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LIQUID PAVEMENT MARKING
COMPOSITIONS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application claims the benefit of U.S. Provisional
Application No. 60/049,572, filed Jun. 13, 1997.

BACKGROUND OF THE INVENTION

There 1s a significant need for a liquid pavement marking,
composition that will provide increased durability and
retained reflectivity once applied to a surface and dried or
cured. Compositions of this type are typically used on roads,
highways, parking lots, and recreational trails, to form
stripes, bars and markings for the delineation of lanes,
crosswalks, parking spaces, symbols, legends, and the like.
They are typically applied by spray coating (1.e., painting)
the pavement surface. Preformed pavement markmg sheets
or tapes have also been used to mark pavement or traflic
bearing surfaces.

Pavement marking stripes, or pavement markings of other
shapes, may include retlective optical elements adhered to
the pavement surface by the use of a binder. Current traific
paint systems typically use conventional 1.5 n,, glass micro-
spheres for retroreflection. The microspheres are typically
flood coated onto the wet marking immediately after coat-
ing. This provides the paint with improved retroretlectivity
and also covers the top surface of the uncured or undried
coating with a protective layer of microspheres. This protec-
tive layer allows the markmgs to be exposed to trallic sooner
because of the layer of microspheres over the surface, which
prevents transier of the coating to the surface of vehicle tires.
This 1s important for rates of marking application. The time
between application and the point where material will no
longer transier to vehicle tires 1s defined as the “track-iree”
time. Shorter track-free times increase markmg eificiency by
reducing or eliminating the need for traific dlsruptlon
through such measures as closing lanes or placing traific
control devices to protect such markings.

It would be advantageous to apply markings in a wider
range of weather conditions than i1s possible with existing
compositions. There 1s also a need for marking compositions
with improved cure profiles to ensure both substrate wet out
and rapid track-free time. Furthermore, improvements are
needed to obtain compositions that are substantially free of
volatile organic components.

SUMMARY OF THE INVENTION

The present invention provides a pavement marking
including a binder having polyurea groups. Conventional

liquid pavement marking compositions include alkyd-based
binder compositions as described in U.S. Pat. No. 2,897,732

(Shuger), U.S. Pat. No. 2,897,733 (Shuger), and U.S. Pat.
No. 3,326,098 (Boettler), and epoxy-based compositions as
described 1n U.S. Pat. No. 4,088,633 (Gurney), U.S. Pat. No.
4,185,132 (Gurney), and U.S. Pat. No. 4,255,468 (Olson).
Such conventional compositions are not desirable for at least
one of the following reasons: they typically dry too slowly;
they need elevated temperatures for reasonable cure times;
they contain chemical linkages (e.g., ester linkages) that are
susceptible to degradation (as by hydrolysis, for example);
and/or they require the use of organic solvents, drying oils,
or drying accelerators, which can lead to discoloration.

10

15

20

25

30

35

40

45

50

55

60

65

2

Numerous other conventional pavement marking compo-
sitions have been developed to get faster dry times by using
heated application of materials to road surfaces. Also, water-
borne coatings based on acrylic latices, as disclosed 1n U.S.

Pat. No. 5,527,853 (Landy et al.), and epoxy resin
emulsions, as disclosed 1n U.S. Pat. No. 4,906,716

(Cummings ) have been suggested for use in pavement mark-
ings. Such markings do have the advantages of low volatile
organic content and one part coating compositions, but they
are not yet sufliciently durable for long term road presence
and retained reflectivity performance.

U.S. Pat. No. 4,076,671 (Bright) discloses a resinous

composition said to be useful for marking trafficable sur-
faces. The two part acrylate based coating compositions are
said to provide a desirable balance of stability and fast cure,
but require the use of free monomers and low molecular
weight ethylenically unsaturated compounds which have
significant vapor pressures. Also, they require the use of per-
oxide catalysts. U.S. Pat. No. 5,478,596 (Gurney) discloses
liquid pavement marking compositions prepared from a two
part polyurethane-forming system of a first component hav-
Ing 1socyanate-reactive groups (a polyol) and a second com-
ponent having 1socyanate groups.

A need exists for liquid pavement marking compositions
that can provide one or more, and preferably all, of the fol-
lowing features: reduced environmental impact through for-
mulations having low volatile organic content; improved
balance of coating rheology during application and film for-
mation to promote substrate wet out and fast cure to track-

free films; broadened range of weather conditions for coat-
ing application; and/or improved marking performance
through increased durability and retained reflectivity. To
achieve one or more, and preferably all, of these features, the
present invention provides a pavement marking including a
binder having polyurea groups.

Pavement markings of the present invention preferably
include a binder having polyurea groups, wherein the binder
1s prepared Irom a coating composition comprising one or
more aliphatic secondary amines, one or more
polyisocyanates, material selected from the group of fillers,
extenders, pigments, and combinations thereof, and retlec-
tive elements (e.g., glass beads, etc.). Preferably, the pave-
ment marking has a retained retflectivity of at least about 100
med/m~/lux after about 2 years in use as longitudinal traffic
markings as measured according to ASTM E 1710-95.
Preferably, the binder i1s prepared from a two-part coating
composition comprising an amine component comprising
one or more aspartic ester amines and optionally one or more
amine-functional coreactants, and an 1socyanate component
comprising one or more polyisocyanates. A traflic bearing
surface having thereon such a pavement marking 1s also pro-

vided.

Also provided 1s a pavement marking that includes a
binder having polyurea groups, wherein the binder 1s pre-
pared from a sprayable, two-part coating composition sub-
stantially free of volatile organic components and compris-
Ing an amine component comprising one or more aspartic
ester amines and an 1socyanate component comprising one
or more polyisocyanates. At least one of the amine compo-
nent and/or the i1socyanate component further comprises
material selected from the group of fillers, extenders,
pigments, and combinations thereof. The coating composi-
tion has a mimmimum application temperature of at least about
7° C. and a track-iree time of no greater than about 5 min-
utes. A traific bearing surface having thereon such a pave-
ment marking, and a pre-formed pavement marking wherein
the pavement marking 1s coated on a substrate that can be
applied to a traffic bearing surface are also provided.
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The present invention also provides coating compositions.
In one embodiment, the coating composition includes one or
more aliphatic secondary amines, one or more
polyisocyanates, and material selected from the group of
fillers, extenders, pigments, and combinations thereof. The
coating composition has a minimum application temperature
of at least about 7° C., a track-free time of no greater than
about 5 minutes, and forms a pavement marking having
reflective elements with a retained reflectivity of at least
about 100 mcd/m*/lux after at least about 2 years in use as

longitudinal traffic markings as measured according to
ASTME 1710-95.

Also provided 1s a sprayable two-part liquid pavement
marking composition comprising an amine component com-
prising one or more aspartic ester amines and optionally one
or more amine-functional coreactants, and an 1socyanate
component comprising one or more polyisocyanates. The
amine component, the 1socyanate component, or both further
comprise material selected from the group of fillers,
extenders, pigments, and combinations thereol. The coating
composition 1s sprayable and has a minimum application
temperature of at least about 7° C. and a track-1ree time ol no
greater than about 5 minutes. Preferably, the pavement
marking composition comprises an amine component com-
prising one or more aspartic ester amines and optionally one
or more amine-functional coreactants, and an 1socyanate
component comprising one or more polyisocyanates.

