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S u m m a r i e s  

New Iow=VOC acrylic poiyol dispersions for lwo-componen! poJyure|hane 
coatings 

]wr, pack water bo~ n~, polyu ethane coatings ale a lelat[v(siy n(sv,] techncicgywhich pror, bes excel 
lent perfarmance ploperties combined with a low content of voiat[ie qgan[c compounds 0JO6s). b 
this paper the effects of a polymer structure of acrylic polyoi dispersions on fiim formation and final 
coating propqties (pot life, hardness, gloss) a e invest gated. Two kinds of water bq ne ac! yiic poiy 
ais have been investigated. Both waiel borne poiyols show good results b applicability, ha!dHess 
and (hemicai stab[iity when elevated tempelatu!es can be used The polyoi based on a s[ngie step 
synthesis ioute is superiq in pot life, haldness and chemical stability ,the low paint VOC of 130g/i 
indicates that this polyoi already fits demands at future VOC leg ,iations 

Be nouvelles dispersions de polyol acryJique ~ fail~le leneur en VOCs dans le 
domaifle du polyur~|hafie degx composants (lwoopack) 

Les lev~s de poiy,lis S deux composants (two pack) hydlodHuabies lepr@sentent Line 
technoiog[e qu[ est relat[vement nouvelb et qu[ proffer d'exceibntes proprkit6s dans ie dorra[ne de 
pqfq Fance Eiles ont auss[ une fa[b!e teneu! en VOOs. 

Darts oct arficb bs effets des dispersions d'une structule poiyrr6! [que de poiyoi aq yiique sur ia fq 
mation de feuils et sul ies plopl[6t6s finales du lev6tement (ia d,r6e de conservatbn en pot, ia 
duret~, ie br[iiant) sont 6tudi~s. Deux types de polyols aq yi[q ,es hydl od[]uabbs olt 6t6 [nvest[g@s. 
Lee deux polyois hydrod[iuabies plodu[sent de bons rCssuitats dane bs domaines de ia facilit6 d'ap 
pl[cat[on, ia dul eta, ia stab Hitr ch[rdque quand des temp6ratul es 61@@s peuvent @e emp]oy6es Le 
poiyoi qu[ est ba@ sul une loute de synth~sse ~ une 6tape s'est monbCs sup~r[eur en ce qu[ concePe 
ia dur~e de conservation en pot, ia dulet~, et ia stabil[t6 ch[m[que. La faibb teneur en VOCs du 
rev6tement (13%/i) [nd[que que ce poiyoJ r~,pond d~j~ aux futures ex[gences des Csgiements con 
cemant ies VOCs 

Heue L~sungsmittelarme Acryi=Polyol Dispersionen |iJr Zweil(omponenten 
Polyurethane 

Zweikomponenten Poly,lethaniacke a,f Wassq basis s[nd eine l eiat[v neue Technoiog[e, die []elvq 
l agende Leistung mit e[neF gelingen B}sungsmilteigehait kombbiert Dbse Stud[e besch~.ft[gt s[ch 
mit de!'- Effekt der Poiyme!stl uktul yon s PoJyoi Dispersbnen a,f Filmbi]du~,g und die E[gen 
schaften des Lackes, wb HaJtbal ke[t, H~!te und Gianz. Zwe[ Arten w~n wasse! i6sl[chen Acl yi Roiyol 
Dispe!sbnen wulden erfolscht Beide e'~biten gute Elgebn[sse in bezug aJ Auftlagbarke[t, H~rte 
und Hi~zebest~nd[gke[t Das Polyol, das r,[tteis e[nq Einstutensynthese hergesteiit wurde, ze[gte 
bessere blaltbarkei], H~,rte und Stab[][t,9,t Der ger[nge L6sungs~,-[ttelgehalt yon 130 Gramrr-/Liter 
zeigt, da'J d[eses Polyol bqe[ts f:Lr zuk[inft[ge L6sungsrdttelgrenzwerte vqwendbar [st 



