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Abstract: Two kinds of aqueous acrylic polyols (single step anulti step synthesis type)
have been investigated for their performance intéh@component aqueous polyurethane
application, by using more selective catalysts. Hifiphatic polyfunctional isocyanates
based on hexamethylen diisocyanates have been ysdplas suitable hardeners. The
complex of zirconium, commercially known as K-KAXC-6212, and manganese (lll)
complexes with mixed ligands based on the derieatif maleic acid have been used as
catalysts in this study. Both of the aqueous pslgwe good results, in terms of application
and hardness, when elevated temperatures and eleatiwe catalysts are applied. A more
selective catalyst promotes the reaction betweenstbcyanate and polyol component. This
increases the percentage of urethane bonds argkgree of hardness in the films formed
from the two components of aqueous polyurethamguiers. The polyol based on the single
step synthesis route is favourable concerning fpoind hardness. The obtained results
show that the performance of the two-component agu@olyurethane coatings depends on
the polymer structure of the polyols as well aghenselectivity of the employed catalyst.

Keywords. aqueous polyurethanes, catalyst's selectivity, igkdrardness and induction
time.
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1. Introduction

Conventional two-component polyurethane systems-HRE are successfully used in various
applications. Typical examples are OEM topcoats @adr coats, automotive repair coatings (fillers,
clearcoats and topcoats), industrial paints, fureitlacquers, plastic coatings etc. The unique
crosslinking chemistry, based on the addition ieacof OH functional binders with polyisocyanate
hardeners, results in high-molecular weight of podyhanes with excellent outdoor durability,
outstanding chemical resistance and very good nmécdlaproperties. The urethane linkage in the
polymer backbone provides high resistance agaimanecals (solvents as well as acids and bases) and
the high density of hydrogen bonding results in fbwenation of a stable physical network, which
contributes to the good mechanical properties ef dbating. Among various options for very low
emission coatings, the aqueous binders generairg laabig potential for improvements in VOC
(volatile organic compound(s)). In addition to teual problems, which generally result from the use
of water as solvent, the 2C-PU crosslinking suffeosn a special problem, the undesired secondary
reaction of the polyisocyanate hardener with wiitet].

The basic principle in the two-component polyuagi coatings is high reactivity of the isocyanate
group of the polyfunctional isocyanates that reasily with the hydroxyl polymer groups, thus
forming stable polyurethanes and creating the wenssl binding structure [3-6]. If the system camta
water, then the reaction of the isocyanate grough wiater leads to the occurrence of the primary
amine and further to the formation of polyurea vtttk simultaneous evolution of carbon dioxide. The
reactions with water are not desirable becausestheyanate groups that react with water are not
available for the crosslinking with polyol, and tbeeated carbon dioxide can be captured in the form
of bubbles in the dry film.
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Figure 1. Isocyanate reactions with,&
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The main aspect in the development of the polyaredhk is, in the first place, to find methods for
preventing the undesired secondary reactions watemand for achieving the best crosslinking. This
reaction is reduced to a minimum by use of the thocatalysts.

In the researches of Werner Blank [7,8] the seliggtof various compounds compared to model
compounds has been examined. Butyl isocyanate atlyR1-hexanol have been selected as model
compounds because of their similarities with thphaltic polyisocyanates and hydroxyl resins as well
as on account of the simplicity of their FTIR spaciThe compounds examined as catalysts in the
present study are as follows: the compounds ofnatés of Zn, Co and Mn, the acetylacetonates of
Co, Zn, Ni, Al and Mn (Merck-Schuchardt), the cgsalof zirconium designated K-KAKXC-6212 [9]
(King industries, Norwalk-USA), as well as the cdexgs of manganese with various ligands.

The relation of the surface of IR urethane stiB§ethand 10 Urea (Rey has been used as the
measure of the relative selectivity (S).

S=Rethaned Purea (1)

The complex of Mn (lll)-diacetylacetonatomaleate with variousgands based on the
acetylacetonate and maleic acid [10,11] shows sactivity for the isocyanate-hydroxyl reaction.