Methods of applying such compositions are also pro-
vided. For example, a method of marking a traffic bearing
surface 1s provided. This method includes providing an
amine component comprising one or more aspartic ester
amines and optionally one or more amine-functional
coreactants, providing an 1socyanate component comprising
one or more polyisocyanates, providing material selected
from the group of fillers, extenders, pigments, and combina-
tions thereot 1n either the amine component, the 1socyanate
component, or both, combining the amine component and
the 1socyanate component to form a coating composition
having a minimum application temperature of at least about
7° C., and a track-free time of no greater than about 5
minutes, spraying the coating composition onto a traffic
bearing surface, and applying retlective elements to the com-
position coated on the traffic bearing surface to form a pave-
ment marking.

Another embodiment includes a method of preparing a
pavement marking. This method includes providing an
amine component comprising one or more aliphatic second-
ary amines, providing an 1socyanate component comprising
one or more polyisocyanates, providing material selected
from the group of fillers, extenders, pigments, and combina-
tions thereol 1n either the amine component, the 1socyanate
component, or both, combining the amine component and
the 1socyanate component to form a coating composition
having a minimum application temperature of at least about
7° C., and a track-free time of no greater than about 5
minutes, applying the coating composition to a surface, and
applying reflective elements to the composition coated on
the surface to form a pavement marking having reflective
clements with a retained reflectivity of at least about 100
mcd/m~/lux after at least about 2 years.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The pavement marking compositions of the present inven-
tion comprise a binder comprising urea groups (—NR—C
(O)—NR—). This binder can be prepared from a two-part
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system that includes an amine component and an 1socyanate
component. Preferably, the amine component includes pri-
mary or secondary amines. More preferably, the amine com-
ponent imncludes one or more secondary amines, such as an
aspartic ester amine, which 1s an aliphatic secondary
diamine. Most preferably, the amine component includes
one or more aspartic ester amines, optionally blended with
one or more amine-functional coreactants other than an
aspartic ester amine. Preferably, the amine-functional core-
actants are polymeric polyamines, and more preferably, sub-
stantially polymeric diamines. These amine-functional core-
actants are selected to balance the properties of the coating
during the curing process and 1n 1ts final form.

The amine and 1socyanate components are chosen such
that the resultant pavement marking i1s generally resistant
and durable to environmental and vehicular stresses and has
good daytime visibility. Preferably, 1t also has good might-
time visibility. Durability can be evidenced by good adhe-
sion to a wide variety ol substrate surfaces, including
concrete, asphalt, and other markings, whether they be
markings of the same or different material. It can also be
evidenced by good adhesion (often referred to as
“anchoring”) of reflective elements to the marking, 1f they
are used. As used herein, “durability” can be determined by
applying the pavement marking to a road surface that will be
exposed to traific conditions and monitoring the perfor-
mance ol the marking over time. Reflectivity and whiteness
can be measured mstrumentally in the field and the resis-
tance of the marking to wear and erosion can be subjectively
evaluated. Durable markings have continued adhesion to the
substrate, good visibility, and, preferably, good reflectivity
over an extended length of time.

The pavement markings formed from the composition of
the present invention preferably are durable (1.e., have a use-
ful life) for at least about 2 years, more preferably, for at
least about 3 years, and most preferably, for at least about 4
years 1n use as longitudinal traific markings. If reflective
clements are used, the pavement markings have a retained
reflectivity of at least about 100 mcd/m*/lux, and more
preferably, at least about 150 med/m*/lux, throughout their
usetul life as longitudinal traffic markings. As used herein,
“retained reflectivity™ 1s used to describe the effectiveness of
maintained retroreflective performance of a pavement
marker over its useful life. Retroreflectivity 1s currently typi-
cally measured by a portable istrument in the field at fixed
entrance and observation angles, according to ASTM E
1'710-935. Recent work (Transportation Research Record
1409 published 1994 by the Transportation Research Board)
has shown that the entrance angle at which light 1s incident
and observation angles from which a driver actually views a
pavement marking, referred to herein as “approximate driver
geometries,” are appropriate for measured retroreflective
performance of pavement markings.

The amine and 1socyanate components are preferably cho-
sen such that the resultant pavement marking composition:
(1) 1s a liquid with a high solids content, which 1s substan-
tially free of volatile organic components (preferably, less
than about 5 wt-% volatile organic components, typically
solvents, based on the total weight of the composition); (2)
has a generally rapid cure profile, with a track-free time (1.¢.,
a dry time at ambient roadway conditions when the coating
1s applied) of preferably, no greater than about 5 minutes,
more preferably, no greater than about 4 minutes, and most
preferably, no greater than about 3 minutes), and a usetul
open time (1.e., the length of time the composition will
remain in a liquid state after application to a surface) for
adequate substrate wet out and particle or retlective element
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wicking/anchorage (preferably, an open time of at least
about 30 seconds, and more preferably, at least about 1
minute); (3) has a broad application window (1.¢., 1t 1s able to
be applied over a wide range of temperatures), with empha-
s1s on use at lower temperatures (preferably, having a mini-
mum application temperature of at least about 7° C., more
preferably, at least about 4° C., even more preferably, at least
about 2° C., and most preferably, at least about —4° C.); (4) 1s
compatible with two part static mix or airless high pressure
impingement-mix application equipment; (35) includes com-
mercially available, low cost raw materials; and (6) 1s gener-
ally storage stable (preferably, having a useful sheli-life of at
least 6 months, more preferably, at least one year, and most
preferably, at least two years). As used herein, a volatile
organic component (VOC) 1s an organic compound with a
vapor pressure of more than 0.01 mm Hg (13.33 Pascals) at
20° C. Such compounds typically have a boiling point of
greater than 250° C.

The pavement marking compositions of the present inven-
tion comprise a binder comprising urea groups (—NR—C
(O)—NR—), although other groups may also be present,
such as biuret groups (—NR—C(O)—NR—C(O)—NR—),
1socyanurate groups

as well as urethane groups (—NR—C(O)—0—), and the
like, where R 1s a hydrogen or an organic group. Such poly-
mers containing urea groups are often referred to herein as
polyureas. Polyureas formulated for pavement marking
applications should be resistant to abrasion and provide
adhesion to road surfaces and retlective elements.

The binder system 1s the reaction product of an amine
with an 1socyanate to form a urea linkage. Preferably, the
binder system 1s the reaction of a polyaspartic ester amine,
which 1s preferably difunctional, with a polyisocyanate to
form a polyurea.

Preferred aspartic ester amines have the following for-
mula

R200C COOR?
N—NHE—R'—NH—"

e ~

RZ00C COOR?

wherein R' is a divalent organic group (preferably, having
1-40 carbon atoms), and each R* is independently an
organic group inert toward i1socyanate groups at tempera-
tures of 100° C. or less.

