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n the 1950s, Dr. Herbert Koch from the Max Plank
Institute in Miilheim, Germany. found that ole-
fins may react with carbon monoxide and water
under the influence of strong acids to form ter-
tiary branched neocarboxylic acids (Figure 1). Before the
intermediate carbocation reacts with carbon monoxide,
isomerization reactions are observed and, therefore, the
resulting acid is composed of a number of isomers.!?

The neocarboxylic acid can be converted into its vinyl
ester monomer by reaction with acetylene. Vinyl neo-
esters are very hydrophobic monomers with a highly
branched tertiary substituted a-carbon structure. Their
principal use is as hydrophobic co-monomers in vinyl and
acrylic polymerization. The alkyl neocarboxylic group of
these monomers is very resistant to degradation in alka-
line conditions, as there is no hydrogen on the a-carbon
atom. The branched tertiary structure with bulky and
hydrophobic hydrocarbon groups provides neco-ester
monomers (Figure 2) with a highly hydrophobic nature
and low surface tension. Furthermore, these vinyl neo-

FIGURE 1 » Koch reaction for the production of neo-acids.
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FIGURE 2 » Chemical structure of vinyl necdecanoate.
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esters exhibit strong resistance to hydrolysis and do not
degrade under the influence of UV light.

Vinyl neo-esters easily copolymerize with various other
monomers through the vinyl ester group. In this way, the
specific properties of the monomer can be imparted to its
copolymers. Vinyl neo-esters enhance the performance
of vinyl acetate- and acrylic-based latices, significantly
upgrading key properties such as water and alkali resis-
tance in both types of polymer systems.

Polymers based on vinyl neo-esters exhibit the required
balance of polymer hardness and flexibility, hydrophobic-
ity and chemical resistance for the formulation of a wide
range of latex coatings. The resulting paints are charac-
terized by very good water, UV and alkali resistance and
therefore exhibit very good outdoor durability.? Vinyl
neo-esters have already been successfully used to manu-
facture vinyl acetate copolymer latices. Used as binders for
architectural paints, these vinyl copolymer latices provide
improved scrub resistance and exterior durability.

The hydrophobicity and resistance to hydrolysis and
UV degradation imparted by vinyl neo-ester monomers
make them particularly suitable for producing high-
performance latices. especially when copolymerized with
acrylic and methacrylic monomers. Acrylic emulsions
modified with vinyl neo-ester monomers can be for-
mulated into protective coatings such as anticorrosion
paints. water-repellent systems, wood coatings, elasto-
meric roof coatings and adhesive applications such as
pressure sensitive adhesives (PSAs).

Glass Transition Temperature

The two most common vinyl neo-ester monomers are the
vinyl ester of neodecanoic acid, which contains 10 carbon
atoms, and the vinyl ester of neononanoic acid, which
contains nine carbon atoms. The vinyl ester of neodecanoic
acid has a homopolymer Tg of -3 °C, making it a flexibilizing
monomer, while the vinyl ester of neononanoic acid has a
homopolymer Tg of 70 °C. The reason behind the striking
difference in glass transition temperatures between these
monomers was elucidated by the work of Scholten and
Van Westrenen.* This work evaluated the effect of chain
branching by measuring the homopolymer Tg ol a series
of vinyl esters based on neononanoic acids with differing



degrees of branching. The result was a series of polymers
with Tgs ranging from 10 °C to 119 °C, leading to the
conclusion that the higher Tg of polyvinyl neononanoate
is a cumulative effect of the shorter chain length and the
higher degree of branching within the various isomer mix-
tures. This large disparity in glass transition temperature
between these vinyl neo-ester monomers allows the poly-
mer formulator the latitude to develop very hydrophobic
polymers with a broad latitude of possible Tgs.

Water Resistance

Water resistance is one of the most important barrier prop-
erties of a coating, and is mainly governed by the polymeric
binder and by the nature of the monomers used to produce
the binder. If one takes water solubility as an indication
of hydrophobicity (Table 1) it becomes clear that the vinyl
esters ol neo-acids are much more hydrophobic than other
monomers commonly used in emulsion polymerization.?

