer
emulsions. The smaller monomer droplets will disappear by
two mechanisms. The first is flocculation into larger drop-
lets. This can be effectively prevented by providing an
adequate layer of surfactant at the droplet surface. The
second is Ostwald ripening. This phenomenon consists of
the diffusion of monomer out of the smaller droplets and into
the larger ones; the polymer does not so diffuse. The net
effect is a reduction in interfacial surface area, and hence, of
surface free energy. In an unpolymerized conventional emul-
sion (which will be called herein a “macroemulsion”), the
disappearance of the small droplets takes place in seconds.
This precludes the nucleation of these droplets into polymer
particles. In a miniemulsion, a combination of high shear
and a cosurfactant are used. The high shear generates very
small monomer droplets. The cosurfactant retards Ostwald
ripening so that the small droplets can resist diffusional
instability. The small droplets can then compete effectively
for water-borne free radicals, and the locus of nucleation
becomes predominantly the monomer droplets. Common
cosurfactants include hexadecane, cetyl alcohol, and
monomer-soluble polymer. In this invention, the water-
insoluble alkyd acts as an in-situ cosurfactant. However, it
may be desirable to add an additional cosurfactant as well.

Transport of large hydrophobic molecules such as alkyd
resin can be a problem in conventional emulsion polymer-
ization. Hence, an important feature of this invention is the
use of a miniemulsion, rather than conventional emulsion
polymerization process.

This invention comprises the miniemulsion polymeriza-
tion of vinyl monomers in the presence of alkyd resin to
form a hybrid latex which forms good films and can be used
as a latex coating.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention,
there is provided a process for miniemulsion polymerization
of a monomer or mixture thereof in the presence of an alkyd
resin, which comprises dissolving one or more alkyd resins
in an ethylenically unsaturated monomer or mixture thereof,
thereby forming a solution, and combining this solution with
water and at least one surfactant, and, under some
conditions, a cosurfactant, and agitating the resulting mix-
ture. The monomer or mixture thereof is substantially
insoluble in water and the one or more alkyd resins are
substantially insoluble in water but soluble in the monomer
or mixture thereof;

The amount of the one or more alkyd resins is from about
1 percent to about 120 percent based on monomer weight;
thereby obtaining an essentially stable aqueous monomer
emulsion comprising an aqueous continuous phase and an
organic disperse phase. The disperse phase comprises a
monomer or mixture thereof and one or more alkyd resins,
and is in the form of droplets having an average droplet
diameter in the range from about 10 to about 1,000 nanom-
eters.

A cosurfactant, including, but not limited to, hexadecane,
cetyl alcohol, or polymer soluble in said monomer or
mixture thereof, may be added to the monomer/alkyd solu-
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tion in the amount of 1 to 5 percent by weight based on
monomer to impart diffusional stability to the emulsion.

The emulsion is subjected to high rates of shear in a
sonicator, homogenizer, colloid mill or other device capable
of imparting rates of shear great enough to reduce the
diameters of the droplets of the disperse phase to the range
listed above.

This invention according to a still further aspect provides
a latex or polymer emulsion which is the product obtained
by polymerizing the monomer emulsion by a free radical
mechanism under conditions of miniemulsion polymeriza-
tion. The polymer content is in the form of particles having
an average particle diameter in the range from about 10 to
about 1,000 nanometers.

These and other objects of this invention will be evident
when viewed in light of the drawings, detailed description
and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form in certain parts and
arrangements of parts, a preferred embodiment of which will
be described in detail in the specification and illustrated in
the accompanying drawings which form a part hereof, and
wherein:

FIG. 1 is a plot of monomer emulsion shelf life and
droplet size without PMMA;

FIG. 2 is a plot of Conversion vs. Time for miniemulsion
polymerizations;

FIG. 3 is a plot of conversion profiles for miniemulsion
polymerizations with different amounts of alkyd at 80° C;

FIG. 4 is a plot of Particle Size vs. Alkyd Amount for
miniemulsion polymerizations;

FIG. § is a plot of Conversion vs. Reaction Time in
macroemulsion polymerization with alkyd;

FIGS. 6a—6f are *>*C-NMR for alkyd-acrylate copolymer
and alkyd-polyacrylate blends (a) MA30; (b) MAGO; (c)
MA100; (d) Blend 30; (e) Blend 60; and (f) Blend 100; and

FIG. 7 is a plot of extraction data of alkyd-polyacrylate
polymers with ethyl ether.