Introduction 
Conventional two-component polyurethane-based (2K-PU) 
water-borne coatings have become increasingly popular over 
recent years, driven by market demands for higher-perfor- 
mance, formaldehyde-free, Iow-VOC thermoset water-based 
coatings. Nowadays legislation, restricting emissions and 
residues, is the major driving force for the development of low- 
polluting or even pollution-free coatings. VOC (,volatile organic 
compound(s)) is the key phrase in the pairlt and/or binder 
industry, and is one of the driving engines for the development 
of new, environmentally compatible binders like high solids, 
aqueous or powder coating resins. 

For the moment there is no uniform definition for VOCs. In the 
USA for example, VOCs are only those products which are 
photochemically active in the atmosphere. European guidelines 
however, define VOCs as those organic compounds which have 
a vapour pressure > l Pa at 20"CL As with definitions, VOC reg- 
ulation is also lacking uniformity. In the UbA VOC regulations 
have existed for several years. In Europe orgy some countries 
(UK, Austria and Switzerland) have set up regulations+ The 
other EU rnembers are now following in convertingthe new sol- 
vent directive (1999/I 3/EC) into national law. The logical con- 
sequence is that environmentally compatible binders, for exam- 
ple high solids or water-bornes, will continue to grow in 
importance. 

Background 
Conventional two-component poF)/urethane systems (2K-PU) 
have been successfully used in various high performance appli- 
cations. Typical examples are OEM (original equipment manu- 
facturing) topcoats and clearcoat:s, automotive repair coatings 
(fillers, clear- and topcoats), industrial paints, furniture lacquers, 
plastic coatings, etc+ The unique cross-linking chemistry, based 
on the reaction of OH4unctional binders with polyisocyanate 
hardeners, results in high molecular-weight polyurethanes with 
excellent outdoor durability, outstanding chemical resistance 
arid very good mechanical properties. 7he urethane linkage in 
the polymer backbone provides high resistance against chemi- 
cals (solvents as well as acids and bases), and the high density 
of hydrogen bonding results in the formation of a arable physi- 
cal network which contributes to the good mechanical proper- 
ties of the coati ng. 

Among the various options for very low emission coatings, 
water-borne binders generally have a high potential for 
decreasing VOCs. In addition to the usual problems which gen- 
erally result from the use of water as a solvent, 2K-PU cross- 
linking suffers from the undesired secondary reaction of the 
polyisocyanate hardener with water: 
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Figure 1: Reaction of p01yis0cyanate with water 

This well known side reaGion was responsible for the fact that 
the use of isocyanate hardeners in aqueous systems was 
unthinkable among experts until the beginning of the 1990s, 
when aqueous 2K-PU systems were introduced. ~ Fortunately it 
has been recognised that this side reaGk)n is less critical than 
was previously thought.The reactiviW of aliphatic isocyanates 
with water is much lower than with the hydroxyl groups of 
polymers? When mixed with an aqueous resin emulsion, 
hydrophobic polyisocyanate hardeners tend to migrate pref~,r- 
ably into the organic resin phase, due to their solubility, charac- 
teristics+ There the productive cross-linking reaction with 
hydroxyl groups of the resin is favoured. 

Statistical distribution Rearrangement of Diffusion/coalescence 
of polyol and hardener the smaller polyol of the droplets 
after mixing droplets 

Figure 2: Mixture of p01y01 dispersion and p01yis0cyanate hardenel 

The undesired secondary reaction with water, which leads to 
the by-products poly urea and carbon dioxide, takes place as 
well, but it will not impair the coating properties if only low 
amounts of these by-products are formed. After application, 
coalescence of the polymer droplets and evaporation of water 
is a fasi process. In this final stage the reaction with wafer can 
be balanced sufficiently. 

