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A gas barrier laminated material comprising a substrate, and an inorganic compound thin-film layer 
and a protective layer which are laminated in this order, wherein the protective layer is a layer formed by 
coating on the inorganic compound thin-film layer a coating composition containing a metal alkoxide 
or a hydrolyzate thereof and an isocyanate compound having two or more isocyanate groups, followed 
by heat drying, or a layer formed by coating on the inorganic compound thin-film layer a water-based 
coating composition containing a water-soluble polymer and at least one of (a) a metal alkoxide or a 
hydrolyzate thereof and (b) a tin chloride, followed by heat drying. 
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5. The gas barrier laminated material according to any one of claims Ito 4, wherein said coating composition 
further contains a melamine compound or a melamine resin. 

6. A gas barrier laminated material comprising a substrate, and an inorganic compound thin-film layer and 
a protective layer which are laminated in this order, wherein said protective layer is formed by coating on 
said inorganic compound thin-film layer a water-based coating composition containing a water-soluble 
polymer and at least one of (a) a metal alkoxide or a hydrolyzate thereof and (b) a tin chloride, followed 
by heat drying. 

10 7. The gas barrier laminated material according to claim 6, wherein said tin chloride is stannous chloride, 
stannic chloride, or a mixture of these. 

8. The gas barrier laminated material according to claim 0 or claim 7, wherein said water-soluble polymer 
is polyvinyl alcohol, polyvinyl pyrrolidone, starch, methyl cellulose, carboxymethyl cellulose or sodium al -

15 
ginate. 

9. The gas barrier laminated material according to claim 8, wherein said water-soluble polymer is polyvinyl 
alcohol. 

10. The gas barrier laminated material according to any one of claims 6 to 9, wherein said water-based coating 
20 composition contains the metal alkoxide or a hydrolyzate thereof and/or the tin chloride in an amount of 

from 10 parts by weight to 1,900 parts by weight in total, based on 100 parts by weight of solid content 
of the water-soluble polymer. 

II. The gas barrier laminated material according to any preceding claim, wherein said metal alkoxide is rep-
25 resented by Formula (1): 

M(OR) (1) 
wherein M represents a metal atom, n represents a valence of M, and R’s that number n each indepen-
dently represent a lower alkyl group. 

30 12. The gas barrier laminated material according to claim 11, wherein said M in Formula (1) is Si, Al or Zr. 

13. The gas barrier laminated material according to claim 11, wherein said metal alkoxide is tetraethoxysilane, 
trilsopropoxyaluminum or tetra butoxyzirconium. 

14. The gas barrier laminated material according to any preceding claim, wherein said protective layer has a 
as 

thickness of from 0.01 prn to 50 m. 

15. The gas barrier laminated material according to any preceding claim, wherein said inorganic compound 
thin-film layer is formed of an oxide, nitride or fluoride of silicon, aluminum, titanium, zirconium or tin, or 
a composite of any of these. 

40 
. 

16. The gas barrier laminated material according to claim 15, wherein said inorganic compound thin-film layer 
is an aluminum oxide deposited layer. 

17. The gas barrier laminated material according to any preceding claim, wherein said inorganic compound 
45 thin-film layer has a thickness of from 5 nanometers to 300 nanometers. 

50 
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(57) ABSTRACT 

Describes durable coating compositions and a proccss for 
the preparation of durable, broad-band antirellective coat-
ings on organic polymeric host materials and photochromic 
organic polymeric host materials. Ihe coating compositions 
consist essentially of a silane monomer mixture Cufl)pflSing 
glycidoxyalkylalkoxysilane and alkylalkoxysilane(s) with 
or without. tctraalkoxysiianes; water-soluble organic poly-
mer; a leveling amount of nonionic surfactant; a solvating 
amount of lower aliphatic alcohol; a catalytic amount of 
water-soluble acid; and water. The coating compositions 
may optionally contain fluorinated silane(s). Also describes 
a process for preparing antirdfiective coatings comprising 
the steps at coating a polymeric host material with the 
durable coating composition; curing the coating; treating the 
cured coating with an aqueous acidic solution to produce a 
graded refractive index; removing residual acid; and further 
curing the coating. 
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DURABLE COATING COMPOSITION, PROCESS 
FOR PRODUCING DURABLE, ANTIREFLECTIVE 

COAlINGS, AND COATED ARTICLES 

CROSS REFERENCE TO RELAfED 
APPLICATION 

[0001] This application is a continuation-in -part applica-
tion of U.S. patent application Set. No. 08/165,996 tiled 
Dec. 13, 1Q93, 

DESCRIPTION OF THE INVENTION 

[0002] The present invention relates to novel durable 
coating compositions. More particularly, the present riven -
ion relates to a novel process that utilizes a durable coating 

to form a sii-igle-laycr, durable, broad band antire.ftective 
coating on an organic polymeric host material. Still more 
particularly, this invention, relates to articles such as optical 
elements, e.g., ophthalmic lenses, transparent sheets, films 
and photochromic articles, such as photochromic optical 
elements, transparent sheets and films, having on at least one 
surface thereof, a durable optically transparent coating of the 
present invention, or a durable, antireflcctive optically trans-
parent coating formed by the process of the present inven-
tion. 

[0003] Organic polymeric host material(s) that arc typi-
cally used to make optical elements, transparent, sheets and 
flInts, have surfaces that are susceptible to abrasion and 
chemical attack. Often, such materials are coated with a 
protective coating to improve their abrasion resistance. 

[0004] Abrasion resistant coatings I hat incorporate polv. 
vinyl alcohol or hydrolyzed polyvinyl acetate and acid 
polysilicic acid ester, hydrolyzed polysilicic acid oster or 
hydrolyzed metal lower alkoxide have been described in 
U.S. Pat, Nos. 2,404,426; 3,652,379; 3,971,872; 3,998,991.; 
4,120,992; 4123,131; and 5,037,871. Abrasion resistant 
cuatings incorporating hydrolyzed polysilicic acid esters and 
polyvinyl acetals having a hydroxyl group content of 35 to 
50 weight percent, calculated as polyvinyl alcohol, are 
described in U.S. Pat. Nos. 4,164,602 and 4,172,187. The 
use of polyvinyl pyrolidone with nrganoalkoxysiiane to 
form siloxane organic hybrid polymers is described in U.S. 
Pat, No, 5/115,023. Other protective coatings formed from a 
partial condensate of a silitnol or an organic silicone com-
pound (Or its hydrolysate) and particulate matter such as 
colloidal silica or micron-sized diamonds are described in 
U.S. Pat. No. 3,986,997 and Japanese Patent Application 
3-21678, respectively. 