DETAILED DESCRIPTION OF THE
INVENTION

The best mode for carrying out the invention will now be
described for the purposes of illustrating the best mode
known to the applicant at the time. The examples are
illustrative only and not meant to limit the invention, as
measured by the scope and spirit of the claims.

The term “latex” herein denotes a polymer emulsion. The
terms “latex” and “polymer emulsion” will be used inter-
changeably in this specification. The product of the poly-
merization process of this invention is a latex.

The term “miniemulsion” herein denotes a monomer
emulsion in which the average monomer droplet size is not
in excess of about 1,000 nanometers (1 micron). This term
is used to distinguish monomer emulsions and emulsion
polymerization processes herein from conventional emul-
sion polymerization processes and starting monomer emul-
sions. Conventional starting monomer emulsions will be
called “macroemulsions” herein.

The term “molecular weight” has its usual meaning to
denote grams per gram mole of a substance. As applied to
polymers herein, “molecular weight” in the absence of
further qualification denotes number average molecular
weight unless otherwise stated.
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The terms “parts” and “percent” (or %) denote parts by
weight and percentage by weight, respectively, unless oth-
erwise stated.

The monomer emulsions of this invention are composi-
tions in which water constitutes the continuous phase and a
monomer or mixture thereof containing dissolved alkyd
resin constitutes the disperse phase. Emulsions of this inven-
tion are the oil-in-water type. The disperse or organic phase
constitutes from about 10 to about 50 percent of total
emulsion weight, and conversely the continuous or aqueous
phase constitutes about 50 to about 90 percent of total
emulsion weight. The disperse phase, consisting essentially
of monomer(s) and dissolved alkyd resin, is present as
droplets having an average droplet diameter from about 10
to about 1,000 nanometers, preferably from about 80 to
about 500 nanometers.

The monomeric starting material is a monomer or mixture
thereof, i.e., one or more monomers. The monomer or
monomers are addition polymerizable ethylenically unsat-
urated organic compounds which are essentially insoluble in
water, i.e., which have water solubilities ranging from
essentially zero to about 5 weight percent, preferably from
essentially zero to about 3 weight percent. Solubilities are
measured in pure water and denote grams of dissolved
monomer per 100 grams of water. Representative monomers
which can be polymerized either alone or in monomer
mixtures according to this invention include: methyl meth-
acrylate (MMA), styrene, vinyl acetate, methyl acrylate,
butyl acrylate, acrylic acid, methacrylic acid, ethyl acrylate,
butadiene and vinyl chloride. This list is representative and
is not exhaustive.

The alkyd resins useable in this invention are any of the
alkyds normally used in alkyd coatings formulations. Long
to medium oils are preferred. Alkyd resins are the thermo-
setting reaction product of a dihydric or polyhydric alcohol
(e.g., ethylene glycol or glycerol) and a mono/polybasic acid
(e.g., phthalic anhydride) in the presence of a drying oil
(e.g., linseed, soybean) which acts as a modifier. Alkyd
resins may be produced for example, by direct fusion of
glycerol, phthalic anhydride and drying oil at from 210° C.
to 232° C. Solvents are then added to adjust the solids
content. The amount of drying oil added varies depending
upon the intended use. A representative non-exhaustive list
of unsaturated dibasic carboxylic acids and anhydrides use-
ful in this invention include, but are not limited to, maleic
anhydride, fumaric acid, itaconic acid, phthalic acid and
phthalic anhydride. Examples of monobasic acids would
include unsaturated fatty acids and esters, non-limiting
examples of which would include oleic, linoleic and lino-
lenic acids, methyl esters thereof, and their glycerides.
Drying oils would include those such as safflower, linseed,
sunflower, soy, tung, orticica, fish oils, tall oil fatty acids and
the like. The partial esters of these fatty acid components can
be made with a polyalcohol such as glycerol, glycol (e.g.,
ethylene glycol, propylene glycol), trimethylolethane,
trimethylolpropane, 1,3-butanediol, 1,6-hexanediol,
pentaerythritol, or sorbitol or mixtures of such alcohols can
be employed.