The effect of the catalysts of different selectivitas been observed indirectly by measuring the
mechanical-optical parameters of the formed fild®] [

An appropriate modification in the hardener's comgnt (hydrophilic polyisocyanates) has
improved the dispersity of the hardener and thee eafs mixing, but the extensive hydrophilic
modification may cause drawbacks in hardness aremal resistance. Sophisticated mixing
equipment is another tool to overcome some of thblpms, but the use of this kind of equipment has
not really been accepted in the paint industryJ48-

The optimization of the polyol component is anothgeasure that can contribute much to the
performance of the 2C-PU system. The polyol indhgaeous 2C-PU systems supports the dispersity
and quick incorporation of the polyisocyanate haede

The objective of this work has been to study fifieces of the synthesis route of the aqueous acryli
polyols as well as of the selectivity of the emgdycatalyst on the applications in the two-compbnen
aqueous polyurethane systems.

1.1 Acrylic Polyol Synthesis

The aqueous acrylic polyols used for crosslinkifnghe systems are of low to medium molecular
weight polymers that are stabilized in the aqugahase, mainly electrostatically. Thus, the amines sa
of pendant carboxyl groups are formed. In the agsebinders, the creatioof the rheological
behaviour is one of the clues for successful appbos. Rheology can be affected by various
parameters, one of the most important being syitatglated polymer segmentation. It has been proved
that the polymer structures with separated hydtmplaind hydrophobic segments exhibit better
rheology than others in the cases where theseifmsctre evenly distributed along the polymer
backbone. Actually, different synthesis routes ased to build the polymers of the segmented
hydrophilic—hydrophobic structure.



Sensors 2007, 7 311

Single step synthesis

The single step synthesis route is based on aaspmaution polymerization technique, which
additionally utilizes the reaction between the are and acid groups to produce the aqueous binders
suitable for a € application. After charging an oxirane-functiom@mponent, a monomer mixture
containing carboxyl and hydroxyl functional monomés being fed into the reactor at a constant feed
rate and polymerized continuously. During the epdfymerization stages the carboxyl groups of the
polymer are consumed by the oxirane component sted knkages are formed.

Q
R1— CH2— CH—CHp + Ro—COOH——> R1— CHp—CH—CHy— O0—C—R?
OH

Figure 2. Reaction of oxirane and acid

In this way the non-ionic, hydrophobic polymer s@mts are created during the first stages of the
polymerization, whereas the ionic, hydrophilic polr structures are formed in the final reaction
period, when all the available oxirane functionalitas been consumed. Finally, the polymer is
neutralized and emulsified by the addition of water

Multi step synthesis

The synthesis route is subdivided into several ssteparboxyl-functional (hydrophilic) and
hydroxyl-functional (hydrophobic) acrylic intermeties are made separately by applying the solution
polymerization techniques. Upon partial coestaatfmn of the two intermediates, a water-soluble
polymer is formed and it is consecutively emulsifley neutralizing the mixture with amine (dimethyl
ethanol amine, DMEA) and by the addition of walédre polymers of this type have been successfully
used in thermosetting applications for years. Tinéase properties, e.g. leveling of the existing 1C
type of polymers, are rather poor with the low tenapure 2C systems. Therefore, the flow properties
have had to be improved, which has been achievéuyiyy lowering the molecular weight.

COOH
Polymey

\ Partial — Neutralization——s Emulsificatio
OH / esterification  (Amine) (Water)
Polymer

Figure 3. Multistep synthesis scheme
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2. Experimental

The polyol dispersions described in Table 1 haentcrosslinked with the commercially available
polyisocyanate hardeners (Bayer AG Germany). A wunétof the hydrophobic isocyanate of the
hexamethylene diisocyanate trimer type (Desmod@OB@&ontaining 23% NCO and a hydrophilic
modified type (Bayhydur VP LS 2319) with 18.2% N@tio 4:6) has been used in the proportion

NCO: OH of 1.5. The catalyst concentrated 2 % iredato the coating hardness has been added after
the certain induction time.

Table 1. Characterization of the acrylic polyol dispersi¢is].

Characteristic Polyol*1 Polyol*2
Synthesis route Single step Multi step
Solids [%]; 42 43

DIN ISO 3251

Acid value [mg/qg]; 30 36

DIN ISO 3682

Hydroxyl value [mg/g]; 130 110

DIN 53240

Dynamic viscosity [mPa.s]2000 1500
DIN EN ISO 3219

Cosolvents [%] 4 12

VOC [g/l] 90 239
Particle size [nm] 120 nm 180 nm

Table 2 shows the composition of the employedmanents.