[00051 In U.S. Pat. No. 4,127,697, an inipt’ovcnient in the 
adhesion of thc’thrasioo resistant coating described in U.S. 
Pat. No. 3,986,997 to a lens, is obtained by treating the lens 
with a tie-coat comprising an A-alkylenealkoxysilane, 
wherein A contains a group reactive with the substrate. 
Japanese Patent Application 62-212490 describes a coating 
comprising composites made of methyltrirnethoxysilane and 
other organic silicones. This coating is used to control the 
rate of discoloration of organic photochromic viologcn 
compounds that have been incorporated into a soluble resin, 
such as polyvinyl alcohol. 

[0006] Photochromism is a reversible phenomenon exhib-
ited by a compound which, when exposed to light radiation 
involving ultraviolet rays, such as the ultraviolet radiation in 
sunlight or in the light of a mercury lamp, changes color and 
then returns to its original color alter the ultraviolet radiation 
is discontinued or the compound is stored in the dark. 

Oct. iS, 2001 

Various classes of photochromic compounds have been 
synthesized and suggested for use in applications in which 
a sunlight -induced reversible color, change or darkening is 
desired. For example, spiro(indoline)pynidobenzoxazine 
photochromic compounds are described in U.S. Pat. No. 
4,037,698, Spiro(indoline)naphthoxazitics are described in 
U.S. Pat. Nos. 3,562,172; 3,578,602; 4,215,010 and 4,342, 
668, ltenzripyrans and naphthopyrans having a nitrogen -
containing substituent at the 2 -position of the pyran ring are 
described in U.S. Pat, No, 4,818,096. All of the afore -
described oxazine- and pyran--type organic photochromic 
compounds are reported to exhibit a color change of from 
colorless to purple/blue on exposure to a source of ultravio-
let (UV) light, e.g., sunlight. 

[0007] Other organic photochromic compounds are 
reported to exhibit a color change of from colorless to 
yellow/orange when exposed to a source of UV light. 
Examples of such organic photochromic compounds are 
benzopyrans and naphthopyrans having a Spiro adamantane 
group at the 2-position of the pyran ring. These spiropyrans 
are described in U.S. Pat. No, 5,826,977. Other yellow/ 
orange coloring organic photochromic compounds include 
the naphthopyran compounds described in U.S. Pat. No. 
5,066,818. These compounds contain at least one ortho-
substituted phenyl substituent at the 3-position of the pyran 
ring, pt’e lerably a nionoortliu-subsli tu led phenyl suhstituent, 

[0008] As reported in the literature, a major market 
demand for photochromic ophthalmic lenses are for those 
that darken to a brown or gray color. See, for example, U.S. 
Pat. No. 4,818,096 (column 2, lines 35-45). In order to 
achieve such a near neutral coloring of an article, blending 
of one organic photochromic substance having an absorption 
maximum within the range of between greater than 590 and 
about 700 nanometers and another organic photochromic 
substance exhibiting at least one absorption maximum and 
Preferably two absorption maxima, within the range of 
between about 400 and less than 500 nanometers has been 
described in U.S. Pat, No. 4,968,454. 

[0009] Antireflective coatings on ophthalmic lenses have 
become very desirable for consumers in various world 
markets. The advantages of such coatings, as reported by K. 
H. Guenther in Thin Film Coating Technology for Oph-
thalmic Lenses, SHE, 601, Ophthalmic Optics, 1985, pages 
70-87, are the elimination of ghost images dire to multiple 
internal reflections and of disturbing reflection to the wearer 
and the external viewer. As a consequence, the aesthetic-
cosmetic benefit to the wearer is that he or she not only sees 
better, but also looks better. 

[0010] The use of a single layer to form antireflective 
coatings to reduce reflection losses and increase the traits-
mission of optical glass and plastic systems is described in 
U.S. Pat. Nos. 5,116,044 and 5,198,20, and European 
Palent 0402473. The use of a two- or three -layered coating 
to produce antirefiective sit rfaees has been described in U.S. 
Pat. Nos. 5,104,692 and 5,173,368. In most eases, an anti -
reflective surface is prepared on an optical article by first 
coating the article with a hard coat arid then applying the 
antireflective layer, as described in U.S. Par. No. 4,904,525 
and Japanese Patent Application 60-88901. U.S. Pat. No. 
5.116,664 describes an antireflective layer formed by coat-
ing a lens with n siloxane-containing hard coat solution 
having at least one oxide sol, hardening the coated solution 
to give a hard coat layer, and immersing the lens into an 
acidic or alkaline solution to dissolve the oxide particles 
contained in the hard coat layer so as to make the layer 
non -uniform. 
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or 1, e is the integer 1 or 2, and f is the integer 2 or 
provided that the sum of d, e, and f is not greater than 4. The 
weight ratio in the silane monomer mixture of the first silane 
monomer to the second silane monomer may vary from 
about 1:3 to 1:20, preferably from about 1:4 to 1:15, and 
more preferably from about 1:7 to 1:10. 

[0021] The other coating composition of the present 
invention is identical to the aforementioned coating com-
position except that it is substantially free of tetraalkoxysi-
lane and the weight ratio of the first silane monomer to the 
second silane monomer is from 1:7 to 1:15, and prcfcrably 
froni 1:7 to :1:10. 