Polymeric cosurfactants may be used, but are not required
for the invention. The polymeric cosurfactant is a polymer
which is both highly water insoluble and highly soluble in
the monomer of choice. The polymeric cosurfactant may be
a polymer (e.g., homopolymer, copolymer, or block or graft
copolymer) or a mixture or blend thereof having a molecular
weight in the range of about 3,000 to about 1,100,000,
preferably from about 9,000 to about 750,000. Especially
preferred cosurfactants are those having a molecular weight
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in the range of about 350,000 to about 750,000. Represen-
tative polymeric cosurfactants useable in the present inven-
tion include polymethyl methacrylate (PMMA),
polystyrene, polyvinyl acetate, polymethylacrylate and
polyethylacrylate. Certain copolymers such as styrene-
isoprene copolymer, and certain block polymers such as
poly (styrene-block-butadiene) and poly (styrene-block-
isoprene) are also useful. Other polymeric cosurfactants may
be used as long as they meet the above criteria of being
essentially insoluble in water but soluble in the monomer or
monomer mixture, and are innocuous in the final product. A
polymer cosurfactant which is a polymer of the monomer
undergoing polymerization is preferred. Thus, polymethyl
methacrylate is a preferred cosurfactant when methyl-
methacrylate is the monomer. However, one may choose, as
polymeric cosurfactant, a polymer which is not the polymer
obtained by polymerization of the monomer of choice.

The amount of polymeric cosurfactant may be from about
0.5 to about 5.0 percent by weight based on monomer plus
polymer. Preferably the amount of polymeric cosurfactant is
from about 0.5 to about 2.0 percent by weight based on
monomer plus polymer.

The polymeric cosurfactant dissolves in the monomer or
monomer mixture to form the disperse (or organic) phase of
the monomer emulsion. The resulting solution (the disperse
phase) is an essentially homogeneous solution of monomer
and polymer.

Nonpolymeric cosurfactants may be used in place of
polymeric cosurfactants, or in combination with them. Rep-
resentative nonpolymeric cosurfactants include hexadecane,
cetyl alcohol, highly water-insoluble monomers such as
2-ethyl hexyl methacrylate, iso-octylacrylate and isodecyl
acrylate, and chain transfer agents such as dodecyl mercap-
tan.

No cosurfactant is required in this invention since, under
some conditions, the alkyd resin itself may act as a cosur-
factant to stabilize the monomer droplets against diffusional
degradation.

Conventional surfactants for emulsion polymerization
may be used. Either a single surfactant or a mixture of
surfactants may be used. Representative surfactants include:
sodium lauryl sulfate and other alkyl sulfates; sodium dode-
cyl benzene sulfonate and other alkyl and aryl sulfonates;
sodium stearate and other fatty acid salts; and polyvinyl
alcohol and other non-ionic surfactants. The surfactant may
be either an anionic, cationic or a non-ionic surfactant. When
a mixture or combination of surfactants is used, the mixture
may include an anionic or a cationic surfactant, plus a
non-ionic surfactant, or two or more anionic or cationic
surfactants, or two or more non-ionic surfactants. The
amount of surfactant is from about 0.5 to about 5.0 percent
by weight, based on monomer plus alkyd resin. The pre-
ferred amount is from about 0.5 to about 1.5 percent by
weight, based on monomer plus alkyd resin.

