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Abstract

UV curable polyurethane dispersions (UV-PUDs) have became a well established
and commercially successful class of products because of their combination of low
environmental impact, range of achievable properties and ease of use. Important end use
applications for UV-PUDs include factory applied wood coatings, field applied coatings
on concrete, wood or vinyl flooring and protective coatings on plastics. All of these
applications require high degrees of hardness plus scratch and abrasion resistance. PUDs
made from renewable raw materials are also well known (including some UV curable
varieties), but are generally based on vegetable oil derivatives and even after UV curing
are too soft for the applications mentioned above. This paper will discuss unique new
UV-PUDs containing a high percentage of renewable carbon that have properties suitable
for use in high performance coatings.

Introduction

UV-PUDs combine attractive aspects of two environmentally friendly coatings
technologies - waterborne and UV curing. In addition to the sustainability aspects, UV-
PUDs deliver a unique combination of performance attributes that combine some of the
best features of conventional waterborne and 100% solids UV coatings'. The
sustainability and performance of UV-PUDs has lead to their commercial success and
high market growth rates over the past several years. Use of renewable or bio-based raw
materials in UV-PUDs can bring another level of sustainability to this technology. There
are many reports of UV-PUDs partially made from renewable material®, but many of
these are based on vegetable oil derivatives with the final coatings being relatively soft
and lacking some properties needed for high performance coatings such as hardness,
water resistance, stain resistance and scratch and abrasion resistance.

In the past several years there has been an explosion in the commercial
availability of chemical building blocks derived from renewable resources and renewed
interest in application of others that have been long been items of commerce®. Nearly all
of the renewable raw materials used commercially are plant based and are converted to
industrially useful raw materials using a range of chemical processes such as
esterification, epoxidation, hydrogenation, fermentation, hydrolysis, pyrolysis,



dehydration and polymerization. Taken together these processes have given rise to the

concept of the biorefinery”.

A number of these building blocks are renewable versions of molecules that have
traditionally been made from petrochemicals. Processes for production of succinic acid,
1,4-BDO, 1,3-propanediol, propylene glycol, adipic acid and hexamethylene diamine
among others are already commercial or in development. Many other useful building
blocks are unique structures that are only practically available from renewable sources
such as vegetable oils and their derivatives including unsaturated fatty acids, C36 and
C54 dimer and trimer products, 1,4:3,6 dianhydrohexitols such as isosorbide and furan
derivatives such as 2,5-furandicarboxylic acid. Some example structures of both types

are shown in Figure 1.
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We have developed an approach to incorporate significant renewable content into
high performance UV-PUDs based on the use of polyester biopolyols. By combining the
appropriate monomer building blocks biopolyols can be designed that bring the hardness,
abrasion resistance and other properties required for many UV-PUD based coatings
applications.

Results and Discussion

A series of polyester biopolyols with 100% biocarbon content were prepared from
various combinations of raw materials selected from those described above using
standard synthesis methods. After screening several compositions with a range of
compositions, molecular weights and physical properties two were chosen for this study.
Choices were made based on the relative ease of preparation, ready availability of the raw
materials and expected performance in UV-PUD based coatings. As these polyester
biopolyols are designed to be quite hard and UV-PUDs derived from them tend to be
brittle we found it advantageous to use them in combination with a more flexible
biopolyol. Cerenol 1000 (product of DuPont) is a 1000 molecular weight poly(1,3-
propanediol) polyether derived from DuPont’s Susterra bio-sourced 1,3-propanediol’.
Properties of these biopolyols are shown in Table 1.

Table 1: Renewable Polyester and Polyether Polyols

Physical Form OH# Molecular Color | Viscosity
at25°C | (mgKOH/gm) | Weight | (APHA) |  (cPs)
(GPC,
Mn/Mw)

BioPolyol 1 |  Semi-solid 200 6101200 | 100 | BRE
BioPolyol 2 | ~ Semi-solid 211 540/770 10 SE%QC@
BioPolyol 3

(DuPont Liquid 117 40 45;)0 (@
Cerenol 1000)

UV-PUDs were prepared from the polyols in Table 1 using a process based on
classical methods but with modifications developed in our labs. The overall process
which is shown schematically in Figure 2 involves three essential steps: formation of an
acrylate/isocyanate terminated pre-polymer neutralization of the carboxylic acid group of
the prepolymer with a tertiary amine and finally reaction of the remaining NCO groups
with a diamine to chain extend the polymer. The pre-polymer is made up of from a
multifunctional acrylating agent, a di- or polyisocyanate, a dispersive agent (in this case
dimethylolpropionic acid) and one or more biopolyols. As prepared by our method the
final dispersions are completely solvent free and contain no added surfactants or tin
catalysts.




Figure 2. UV-PUD Synthesis Process
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Liquid properties of the UV-PUDs made by this method are shown in Table 2.
The Control UV-PUD shown in the table is a product prepared entirely from
petrochemical sourced raw materials. The Control is a product developed in our labs for
use in high end wood coatings and will be commercialized in the near future. The
properties of the biopolyol based UV-PUDs will be compared to this control product
throughout this paper. All of the products in Table 2 have good dispersion stability in
room temperature storage, 1 hour centrifuge and 60°C four day stability tests as measured
by visual observation for separation and monitoring of viscosity and particle size.

