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WATER-BORNE POLYURETHANE
COATINGS BY MINIEMULSION
POLYMERIZATION

This application is a continuation-in-part of application
Ser. No. 08/696,361 filed on Aug. 13, 1996, which claims
priority to provisional application 60/002,367 filed Aug. 15,
1995.

TECHNICAL FIELD

The present invention described herein pertains generally
to miniemulsion polymerization processes in which an oil-
modified polyurethane resin is dissolved in a vinyl monomer
or monomer mixture which is then dispersed under high
shear conditions, in the presence of at least one surfactant
and optionally, a non-reactive cosurfactant, into an emulsion
of submicron droplets. The emulsion is polymerized by a
free radical mechanism under conditions which favor nucle-
ation of the monomer droplets. The resultant submicron
polymer particles contain polymer with oil-modified poly-
urethane 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, oil-
modified polyurethanes have remained important for some
applications because of superior properties such as gloss,
chemical resistance and film formation.

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 transport
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 polymeriation thereafter is in the nucle-
ated particles. The reagents (monomer, chain transfer agents,
etc.) must move from the monomer droplets to the reaction
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sites in the particles. Transport of large hydrophobic mol-
ecules such as oil-modified polyurethane can be a problem
in conventional emulsion polymerization.

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

U.S. Pat. No. 5,686,518 discloses the use of monomer-
soluble polymers as cosurfactants in miniemulsion
polymerization, wherein the monomer-soluble polymers are
non-reactive with the monomer polymerization and are
effective as cosurfactants at a concentration of about 0.5 to
about 5.0 percent by weight based on monomer plus poly-
mer. The monomer polymerizations disclosed therein exhib-
ited reaction rates slightly enhanced with increasing con-
centration of the non-reactive, monomer-soluble polymer
cosurfactants.

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
oil-modified polyurethane resin, which comprises dissolving
one or more oil-modified polyurethane resins having at least
two carbon-carbon double bonds, in an ethylenically unsat-
urated monomer or mixture thereof, thereby forming a
solution, and combining this solution with water and at least
one surfactant, and agitating the resulting mixture. The
monomer or mixture thereof is substantially insoluble in
water and the one or more oil-modified polyurethane resins
are substantially insoluble in water but soluble in the mono-
mer or mixture thereof;

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

A non-reactive cosurfactant, including, but not limited to,
hexadecane, cetyl alcohol, or polymer soluble in said mono-
mer or mixture thereof, may be added to the monomer/oil-
based polyurethane solution 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 further aspect provides a
process which comprises: forming an aqueous monomer/
oil-modified polyurethane resin emulsion by combining at
least one ethylenically unsaturated monomer with at least
one oil-modified polyurethane resin having at least two
carbon-carbon double bonds; agitating the emulsion under
high shear to form monomer particles having an average
particle size in the range of about 10 to about 1,000
nanometers; and initiating the polymerization by adding a
free radical initiator, thereby polymerizing the at least one
ethylenically unsaturated monomer in the emulsion and
forming a polymer emulsion in which the polymer content
is in the form of particles having an average particle size in
the range from about 10 to about 1,000 nanometers.

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 he drawings, detailed description
and appended claims.

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 example is illustra-
tive 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.

The terms “parts” and “percent” (or %) denote parts by
weight and percentage by weight, respectively, unless oth-
erwise stated.

10

15

20

25

30

35

40

45

50

55

60

65

4

The monomer emulsions of this invention are composi-
tions in which water constitutes the continuous phase and a
monomer or mixture thereof containing dissolved oil-
modified polyurethane resin constitutes the disperse phase.
Emulsions of this invention are the oil-in-water type. The
disperse or organic phase constitutes from about 10 to about
60 percent of total emulsion weight, and conversely the
continuous or aqueous phase constitutes about 40 to about
90 percent of total emulsion weight. The disperse phase,
consisting essentially of monomer(s) and dissolved oil-
modified polyurethane 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 nanom-
eters.

The monomeric starting material is a monomer or mixture
thereof, i.e., one or more primary and optionally one or more
secondary monomers. Primary monomers are addition poly-
merizable ethylenically unsaturated organic compounds
which are essentially insoluble in water, i.e., which have
water solubilities preferrably ranging from essentially zero
to about 15 weight percent, more preferably from essentially
zero to about 5 weight percent, and most preferrably 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 primary
monomers which can be polymerized either alone or in
monomer mixtures according to this invention include:
methyl methacrylate (MMA), styrene, vinyl acetate, methyl
acrylate, butyl acrylate, ethyl acrylate, butadiene and vinyl
chloride. This list is representative and is not exhaustive.
Secondary monomers are addition polymerizable ethyleni-
cally unsaturated organic compounds which are water
soluble and are used only in small percentages in a monomer
mix and only in the presence of at least one primary
monomer. By water soluble, it is meant that the secondary
monomer preferrably has a water solubility greater than 85
weight percent, more preferably greater than 90 weight
percent, and most preferrably greater than 95 weight per-
cent. The percentage of secondary monomer present in the
monomer miXx is preferably 0 to 5 percent, more preferrably
0 to 3 percent, and most preferably O to 1 percent, based on
the total monomer weight. Representative secondary mono-
mers are acrylic acid and methacrylic acid. This list is
representative and not exhaustive. Use of secondary mono-
mers may impart desired properties to the coatings produced
using this invention.

