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. PROCESS FOR IMPROVING IMPACT
, RESISTANCE OF COATED PLASTIC SUBSTRATES

BACKGRQUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process for
improving the impact resistance of plastic substrates,
such as those used as ophthalmic lenses, by applying to

5 at least one surface of the plastic substrate a primer
“ layer consisting of an aqueous thermosetting
polyurethane dispersion which can be cured by air drying
at ambient temperature before another layer is applied
over it.

10 2. Description of Related Art ‘
Clear, transparent plastic materials are widely used

as substitutes for glass in many applications in view of
their unique properties, such as lighter weight, ease of
handling, and ease of formation of articles. Plastic

15 materials are not without shortcomings, however, as most
plastics are soft and scratch quite readily. :
Consequently, it has become customary to coat plastic
materials with organic or siloxane coating compositions
to provide an abrasion resistant "hard coat" before

20 using them in certain applications. Preferably, such
hard coats are clear, unpigmented coatings. Exemplary

{ organic coatings include heat curable epoxy and
polyurethane resins and ultraviolet light curable
acrylic resins. Although such organic coatings tend to

25 be less expensive than siloxane coatings, their abrasion
resistance generally is not as good.

Many siloxane coating compositions are known which,
when applied to a substrate and*cured, provxde a highly
abrasion resistant coating on the surﬁaée of the plastic
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NoOS » 4390373 and 4442168 to Whlte et al, Nos. 4500669 4540634,
4571365 and 4702773 to Ashlock et al, No. 4753827 to Yoldas, and
Nos. 5013608 and 5102695 to Guest et al. The hard coats
described in these patents have been widely used to impart
aprasion resistance to plastic lenses, including those used in
_ eye glasses and safety goggles, windows in buildings and motor
~ venhicles, plastic panels and other articles where an abrasion
resistant or scratch resistant surface coating is of importance.
However, such abrasién resistant hard cocats are also known to
15 reduce the impact resistance of a plastic substrate in certain
applications.
EP-A-0404111 discloses a process for the production of
plastic lenses comprising applying to the plastic lens substrate
a thermosetting polyurethane layer, a second hard coat silicone
20 layer and an anti-reflection layer.
In recent years, plastic materials with increasingly
higher refractive indexes have been used to make ophthalmic
_ lenses. As their refractive index increases, the thickness of
‘.' the lens required to achieve the same level of correction
25 decreases. The resulting lens is thinner and lighter and,
therefore, more attractive to the user. These higher refractive
index plastic materials, however, still tend to be relatively
soft and scratch more easily than glass. Known organic or
siloxane coating compositions can be applied to these plastic
30 materials to provide a protective abrasion resistant coating.
However, when such a hard is applied to these higher refractive
index plastic materials, their impact resistance tends to
decrease -in comparison ko the uncoated plastic material. This is
a serious disadvantagej'particularly since the decrease may be

35 large enough to reduce the impact resistance



‘Many sil oxane coati ng conpositions are_ known “ihi ch, whenTapplied to a
substrate and cured, provige a hlghly abr asion: resLsIanﬁhg%ﬁ ﬁgﬂg

coating conpositions described in United States Patent No

surface of the plastic ' ’ subst+'ate ".Foreppst anp I‘ﬁd

4027073 to O ark,

Nos. 43.77175, 4242416 and 4245113 to

4177315 to Ubersax Nos. 4188451 and 4218508 t® Hunphrey, Nos. 4207357
4242381 and 4242383 to Goosens, No. 4355133 to Januyary, Nos. 4390373 and
4442168 to Wite &elaw INRImumgeyernmenesfand ards.”” moreover,

15

20

25

30

35

appllcatlon of additional coating layers, such as anti-
reflective coatings, to these coated plastic materials
may also reduce further their impact strength
properties.

One approach to solving this problem is to apply an
elastomeric primer layer of a thermoplastic polymer
resin, e.qg., a polyurethane, between the plastic
substrate and the abrasion resistant coating. The
elastomeric layer serves as an energy absorbing layer to
prevent cracks that form in the hard coat upon impact
from propagating into the plastic substrate. However, a
thermoplastic resin lacks a crosslinked structure and
can be adversely affected by solvent or monomer-
containing overcoats. Consegquently, when a plastic
material to which a thermoplastic polymer primer layer
has been applied is subsequently immersed in or coated
with an organic or polysiloxane coating solution, the
solvent or monomer therein may dissolve the
thermoplastic primer layer and cause it to be eluted in
the abrasion resistant coating solution. This has a
deleterious affect on the transparency of the abrasion
resistant coated article. The thermoplastic primer
layer may also lose its transparency or become whitened
as a result of being attacked by the solvent.

To avoid these problems, it has been suggested that
the primer layer should consist of a thermoset
polyurethane in at least one organic solvent, with the
polyurethane being formed from a blocked isocyanate
which requires the application of heat to disassociate
the blocking agent; so that the isocyanate group can
reaét with the a€tive hydrogen of the peolyol and -
crosslink. Use of a blocked isocyanate prevents this
reaction from taking place at room témperature.
However, the addition of a heating'étep to cure the
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thermoplastic polymer primer layer or heating a solvent-

P 10 based thermoset polyurethane primer layer to cure it
t‘. before another coating composition can be applied over
it.

SUMMARY OF THE INVENTION

The present invention provides a process for

15 improving the impact resistance of a plastic substrate
by applying directly to at least one surface of the
substrate a primer layer consisting of an agueous
polyurethane dispersion which can be sufficiently cured
by air drying at ambient temperature before another

20 coating layer is applied over it. Unexpectedly and

( surprisingly, the aqueous polyurethane dispersion cures
“' sufficiently at ambient temperature so as not to require

the addition of heat or other radiation to cure it
before another coating, such as an abrasion resistant

25 coating composition, can be applied over it without
dissolving or otherwise attacking the polyurethane
primer layer. Preferably, an organic or siloxane
abrasion resistant coating composition can be applied
directly over the polyurethane primer layer of the

30 present invention 1n less than one hour. The
combination of the’polyurethane primer layer and a
protective hard coat provides an impact enhancing,
abrasion resistant coating system with strong
interfacial adhesion that is preferably transparent for
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application onto plastic articles such as opnthalmic
jenses and safety eye wear.

The agqueous colloidal polyurethane dispersions
are anionic stabilized with a pH in the range of 7 to 9,
a solids content ranging from 5% to 40%, and an average
particle size in the range of 10 to 100 nanometers. Upon
air drying at ambient temperature, the aqueous
polyurethane dispersion self-crosslinks to form a
{ thermoset, preferably transparent, film which provides a
‘lo tough, resilient primer layer having strong adhesion to

the plastic substrate.

The cured primer layer also imparts strong
adhesion to a variety of organic or polysiloxane coating
compositions well-known in the art that can be used to

15 form the protective hard coat. Such coating compositions
may be thermally cured or cured by radiation to provide a
hard coat that is preferably transparent. Particularly
preferred coating compositions that are thermally cured
include colloidal dispersions of colloidal silica or

20 other water insoluble dispersants in a water-alcohol
solution of the partial condensation of silanol.

) Particularly preferred radiation-curable coating
compositions include known acrylate and silane/acrylate-
based coatings. Known anti-reflective metal oxide

25 coatings, such as indium tin oxide, may also be applied
as a hard outer coat. 1In addition, the protective hard
coat may be selected to provide rapid and deep
tintability as is known in the art.

The plastic substrates are preferably transparent

30 and include, but are not limited to, polycarbonates and
acrylics, both stretched and cast, particularly CR-39®
plastic from PPG IndGstry and high refractive index
polymers.
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A ’ curing the coating composition to form a protective hard
coat.

The plastic substrate may be selected from any of

the plastic materials suitable for use as a plastic lens

15 in eye glasses or safety goggles, or as a window in
buildings or motor vehicles, including airplanes and
automobiles. Such materials generally include
transparent plastics, including, but not limited to,
polycarbonates and acrylics, both stretched and cast.

20 Particularly useful plastic substrates include CR-39%
plastic, i.e., poly(diethylene glycol bis allyl

carbonate) made by PPG Industry; two proprietary plastic

-

materials having high refractive index which are
commercially available from Mitsui-Toatsu, a Japanese
25 company, and are known as MR-6 and MR-7 plastics;
polyester; cellulose acetate butyrate; and
acrylonitrile-butadiene-styrene. Also particularly
preferred are plastic lenses made from a polymer
obtained by radical-polymerization of a monomer mixture
30 containing an N-substituted phenylmaleimide derivative.

The process of;haking plastic lenses from such
materials is well known in the art. In sum, it
comprises (1) casting a monomer mixture into a mold
preferably formed from a glass mold and having a gasket
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material from the glass mold, and then post-curing it at
5 a predetermined temperature for a predetermined period
of time to obtain the plastic lens, or (2) injection or
compression molding a polymer, e.dg., acrylic or
polycarbonate polymers, into a lens configuration.

A primer layer consisting of an aqueous polyurethane
.o 10 dispersion is applied directly to at least one surface
~ of the plastic substrate. In general, an agueous
polyurethane dispersion typically is a polyurethane-
polyurea, ji.e., a polymer characterized by the
occurrence of both urethane
15 (-NH-CO-0-) and urea (-NH-CO-NH-) groups in a macro-
molecular chain. These groups are formed by well-known
polyaddition reactions between polyisocyanates and
polyols, leading to polyurethane segments, and between
polyisocyanates and polyamines, leading to polyurea
20 segments. The selection of particular polyisocyanates,
polyols, and polyamines suitable for the production of
an aqueous polyurethane dispersion is generally the same
as that known from conventional polyurethane chemistry.
X In particular, however, the isocyanate must exhibit
25 sufficient stability towards water during processing.