[0022] Suitable silane monomers that may he used as the 
first silane monomer include glycirloxyrriethyltriethoxysi-
line, alpha-glycidoxyelhvltrirnelhoxysilanr, aipha-glyci-
doxyethyl-triethoxysilanc, hcta-glycidoxyethyltrimethox-
ysilane, heta-gtycidoxyethyltriethoxysilane, alpha-
glyeidoxy -prop yltrhnethoxysilane, alpha-
glycidoxypropyltriethoxysilane, beta-
glycidoxvpropyltrimethoxysilane, heia-glycidoxypropyl-
triethoxysilane, gamin a-glycidoxypropyltrimethoxysilanc, 
ganima-glyeidoaypropylmethyldimethoxysilane, gamma-
glyeidoxy-propyldimcthylethoxysi lane, hydrolysates 
thereof, and mixtures of such silane monomers, Preferably, 
the first silane monomer is selected from the group consist-
ing of gamoia-g lye irloxy-propyltrifiiethoxysilaLie, gamma-
glycidoxypropylmethyldurnethoxy-silaoe, and gamma-gly-
cidoxypropyldimethylethoxysilane, and more preferably is 
gamma-glvcidoxypropyltrimethoxysilane. 

[00231 Suitable silane monomers that may he used as the 
second silane monomer include niethyltrimethoxysilane, 
inethyl-triethoxysilane, inethyltri-acetoxysilane. methyl-
tripropoxysilane, met hyltributoxysilane, ethvltrimethoxysi-
lane, ethyltriethoxysi lane, gamma-meth-aeryloxypropyltri-
methoxysilanc. gamma-aminopropyltri-mcrhoxysilane, 
garnma-ami ioprop’’ltriethoxysi1ane, garnma-iurr-captOpro-
pyltrimethoxysila lie, chlorornethvltrirnetboxysilane, chic-
romcthytricthoxysilane dimetliyldicttioxysilatio, ganliiia-
chloropropyl ii ethyld imethoxysilane, gamin a-chloropropyl-
rnethyldiethoxystlane, hydrolysates thereof, and mixtures of 
such silane monomers. Preferably, the second silane mono-
mer is selected from the group consisting of methyliri-
methoxy-silane, niethyltriethoxysilane., ethyitrimethoxysi-
lane, and ethyltriethoxysilane, and more preferably it is 
mcthyltri-methoxysilanc 

[0024] Tetra(C -C,)aikoxysilanes. when Present in the 
coating composition, arc present at a level of from about I 
to 40 weight percent, prcf rably 2 to 20 weight percent and 
more preferably, from 2. to 10 weight percent. Suitable 
compounds include tetramethoxysilane, t.etracthoxysilane, 
tetra-o-proposysilanc, tetra -it -butoxysilane, hydrolysates 
thereof, and mixtures of such silane rn0000lers. Preferably, 
teiracthoxvsilane is used. 

[04125] The coating composition contain up tetraalkoxysi-
lane and having the preferred weight ratio of the first to the 
second silane monomer of from 1:4 to 1:15, as well as the 
tetraalleoxysitanc-free coaling composition of the present 
invention, may also contain from about 1 to about to, 
preferably Ito 5, weighi percent of fluorinated silane. 

Thefluorinated silanc may be selected from the group consisting 
of trifluoroacetoxypropyl tri(C1-C2)alkoxysilanes; 3-hep-
tatluoroisopropoxy)propyltrichlorosilane; 3-(hcptaliuor-
oisoprrpoxy)propyltrietttaxysilane; N-.(3-(riet1Toxysilylpro-
pyl)perflunr0oetanoantide; 
lriethoxysilylpropvl)perlluoro(2,5-dimethyl-3,6-diox-

Oct. 18, 2001 

anonano),l)amide and substances corresponding to the 
generr’l formula: F(CF) C14201CSi(CIl3)1_l,1 wherein Z 
is cliloro, methoxy or eloxy, g is an integer selected from 
the integers 1 to 10, and It is the integer 0. 1 or 2. 

[0026] The preferred fluorinated silane(s) are those sub-
stances having the general formula: 
F(CP2) CH2CH2Si(C113)1,Z3_5. Such substances include 
tridecauoro-1, I .2,2-tetrahydrooctyl-i-dimethylchlorosi-
lane, tridccafluoro1,1,2,2-tetrahydrooctyl-1-methyldichlo-
tosilane, trirtccafluriro-1 ,1 ,2,2-tetrahydro-oct.yl-1 -trieblo-
rosilanc, tridecafluorru-1,1,2,2-tetrahydro-octyl-1-
triethoxysilane, 3,3,3-trifluoropropyldi mcthyl-chlorosilane, 
3,3,3-ti’ifluoropropylmethydicli lorosilane, 3,3,3-trifluoro-
propyl nethyldimethoxysilane, 3,3,3�Iri-fluoropropyl rile th-
yldintethoxysilane, 3,3,-Irithaoro-propyltrichlorcisilane, 
3,3,3-trifitroropropyltrimethutcysilaiie, 1H, in, 211, 21›1-per-
fluoroailryltrie thuxysilane, 1H, 111, 21-1, 2F1-perfluorode-
cy1dimethylcltlorosilane, IH, IH, 2H, 211-perfiuorodccylm-
ethy1dichlorosilanc, 1H, il-I, 21-i, 21-J-perfluoro-
trichirnosilanc, 11-1, lii, 21-I, 214-perllunrotricthoxysilane, 
IH-1 11:1, 21-1, 214-perftuorooctylmcthyldichlorosilane, 111, 
ill. 211, 211-perfluorooctyltrichlorosilane, and 111, 111, 211, 
211 -per fl ITO ro-oct y] trie thOXySila fle. The nicist preferred flu-
orinated dIane is 3,3,3-triiluocopropyltrimethoxysilanc. 

[0027] Water-soluble organic polymer is present in the 
coating Composition in amounts sufficient to hind and form 
the coating or film resulting from polyconclensation of the 
various silane components of the coating composition, i.e., 
a binding amount, which typically is at a level of from about 
Ito about 8 weight percent, preferably ito 6 weight percent 
Suitable water-soluble polymers are those polymers that 
have a solubility in water of at least about I to to weight 
percent at 25’ (. Additionally, the water-soluble polymers 
are chemically compatible with the silane monomers in the 
etatitig composition, i.e., capable of forming siloxane 
organic hybrid polymers, are optically clear and niechani-
callv strong, i.e., provide sufficient mechanical strength and 
integrity to the porous coating. 

