2108985 1 TI NTABLE ABRASI ON RESI STANT COATI NGS BackGround of the Invention
1is invention deals with a sil oxane conposition used primarily for coating
sohid substrates. More specifically, the conposition can be used to coat
ty anspar ent solid substrates to render such substrates abrasion resistant
to all ow such substrates to be tinted and/or dyed. The corrpz;to 8«}3
‘this invention when cured on solid substrates al so gi ve aestheti 31;
pl easing, uniform gel-free surfaces to the coated substrates. Many solid
substrates, especially clear, transparent plastic materials have been used
as substitutes for glass in many applications. The reasons for this )
substitution are the unique properties of the plastics such as "
| i ght wei ght ness, handl eability, and ease of formation of articles. Plastic -
materials are not w thout o
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TINTARLE ABRASION RESISTANT COATINGS

Background of the Invention
This invention deals with a siloxane
composition used primarily for coating solid

substrates. More specifically, the composition can be
used to coat transparent solid substrates to render .
such substrates abrasion resistant and to allow such
substrates to be tinted and/or dyed. The compositions
of this invention when cured on solid substrates also
give aesthetically pleasing, uniform, gel-free
surfaces to the coated substrates.

Many solid substrates, especially clear,
transparent plastlc materials have been used as
substitutes for glass in many applications. The
reasons for this substitution are the unique
properties of the plastics-such_aé lightweightness,
handléability, and ease of formation of articles.

Plastic materials are not without
shortcomings, however, as most plastics are soft and
scratch gquite readily. 1In order to enable the use of
plastlcs in. some applications, it has been customary
to coat the plastics with organic or silicone
coatings. These coatings are, for apparent reasons,
clear, unpigmented coatings. An example of such an
organic coating is a heat curable polyurethane resin.



shortcontngs

however, as nost plastics are soft and scratch quit

'ln order. to enabl e- the use of plastics in. some applications, it

wcustomary to
coatings are,

coat the plastics with organic or silicone coatings.
for apparent reasons, clear, unpignented coati-ngs.

- of such an organic coating is a heat curabl e pol yur et hane resin.

ﬁfpolyurethane resins are considered to be acceptable for coating plastic

- materials to render them abrasion resistant because eventhough the abra5|on
_re§|stance of such pol yuret hane coatings is not as good as sone

iapxane based coati ngs,
e
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has been i -
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An exanpl e.
2 The

't he pol yur et hane coatings are | ess expensi ve. In

_ r to provide exceptionally hard abrasion resistant coatings to the
plastlc articlte nanufacturers new si | oxane-based curable resin

..2

‘The polyurethane resins are conside;ed to be

acceptable for COating plastic materials to render
them abra31on resistant because eventhough the
abrasion re51stance of such polyurethane coatlngs is

-not as good as some sxloxane-based coatlngs, the

polyurethane coatlngs are less expen51ve.

In order to prov1de exceptlonally hard
abresion resistant coatings to .the plastic article
manufacturefs, new_siquane-based curable resin

.systems were developed, An example of such a resin

system can be found in U.S. Patent Number 3,986,997
issued October 19, 1976. These siloxane resins are
considered to be the premier coatings ih the plastic

~lens and sheet market today. These coatings however

have one major drawbaek.' They do not allow

tintability. | - . |
_ “Many times, it is desirable for an end

application of plastic materials if the abrasion

' re51stant coatings can be tlnted or dyed. Such uses
for example include plastlc sunglass lenses or bus and

alrplane w1ndows.

Thus, it would be hlghly deSLrable if a
method could be found to allow tlntablllty of the
premier resins, or a new resin system could be

‘developed which would allow easylﬁintability of the



systens were devel oped. An exanple of such a resin systemcan be found in
Pat ent Nunber 3,986,997 issued Cctober 19, 1976. These sil oxane

ns. are considered to be the premier coatings in the plastic l'ens and
et market today. These coatings however have one maj or dr awback. _They
not - a||OM/tIntabI|lty Many -tines, it-is desirable for an end

application of plastic naterials if the abrasi on resistant. coatings can be.'

tinted or ‘dyed. Such uses:for exanple include plastic sunglass |enses or
bus and airpl ane wi ndows. Thus, it would be hlghly desirable if -a nmethod
coul d be found to a||OMltIntabI|Ity of ‘the prenier resins, or a new resin .
systen1cou|d be developed mhlch woul d al | ow easy tlntablllty of the - 3

coating and aﬁ the same time allow the cbating to
retain the excellent abraelon r951stant properties
found in 51loxane—based coat11gs., _ _

At least three siloxane-based re31n systems
have emerged in the prior .art which attempt to give
the de51rable abrasion resistance and tlntabl;lty
propertles. U.K. Patent Appllcatlon 2,044,787A
published October 22, 1980 in the name of ‘Ito Optical
Industrial Co., Japan, dlscloses a’ coa+1ng comp031t10n
containing at least one hydrolyzate of a silicon
compound containing an epoxyfunctional group; a o
polycarboxylic acid or anhydride and;a'curing agent. =
These_materials exhibit some inferior properties which
will become clear when reference_is'made to ‘them in
the examples. ' S " _ '

A second coatlng system ls disclosed in U S.
Patent Number 4,211,823 issued July 8,.1980 and
-ass1gned to Toray Industrles, Inc., Tokvo, Japan.

This system consists of a hydrolyzate of a 51lane

B compound whlch contains one epoxy group in the
moTecule; flne silica particles and an aluminum .
‘chelate compound. This material suffers from shelf
instability, in that, the coating gels within several
days after manufacture. A.third'coating'system_ie a
material disclosed in U.S. Patent Number 4,073,967




coating and at the sane tine allow the coating to retaln t he excellent
gbrasi on resi staant properties found in sil oxane-based coatings. At |east
tshree si |l oxane-based resin systens have energed in the prior art which
attenpt to give the desnrable abrasi on. resi stance and ‘tintability
properties. U.K.. Patent Application 2,044, 787A published Oct ober 22, 1980

I n-the nane of 1to Optical Industrial Co., Japan, discloses a coatlng
conposi tion containing at |'east one hydrolyzate of a silicon conmpound
-cont-ai ni ng an epoxyfunctional group; a polycarboxylic acid or anhydride and- -
a ewing agent. These materials exhibit sonme inferior properties which wll
becone. cl ear when reference i's nmade to themin the exanplées. A second
coati-ng systemis disclosed in U S. Patent Nunber 4,211,823 issued July 8,
1980 and-assigned to Toray Industries, Inc., Tokyo, Japan. This system

consists of a hydrolyzate of a S|Iane canpound whi ch contai ns one epoxy
group in the. :

issued Februaryal4,:1978 as.a”combinatibn of a
reactive silane and a metal ester. This material is
" tintable bﬁt.does not offer the ultimate in abrasion
resistance and handléability. '
' : ‘The Invention

In order to overcome these inferior properties, a
new curable composition has been discovered which,
when cured on a solid substrate, gives coatlngs which
are tlntable, hard and abrasion resistant.

Such a comp051t10n comprises
(A) a base resin consisting of an *
| aqueous-alcohollc dlsper51on of
(i) 5 to 75 weight percent, based on the: total
. solids of (A), of colloidal silica,
(ii) 0 to 50 weight percent, based on the total
" solids of (A), of a partial condensate of a
~ silanol which is selected'from a group
consisting of silanols having the formula

(a) RS:L(OH)3 whereln R 15 methyl,

{b) R_Sl(OH)3 wherein R' is a mixture of

‘methyl radicals with radicals selected
from the group consisting of vinyl,
phenyl, ethyl, propyl, '
3,3,3-trifluoropropyl,
gamma-methacryloxypropyl,



~molecule; fine silica particles and an al umi num chel at e compound.  This
aterial suffers fromshelf instability, in that, . the, coatsing gels within

eral days after manufacture. A third coating systen1|s ‘a materi al

closed in U'S. Patent Nunber 4,073,967 . 4 issued February 14, 1978 as.

d conmbi nation of a reactive sllane and a netal ester. This- naterlal S

‘tintabl e but does not offer the ultimate in abr.asion resistance and

handl eability. The Invention In order to overconme these inferior - '

properties, a new curable conposi ti on has been di scovered which, when cured

on a solid substrate, gives coatings which are tintable,- hard and abra5|0Q,4

resistant. Such a conposition conprises (A a base resin conS|st|ng of an

5

_gamma-mercaptopropyl and _
'-gamma-chloropropyl wherein the ratio of
'methyl radlcals to the other radlcals-
_ in the mlxture is at. 'least 1: 1, and
'?(ckt R“Sl(OH)3 whereln R" is selected from. a
, group consisting of vinyl, phenyl,
'ethy1, propyl, 3,3,3- trifiuorbprOpyl,

W gamma-methacryloxypropyl,'

' gamma-mercaptopropyl and
'gamma-chloropropyl and mlxtures _ _
thereof, whereln when (c) 1s selected,'
the amount of {c) in (A) cannot exceed
10 weight percent based on the. total
welght of (A); =