T he urethane polymer of the present
invention is formed by condensation of a multi-
functional isocyanate with a polyol and an anionic diol,
such as dimethylolpropionic acid. When this high

30 molecular weight prepolymer is dispersed in water in the
presence of a dlspersxng agent, particularly a tertiary
amine, such as trlﬁthanolamlne, it forms an anionically
stabilized colloidal dispersion. In addition, the
agqueous polyurethane dispersion may be blended with

35 anionically stabilized acrylic emulsions. The aqueous



4 FF thernDset pol yur et hane prlnertlayer.before a protective hard coat
can be applied over it is expensive,-: adds. undue conplex4[y 10 the process,
and is generally not desirable. Mreover,” thé. solvent(s) _ray also
aggressively attack the plastic substrate. Accor di ngly,” t he need
exists for a process to inprove the inpact resistance of @hpmﬁégﬁ§hﬂmR lmw
primer |ayer or heating a solvent- based thernoset polyure ﬂl
polyurethane dispersion preferably has a pH in the range
of 7 to 9, a solids content ranging from 5% to 40%, and

| ayer to cure it before another coating conposition can be
SUVVARY COF THE | NVENTI ON 8

substrate which does not require the application of a therqﬂm!

an average particle size in the range of 10 to 100 nm.
such small particles are preferred so that the cured
polyurethane will be transparent; however, in order to
form and maintain such small particles, the aqueous
polyuréthane dispersion must be anionically stabilized.
- particularly preferred commercially available agqueous
" ai polyurethane dispersions include Witcobond® W-240,
‘ 10 available from the Organics Division of Witco Corporation
in Houston, Texas, and NeoRez® R-9637, available from ICI
Resins US in Wilmington, Massachusetts. Because these
commercially available aqueous polyurethane dispersions
do not separate from plastic substrate after the coated
15 substrate is boiled in water for three hours, they are
particularly suitable for use as primer layers in the
process of the present invention when the protective hard
coat is tinted using a tinting bath at elevated
temperature as is known in the art.
20 .
Preferred isocyanates for forming an aliphatic
4 polyurethane include isophorone diisocyanate,
dicyclohexylmethane diisocyanate, e.g., Desmodur wv~,
available from Miles Inc. in Pittsburgh, Pennsylvania,
25 hexamethylene diisocyanate, and tetramethylxylylene
diisocyanate. In certain applications where light
stability is not required, or where low cost is
necessary, aromatic urethanes formed by using toluene
diisocyanate or diphenylmethane diisocyanate may be used.
30
A wide range of commercially available polyols,
including linear’:r slightly branched polyether,
polyester, and polycarbonate polycls can be used in
forming the polyurethane of the present invention.
35 Particularly preferred polyols include polyether diols
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5 ‘may be used to impart special properties.

When polyurethane dispersions are formed in an
agueous medium, the isocyanates may also react with the
water. Water hydrolyzes isocyanate groups to yield
amines and evolve carbon dioxide. Aminoc groups formed in

’10 this manner can then react with the remaining isocyanate
groups to form urea linkages which will contribute to the
extension of the macro-molecular chain, as well as to the
typibal properties of an aqueous polyurethane dispersion.
However, this isocyanate/water reaction is preferably

15 minimized during the production of high performance
polyurethane dispersions because the evolution of CO,
undesirably results in severe foaming. Moreover, agueous
polyurethane dispersions which have been built up
predominantly by such "water chain extension" tend to be

20 inferior in polymer performance to those polyurethanes
which have been chain extended by polyamines.

’ The primer layer is formed by cocating the plastic
substrate with an agueous polyurethane dispersion, and
then allowing the agueous polyurethane dispersion to air

25 dry at ambient temperature until cured sufficiently to
allow another coating composition to be applied over it
without dissolving or otherwise attacking the primer
layer. By "ambient temperature" is meant 21 to 27°C (70°
to 80°F). This curing time will vary depending on the

30 particular agqueous polyurethane dispersion and on
envirormental air ve;Bcity and humidity conditions, but
is preferably less than one hour, and most preferably'

less than 15 minutes. Particularly preferred agqueous

polyurethane dispersions can be cured
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sufficiently by air drying in less than five minutes.

The thickness of the primer layer may range from 0.05 to
5 pm, and preferably from 0.1 to 2.0 um. When the
thickness is less than 0.05 um, the primer layer may not
significantly improve the impact resistance of the
plastic substrate, while thicknesses greater than 5 um
tend to unnecessarily increase drying and curing times.
The aqueous polyurethane dispersion, upon curing, forms a
¢ thermoset polyurethane film that is preferably

10 transparent.

The process of the present invention includes
applying at least one other coating composition over the
polyurethane primer layer. Such coating compositions

15 preferably form abrasion resistant coatings upon curing,
and include organic and polysiloxane coatings well-known
in the art that can be thermally cured or cured by
radiation. Thermally cured coatings formed by silica-
containing mixtures, such as colloidal silica or silica

20 gel, or other water insoluble dispersants, include metals

‘ and alloys, salts, oxides and hydroxides thereof, and

‘w, hydrolyzable silanes in a hydrolysis medium, such as
alcohol or water, are particularly preferred. See, for
example, United States Patent Nos. 3,986,997, 4,027,073,

25 4,177,175, 4,177,315, 4,188,451, 4,207,357,

4,218,508, 4,242,381, 4,242,383, 4,242,416,
4,275,118, 4,390,373, 4,442,168, 4,500,669,
4,540,634, 4,571,365, 4,702,773 and 4,753,827. Coating
compositions that form an abrasion resistant coating when

30 cured that is tlntable are particularly suitable in the
process of the present invention. See, for example,
United states Patent Nos. 4,355,135, 5,013,608 and
5,102,695. Preferred protective hard coatings that can
be cured by ultraviolet light include Chung,
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view of its greater abrasion resistance, hard coats

formed from Xnown organic coatings may also be used
where such abrasion resistance is not required. 1In
10 particular, acrylate-based coatings that are preferably
’ cured by exposure to radiat.:ion may also be used, such as
those described in Hodnett, III, United States Patent
No. 5,114,783, Yoshimara et al., United States Patent
No. 4,499,217, and Bilkadi, United States Patent No.
15 5,104,929,

After the polyurethane primer layer has been covered
by a protective coating composition, curing or
polymerization of the top coating can be achieved

20 thermally or by irradiation. When the coated substrates
are heated by placing them in a curing oven,
; temperatures in the range of © 50°C. to 150°C.
’ can be used for most plastic substrates, provided that
the time of curing and the temperature do not combine to
25 soften and distort the plastic substrate. Consequently,
a temperature of 80°C to 130°C is preferred
for curing the top coating.

When the coatings are cured by irradiation,
polymerization may be initiated by any source of
30 ionizing radiation capable of producing free radicals,
including infraredf'gamma radiation, microwave, and by
electron beam or ultraviolet radiation. When
polymerlzatlon is by ultraviolet radiatlon, the coating
composition will typically include a photoxnltlator
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particul ar, transparent coated plasti¢.substtates, by appﬁ§
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surface of the substrate, curing the aqueous pol yurethane Ir
drying at anbient tenperature, applying a coding conposition that fornB an
abr.asi on resistant coating over the prinmer |ayer, and
compound as known in the art for curing UV curable
compositions. Ultraviolet light is one of the most
widely used types of radiation for curing chemical
compositions because of its relatively low cost, ease of
maintenance, and low potential hazard to industrial
users. Rapid photo-induced polymerizations utilizing
ultraviolet light instead of thermal energy for curing
hard coatings offer substantial economic benefits, and
expend considerably less thermal energy than
10 conventional heat cure systems. Many plastic materials
which are particularly heat sensitive can be safely
coated and cured with ultraviolet light without the need
to use thermal energy which can damage such substrates.
Also, radiation cured coatings can utilize lower amounts
15 of solvents, thereby reducing the necessity for
expensive and time consuming pollution abatement

procedures.

Known inorganic anti-reflective coatings may also be
applied over the polyurethane primer layer, or over hard
20 coats covering the primer layer, using deposition
techniques well-known in the art, such as vacuum
deposition, sputtering or ion plating. Preferred
inorganic coatings include metal oxides, such as indium
tin oxide.

25 Each respective coating layer is applied
individually to the plastic substrate and at least
partially cured prior to the application of the next
coating layer. If the primer layer has not been fully
cured by air drying at ambient temperature, but only

30 cured sufficiently so that it is not dissolved or
otherwise attacked.by the coating composition applied
over it, then curihg the top coat by heat or irradiation
will also fully cure the primer layer.
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I ncl udi ng, but not limted to, polycarbonates and acryl ? t ched
and cast. Particularly useful plastic substrates include =39 er

plastic, i.e., poly(diethylene glycol bis allyl carbonate) made by PPG

I ndustry; two proprietary plastic materials having high refractive index
whi ch are commercially avail abl e from M tsui -Fbatsu, a Japanese conpany,

and are known as MR-6 and MR-7 plastigcs; pol e&ter' cel Jul ose acetate
butyrate; and acrylonltr|¢¥§%ﬁﬂ%&9¥méé%?y %ﬁ%? APEBShERERE UPEr FYepPERSEREY
are plastic | ensesv@fiei dd qse@f feh Ypest okiten neble byhickineas- pol yneri zation
of a monorer i xt e, cont.ai nl ng. A0, N HRRk i LBLESEHERY' EBLEI T 68 10 um,
preferably from 3 to 5 pm, to provide a total coating
5 thickness ranging from 1.0 to 15.0 gm, preferably from
3.0 to 7.0 um. Thicknesses within these ranges allow
optimum improvement in abrasion resistance without
impairing the optical clarity of the coated substrates

\ such as by, e.g., cracking.

Before the primer layer is applied, the plastic
substrate is preferably cleaned using techniques known in
the art. Both the primer layer and the coating
compositions applied over the primer layer can be applied

15 by common coating methods such as dip coating, spraying,
brushing, spin coating, roller coating, flow coating or
cascading. The application methods are conventional and
may be selected depending upon the nature of the
substrate, the desired thickness, and other factors. Dip

20 coating and other coating techniques that coat both sides
of a substrate may also be used, or single side coating

1' techniques may be repeated on each side of a substrate if
desired. These various methods of coating allow the
coating to be placed on at least one surface of the

25 substrate at variable thicknesses, thereby allowing a
wider range of uses of the particular coatings.

In order to more fully and clearly describe the
present invention so that those skilled in the art may
30 better understand how to practise the present invention,
the following examﬁles are given. These are intended to
illustrate the invention and should not be construed as
limiting the invention disclosed and claimed herein in
any manner.