[0028] Water-soluble polymers that may be used include 
natural gums such as guar gums, locust bean gums, and 
xanthan gums; hydroxvalkylcelluloses such as hydroxyeth-
ylceltulose and liydroxypropylcellulose, the synthesis and 
structure of which are described in U.S. Pat. Nos, Nos, 
3,278,521 arid 4,6h1,589, which arc herein incorporated by 
reference; cellulosic polymers such as carhoxymethyt cel-
lulose, methyl cellulose, and ethylnicthyl cellulose; polyvi-
nyls, polyvinyl maleic anhydride copolymers, polyvinyl 
alcohols, copolymers of polyvinyl alcohol and polyvinyl 
amine having tip to 30 weight percent of polyvinyl amine, 
polyvinylamines, and polyvinyl pyrrolidones; poivacrylates 
and related systems such as polyacrylic acids, poly-
methacrylic acids, polyacrylamides, polycarboxylates, and 
polyvinyl ethyl ether; polyimines and related systems such 
a’, po lye thylenimine, polyethylene oxides, polyethylene gly-
cuR and mixtures of such water-soluble polymers. 

[0029] ’the preferred water-soluble polymers are polyvi-
nyl alcohol, hydroxyethylcellulose and polyvinyl pyrroti-
done. Suitable polyvinyl alcohols range in number average 
molecular weight from 3,000 to 150,000 and range from 72 
to greater than 99 percent hydrolyzed, preferably at least 87 
percent hydrolyzed. Suitable hyclroxyethyleellu use poly-
mers range in number average molecular weight from 9,000 
to 1,300,000 and range in molar substitution from 1.5 to 3.5 
as described in tie Kirk-Othmer Encyclopedia of Chemical 
Technology, 4th Edition, Volume 5, John Wiley and Sons, 
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[0046] Each of the photochromic substances described 
herein may he used in amounts (or in a ratio) such that an 
organic host material to which the photochromic compounds 
or mixture of compounds is applied or in which they are 
incorporated exhibits a desired resultant color, e.g., a sub-
stantially neutral color when activated with unfiltered sun-
light, i.e., as near a neutral color as possible given the colors 
of the activated photochromic compounds. 

[0047] A neutral gray color exhibits a spectrum that has 
relatively equal absorption in the visible range between 400 
and 700 nanomeleis. A neutral brown color exhibits a 
spectrum in which the absorption in the 4(3(1-550 nanometer 
range is moderately larger than in the 550-700 nanometer 
range. An alternative way of describing color is in terms of 
its chromaticity coordinates, which describe the qualities of 
a coloi- in addition to its luminance factor, i.e., its chrorna-
ticity. In the CIE system, the chromaticitv coordinates are 
obtained by taking the ratios of the trjstirnu his values to their 
sum, e.g., x�X/(Xi-Y+Z) and yYI(x-4-Y+Z). Color as 
described in the CIE system can be plotted on a chromaticity 
diagram, usually a plot of the chromaticity coordinates x and 
y. See pages 47-52 of Principles qf Color TCCIInOILIgV, by F. 
W. Billmeyer, Jr., and Max Saltzman, Second Edition, John 
Wiley and Sons, N.Y. (1981). As used herein, a near neutral 
color is one in which the chromaticity coordinate values of 
"x" and ’y" for the color are within the following ranges 
(D65 illuminant): x0.260 to 0.400, y-0.280 to 0.400 fol-
lowing activation to 40 percent luminous transmission by 
exposure to solar radiation (Air Mass 1 or 2). 

[0048] The amount of photochromic substance or compo-
sition containing same applied to or incorporated into a host 
material is not critical provided that a sufficient amount is 
used to proctiicc a photochromic effect discernibic to the 
naked eye upon activation. Generally such amount can he 
described as a photochromic amount. The particular amount 
used depends often upon the intensity of color desired upon 
irradiation thereof and upon the method used to incorporate 
or apply the photochromic substances. Typically, the more 
photochromic substance applied or incorporated, the greater 
is the color intensity up to a certain limit. 

[0049] The relative amounts of the aforesaid photochro-
mic compounds used will vary and depend in part upon the 
relative intensities of the color of the activated species of 
such compounds, and the ultimate color desired. Generally, 
the amount of total photochromic substance incorporated 
into or applied to a photochromic optical host material may 
range from about 0.05 to about 1.0, e.g., from 0.1 10 about 
0.45, milligrams per square centimeter of surface to which 
the photochromic substance(s) is incorporated or applied. 

[0050] Photochromic substances may be applied to nm 
incorporated into a host material such as a polymeric organic 
host material by various methods described in the art. Such 
methods include dissolving or dispersing the photoehroniic 
substance within the host material, e.g., casting it in place by 
adding the photochromic substance to lhc monomeric host 
material prior to polymerization; imbibition of the photo -
chromic substance into the host material by immersion of 
the host material in a hot solution of the photochromic 
substance or by thermal transfer; providing the photochro-
mic substance as a separate layer between adjacent layers of 
the host material, e.g., as a part of a polymeric film; and 
applying the photochromic substance as part of a coating 
placed nit the surface of the host material. The term "imbi-
bition" or "imbibe" is intended to mean and include perme-
ation of the photochromic substance alone into the host 
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material, solvent assisted transfer of the photochromic sub-
stance ;nto a porous polymer, vapor phase transfer, and other 
such transfer mechanisms. 

[0051] Compatible (chemically and color-wise) tints, i.e., 
dyes, may he applied to the host material to achieve a more 
aesthetic result, for medical reasons, or for reasons of 
fashion. The particular dye selected will vary and depend on 
the aforesaid need and result to be achieved. In one embodi-
ment, the dye may be selected to complement the color 
resulting from the activated photochromic sahstammccs, e.g., 
to achieve a more neutral color or absorb a particular 
wavelength of incident light. In another embodiment, the 
dye may he selected to provide a desired hue to the host 
matrix when the photochromic substances is in an unacti-
’ated state. 