(iii) 10 to 55 weight percent, based on the
' total solids of (A), of a partial condensate
of a silanol of the formula R'''Si(OH),
- wherein R''' is selected from the group
*‘consisting of R .
(a) - -R'Ff'OQHZ(R"'!')ijﬁz wherein

o _
- . R"‘f is an alkylene radical'containing :
-1 to 4 carbon atoms, R''''' is a

hydrogen atom or an alkyl radical of 1.
or 2 carbon atoms and
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aqueous-al coholic dispersion of (i) 5 to 75 weight percent, based on the
total solids of" (A).* of colloidal silica, (ii) O0.to 50 -weight percent,
Fased on the total solids of (A), of a partial condensate of a sil anol
'mhlch is selected froma group consisting of silanols having the fornula

(i

(a): RSi(OH)3 wherein Ris nethyl, (b) - RS(OﬂSvmaewlRlseamXUMe.

of hethyl radicals with radicals selected fromthe group consisting of
vinyl, phenyl, ethyl, propyl, 3,3, 3-trifluor.opropyl,

ganﬂa nethacryloxypropyl ) ganmma- ner.capt opr opyl and ganma- chloropropylf

whéwein the ratio .of

(b) =-R''''- GO wherein R'''' has
the meanlng set forth above,
(B) a crosslinker for {A) and,
—~ . (C}) a curing catalyst.

- 5 " This 1nvent10n also con51sts of a process
for coatlng SOlld substrates with the inventive
compositions herein which process consists of
contacting a solid substratﬂ with the inventive

. composition and thereafter curing the inventive
10 ~composition on the substrate by heating the curable
coating and the substrate to temperatures of'50°c or-
higher. - o
A third'aspect'of'this inventioﬁ is a solid
substrate whene‘er said substrate has beon coafed with
15 a composition of this invention and cured.
The base res;n {A) of the inventive
—~ - compositions of this invention consists of three components:
' (1) colloidal silica, (ii) optionally, a partial condensate of
-a silanol having the formula RSl(OH)3, R'S 1(0“) or
- 20 R"Sl(OH)3 and (iii), a partial condensate of a sxlanol
. 'of_the formula R"'Sl(OH) The first component of
the base resin, the c01101dal sxllca, for purposes of
this 1nvent1on, refers to stable dlsper51ons or sols
of discrete particles of amorphous slllca. This term
. 25 excludes solutlons of polys111c1c ac1d in which the




nmethyl? radicals to the other radicals in the mxture is at least 1:1, and
) R'Si(OH)3 wherein R' is selected froma group consisting.of -vinyl,
ggenyl, ethyl, propyl, 3,3,3-trifluoropropyl, ganmma-nethacryl oxypropyl,
\gayma- ner capt opr opyl . and gamma- chl oropropyl and nixtures thereof, wherein
Wfen (c) is selected, the amount of (c) in (A cannot exceed 10 melght
percent based on. the total weight of (A); (iii) 10 to 55 weight percent,
based on the total solids of (A), of a partial condensate of a silanol of :
.the formula R''Si(OH) 3 wherein R'"' is selected fromthe group consisting

of (a) -R '"OCHZ(R """ CGCH2 wherein O R"' is an -al kyl ene radical
cont ai ni ng _ : : - '

'polymer moieoules or particles are so small that they
. are not steble.'_Such.solurione,IWhich can be obtained
by acidifying sodium silicate solutions or by _
~ hydrolvzing silicon esters or'halides at ordinary
5 temperatures can be used hereln prov1ded their
. 1qc041ty is increased elthor bv polymerlzatton or
' aqgreaatlon such that the averaqe particle sxze is 1
to 150 mu in. dlametﬂr. Preferred for this 1nvent10n
_ are commerc1a1 aqueoue colloidal silica dt,porelons
10 having a particle size 1n_the range of 5-100 mu in
diameter. These siiica dispersions are well~known
commerciél dispersions and are sonlunder_Juch
registered trademarks as "lLudox" and “Nalcoad" Tt is
preferred to use colloidal 111ca of 10 30 mu diameter
15 particle sxze in order to obtaln the qreaLe
StabllltV. This component is ~ .used at 5 to-
75 welght percent baeed on the total sollds of (A).
The eecond component of the base resin is
_' the partial rondeneate of a silanol. Thle silaneol can;
. 20 have the formula RSi{OH), wherein R is the methyl |
radlcal or the e11an01 can have the formula R' GL(OH)3
or the silanol can have the. formula R"Sl(ou) " When
the silanol has rhe formula R' SLIOH)3, R"le a miwture
of the methyl radlcal wrula radical selected from
25 certain other radlcals, namely,3,3,3-tr1fluoropropyl,



¥

1to 4 carbon atonms, R"'""' I's a hydrogen atomor an al kyl radical of 1.
‘or. 2 carbon atofis and: 6 (b) -R'""'- [err] wherein R''' has the neaning
s& forth above; (B) a.crosslinker for (A and, (C a curing catalyst. 5
This invention al so consists of a process for coating solid substrates with
the inventive conpositions herein which process consists of contacting a
solid substrate with the inventive conposition and thereafter curing the

i nventive 10 conposition on the substrate by heating the curable coating
and-t he substrate to tenperatures of 50[err]C or higher.- A third aspect of

thwszlnventlon is.a- SO|Id
- - .

vinyl, phenyl, ethyl, propyl, gamma-methacryloxy—
propyl, gamma—mertaptopropyl,'and gamma-chlotopropyl
radicals prd"ided the ratio of methyl radicals to the
other radicals in the mixture is at least 1: 1 When

5 the silanol has the formula R"Sl(OH)3,.R" is aelécted

from the radicals 3,3,34trifluoropropyl, vinvyl,

pheﬁv] ethyl, prupyl; qammé—mnrharry1oxypropyly
gamma- mercaptopropyl, and gamma-ch]n:npropyl prOV1ded

that when {c) is selected, the amount of (c} in (A)

- 10 cannot exceed”lo Wéight'perceht hased on the total
‘weight of (A). In the s Jlanol R 51(OH)3, quantities’
of R' groups wherein R' is other than methvl, should:
not be greater than 50% of the_R' groups in the
silanols-because'coatinés'prepared-from such materials

15 are soft and less abrasion resistance, Perferably,
less than 15 perccnt of R! groups other than methyl
are used hornln. Most preferably, less than 5 percent
of such groups are used herein. This component is

. used.at 0-50 weight percent based on total
©20 solids of (A). o | -
e e The third cbmponent of the base resin (A)_is
a part1a1 condensate of a silanol of the foxmula
R"'Sl(OH) whereln R''' is selected from two groups
cons1qt1nq oE (a), a radlca] hav1ng thc formula

25 =R'*''OCH, (R*""' ' ") C-CH

' o \0/_

and (b) a radxcal having theo .

-

2 .
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ubstrate whenever said substrate has been coated with 15 a conposition of
his invention and cured. The base resin (A) of the iLnvertive. conp03|t|ons
of this invention consists of three conponents: (i) colloidal silica, (ii) *
optionally, a-partial condensate of a silanol having the fornula RSi(Q1)3,
R Si(OH)3 or 20 R'Si(OH)3 and (iii); a partial condensate of a silanol of
the formula R- "'Sl(CH)3 Thé first conponent of the base resin, the
colloidal silica, for purposes of this invention, refers to stable
dlsperS|on oIs gt , i scestgparticl es gt'ennrphous silica. This term
excl ug% #uTiBns of msNFEFélacR Wi 8R ghkylene o) ymer e

-nvlecules ﬁédﬂéélléb§§a§ﬁ§n§01588|h &Qabohhsyoﬁée pal Rtable. j gSych -
- sol utions, which can be obtai ned bi aci_d ? odlun15|l cate solutlons or
I Bf di Lo

by hydrolyEYﬁﬁog?FlﬁBﬂmegfe?g Bt kR Fﬂ@%cﬁ ngry< carbon

atoms, It should be noted that the common feature of
5  these two groups is the presence of the epoxy

. functionality in_each.- This component_is used et
10-55 weight percent based on the total solids of-
(A). | . o e

' For purposes of this'inVentioﬁ,;the

10 preferred base resin (A) contains 5 to 75 weight

_percent'of (A) (1); 5 to 50'weight;percent'of'(A) (ii) -

and 10 to 45 weight percent of (A) (iii), all based

on'the total weight of solids in (A) Most preferred

for th1s invention is a base resin whlch contalns 30

15 to 70 weight percent of @)(1), 5 to 25 weight percent

of (A) (ii) and 20 to 40 weight percent of (A) (111)
all based on the total welght of solids in (A)..
. As indicated earlier, the 001101da1 s111cas-'
"used in this 1nvent10n are aqueous sols and the
20 'inventive'compositiohs_are_aqueous-alCoholic
. dispersions. the prepaiation;of;theVbase resin (A)
is therefore carried out in an aqueous media end
_ because of the nature of-the starting materials
alchols are necessarily part of the solvent system
25 :The partial ' '