The process of naking plastie | enses-fromsuch -materials.is, we]l known in
the art. In sum it conprlses (1) caStizng. a WDHGHBF n1x£ur££1nto a nol d
preferably fornmed froma gl ass nol d-and. haV|ng argasket fatedm
an et hyl ene-vinyl acetate copol mer, heating the mold to

tenperature for a predetermned tinme, renoving the result

material fromthe glass nold, and then post-curing it at

tenperature for a predeterm ned period of ti to obtain t e plastlc | ens,

or (2) injection o&a%gzgrissiOn nol ding a polyner, e.g., acrylic or
; To show the benefits of the present invention, the
process of the present invention was used to coat
several different plastic substrates with Witcobondow-
5 240, an agueous polyurethane dispersion, and SILVUE®
339, a colloidal silica filled siloxane coating based on
methyltrimethoxysilane and gamma glycidoxypropyl-
trimethoxysilane which is commercially available from
SDC Coatings Inc. in Anaheim, California, and which is
10 made in accordance with the teachings of January, U.S.
patent No. 4,355,135. The agueous polyurethane
‘ dispersion was applied to each plastic substrate by dip
coating, and then allowed to cure by air drying at
ambient temperature for 15 minutes, resulting in a
15 primer layer having a thickness of about 2.0 um
Unexpectedly and surprisingly, when the SILVUE® 339
coating composition was applied over the primer layer by
dip coating, it did not dissolve or otherwise attack the
primer layer even though the primer layer had not been
20 heated or subjected to other radiation to cure it, and
despite the fact that the SILVUE® 339 was applied after
allowing only 15 minutes for the primer layer to cure by
air drying at ambient temperature. The SILVUE® 339
". coating composition was then cured by placing the coated
25 substrate in an oven for 1 hour at a temperature of
120°C, and then allowed to cool to room temperature.
The thickness of the cured protective hard coat was
about 4.0 ym, An anti-reflective coating was also
applied to some of the coated substrates as indicated in
30 the Tables below, using a well-known vacuum deposition
process to deposit a metal oxide layer made by Tokai
Optical Company, a Japanese company, which it refers to
as-its super ha:gi multi-coat anti-reflective coating
containing, inter alia, silicon dioxide and magnesium
35 fluoride, on top of the SILVUE 339® hard coat. As
controls, an uncoated substrate for each of.the plastic
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pol yc ate polyners, into a lens configuratiaon. A primer |ayer

conS|st|ng of an aqueous olyurethané dlspeTsr i s, applde [ to at
| east one surface of the glast|c sbbgtrate.; Imqgenera:»-anqhﬂSh%ﬁ%m%ﬁmRe
pol yur et hane di spersion typically TS & pol yurethane- pol‘yur “”m "[
pol yner characterized by the occurrence of both urethane (-

urea (-NH-CO-NH) groups in a macro- nolecuhar chain. These groups are
formed by wel |l -known pol yadditi on reacti ons between pol yi socyanates and

po: yol s, Iealdi n %ﬁ@w[ﬁﬁa&&mmﬁSweaedsbsgwaaeao]g:wa&@aymgyes and
pol yani nes, |ea o rea ment s ection_of particu

pol yi socyanat es Wlﬁ’g! fgﬁeg % ?n%%gasﬁ??ﬁbf‘ﬁ %%F PRENSF 088855 ecﬂ‘ an
aqueous polyure%mﬁvachsper5|on |s generally the sane as that known from

conventional polyurethane chem stry. In particular, however, the isocyanate

must exhibit sufficient stability towards water during processing.
The abrasion resistance of the coated substrates and

5 the controls was measured by a simple hand-rub steel
wool test using 10 forward and backward strokes with
0000 steel woecl. The substrates were rated "good" if
there was a significant reduction in scratching as
compared to the uncoated CR-39® plastic, and were rated
- 10 wpoor" if there was more scratching in comparison to the
. uncoated CR-39 plastic. The results of the abrasion
resistance tests are set forth in TABLE I below:

TABLE I

Results of Abrasion Resistance Testing
15 {0000 Steel Wool)

Plastic Material

PRIMER  COATING  ANTI-REFL. CR-39 MR-6 MR=-7
None None No Fair Poor Poor
None S-339 No Good Good Goaed
20 None S-339 Yes Good Good Good
W-240 S-339 No Good Good Good
W-240 S$-339% Yes Good Good Good

The impact resistance of the coated substrates and

the controls was measured using the American Optical

25 Corporation apparatus described in United States Patent
No. 3,896,657. This apparatus utilizes a spherical
nissile supported by a magnet vertically above the anvil
on which a lens is mounted at a fixed distance from the
missile. The missile is accelerated using compressed

30 air. The apparatus allows for variable impact energy of
the missile against'‘the lens being tested, without
altering the size or weight of the missile. The missile
is aimed to strike at the center of the lens. Each of
the plastic substrates tested, before coating, had a

35 center thickness of 2.0 mm, + 0.1 mm, except for the
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be bl ended with anionically st abil i zed acrylic emul sions. The aqueous
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10

15
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indicated MR-6 and MR-7 substrates which had a center
thickness of 1.1 mm, + 0.1 mm. Energy can be calculated
by measuring the weight and velocity of the missile.

The velocity of the missile is determined by measuring
the time interval between two photosensors. The results
of these impact resistance tests are set forth in TABLE
II below:

TABLE II

Impact Strength in Joules

Plastic Material

PRIMER COATING ANTI-REFL. CR-39 MR-6 MR-7
None None No 2.51 >4 .64 -
None S-339 No 0.73 0.88 -
None S-339 Yes 0.13 0.63 -
W-240 $-339 No 1.23 1.36* 1.59!
W—-240 S-339 Yes 1.20 3.43Y 2,44}

1 1.1 mm, + 0.1 mm, Center Thickness

As TABLES I and II show, plastic substrates coated
by using the process of the present invention have
improved impact resistance over the substrates coated
with SILVUE® 339 without a primer layer,as well as good
abrasion resistance. The impact strength of each of the
coated substrates made by the process of the present
invention greatly exceeds the minimum FDA requirement of
0.2 joules. The coated substrates also have very good
adhesion between the substrate and the primer layer, and
between the primer layer and the hard coat. Thus, the
coated substrates made by the process of the present
invention are particularly useful as plastic lenses for
eyeglasses and safety goggles, and as windows in
buildings and in motor vehicles.

Other modifications and variations of the present
invention are possible in light of the above teachings.
For example, additives and other modifying agents may be

'The'urethane pol ymer of:the present invention-s formed by condensation of
functi onal |socyanate mﬁth’a.polyokrand an-anlonlc di ol , suc
di met hyl ol propi oni ¢ aci‘d. WWhen thi s Highr nDFechar mel ;
di spersed in water in the presence of a di spefrsing agen
tertiary am ne; such as triethanolamne, it forns an an

di spersion. In addition, the agéeous polyurethane di spersio

h _as

a‘feg

|I|zed
n my



pol yuret 1anne di spersion preferably has.d pH in theg tange of 7 to 9, a
solids content ranging from 5%to 409G and an .avérn‘ge parhis gl e |n the
range of 10 to 100 nm such smal’l parfi kes are.preferred
pol yuret hane will be transparent; however, in order to forlmwj
mai nt ai n. such smal |l particles, the aqueous pol yur et hane di
anionically stabilized. Particularly preferred’conrercially aval I abI e
aqueous pol yur et hane_ di spersi ons incl ude Wtcobond err] W240, avai] abl e
fromthe O gani cs 3398%en e P EBeTolBEREL PEn P SEFRS Iy FeS IRt
NeoRez[ err] R-963Goatvingd abbspds DE1bRE, RaaanadBJStmamWJJ rasdaagnen;
Massachusetts. Because these conner i al i Lab n
di spersions do notcosmepp%ﬁla PR3 oﬁ?‘BI ggt I égﬁ%gt 1F§t g;% ter %ep%log%{%@g 5¢
substrate is boi | erhiis) imvention. t hibeilolipsbet Hodemnsdqnsd t ikAWewey, that
sui tabl e for ThftlddF md PVEL Spade! BR RRACEATLOLUIAG RARRRIndWENt | on

when t he protectlve I's tinted using a tinting b at el evated
tenperature as isderswided takovetwhich are wpthig t&e |féﬁelyeiiﬁbﬁ%,!§¢%rscope

form ng an aliphatd€ the invention as defined in the appended claims.

o~

-
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pquu?@?ﬁane i ncl ude i sophorone diisocyanate, dicyclohexyl nethane

dii socyanate, e.g., Desnodur. Werri, avail abfé-fiom Mies 4r¢. in

Pi ttsburgh, Pennsylvani a, hexanet hyd ehd di-i §ocydfhate, and **'.
tetramet hyl xyl yl ene di'i socyanate. In certaifn appticati on$ whére |ight

stability is not requiTiBheadH: ¥y cost i s necessary, aromatic

ur et hanes forned by usi ocyanate or di phenyl net hane

dii socyanate may be use w de range ofu "HjﬁUMJElF | abl e

-polyols, including linear or slightly branched poly Il and
pol ycar bonat e pol yols can be used in form ng the polyurethané of the

present invention. Particularly preferred pa@l yols include polyether diols

CLAIMS
1. A process for improving the impact resistance of
5 a coated plastic substrate, comprising applying to at

least one surface of the substrate a thermosetting
polyurethane layef, and an abrasion coating characterised
in that the polyurethane is provided by:
! applying an aqueous polyurethane dispersion
%0 having a pH in the range of 7 to 9, a solids content in
the range of 5% to 40%, and a particle size in the range
of 10 to 100 nanometers, to said surface of the plastic
substrate, the polyurethane being formed by condensation
of a multi-functional isocyanate with an anionic diol and
15 a polyether diol or polyester diol;
at least partially curing the aqueous
polyurethane dispersion by air drying at ambient
temperature to form a primer layer; and subsequently
applying, over the polyurethane primer layer, a
20 coating composition consisting of a silicon-based resin
or an acrylic-~based resin, and
“'. curing the abrasion resistant coating composition
to form said abrasion resistant coating.
2. The process of claim 1 wherein the substrate is a
25 polycarbonate plastic, an acrylic plastic, or a plastic
material having a high refractive index.
3. The process of claim 2 wherein the plastic
substrate is formed from a polymer obtained by radical
polymerization of a monomer mixture containing an N-
30 substituted phenylmaleimide derivative.
4. <~ The process;bf claim 2 wherein the plastic
substrate is an ophthalmic lens.
5. The process of claim 1 wherein the step of at
least partially curing the aqueous polyurethane
35
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9 _polyester diols. ort chain diols and triols are also used to
adj yst- the urethane group.content.angd polyner branching. <-kher polyol
typds, such as epoxy- resfns,. hydr@xymacrykategcfor 0|I-nDd|f|ed alkyd

resijns, may be used-to-inpart speciat, properiie Tth
di sgersions are forned in an aqueous mnedi um the |socya um m react

with the water. Wat eu'mmmuﬂml yanate groups to y
evonve carbon dioxid J ormed in this manner can then reac
with the remaining isdcyandte®grdups to forhfurea |inkages which will

contribute to t e ext ensi on of the nacro nol e Il as to the
typiical proper t "@SPERSdonadacorE SFb 34N éfghgééﬁgﬁé €§m§€er this

|socyanate/matedls@@saﬁyh|gt[amﬁxynﬂNQempenaﬁwnﬁiﬁﬂﬁl¥@§¥h§h@nodueth9nrof
hi gh per f o BaNCe, oLy UL eLan JlSRESIANS Daa st doL 70k 4s 1 98ROl er ]
s

und§5|rably res ere-foam ng. Mreover, aqueous
Coating composxtlon.

