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ompliance with increasingly stringent VOC
legislation and an increased awareness of the
importance ol environmental stewardship
have driven the development of many new
low-VOU coating technologies. Waterborne acrylic polyols
for 2K urethane linishes have played an important role
in enabling regulatory compliance in the industrial and
automolive finishes markets, yel their synthesis can be

dillicult. This article introduces a simpliliecd method lor
the production of high-performance solvent-lree water-
borne acrylic polyols, made possible by Cardurat™ E10P
glycidyl ester technology. The performance characteris-
tics of coatings made with these waterborne polyols is also
demonstrated and compared to a commercially available
waterborne polyol with significant solvent content.

The Birth of a Highly Versatile

Family of Molecules

In the 19505, Dr. Herbert Koch from the Max Plank Insti-
tute in Miilheim, Germany, lound that olefins react with
carbon monoxide and water under the inlluence ol strong

acids to form tertiary branched neocarboxylic acids (Figure
1). Belore the intermediate carbocation reacts with carbon
maonoxide, isomerization reactions occur and, therelore,
the resulting acid is composed of a number ol isomers.'- 2

FIGURE 1 » Koch reaction for the praduction of neo-acids.
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R . R! CH, +H,0 These neocarboxylic acids can be converted to their
>‘:CH2 "i"... F*—CHSEQ. R" (i: R3— glyeidyl esters by reaction with epichlorohydrin. Cardura
R? R? RZ O -H* H,C OH E10P glycidyl ester is a particularly useful and commer-

cially available glycidyl neoester manulactured by the
glyeidation of Versatic™ Acid 10, which is a neocarboxylic
acid containing 10 carbon atoms (Figure 2).

Cardura E10P glycidyl ester is a highly versatile mole-
cule containing a reactive epoxy group, and a very hydro-
phobic and highly branched tertiary-substituted a-carbon
structure. The epoxy group is used to incorporate the mol-
ecule into polymers through reaction with carboxylic acid
groups, and the neodecanoate group imparts outstanding
performance characteristics. Incorporation of the glyeidyl
ester into polymers brings enhancements such as excel-
lent acid resistance. superior wet look appearance, very
good weatherability and low viscosity.

FIGURE 2 » Cardura E10P glycidyl ester structure and properties.
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» Bulky structure

* Sterically protected ester group
g \ + Hydrophobicity
Glycidyl Ester Key Properties:
. * Viscasity @ 23 °C: 7 mPass
Structure: * Bolling paint: 251 - 278 °C
* Epoxy group B 5
Conventional Synthesis of
Waterborne Acrylic Polyols
Waterborne acrylic polyols (APOs) are typically prepared
via a conventional radical polymerization process in sol-
vent, much like their solventborne analogues (Figure 3).

Performance:
_* Lower solution viscosity
* Lower resin VOC
* Improved gloss / DOI
« Excellent acid resistance
* Superior outdoor durability

Performance Characteristics:

« Highly reactive towards amines,
acids, alcohols

* Ring opening generates OH
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faterborne APOs difler from solventborne APOs in that
they contain a certain quantity of acid monomer, such as
acrylic or methacrylic acid, to impart anionic character (o

FIGURE 3 » Conventional waterborne acrylic polyol synthesis.

the polymer. Alter the polymer is synthesized. these acid Pump to Dflstllllatjt;n
groups are neutralized with an amine to impart water reactor Gr3olven
dispersibility. One disadvantage of polyols prepared via the Styrene @
conventional proc s their solvent content. A significant

e I S = X . B Monomer \
amount of solvent is required as a medium for the polymer- arid a ™ I
ization process, and without additional processing steps initiator . & S w ®_
this solvent would remain in the polymer. To reduce the feed Solvent - polling point 3 Stripped
solvent content of the polvmer to an acceplable level. an limits process temp. Polymer solvent
energy- and time-intensive distillation step is required. solution

Waterborne Acrylic Polyols

with Cardura Glycidyl Ester

Cardura glycidyl ester has been used lor some time as a
reactive medium for solventborne acrylic polyol synthe-
sis. and its value in enabling the casy synthesis of low-
viscosily, high-perlormance. high-solids polymers is well
documented.*> The synthetic pathway that this glycidyl
ester provides to solventborne systems is greatly beneficial
in waterborne acrylic polyol synthesis as well.