A major aspect in developing aqueous 2K-PU systems is to pre- 
vent the undesired secondary reactions with water and obtain 
the best cross-linking possible. Appropriate modification of the 
hardener componertt (hydrophilised polyisocyanates) has 
improved dispersibility of the hardener and ease of mixing, but 
extensive hydrophilic modification may cause drawbacks in 
hardness and chemical resistance. Sophisticated mixing equip- 
ment is another tool to overcome some of the problems, but 
the use of this kind of machinery has not really been accepted 
in the paint industry. Fhe polyol is a major component in aque- 
ous 2K-PU m/stems, it should support dispersibility and quick 
incorporation of the polyisocyanate hardener. Optimisation of 
the polyol component is a powerful measure which can con- 
tributE, much to the performance of the 2K-PU system. The aim 
of this work was to investigate the effects of the synthesis rour~, 
of two water-borne acrylic polyols on their application proper- 
ties in aqueous 2K-PU coatings+ 

Acrylic polyol synthesis 
Waterborne acrylic polyols fol cross-linkhlg systems are low-to- 
medium molecular-weight polymers which are stabilised in the 
aqueous phase mainly electrostatically. Thus amine salts of pen- 
dant carboxylic groups have to be formed. With water-borne 
binders the tailoring of the rheological behaviour is one of the 
keys for good performance at the application stage. Rheology 
can be affected by various parameters. One of the most im por- 
tant is suitably tailored polymer segmentation. It has been 
proved that polymer structures with hydrophilic and hydropho- 
bic segments that are separated, exhibit better rheology than 
where these functions are distributed statistically along the 
polymer backbone. Actually the authors use different synthesis 



routes to build polymers of segmented 
hydrophilidhydrophobic structures. 

Single-step synthesis 
The single-step synthesis route is based 
on a special solution polyrrlerisation 
technique, which additionally utilises the 
reaction between oxirane and acid 
groups to produce waler-borne binders 
suRable for one and bwo-pack applica- 
tions. After charging an oxiraneaunction- 
al componeut, a monomer mixture con- 
taining carbox~/I- and 
hydroxyl-functional monomers is fed 
into the reactor by constant Feed rate 
and polymerised continuously. During 
the early stages of the polymerisation the 
carbox'ylic groups of the polymer are 
consumed by the oxirane component 
and ester linkages are formed. 

Thus non-ionic, hydrophobic polymer 
segments are created during the first 
stages of polymerisation, preferably 
while ionic, hydrophilic polymer struc- 
tures are built in the final reaction peri- 
od, when all available oxirane function- 
alib,,, has been consumed. Finally the 
polymer is neutralised and emulsified by 
addition of wa[en 
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Figure 3: Single-step synthesis scheme 

Mul t i -  step synthesis 

This synthesis route is subdivided into 
discrete steps. Carboxyl-functional 
(hydrophilic) and hydro~,l-func[ional 
(hydrophobic) acrylic intermediates are 
made separately by solution polylrlerisa- 
tion techniques. After partial co-esterifi- 
cation of the two intermediates, a wa[er- 
soluble polymer is formed which is 
consecutively emulsified by neutralisa- 
tion of [he mixture with amine (dimethy[ 
ethanol amine, DMEA) and the addi[ion 
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Figure 4: Multi-step synthesis scheme 

of water. Polynlers of this type have been used in thermosetting 
applications for years with very good success 0dlACRYL '~). For 
low temperature two-pack applications the surface properties, 
for example levelling of the existing one-pack-type polymers, 
was rather poor: Therefore the flow properties had to be 
improved, which was achieved mainly by lowering the molec- 
ular weight. 