[0052] The host material will usually he transparent, but 
may he translucent or even opaque. The host material need 
only be transparent to that portion of the electromagnetic 
spectrum, which activates the photochromic substance, i.e., 
that wavelength of ultraviolet (UV) light that produces the 
open form of the substance and that portion of the visible 
spectrum that includes the absorption maximum wavelength 
of the substance in its UV activated form, i.e., the open form. 
Preferably, the host color should not be such that it masks the 
color of the activated form of the pb0t0chr01c substance, 
i.e., so the change in color is readily apparent to the observer. 
More preferably, the host material article is a solid trans-
parent or optically clear material, e.g., materials suitable for-
optical oroptical a.iplicatioos, such as piano and ophthalmic lenses, 
windows, automotive transparencies, e.g., windshields, air-
craft transparencies, plastic sheeting, polymeric films, etc. 

[0053] hxamplcs of polymeric organic host materials 
which may suitable for application of the durable cured 
coatings and the durable, antireilective cured coatings 
described herein include: polymers, i.e., homopolymers and 
copolymers, of polyol(allyl carbonate) monomers, diethyl-
cue glycol dimethacrylate monomers, dnsopropenyl ben-
acne monomers, ethoxylated hisphenol A dimethacrylaic 
monomers, ethylene glycol bismethacrylate monomers, 
poly( ethylene glycol) bisnaetftacrylate monomers, ethoxy-
lated phenol mcthacrylate monomers and alkoxylated poly-
hydric alcohol aerylate monomers, such as ethoxylated 
trimethylol propane triticrylate monomers; polymers, i.e., 
homopolymers and copolymers, of poly fit nctional, e.g., 
mono-, di- or multi-functional, acrylaic anchor mettuLcrylate 
monomers, poly(C alkyl methacrylsies), such as poly-
(methyl methacrylate), poly(oxyalkylene dimethacrylates), 
poly(alkoxylated phenol methacrylates), cellulose acetate, 
cellulose triacetate, cellulose acetate propionate, cellulose 
acetate butyrate, poly(vinyl acetate), poly(vinyl alcohol), 
poly(vinyl chloride), poly(vinylidcnc chloride), potyurc-
thanes, thermoplastic polycarhonates, polyesters, poly(eth-
ylene terephtlialate), polystyrene, poly(alplia mnethvlsty-
rene), eopoly(styrene-niethyl mettiacrylate), copoly(,styrene-
aerylonitrile), polyvinylbutyral and polymers, i.e., 
homopolymers mind copolymers, of diallylidene pentaeryth-
ritol, particularly copolymers with polyol (allyl carbonate) 
monomers, e.g., diethylene glycol liis(allyl carbonate), and 
acrylate monomers. 

[0054] Transparent copolymers and blends of transparent 
polymers are also suitable as host materials. Preferably, the 
host material is an optically clear polymerized organic 
material prepared from a thermoplastic polycarbonate resin, 
such as the carbonate -linked resin derived from bisphenolA 
and phosgene, which is sold under the trademark, LEXAN; 
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TABLE 9-continued 

12 

The a 
(scr) 15x16 11x17 Ex IS E,19 F7 -’0 11x25 EX.1 Ex 23 

30 5.22 9.15 6.0.1 6.09 592 6.90 o.OO 5.72 

40 6.19 6,15 6.01 6,71 5.11 5.67 6.00 9.74 

50 5.76 6.15 6.00 5.512 4.70 5.25 - 5.76 

70 peeled off 6,15 5.96 4,73 4.31 4.94 5.99 5.75 
911 _* 6.14 5.92 3.27 7.77 3.18 5.77 5.74 

100 - 6,10 pccled of 3.20 2.51 3.27 5.91 - 
120 - - - 1nccled oFt’ 2.33 2.90 5.95 - 

140 - - - 2.17 peeled off peeled off - 
160 - .. - - pCrt off - - 

PASSIOD - - - + + + - - 

Indcatw that 0 fending svaae’I takes. 

I 
[0087] 

’lYt]Mi-i 10 

linac 
Lx 24 IOai25 Ex 26 Ex 27 F.xS 

0 6.27 6.17 5.93 6.07 6.14 
90 6.27 6.15 5.92 6.07 ,,14 
20 6. 1.5 6007 5.93 6.07 6.15 
311 5,24 5.1)7 5.93 6.09 6.14 

40 15.20 6. J.2 5.02 6.02 6.14 

60 5.91 5.02 5.69 594 6.13 
80 5.76 5.94 5.23 5.63 5.1) 

100 5.11 5.86 4.537 5.72 6.09 

120 4.93 5.74 4.53 5.43 5.03 
140 peeled off 5.55 peeled ott  5.01 peeled off 
160 -’ 5.50 - peeled ott - 

peeled oft 
pAssl7r) + - + + - 

...51isdicole that a reading wasn’t taken. 

[0088] The results of ’Tables 8, 9 and 10 show that anti -
reflective coat rigs having an optical transtilission greater 
than about 95%, i.e., a percent rellectanco of less than about 
5, were prepared with the coating compositions of Examples 
12, 14, 19, 20, 21, 24, 26 and 27. The final condition of the 
coating, e.g., peeled off or cracked, was not considered to be 
critical in determining if the coating PASSED since the 
treatment step could be repeated and stopped at a time 
interval after reaching a percent reflectance level of less than 
about 5 and before the cracking or peeling of the coating. 
’The percent reflectance obtained with the coating composi-
tions of Examples 12, 14, 19, 20, 21, 24, 26 and 27 may he 
further reduced by the inclusion of a leaching step which 
was not done to the coatings prepared from Examples 6-28. 

[0089] While the present invention has been descril’recl 
with reference to specific details of certain embodiments 
thereof, it is not intended that such details should he 
regarded as limitations upon the scope of the invention 
except insofar as riley are included in the accompanying 
claims. 