Table 2. Characteristics of the two-component aqueousupetiiane paints

PUR 1 PUR 2
Component A, mass %
Polyol *1 65.21 -
Polyol *2 - 65.21
Water 8.69 8.69
Component B, mass %
Bayhydur VP LS 2319 13.04 13.04
Dezmodur N 3600 8.69 8.69
Methoxypropyl acetate 4.34 4.34
Catalyst 0.98 0.99
(2 % relating to coating hardness)
Paint solids (%) 49.11 49.76

Total mass of components 100.95 100.08




Sensors 2007, 7 313

The defining of the Konig hardness of the varnisinpfilms has been carried out by using the
method (JUS H. C. 8.055) that requires the deteatiun of hardness in an indirect way by measuring
the time period during which the oscillation amytieé of the pendulum leaned against the polymer dry
film becomes smaller.

Apart from the hardness measuring, the changdosé@f the dried films has also been examined
using the method according to Dr Lange (ISO 2813).

3. Results and Discussion
3.1 Crosslinking

Crosslinking depends very much on a drying tempesaElevated temperatures are preferably used
in some industrial applications, but in a lot o$ea (with heavy and bulky substrates) the reactiost
take place at ambient temperature only. A seriogs B terms of practice, relevant evaluation must
consider both cases. Therefore, the following domu have been tested: one and seven days’ drying
at ambient temperature (21°C), and the forced drgin60°C for 30 min followed by one and seven
days’ drying at 21°C.

k-
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Figure 4. Dependence of the hardness development on deginditions (applied on a glass plate,
30 um dry film thickness).

Polyol*1 considerably outperforms Polyol*2 in Haess as well as in solvent resistance. It is very
significant that the really good crosslinking isacked merely under the forced drying conditions
(Figure 4). Only Polyol*1 reaches a good level misslinking already at ambient temperature, but in
both cases a significant part of the crosslinkiggrd's capacity is hindered from reacting probdiyly
the chain mobility restrictions.

A rather low crosslinking level of Polyol*2 at ameht temperature comes as a surprise because this
kind of polyol performs excellently in 1C thermasag applications. Two explanations for this fingin

are possible, both of which are related to thel®gis route. In the process of the partial estatibn

of the two acrylic components a certain amount hed tarboxyl-functional intermediate remains
unreacted in the mixture. This component does adigypate in the crosslinking since it is bearing
only COOH groups. It behaves like a plasticizerrtir@rmore, the partial esterification of the two
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acrylic intermediates results in small amounts #cposslinked microgel that could probably be
responsible for the early blocking of the crossihigkreaction.

| — no initial forced dry —— initial forced dry |
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Hardness io Kinig/s

D T T T 1
0 ] 10 14 20

Days at ambient temperature

Figure5. Hardness development of the Polyol*1 based mpending on the temperature.

At ambient temperature the maximum hardness levgkached after about 8 days (Figure 6).
Furthermore, no significant hardness increase eaolserved. When initially applying the elevated
temperatures (30 min 60°C), hardness immediatelgases to a much higher level and it is increasing
continuously over several days at ambient tempegatwhich is the behaviour similar to the
conventional 2C systems. Similar results have beparted earlier [16].

The use of a more selective manganese catalysitmPRUR 1 and PUR 2 systems has resulted in
obtaining a higher level of crosslinking in relatito a less selective zirconium catalyst (Figurea8)at
ambient temperature so too in the process of guigia initial temperature (60). The more selective
catalyst promotes the isocyanate-polyol reactiostlmulating a higher level of crosslinking.

300 ]

Polvel*1 Polvol*2

240
200
140
100

a0

Hardness to Kinig /s

|1 day, Zrcatalyst O 7 days, Zr catalyst
B day, Mn catalyst O 7 days, Mn catalyst

Figure 6. Dependence of the hardness development on thegdrgnditions, with the applied
zirconium catalyst K-KATPXC-6212 and the manganese based catalyst (appliachtass plate, 30
pm dry film thickness)



Sensors 2007, 7 315

3.2 Potlife

In order to evaluate potlife, the behaviour of th&nt has been visually monitored (gassing,
viscosity change, coagulation). Unlike the convamai 2C-PU systems that exhibit a steady increase
of viscosity, the aqueous 2C-PU paints do not ab\egve a reliable correlation between the viscosity
increase and the potlife. Well-stabilized aqueoasits can exist nearly unchanged, in terms of
viscosity and appearance, whereas a great pareatactive groups of the hardener have already bee
consumed.