In Table 1 the major characteristics of the two acrylic polyols are 
summarise& 

TahJe 1: CharacterJsatiae o| the acrylic polyal dispersJees 

Po/yo/ " i  Po/yo/ ~2 

Sy!ithesis 'oute siI!gie step multi step 
Solids (%); DIN IS0 3251 42 43 
Acid value (mg/~); Dgl IS0 3682 30 36 
Hydroxyl value (rag/g); DIN 53240 130 110 
DT aFdc viscosity (F Pa.s) 2000 1500 
DIN EN IS0 3219 
Cos0!vents (%) 4 12 
V0C (g/i (i b/gF~[)) 90 (0.8) 2:;9 (20) 
Particle size (nF-) 120nn! 180nF' 

Preparation of white paint 

The polyol dispersions described in Table 1 were investigated in 
a simple white paint formulation. The polyols were cross-linked 
with commercially available polyisocyanate hardeners~ A mix- 
ture of a hydrophobic isocyanurate- type hexameLhylene diiso- 
cyanate (HDI) trimer containing 23% NCO and a hydrophilic- 
modified type with 17.4% NCO (ratio 4:6) was used at a 
NCO:OH ratio of 1.5. The pigment binder ratio was O.8:1. No 
crossdinking catalyst was used. A white pigment paste was put 
down, and a polyol dispersion, additives and hardener (pre- 
mixed with solvent-~), were added in sequence by stirring. Final- 

Table 2: Characteristics a| white paler 

Polyol "1 Polyol ~2 

HC0:0H ratio 15 15 
PigFr ent/BJnder ratio 0.8/1 08/1 
Viscosity DIN 53211,23~ 28 29 
V0C (ready to use) (g/i) 129 244 
VOC (ready 10 use) (i b/~;al) 1.1 2. I 
High solids value (%) 91 82 
Paiq s01ids (%) 57 57 



ly the paint was diluted with water and viscosity was adjusted 
to about 30 DINs (DIN 53211, 23 ~, 4ram). After ten minutes 
defoaming the paint was applied. 

Results and Discussion 
Cross-linking 
Crossdinking very much depends on the drying temperature, 
Several industrial applications preferably use elevated tempera- 
turns, but in many cases ('with heavy and bulky subatrales) the 
reaction must take place at ambient temperature only+ A seri- 
ous, and in terms of practice, relevant evaluation must consid- 
er both cases+ Therefore the following conditions were used for 
testing: one and seven days drying at ambient temperature 
(23~ and forced drying at 60~ for 45 minutes followed by 
one and seven days drying at 23~ 

In hardness as well as solvent resistance, polyol 1 outperforms 
polyol 2. It is very significant that really good cross-linking is 
reached only under forced drying conditions (see Figures 5 and 
6). At ambient temperatures only polyol 1 reaches a sufficient 
level. In both cases a significant part of the cross-linker capaci- 
b/ is hindered from reaction probably by chain mobility restric- 
tions. 

The rather low cross-linking level of poJyol 2 at ambient tem- 
perature was surprising, because this kind of polyol performs 
well in one-pack thermosetting applications. The authors sur- 
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Figure 5: Dependence of hardness development on drying 
conditions (200pm wet film thickness application on glass pb.te) 
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Figure 6: Chemical resistance of paint films under various 
hardening conditions (one day and seven days) (200pm wet film 
thickness application on glass plate) 

raise that there are two possible explanations for this finding 
both of which are related to the synthesis route. During partial 
esterification of the two acrylic components a certain amount 
of carboxyl-functional intermediate remains unreacted in the 
mixture. This component probably does riot participate in 
crossdinking, since it is bearing COOH groups only. It behaves 
like a plasticiser. Further partial esterification of the two acrylic 
intermediates leads to small amounts of pre-crossdinked micro- 
gel, which could probably be responsible for early freezing of 
the crossdinking reaction. 

Potlife 

For evaluation of potlife the behaviour of the paint was moni- 
tored visually (gassing, viscosiff change, coagulation). Unlike con- 
ventional 2K-PU systems, which exhibit a steady increase of vis- 
cosity water-borne 2K-PU paints do not always have a reliable 
relationship between viscosity increase and potlife (see Table 3). 
Well stabilised aqueous paints can remain nearly unchanged in 
terms of viscosity and appearance, even though a lars portion of 
the reactive groups of the hardener have already been consumed. 