As is typical of UV-PUDs all of the products contain some acrylate monomer
reactive diluent as an integral part of the composition. The reactive diluent helps to lower
the MFFT of the system, promote particle coalescence and also contributes to cured
coating properties. UV-PUDs 1, 2 3, 4, 5 and the Control contain 3 mole ethoxylated
trimethylolpropane triacrylate (3EOTMPTA, Sartomer SR454) as the diluent. UV-PUDs
6 and 7 contain 1,10-decanediol diacrylate (DDDA, Sartomer CD595) which is a bio-
based reactive diluent made from a castor oil derivative. All of the UV-PUDs in the table



show good water release behavior, have MFFTs of less than 0°C and form tack free films
after physical drying, but before UV curing.

Table 2. UV-PUD Liquid Properties

UV-PUD Description Wt% Solids | Viscosity | Particle Size pH

(Diluent) (Polyols and Ratio*) @ 25°C (nm)**
UV-PUD 1 BioPolyol 1
SeoA v 39.4 6 cPs 114 7.2
gggfgg f) BIOPOII?/IOI 143 413 10 ¢Ps 126 7.2
gggfgg j) Blopozl?/lol 143 41.1 10 ¢Ps 176 73
gggfgg /f) BIOPOII?/IOI 243 40.5 13 cPs 118 7.8
gggfgg j) Blopozl?/lol 243 41.1 9 cPs 173 7.2
U(\I’)‘Il))gg6 BIOPOII?/IOI 143 40.0 21 cPs 120 7.7
U(\I’)‘Il))gg 7 BIOIPOCZ)I(;OI ! 38.5 13 ¢Ps 160 7.7

0

Control Petrochemical

A Polyals 41.0 10 ¢Ps 120 7.5

* Mole ratio of polyols. ** Measured by Matec CHDF3000.

For curing and testing of the coating properties the UV-PUDs were incorporated
into a simple formulation consisting of 63.5% UV-PUD (after adjusting to 35% solids)
plus 1% associative thickener, 0.5% leveling agent and 5% Irgacure 500 photoinitiator
based on solids. Drawdowns were made at 6 mils wet film thickness on Leneta charts,
glass plates or aluminum panels depending on the tests being run. To ensure water was
completely removed from the films and not affecting the test results drying was done for
30 minutes at 25°C and 30 minutes at 60°C (tests done after drying 10 minutes at 25°C
and 10 minutes at 60°C showed similar results to those below). The dried films were

cured with 410 mJ/cm”> UVA energy by running at 50 fpm through an Inpro UV cure unit
with two Hg lamps.

Results from testing of the cured films are shown in Table 3. All of the products
have very good hot water resistance and good chemical resistance passing 200 MEK
double rubs without damage. A few trends can be discerned from the data below:

Overall the performance of the biopolyol based UV-PUDs approaches that of the
Control in most aspects with the exception of stain resistance. Most of the
deficiency is in mustard stain resistance and can be attributed to a structural



moiety in the Control that has no bio-based replacement and that we know from
other work improves mustard staining.

Incorporation of a certain amount of the polyether BioPolyol 3 in the pre-polymer
is effective in flexibilizing the cured coating. Although the hardness is reduced
the Taber abrasion resistance actually improves somewhat in the more flexible
coatings. This is not an uncommon observation as a tougher more resilient
coating is better able to resist fracturing or flaking off under the test conditions.
In all cases addition of the polyether biopolyol is detrimental to stain resistance.

Comparison of the results for the pairs of UV-PUDs 1 vs. 7 and 2 vs. 6 allows
comparison of the effects of the reactive diluent on coating properties. UV-PUDs
1 and 2 both contain trifunctional 3EOTMPTA as the reactive diluent while UV-
PUDs 2 and 6 contain the bio-based difunctional 1,10-DDDA. Use of the
difunctional reactive diluent results in a slight decrease in hardness and stain
resistance, but an improvement in flexibility and little to no change in Taber
abrasion resistance. It is apparent that the UV-PUD itself is contributing the bulk
of the coating properties.

By comparing UV-PUD 2 vs 3 and 4 vs. 5 it can be seen that use of Biopolyol 1
results in cured coatings that are slightly softer and more flexible than those made

from Biopolyol 2. This is understandable based on the biopolyol structures and
the results give insight that can be used to further tailor and optimize properties.

Table 3. UV-PUD Cured Coatings Properties

Koenig Stain Taber Tensile Tensile Modulus
Hardness | Rating* | Abrasion*® | Strength | FElongation
UV-PUD 1 118 2 3 Too Brittle
UV-PUD 2 98 3 2 4400 psi 4.5% 135,000
UV-PUD 3 118 3 3 Too Brittle
UV-PUD 4 106 2 2 3900 6.3 96,000
UV-PUD 5 125 3 3 Too Brittle
UV-PUD 6 95 4 2 3100 6.4 141,000
UV-PUD 7 106 3 3 3900 5.0 133,000
Control 110 1 2 4900 3.7 180,000

*1=Best, 5=Worst. Stain tests were done using mustard, ketchup, coffee, olive oil and
ethanol following KCMA procedures. Taber abrasion was measured by weight loss
every 200 cycles out to 1000 cycles with a CS17 wheel under 1 kg load.




Conclusion

By using carefully selected renewable building block monomers we can design

polyester biopolyols with 100% renewable carbon content that can be used to produce
high performance UV-PUDs suitable for use in many coatings applications. Properties of
the UV-PUDs can be tailored by design of the biopolyols, using combinations of polyols
or by choice of reactive diluent. Patent applications have been filed on this unique new
technology. Work is continuing to further improve the performance of these products and
better understand the range of potential applications for them.
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