In the above formula, preferably, R' is an aliphatic group
(preferably, having 1-40 carbon atoms), which can be
branched, unbranched, or cyclic, and more preferably, R' is
selected from the group of divalent hydrocarbon groups
obtained by the removal of the amino groups from 1,4-
diaminobutane, 1,6-diaminohexane, 2.2.4- and 2.,4.,4-
trimethyl-1,6-diaminohexane, 1-amino-3,3,35-trimethyl-5-
aminomethyl-cyclohexane, 4,4'-diamino-dicyclohexyl
methane or 3,3-dimethyl-4.4'-diamino-dicyclohexyl meth-
ane. Divalent hydrocarbon groups obtained by the removal
of the amino groups from relatively high molecular weight
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polyether polyamines containing aliphatically bound pri-
mary amino groups, such as the products marketed under the
trade designations “JEFFAMINE” by Texaco and
Huntsman, and “HYCAR” by B. F. Goodrich, are also suit-
able. Other suitable polyamine precursors include ethylene
diamine, 1,2-diaminopropane, 2,5-diamino-2,35-
dimethylhexane, 1,11-diaminoundecane, 1,12-
diaminododecane, 2.,4- and/or 2,6-hexahydrotoluylene
diamine, and 2,4'-diamino-dicyclohexyl methane. Aromatic
polyamines such as 2,4- and/or 2,6-diaminotoluene and 2,4'-
and/or 4,4'-diaminodiphenyl methane are also suitable but
less preferred.

In the above formula, preferably, each R” is independently
an organic group having 1-40 carbon atoms, more
preferably, each R” is independently an alkyl group
(preferably, having 1-20 carbons), which may be branched
or unbranched, and most preferably, each R* is indepen-
dently a lower alkyl group (having 1-4 carbon atoms).

Suitable aspartic ester amines are commercially available
from Bayer (Pittsburgh, Pa.) under the trade designations
“DESMOPHEN” XP-7053, XP-7059, and XP-7109, for
example.

“DESMOPHEN” XP-7053 1s substantially composed of
the following compound:

EtOOC COOEt
:FNH CI, NH—E

EtOOC COOEt

“DESMOPHEN" XP-7059 1s substantially composed of
the following compound:

EtOOC COOEt

TNH—(CHz)ﬁ—NH—[

EtOOC COOLt

“DESMOPHEN” XP-7109 1s substantially composed of
the following compound:

CH;

:rNH—CHz(?HgCHZCHCHZ—NH—/
™~

For particularly advantageous results, one or more amine-
functional coreactants can be used 1n addition to the aspartic
ester amines. These amines (other than aspartic ester
amines) typically function as chain extenders and/or impact
modifiers. The use of such an amine-functional coreactant
can contribute to the presence of soit segments 1n the poly-
mer backbone for improved toughness properties. They can
be primary amines, secondary amines, or combinations
thereof. Preferably, they are secondary amines, a blend of
secondary amines, or a blend of secondary amines and pri-
mary amines. Some primary amines tend to react so rapidly
that they are usetful only 1n small quantities or in combina-
tion with a very slowly reacting 1socyanate, such as
m-tetramethylxylene diisocyanate (TMXDI). In some
instances, a significant amount ol primary amines can be
used, and the overall coating cure rate can be moderated or
slowed down with the use of a slower aspartic ester amine,
such as, for example, “DESMOPHEN" XP-7053. Most
preferably, the amine-functional coreactant comprises a sec-
ondary amine.

BuOOC COOBu

BuOOC COOBu
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The amine-functional coreactant 1s preferably an amine-
terminated polymer. Examples of such polymers include, but
are not limited to, those available from Huntsman Chemaical,
under the trade demgnatlon “JEFFAMINE” polypropylene
glycol diamines such as “JEFFAMINE” D-2000, those
available from B. F. Goodrich, Cleveland, Ohio, under the
trade designation “HYCAR” ATBN (amine-terminated acy-
lonitrile butadiene copolymers), and those disclosed i U.S.
Pat. No. 3,436,359 (Hubin et al.) and U.S. Pat. No. 4,833,
213 (Leir et al.) (amine-terminated polyethers, and espe-
cially polytetrahydrofuran diamines).

A wide variety of polyisocyanates may be utilized in pre-
paring the binder of the present invention. “Polyisocyanate”™
means any organic compound that has two or more reactive
1socyanate (—NCQO) groups 1n a single molecule. Particu-
larly useful polyisocyanates can be aliphatic, alicyclic, or a
combination thereof. This definition imncludes diisocyanates,
tritsocyanates, tetraisocyanates, etc., and mixtures thereof.
Most preferably, aliphatic 1socyanates, including
cycloaliphatic 1socyanates, are used to improve weathering
and diminish yellowing.

Usetul polyisocyanates include, but are not limited to,
those selected from the group consisting of bis(4-
1socyanatocyclohexyl) methane (H,,MDI, available from
Bayer Corp., Pittsburgh, Pa.), diphenylmethane diisocyanate
(MDI, available from Bayer Corp., Pittsburgh, Pa.), 1sophor-
one diisocyanate (IPDI, available from Huels America,
Piscataway, N.I.),, toluene 2,4-diisocyanate (TDI, available
from Aldrich Chemical Co., Milwaukee, Wis.), hexamethyl-
ene diisocyanate (HDI, available from Aldrich Chemaical

Co., Milwaukee, Wis.), m-tetramethylxylene diisocyanate
(TMXDI, available from Aldrich Chemical Co., Milwaukee,
Wis.), and 1,3-phenylene diisocyanate. Mixtures of polyiso-
cyanates can also be used. Furthermore, while monomeric
1socyanates could be usetul, they are not preferred, but could
be used to make adducts and prepolymers that would be
preferred.

Preferred polyisocyanates include derivatives of the
above-listed monomeric polyisocyanates. These derivatives
include, but are not limited to, polyisocyanates containing
biuret groups, such as the biuret adduct to hexamethylene
duisocyanate (HDI) available from Bayer Corp., Pittsburgh,
Pa. under the trade designation “DESMODUR” N-100,
polyisocyanates containing 1socyanurate groups, such as that
available from Bayer Corp., Pittsburgh, Pa. under the trade
designation “DESMODUR” N-3300, as well as polyisocy-
anates containing urethane groups, uretdione groups, carbo-
diimide groups, allophonate groups, and the like. These
derivatives are preferred as they are polymeric and have very
low vapor pressures and negligible free 1socyanate mono-
mer.

There are many useful commercially available adducts of
the monomeric i1socyanates. There are also many useful
adducts and prepolymers that are not presently commer-
cially available that could be prepared, such as for example,
the reaction products of the above mentioned aspartic ester
amines with diisocyanates such as IPDI, TMXDI, and the
like.

The stoichiometry of the polyurea reaction 1s based on a
ratio of equivalents of 1socyanate to equivalents of aspartic
ester amine and optional amine coreactant. Preferably, the
1socyanate 1s used 1n an excess. More preferably, the 1socy-
anate:amine ratio 1s less than about 1.15:1. Even more
preferably, the i1socyanate:amine ratio i1s less than about
1.1:1. Most preferably, the 1socyanate:amine ratio 1s less
than about 1.05:1. The lower ratios of 1socyanate to amine
can potentially lead to the formation of a looser polymer
network and increased viscoelastic damping in the cured
coating.
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8

To achieve desired stoichiometries, the amine and 1socy-
anate components are combined 1n a volume ratio of prefer-
ably about 1:1 to about 5:1 amine to 1socyanate components.
More preferably, the ratio 1s within a range of about 1:1 to
3:1 amine to 1socyanate components. Particularly preferred
ratios are 2:1 and 3:1 amine to 1socyanate components.