6. The process of claim 1 wherein the anicnic
diol is dimethylolpropionic acid.

7. The process of claim 1 wherein the agueous
polyurethane dispersion includes triethanolamine as a

“ dispersing agent.

8. The process of claim 1 wherein the substrate,
the primer layer, and the abrasion resistant hard coat
are trausparent,

9. The process of claim 1 wherein the primer
layer has a thickness of from 0.1 to 2 p,p, the
abrasion resistant top coat has a thickness of from 1 to
10 um and the total coating thickness ranges from
1 pm to 15 pm.

10. The process of claim 1 wherein the plastic.
‘l. substrate is an ophthalmic lens comprising a
polycarbonate plastic, an acrylic plastic, or a plastic
material having a high refractive index;

5 the agueous polyurethane dispersion is formed
by condensation of a multi-functional isocyanate with
dimethylolpropionic acid and a polyether diol
or polyester diol,
and includes triethanolamine as a dispersing agent;

10 the step ¢f at least partially curing the
aqueous polyurethané dispersion includes air drying the
polyurethane dispersion at ambient temperature for less
than one hour prior to the application of the abrasion
resistant coating composition; and

15 the primer layer has a thickness of from 0.1



polyurethane dlsper5|ons whi ch have kéen bujlt, yp‘predonlnanlly by such
w?ter cﬂaln ext ensi on" tgnd to be inférior- |r13nﬂ ymer periornance to those
pol yur et hanes whi ch have been- chai n- éxt ended by-polyanlnes The
prinmer |layer is fornmed by coating the plastlc substrate mnth an aqueous

pol yur et hane di spersi on,—and-then al ] ow ng the aquedhss Bemma gced
d:fper5|on to air d“ﬁ at anbient tenperature until Iy to

al | 6w anot her coat ﬁmw ﬂ, be applied over soI Vi ng
or otherw se attac L" 1 Hlll ,IIBy By "anbi ent terrperature" i s neant
21 to 27[err]C (70 to O[err F* This CUFIEQ time will vary dependi ng on
the particul ar agueous pol yurethane di spersion and on environnental air

vel boity and hegrigli iy CEREi 4bPASioRUEesSsRAREEEBD! Koh@Shakhan ik KHUYs and
nost preferably | ess than 15 mnutes. Partic I%r % @refer ed_aqueous

pol yur et hane d?%p%?%?o%stEaﬁob%mcu?ﬁﬂ the tota ating thickness

ranges from 1 um to 15 um.

5 11. The process of claim 1 or claim 10 further
comprising the step of:
applying an inorganic anti-reflective coating
over the abrasion resistant hard coat.
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10 sufficiently by air drying in %é? f%;f. sZ78e t hickness
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of the prinmer layer may range fromO0.0 pm and preféerg A rom0.1 to
2.0 pm  WPCHhe thi CKNESRLDINTELLESTUAL PROFERDY OFSANIATIOMe pr i meN&@¥er nmay not
significantly inprove the inpact reslstance of the plastic substrate whil e

t hi_c NEERMATIONAE: AFPLIGATION FRLISHED ((BRHREER SAZENT (OORERSAILN JRYATY BAD

J(sbrigerueﬂﬁsmlhenﬁsumws pol yur et hang fsRfdsl FaficatdP KBt | Y, Wy 915/11116

c
t1er ne filmthat}isg |preferably transparent.

pt oce ﬁ@ﬁ%&fg@gnt [ nvent i on |A I((Bdmp@hl)mmgatatDiteast @n&wﬂ%tmoxw
c

c

Jal.; llg L,unpuai t | orr—over—t IIC pUI yul Ll arreprriet I aycl . DUL,II L,UdLI ny

DA AstbrhdtiokhB A pplication Number: PCT/US94/00249 | (81) Designated States: AU, CA, CN, JP, KR, European patent
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC,

{22) International Filing Date: 7 January 1994 (07.01.94) NL, PT, SE).

(30) Priority Data: Published

08/006,633 21 January 1993 (21.01.93) Us With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
(71) Applicant: SDC COATINGS INC. [US/US]; 1911 Wright amendments.

Circle, Anahexm, CA 92806 (US).

(72) Inventors: FARBER, Bruce, M.; 12802 Burgess Avenue, La
Mirada, CA 90638 (US). HARBISON, William, C.; 22231
Crystal Pord, Mission Viejo, CA 92692 (US).

~ . '74) Agent: WIEDEMANN, John, T.; Pretty, Schroeder, Bruegge-
\/ mann & Clark, 444 South Flower Street, Suite 2000, Los
Angeles, CA 90071 (US).

(54) Title: PROCESS FOR IMPROVING IMPACT RESISTANCE OF COATED PLASTIC SUBSTRATES
(57) Abstract

A process for improving the impact resistance of a coated plastic substrate, particularly those polymers having a high refractive index,
compnsmg applying an aqueous polyurethane dxspczs:on as a primer layer to at least one surface of the plastic substrate, at least partially
curing the aqueous polyurcthane dispersion by air drying at ambient temperature, applying a coating composition over the polyurethane
pnmcr layer, and curing the coating composition to form an abrasion resistant hard coat. Preferably, the aqueous polyurethanc dispersion is
air dried at ambient temperature for less than one hour before application of the abrasion resistant coating composition. The process provides
2n impact enhancing, abrasion resistant coating system having strong interfacial adhesion that is preferably transparent for application onto
\,_ Teferably transparent plastic articles, such as ophthalmic lenses and safety eye wear.




preferably form abrasion resistant coatings upon curing, and include
organi ¢ and pol ysil oxane coatings well-known in the art that can be
thermally cured or cured by radiation. Thermally cured coatings fornmed by
silica- containing mxtures, such as colloidal silica or silica gel, or

ot her water insoluble dispersants, include netals and alloys, salts, oxides
and hydroxi des thereof, and hydrol yzable silanes in a hydrol ysis medi um
such as al cohol” or water, are particularly preferred. See, for exanple,-
United States Patent Nos. 3,986,997, 4,027,073, 4,177,175, 4,177, 315,
4,188,451., 4,207,357, 4,218,508, 4,242,381, 4,242,383, 4,242,416,
4,275,118, 4,390,373, 4,442,168, 4,500,669, 4,540,634, 4,571, 365,
4,702,773 and 4,753,827. Coating conpositions that form an abrasion

resi stant coating when cured that is tintable are particularly suitable in
t he process of the present invention. See, for exanple, United States

Pat ent Nos. 4, 355,135, 5,013,608 and 5,102,695. Preferred protective hard
coatings that can be cured by ultraviolet Iight include Chung,
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Pat ent : RESTISTANCE OF COATED PLASTIC SUBSTRATES

BACKGROUND OF THE INVENTION

1. Fjeld of the Invention

The present invention relates to a process for
improvihg the impact resistance of plastic substrates,
such as those used as ophthalmic lenses, by applying to
at least one surface of the plastic substrate a priner
layer consisting of an aqueous thermosetting
polyurethane dispersion which can be cured by air drying
at ambient temperature before another layer is applied

over it.

2. Description of Related Art
Clear, transparent plastic materials are widely used

as substitutes for glass in many applications in view of
their unique properties, such as lighter weight, ease of
handling, and ease of formation of articles. Plastic
materials are not without shortcomings, however, as most
plastics are soft and scratch quite readily.
Consequently, it has become customary to coat plastic
materials with organic or siloxane coating compositions
to provide an abrasion resistant *"hard coat" before
using them in certain applications. Preferably, such
hard coats are cléar, unpigmented coatings. Exemplary
organic coatings include heat curable epoxy and
polyurethane resins and ultraviolet light curable
acrylic resins. Although such organic coatings tend to
be less expensive than siloxane coatings, their abrasion

resistance generally is not as good.

Many siloxane coating compositions are known which,
when applied to a substrate and cured, provide a highly
abrasion resistant coating on the surface of the plastic



No. 5, t14,783, Yoshinmara ¢t [al. "Slajes Patent No.dcA94287, And

Bi I'kadi, United States Pateipt Jt. %k 9F9 Afte;m?mm/ ]
prinmer |ayer has been covégr y a protecfile coating co m mtﬂ g
or polymerization of the fop- ' bef achi eved t her

i rradi ati on. When the coated substrates aré&} heated by placing themin a

curing oven, .t atu JBsENSmBARD [&dd G t P
150[err] C. %’e?r“f%ggel%sed??g?hrans)gt ggﬁggtﬁzggsﬁbasf? a%rgés) @qr%)ﬁ%e%x%%casf“ﬁcensti nme
of curing anscrhBefeiPeFaitre S52R6F 2DRBARSIPD sHTEHP AN <A L7} He

pl astic substral eNoEoNseqREns) y42828 papeiditaZ£5018 to Barfdf edd |3 [ Qio,

are ouréd by PRaarR: BN oper  HaF, L SFatERL oA Pt 10n ey R Fodas of

i oni zi ng r adicaBEdn 43paABBa AndpfadRdshgtd réeosen$ cafsk, 4355135 To January,
Nos. 4390373 and 4442168 to White et al, Nos. 45006855, 4540634,
4571365 and 4702773 to Ashlock et al, No. 4753827 to Yoldas, and
Nos. 5013608 and 5102695 ts Guest et al. The hard coacs
described in these patents have been widely used to imparc
abrasion resistance to plastic lemses, including those used in
eye glasses and safety goggles, windows iﬁ buildings and motor

vehicles, plastic panels and other articles where an abrasion

resistant or scratch rasistant surface coating is of importance.
However, such abrasion resistant hard coats are also known to
reduce the impact resistance of a pléstic substrate in cartain
applicatioﬁs.