Acrylic Resins Modified

With Vinyl Neo-Esters

Vinyl neo-esters readily copolymerize in emulsions with
acrylates and methacrylates. The bulky and hydropho-
bic hydrocarbon structure of vinyl neo-ester monomers
enhances polymers to provide a high degree of water
repellence and hydrolysis resistance. Vinyl neo-ester
monomer-modified acrylic latices represent a large family
of polymers with a wide range of possible polymer compo-
sitions and performance properties.

Water Resistance of Acrylic Polymers
Because of their hydrophobic nature, vinyl neodecanoate
and vinyl neononanoate can increase the water resistance
of the copolymers in which they are used. The amount of
water absorbed and also the whitening of the polymer film
after exposure to a drop of water can be used as a means
to measure the water repellence ol a coating. However,
polymer Tg and the surfactants used can influence these
tests. To demonstrate the effect of the vinyl neodecano-
ate and vinyl necononanoate monomers independently of
other variables, a series of polymers having the same Tg
and surfactant system were tested. The Tg was kept con-
stant at 20 °C by adjusting the concentration of the methyl
methacrylate (MMA) and butyl acrylate (BA) constituents
of the polymers. Figure 3 shows the influence of vinyl neo-
decanoate and vinyl neononanoate monomers on water
absorption after 14 days immersion.

Whitening of the film was measured by the water spot
test. A drop of water is applied on the clear film, and the
whitening of the water drop is rated visually after one day.
Figure 4 shows the influence of the vinyl neo-ester mono-
mers on water spot resistance after 24 hrs of exposure.

Figures 3 and 4 show that the incorporation of vinyl neo-
ester monomers significantly improves water resistance and
that the effect increases with the neo-ester monomer concen-
tration. The best results in water absorption and water spot
resistance are obtained by using the harder monomer, vinyl
neononanoate. At the same vinyl neo-ester concentration,
more MMA is needed with the vinyl neodecanoate mono-
mer-based system to obtain the same Tg as a the harder
vinyl neononanoate system. Since MMA is a more polar or

TABLE 1 » Water solubility of some common monomers.

Monomer Water Solubility at 20 °C(g/100g)
Vinyl neodecanoate <0.001

2-ethylhexyl acrylate 0.01

Styrene 0.03

Butyl acrylate 0.16

Methyl methacrylate 15

Vinyl acetate 2.5

FIGURE 3 » Water absorption of clear latex films as a function of the
vinyl neo-ester concentration in the polymer.
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FIGURE 4 » Water spot resistance of clear latex films (exposure time
24 hrs. 10 = clear film, 0 = white film).
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FIGURE 5 » Beading effect and contact angle of vinyl neo-ester/acrylic-
based paints.
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Modification of Acrylic Emulsion Polymers with Vinyl Neo-Esters

hydrophilic monomer than BA, an increased MMA content
will increase water sensitivity of the terpolymer.

The water repellence effect can also be demonstrated
visually by measuring water droplet contact angles. Fig-
ure 5 shows the spreading of equally sized droplets of
water on various acrylic paints. Acrylic systems modified
with 30% vinyl neo-ester monomer had a high water
contact angle of 79° and the water beads to a small
droplet. With the pure acrylic systems containing either
butyl acrylate or 2-ethyl hexyl acrylate, the water readily
spreads out over a large area of the paint surface.

Expensive additives such as special waxes or silicones
are commonly formulated into coatings to provide them
with a water beading effect. Often, the effect of these addi-
tives is only temporary, as they will gradually leach out of
the coating. When the hydrophobic component is bound
chemically to the polymer backbone, such as is the case
for vinyl neo-ester monomer-containing polymers, the
efficacy is extended.