The pavement marking compositions of the present inven-
tion are referred to as two-part systems, containing one or
more aspartic ester amines, optionally blended with one or
more amine-functional coreactants (other than an aspartic
ester amine), and one or more polyisocyanates as the two
component reactive system. Additional components such as
various additives can be used to achieve desirable results.
For example, weathering additives such as UV absorbers,
hindered amine light stabilizers, antioxidants, dispersing and
grinding aids, wetting agents, impact modifiers (e.g., rubber
tougheners such as those available under the trade designa-
tions “PARALOID” 2691 and EXL-2330 from Rohm and
Haas), defoamers, suspension stabilizers, biocides, etc., can
be added to the binder to improve the manufacturability and
the overall durability of markings of the present mvention.
Significantly, however, no catalysts are need to achieve
desirable track-Iree times.

Also, pigments (e.g., T10, ) fillers (e.g., talc, CaCO;, clay,
ceramic microspheres, hollow polymeric microspheres, and
hollow glass microspheres), extenders, diluents, plasticizers,
leveling agents, and surfactants can be used. Pigments
impart desired visual appearance properties in the daytime
and contribute to reflective performance of the marking at
night. Fillers and extenders can be used to modity flow prop-
erties of the liquid coating and contribute to the bulk volume
of the final coating with lower cost per volume materials.
Fillers, such as ceramic microspheres, hollow polymeric
microspheres (such as those available under the trade desig-
nation EXPANCEL 551 DE from Akzo Nobel, Duluth, Ga.),
and hollow glass microspheres (such as those available
under the trade designation K37 from Minnesota Mining and
Manufacturing Co., St Paul, Minn.), are particularly useful
and may also be added to achieve a specific volume ratio for
the two components of this two-part coating without signifi-
cantly affecting the reactive chemistry of the coating mix-
ture. The pigments, fillers, and extenders can have a signifi-
cant impact on uncured formulation and cured film density,
film cure profile and track-free time, cured film modulus,
coating adhesion to a substrate, response to thermal cycling,
possible shrinkage of polymer components, abrasion, and
coating durability. Typically at least about 15 weight percent
of the final dried coating 1s made up of such non-soluble
material, more preferably, at least about 20 weight percent
and, most preferably, at least about 25 weight percent. In
some 1nstances, about 30 weight percent to about 42 weight
percent of pigments,l fillers, and extenders can be used.

A particularly preferred type of filler 1s hollow glass
microspheres. Hollow glass microspheres are particularly
advantageous because they demonstrate excellent thermal
stability and a minimal impact on dispersion viscosity and
density. They also are rapidly and easily dispersed with low
shear mixing and demonstrate relatively little equipment
abrasion. Preferably, the microspheres are incorporated into
the amine component for enhanced storage stability. Field
trials have shown that incorporation of at least about 30 vol-
ume percent, and preferably about 30 volume percent to
about 40 volume percent of hollow glass microspheres into
pavement marking compositions of the present invention
result in improved durability of the pavement marking.

The pavement marking compositions of the present inven-
tion are typically applied directly to a tratfic bearing surface
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with or without a primer layer or to a substrate that 1s applied
to the surface. This can be done using spray coating tech-
niques. Typically, the amine component and the 1socyanate
component are applied using a spraying apparatus that
allows the components to combine immediately prior to exit-
ing the apparatus. For example, two-component, high
pressure, airless, impingement mixing systems can be used.

Also, plural component spray equipment with a static mixer
can be used.

An example of an airless, impingement mixing spray sys-
tem 1s manufactured by Gusmer (1 Gusmer Drive,
Lakewood, N.J. 08701-0110). The system will include the
following components: a proportioning section which
meters the two components and increases the pressure to
above about 1500 ps1 (10.34 MPa); a heating section to raise
the temperatures of the two components (preferably,
independently) to control viscosity; and an impingement
spray gun which combines the two components and allows
mixing just prior to atomization. Other manufacturers of
impingement systems include Binks Manufacturing
(Chicago, Ill.) and Glas-Craft (Indianapolis, Ind.).

Another system useful for applying polyurea coatings 1s a
system which uses a static mix tube to achieve blending of
the two components. The system 1s similar to that of the
impingement unit 1n that 1t meters, builds pressure, and heats
the components. However, at the spray gun, the components
are combined and pumped through a length of tubing which
contains elements designed to mix the components prior to
atomizing. This system requires periodic flushing of the
static mix tube to prevent accumulation of cured polyurea
which could plug the spray gun. An example of such a spray
ogun 1s a Binks Model 43P.

Viscosity behavior of the each of the two components 1s
important for two part spray coating processes. With
impingement mixing, the two part should be as close as
possible 1 viscosity at high shear rates to allow adequate
mixing and even cure. The plural component static mix/
spray system appears to be more forgiving of viscosity dif-
ferences between the two components. Characterization of
viscosities as functions of shear rate and temperature can
help with decisions as to starting point for temperatures and
pressures of the coatings in the two part spray equipment
lines.

The liquid pavement marking compositions of the present
invention provide polyurea coatings having conventional
daytime visibility. They can also function as binders to
anchor reflective optical elements. Generally, the reflective
clements do not exceed about several millimeters 1n diam-
cter. When the reflective elements are glass or ceramic
microspheres, they are typically in the range of about 200
micrometers to about 600 micrometers.

The retlective elements can be 1n the form of glass beads
(also referred to as microspheres or microsphere lenses) that
are preferably light transmissible. Chemical treatment of
bead surfaces, such as with an organochromium compound,
may be utilized as known 1n the art to enhance resin to glass
adhesion. Other chemical coupling agents such as silanes,
titanates and zirconates are also known. Additionally, fluoro-
carbon treatment of the glass beads can aid in achieving
substantially uniform hemispherical bead sinkage.

Post-spray applied elements in the form of glass or
ceramic beads or microspheres can also be used as a binder
filler 1n addition to providing night time reflectivity. They
may function similarly to mineral particulates on the wear
surface of a coated abrasive (sandpaper), protecting the
polymeric binder from applied stresses. The microsphere
average diameter, application or coverage rate (weight per
unit area) and surface chemistry (e.g., treatment with cou-
pling agent) affect the durability of pavement markings.
Preferably, typical coverage rates correspond to greater than
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10

about 4 pounds of glass beads per gallon (479 grams/liter) of
binder, more preferably, greater than about 10 pounds per
gallon (1200 grams/liter). This corresponds to, preferably,
greater than about 6 grams glass beads per 300 cm” area, for
a 15 mil (0.4 mm) thick cured film, more preferably greater

than about 15 grams of glass beads per 300 cm” area for a
0.4 mm thick cured film.

The reflective elements can also be in the form of ceramic
microspheres (1.e., beads). “Ceramic” 1s used herein to refer
to 1organic materials which can be either crystalline (a
material having a patterned atomic structure suilicient to

produce a characteristic x-ray diffraction pattern) or amor-
phous (a material having no long range order in its atomic
structure evidenced by the lack of a characteristic x-ray dii-
fraction pattern). Amorphous ceramics are more commonly
known as glasses. Ceramic beads are preferred as they are
more durable and more resistant to wear than are glass
microspheres. Prior to the present invention, ceramic beads
have not been practical to use in painted pavement markings
because the binder has not been sufficiently durable and
adherent to roads.