.-
-
- —



5 tenperatures can be used herein provided their viscosity is increased r
gl ther by polymnerization or aggregation such that the average particle size
is 1 to 150 nu in di.ameter. Preferred for this invention are comerci al

‘aqueous col l ei dal silica di'spersions 10 having a particle size in the range

of 5-100 nu in diameter. These silica dispersions are well-known
commer-ci al dlsperS|ons and-are sol d under such registered trademarks as
"Ludox" and-"Nal coag".. It is preferred to use colloidal silica of 10-30 nu

di ameter. 15 partrcle size 'in order to obtain the greatest stabllrty Thi s

corponent is S ~used at 5 to 75 weight percent based on the tota

-solids of (A). The second conponent of the base resin’is the parti al

R Si(OH)3 or the silanol can have

condensate of a silanol. This silanol can 20 have the fornula RSi (OH) 3
wherein Ris the methyl radical or the ﬁrlanol can have the fornula_

£ formula R'Si (OH)3. Wien the
silanol has the formula RSi{OH3, R is a mixture of the nethyl radi cal

w.th a radical selected from

condensates set forth above as’ (A) (11) and (&) (iii)
are obtained from the condensatlon of RSl(OH)
R_Sl(OH)3, R"Sl(OH) and R"'Sl(OH)3 which in turn are
obtained from the precursor trlalkoxy51lanes for
example RSi(OCH3)3 andIR'Si(OCH3)3 . As will be

. described in detail in the examples, RSl(OH)3,

'51‘03)3' R"S1i(OH) ; and R'''Si(OH) ; are generated

in-situ by adding the corresponding trialkoxysilanes
'to.aqueoﬁs dispersions of colloidal silica. Suitable

.,trialkoxysilanes are those containing methoxy, ethoxy;
propoxy and'butoxy substituents which upon hydrolysis
in the aqueous medium, llberate the corresponding
alcohols, thus, generatlng at least a portion of the
'alcohol present in the base reSLn. It should be
understood that alcohol can be added to the hydrolysis
medium prior to the addltlon of the alkoxy51lanes and
it should be understood that mixtures of alcohols can
be used herein. Upon generation of the silanols in
the aqueous medlum, there is condensation of the
hydroxyl groups to form 51loxane bonds. Sometimes the
hydroly51s and condensation reaotlons can be enhanced
by the addition of small amounts of acids. The
condensation does not go to'completion bﬁt instead,
there are a great number'of_hYdroxyl groups on the
siloxane._ Optionally) it is sometimes desirable to



25 <certain other radicals, nanely, 3,3,3-trifluoropropyl, 8 vinyl,
. phenyl, ethyl, propy], gamma-nethacryl oxy- propyl, gamma-nercaptopropyl,
) ggmma- chloropropyl radicals provided the ratio of nmethyl radicals to o
¢ other radicals in the mixture is at least 1:1. Wen 5 the S|Ianol has
e formula R'Si(OH)3, R' is selected fron1the radi cal s o
3,3,3-trifluoropropyl, vinyl, quny] ethyl, propyl, gamma- nethacry] '
oxypropyl, gama- nercaptoprOpyI, and gama- choropropyl prOV|ded that when
(c) is selected t he amount of (c) in (A) 10 cannot exceed 10 melght

. percent b 0 f Ln. | o
quantltleﬁ%qﬂ %@ %Q%e& h%ﬁewe%%ﬁﬁpﬁ SQ@)ﬁgﬁe?hgﬁ%d%4£%“§0q§éa ot e e
' greater thantbd% oﬁlvteméllqn,grsemb\s 2ish thied ogiersanbled Lgsedyes (JdaAdRys prepar ed

from suchygRisr balss pbvatio? 5 Vrtrad?d Ma3%9 .AD IRV L HrE FGRo1 Perferably, -
monoethers and Dowanol EE is 2-ethoxy ethanol " These ' '
5  solvents are manufactured by The Dow Chemical Co., '
Midland, Michigan, U.S. A The base resin solution_
should contain 10 to 50 weight percent solids.
Preferably, the base resin solution should-contain
" from 15 to 40 weight percent solids-depending'on the
10 end use of the final cOmposition containing (A4), (B),
and (C). _ . ' B
| The order of addition and hydrolysis of the
components'of the base'resin are'not cfitical but more
favourable propertles in the base res1n solution and
15 ultimately in the cured coating made from such a
' resin are enhanced when the. alkoxy-s11anes of. components
(4) (11) and (A) (111) are combined and added to
. the aqueous or aqueous-alcohollc silica sol at room
temperature. The'base_fesin (A) can be used immediately
20 after preparation or it}can be Stored}__SOmetimes,
the properties of the cured film can be optimized
if the base.resin is'allowed to age}"Aging'oan take :
plaoe sloﬁly.at room temperature_bver'several'days
| or aging can be shortened by heating the base resin.
25 _ L : _ _



Tess than 15 percent of R - groups other than nethyl are used herein. Most
preferably, less than 5 _percent of such groups are used herein. This = |\
Tonponent is used at O- 50 wei ght percent based on.total 20 solids of (A).
-The third conponent of the base resin (A is a partial condensate of a - o
. Silanol of the formula R''Si(0OH)3 wherein R'' is selected fromtwo groups
[con3|st|ng of (a), a.radical having the formula 25 -R''"'OCH2(R'''")C CH2
and (b) a radical "having the 91fgrmula - R'"'"'"- [err] - -wherein

R ' is an al kylene radical containing 1 to 4 carbon atoms, and R""'* " is

drogen atomor an alkyl radical of 1 or 2 carbon atons. |t should he. -

‘not-ed that the comon f&atane ehbbddimeheseft bhegeompesisibheor ehence -of

the epoxy funcihgggkigx '9n8§8his gpégeﬁgnponent i s used at
| (A) (1) 5-75 weight percent of c01101dal silica;
(11) 0~ 50 weight percent of CH, Sl(OH ) and
5 (111) 10-55 weight percent of (HO) Sl(CH2)3OCH2CH-CH2,
all based on the welght of (1) (ii) and 0
_ (iii); R
(B) sufficient succinimide to react with 25 to 200
- percent of available epoxy groups in (A) (iii) and
10  (C) 0.05 to 5 weight percent, based on the total solids
o in the composition, ‘of dicyandiamide.
. In another comp051t10n accordlng to the 1nven-
tlon there is present '
(4) (1) 50 weight percent, based on the total SOlldS
15 - in (A), of colloidal silica,
(ii) 25 weight percent based on the total sollds
. in (A) of CH Sl(OH)s, o
(iii) 25 weight percent based on the total sollds
| . - in (A), of quyHCH O(CH ) Sl(OH)3,
20 o : ' 0
(B) sufflclent succinimide to react with 85% of the
:-avallable epoxy groups in (A) (111) and,
(C) 1.5 weight percent based on the weight of the
~  total solids 1n the comp031t10n of dlcyandlamlde
25 ~',~. In a further embodlment of the composition of the
'  invention there is present .
(A) (i) 50" welght percent based on the total SOlldS
in (A), of c01101da1 silica,
(B) suff1c1ent itaconic acld to react w1th 85% of the .
30 avallable epoxy groups in (A)(iii) and,
(C) 5.0 weight percent based on the weight of the .
" total solids in. the compos1t10n of sodlum acetate.



. 1 nveption,

tb 70

5 to 25 weight percent of (A (ii) and 20 to 40

wei ght percent of (A) (iii), all based on the total weight of solids in

(A ..

are aqueous sols and the 20

‘As indicated earlier, the colloidal silicas used in this invention- . -
~inventive conpositions are aqueous-al coholi c\.

di spersions. the preparation of the base resin (A) is therefore cariied

out

in an aqueous medi a and because g% the nature of the starting
“materials, alchols are necessarily paft
~partial- S '

FExamples of thc’tfialkéxyéilane‘preéursors'
of cowmponent A (ii) (éi; (b} and (¢) are such silanes
as CH3Si(OCH ) .GHSSL(OCH3)3, CH (CH ) SI(OCH3)3,
C!'*z—f.'ﬂ"%l.(OCH3 3 .CH SJ.(O(_H2CH3)3, CGHSSI(OCHZCH

5 HS(CH2)3SI(OCH )3,-C1(CH Sl(OLH ) and
cnz=$coot_cu ) 351 (0CH ;) 5. -
'CH

3) 3¢
2)3 |

anmples of the trlalkoxysxlane precursors

of componont A (iii) dre (CH 0) Sl(CH ) OCHZQHCHZ and
0 _ _
(CH 0)381CH2LH2[:EF . . -
' After the basc resin is tormed it is
treated w1th.componcntsj(B) and (C) by Smelc mixing.
- The order of addition of components (B) and (C)_to
15 édmpohént (A) is not. critical. It is important that

components (B) and (L) are rompat1b]e with the base

‘resin and further, it is important ‘that components (B) '

and (C) are_unlform]y mixed 1n component (A).