When used as a reactive medium for acrylic polyol
synthesis, it replaces the solvent that would otherwise
be required to conduct the polymerization. The glycidyl
ester is gradually incorporated into the polymer back-
bone during the monomer feed step by the reaction of
its epoxy functionality with acid groups contributed
by acrylic or methacrylic acid present in the monomer
feed. During this process, two reactions oceur simulta-
neously: radical polymerization of the monomers, and
the epoxy acid reaction that gralts the glyeidyl ester to
the acrylic polvol (Figure 4).

In a conventional waterborne acrylic polyol synthesis
scheme, without special pressure reactors, processing lem-
perature is limited to the boiling point of the process sol-
vent. With the glycidyl ester as a process medium, solvents
are not needed and the high boiling point of the material
enables the high-temperature synthesis of acrylic polyols
under atmospheric pressure. Additionally, since solvent is
not necessary when using the glycidyl ester as a process
medium, the need to conduetl a solvent removal step to
achieve low solvent content is eliminated (Figure 5).

Synthesizing acrylic polyols at high temperatures is
beneficial because it is a simple way 1o create low-molec-
ular-weight, low-viscosity polymers without the need
lor large quantities of initiator or chain transfer agents,

FIGURE 5 » Waterborne APO synthesis with Cardura glycidyl ester - fast
and easy process,
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FIGURE 6 » The effect of process temperature on molecular weight
and viscosity - APO containing Cardura glycidy| ester.

which can affect polymer performance (Figure 6). The low

viscosity of the polyols synthesized with the glyeidyl ester 18,000 800
also makes the dispersion process casier. = 16,000 700
a —_
. & 14000 600 &
Performance of Waterborne Acrylic S 12000 —Molecular weight (Da) i
3 e & —Viscosity (mPa*s) 500 £
Polyols Based on Cardura Glycidyl Ester £ 10,000 £
To demonstrate the perlormance of solvent-free waterborne = 8'000 400 2
acrylic polyols made with the glycidyl ester, a solvent-Iree g " 300 g
polymer was designed with a Tg, hydroxyl number and g 6000 @
acid value very similar to those of a commercial dispersion g 4,000 200 =
containing 12% solvent on polymer solids. These polymers 2,000 100
were lested side by side in a 2K urethane clearcoal system 0 0
and evaluated for a variety of film properties. The results 140 145 150 155 160 165 170 175 180
demonstrate that Cardura glyeidyl ester makes it possible to Polymerization Temperature (°C)
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TABLE 1 » Comparison of a solvent-free acrylic polyol dispersion
based on Cardura glycidyl ester and a conventional polyol dispersion

containing solvent

SolventFree WBAPQ  COmmercial
F WB APO
Unit with Cardura : s
Glycidyl Ester Dispersion
(with Solvent)
Gloss (20%607) GU 87/89 85/88
Koenig hardness seconds 97 163
Direct impact resistance kg-cm 100 100
Reverse impact resistance | kg-cm 100 90
Through dry (T3) hrs >8 8
Chemical resistance®
Ethanol (10°) 5 5
Butyl acetate (10°) 5 2
Acetone (1') 5 5
Transparency % 22 92
Haze 072 068
Clarity 100 100

*5 - best, 0 - worst
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create solvent-lree waterborne polyol dispersions that have
performance on par with conventional solvent-containing
waterborne polyol dispersions (Table 1),

Conclusion

Cardura F10P glycidyl ester enables the easy produc-
tion ol high-performance. solvent-lree waterborne acrylic
polvol dispersions. The use of this technology eliminates
the need to distil solvent after production to achieve low
VOC levels. Eliminating solvent removal from the process
reduces cyele time, waste and production costs. B
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