We claim: 
1. A coating composition consisting essentially of: 

(a) from about 20 to about 70 weight percent of a silane 
monomer mixture of (i) a first silane monomer which is 
a glycidoxy(C1-C3)alkyl(C1-C2)5 alkyl(C1-C2) alkox-
ysilanc wherein a is an integer of from U to 2 and h is 
tIre integer 1 or 3, provided that h is 3 Only when a is 
0 or 1, and (ii) a second silane monomer having tile 
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general formula (x)jC1 -C3)1alkyl(C1-

C1)alky1(Rt)SL1_1.6, wherein X is selected from 
the group consisting of mcrcapto, amino, chioro and 
methacryloxy, R’ is C1-C’4 alkoxy or acetoxy, and c and 
d are each the integers 0 or 1, e is the integer 1 or 2, and 
(is the integer 2 or 3, the weight ratio of (i):(ii) being 
front about 1:3 to about 1:20; 

(b) from about 1 to about 40 weight percent of tetra(C1 - 
C.)alkoxysilanc; 

(c) a binding amount of silane monomer-compatible 
water-soluble organic polymer; 

(U) a leveling amount of nonioniic surfactant; 

(e) a solvating amount of lower aliphatic alcohol; 

(f) a catalytic amount of water-soluble acid; arid 

(g) water III an amount sir tlieient to form hydrolysates of 
said silane monomers and to solubilize said water-
soluble polymer and acid. 

2. ’lire coating composition ofclaiju 1 wherein the amount 
of the silane monomer mixture is from about 20 to about 55 
weight percent, the weight ratio of (i):(ii) is from about 1:4 
to about 1:15; the amount of tetra(C1-C4)atkoxysilane is 
from about 2 to about 20 weight percent; the water-soluble 
polymer is selected from the group consisting of hyciroxy-
ethyl cellulose, polyvinyl alcohol, and polyvinyl pyrrolidonc 
and is present in an amount of from about I to about 8 
weight percent; said nonionie surfactant is selected from the 
group consisting of alkyl phenol ethoxylates, llu.oroaliphatic 
polymeric ester’s and fluorinated alkyl polyoxvethylene etha-
nols; and the lower aliphatic alcohol is C1 -C3 alkanol or 
alijlbatic alcohol of the formula [(P)R4]5((’1_(,3)OH, 
wherein R1 and R° are each C1 -C2 alkoxy, i is the integer 0 
or 1, and j is the integer 1. 

3. The coating composition ofclaimn 2 wherein the amount 
of the silane nlonorner mixture is from about 20 to about 45 
weight percent, the weight ratio of (i):(ii) is from about 1:7 
to about 1:10; the amount of the tetra(C7-C4)alkrrxysilane is 
from about 2 to 10 weight percent; the lower aliphatic 
alcohol is selected from the group consisting of methanol, 
ethanol, 1-propartol and 1-methoxy-2-propanol: and the 
water-soluble acid is acetic acid or nitric acid. 

4. The composition of claim 1 wherein the first silane 
monomer is gamma-glycidoxypropyltrimethoxysilane, 
gamma-tzlycidoxypropylmei hyldimethoxysilane, gamma - 
glycid&nxv-propvldimethylct hoxysilarie, hydrolysales 
thereof, or mixtures of such siiane monomers; the second 



US 2001/0031811 Al 
13 

silane monomer is methyltrimethoxysilane, methyltriethox-
ysilane, ethyltri-otethoxysilane, ethyltriethoxysilane, 
hydrolysatcs thereof or mixtures of such silanc monomers; 
the water-soluble polymer is a polyvinyl alcohol that is at 
least 72 percent hydrolyzed; the nonionic surfactant is a 
ffiioroaiiphatic polymeric ester; the lower aliphatic alcohol is 
methanol, ethanol or .l-propanol and the water-soluble acid 
is acetic acid. 

5. The composition of claim 4 wherein said polyvinyl 
alcohol is at least 87 percent hydrolyzed. 

6. The coating composition of claim S wherein said 
solvaling amount of lower aliphatic alcohol represents up to 
about 40 weight percent of the coating composition. 

7. The coating composition of claim 7 wherein the pH of 
said coating composition is from about 4 to about 5. 

8, The coating composition of claim 2 wherein the com-
position also includes from about 1 to about 10 weight 
percent of fluorinated silane. 

9. The coating composition of claim 8 wherein said 
fluorinated .silane is Present in an amount of from about I to 
about 5 weight 

10. The coating composition of claim 9 wherein said 
fluorinni.cd silanc is 3,3,3-trifluoropropyltiimcthoxysilane. 

ii. A coating composition consist ing essentially of: 

(a) from about 20 to about 70 weight percent of a silane 
tnonomer mixture of (i) S first silatie monomer which is 
a plycirloxyC1_C)alkyl(Ci-C),, alkyl(Ci-Ca)h alkox-
ysilane wherein a is an integer of from 0 to 2 and b is 
the integer 2 or 3, provided that h is 3 only when a is 
0 or 1, and (ii) a second silane monomer having the 
general formula (X)(( 1_(.3)alkyl(C1-

wherein X is selected from 
the group consisting of mercaplo, amino, chloro and 
methacryloxy, R’ is C’1 -C4 alkoxy or acetoxy, and c and 
d are each the integers 0 or 1, e is the integer I or 2, and 
f is the integer 2 or 3, the weight ratio of (i):(ii) being 
from about 1:7 to about 1:15; 

(b) a binding amount of silane monomer-compatible 
water-soluble organic polymer; 

(c) a Leveling amount of nonionic surfactant; 

(d) a solvating amount of lower aliphatic alcohol 

(e) 1 catalytic amount of water-soluble acid; and 

(0 water in an amount sufficient to form hydrolysates of 
said silane nic’nomers and to solubilize said water-
soluble polymer and acid. 

12. The coating composition of claim 11 wherein the 
amount of the silane monomer mixture is from about 20 to 
to about 55 weight percent, the weight ratio of (i):(ii) is from 
about 1:7 to about 1:10; the water-soluble, polymer is 
selected from the group consisting of hydroxyethyl cellu-
lose, polyvinyl alcohol, and polyvinyl pyrrolidonc and is 
present in an amount of from about I to about 8 weight 
percent; said nonionic surfactant is selectee] from the group 
consisting of alkyl phenol ethoxylates, fluoroaliphatic poly-
meric esters and fluorinated stkyl polyoxycthylene etharots; 
and the lower aliphatic alcohol is C1 -C. alkais 1 or aliphatic 
alcohol nt the formula [(R3)R"1(C _C)OH, wherein R3 and 

are each C1 -C, alkoxy, i is the integer ft or 1., and) is the 
integer 1. 