Non- unifbrmity of the mix or 1ncompat1b111ty of (B) or-
20 (C) in (A) causes non-uniform cured fllms contalnlng

-blotcheq and/or opnquo spots.

- Cnmonnont (B), the crosellnker, is generally
selected from a group cons1st1ng of (i) polyfunct10na1
carbnxyllc acids; (ii) polyfunctlonal anhydrldes and

25  (iii) polyfunctional imides. The amount of component

of the solvent system 25 The -

- 10-55 wei ght percent based on the total 'solids of (A). For purposes of this
the 10 preferred base resin (A) contains 5 to*75 wei ght percent.
(i); 5 to 50 weight percent of (A) (ii) and. 10 to 45 melght percent
) (iii), all based on the total weight of solids in (A). . Mst
drred for this invention is a base resin which contains 30 15
'melght percent of (A) (i);

&



-’

10 condensates set forth above as (A) (ii) and (A) (iii) are obtained frg ,
the condensation of RS (OH)-3; RS (OH) 3, R'SI(OH)3 and R'' Si (OH) 3 which
turn are obtained fromthe precursor ‘trial koxysi-l anes for exanpl e - '
.RSI(OCH3)3 and R Si (OCH3)3. ~ As will ‘be-described in detail in the :

exanples,” RSi (OH)3, RS (O3, R'S (O3 .and R'' ‘Si(OH)3 are generated .
I n-situ by addi ng the correspondi ng | trlalkoxyS|Ianes 't 0 aqueous dispersions.’
-'of,coll0|dal silica. " Suitable trialkoxysilanes are those containing

net hoxy, ethoxy, propoxy and butoxy substituents which upon hydrolysis in

t hewaqueous nedium |iberate the correspondi ng al-cohols; thus, generating

at |l east a portion of the alcohol -present in the base resin. It should be
under st ood that al cohol. can be added to the hydrolysis nmediumprior to the

‘addition of the alkoxyS|Ianes and it shouid be. understood that m xtures of
al cohol s can

(B) that is useful in'this:invention is based on the
amount of_component (A) (iii)iused in the invention,

- that is, on the equivalents of epoxy contained in (a).
Thus, for example,;in the case of the polyfunctional
acids, (B) (i), enough acid is added to the resin to
react with 25 to 300% of the avallable epoxy groups 1n
component (). Preferred for this invention is an’
amount of (B) containing enough reactlve acid,
anhydride or imide to react with 25 to 200% of the -
epoxy groups in (A). These amounts.are further |
limited by the solubility of component (B) in
component (A). In those cases where the component (B)
is completely insoluble in component” (A), the cured
f£ilm is not aesthetlcally plea51ng and the tinting is
irregular. In this'invention,_some of the component -
(B) materials are highly soluble in the base resin (a)
and some are sparingly solubie in base resin (A). All
such'materials ‘are’ considered within the scope of this
_1nvent10n, however, because even those materials used

as component (B) that are sparlngly soluble still lend
valuable propertles_to the resins. As long as such
materials are soluble in base.resin (A) and as long as
a curable, tlntable hard f11m results, such materlals
are considered within the scope of this invention.
Generally, component (B) is useful in this 1nventlon



used herein. Upon generation of the silanols in the aqueous nedi um
re i s condensation of the hydroxyl groups to form.sil oxane bonds.

opret i mes t he hydronS|s and condensation reactions can be enhanced by the «
dition of small anobunts of- acids. The condensation does not go to SN
conpl etion but instead, there are a great nunber  of ‘hydroxyl groups on the
siloxane. Optionally, it is sonetines desirable to - utilize other water

sol ubl e or ‘water-misci-ble solvents in this invention, such as, Kketones,
Cel | osol ves (Trade Mark) and Dowanols (Trade Mark). Dowanols are. glycol
nmonoet hers and Dowanol EE is 2-ethoxy ethanol. These 5 solvents are £
manuf act ured by The Dow Chenical Co., Mdland, Mchigan, U S.A The base’
resin solution should contain 10 to 504 wei ght' percent solids. Preferably,

the base resin sol ution should contain from 15 to 40 melght percent SO|IdS

dependi ng on the
at 0.1 to 15 welght percent based on the welght of the
entlre compos1tlon (n),. (B) and (C). .

' Examples of group (i) of component (B) are
such compounds”as itaconic, - succ1n1c, malonlc,
glutaric, adipic,.pimelic; suberic, aZelaic_and
sebacic acids and unsaturated dibasic acids such as
fumaric and maleic. Examples of group (ii) of
component (B) include such compounds-as the cyclicii'
anhydrldes of the above mentloned dibasic acids such
as succinic anhydrlde, glutarlc anhydride, trlmellltlc

- anhydride, pyromellltlc anhydrlde, phthallc anhydrlde
and maleic anhydrlde. Examples of group (iii) of
component (B) 1nc1ude such compounds as succ1n1m1de,-
phthallmlde, glutarlmlde and malelmlde.

The thlrd component,’ (C), of this lnventlon
is a curing catalyst. For purposes of this 1nventlon,
the catalyst can be selected from a group consisting
of (i) metal,acetylacetonates, (ii) diamides; (iii)

imidazoles; (iv) amines; (v) organic sulfonic acids

"and their amine salts and (vi) alkali metal salts of

' carboxYlic acids. Thus, examples of such catalysts
include for group (i),'such compounds as aluminum, .
zinc, iron and cobalt acetyl—acetonates; for group

(ii),xsuchlcompoundseas dicyandiamide; for group
(iii), such compounds_as 2-methylimidazole,



10 end use of the final conposition containing (A), (B), and (C. The

order of addition and hydrol'ysis of the conponents of the base resin are

ot critical but nore favourable properties in the base resin solution and o
15 ultimately in the cured coating made fromsuch a resin are enhanced

when the al koxy-silanes of conponents (A) (ii:) and (A). (iii) are conblned
.and- added to the aqueous or aqueous-al coholic silica sol -at room
tenperature © The base resin (A) can be used. i mediately 20 after
preparation or it can be stored. Sonetines, the propertles of the cured
fillkm'can be optimzed if the base resin is allowed to age.' Aging can take
‘place slowy at roomtenperature over several days or -agi ng can be :
shortened by heating the base resin. 25. Il a

15

_'2-ethyl-4-methflimidazdle and

1—cYanoethvl 2-propvlimidazole, for group (1v), such
compounds as benzyldlmethylamlne, and.

1,2~ dlamlnocyclohexane, for group (v), such compounds
as_trlfluoromethanesulfonlc_ac1d and for group (vi),
such compounds as sodium acetate. For purposes of
this invention, it has been found that from 0.05 to 5
welght percent based on the total solids in the
composxtlon, of the catalysts descrlbed herein w1ll
cause the compos1t10n to cure. Larger amounts of such
catalysts do not appear to enhance the propertles of
.the £film and such large quantltles constitute a waste
of materials, f

After the base re51n is prepared, components
(B) and (C) are added thereto and the composltlon is
mixed to ensure that the comp051t10n is homogeneous.
The com9051t10n in the catalyzed form is shelf stable
and car be stored at room temperature for weeks.
When coating a substrate, the substrate is

' cleaned (descrlbed below) and then prlmed, 1f desired,
and the coatlng is applled to the substrate. This can
be accomplished by common coatlng methods such as
dlpcoatlng, spraylng, brushlng, splncoatlng, roller
coating;'floW'coating or cascadlngL These various
emethods of coating allow the coating to be placed on



' . | | o . :
one enbodi nent of the conposition of the invention, there is present (A)

) 5-75 weight percent of colloidal silica; (ii) 0-50 weight percent of :
CH3Si (OH3)3.and 5 (iii) .10-55 wei ght percent of .
(HO 3Si (CH2) 30CH2CH- CH2, al | based on the weight of (i), -(ii) and \' 0
(iii); (B) sufficient succinimde to react with 25 to 200 percent of .
avai | abl e epoxy groups in (A) (iii) and 10 . (O 0.05 to 5 weight percent,

- based on the total solids in the conp05|t|on of .di-cyandi am de. In another’
conmposi tion according to the inven- tion there is present (A (1) 50 ;
wei ght percent, based on the'total solids 15 in (A, of =~ i
colloidal silica, (ii) 25 weight percent, based on the total solids in (A)
of CH3 Si(OH)3, (iii) 25 weight percent; based on the total solids in (A,

of CH CHCH Q(CH2)3Si (OH) 3 16 ' - .

the substrate at uariable thicknesses thus allowing a
wider range of use of the coating. Ordinarily, the
coating of this invention perfbrms best when the cured

" coating is in the_range of 1 ¢to 10 thlck.
Thicknesses in this range allow optimum tintability in
shorter times at lower temperatures.: The resins and
substrate are normally heated to expedite the cure of
the resin. Temgeratures in the range.of 50°C to 150°C
can be used for'most plastic substrates. One must
only guard agalnst overheatlng durlng cure and .
softenlng and dlstortlng the plastlc substrates.
Therefore,.a temperature of 80°C to 130°C is
preferred., The inventive composltlons have been found
to be espec1ally useful on plastlc substrates such as
polycarbonate, acryllc, CR-39 1 e. poly(dlethylene
glycol bis allyl) carbonate, polyesters, cellulose

' acetate butyrate, and acrylonltrlle-butadlene-styrene.

