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100% solids aliphatic polyurethane
coatinas—irom dream to reality

By Or Shiwei Guan, Research and
Devetlopment Managear, Madisan Chemucal
tndustries Inc., Milten, Gotario, Canada

olvurethane coatings which are 100

percent solids have become one of the

most important families in the couwt-
ings (ndustry todav. These poivurethane
svstermns are effective because ot their ou-
standing lite expectancy und performance.
Features include resistance (o aggrassive
corrosive environments. high abraston and
impact resistance. curing capability it
temperatures as low as -7 CLstrong adhe-
ston, high film build and fast application.
All this s coupled with compliunce with
the most rigorous regulations on volatile
organic compound ( VO crmissions.

Existing 100% solids polyurethane
technologies have been contined mainly
1o aromatic polyurethane svsiems, made
by reacting aromatic isocvanutes, such as
methviene diphenyl diisocyanate (MDD
or toluene diisocyanate (TDI). normaily
with polyverher potvols.

When exposed to UV light such svsrems
oxidise much more eastly thun do polyure-
thanes prepared from aliphatic iso-
cyanutes. Aliphatic Isocyanates reacted
with either poivester or acrviic polyels
have thus become indispensabic in the tor-
mulation of high-pertormance weuther-
abie coatings. They present the industry
with its first durabie ambient curing. ther-
mosetting protecuve couting with long
term gloss and colour retention.

Traditionally. aliphatic polvurethane
couatings incorporate high molecular
welght (MW) compounds which. typical-
Iv. require high levets ot solvents to make
them usable in spray apptications. These
tevels of solvent will not be permitted in
the near future due to increasingly strin-
gent environmental and satery regulations
coupled with consumer demands for eco-
logically more bemign materiuls.

Towards higher solids

The 1990 US Clean Air Act imposed
stringent controls upon air emissions aid
restricted the wmount ot organic solvents
ithe primary source of VOUs) emirted
trom a couting system.

Together with powder and water-borne
coatings, high solids coatings evolved 1o
meet the demand for reduced sofvent ev-
els. In epoxy and aromatic PU svstems,
100% solids technology has been success-
tully developed. but in aliphatic PU svw-
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tems. this has been rarely acivieved
b manufacturers.

Some reusons for this are:
® The high MW/viscosity at most com-
mercial 100% solids aliphatic polviso-
cyvunates. polyester and acrviic polvols
means high soivent levels are needed to
make thern usable in sprayv applicattons:
® When individual viscosity values arc in
the right range. different polyisocyanate
demands of those (0% soiids polvols
mke it difficult o destgn a couting svs-
tem with the right volume misxing ratio
(nd/or balunced viscosities of the two
components: and
® Greatly reducing the solvent content
makes a major impact on formulaion and
performance properties and thus becomes
a chatlenge to coatings chemists.

Over the past ten years. three main
routes to compliance with high-solids
aliphatic PU coatings have been pursued:
® Low MW compounds which have
lower viscosity resulting in minimum soi-

vent usage for application=
® Reactive diluents™, and
® New PU prepolymers®,

New technologies have also been de-
veloped by the author recently ar Madison
Chemical which leads 1o three novel ivpes
at svstem: 100% solids. VOC-free. in-
stant setting: high-solids mix-and-appiy:
and high-solids one-component.

Low MW compounds
Higher soiids aliphatic PU couatings hive
heen achicved by reducing the MW of the
polyisocvanates and co-reactants.

Compured with co-reactants such as
potvester and acrylic polyols, it 15 appar-
ent that the aliphatic polyisocyanates are
already the high solids component of the
coatings, Commercially, HDI-based iso-
cyvanate and biurets are being made o vis-
cosities as fow as 300 centipoise.

Acrviic polvols have been tuvoured for
aliphatic PU svstems because of their su-
perior weathering. low cost. hydrolytic

| Aliphatic PU chemistry

Very high sofigs {hoth aromatic and
aliphatic] PUs are usually in & two-com-
sanent farmat. One comoonent 1$ a poly-
socyanate-rich liguid, and the other 1s ny-
droxyl functanai co-reactants. The typicai
zighatic PL reaction s snown oelow:

i
R-N=C=0+R'-C-0-CH:CH:0H =+
) 9

R-NH-C-0-~CH:CH:-0-C-R"

The rapia exothermic reaction orovides
U systems with low-temperature cunng
ability. This 15 a significant advantage over
many other reactive resin systems used in
coatings, sUCh as epoxies.