13. The coating composition of claim 12 wherein the 
amount of the silane monomer mixture is from about 20 to 
45 weight percent; the lower aliphatic alcohol is selected 
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from the group consisting of methanol, ethanol, 1-propanol 
and 1-methoxy-2-propanol; and the water-soluble acid is 
acetic acid or nitric acid. 

14. The coating composition of claim 11 wherein the 
composition also includes from about .1. to about 10 weight 
percent of Iluorinated silane. 

15. The coating composition of claim 14 wherein said 
fluorinated silane is .present in an amount from about 1 to 
about 5 weight percent. 

lb. Aprocess for preparing an antireflective coating 
on 

an 
organic polymeric host material comprising the steps of: 

(a) coating said polymeric host with a transparent durable 
coating composition, (h) curing said coating CoInposi-
tion; 

(e) treating the cured coating with an aqueous acidic 
solution comprising from about 0.5 to 3 weight percent 
hydrofluoric acid, and front about 0 to 1.0 weight 
percent nitric acid for a time sufficient to produce a 
coating having a graded refractive index; 

(d) contacting the cured coating cf step (c) with an 
aqueous alkaline leaching solution for a time sufficient 
Eu remove residual acid from the surface of the coating; 
and 

(e) drying and further curing the coating of step (d). 
17. The process of claim 16 wherein a nonionic fluero-

surfactant is present in the aqueous acidic solution; said 
aqueous alkaline leaching solution is an aqueous alkaline 
solution comprising tetra(C1 -C4)alkylamnmoriiu rn hydroxide 
and nonionic iluorosurfactaut; and the organic polymeric 
host material is selected from the group consisting of 
poty((’,-C1 alkyl metliacrylates), polv(oxyaikylene 
dimethacrylates), poly(alkoxylated phenol methacrylates), 
cellulose acetate, cellulose triacetate, cellulose acetate pro-
pionate, cellulose acetate butyrate, poly(vinyl acetate), poly-
(vinyl alcohol), poly(vinyl chloride), poly(vinylidene chlo-
ride), thermoplastic polycarbonates, polyesters, 
polyurethanes, poly(ethylene terephthalate), polystyrene, 
poty(atptia met.hylstyrene), copoly(styrene-methyl-
metti acrylate), copoly(styrene-acrylonitrile), polyvinylbu-
tyral and polymers of members of the group consisting of 
polyol(allyl carbonate) monomers, polyfunctional acrylate 
monomers, polyfunction at methacrylate monomers, dieth-
ylene glycol diniethacrylate monomers, diisopropenyl ben-
zene monomers, ethoxylated hisphenol A dime Ihacrylate 
monomers, ethylene glycol hismethacrylale monomers, 
poly(ethylene glycol) hismethacrytate monomers, ethoxy-
lated phenol methacrylate monomers, alkoxylated polyhy-
dric alcohol acrylate monomers and Jiallylidene pcotaeryth-
ritol monomers. 

IS. The process of claim 17 wherein said nonionic flue-
rosurfacant is fluorinated ailcylpnlyoxyethylene ethanol, and 
said organic polymeric host material is a solid transparent 
humopolymcr or copolymer selected frorn the group con-
sisting of poly(methiyl nicthacrylate), poly(ethylene glycol 
hisniethaeryla IC), poly(ethoxylated bisphenol A di methacry-
late), thermoplastic polyearhonatc, poly(vinyl acetate), 
potyvinylbutyral, polyurethane and polymers of members of 
the group consisting of diethylene glycol tjis(allyl carbonate) 
monomers, diethyl ene: glycol dirnethacrylate monomers, 
ethoxylated phenol methacrylate monomers, diisopropenyl 
benzene riommorners and ethoxylated irimnethylol propane 
triacrylate monomers. 
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1. Documentos estudiados 

1.1. Descripción: Folios: 59 a 99 
. 1.2. Reivindicaciones: Folios 100 a 102 

1.3. Dibujp: Folio: 104 
1.4 Prioridad: 11 de noviembre de 2002, JP 2002-339115 

2. Objeto do la invención 

. La lnvenciOn se titula "PELICULA LAMINADA DE BARRERA DE GAS" (folio 1) 

En la reivindicación independiente I se define una pelIcula laminada de 
barrera de gas caracterizada porque comprende: 
Un sustrato de resina 
Una capa de deposiciOn de vapor de barrera de gas sobre el sustrato de resina, 
la cual coritiene principalmente un compuesto inorgÆnico; y 
Una capa de cubrimiento de barrera de gas formada sobre la capa de deposiciOn 
de vapor de barrera de gas; 
En donde la capa de recubrimiento de gas do barrera es formada a travØs de 
recubrimiento y secado de un lIquido de recubrimiento que comprende: 
uno de los materiales seleccionados de un compuesto de silicio representado par 
la fOrmula general Si(0R1)4.. (1) y los hidrolizados del mismo; 
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uno de los materiales seleccionados de un compuesto de siliclo representado par 
la fOrmula general (RSi(OR3)3)  ... (2) y los hidrolizados del mismo (en donde R1 y 
R3son individualmente CH3, C21-15 a C2H4OCH3; y R2 es un grupo funcional 
orgÆnico); y 
un polimero soluble en agua que tiene un grupo hidroxilo. 

El problema planteado en esta solicitud consiste en desarrollar un material de 
empaque transparente con propiedades de barrera de gas bajo condiciones de 
altas temperaturas y humedades que permita la aplicaciOn de detectores de 
metales, pueda ser utilizado para ebu!liciOn y tratamientos de retorta y no 
comprenda sustancias perjudiciales para el ambiente. 

La solicitud en estudio presenta una pelicula laminada que comprende un 
sustrato de resina, una capa de deposiciOn de vapor de barrera de gas y una 
capa de cubrimierito de barrera de gas. 

� El objeto de la invenciOn se catalogO coma B32B 9/00 segün la ClasificaciOn 
Internacional de Patentes (IPC). 

. 