Table S: Viscesi~ chaege darieg paler penile (DiNs, DiN 
53211, 23~ 4 ram) 

Polyol "I  Polyol ~2 

0 h 28 30 
2 h 26 T2 
4 h 29 foam, gelled 

Therefore the paints were applied additionally onto glass plates 
instantly after mixing with the hardeners, and at intervals of two 
and four hours (induction time) after paint preparation respec- 
tively. Pendulum hardness and gloss of the coating were mea- 
sured after one and seven days dryirrg at 23~ (see Figure 7). 

These data, combined with the authors' visual observations, 
were used to estimate potlffe. Polyol 1 shows significantly bet- 
ter potlife (four to five hours) than polyol 2 (maximum two 
hours). Paints based on polyol 2 become increasingly foamy 
when approaching the end of potlife, which indicates a higher 
amount of side reaction with water. This was not expected, 
because this kind of polymer is known to be an even better 
emulsifier for other (hydrophobic) partners than polyol 1. Ihe 
lowering of pendulum hardness, which is observed in both sys- 
tems with increasing induction time, clearly indicates that sig- 
nificant amounts of the isocvanate have reacted with the poly- 
ol and/or water in the pot already and hence are missing for the 
crossdinking reaction after film formation. This is seen in the 
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Figure 7: Effects of potlife on development of hardness (application 
on glass plate, 200pm wet film thickness) 



ambient temperature results (see Figure 7) as well as at an ele- 
vated temperature. Fortunatelythe pre-crossdinked domains of 
the paint are small enough to cause no surface defects, because 
gloss remains more or less unchanged (see Table 4). 

Table 4: Measurement of gloss with increasing induction 
time (% gloss at 20 ~ angle; application on glass plate, 
2gOpm wet film thicbness; seeen days dried at 23~ 

PoLvol "I  Polyol ~2 

0 h 74 78 
2 h 74 78 
4 h 70 

Pain t appJicaOon 
Application was characterised by spraying a thickness gradient 
on steel panels (30x2Ocm) with a series of holes of O.5cm diam- 
et~,r arranged diagonally to evaluate sa~ing. The plates were 
inspected after drying for one day at arnbien[ temperature. 

Table 5: Spray application results 

Polyol "I Polyol ~2 

Levelling (pro) > 20 > 15 
Pinholes (pro) > 62 > 48 
Sagging (pro) > 66 > 44 
GI 0% 200/00 ~ 73/86 82/92 
Scratch hardness (fingernail),, 0 4 
aAlb[tlaryran,r n0marks(best),4 scratched(w0rst) 

Coalescence and levelling are very good in both systems. With 
polyol 2 significantly better gloss is obtained, but polyol 1 also 
shows good gloss and is superior in sagging and solvent popping 
(degassing). Scratch hardness behaves as expected from pendu- 
lum hardness resuG. 

Table 5: Humidity cabinet test (144 hours treatment) 
Po/yo/ "I  Po/yol ~2 

Dryiug conditions: 7 days, 23~ 
Gi 0% 20 ~ 72/70/70 81 i27/04 
Deg'ee of blistering, DIN 53209 mH/'4O re2/r13 
Drying condJtious: 45 rain, 60~ followed by 7 days, 23~ 
G[ 0% 20 ~ 73/73/71 80/72/73 
Degree of blistering, DIN 53209 rag/go toO/gO 
a Initial resuit/immediateiy after test/alter 10 hours regeneration 

Even under ambient dry conditions polyol 1 already shows 
good performance, whereas polyol 2 clearly fails. Obviously 
polyol 2 is cross-linked insufficiently under those conditions. 
After applying higher temperatures [he performance level sig- 
nificantly improves. 

Accelerated weathering results are good for both systems. Long- 
terrn exterior durability Lests are still running. The preliminary 
results are very promising for both acrylics. 
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Figure 8: Weather resistance (144 hours treatment, accelerated 
weathering/UVCON) 