While there are virtualiy uniimied arrays
of fivdrogen dorors for prepanng PU coat-
ngs, hydroxyl basea systems are used ak-
most exciusively, In an aliphatic system,
®U coaungs produced from tne reaction of
aliphatic isocyanates witn a bydroxey! fune-
tional coreactant were mitiailv formulated
with polyester palyols, These coatings pos-
sessed good weathering performance,

With the increased demand for im-
oroved duratxlity at 10w COST, 8CIvieG DOy
were then usea. These have iow 1sacyan-
ate demands and aiso gIVE SUCENOr fy-
drolytic stability cver polyesters. Both poly-
gstar and acrylic polyois 1and 10 be more
expensive an polyether polyois. and they
are usually more viscous ana therefore
mopre difficult to handle. The niah wscosity
~akes i1 more aifficult 1o daveion 100%
souds aliphatic PU swstems.

Only a few variations are possible with
the isooyanares, whethar in originai or &
~adified form. The mostcommon alipnatic
ispcyanates are hexamethylene anso-
oyanate (1D and 1sophorone dusocyanate
HPDN. The nature of the 1socyanate-opear- |
ing soectes wiil greatly affect reactivity.
Aliohatic izccvanales are considerably less
‘@actve than aromatic isocyanates such as
TDI andg MDI. Differences also exist be-
tween individual alipnatics. for exampie,
HDI is faster than PRI For the apove rea-
sons, commoniy avanable aliphatic PU
ceatings have & much lenger cunng time
15-8 h} compared with aromauc PUs {e.g.
10 minutes to 1 hour.

A two component PU system normalty
kas a mixing ratio of 1:1 by volume. higher
mixing rauos are normally used to obtain a
soating system whonse two components
are mixed together just hefore apphication
In thig case, the pot life of the coatng sys-
tem must be of sufficient length {at feast
15 miny for easy application.

The 1:1 muxing raue is an ideal cheice for
achieving not only :00% sands, but an in-
3tant setting PU system. 11 cornmonly
ssed for most 100% solids aremauc PU
I08UNgs A Mar aroolem, however. 15 10
Jesgn a 1.1 coaling System 5o at eacn
samponent nas the same vIscasity. The
sgual viscosity helps 10 simpify set up ana
maintenance of the spray egquinment. and
sls0 to avo:d Many appilcation oropiems
Sue 1o mismelarnng of the two compo-
~ants wnile Uusing plural cemponent
SRray equ:pment’ uT
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stability, and low isocyanate demands.
However, their very high MW (10 000-20
000 g/mol) is coupled with high solvent
demand, vielding coatings with less than
30% solids at application viscositics.

Acrylics have therefore been developed
with MWs 1vpiculiy below 2300 ¢/mol,
The functionality of these acrviics. how-
ever. has had fo be increased to maintain
the excellent resistance characteristics of
these types of systems. Coatings with
solids contents of greater than 73% have
been achieved using this approach.

Altering the MW/functionality o ob-
tain compliant coatings resuits in shorter
pot tives and longer drving times. Cure
rates can be increased by adding caralvsts
or increasing the amount of catalysts,
which shortens cure times. but also short-
ens pot tives.

Another problem with the use of low

Off-line painting of automotive components uses a
variety of systems, including PU-based ones

MW components is an tncrease in Lhe
crosslink density of the coating. Too
high a fevel of crosslink densitv cun lead
to a decrease in flexibility. impact and
mar resistance.

Rather than using low MW polyester
and acrylic polyots, blocked amine func-
tional reactants have atso been introduced
to make higher solids aliphatic PU {or.
more precisely, polyurea) coatings, These
inciude aspartic acid esters, ketimines.
and aldimines.

Aldimines-—a result of the reaction be-
tween amines and aldehvdes—look the
most promising approach here. They
show much better hydrolytic stability than
ketimines and so can be adapted to actual
applications. Experimental formulations
with solvent levels at or below 2.0 Ib/gal
(240 g/1} have been reported”,

Reactive diluents

Reactive diluents are low-viscosity ¢co-re-
actants designed to reduce VOCs in coat-
ing systems. While they generally provide
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| Approach Advantages
oW Mol wi _OwW COSE, |ow viscosity,
paivesterf bydrolvtically stabie, no

saditanal chemrstry
needed

Hign vielo & quick drying
when expesed to
ambient molsture

LOW VISCOSity, low MW
good hydrolysis stamility

acrylic poivos

Biocked amires

Seactive diuents

- TABLE:1 EARLIER WAYS TOWARDS HIGHER SOLIDS ALIPHATIC POLYURETHANES

Disadvantages VOC level,
Ib/gal (g/1)
Lirnited availability, kigh 2.5-3.5(302-424)
fanctionanty & crossink
density, short potlife

& longer drying
Expensive, imited
sources, or nydrolysis
stapility, imdaed shelf life
Expansive, low
functionaity, possible
performance changes

0.88-2.0{118-242

2.0-2.6(242-315)

New preceiymers  High MW, low wiscosity, Limited avalaoility. 2.8 (339
‘ow cligomerfresiduat ‘onger drying time
:socyanate content. easy
to achieve i:1 mixing ratio
the ability to reduce the viscosity of the " TABLE.2: GLOSS RETENTIQMN...
polymeric composition similar to a sol- " OF COATINGS

vent, they also react with the polymer. Re-
active diluems based on low MW poliy-
ester or poivether polvols. castor oil de-
rivatives, oxuzoiidines and acetoacerate
chemistry are commerciai-
ly available.