EP-A-0404111 discloses a process for the production o
plastic lenses comprising applying to the plastic lens substrata
a thermosetting polyurethane layer, a second hard ccat silicona
layer and an anti-reflection layer.

In recent years, plastic materials with increasingly
higher refractive indexes have been used to make ophthalxic
lenses. As their refractive index increasas, the thickness of
the lens required to achieve the same level of correction
decreases. The resulting lens is thinner and lighter and,
therefore, more attractive to the user. These higher rafractive
index plastic materials, however, still tend to be relatively
soft and scratch more easily than glass. Xnown organic or
siloxane coating compositioné can be applied to thesa plastic
materials to provide a protective abrasion resistant coating.
However, when such a hard is applied to these higher refractive
index plastic materials, their impact resistance tends to
decrease .in comparison to the uncoated plastic matgerial. This i
a serious disadvantage, particularly since the decreases nay te

large enough to reduce the impact resistance




i ncluding infrared, ganma radi ati on, mcrowave, and by ele tﬁ?ﬁ r
ul,travi ol et radiation. Wen polynerlzatlon I's by ultraviol ¢t %yg,
coating conposition will typically include a photoinitiato
12 conmpound as known in the art for curlng WV curabl e co
Utraviolet light is one of the nost mndely used types of adi ation for
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t her nal

ener
¥ecg1ve coaglngs, to these coated plastic materials

may also reduce further their impact strength
properties. ' )

One approach to solving this problem is to apply an
elastomeric primer layer of a thermoplastic polymer
resin, e.g., a polyurethane, between the plastic
substrate and the abrasion resistant coating. The

elastomeric layer serves as an energy absorbing layer to

prevent cracks that form in the hard coat upon impact
from propagating into the plastic substrate. However, a
thermoplastic resin lacks a crosslinked structure and
can be adversely affected by solvent or monomer-
containing overcoats. Consequently, when a plastic
material to which a thermoplastic polymer primer layer
has been applied is subsequently immersed in or coated
with an organic or polysiloxane coating solution, the
solvent or monomer therein may dissolve the
thermoplastic primer layer and cause it to be eluted in
the abrasion resistant coating solution. This has a
deleterious affect on the transparency of the abrasion
reésistant coated article. The thermoplastic primer
layer may also lose its transparency or become whitened
as a result of being attacked by the solvent.

To avoid these problems, it has been suggested that
the primer layer should consist of a thermoset
polyurethaﬁe in at least one organic solvent, with the
polyurethane being formed from a blocked isocyanate
which requires the application of heat to disassociate
the“blocking agent, so that the isocyanate group can
react with the active hydrogen of the polyol and: _
crosslink. Use of a blocked isocyanate prevents this
reaction from taking place at room temperature.

However, the addition of a heating step to cure the

——
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hard coatings offer substantial econonmic benefits, and ekpend considerlal y
| ess thermal energy than conventional heat cure systeng.{ M Jjpi agEC
materials which are particularly heat sensitive can bel spfely coated gnc
cured with ultraviolet Iight without the need to use thermatr—emergy Wi dh
can damage such substrates. Al so, radiation cured coatjngs can utilize
| oner anounts, ng?ﬁkéenb%ﬁ¥drﬁﬂﬂameemtmmem ldpenecsessreyal pirotgudisia/e and
time consum ng pollution abate C i nQ ni c
anti-reflecti 95"305??595%% rgg(}; J{'[ejécgp&fjl edl%v’ér ?ﬁ%%%%ur‘etaﬁ}dﬁe pri mer
| ayer, or oveﬁnbaedcomaﬂsmwrﬁmg‘:hmepmw@s, | ay@dr isugengraddysindton
t echni ques mell ggg? er SUHE asn fe§9§|gigg sputtering or

referre C

i on plating. nmet al oxi des, such as

organi c coatln s
indiumtin oxaderesSlvelEaéﬁﬁﬁékxﬁﬁq\R;%§E&¢rﬁF?%&%ﬁth appl i ed

Accordingly, the need exists for a process to
improve the imbagt resistance of a plastic substrate
which does not requife the application of a
thermoplastic polymer primer layer or heating a solvent-
based thermoset polyurethane primer layer to cure it
before another coating composition can be applied over
it.

SUMMARY OF TH NVENTION

The present invention provides a process for
'improving the impact resistance of a plastic substrate
by applying directly to at least one surface of the
substrate a primer layer consisting of an agueous
polyurethane dispersion which can be sufficiently cured
by air drying at ambient temperature before another
coating layer is applied over it. Unexpectedly and
surprisingly, the aqueous polyurethane dispersion cures
sufficiently at ambient temperature so as not to require
the addition of heat or other radiation to cure it
before another coating, such as an abrasion resistant
coating composition, can be applied over it without
dissolving or otherwise attacking the polyurethane
primer layer. Preferably, an organic or siloxane
abrasion resistant coating composition can be appliéd
directly over the polyurethane primer layer of the
present invention 1n less than one hour. The
combination of tha/polyurethane primer layer and a
protective hard coat provides an impact enhancing,
abrasion resistant ‘coating system with strong
interfacial adhesion that is preferably transparent for



individually to the plastic substrate and at |east partial | yRERUAGEMPNT HEEP
the application of the next coating layer. If the prinmer |ay
fully cured by air drying at anbient tenperature, but onlyjc r%g
sufficiently so that it is not dissolved or otherw se attagkgd 9Jlﬂeﬁn%
coating conposition applied over it, then curing the top cp by heat or
irradiation will also fully cure the priner |ayer.
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the coated substrates of the present

application onto plastic articles such as ophthalmic

1enses and safety eye wear.
The agueous colloidal polyurethane dispersions

-

are anionic stabilized with a pH in the range of 7 to 9,
a solids content ranging from 5% to 40%, and an average
particle size in the range of 10 to 100 nanometers. Upon
air drying at ambient temperature, the aqueous
polyurethane dispersion self-crosslinks to form a
thermoset, preferably transparent, film which provides a
tough, resilient primer layer having strong adhesion to
the plastic substrate. ) '

The cured primer layer also imparts strong
adhesion to a variety of organic or polysiloxane coating
compositions well-known in the art that can be used to
form the protective hard coat. Such coating compositions
may be thermally cured or cured by radiation to provide a
hard coat that is preferably transparent. Particularly
preferred coating compositions that are thermally cured
include colloidal dispersions of colloidal silica or
other water insoluble dispersants in a water-alcohol
solution of the partial condensation of silanol.
Particularly preferred radiation-curable coating
compositions include known acrylate and silane/acrylate-
based coatings. Xnown anti-reflective metal oxide
coatings, such as indium tin oxide, may also be applied
as a hard outer doat. In addition, the protective hard
coat may be selected to provide rapid and deep
tintability as is known in the art.

The plastic substrates are preferably transparent
and include, but are not limited to, polycarbonates and
acrylics, both stretched and cast, particularly CR-39®
plastic from PPG Indistry and high refractive index

poclymers.




I nventi‘on perform best when the thickness of the outernost proteetwe—hard—
coat ranges from1l to 10 pm preferably from3 to 5 pm to proyi GEPLAGEMENT SHEET
coati-ng thickness ranging from1.0 to 15“2 pm preferably from{3joto 76 }
pm Thi cknesses within these ranges all owRopti mum i nprovenent ijnfab Watg]
285100 o6

resi stance without inpairing the gtif | _clarity of the coated}sibs
Such as by, €., craciRRALLED DESCRIErTay o, fur nalentrny | o
the plastic substrate is preferably cleaned using techniques kjjown in the
art. Both the primer |ayer_and_the _coating conpositions applied over—tire
priner |ayer can The % ?%ﬁtb§n38ﬁﬁﬁﬂn088%a?ﬁjsﬁest ﬁofg%%%££a§°ﬁi p coating,
sprayi ng, brushireringpi theottpagt reklietancat iofg,cdadtad qmba snjcor
cascadi ng. The Japplicati met ho 3 veRrtd 2 sel ected
dependi ng umﬁPQ§§%§Eﬁ%r%£%f %ﬂegéﬁgéngggf ?ﬁ?ﬂigﬁred g%%%ﬁ%%ss, and
ot her factor plddtpicosubstrabeset R¥r 2BBAYIRG Redtiliftlesla¥®X coat both
sides of a subsisaleqmyof! R ReuEsEd pBlyBrAEHar Ufi SHdL font E5haLAES
a ate i

may be repeafﬁH‘on each side o substr )
least one surface of.the substrate, curing the aqueous

polyurethane dispersion by air drying at ambient
temperature, applying a coating composition that forms
an abrasion resistant coating over the primer layer, and
curing the coating composition to form a protective hard

coat.

The plastic substrate may be selected from any of
the plastic materials suitable for use as a plastic lens
in eye glasses or safety goggles, or as a window in
buildings or motor vehicles, including airplanes and
automobiles. Such materials generally include
transparent plastics, including, but not limited to,
polycarbonates and acrylics, both stretched and cast.
Particularly uéeful plastic substrates include CR-39®
plastic, i.e., poly(diethylene glycol bis allyl

carbonate) made by PPG Industry; two proprietary plastic
materials having high refractive index which are
commercially available from Mitsui-Toatsu, a Japanese
company, and are known as MR-6 and MR-7 plastics;
polyester; cellulose acetate butyrate; and
acrylonitrile-~butadiene~styrene. Also particularly
preferred are plastic lenses made from a polymer
obtained by radical-polymerization of a monomer mixture
containing an N-substituted phenylmaleimide derivative.