The ceramic beads or other reflective microspheres can be
applied directly to the binder coated on the pavement sur-
face. Alternatively, they can be applied 1n the form of ret-
roretlective optical elements having vertical surfaces. Verti-
cal surfaces provide better orientation for retroretlection.
Also, they may prevent the build-up of a layer of water over
the retroreflective surface during rainy weather, which other-
wise mterferes with the retroretlection mechanism.

One type of such retroreflective optical elements with ver-
tical surfaces 1s made up of pellets comprising a thermoplas-
tic core coated with ceramic beads. Such reflective elements
and methods of making them are disclosed 1n the published
International Publication No. WO 97/03814 (Bescup, et al.).
Layered elements have been made using polymers having
differing melt behavior. The retroreflective elements include
a plurality of optical elements, such as glass or ceramic
microspheres, partially embedded in the vertical surfaces of
the retlective element core’s central layer. Such reflective
clements and methods of making them are disclosed 1n Inter-
national Publication No. WO 97/28471.

All-ceramic retroreflective elements can be made, which
may be used 1n pavement markings, with greatly improved
resistance to wear and the eflects of weathering. These ret-
roreflective elements are preferably free of metals and poly-
meric material. These retroreflective elements are comprised
of an opacified ceramic core and ceramic optical elements
partially embedded into the core. The opacified ceramic
cores ol these composite reflective optical elements waill
often contain a mixture of amorphous (glass) and crystalline
phases. The retroretlective element may be irregular in shape
or 1n the form of a sphere, disc, tile, etc. The diffuse reflect-
Ing ceramic core, in combination with the transparent optical
clements embedded 1n the surface, provides a surprisingly
bright retroreflective element without the gray coloration
and the susceptibility to corrosion associated with metallic
specular retlectors. Such reflective elements and methods of
making them are disclosed 1n U.S. Pat. No. 5,774,265.

Many other variations ol composite retroretlective ele-
ments or aggregates are known which have a polymeric core

with optical elements embedded in the core surface. See, for
example, U.S. Pat. Nos. 3,252,376; 3,254,563; 4,983,458,;

4,072,403; 4,652,171; and 5,268,789. Other retroreflective
clements can also be constructed having a ceramic core and

glass optical elements with a metallic specular coating. See,
for example, U.S. Pat. Nos. 3,043,196; 3,175,935, 3,556,

637; 3,274 ,888; and 3,486,952; and EP Publication No.
0,322,671. Ceramic retroreflective elements typically
exhibit greater resistance to weathering and to wear. Some
known embodiments also contain optical elements dispersed
throughout the core. The core may be 1rregular 1n shape or
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may be regularly shaped e.g., spheres, tetrahedrons, discs,
square tiles, etc. Retroretlective elements are advantageous
because they can be embedded into inexpensive painted
markings.

12

The batch temperature will increase to 120° F. to 140° F.
(49° C. to 60° C.). A Hegman-type grind gauge 1s used to
monitor dispersion progress. A grind to a particle size of less
than one mil was typically achieved, which corresponds to a

Whatever the type of reflective element, they can be flood . 7.0 on the PC grind scale.
coated onto t}le en‘ﬁre surfaciof the bblﬂd‘f—ff painted on tfhe Step 4: Remaining amine and other liquids are added at this
pavement surface; however, this can be quite expensive for time, with low shear mixing.
ceramic microspheres. Alternatively, the reflective elements _ .-
o : . : Step S: Shear sensitive extenders, such as the hollow glass or
can be positioned only in the most etficient optical part of the | . h dded e o
surface. Control of element placement on liquid markings 1s POLYIMEHE MICTOSPLEIES drc adted 1 POFIVLLS ds TeqUiTe
important for obtaining durable high retroreflectivity. They 10 1O prevent clumpmng, and @sper sed W_lth a low shear
can also be included within one of the components prior to blade, such as a propeller or jitfy-style mixer, and rpms of
mixing and applied, for example, during the spray coating of 500 or less, for 10-135 minutes.
the two-component liquid. The following materials were used to prepare examples of
Also, 1t 1s 1mportant to understand the mechanism of the present invention.
embedment of elements, whether 1n the form of coated pel- s
lets or microspheres. Surface treatment can be used to obtain
appropriate sinkage, not too deep or not too shallow, and
control wetting and capillation of the coating up the sides of Ingredient Description Supplier Iocation
the element. Also, the cure rheology of the two-part binder .
system can affect the ability to sink elements. Amine Component
The .followmg. examples are offered to.further 1lustrate 20 .nrovoPHEN aspartic ester  Bayer Corp.  Pittsbureh, PA
the various specific and preferred embodiments and teqh- XP-71090 diamine
niques. It should be understood, however, that many varia- “DESMOPHEN”  aspartic ester  Bayer Corp. Pittsburgh, PA
tions and modifications may be made while remaining XP-7059 diamine |
within the scope of the present invention. For example, the DESMOPHEN aspartic ester  Bayer Corp.  Pittsburgh, PA
- - - - XP-7053 diamine
particular materials and amounts thereof recited 1n these 5 - \ o -
o _ AFEROSIL fumed silica Degusa Corp.  Ridgefield Park,
examples, as well as other conditions and details, are to be A-200 silica N
interpreted to apply broadly in the art and should not be “AEROSIL” fumed silica ~ Degusa Corp.  Ridgefield Park,
construed to unduly limit the mvention.; R-972 silica NJ
“Ti-PURE” titanium Dupont Wilmington, DE
EXAMPLES R 706 T102 dioxide Company
. . . 30 T1n R 3 . . . .
The following procedure is a typical one useful for prepar- H-PURE Hianium Dupont Wilmington, DE
: : .. R 960 Ti02 dioxide Company
ing the amine component of two-part compositions of the “OMYAC AR B calcium Omya Inc. Proctor, VT
mnvention. 6 calcium carbonate carbonate
Pigment Dispersion Procedure “NICRON” 402 talc talc Luzenac Englewood, NJ
Step 1: In the appropriate mixing vessel, charge one half or America, Inc.
less by wt of the amine component (preferably the most 3> oM “SCOTHLITE® - glass Viimnesota St. Paul, MN
E‘:SS y W : p_ ) Y K37 glass bubbles  microspheres  Mining and
viscous), and the dispersant, 1f used. Mix at low shear Manufacturing
(500—-1000 rpm) for 1 minute to blend. Add T10,, pigment, Co.
il used, i two portions. Mix with Cowles-type impeller DISPERBYK™ 110 dispersant Byk-Chemie  Wallingford, C1
blade, at low shear (500-1000 rpm) for several minutes dispersant additive oA
T ) Ip ? 40 “JEFFAMINE” polyoxypropyl- Huntsman Austin, TX
until uniform consistency. D-2000 diamine  ene-diamine  Corp.
Step 2: Add additional extenders (those which are not shear- “HYCAR” amine BFGoodrich ~ Cleveland, OH
sensitive) to the mixing vessel in several portions, fol- 1300X45 diamine  terminated Specialty
. : - liquid Chemicals
lowed by mixing to avoid clump formation. copolyrmer
Step 3: Once all nonshear-sensitive extenders are added, mix “EXPANCEL” polymeric Akzo Nobel Duluth, GA
at high shear to disperse agglomerated pigment and % 551 DE microsphere microsphere
extenders. This typically requires use of the appropnate ISDGYﬂﬂﬂtet
size Cowles-type blade (e.g. 4 inch (10.2 cm) diameter for =
use 1n 5 gallon (19 liter) pail), at 2,000-3,000 revolutions “DESMODUR” polyisocyanate Bayer Corp. Pittsburgh, PA
per minute (rpm), over the course of 20-60 minutes or N-100
more. The optimum rpm depends on batch size, viscosity " ;D%SOP;[ODUR” polyisocyanate  Bayer Corp.  Pittsburgh, PA
and component types. Additional amine/liquid component _
can be added as required to maintain a viscosity that 1s
appropriate for grinding. The following examples were prepared.
Example
Parts by Weight (Weight Fraction)
Ingredient 1 2 3 4 D 0 7 8 9 10 11 12
Amine Component
“DESMOPHEN” XP-7109 34.48 14.06 12.97 11.65
“DESMOPHEN” XP-7059 36.02 11.34 17.35 17.44 17.29 15.76 10.47 9.4 16.41
“DESMOPHEN” XP-7053 377.08 13.66 20.90 21.01 20.82 19.12 12.61 11.33 19.76 37.66
“AEROSIL” A-200 silica 1.38
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-contmued
Example
Parts by Weight (Weight Fraction)
Ingredient 1 2 3 4 5 6 7 8 9 10 11 12
“AEROSIL” R-972 silica 0.18 0.78 0.17 0.87 0.39 0.18
“T1-PURE” R 706 TiO2 5.87 10.11 10.31 6.55
“T1-PURE” R 960 Ti0O2 37.08 10.28 10.33 10.24 9.4 10.82 9.72 11.01
“OMYACARB” 6 calcium 24.83 27.11
carbonate
“NICRON™ 402 talc 18.01 18.36 18.30 6.89 6.83 15.67 16.20 17.3 14.69
3M “SCOTHLITE” K37 glass 6.39 4.28 1.82 2.91 13.91 13.81 11.21 7.82 0.69
bubbles
“DISPERBYK™ 110 dispersant 0.86
“JEFFAMINE” D-2000 diamine 7.21 6.48
“HYCAR” 1300X45 diamine 7.23
“EXPANCEL” 551 DE 0.84
microsphere
Isocyanate component
“DESMODUR” N-100 27.06 31.04  29.67 30.26 30.42 28.86 25.92
“DESMODUR” N-33000 25.84 31.01 277.81 30.02 27.84
Isocyanate:amine stoichiometric 0.99:1.0 1.17 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
ratio
amine:isocyanate volume ratio 2.0:1.0 2.69:1.0 2.0:1.0 2.0:1.0 2.0:1.0 3.0:1.0 3.0:1.0 3.0:1.0 2.0:1.0 3.0:1.0 2.0:1.0 2.80:1.0
approximate track-free time (min) 12 2 2 3 4 4 4 4 3 3 3 12
without aid of detackification by
glass beads
volume percent hollow micro- 0 27 15 7 10 37 37 31 0 24 2 22
spheres
Coatings were prepared from Example 1 by charging the 30 with a 500 g load using a CS-177 abrader wheel at ambient