Reactive diluents tend to
have low reactivity toward
isocyanates. low functionali-
ty. and relatively low viscosi-
ty. This makes them very at-
tractive for use in aliphatic
PU systems with long pot-
life and reasonable drying
umes. Aliphatic PU systems
with VOC levels as low as
2.58 Ib/gal (312 g/1} have
been reported*.

Reuctive diluents are, how-
ever, normalty much more ex-
pensive than commercially
available polyesters. acrylics.
and other coreactants. so that
end users tind the coating sys-
tems 100 expensive, Also.
performance properties may change if
lurge amounts of reactive diluents are
added. due to their low functionality and
low MW,

HFLIGIPAH UBP|OKH

Prepolymer use
Prepelymers have long been used in high
solids PU coatings systems. especially in
aromatic systems. Conventional prepoty-
mer manutacture otten results in the pro-
duction of a significant amount of high-
molccular-weight oligomers, which cause
high-prepolymer viscositics,

The aim has thus been to develop high-
molecular-weight aliphatic PU prepoly-
mer systems with a low oligomer content

System

10% H,50,
100% scads aliphatic

T Test: ASTM D714 96 hours chemical exposure

TABLE 3: CHEMICAL RESISTANCE OF COATINGS*

No colour change.
shghtly softened
Cemmercial 70% solids alipnatic No eslour change,
shightiy sofiened

Commercial 100% rigia aromarnic Slight colour change Colour change

System Initiat Gloss
gloss 60° reten-
tion
MNew 100% saligs
atiphatic g2 30
. Commercial 70%
solids aliphatic 36 82
Commercial 100%
solids rigid aromatic a3 55

Test: 5000 h QUY 3133 (ASTM G53)
Gloss va:ues by ASTh D523

and less than | % of residual isocyanates®.
With the {ow viscosity. higher-molecular-
weight prepoiymers as the 1socyanate-rich
component (often referred as the “A’ side),
a significant amount of the high solvent
demand polvols from the polyol rich com-
ponent (the "B’ side) can be avoided. The
low oligomer content of these prepoly-
mers also results in the additional benefit
of longer por lives. With the new prepoly-
mer technoiogy. IPDI-based aliphatic PU
coatings systems with VOC contents at
2.8 Ib/gal {339¢/1) have been reported?,

Table | summarises these approaches
towards higher solids aliphatic PU sys-
tems. Obtained VOC levels for individuat
approaches in Table 1 are typical for
aliphatic PU basecoat/topcoals.

100 % Solids aliphatic

The focus on developing higher solids
aliphatic PU systems which can still be
applied using conventional field-pressure
pot-spray equipment has forced the coat-
ings chemist towards deveioping an ~ideal
chemistry.” This must inciude all those
problems discussed above (hydrolysis sta-
bility, short potlives. etc.).

Low MW co-reactants. reactive dilu-
ents. and prepolymers have already been
successtully used in developing 111 mix-

5% HNO, 25% NaOH

Mo coloter change, Mo colour change, i
sightly softened  sligntly softened

Mo colour change, Mo colour change,
shghtly softened  Slightly softened

and blistered

Shght colour change
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ing. plurai component. [OO% solids epoxy
and aromate PU coatings,

These systems normaily regure plural
component spray equipment. While the
plural component equipment s relatively
complicated. successtul’uppiicution m
100% solids coatings 1s being achievea by
numerous end users on a regufar basis,

Too much emphasis has also been
placed on tinding a “super-ideal resineo-
reactant solugon” on an individual basis o
reduce soivent levels, However, tormulut-
ing a good higher-soluds PL coating sy s-
tem involves considering many purame-
ters other thin solvent demand and MW,

Efforts towards higher solids or H0%
solids ahiphatic PUs should. theretore. be
made in a systematic wayv. combining all
individual possibie solutions together.

Ar Muadison. such an appreacn has re-
sulted 1 a new [00% solids. VOC-free,
instant-setting. aliphatic PU technoiogy.
This produces a resilient PU couting him
with excelient tear strength. impact and
abrasion resistance.