Water Vapor Transmission
Water vapor permeability is another important property of

FIGURE 6 » Water vapor transmission of vinyl neodecanoate modified
acrylic polymers.
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FIGURE 7 » Alkali extractables of clear latex film (50 °C in 2% aqueous
NaOH - 8 weeks).
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coatings and adhesives. For optimum substrate protection.
low transmission of water vapor is required. Water vapor
transmission rate for acrylic polymers containing vinyl
neo-ester monomers was determined according to ASTM
method D1653, with the dry cup method. The polymer
consisted of methyl methacrylate, 2-ethylhexyl acrylate
(2-EHA) and vinyl neodecanoate monomer, and the effect of
the vinyl neo-ester monomer was determined by replacing
equal amounts of the already relatively hydrophobic 2-EHA
with vinyl neodecanoate. Figure 6 shows that there is an
almost linear correlation between the vinyl neodecanoate
content and the water vapor transmission rate. The more
2-EHA that is replaced by vinyl neodecanoate, the less
water migrates through the polymer.

Alkali Resistance

Good alkali resistance is required for coatings designed
for application on alkaline substrates, such as cement
or plaster. Due to the bulky structure of vinyl neo-ester
monomers, the ester bond is sterically shielded from alkali-
induced hydrolysis and, furthermore. the neodecanoate
structure also protects neighboring monomer units within
a polymer. To demonstrate this effect, butyl acrylate-methyl
methacrylate copolymers were modified with two different
levels of vinyl neodecanoate, and clear latex films were
cast and subsequently immersed in 2% aqueous sodium
hydroxide for 8 weeks at 50 °C. After immersion, the clear
polymer films were rinsed, dried and weighed to determine
the amount of polymer degraded by hydrolysis. As can be
seen in Figure 7, the polymers containing vinyl neodecano-
ate demonstrate superior resistance to alkaline hydrolysis
when compared to the unmodified methyl methacrylate-
butyl acrylate copolymer.

Applications

Virtually all coating applications will benefit from
increased water resistance. The excellent performance
ol vinyl neo-ester-modified acrylic polymers has been
demonstrated in metal protection paints, wood coat-
ings, concrete tile coatings, exterior architectural paints
and water-repellent systems, and also in adhesives such
as PSAs. In addition, the global drive to decrease VOC
levels requires polymers with low Tg and reduced mini-
mum film-forming temperature (MFFT). As polymers
with lower Tg usually suffer from higher water sensitivity.
vinyl neo-esters provide a tool to provide excellent water
resistance in low-VOC systems.

Metal Protection

The excellent adhesion to metal and high hydrophobicity
imparted by vinyl neo-esters makes them very suitable for
waterborne and VOC-compliant industrial applications
such as metal protection.® To investigate the performance
of vinyl neo-ester-modified acrylic binders in anticorro-
sion paints, an emulsion polymer was prepared with a
monomer composition of vinyl neodecanocate/MMA/BA/
AA in the following ratios, 60:35:2:3. This emulsion had
a measured MFFT of 32 °C. As a reference. a commercial
styrene/acrylic latex (MFFT 30 °C), advertised for use in
anticorrosion applications, was also evaluated. Both emul-
sions were formulated in 23% PVC paints that can be used



as a primer or eggshell topcoat. The paints were applied
at 100 microns dry film thickness on cold rolled steel
(Q-panel R46). Salt spray testing was performed according
to the ASTM B 117-90 method. After 750 hrs, the test was
stopped and pictures of the panels were taken (Figure 8).
One can see that the primer based on the vinyl neo-ester-
containing polymer only exhibited blistering around the
scribe and that corrosion was confined to the scribe. On the
other hand, the styrene acrylic primer shows very severe
blistering and corrosion over the entire surface of the panel.

Exterior Wood Coatings

Without some type of protective surface coating, most
woods deteriorate very rapidly during outdoor exposure.
In addition to excellent resistance to weathering and UV,
other leatures such as good adhesion to wood, protection
against liquid water ingress and a good balance between
hardness and flexibility are key requirements for exterior
wood coatings. Moisture protection, however, remains a
critical parameter still to be optimized in the field of water-
borne acrylic wood coatings.

Self-crosslinkable core/shell acrylic latices with a fixed
core Tg of 54 °C and shell Tg of 0 °C were prepared, charac-
terized and formulated into wood stains. The systems had
a weight ratio of hard to soft material fixed at 30/70. The
shells were composed of butyl acrylate. methyl methacrylate,
acrylic acid, a wet adhesion-promoting monomer, and either
vinyl neodecanoate or 2-ethyl hexyl acrylate as hydrophobic
monomers at a level of 30 wt. % on total monomer.