Other additives can be added to the
inventiVe compo51tlons_1n order to enhance the
usefulness of the coatings. For example, Surfactants,_
ultrav1olet absorbers, antlox1dants, and the 11ke, can'
be included hereln.
"The. follow1ng examples serve to 1llustrate

the invention and should not be construed as limiting

.. the invention in any manner.



[err] 20 (B) suffrcrent succinimde to react with 8596of the avarlable
epoxy groups in (A ((iii) and, (C 1.5 weight percent, based on the wei
af the total solids in the composition, of drcyandranlde 25 - In a
further enbodi ment  of the conmposition .of the invention there is present (A)
(1) 50 wei ght percent, based on the total solids in (A), of coIIordaI
_srlrca (B) sufficient itaconic acid to react with 85% of the 30

-avai | abl-e epoxy groups .in (A)(iii) and, (O -5.0 weight percent, based on
the wei ght of the total solids in the conposrtron of sodi um acet at e. 12.

Exgppl es of the trialkoxysilane precursors of conponent ‘A (ii) (n), (b) and
(c) are such srlanes _ '

17

_ Testlng Methods .

Steel Wool Test - A two inch square of 0000 ‘steel
wool was applied over the face of a 24 0z. hammer and
‘was secured w1th a rubber band. Coated lens blanks
were tested for scratch re51stance to. 20 double rubs
across the center of the - lens with the welghted steel
wool. The hammer is held by the end of its handle
such that the majority of the pressure on the steel
wool comes from the hammer head. The lens were graded
according to the amount of seratchlng produced by the
steel wool and hammer. The'absence of scratches on
the lens was graded a 1; sllght scratching was graded

. a 2 and heavy scratchlng was graded a 3.

- Adhesion Test - Adhesion of the coating to

.the lens was determlned by scratchlng an "X" mark
through the coatlng. Scotch brand "600" transparent
tape was applled to the surface of the coatlng over

" the "X" and rubbed throughly. The tape was then
pulled sharply off the surface at a 90° angle in one
quick motion. This procedure was carried out three :
times and then the lenses were observed. The lenses
were graded as either paSS‘or fail or the percent

: adhesion is designated. 'Fail'eonstituted any loss of
coating whatsoever on any of the,three_pulls.-




. CH3Si (OCH 3)3 CBH Si (OCH3, CH (CH2 2 (OCH3)3" CH CHSl(OCH3)3

3Si (OCH CH3) 3, C6 H5Si (OCH2CH3)3 C H - [err] 3

anpl es of the trial koxysilane precursors of conponent A (|||) are

(CH30) 3Si (CH2)'30CI | 2CHCH2 "and 10 : _

O [err] After the base resinis formed, it is treated mnth conponents (B) -

“and (C) by sinple m xi.ng. The order of addition of conponents (B) and (C)
to 15 conponent (A) is not critical. It is inportant that conponents (B)
and. (C) ‘are conpatible with the base resin and further; it is-inmportant
t hat conponents (B) and (C) are -uniformy mxed in conponent (A). k-

‘Non-uniformty of the m x or inconpatibility of (By or 20 (C in (A . -7
causes non-uniformcured films containing bl otches and/or opaque spots
Conmponent (B), the crosslinker, is generally. selected froma group
consi-sting of (i) polyfunctlonal 18

Tinting Test - The lenses were tinted using
commercially available dyes from Brain Power, Inc.,
Miami,'Florida,'U S.A. The lenses were“tinted'using
BPI Sun Brown color. The tinting was carried out
u51ng an Economy Six Model dye system from BPI. The
t1nt1ng was carrled out at about 93°C by 1mmer51ng the

lens in BPI Lens Preparatlon for one (1) minute at
90°C and then into the dye bath for up to 30 mlnutes,
In the tables of the examples, the time of 1ens | -
lmmer51on 1s 1nd1cated at 5 mlnutes (5 min. ), 15
minutes (15 min.) and 30 mlnutes (30. min.). h
' The'light_transmission'through_the_lehs was
measured using a Gardner'HaZe Meter, Model'UXlO,
coupled to a P5500 photometrlc unit all manufactured
‘by Gardner Laboratory, Inc., Bethesda, Maryland,
U. S A. and is reported as % transmlsSLOn.

Abrasion Test (Tabor Test) - The abrasion

resistance of the coatlng_was tested on 4" x 4" x 1/8"
'polycarbonate and CR-39 panels. Abrasion tests were
carried out on a Tabor Abrasor model 505 using a 500
gram load'and'SOO cycles. The abrasor 1s manufactured
by Teledyne ‘Tabor, North Tonawanda, NY U.S.A. The
measurement. is the percent change in haze (%A Haze)
between an abraded and unabraded panel. The
measurements were_made using the Gardner Haze Meter.



*carboxylic acids; (ii) polyfunctional anhydrides and 25 (iii) . | 0
- pol yfuncti onal_ |n1des The amgunt of conponent 13 (B) that is useful y
this invention is based on the anount of conponent (A)- (iii) used in the

Yinvention, that is, on-the equival ents of -epoxy contained in (A). Thus, -for ."

~exanple, in the case of the polyfunctional acids, (B)(i), enough acid i-s
~added to the resin to react with 25 to 300% of the avail abl e epoxy groups.
.in conponent (A). Preferred for.this invention is an.amunt of (B)
cont ai ni ng- enough reactive acid, anhydride or i.mde to react with 25 to -

+ 2Q0% of -t he epoxy groups in (A)D.These anounts are further limted by the
sombi li-ty of conmponent (B) in conponent (A). In those cases where the
component (B) is conpletely insoluble in ggnponent (ﬁo the cured filmis.
-not aesthetlcally pIeaS|ng and the t|nt|ng S o S

'Example 1  Precparation of a base resin.

At about 25°C, Nalcoag 1041 (a colloxdal
sxllca manufactured by Nalco Chemical, Oak Brook,
Illinois, U.S.A.), 1470 gm., and 44 gms. of acetic
acid weré.mixed in a1 litér,IB-necked flask which had
been ecquipped with a mcqhanical-stirrer, thermometer

-and an éddition funnel. To the addition funnel there
was added a mixture of 405 gms. of (CH 0) SLCH3 and
10 305 gms. of (CH3O)351(CH OCHZCHCH
_ _o _
This silane mixture was added to the 1041 silica sol
_qt a rapid raté; 'Theftime_of addition was about. 1 1/2
_ hours. The résulting mixture was allowed to_stir at -
15 . about 25°C for about 1 hour and then it was stripped
" to remove some me:hanol ahd_water until there remained
1600 gms. of.materiai in the flask. This material was
—~ - diluted to 2500 gms. with a 1:1.weight ratio -of a
" mixture of butanol and Dowanol EE (Trade Mark). This
20  paterial had a total solids content of 40%. '

2)3 2°



In thIS i nvention, sone of t he conponent (B) naterlals are

Al such materials are considered within the” scope of this

n, however, because even those materials used as caonponent. (B) -that.
are sparingly soluble still lend valuable properties to the resins. As Iong
‘as such materials are-soluble in base resin (A) and as long as a cur abl e,

“tintable hard filmresults, such materials are considered within the scope
cof this invention. GEneraIIy, conponent (B) is useful in this invention
14 at 0.1 to 15 melght percent based on .the weight of the entire ' \;;-
‘conposition (A)., (B) and (CO). Exanples of group (i) of conponent (B) are’
such.conpounds-as itaconic, succinic, nmalonic, glutaric, adipic, pinelic,
suberic; azelaic and. - - : ' ) -

20

Example 2

The base resin from above, 525 gms., was
weighaed 1ntn a quarf glass jar and there was added
5 17.6 gms. of 1tacon1c acid and 1.5 welqht percent of
aluminum acefylacetonare based on total solids and the
‘mixture sLered for about 18-20 hours There was then
added 31. 4 gns. of additional 1:1 weight ratio’ of butanol
and Dowanol EE Crnukembrk)znxinuxed well. IhlSlmuxunal .
10 qives a 1:1 ratlo nf carboxylic ac1d to epoxy in the
system. This material, when cured, on a CR-39 lens at
' 85°C for 16 hours had:SOme'epaciﬁy and white flakes
" and therefore a new'formﬁlatien_waS'pfepared;in whieh
the carboxyli¢ acid to epoxv ratio was 0.85:1 which
15 consisted of 92.6 gms. of the base resin from Example
1 added to the provirhq formulation along with 14.2 gms.
.of the 1:1 butanol/Dowanol EE (Trade Mark) When
thorouthh m1xcd, this compoqltlon was coated on CR~-39
lenses and cured at 85°C for 16 hours. The lenses
20, when cooled were treated lslminutes'in a BPT Sun Brown
 _-dye bath at 90°C to give a greenish-brown tint wherein
the % transmission dropped from 90 to 50%.