pigmented amine component to one chamber and the 1socy-
anate component to the other chamber of a dual chamber
syringe, injecting the two components simultaneously
through a static mixing tube to mix the amine and 1socyanate
components, and using a doctor blade to coat the reactive
mixture onto metal and glass test panels. Coatings were also
applied to paper release liners and allowed to cure. The tar-
geted thickness was 0.38 mm.

Coatings were prepared from large batches (1.e., 20 liters)
of Examples 2 through 10 by charging the filled amine and
1socyanate components to the separate reservoir chambers of
an Airtech two component spraying system and spraying the
coating through a Binks 43P static mix spray gun onto a
pavement surface. Coatings were also spray applied to metal
test panels and paper release liners and allowed to cure. The
target thickness was 0.38 mm.

Coatings were prepared from Examples 11 and 12 by
mixing the amine components as specified 1n the pigment
dispersion procedure. The specified amount of the amine and
1socyanate components were added to a mixing vessel and
blended with low shear mixing. Using a doctor blade, the
reactive mixture was coated onto paper release liners, metal
or glass test panels. The target thickness was 0.38 mm.

For all samples, the cure profile was monitored at 30 sec-
ond intervals, by drawing a tongue depressor across the
sample, and by assessing finger tack. Track-free time was
defined as that time where the cure had progressed to the
point where the material no longer flowed, and had formed a
coherent film.

Testing

The following data 1s useful to characterize the
performance, cure profiles and durability of coatings of the
invention: dry time or track-free time (minutes), abrasion
loss (grams), and retroreflectivity (med/m?/1x) performance
of markings having the retroretlective optical elements.

Abrasion resistance of the coatings can be measured using
a Taber Abraser. Samples of Example 7 coated on aluminum

test panels were weighed and then abraded for 2000 cycles
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laboratory conditions. Wear debris was wiped from the
samples after abrasion and the samples were weighed again.
Average weight loss in grams was 0.0472 compared to a loss
of 0.112 grams for a commercially available water-based
traffic paint.

Pavement markings of the type disclosed 1n this invention
are used to define lanes and therefore applied as continuous
lines on the edge of a lane or 1n dashed lines separating
lanes, referred to as skips. These markings are referred to as
longitudinal markings in that they run parallel to the direc-
tion of travel. In actual use a relatively small percent of
vehicles using the road will actually traverse these markings.

In order to study the wear properties of a traffic marking it
1s common to apply the material to a road surface 1n a trans-
verse pattern, that 1s, applied across the lanes and perpen-
dicular to the direction of travel. In that way each vehicle
will hit some portion of the test line. The wear pattern that 1s
created may be further described as “wheel track™ or the
portion of the line directly 1n the path of the vehicle tire that
receives the highest wear, or “edge line”, the area nearer the
boundary of the lane that 1s less frequently hit. By an analy-
s1s of the performance of a test marking applied 1n this man-
ner 1t 1s possible to study the wear properties of a marking in
an accelerated time frame to provide an estimate of actual
durability.

A test of this type was 1installed comparing the perfor-
mance of the subject marking to two commercially available
pavement marking products. These were chosen as controls
or relerence materials as they are known to provide excellent
durability and more than 2 years of service life as longitudi-
nal markings. The data reported is reflectivity measured
according to ASTM E 1710-95a and taken in the wheel
track, or the area of highest wear. As can be seen from the
table the subject material compared quite favorably with the
commercial products in spite of the lower coating thickness.
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Material Coating Reflectivity in med/m2/1x

Identification thickness (mm) Initial 1 month 4 month 7 month

3M type A340 Tape 1.02 mm 530 448 248 162
Patterned polyester >1 mm 390 X 183% 124
Example #8 0.254 mm 1050 472 177 344
Example #8 0.254 mm 1000 450 2477 254
Example #8 0.381 mm 980 533 281 245

*measurement taken at 3 months

Samples 1 through 10 were applied as described above
and evaluated. The highest durability (defined as retained
anchorage to the substrates) was obtained using those for-
mulations containing a high loading ot hollow glass bubbles/
microspheres. For example, Example 6 containing 37 vol-
ume percent glass bubbles performed better than Example 5,
1 which 1s based on the same coreactants, but contains only
10 volume percent glass bubbles. Also, Example 10, con-

taining 24 volume percent glass bubbles, exhibits better
durability when compared to Example 9, which incorporates
identical coreactants, but contains no glass bubbles.
Furthermore, the “JEFFAMINE” coreactant in Examples 9
and 10, and the “HYCAR” amine terminated copolymer
both increased the flexibility and tear resistance of the coat-
ings generated. Also, amine selection can impact coating
durability. Example 8 exhibits better durability compared to
Example 2. In this mstance, the higher modulus film formed
in Example 8, using the stitfer XP-7053 and XP-7059 aspar-
tic ester amine components, 1s found to impart improved
durability performance, when compared to Example 2,
which 1s based on the more flexible XP-7109 amine. The
addition of the dispersant in Example 8 lowers viscosity and
improves shelf stability of the filled amine component.