Use of a cosurfactant, possibly including the alkyd resin
itself, in accordance with this invention results in improved
monomer emulsion stability. This is accomplished by a
reduction in monomer droplet diameter, which in turn is
attributable to the fact that the cosurfactant prevents or
reduces the rate of Ostwald ripening. Ostwald ripening is the
transfer of monomer from small droplets to large droplets to
reduce the total surface energy of the system, resulting in an
increase of the average droplet diameter in an emulsion. The
other cause of growth in monomer droplet size is
coalescence, which is inhibited by the surfactant or mixture
thereof. By inhibiting diffusion of monomer from small
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droplets to large droplets, a cosurfactant slows down the
emulsion breakdown process. In a macroemulsion, a mono-
mer emulsion for a conventional emulsion polymerization in
which no cosurfactant is used, disappearance of the small
monomer droplets takes place in seconds, before nucleation
can take place. When a cosurfactant according to this
invention is used, Ostwald ripening is retarded so that
nucleation of the monomer droplets takes place. In fact, it is
possible to completely polymerize a miniemulsion of this
invention prior to the onset of significant ripening.

Monomer emulsions according to the present invention
are prepared as follows. The desired amount of cosurfactant
(if used), and the desired amount of alkyd resin are added to
the monomer or mixture thereof, then mixed with gentle
agitation (e.g.,with a stirring bar) at room temperature until
a homogenous solution is obtained. While the temperature in
this step is not critical (in general, any temperature between
the freezing point and the boiling point of the monomer can
be used), preferred temperatures for monomer miniemulsion
formation are from about 20° to about 50° C., especially
from about 25° to about 40° C.

The solution prepared in the previous step is added to a
previously formed solution of surfactant(s) in water. The
entire contents are then subjected to high shear in order to
form a miniemulsion. Suitable high shear mixing is
obtained, for example, by sonication with a Fisher 300 Watt
Sonic dismembrator for 5 minutes at 60 percent output (180
watts) with bulk mixing provided by a stirring bar. (The
Fisher 300 Watt Sonic dismembrator is manufactured and
distributed by Fisher Scientific Company, Pittsburgh, Penn.
Fisher Scientific Company is a subsidiary of Allied-Signal,
Inc., Morristown, N.J.) Other high shear mixing equipment,
e.g.; a colloid mill or homogenizer can be used if desired.
(The sonic dismembrator herein described is suitable for
laboratory scale. A colloid mill or homogenizer are suitable
for production scale.) In general, any equipment capable of
producing localized high shear along with moderate bulk
mixing can be used.

While it is preferable to premix the surfactant (or
surfactants) and water so as to form an aqueous surfactant
solution before adding the solution of polymer in monomer,
it is possible to charge the alkyd/monomer solution, water
and surfactant separately to a vessel which is equipped with
an agitator or mixer capable of emulsifying the contents.

The above steps result in the formation of an essentially
stable monomer emulsion which comprises an aqueous
continuous phase comprising water and at least one surfac-
tant dissolved therein, and an organic disperse phase which
contains the monomer content and the alkyd resin content of
the emulsion, i.e., an ethylenically unsaturated monomer or
mixture thereof and one or more alkyd resins dissolved
therein. A cosurfactant may or may not be present. The
disperse phase is an essentially homogenous mixture of one
or more monomers and one or more alkyd resins. The
disperse phase is in the form of droplets having an average
droplet diameter from about 10 nanometers to about 1,000
nanometers, preferably from about 80 to about 300 nanom-
eters.

The aqueous monomer miniemulsion is essentially stable.
The emulsion slowly “creams”, i.e., the disperse phase
slowly rises to the top so that a visible phase separation line
appears. However, the shelf life of a miniemulsion of this
invention will vary from about 60 minutes to about three
months, depending on the amount of surfactant and the
amount of cosurfactant used. In any case, the shelf life is
sufficiently long so that the monomer content of the emul-


