The process oz;ﬁaking plastic lenses from such
materials is well known -in the art. In sum, it
comprises (1) casting a monomer mixture into a mold
preferably formed from a glass mold and having a gasket-
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desired. These various nethods of coating allow the coatjng to be place
at 'l east one surface of the substrate at variable thicknesse®9{gr gog

allowing a wi der range of uses of the particul ar coatings. I'n
order to nore fully and clearly describe the present invention So timat

t hose skilled |n t he ar r r 0

i nvention, tHeade) {ﬂfn% exangﬁéégaygagg %E@@%%é;%é 2
i1l ustrate t hené nwehd | o anarsﬂQGBHmhﬁﬁdb§ammﬁnﬂﬁnﬂﬁeﬁﬁtlant|ng t he

i nvention d'SC|93§§Ef§§58éatﬂEd heeRbPing #RL PWIBting plastic
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material from the glzss mold, and then post-curing it at

a predetermined temperature for a predetermined period
of time to obtain the plastic lens, or (2) injection or
compression molding a polymer, e.g., acrylic or
polycarbonate polymers, into a lens configuration.

A primer layer consisting of an aqueous polyurethane
dispersion is applied directly to at least one surface
of the plastic substrate. In general, an agueous
polyurethane dispersion typically is a polyurethane-
polyurea, i.e., a polymer characterized by the
occurrence of both urethane
(~-NH-C0-0~) and urea (-NH-CO-NH-) groups in a macro-
molecular chain. These groups are formed by well-known
polyaddition reactions between polyisocyanates and
polyols, leading to polyurethane segments, and between
polyisocyanates and polyamines} leading to polyurea
segments. The selection of particular polyisocyanates,
polyols, and polyamines suitable for the production of
an agqueous polyurethane dispersion is generally the same
as that known from conventional polyurethane chemistry.
In particular, however, the isocyanate must exhibit
sufficient stability towards water during processing.

T he urethane polymer of the present
invention is formed by condensation of a multi-
functional isocyanate with a polyol and an anionic diol,
such as dimethylolpropionic acid. When this high
molecular weight prepolymer is dispersed in water in the
presence of a dispersing agent, particularly a tertiary
amine, such as trinéhanolamine, it forms an anionically
stabilized colloidal dispersion. In addition, the
agueous polyurethane dispersion may be blended with
aﬂionically stabilized acrylic emulsions. The aqueous
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Example 1 To show the benefits of the present inventiGmpLAdEMEN r
es

the present invention was used to coat several differeit
with Wtcobond[err]W 240, an aqueous pol yurethane di spefsi gn, and
SILVUE[err] 339, a colloidal silica filled sil oxane cofit nggﬁhﬂﬂdﬂnm

_ silane whijchf is
m Califor arjd

met hyl tri nmet hoxysi | ane and gamma gl yci doxypropyl - tri

commercially avail able from SDC Coatings Ignc. in Anah ;
which is made in accordance with the teachings of January—4-S_Patent ﬂb.
4,355,135. The %q&}?é’&&axﬁ)@' Juspehanendpepeesadn yWansARD g din e Cha pgast i ¢
substrate by’Tﬁ coat i ng anf.éhen al |l oped to.cur% b %;r dryij at anbi ent
tenperat ure faf ASE%i hut2sSOLESH FPﬁgePﬁeﬁaBFi‘lﬁ‘& Iréé%r haR it ¥ t3ILkness
of about 2.0 pnavéeagecpartychedsiaepinsthel yangeerms e Htd Vil et] 339
coating conposition ' % t rioers | -dib coating, it
did not di ssof4? oﬁm%\fie%)\np{ségg?gagﬁet Egegﬁ?’%‘i Is?yghagé\//eé\k%h%%%ét he
primer |ayer guldnnndtioeme wbbl edeotransparest it o hoMesrer adiratdmiert ocaur e
i't, and despife the {apts haintbeeR! LYWL epal33qaas Pl daibAlL e

polyurethane dispersion must be anionically stabilized.

particularly preferred commercially available aqueous
polyurethane dispersions include Witcobond® W-240,
available from the Organics Division of Witco Corporation
in Houston, Texas, énd NeoRez® R-5637, available from ICI
Resins US in Wilmington, Massachusetts. Because these
commercially available aqueocus polyurethane dispersions
do not separate from plastic substrate after the coated
substrate is boiled in water for three hours, they are
particularly suitable for use as primer layers in the
process of the present invention when the protective hard
coat is tinted using a tinting bath at elevated
temperature as is known in the art.

Preferred isocyanates for forming an aliphatic
polyurethane include isophorone diisocyanate,
"dicyclohexylmethane diisocyanate, e.g., Desmodur W™,
available from Miles Inc. in Pittsburgh, Pennsylvania,
hexamethylene diisocyanate, and tetramethylxylylene
diisocyanate. In certain applications where light
stability is not required, or where low cost is
necessary, aromatic urethanes formed by using toluene
diisocyanate or diphenylmethane diisocyanate may be used.

A wide range of commercially available polyols,
including linear‘;r slightly branched polyether,
polyester, and polycarbonate polyocls can be used in
forming the polyurethane of the present invention.
Particularly preferred polyols include polyether diols



allowing only 15 mnutes for the prinmer layer to cu eRWAﬂEMENVWHEQTa

anbi ent tenperature. The SILVUE[err] 339 coating co n} cur ed
by placing the coated substrate in an oven for 1 hopr of
120[err]C, and then allowed to cool to roomtenper [ e. bkrfesls of
the cured protective hard coat was about 4.0 pm | ctli ve

coating was also applied to some of the coated subgtrates as ‘i ndi cat ¢d in
t he Tabl es bel ow, u5|ng a wel | - known vacudh1dep05|t|on P
metal oxide |ayer made by Tokai Optical any, a_Japanese conpany, which
it refers to asdlm%lﬁﬁiﬁ?rhﬁ%ﬂlsnul§F°E6a9h&ﬁpld#@ﬁﬁe&ﬂ@u&?ﬁﬁﬁ$rﬁf‘ '

contai ni ng, gt g5 @éa, talédw@tdtﬂél dee&nanaag@a&lpuraofdd@fd Geng On top of
the SILVUE 339[err] i¥gghggfﬁ ) oggg} oi oantun%gat%%éﬂﬂggrgue f9r each
of the plastipolymer g poly ypes, poxy
resins, hydroxy-acrylates, or oil-modified alkyd resins,
may be used to impart special properties.

When polyurethane dispersions are formed in an
aqueous medium, the isocyanates may also react with the
water. Water hydrolyzes isocyanate groups to yield
amines and evolve carbon dioxide. Amino groups formed in
this manner can then react with the remaining isocyanate

h

ot
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groups to form urea linkages which will contribute to
extension of the macro-molecular chain, as well as to

D

4}
Y

typical prqperties of an aqueous polyurethane dispersion.
However, this isocyanate/&ater reaction is preferably
minimized during the production of high perfofmance
‘polyurethane dispersions because the evolution of CO,
undesirably results in severe foaming. Moreover, aqueous
polyurethane dispersions .which have been built up
predominantly by such "water chain extension" tend to be
inferior in polymer performance to those polyurethanes
which have been chain exténded by polyamines.

The primer layer is formed by coating the plastic
substrate with an agueous polyurethane dispersion, and
then'allowing the aqueous polyurethane dispersion to air
dry at ambient temperature until cured sufficiently <o
allow another coating composition to be applied over it
without dissolving or otherwise attacking the primer
layer. By "ambient temperature" is meant 21 to 27°C (70°
to 80°F). This curing time will vary depending on the
particular aqueous polyurethane dispersion and on
environmental air ve;ocxty and' humidity condltxons, bug
is preferably less than one hour, and most preferably
less than 15 minutes. Particularly preferred agueocus

polyurethane dispersions can be cured



natertals was tested, as were substrates coated only RPPUﬁﬁN@Mk%HEg$r

339 hard coat in the manner described above. Th eI a N =Y~

of the coated substrates and the controls was neasure y a S|nple hapdi
steel wool test using 10 forward and backward strokesjwgth 20l 99! | w
The substrates were rated "good” if there was a signitigant reduction

scratching as conpared to the uncoated CR-39[err] plaptic, and were rat

apce

rub
bol .

ed

'poor" if there was nore scratching in coiparison to tHhe-uncoated CR—Sd
plastic. The results of the abrasion resistance tests are set forth in
TABLE | belm@ufflc1ently by air arying inTh@s§ than five mipad@s.s of

Abrasi on ReS|stan F?Stéémbf the primer layer may QQQQQ §ﬁﬁﬁﬂ dNag)to
and preferably from 0.1 to 2.0 um. When the

5 pm
zhic;ness is less than 0.05 pgm, the primer layer may not
significantly improve the impact resistance of the
plastic substra;é, while thicknesses greater than 5 gm
tend to unnecessarily increase drying and curing times.
The aqueous polyurethane dispersion,’ upen curing, forms a
thermoset polyurethane film that is preferably

transparent.

The process of theé present invention includes
applying at least one othar coating composition over the
polyurethane primer layer. Such coating compositions
preferably form abrasion resistant coatings upon curing,
and include organic and polysiloxane coatings well-known
in the art that can be thermally cured or cured by
radiation. Thermally cured coatings formed by silica-
containing mixtures, such as colloidal silica or silica
gel, or other water insoluble dispersants, include metals
and alloys, salts, oxides and hydroxides thereof, and
hydrolyzable silanes in a hydrolysis medium, such as
alcohol or water, are particularly preferred. See, for
example, Unitea States Patent Nos. 3,986,997, 4,027,073,
4,177,175, 4,177,315, 4,188,451, 4,207,357,

4,218,508, 4,242,381, 4,242,383, 4,242,416,
4,275,118, 4,390,373, 4,442,168, 4,500,669,
4,540,634, 4,571,365, 4,702,773 and 4,753,827, Coating
compositions that form an abrasion resistant coating when
cured that is tintable are particularly suitable in the
proceéé of the prese;t invention. See, for example,
United States Patent Nos. 4,355,135, 5,013,608 and
5,102,695. ' Preferred protective hard coatings. that can
be cured by ultraviolet light include Chung,



Plastic Material PRIMER COATING  ANTI - REFL. CR- 39

None None No Fair Poor Poor
No . Good Good Good None S- 339
Good Good Good W 240 s-339 1

Good W 240 S-339 Yes

Ggod Good _
i npact resi st ancitet Stﬁat%%a?§‘53§ﬁb§f’?at s34Rd4Re ot

using the Amer 3{7 %%%%n@ﬁe%at éﬁnaapanatxlﬂ:&ddMﬂéECba&wlﬂsé St at es
Patent No. 3, 896 IS a garagus ué % &ﬁ pherlcal m ssi |l e supported
by a magnet ver 97%ad832 abdn®’?hd4dn AT a ‘lens is nounted at a
fixed distance fromthe mssile. The mssile is accel erated using
conpressed air. The apparatus allows for variable inpact energy of the

m ssile against; the lens being tested, without altering the size or weight
of the missile. Thatrssih cthe probectivet hagd gpathd scanaferdbline | ens.