Therefore, the paints have been additionally appbnto glass plates immediately after mixing
with the hardeners, and in the periods of two ana hours’ lag time (induction time) after the gain
preparation, respectively. Konig hardness and gbbtke coating have been measured upon one and
seven days’ drying at 21°C.

B without catalyst
| | zr catakest, 2%
O Mn catalyst, 2%

Hardness to Kinig /s

Induction time afier mixing

Figure 7. The effect of the potlife on the hardness oftthe-component PUR composition coating
based on the Polyol*1 (PUR 1), without the catalysth the zirconium catalyst K-KATXC-6212 and
with the manganese based catalyst (30pm dry filokiiess).

The lowering of the hardness that is observeténsiystem with Polyol*1 during the increasing of
the induction time clearly indicates that signiitamounts of the isocyanate have already readtéd w
the polyol and/or water in the pot and are not laiée for the crosslinking reaction after the film
formation. This can be seen from the results obthet the ambient temperature (Figure 7) as well as
at the elevated temperature. The pre-crosslinkedsaof the paint are small enough to cause any
surface defects because the gloss remains moeeuhchanged.

In the systems with the Polyol*1, the use of tireanium catalyst has made it possible to achieve
the Konig hardness two hours after the inductioretithe hardness of 181" upon seven days, while the
application of the manganese catalyst has enaléedardness of 196”.

According to the literature data the reaction aftev with the polyisocyanate component has the
induction period of two hours and so the maximufeafof the activity of the catalyst is achievedtju
during that induction time [17After mixing the components, the same inductionetieffect on the
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hardness of the formed films has also been obtdmélde Polyol2, as without the catalyst so too by
applying the selective catalysts Zr and Mn.
The catalytic effect that also affects the glosthefformed films is shown in Table 3.

Table 3. Measurements of the gloss with the increasingatidn time (applied on a glass plate, 30um
dry film thickness; dried for 7 days at®t 20°angle).

Time Polyol*1 Polyol*2 Polyol*1 Polyol*2 Polyol*1 Polyol*2
Without Without With Zr With Zr With Mn With Mn

catalyst catalyst catalyst catalyst catalyst catalyst
Oh 75 79 89.0 94.2 89.8 99.3
2h 75 79 89.0 94.2. 90.1 99.5
4h 69 89.0 94.2 89.8 99.3

The above data, combined with the visual obseymatihave been used to estimate the potlife. The
Polyol*1 shows significantly better potlife (4-5 than the Polyol*2 (max. 2 h) without the catalyst.
The paint systems with the Polyol*2 become increglgi foamy when approaching the end of the
potlife, which may indicate a higher degree of sidaction with water. This has not been expected,
because this kind of polymer has been shown todmod emulsifier for other (hydrophobic) acrylics.

By using the selective zirconium and manganeselysétathat catalyze the isocyanate-polyol
reaction, the proportion of the isocyanate-hydraegdction has been reduced, so by this the foaming,
too, and the potlife in the systems with the PoBidias been extended [6, 7,18- 20].

The maximum effect has been achieved two hours #iigeinduction time, indicating that the most
compact film having the minimum surface defectslteen formed [21].

4. Conclusions

The presented results show that the performancebeofaqueous two-component polyurethane
coatings depend on the polymer structure of thggt®land on the selectivity of the employed catalys

The polyol based on the single step synthesis lioyteoves the potlife and hardness.

The addition of the selective catalyst and favayrihe isocyanate-polyol reaction contribute to
obtaining greater hardness of the formed films.

The examining of the crosslinking level has shohat it is dependent on the temperature at which
the crosslinking is taking place as well as ontyipe of the employed catalyst.

Concerning the catalytic activity, the results lué hardness tests show that the manganese complex
obtains the highest catalytic activity two houreathe induction time which points to the optirtiaie
of the catalyst effect.

The catalysts applied in this research enable aglisinimg more optimal physical-mechanical
properties of the aqueous two-component polyuretitaatings.
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