3. Determinación del Estado de la TØcnica 

Considerando que la fecha de presentación de  la primera solicitud de patente de la 
cual se reivindica prioridad es: 22 de novienibre de 2002, se buscaron documentos 
del estado de la tØcnica relacionados, con fecha de publicación anterior a esta. 

NO Documento Tutulo Fecha de bhcacion 

Dl EP 0646611 "GAS BARRIER LAMINATED 05 de abril de 
MATERIAL" 1995 

"DURABLE COATING 
COMPOSITION PROCESS FOR 18 deoctubre de D2 US 2001/0031811 PRODUCING DURABLE, 2001 ANTIREFLECTIVE COATINGS, 

AND COATED ARTICLES"  

4. AnÆlisis de patentabilidad (segün requisito) (artIculo 14 D486) 

4.1.N ivel  inventivo (artIculol8 D486) 

Respecto al estado de la tØcnica: 

� En el documerito EP 0646611 (Ilamado Dl de aqui en adelarite), se divulga un 
material lamiriado de barrera de gas que comprende un sustrato; una capa 
delgada de deposiciOn do vapor de barrera y una capa de recubrimiento, las 
cuales son laminadas en ese orderi. La capa de deposición de vapor do barrera 
contiene un compuesto inorgÆnico coma Oxido de aluminio y la capa de 
cubrimiento se forma por revestimiento, calentamiento y secado sobre la capa del 
compuesto inorgÆnico, la cual compreride un polImera soluble en agua con un 
grupo hidroxilo y Liii alcóxido metÆlico, tal coma tetraetoxisilano o sus hidrolizados 
(folio 119, resumen; folio 120, reivindicaciones 6, 8, 9, 11, 12, 13, 16). 
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En el documento US 2001/0031811 (llamado D2 de aqui en adelante), divulga 
peilculas transparentes que comprenden un material polimØrico orgÆnico 
(sustrato de resina) y una capa de recubrimiento formada por revestimiento y 
secado de una composiciÆn que incluye una rnezcla de glicidoxialquilalkoxisilano 
(compuesto de silicio de formula (R2Si(OR3)3)) o sus hidrolizados, 
aiquilalcoxisilanos, tetraalcoxisilanos (compuesto de silicio de formula Si(0R1)4); 
un polImero soluble en agua con tin grupo hidroxilo; un surfactante; alcohol 
alifÆtico; Æcido soluble en agua y agua (folio 121, resümen; folio 122, parÆgrafos 
002, 003; folio 123, parÆgrafos 0022, 3023, 0024, 0028, 0029; folio 124, 
parÆgrafo 0053, folio 125, reIvindicaciones 1, 2, 4; folio 126, reivindicaciones 16, 
17) 

Respecto a la solicitud en estudio: 

� De acuerdo con la reivindicaciOn independiente I de la solicitud en estudio, se 
entieride que el principio tOcnico sobre el cual se fundamenta la propuesta 
consiste en desarrollar una pelicula multicapa con propiedades de barrera, la cual 
comprende un sustrato de resina, una capa de deposiciOn de barrera de gas 
coristituida por un compuesto inorgÆnico y una capa de cubrimiento que contiene 
un polImero soluble en agua con tin grupo hidroxilo, un compuesto de silicio de 
fOrmula Si(0R1)4 y sus hidrolizados y un compuesto de silicio de formula 
(R2Si(OR3)3) y sus hidrolizados, en donde R1 y R3son individualmente CH3, C2H5 
0 C2H400H3; y R2 es un grupo funcional orgÆnico. No obstante, en Dl se divulga 
un material lam inado de barrera de gas que comprende un sustrato, una capa de 
deposiciOn de vapor de barrera de gas y una capa de recubrimiento. 

Una diferencia entre la solicitud en estudio y Dl corresporide al compuesto de 
silicio de formula (R2Si(OR3)3) o sus hidrolizados de la capa de cubrimiento. Sin 
embargo, D2 sugiere una capa de cubrimiento que contiene dicho compuesto de 
silicio y los demâs componentes establecidos en la solicitud en estudio. 

AsI las cosas, un tØcnico de nivel medio versado en la materia que tuviera acceso 
a Dl y D2, podria verse motivado a desarrollar materiales laminados con 
propiedades de barrera de gas que comprendan un sustrato de resina, una capa 
de deposiciOn de vapor de barrera constituida por un compuesto inorgÆnico y una 
capa de cubrimiento cuya composiciOn incluye un polImero soluble en agua, y 
compuestos de silicio o sus hidrolizados. 

Dado Ia anterior, la propuesta de Ia solicitud no representa un avarice tecnolOgico 
o tin salto cualitativo sabre el estado de la tØcnica. Por el contrario parece un 
mejoramiento que cae dentro do la Ilnea normal del avance de Ia tecnologia que 
un tØcnico de nivel media versado en la materia podrIa Ilevar a caba. 

En conclUsiOn, la materia de invención seæalada en la reivindicaciOn I se encuentra 
afectada en su nivel inventivo ya que se deriva de manera evidente del estado de la 
tØcnica y puede ser obvia para tin tØcnico de nivel media versado en la materia. Par 
tanto, no cumple con las disposiciones del artIculo 18 de DecisiOn 486 de la 
ComisiOn de la Comunidad Andina. 



5. Conclusion: 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asI: 

N° Documento 
Reivindicaciones Requisito que afecta 

afectadas  

Dl EP 0646611 1-12 Nivel Inventivo 

Dl

 

US 2001/0031811 1-12 Nivellnventivo 

En cumplimiento del artIculo 45 de la Decision 486 de la ComisiOn de Pa Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de 60 dIas contados 
a partir de la fecha de notificaciOn de Ia presente comunicaciOn. En caso de no dar 
respuesta al presente requerimiento, 0 Si a pesar de la respuesta subsistieran los 
inipedimentos para la concesión, se denegarâ la  patente. 

NotifIquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del titulo primero de la, Circular Unica NO 10 de 2001. 

ALIX CARM$MZA CESPEDES DE VERGEL 
Jefe de DiviiOn de Nuevas Creaciones 

El anterior requerimiento fue notificado por fijación en lista, de fecha 

CONCEPTO TECNICO No. 159 EXAMINADOR TECNICO 
Código No.202076 