Each of selected from. a siloxane-based curable resin system in
view of its greater abrasion resistance, hard coats
formed. from known organic coatings may also be used
where such abrasion resistance is not required. In
particular, acrylate-based coatings that are preferably
cured by exposure to radiation may also be used, such as
those described in Hodnett, III, United States Patent
No. 5,114,783, Yoshimara et al., United States Patent
No. 4,499,217, and Bilkadi, United States Patent No.
5,104,929, a

After the polyurethane primer layer has been covered
by a protective coating composition, curing or
polymerization of the top coating can be achieved
thermally or by irradiation. When the coated substrates
are heated by placing them in a curing oven,
temperatures in the range of 50°C. to 150°C.
can be used for most plastic substrates, provided that
the time of curing and the temperature do not combine to
soften and distort the plastic substrate. Consequently,
a temperature of 80°C to 130°C is preferred
for curing the top coating. '

When the coatings are cured by irradiation,
polymerization may be initiated by any source of
ionizing radiation gapable of producing free radicals,
including infrared, gamma radiation, microwave, and by
electron beam or ultraviolet radiation. When
polymerization is by ultraviolet radiation, the coating
composition will typically include a photoinitiator



the plastic substrates tested, before coating, had a cente

2,0 m + 0.1 mm except for the ) I ndicated MR-6 anpd

substrates which had a center thickness of 1.1 mm 0.1

cal cul ated by neasuring the weight and velocity of the ms$ille. The

velocity of the missile is determ ned by #&Basuring the ti
bet ween two photosensors. The results of these inpact resi

ﬁ PLACEMENT SHEET

i nterval ]

set forth in TARpbuhkd ¥ dumown in the art for curing U§pgupapble
compositions. Ultraviolet light is one of the most

widely used types of radiation for curing chemical

compositions because of its relatively low cost, ease of

maintenance, and low potentlal hazard to lndustrlal
users. Rapid photo-induced polymerizations utilizing
ultraviolet light instead of thermal energy for curing
nhard coatings offer substantial economic benefits, and

expend considerably less thermal energy than

conventional heat cure systems. Many plastic materials

which are particularly heat sensitive can be safely

coated and cured with ultraviolet light without the need

to use thermal energy which can damage such substrates.

Also, radiation cured coatings can utilize lower amounts

of solvents,. thereby reducing the necessity for
expensive and time consuming pollution abatement

procedures.

Known inor—anic anti-reflective coatings may also be

applied over the polyurethane'primer layer, or over hard

coats covering the primer layer, using deposition

techniques well-known in the art, such as vacuum

depositioq, sputtering or ion plating. Preferred

inorganic coatings include metal oxides, such as indium

tin oxide.

Each respective coating layer is applied

individually to the plastic substrate and at least

partially cured prior to the application of the next

coating layer. If the primer layer has not been fully

cured by air drying at ambient temperature, but only

cured sufficiently so that it is not dissolved or

otherwise attacked by the coating compOSLtlon applied

over it, then curlng the top coat by heat or irradiation

will also fully cure the primer layer.
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Material PRIMER COATING  ANTI - REFL CR- 39 MR-{6 REF’U\KI\ﬁrMEMT &bﬁﬂ
None No 2.51 >4. 64 - None 5-339

0.73 0. 88 - None S- 339 Yes g. 13

- W 240 S- 339 No 1.23 1.36 1.59 \V240 JUL%P%%Q
Yes 1.20 3.43 2.44 1.1 mm 0.1 nm |[Certer—Fhteknress
As TABLES | and Il show, plastic substratgs coated by usijng the process of:

the present

resi st ance.

i nvention have inproved inpact resistance over the substrates

coated with Sl LVUE[ec{,,l%B,fag%%% C\%ﬁe ac@awarshsxe&aeaswsk' RS $2Rd asion

t he process
requi r ement

The i npac each of the coated substratés made by
divielnt imre grrf orw RSB IVRARAERG BRickReSEhefntReUM FDA

mtermost protective hard coat ranges from 1 to 10 um,
preferably from 3 to 5 pm, to provide a total coating
thickness ranging from 1.0 to 15.0 um, preferably from
3.0 tb 7.0 pm. Thicknesses within these ranges allow
optimum improveﬁent in abrasion resistance without
impairing the optical clarity of the coated substrates
such as by, e.g., cracking.

Before the primer layer is applied, the plastic
substrate is preferably cleaned using techniques known in
the art. Both the primer layer and the coating
compositions applied over the primer layer can be applied
by common coating methods such as dip coating, spraying,
brushing, spin coating, roller coating, flow coating or
cascading. The application methods are conventional and
may be selected depending upon the nature of the

substrate, the desired thickness, and other factors. Dip

coating and other coating techniques that coat both sides
of a substrate may also be used, or single side coating
‘techniques may be repeated on each side of a substrate if
desired. These various methods of coating allow the
coating to be placed on at least one surface of the
substrate at variable thicknesses, thereby allowing a
wider range of uses of the particular coatings.

In order to more fully and clearly describe the
present invention so that those skilled in the art may
better understand how to practise the present invention,
the following examgles are given. These are intended to
illustrate the invention and should not be construed as
limiting the invention disclosed and claimed herein in
any manner.
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substrate and the priner layer, and between the priner} lfayer and the Rajd
coat. Thus, the coated substrates made by the process jof] t e

i nvention are particularly useful as plasédic |enses fgr [eyegl asseS an
safety goggles, and as wi ndows in buildings and i n nojor—vehrctes:

O her nndifigg%iggé_gnd variations of the present invéntion are possible in
light of th t hi For, . dditi A
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orocess of the present invention was used to coat
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several different plastic substrates with Witcobonddw-
240, an agueocus polyurethane dispersion, and SILVUE?
439, a colloidal silica filled siloxane coating based on
methyltrimethoxysilane and gamma glycidoxypropyl-
trimethoxysilaﬁe'which is commercially available from
spC Coatings Iné. in Anaheim, California, and which :ls
made in accordance with the teachings of January, U.S.
patent No. 4,355,135. The aqueous polyurethane
dispersion was applied to each plastic substrate by dip
coating, and then allowed to cure by air drying at
ambient temperature for 15 minutes, resulting in a
primer layer having a thickness of about 2.0 z=
Unexpectedly and surprisingly, when the SILVUE® 339
coating composition was applied over the primer layer by
.dip coating, it did not dissolve or otherwise attack the
primer layer even though the primer layer had nof been
heated or subjected to other radiation to cure it, and
despite the fact that the SILVUE® 339 was applied after
allowing only 15 minutes for the primer layer to cure by
air drying at ambient temberature. The SILVUE® 339
coating composition was then cured by placing the coated
substrate in an oven for 1 hour at a temperature of
120‘&, and then allowed to cool to room temperature.

The thickness of the cured protective hard coat was
about 4.0 pm. An anti-reflective coating was also
applied to some of the coated substrates as indicated in
the Tables below, using a well-known vacuum deposition
process to deposit a metal oxide layer made by Tokai
Optical Company, a Japanese company, which it refers to
as-its super hardﬁ multi-coat anti-reflective coating
contAining, inter alia, silicon dioxide and magnesium
fluoride, on top of the SILVUE 339® hard coat. Aas

controls, an uncoated substrate for each of. the plastic



added 'to the prinmer |ayer or to the abrasion resistant coatijng
conposi tions,

coat ed substrate of this invent!on |t |slgo be under st ood, hdmxnggdﬁiégﬂ_jg
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changes may be made in the particul ar enbodi nents descrlbed above whicC
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and additional coating conpositions can be apgli edzt‘bJUdeS :

ended

with the SILVUE® 339 hard coat in the manner described

above.

The abrasion resistance of the coated substrates and
the controls was measured by a simple hand-rub steel
wool test using 10 forward and backward strokes with
0000 steel wool. The substrates were rated "good" if
there was a significant reduction in scratching as
compared to the uncoated CR-39® plastic, and were rated
n"poor" if there was more scratching in comparison to the
uncoated CR-39 plastic. The results of the abrasion
resistance tests are set forth in TABLE I below:

TABLE I

Results of Abrasion Resistance Testing
(0000 Steel Wool)

Plastic Materjal

PRIMER COATING ANTI-REFL. CR-39 MR-6 MR-7
None None No Fair Poor Poor
None S-339 No Good Good Good
None S-~339 Yes Good Good Good
W~240 S-339 No Good Good . Good

W-240 S=339 Yes Good Good Good

The impact resistance of the coated substrates and
the controls Qas measured using the American Optical
Corporation apparatus described in United States Patent
No. 3,896,657. This apparatus utilizes a spherical
missile supported by a magnet vertically above the anvil
‘'on which a lens is mounted at a fixed distance from the
missile. The missile is accelerated using compressed
air. The apparatus allows for variable impact energy of
the missile againsEjthe lens being tested, without
altering the size or weight of the missile. The missile
is aimed to strike at the center of the lens. Each of
the plastic substrates tested, before coating, had a
center thickness of 2.0 mm, 3'0.1 mm, except for the
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1. A process for inproving the inpact resistance of a coate —
substrate, conprising applying to at | east one surface of thg Jubstrate a
thermosetting pol yurethane |ayer, and an ggrasion coating ch rdct &9 44l 1996 J
that the polyurethane is provided by: appl yi ng an agyequs
pol yur et hane %mﬂﬁe@mlaﬂdamldw BubBe radde WHich thad, a dc8RtRES
content in the cﬁ%fgbto 40% and_a particle size in th of 10
to 100 nanom& dtstr PReetof - ?h@gpla§m553ﬁnﬁﬁqeﬁ% cgfgulated

pol yur et hane |mq;§urrmm hneCOEdgnsahndnvﬁﬂdtnﬂytoffthEﬂmIE&dlesocyanate

}M;a;gt aga?'?: glqlllv cuercil ‘g{& ogotégt ?'Bﬁg;gl é%hé‘ﬁ%ﬁ%gs c}g rBya?i‘ll ‘a?yi ng at
anbi ent tenpmmulnxmd(nﬂtemvalpbenweehaywo photaadrsment [ Jhe results
applying, OVl WRAOIMK LA PLLIRE! BUSks B A0 G SRR, L1001 £

consi sting of° ST on- resin or an acrylic-based resin
curing the allfasied®w:iesi stant coating conposition to form said abrasion
resi stant coating.