25



sebacic acids and unsaturated di basic acids such as fumaric and nal ei c. (i:;;J
.Exanpl es of .group ‘(i:i) of conponent (B) include such conpounds as the- 3
ayclic- anhydri des of the above nentioned di basic acids such as succinic
anhydride, glutaric anhydride.; trinellitic anhydride, pyronellitic

anhydride, phthalic anhydride and naleic anhydride. Exanples of group

(ii7) of conponent (B) include such conpounds as succi ni m de, phthaI|n1de
‘gl utarimde and mal ei mi-de. The third conponent, (C), of this invention is a
curing catalyst. For purposes of this invention, the catalyst can be
; eLgpted froma group consisting of (i) metal. acetylacetonates (i)
diam des; (iii) imdazoles; (iv) am nées; é ) organic sul fonic acids and

their amne salts ‘and (vi) alkali metal 11t s of carboxylic acids. Thus,
exanpl es of such catalysts include for group (i), such conpounds as-

alum num zinc, iron and cobalt acetyl-acetonates; for group (ii), such
.conmpounds as dlﬁgandiangde for group (iii), such conpounds as :

2 nethylln1dazo _

The base resin from Example 1, 88. 0 gms., was
-treaLed with 1. 8 gms. of succ1n1m1de amd mixed
5 thoroughly.. Thls material was divided 1nto two equal
samples and one sample designated "A" was further
‘treated with 0.1 gms. of dicyandiamide and 35.0 gms.
 of Dowanol EE. The second sample designated "B" was
treated with_O.l gms. of aluminum acetyl acetonate and
10 30.0 gms. of Dowanol EE (Trade Mark). Each sample comp051t10n
was flow coated untoCR-39 lenses after the lens blanks
were etched in 10% aqueous KOH. These coated lens
| were air dried about ‘10 minutes and then cured 16
hours at 85°C. The adheslon on both samples, before
15 tinting, was 100% and the adhesion on both samples,
after tlntlng, was 100%. The lens were treated in a
~dye bath_at 93°C for-30 minutes. The lens coated with
sample "A" tinted to approximately 22% transmission.
' The lens coated with sample'"B“ tinted to a percent
20 transmission of approximately 64 pe:ceht. '

Example 4.

The base resin from example 1, 80 gms., was
25 treated with 2 7 gms. of phthallc anhydrlde



. I nvention,
the total
cause the

4"nethylinidazole and 1- 6yanoethy|-2-propy|inidazole;_fbr group

such conpounds as benzyl di met hyl am ne, and 1, 2-di am nocycl ohexane;
" (v), such conpounds as trifluoronethanesul fonic acid and for -

, such conpounds as sodi um acetate. For purposes of this

it has been found that from0.05 to 5 weight percent based on

solids in the conposition, of the catalysts described herein will

conposition to cure. . Larger anounts of such catal ysts do not

appear to enhance the properties of the filmand such | arge ' quantities
constitute a.waste of materials. After the base resin is prepar ed,
conponents (B) and (C) are added thereto and the conp05|t|on is mxed to
ensure that the conp05|t|on I's honngeneous :

 ratio butanol/Dowanol EE (Trade Mark)

10

22

(equxvalent wetht was 74) and 56 1 qms.'of 1: 1 welght
Thusnuxtumauas shaken to .
dissolve the anhydrlde in t:hn base re51n to form a
coating ccmpoqltlon._ The homogeneous roatlng _
comporltlon was then divided lnto two equal sahples of
69.4-qms..each and des;qnated "A" and "B". To "A",
there was added 0.4 qﬁs.'of'digyahdiamide. To "B",
there was added 0.18 gms. of alumlnum acerylacetonate.
These_samples mere'each stlrred overnlght (about 16-18
hours) to. dissolve the catalvsts. A th;rd sample,
deSignatéd “C” was prepdred from 44.0 gms. of the bhase
re51n from Fwample 1, 0.9. dﬁsl of succinic anhydridc,

0.1 gms. of aluminum acetylacntonate and 31.0 gms. of

15

20

1:1 welght ratio of - butanol and 1qopropanol. "CR-39

‘lens were etched in 10% cauqtlc, as above, and drled

and then ﬁoated with each of the three coating
samples. These roated lenses were then cured 10
minutes at 125°C Roqults are sho“n in Table I. The
lenses were then Linted in a BPI baLh u51nq BPI Sun
Brown tint at 93°C C at the times shown in Table I. .

P
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‘The conposition in the catalyzed formis shelf stable and can be stored
-room t enperature for weeks. \Wen coating a substrate, the substrate is -
@l eaned (descri-bed below) and then prined, if desired, and the coating
applied to the .substrate.. This can be acconplished. by comon coating
methods such as di pcoating, spraying, brushing, spincoating, roller
coating, flow coating or cascadi ng.  These various nethods of coating allow
“the coating to be placed -on- 16 the substrate at -variable thicknesses
thus. allow ng a wi der range of use of the coating. C}dinarily, the coating
of Lhis invention perforns. best when the cured-coating is in the range of 1
to 10 thick. Thicknesses in this range aIIOM/optlnun1t|ntab|I|ty in
shorter times at I ower tenperatures The resins and substrate are nornally
-heated to expedite the cure of a3 :

_EXample 5

Several base resins w1th varylng ratios of
1colloldal Slllca, methyltrimethoxysilane and.

(CH 0) SJ.(CHZ)BOCHZC‘I/{‘E:H2 (epoxy51lane) were prepared
'by plac1ng Nalco 1041 c01101da1 silica and a small
amount of.acetlc acld in a 3-necked, round-bottomed
flask equipped as in Example 1. The silanes were
mixed_tpgether and then added to the colloidal
- silica-acid mixture over a 20-30 minute'period; 'After'
the addition was complete, the reaction mass was -
stirred for an additional 30 minutes and then diluted
with butanolllsopropanol, (1:1 weight mixture) to 25%
solids and then the reaction mass was stirred for an
additional 15 minutes. After setting overnight, the
resins were treated with a crosslinker'end catalyst
and coated unto CR-39 lenses. The lenses were then
- cured -at 80°C for 16 hours and then tinted in BPI Sun
Brown dye at 93°C. Before coating, the 1enses were
etched in 10% caustic,'washed'and dried. The lenses
were also tested for adhesion and abrasion resistance.
The results are set forth in Table Iv.
- - The sample designations in Table III_are'fqr the
coating compesitionfprepared from the same letter



1§ resin. Tenperatures in the range of 50[err]C to 1500C can be used for
pl astic substrates. One nust only guard agai nst overheati-ng during

e and softening and distorting the plastic substrates. Therefore, a
nperature of 80[err]Cto 130[err]Cis preferred. The inventive
conpositions have been found to be especially useful on plastic substrates
such as pol ycarbonate, acrylic, CR-39 i.e. poly(diethylene glycol bis

al l'yl) carbonate, polyesters, cellulose acetate butyrate, .and

acrylonitrile- butadlene styrene. Other additives can be added to the

i nventive conpositions in order to enhance:-the useful ness of the coatlngsxj-
For exanple, .surfactants, ultraviolet absorbers, antioxidants, and the -7
. li ke, can be included herein. The fol | .ow ng exanples serve to illustrate

t he invention and shoul d not be construed as I|n1t|ng t he |nvent|on in any
manner . 24

cu

deSLgnatlon of the formula on Table II, for example,
coatlng comp051tlon AA was prepared from sample A
resin formulatlon. This deslgnatlon system.prevalls
throughout the examples.: Eﬁrther,.samples-of coated
lenses and/or panels will be designated as being
prepared from the same letter formulatlon, for
example, AAA on Table IV was prepared from the coatlng
composition AA on Table III.