Weathering performance of the wood stains was evalu-
ated with an accelerated weathering test according to EN
927-6. Performance of the wood stains was also assessed
by means of an outdoor durability test. This entailed
exposure to continental European weather conditions in
Belgium for a period of three vears (Figure 9).

After 2000 hrs, no blistering, cracking. flaking or
chalking could be observed for the wood stain based on the
vinyl neodecanoate-modified polymer. Severe chalking
was observed for the wood stain containing 30% 2-EHA
as the hydrophobic monomer. Also, after three yecars
of outdoor exposure. the wood stain based on the vinyl
neodecanoate-modified acrylic performed better than the
100Y% -acrylic polymer containing 2-EHA. The superior
combination of UV stability with increased hydrophobic-
ity conferred by the vinyl neodecanoate incorporated into
the polymer backbone contributes to the improved weath-
ering resistance of the coating.”

Vinyl Neo-Ester-Rich Modifying Polymers
One way to enhance the performance of paints based on
acrylic emulsions is to add modest amounts of vinyl ace-
tate-vinyl neo-ester copolymers that are rich in vinyl neo-
ester monomer. This concept simplifies the improvement of
paint performance, and one vinyl neo-ester-rich blending
polymer could potentially be used to upgrade many differ-
ent coatings. In addition to enhancing performance, the
use of these vinyl neo-ester-rich copolymers in acrylic paint
systems provides an opportunity to reduce the system cost.
To demonstrate the performance enhancements made
possible by adding vinyl neo-ester-rich copolymers to
coatings based on acrylic polymers, a vinyl neo-ester-rich

FIGURE 8 » Salt spray resistance after 750 hrs.
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FIGURE 9 » Weatherability of exterior wood stains.
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FIGURE 10 » ASTM D2486 scrub resistance of 42% PVC decarative paints.
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Modification of Acrylic Emulsion Polymers with Vinyl Neo-Esters

copolymer containing 60% vinyl acetate and 40% vinyl
neodecanoate was synthesized, along with a 100% -acrylic
polymer based on methyl methacrylate and butyl acrylate.
Mixtures of the vinyl neo-ester-rich copolymer and the
all-acrylic polymer were then used to formulate high-
quality, 42% PVC paints. These paints were tested for
scrub resistance versus the same paint formulation con-
taining only the 100%-acrylic binder and another paint
using only the vinyl neodecanoate-rich copolymer as
binder. It is evident from the scrub testing results (Figure
10) that the vinyl neodecanoate-rich copolymer blending
resins dramatically increased the scrub resistance of the
paints to which they were added. Additionally, the testing
shows that the vinyl neodecanoate-rich blending resin
used as a sole binder exhibits superior scrub resistance.

Conclusion

Copolymerization of the hydrophobic vinyl esters of
branched neo-carboxylic acids with acrylic monomers
significantly improves the performance of acrylic binders.
Modifying acrylic polymers with vinyl neo-ester monomers

is an easy process and yields polymers with exceptional
performance characteristics including very high alkali and
UV resistance, excellent durability and adhesion, and out-
standing water repellence. These high-performance vinyl
neo-ester monomer-modified acrylic polymers are ideal
for a wide variety of very demanding coatings applications

including metal, elastomeric and wood coatings, coat-
ings for cementitious substrates, and high-performance
decorative coatings. In addition, the modification of acrylic
emulsions by blending with vinyl neo-ester-rich vinyl
acetate copolymers enables a convenient route to enhanc-
ing coating performance while simultancously providing a
potential route for reducing overall system cost. @
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When you want the guality of your paints and
coatings to last longer, think Zinc PYRION.™
Approved by the U.S. Environmental Protection
Agency as a dry-film preservative, Zinc PYRION
provides excellent long-term protection of dry
paint films against discoloration and degradation

by mold, mildew and algae. It's also backed by
unmatched technical service and regulatory
expertise from Janssen PMP, a global leader
in sustainable solutions that protect materials
against biological degradation. To learn more,
visit JanssenPMP.com.
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