TABLE II

Impact Strength in Joules

Plastic Material
PRIMER co NG ANTI-REFL. CR-39 MR-~§ MR~7

None None No 2.51 >4 .64 -
None 5-339 No _ 0.73 0.88 -
None $-339 Yes. 0.13 0.63 -
W-240 $-339 No 1.23 1.36 1.59!
W-240 s-339 Yes 1.20 3.43%Y  2.44°

* 1.1 mm, + 0.1 mm, Center Thickness

As TABLES I and II show, plastic substrates coated
by using the process of the present invention have
improved impact resistanée over the substrates coated
with SILVUE® 339 without a primer layer,as well as good
abrasion resistance. The impact strength of each of the
coated substrates made by the process of the present
invention greatly exceeds the minimum FDA requirement of
0.2 joules. The coated substrates also have very good
adhesion between the substrate and the primer layer, and
between the primer layer and the hard coat. Thus, the
coated substrates made by the process of the present
invention are particularly useful as plastic lenses for
eyeglasses and safety goggles, and as windows in
buildings and in motor vehicles.

Other modifications ‘and variations of the present
invention are possible in light of the abave teachings.
For example, additives and other modifying agents may be




2.+ The process of claim1l wherein the substrate is a pol ycarbonate
plastic, an acrylic plastic, or a plastic material having a high refractive

i ndex. 3. The process of claim2 wherein the plastic substrate is
formed froma pol ymer obtained by radi cal polynerization of a nononer
m xture containing an N substituted pheny’mal ei ni de derivative. 4. The

process of clahgk§lwherein the plastic substrate is_an ophthalmc |lens. 5.
The process of i oL Shfe T IPehel YD OF 5P FB&sebFasiion I5estfFamtt he
aqueous pol yucetkdme compositions, and additional coatily

compositions can be applied to the coated substrate of
this invention. It is to be understood, however, that
changes may be made in the particular embodiments
described above which are within the full intended scope
of the invention as defined in the appended claims.



di spersion at anbient tenperature for |ess than one hour prior to the
application of the abrasion resistant coating conposition. 6. The
process of claim1 di ol is dinethylol propionic acid.

7. The process of cljaREPUACEMENEi SHEERe| aqueous pol yur et hane di spersi on

I ncludes triethanol afi & as a ol sper i hg agent . 8. The process of
claim1 wherein the uﬂstﬁﬁgjutjiﬁabp | rer layer, and the abrasion resistant
hard coal are transpqrgnt. - .1 The process of claim1l wherein the
primer |layer has a thi deress—eq—f+rerd 0} 1180 2 - ~t-he abrasion
resistant top coat hgs a thlckness of from1l to '

Lt M . . Iy I

1. A process for improving the impact resistance of
a coated plastic substrate, comprising applying to at

least one surface of the substrate a thermosetting
polyurethane layer, and an abrasion coating characterised
in that the polyurethane is provided by:

applying an aqueous polyurethane dispersion
having a pH in the range of 7 to 9, a solids content in
the range of 5% to 40%, and a particle size in the range
of 10 to 100 nanometers, to said surface of the plastic
substrate, the polyurethane being formed by condensation
of a multi-functional isocyanate with an anionic diol and
a polyether diol or polyester diol;

at least partially curing the aqueous
polyurethane dispersion by air drying at ambient
temperature to form a primer layer;- and subsequently

applying, over the polyurethane primer layer, a
coating composition consisting of a silicon-based resin
or an acrylic-based resin, and

curing the abrasion resistant coating composition
to form said abrasion resistant coating.
2. The process of claim 1 wherein the substrate is a
polycarbonate plastic, an acrylic plastic, or a plastic
material having a high refractive index.
3. The process of claim 2 wherein the plastic
substrate is formed from a poiymer obtained by radical
polymerization of a monomer mixture containing an N-
substituted phenylmaleimide derivative.
4. * The process#bf claim 2 wherein the plastic
substrate is an ophthalmic lens. _
5. The process of claim 1 wherein the step of at
least partially curing the aqueous polyurethane
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10 pm- and hi ckness ranges from1 pm to 15 pm

0, ool b L Pt T

mat eri al having fa high refractl e li ndex; 18 quéous pol ysur et hane
di spersion is torned by condéﬁ atlon of nultl-quctlon | socyanate with
di met hyl ol pr ot ifRemehen-andludes)|/atF h%FYHP%I tBf BBIry¥SE&Afi%! , " and

i ncl udes trle@h, éhﬁ&éﬁ@rﬁéﬂgeﬁQEﬁfe for less tﬂdﬁadﬁéxbém at

| east partiall curlndﬂfhe aqueous onu e n sLQn ;i es air
dryi ng the pol [HeheEhr FRR ST g? an%i ? %g%gggg“ur%@ﬁo %lgzgs t han one

hour prior toddaigplésmpositidnt he abrasion resistant coating
conposition; and the primer layer has a thickness of fromO0.1

6. The process of claim 1 wherein the anionic

diol is dimethylolpropionic acid.

7. The process of claim 1 wherein the agueous
polyurethane dispersion includes triethanolamine as a

dispersing agent.

8. The process of claim 1 wherein the substrate,
the primer layer, and the abrasion resistant hard coat
are traunsparent.

9. The process of claim 1 wherein thé primer
- layer has a thickness of from 0.1 to 2 ,;q, the
abrasion resistant top coat has a thickness of from 1 to
10 am and the total coating thickness ranges from
1 pm to 15 pm. '

10. The process of -claim 1 wherein the plastic.
substrate is an ophthalmic lens comprising a
polycarbonate plastic, an acrylic plastic, or a plastic
material having a high refractive index;

the aqueous polyurethane dispersion is formed.
by condensation of a multi-functional isocyanate with
dimethylolpropionic acid and a polyether diol
or polyester diol,
and includes triethanolamine as a dispersing agent;, .
the step of at least partlally curing the
aqueous polyuretharié dispersion includes air drying the
polyurethane dispersion at ambient temperature for less
than one hour prior to the application of the abrasion
resistant coating composition; and

the primer layer has a thickness of from 0.1



20 to 2 pm the abrasio ﬁmjmguanﬁ&b*ﬁ%o\at has a thickness of from1l to
10 pm and the total coafi ' S ranpes from1l pmto 15 pm 11
The process of claiml o Iain1i8 E%ééh ryconprising the step of:
appl yi ng an inorganic antli Jr e®% b coadt iing over the abrasion resistant
hard coat. : T C

|

W

to 2 um, the abrasion resistant top coat has a thickness

20

of from 1 to 10 gm, and the total cocating thickness
ranges from 1 um to 15 pgm.

11. The process of claim 1 or claim 10 further
comprising the step of:

applying én inorganic anti-reflective coating
over the abrasion resistant hard ccat.
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PROCESS FOR_IMPROVING IMPACT RESISTANC
OF COATED PLASTIC SUBSTRATES

ABSTRACT OF THE DISCLOSURE

A process for improving the impact resistance
of a coated plastic substrate, particularly those polymers having
a high refractive index, comprising applying an aqueous
polyurethane dispersion as a primer layer to at least one surface
of the plastic substrate, at least partially curing the aqueous
polyurethane dispersion by air drying at ambient temperature,
applying a coating composition over the polyurethane primer
layer, and curing the coating composition to form an abrasion
resistant hard coat. Preferably, the aqueous polyurethane
dispersion is air dried at ambient temperature for less than one
hour before application of the abrasion resistant coating
composition. The process provides an impact enhancing, abrasion
resistant coating system having strong interfacial adhesion that
is preferably transparent for application onto preferably
transparent for application onto preferably transparent plastic

articles, such as opthalmic lenses and safety eye wear.
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substrata. Foremost &mong thase ars the cdating comgositions
dgscribed in United States Patent Nos. 3936397 and 4027873 to
clark, Nos. 4177175, 4242416 and 4245113 to Baney et al, No.
4177315 to Ubersax, Nos. $1884S1 and 4213508 to Humphrey, Nos.
4207357, 4242381 and 4242383 to Goosens, No. 4355133 tec January,
Nos. 4330373 and 4442168 to White et al, Nos. 4500855, 4540634,
4571365 and 4702773 to Ashlock et al, No. 4733827 to Ycldas, and
¥os. 5013608 and 5102695 to Guest et al. The hard ccats
described in these patents have been widely used to imparc
aprasion resistance to plastic lenses, including those used in
eye glasses and safety goggles, windows in buildings and motor
vehicles, plastic panels and other articles where an abrasion
resistant or scratch resistant surface coating is of importance.
However, such abrasion resistant hard coats are alsc known co
reduce the impact resistance of a plastic substrate in certain
applications.

EP~A-0404111 discloses a process for the preduction gf
glastic lenses comprising applying to the plastic lens substrate
a thermosetting polyurethane layer, a second hard ccat silicone
layer and an anti-reflection layer. o

In recent years, plastic materials with increasingly
higher refractive indexes have been used to make ophthalmic
lanses. As their refractive index increases, the thickness of
the lens required to achieve the same level of correction
decreases. The resulting lens is thinner and lighter andg,
therefore, more attractive to the user. These higher rafractive
index plastic materials, however, still tend to be relatively
soft and scratch more easily than glass. Known organic or
siloxane coating compositions can be applied to thesa plastic
materials to provide a protective abrasion resistant coating.
However, when such a hard%&@tagplied to these higher rafractive
index plastic wmaterials, their impact resistance tends to
decrease .in comparison o the uncocated plastic material. This Ei
a serious disadvantage, particularly since the decreasa may be
large encugh to reduce the impact resistance
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