Example 6 'rA comparison of freshly prepared coating
' " composition versus aged coating
composition. '

The coatlngs prepared in Example 5 whlch
contained the crossllnker and catalyst as shown in-
'Table.III! were aged 5 days. Fifty gms. of freshly
prepared coating compositon containing a ratio of

'_55 23 5:21.5 of colloidal 5111ca, CH 3103/2and -

Sl(CH2)3OCH CﬁFH and 1,25 gms. of succ1n1m1de

3/2 2

amd 0.3 gms. of dicyahdiamide was prepared in the same
manner as in Example 5. This.material,was labeled .
Sample HH. As soon as the materials in Sample HH had
been combined and mixed for 1 1/2 hours, CR-39 lenses,
which had been caustic etched} Were coated with the



*

17 Testing Methods Steel Wol Test - A two inch square of 0000 steel wool /., . -
masfapplied over* the face of a 24 oz. hammrer and was secured with a rubbe(jéézz
band. " Coated | ens bl.anks were tested for scratch resistance to 20 double

rubs across the cénter of the Iens with the weighted steel wool. The

hamer is held by the end of its handle such that the majority of the

pressure on the steel wool cones fromthe harnmer head. The lens were

graded according to the anount of scratching produced by the steel wool and
hamyer. The absence of scratches on the lens was graded a 1; slight _ '
scratching was graded a 2 and heavy scratching was graded a 3. Adhesion

Test - Adhesion of the coating to the |ens was deternined by scratching an

"X" mark through the coating. Scotch brand "600" transparent tape was

applied to the surface of the. coatlng over the . "X' and rubbed throughly

-The tape was t hen

above compositions and cured at 85°C for 16 hours.
The coated lenses were tinted'at'93aciin a BPI Sun
Brown dye bath in the same manner as in Example 5.
The coatings were tested for adheSLOn, steel wool
‘abrasion resistance and tlntablllty. The results can
be found in Table V. _ ' o
One can compare the samples GGG and HHH
which have essentially the same comprition formu-
lations and'cqnclude that both freshly prepared
coatin§ compositions and aged compositions give the
same acceptable coatings. Aging did not impair the
prdperries of the preViously.prepared:saﬁpies since
Table V, samples AAA through GGG; when compared with |
Table 1V, Samples AAA through GGG, show essentlally
the same results on testlng.

Ekample 7

. A 40 weight percent solids solution of the
base resin from Example 1 of this specification is
treated with a crossllnker and a catalyst as follows-
-Sample AA contalns 39.9 gms. of the 40% base resin;
1.35 gms. of succinimide and 8.5 gms. of 1:1 weight
ratio of butanol and isopropanol; Sample BB was

- formulated Eo contain 39.9 gms. of the 40% solution of



ed sharply off the surface at a 90[ err] ahgle in one qui ck notion.
procedure was carried out three tines and then the | enses- were
otfserved. The | enses were graded as either pass or fail or the percent

any of the three pulls. 18 Tinting Test- - The |l enses were tinted using

comercial ly avail abl e dyes fromBrain Pomer Inc., Mani, Florida, U S. A

The | enses were tinted using BPI Sun Brown color. The tinting'mas carried

~out using an Econony Six Mdel dye systen1fron1BPI The tinting was

. carried out at -about 93[err]C by inmersing the lens in BPl Lens Preparat|¥ﬁ
for one (1) mnute at 90[err]C and then into.the dye bath: for up to 30

. mnutes. In the tables of the exanples, the time of lens inmersion is
indicated at. 5 minutes (5 min.), 15 26 ' '

base resin; 1.1 gms.'of-dicyandiamide ahd_8.8 gms. of
1:1 weight ratio of butanol and Dowanol EE. Two
additional-samples'weré'also prepared. One contained
a total weight of 15 weight percent succinimide
(Sample CC) and the second contained a total weight_of
15 weight percent dicyandi&mide (Sample DD). Sample
cc was prepared by adding 0.8 gms. of éuccinimidé to
43.9 gms. of Sample AA and sampie DD'was prepared by
addlng 0.7 gms. of dicyandiamide to 38, 2. gms. of
Sample BB. A fifth sample was prepared by. addlng 0 2
gms. of dlcyandlamlde to 30.4 gms. of Sample CC to
give a sample containing 15-wéight percent succihimide
‘and 2.5 wéight percent dicyandiamide. This material
was designated EE. These compositions,_AA through EE,
were then coated on CR-39 lenses after'the-CR-39
lenses were etched with caustic, washed and dried.

The comp051tlons were also coated on 4" x 4" x 1/8"
polycarbonate panels. The coated articles were heated
to 85°C for 16 hours to cure. Théy wére_then |
subjected to testing and the results_can be found on
Table VII while the general formulatibns can be found
on Table VI. | | S

Sample AAA falled ‘the steel wool abrasion

test and the Tabor Abrasor test in % A haze. Sample_
BBB failed adhééioﬁ on a.polycarbonate-substrate and

g

adhesion is designated. Fail constituted ahy | oss of coating whatsoever on



n1nutes (15 mn.) and 30 ni nut es (30 min.). The light transn155|on throuqﬁé%é\
the | ens was neasured using .a Gardner Haze Meter, Mdel UX10, coupled to

R5500 photonetric unit all manufactured by Gardner Laboratory, Inc.

Bet hesda, Maryland, U S.A .and is reported as % transnission. Abr asi on Test

(Tabor Test) - The abrasion resistance of the coating was tested on 4" x 4"

x 1/ 8" polycarbonate and CR-39 panels. Abrasion tests were carried out on.

a Tabor Abrasor nodel 505 using a 500 gran1|oad and 500 cycles. The

,abrasor i s manufactured by Tel edyne Tabor, North Tonawanda, NY, U S. A The
surenent is the percent change in haze (%A Haze) between an abraded and.

una raded panel. "The neasurenents:- wer e nmade u3|ng t he Gﬁrdner Haze N@ter

19 Exanmple 1 Preparati on of a base reggn

" the Tabof Abrasor test and in addition the COatings

A had'visible spots in them. Sample'CCC was too soft as
can be observed from. the steel wool and Tabor Abrasor
test where the % A haze was 45. Sample DDD failed all
tests. Sample EEE, the material of this invention
passed every test and gave an abraSLOn re515tant,
tlntable, hard coatlng._ '

Examﬁle'ss

Several coaﬁinq-compositions were prepared
to iilustrate succinimide as a crosslinker using the
curing catalyst dicyandiamide.' The'compositions AA—GG
were diluted to 25% solids with 1:1 welght ratio of '
butanolllsopropanol before coating on caustic etched
CR-39 lenses. “Table VIII contains the formulatlons
and Table IX shows the results of testing. |

Example 9 Example to investigate the effects of
dicyandiamide concentration.

” - A base resin prepared in a manner analogous

" to Example 1 of this applicatidn was prépared and

diluted to 25% solids using butanol and isopropanol in



f about 25[err]C, Nalcoag 1041 (a colloidal silica manufactured by Nal co
emcal, OGak Brook, 5  Illinois, US A), 1470 gm, and 44 .gins. of
cetic acid wer e m xed in al I|ter 3-necked flask which had been eqU|pped.
with a nechanical stirrer, thernnneter and -an addition funnel. To the
-addition funnel thére was added a mi xture of 405 gins. of (CH30)3SiCH3 and
10 305 gins. of (CH3C»3S|(CH2)3CCH2CHCH2 [err] This silane mxture was -
added to the 1041 silica sol ‘at a rapid rate. The tine of addition was
about.1 1/2 hours. The resulting mxture was allowed to stir at 15 .
-about 250C for. about 1 hour and then it was strlpped to remove sone - { j
met hanol - and water until there remained 1600 gns. of -material in the flas
This material was diluted to 2500 gns. with a 1.1 weight ratio-of a_nlxture
of butanol and Dowanol EE (Trade Nar@m. This 20 material had a total
solids content of 40% S

a 1:1 weight réiio.' Tﬂis‘resin was used'with varying

_ amounts of dicyandiamide as the catalyst in a coating
composition where the crosslinker was sucdinimide.
Table X cohtains the formulations. The coating
compositions Wexe-cqated unto CR-39 lenses after the
lenses had been etched in 10% caustic, washed and
dried and cured at 85°C for 16 hours. . The lenses were

: then tésted and the results can be foﬁnd in Table XI.

Example 10

In a manner s1m11ar to Example 1, a 25% solutlon
. of base resin was prepared hav1ng a. welght ratio of

. 8102 :CH 8103/2.03/251(CH2)30CH2C%FH of 55:23.5: 21 5.

This base resin was_formuiatéd as shown in Table XIT.
The formulated coating compositions were then coated
unto CR-39 lenses and cured at 85°C for 16 hours. The
lenses were first'etched'in'io% caustic, washed and
dried. The results are shown in Table XIII.



20 Exanple 2 The base resin from above, 525 gns., was wei ghed into a qua Eé ,
glass jar and there was added 5 17.6 gns. of itaconic acid and 1.5

we ght “percent of al um num acetyl acet onate based on total solids and the
mxture stirred for about 18-20 hours. There was then added 31.4 gns. of
addi-tional 1:1 weight ratio of butanol and -Dowanol EE (Trade Mark) and

m xed well. This material 10. gives a 1:1 ratio of carboxylic acid to-
epoxy-in the system This material, when cured, on a CR-39 |ens at
85[ert] C for 16 hours had sone opacity and mhlte fl akes and therefore a new
forrul-ation was prepared in which the carboxylic acid to epoxv' ratio was O.
85:1 which 15 consi sted of 92.6 gns. of the base resin from Exanple 1
added to the previous fornulation along with 14.2 gns. of the 1:1

but anol / Dowanol EE (Trade Mark).. Wen theroughly m xed; this conposition
was coated on CR-39 | enses and cured at gg[err]c for 16 hours. The |enses

Example 11 Variability of'the ratios of
.SiOz:R'SiOB/Z.R"'5103/2

_'The following baée resins in
isopropanol/butanol solvent were prepared by ‘mixing
the colloidal silica with a mixture of the R’ Sl(OCH )
and R"'Sl(OCH3)3 silanes and then addlng water and
acetic acid in 1sopropanol/butanol solvent. The
re51ns were mlxed at ambient temperatures for 16 hours
and diluted to 25% solids with 1:1
1sopropanol/butanol, beforeuuse. The base resin
formulations are shown in Table XIV. The coating
composition formulations are shown on Table XV.