In actual use, markings based on Examples 2 and 8 have
been applied at —8C. and the coating was found to cure with
track free times of less than 5 minutes.

All patents, patent documents, and publications cited
herein are incorporated by reference as 11 individually mcor-
porated. The foregoing detailed description has been given
tfor clarity of understanding only. No unnecessary limitations
are to be understood therefrom. The invention 1s not limited
to the exact details shown and described, for variations obvi-
ous to one skilled 1n the art will be included within the mven-
tion defined by the claims.

What 1s claimed 1s:

1. A pavement marking comprising:

a binder having polyurea groups, wherein the binder 1s

prepared from a coating composition comprising:,

one or more aliphatic secondary amines;

one or more polyisocyanates; and

material selected from the group of fillers, extenders,
pigments, and combinations thereof; and

reflective elements:

wherein the pavement marking has a retained reflectiv-
ity of at least about 100 mcd/mlux after at least
about 2 years 1n use as longitudinal traffic markings
as measured according to ASTM E 1710-95.

2. A pavement marking comprising;

a binder having polyurea groups, wherein the binder 1s
prepared from a coating composition comprising:
one or more aliphatic secondary amines comprising an
aspartic ester amine;
one or more polyisocyanates; and
material selected from the group of fillers, extenders,
pigments, and combinations thereof; and
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retroreflective optical elements having vertical sur-
faces.
3. A pavement marking comprising:
a binder having polyurea groups, wherein the binder 1s
prepared from a coating composition comprising:
one or more aliphatic secondary amines;
one or more polyisocyanates; and
material selected from the group of fillers, extenders,
pigments, and combinations thereof; and

reflective elements:

wherein the coating composition has a minimum applica-
tion temperature of at least about 7° C. and a track-free
time of no greater than about 5 minutes.

4. A pavement marking comprising;:

a binder having polyurea groups, wherein the binder 1s
prepared from a coating composition comprising:
one or more aliphatic secondary amines;
one or more polyisocyanates; and
material selected from the group of fillers, extenders,

pigments, and combinations thereof; and

reflective elements comprising ceramic microspheres.
5. A pavement marking comprising:
a binder having polyurea groups, wherein the binder 1s
prepared from a coating composition comprising:
one or more aliphatic secondary amines;
one or more polyisocyanates; and
material selected from the group of fillers, extenders,
pigments, and combinations thereof; and

retroreflective optical elements having vertical surfaces;

wherein the coating composition 1s substantially free of
volatile organic components.

6. A pavement marking comprising:

a binder having polyurea groups, wherein the binder 1s
prepared from a coating composition comprising:
one or more aliphatic secondary amines;
one or more polyisocyanates; and

material selected from the group of fillers, extenders,
pigments, and combinations thereof; and

reflective elements;

wherein the coating composition has an open time of at
least about 30 seconds.
7. A pavement marking comprising;:
a binder having polyurea groups, wherein the binder 1s
prepared from a coating composition comprising:
one or more aliphatic secondary amines;
one or more polyisocyanates; and
material selected from the group of {illers, extenders,
pigments, and combinations thereof, wherein the
filler comprises hollow glass microspheres; and

reflective elements.
8. A pavement marking comprising:
a binder having polyurea groups, wherein the binder 1s
prepared from a coating composition comprising:
one or more aliphatic secondary amines;
one or more polyisocyanates; and
material selected from the group of fillers, extenders,
pigments, and combinations thereof 1n an amount of
at least about 15 weight percent, based on the weight
of the final dried coating; and

reflective elements.

9. The pavement marking of claim 8 comprising material
selected from the group of fillers, extenders, pigments, and
combinations thereof in an amount of about 30 weight per-
cent to about 42 weight percent, based on the weight of the
final dried coating.
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10. A pavement marking comprising a binder having
polyurea groups, wherein the binder 1s prepared from a
sprayable, two-part coating composition substantially free of
volatile organic components and comprising an amine com-

18

about 7° C. and a track-free time of no greater than

about 5 minutes.
22. The two-part liquid pavement marking composition of
claiam 21 wherein the amine-functional coreactant 1s an

ponent comprising one or more aspartic ester amines and an 5 amine-functional polymer.

1socyanate component comprising one or more polyisocyan-
ates; wherein:

at least one of the amine component and the 1socyanate
component further comprises material selected from
the group of fillers, extenders, pigments, and combina-
tions thereof; and

the coating composition has a minimum application tem-
perature of at least about 7° C. and a track-iree time of

no greater than about 5 minutes.
11. The pavement marking of claim 10 which has a

retained reflectivity of at least about 100 mcd/m*/lux after at
least about 2 years 1n use as longitudinal traffic markings as

measured according to ASTM E 1710-93.
12. A coating composition comprising:
one or more aliphatic secondary amines;

one or more polyisocyanates; and

material selected from the group of fillers, extenders,
pigments, and combinations thereof; and

wherein the coating composition has a minimum applica-
tion temperature of at least about 7° C., a track-free
time of no greater than about 5 minutes, and forms a
pavement marking having reflective elements with a
retained reflectivity of at least about 100 mcd/m~/lux
alter at least about 2 years 1n use as longitudinal traflic
markings as measured according to ASTM E 1710-93.

13. The coating composition of claim 12 wherein the one
or more aliphatic secondary amines comprise a secondary
amine-functional polymer.

14. The coating composition of claim 12 wherein the one
or more aliphatic secondary amines comprise an aspartic
ester amine.

15. The coating composition of claim 12 which has a
mimmum application temperature of at least about —4° C.

16. The coating composition of claim 12 which 1s substan-
tially free of volatile organic components.

17. The coating composition of claim 12 which has an
open time of at least about 30 seconds.

18. The coating composition of claim 12 wherein the filler
comprises hollow glass microspheres.

19. The coating composition of claim 12 comprising
material selected from the group of fillers, extenders,
pigments, and combinations thereof 1n an amount of at least
about 15 weight percent, based on the weight of the final
dried coating.

20. The coating composition of claim 19 comprising
material selected from the group of fillers, extenders,
pigments, and combinations thereol 1n an amount of about
30 weight percent to about 42 weight percent, based on the
weight of the final dried coating.