A-range of monomer solubilities in water lies between the
insoluble and soluble as defined herein, i.e., solubilities of
monomer in water of greater than 15 weight percent and up
to 85 weight percent. A range of concentration of secondary
monomer in the monomer mix of greater than 5 percent also
exists. Other combinations of monomer/water solubility and
concentration of secondary monomer in primary monomer
outside of the preferred ranges may be envisioned by one of
ordinary skill in the art; such combinations require that the
monomerlwater mix form a stable miniemulsion within the
scope of this invention.

The oil-modified polyurethane resins useable in this
invention are any of the type typically used in polyurethane
coatings formulations, as exemplified by oil-modified poly-
urethane 138-0634 supplied by McWhorter Technologies.
This resin contains 60% solid linseed modified
polyurethane, 20% solvent naphtha (heavy alkylate), 20%
naptha (hydrotreated heavy), 0.07% dibutyl tin oxide and
0.03% triphenyl phosphite. The polyurethane portion in this
formulation is made from toluene diisocyanate (TDI) and no
free TDI is left unreacted. Prior to use in one embodiment of
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this invention, solvents in the polyurethane formulation
were removed by vacuum evaporation. Typical linseed oil as
used in a reaction to produce the oil-modified polyurethane
includes 35-60% linolenic, 17-24% linoleic, 12-34% oleic,
and less than 10% saturated fatty acids. The oil-modified
polyurethane is therefore a multifunctional resin which
contains at least two double bonds per molecule. As used in
the present invention, the oil-modified polyurethane has
available unsaturation such that at least one of the at least
two double bonds per molecule may be available to partici-
pate in a free-radical polymerization with the monomer, and
at least one of the at least two double bonds may be available
to participate in crosslinking.

No added cosurfactant is required in this invention since,
under some conditions, the oil-based polyurethane resin
itself may act to stabilize the monomer droplets against
diffusional degradation, in addition to its function as a
reactant in the monomer polymerization. However, in some
cases it may be desirable to add a polymeric or non-
polymeric, non-reactive cosurfactant. By non-reactive it is
meant that a polymerized latex resulting from the use of such
a nonreactive cosurfactant is essentially free of reaction
products of 1) the non-reactive cosurfactant and the
monomer, and 2) the non-reactive cosurfactant and the
polymer formed during polymerization of the monomer. By
essentially free of reaction products, it is meant that, while
there may be some reaction between the non-reactive cosur-
factant and the monomer or polymer formed during poly-
merization of the monomer, the concentration of the result-
ing reaction products is minor compared with the
concentration of the reaction products of the oil-modified
polyurethane and the monomer, and of the reaction products
of the oil-modified polyurethane and the polymer formed
during polymerization of the monomer. Thus, within the
scope of this invention, a non-reactive cosurfactant acts only
as a cosurfactant to stabilize the miniemulsion, in contrast
with the oil-modified polyurethane, which may act to sta-
bilize the miniemulsion and also will chemically react with
the monomer and/or polymer formed by polymerization of
the monomer to impart desired properties to coatings made
using this invention.

Polymeric or non-polymeric non-reactive cosurfactants
may be used but are not required for the invention. Either a
single non-reactive cosurfactant may be used, or a mixture
of polymeric, non-polymeric, or polymer and non-polymeric
consurfactants may be used. The polymeric non-reactive
cosurfactant is a polymer which is both highly water
insoluble and highly soluble in the monomer of choice. The
polymeric non-reactive 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 non-
reactive polymeric cosurfactants are those having a molecu-
lar weight in the range of about 350,000 to about 750,000.
Representative polymeric non-reactive cosurfactants use-
able in the present invention include polymethyl methacry-
late (PMMA), polystyrene, polyvinyl acetate, polymethy-
lacrylate and polyethylacrylate. Generally, the copolymer
may be selected from the group consisting of random
copolymers, block copolymers, statistical copolymers and
graft copolymers. 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 non-reactive
cosurfactants may be used as long as they meet the above
criteria of being essentially insoluble in water but soluble in
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the monomer or monomer mixture. A polymeric non-
reactive cosurfactant which is a polymer of the monomer
undergoing polymerization is preferred. Thus, polymethyl
methacrylate is a preferred non-reactive cosurfactant when
methylmethacrylate is the monomer. However, one may
choose, as polymeric non-reactive cosurfactant, a polymer
which is not the polymer obtained by polymerization of the
monomer of choice.

The amount of polymeric non-reactive cosurfactant may
be from about 0.5 to about 5.0 percent by weight based on
monomer, and the oil-modified polyurethane and the non-
reactive polymeric cosurfactant. Preferably the amount of
polymeric non-reactive cosurfactant is from about 0.5 to
about 2.0 percent by weight based on monomer, oil-modified
polyurethane, and non-reactive polymeric cosurfactant.

The polymeric non-reactive 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 non-reactive cosurfactants may be used in
place of polymeric cosurfactants, or in combination with
them. Representative nonpolymeric non-reactive cosurfac-
tants include hexadecane and cetyl alcohol. Non-reactive
nonpolymeric cosurfactants, when used, are added in a
concentration range of from about 0.5 to about 5 percent
based on the weight of the monomer.

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 oil-modified polyure-
thane resin. The preferred amount is from about 0.5 to about
1.5 percent by weight, based on monomer plus oil-modified
polyurethane resin.

Use of a non-reactive cosurfactant, including non-
reactive, polymeric and non-polymer cosurfactants, or the
oil-modified polyurethane resin itself, in accordance with
this invention results in improved monomer emulsion sta-
bility. 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 droplets to large droplets, a cosur-
factant slows down the emulsion breakdown process. In a
macroemulsion, a monomer 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 cosur-
factant 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 signifi-
cant ripening.





