The viscosity values ol both 1socyunite
and co-reactant components were perfectly
balanced at 1000 cenupoise as per ASTM
D2 196, Handling charscteristics were: end
users’ choice of initial setting time 1rom 3
10 30 min. cold weather cure ability (- 10°C
10 +63°C1, low and high film build. u vne-
coal system for mosl general maintenance
applications. and non-flammabitity.

Although applicatton of this 100%
solids aliphatic system is currentiy with
plurai component (1: 1) spray equipment.
it i interesting to note that for some couat-
ing Tormulations. conventional one-com-
punent spray eguipment couid be used.

Performance of new system
Physical and chemical propertics ot the
100% solids aliphatic PU system, as wellas
its gioss and colour retention, were all high.

Atfter 3000 h exposure. both the 1004
solids and the 70% soiids commerciul
aliphatic PU systems had gloss retennion
of greater than 90%. compared with 65%
tor the 100% solids aromanc PU system
( Table 21

Long-term outdoor weathering wsts
with these systems is currentiy underway.
[nitial results for 18 monghs showed the
LOO% sohids aromatic PLT svstem was
chaltking and durkcoed in colour as was
expected. Both the 1004% solids aliphance
and the 70% solids commercial aliphatic
PU svstems had gloss retention ol greater
than 9¥3% and showed no colour changees

TABLE 4: TABER ABRASION TESTS*

System Weight loss, mg |
1507 50005 alpnate =0 i
zmmercig: 70% s01as alionatc i ‘
i
|

Commeraial 100%: ngio arontauc
P Taas ST DACGD. A 2an (5T

Dy 2y st exaninabion,

The 96 hours OF CoRunUes IRmersion
cuposure g1 the chemcal resistanee ests
P far moere thadt the average duration ora
chemiwan spiil, This hus become the sun-
dard wsed by some coal- o S
G anuracturers s
part ot the “extra care’
Lhat they take for ead
users, Tuble 3 shows 1yvpl-
cal resuirs obtamed for
hase systems,

No o ocolour chuanges
were tound with the
100% sohids aliphatic and
the 70% ~uolids commer-
crul aliphatic PU systems.
They wuere. however.
slightly softened. which
is tvpicud for most high
~oiids afiphatic PU sys-
lems alter mmersion. As
i 10 be expected irom
most ol the advanced
0% aromatic PU sys-
tems. the aromatic PU couting dis-
coloured withour any other physical prop-
crty changes.

Allthree PLU svstems showed good abru-
~ion resistunce { Table 4. but 1t should be
noted that the abrasion resistance ot a PU
svstem 1$ semewhar related to ity rigadity.
\ PU coating can be designed to be very
rigid or very elustomeric. and better abra-
i resistance 1s normatly found with an
clastomeric syvstemn. One cunnot therefore
conclude trom Table 4 that the afiphatic
PUs will have betrer abrasion resistance
than the 1009 solids aromatic PLL

The adhesion of o couting is goneraily
considered (o be a vood indicator of s
longeviy +Tuble 33, The 100% solids aro-
matic PU coating showed excellent adhe-
sion up w 2000 psi (138 MPa). Both the
atiphatic systems had an adhesion value
vreater than 750 psi (5.2 MPa). which s
ibove normal tor an exierior application.

It should be mentioned that the excel-
lent adheston of the 70% aliphutic PL.
also developed by the author, is not com-
monly seen with most of the high sohids
aliphatie PUs available it the murket
today. When applving the aliphatic PUs to
very rough substrate surfaces such as due-
tile 170N pipes or concrele Sruciures, an
aromatic basecout under the aliphanie PUs
i recommended.

A nattonally recogased steel tank man-
utucturer has usced the 100% solids
aliphatic coating with goud results. This

TABLE 5 RESULTS OF ADHESION TEST™
. System Adhesion, psi (MPa) |
i00% scias alpnatic TEQI5 21
cmmercal 70% scuas alipnanc 2015 9
oot arpmatc 30
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company fad been using o commercial
hiuh-solids coang o the exterior of their
above-eround tanks. This guve o satistue-
tory linish when cured but. in production.
needed oo jong between coats and deving

-

The testing of the durability of ceatings simuiates
likely end-use situations

Lime wis also too long, especially at low
winter temperatures. This cut capacity
and stowed production considerably.

With the new 100% solids ahphatic PU
techaology. however. a number of advan-
rages beeame immediately apparent. Only
one coat was required to completely cover
the tank without a primer. The new coat-
ing aiso cured in about 20 minuges ar am-
bienl lemperatare and the tank could be
moved oul of the painting room very
guickly, The new couting dried to i bright
and shiny finisl which has excellent resis-
tance o LY and weathering. ut
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