21. A sprayable two-part liquid pavement marking com-
position comprising:

an amine component comprising one or more aspartic

ester amines and optionally one or more amine-
functional coreactants; and

an 1socyanate component comprising one or more poly-
1socyanates; wherein
the amine component, the 1socyanate component, or
both further comprise material selected from the
group of fillers, extenders, pigments, and combina-
tions thereof;
the pavement marking composition 1s sprayable, and
has a mimmum application temperature of at least
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23. A sprayable two-part liquid pavement marking com-
position comprising:
an amine component comprising one or more aspartic

ester amines and optionally one or more amine-
functional coreactants; and

an 1socyanate component comprising one or more poly-

1socyanates; wherein:

the amine component, the isocyanate component, or
both further comprise reflective elements and mate-
rial selected from the group of fillers, extenders,
pigments, and combinations thereof,

the pavement marking composition 1s sprayable, and
has a minimum application temperature of at least
about 7° C. and a track-free time of no greater than
about 5 minutes.

24. The two-part liquid pavement marking composition of
claim 23 wherein the reflective elements comprise ceramic
microspheres.

25. A ftraflic bearing surface having thereon a pavement
marking comprising;

a binder having polyurea groups, wherein the binder 1s

prepared from a coating composition comprising:

one or more aliphatic secondary amines;

one or more polyisocyanates; and

maternial selected from the group of fillers, extenders,
pigments, and combinations thereof; and

retroreflective optical elements having vertical surfaces.

26. A traific bearing surface having thereon the pavement
marking of claim 10.

27. A pre-formed pavement marking comprising a sub-
strate having coated thereon the pavement marking of claim
10.

28. A method of preparing a pavement marking, the
method comprising:

providing an amine component comprising one or more

aliphatic secondary amines;

providing an i1socyanate component comprising one or
more polyisocyanates;

providing material selected from the group of fillers,
extenders, pigments, and combinations thereof 1n either

the amine component, the isocyanate component, or
both;

combining the amine component and the 1socyanate com-
ponent to form a coating composition having a mini-
mum application temperature of at least about 7° C.,
and a track-iree time of no greater than about 5 min-
utes;

applying the coating composition to a surface; and

applying reflective elements to the composition coated on
the surface to form a pavement marking having retlec-
tive elements with a retained reflectivity of at least
about 100 mcd/m?/lux after at least about 2 years in use
as longitudinal traific markings as measured according
to ASTM E 1710-93.
29. The method of claim 28 wherein the surface 1s a traific
bearing surface.
30. The method of claim 28 wherein the pavement mark-
ing further comprises retlective elements.
31. The method of claim 30 wherein the reflective ele-
ments are applied to the composition coated on the traffic
bearing surface.
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32. The method of claim 28 wherein the step of applying
the coating composition comprises spraying the coating
composition.

33. The method of claim 28 wherein the amine and 1socy-
anate components are combined 1n a volume ratio of about
2:1 amine to 1socyanate.

34. The method of claim 28 wherein the amine and 1socy-
anate components are combined 1n a volume ratio of about
3:1 amine to 1socyanate.

35. A method of marking a traflic bearing surface, the
method comprising:

providing an amine component comprising one or more

aspartic ester amines and optionally one or more
amine-functional coreactants;

providing to 1socyanate component comprising one or
more polyisocyanates;

providing material selected from the group of fillers,
extenders, pigments, and combinations thereof 1n either
the amine component, the 1socyanate component, or

both;

combining the amine component and the 1socyanate com-
ponent to form a coating composition having a mini-
mum application temperature of at least about 7° C.,
and a track-free time of no greater than about 5 min-
utes,

spraying the coating composition onto a traific bearing
surface; and

applying retlective elements to the composition coated on
the traffic bearing surface to form a pavement marking.
36. A sprayable two-part liquid pavement marking com-
position comprising:
an amine component comprising one or more aspartic
ester amines and optionally one or more amine-
functional coreactants; and

an 1socyanate component comprising one or more poly-
1socyanates; wherein:
the amine component, the 1socyanate component, or
both further comprise material selected from the
group of fillers, extenders, pigments, and combina-
tions thereof;
the pavement marking composition 1s sprayable, and
has a mimmum application temperature of at least
about 7° C., an open time of at least about 30
seconds, and a track-free time of no greater than
about 5 minutes.
37. A sprayable two-part liquid pavement marking com-
position comprising:
an amine component comprising one or more aspartic
ester amines and optionally one or more amine-
functional coreactants; and

an 1socyanate component comprising one or more poly-

1socyanates; wherein:

the amine component, the 1socyanate component, or
both further comprise material selected from the
group of fillers, extenders, pigments, and combina-
tions thereof;

the pavement marking composition 1s sprayable and
forms a pavement marking having retflective
clements, and has a minimum application tempera-
ture of at least about 7° C. and a track-1ree time of no
greater than about 5 minutes.

10

15

20

25

30

35

40

45

50

55

60

20

38. A pavement marking comprising reflective elements
and a binder having polyurea groups, wherein the binder 1s
prepared from a sprayable, two-part coating composition
substantially free of volatile organic components and com-
prising an amine component comprising one or more aspar-
tic ester amines and an isocyanate component comprising
one or more polyisocyanates; wherein:

at least one of the amine component and the 1socyanate
component further comprises material selected from
the group of fillers, extenders, pigments, and combina-
tions thereof; and
the coating composition has a mimimum application tem-
perature of at least about 7° C. and a track-free time of no
greater than about 5 minutes.

39. The pavement marking of claim 1 wherein the pave-
ment marking has a vetained reflectivity of at least about 150
med/m”/lux.

40. The pavement marking of claim 11 wherein the pave-
ment marking has a vetained rveflectivity of at least about 150
med/m*/lux.

41. The coating composition of claim 12 wherein the
pavement marking has a retained veflectivity of at least
about 150 med/m”/lux.

42. The method of claim 28 wherein the pavement mark-
ing has a retained reflectivity of at least about 150 mcd/m*/
[ux.

43. The pavement marking of claim 2 wherein the vetrove-
flective optical elements comprise glass ov ceramic micro-
spheres partially embedded in the vertical surfaces of a
reflective element core.

44. The pavement marking of claim 43 wherein the ret-
rorveflective elements comprise an opacified cevamic core
and cervamic optical elements partially embedded in the
core.

45. The pavement marking of claim 43 wherein the ret-
rorveflective elements comprise a polymeric cove and optical
elements embedded in the core surface.

46. The pavement marking of claim 5 wherein the vetrove-
flective optical elements comprise glass ov ceramic micro-
spheres partially embedded in the vertical surfaces of a
reflective element core.

47. The pavement marking of claim 46 wherein the ret-
rorveflective elements comprise an opacified cevamic core
and cervamic optical elements partially embedded in the
core.

48. The pavement marking of claim 46 wherein the ret-
rorveflective elements comprise a polymeric cove and optical
elements embedded in the core surface.

49. The traffic bearing surface of claim 25 wherein the
retroreflective optical elements comprise glass or ceramic
microspheres partially embedded in the vertical surfaces of
a reflective element cove.

50. The traffic bearing surface of claim 49 wherein the
retroveflective elements comprise an opacified ceramic core
and cervamic optical elements partially embedded in the
core.

51. The traffic bearing surface of claim 49 wherein the
retroveflective elements comprise a polymeric core and opti-
cal elements embedded in the core surface.
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