The coatihg COmpositions were flow-coated unto
CR-39 lenses which had been previously etched in 10%
caustic, washed and dried};aﬁd cured at 85°C for 16.
hours and then tested. " The results can be found in
‘Table XVI. | '

. In sampie-FFF-'the coating cracked and
fraked such that the adheSLOn test could not be
carrled out. ' '



20. ‘when cool ed were treated 15 minutes in a BPT Sun Brown dye bath at
Q[ err] C to give a greeni'sh-brown tint wherein the %transm ssion dropped
dom 90 to 50% 25 . 21 Exanple 3. The base resin from Exanple 1, 88.0
5., was treated with 1:8 gns. of succininmide and mixed 5 t horoughly.
is material was divided into two equal sanples and one sanple desi gnated
"A" was further treated with 0.1 gns. of dicyandi ami de and 35.0 gns. of
Dowanol EE. The second sanpl e designated "B" was treated with 0.1 grs. of
‘al umi-num acetyl acetonate and 10 30.0 gns. of Dowanol EE (Trade Mark). .
- Each sanpl e canpositien was flow coated untoCR-39 |enses after the lens 'OR
bl anks were etched in 10[err] aqueous KOH. These coated Iens were air dr“@ﬁ
. about 10 m nutes and t hen cured 16 30

'EXample_lz_ Effect of 1ncrea31ng epoxy content 1n :
_ coatlng comp051tlons. I

_ Several coating resins'Were'prepared in
whlch the amount of epoxv ‘group in the comp051t10n was
varied from 30 welght percent to 80 welght percent.
The base resins were prepared 51m11ar to Example 1
except that after all the base resln lngredlents were
mixed, they were stlrred for about 45 mlnutes and
allowed to stand three days before formulating into
the coatlng compositions. The solvent used was 1l: 1
welght ratio of 1sopropanol/butanol. The resins were
all 25% solids in solvent. The base resin .
formulations can be found 1n Table XVII. _
The base resins were then formulated into
_coating comp051tlons. The formulations for the
coatlng comp051tlons can be found: 1n Table XVIII. .
CR-39 lenses were caustic etched as indi-
cated in previous examples, washed and dried and _ _
coated with the above coating compositions, air-dried
for 15 minutes and then cured. at 85°C for 16 hours.
The results of testlng on these lenses are shown on
Table XIX. ' '



hours at 85[err]C. The adhe5|on on both sanples, before 15 tinting, mijé;)
100% and the adhesion on both sanples, after tinting, was 100% The |en

were treated in a_dye bath at 93[err]C for 30 mi.nutes. The |ens coated
with sanple "A" tinted to approximately 22%transm ssion. The |ens coated
‘Wi th sanple "B" tinted to a percent 20 transnission of approxi mately 64
per cent . Exanple 4- The base resin fromexanple 1, 80 gns., was 25 treated
With 2.7 gns. of phthalic anhydride . 22 (equivalent melght was 74) and
+ 56.1 gns. of 1:1 weight ratio butanol/Dowanol EE (Trade Mark):. This mxture
‘was_ Shaken to dissolve the anhydride in the base resin to forma coating -
 conposi tion. The honogeneous coating 5 conposition -was then divided into
two equal sanples of 69.4 gns. each and designated "A" and "B". To"A",

31

Example 13 Preparatlon contalnlng
' B'(3 4-epoxycyclohexyl)ethyltrlmethoxy-
silane.

- A base re51n was prepared which contalned
the B-(3, 4- epoxycyclohexyl)ethyltrlmethoxy511ane _
.hydroly51s product by_comblnlng 34.3 gms.
bf.Bf(3,4-epoxycyclohexy1)ethyltrimethoXysilane; 50.7 .
gms. of CH,Si(OCH,) 47 147.1 gms. of Nalco 1041
colloidal silica and 2.0 gms. of acetic acid in a
round-bottomed glass flask as used in Example 1. The
reaction mass was stirred for 1 hour and then 160 gms.
of 1:1 weight ratio of Lsopropanol and butanol was
added and the reaction mass stlrred for an addltlonal
30 minutes. After standing a few hours, the base
resin was combined'with crosslinker and catalyst_to'
obtain a coating comp051t10n. Thus, 1. 4 gms. of
succinimide and 0.35 gms. of dicyandiamide were added
to 50 gms. of the base resin. - The mixture was shaken
for about one hour and left to stand for 24 hours
before coating on CR-39 lenses which had been caustic
etched, washed and dried. The coated lenses were:
cured at 85°C for 16 hours. The lenses when tested
showed 100% adhesion; steel wool abrasion of one and



ere was added 0.4 gns. of dicyandianmde. To "B", there was added 0.18

5. of alum num acetyl acetonate. These sanpl es were each.stirred overnight
gbout 16-18 10- hours) to dissolve the catalysts. A third sanple,
bsignated "C' -was prepared from44.0 gns. of the base resin from Exanpl e
.1, 0.9 gns. of succinic anhydri-de, 0.1 gins. of alun1nun1acetylacetonate'
and 31 0 gns. of 1:1 weight ratio of butanol and i-sopropanol. CR-39 15

| ens were etched in-10% caustic, as above, -and dried and then coated with
each of the three coating sanples -These coated: | enses were then cured 1Q

mnutes at 125C. Results are shown in Table |I. The |enses were then
tinted in a BPl bath using BPlI- Sun 20 Brown tint.at 93[err]C at the tines
shown in Table l. 23 Exanple 5 Several base resins wth varylng ratios -

of = _ . o 32

 tintability of 87/77/57 at 5, 15, and 30 minute
tinting times, respectively. '

Example 14

_ A base resin was prepered as inlExample 11D.

To 50 gms. of thie resin was added 1.6 gms. of.

' succ1n1m1de and 0.1 gms. of zinc acetylacetonate to

' prepare a coatlng resin. Thls coatlng was cured on’
caustic etched CR-39 lenses and cured at 85°c for 16
hours. The lenses when tested showed 100% adhesxon, a
steel wool abra51on resistance of 2-3 and a .
tintability of 38/23/7 at 5 m1n./15 mln./and 30dmin.,
respectively. The coating was seft but highly

. tintable. : - '

Example 15 | Examplee_where mixed R'Si(OH), are used.

In a manner similar to Example 1, several
base re51ns were prepared from mixed 511anes wherein.
there was always present some amount of CH3SL(0H)3.
The formulations for the base re51ns can be found in

Table-XX. R"'Sl(OCH3)3 is Q¥%;HCH29(CH } Sl(OCH3)3

0



col | oidal silica, nethyltrimethoxysilane and. [err] (CH30)3Si (CH2)30CH 2Q
H2 (epoxysilane) were prepared by placing Nalco 1041 col l'oidal silica ang
sqral | anount of acetic acid in a 3-necked, round-bottomed flask equi pped as-
in Exanple 1. The silanes were m xed together and then added to the:
colloidal” silica-acid mxture over a 20-30 m nute period. After the

addi tion was conpl ete, the reaction .mass was stirred for- an additional 30
mnutes and then diluted with butanol/isopropanol, (1:1 weight mxture) to
25% sol i ds and then the reaction mass was stirred for an additional 15

m nutes. After setting overnight, the resins were treated with a
crosslinker and catal yst and coated unto CR-39 I|enses. ‘The | enses were then
cured at 80[err]C for 16 hours and then tinted in BPl -Sun Brown dye at

93[err]C. Before coating, the |Ienses wer gaet.ched in 10% caustic, washed and |

dried. The |l enses were also tested for adhesion and abra5|on resi.stance.
Thg results are set forth in Table IV.

These base resins were diluted to 25% solids
w1th 1:1 welght ratio butanol/lsopropanol and were in
 turn comblned with a crosslinker and catalyst to |

obtain a coatlng comp051tlon. “Each coating
composition therefore consisted of 50 gms. of base |
resin; 0.4 gms. of succinimide and 0.1 gms. o
dicyandiamide. Then coating éompositions were then
coated on CR-39 lenses which had been etched, washed
and dried and were then cured at 85°C for 16 hours.
The results can be found in Table XXI.

Example 16

, In-a manner 51m11ar to Example 15,
additiondal R Sl(OH)3 mixed silanes were tested.
~ Several base resins were prepared as in Example ;.
' The formulations for the base resins_éan be found in
- o _ - /
Table XXII. RY"Si(OCH3}3 is CH

O
CHCHZO(CH2)3-
Sl(OCH '

2
33

' The base resins were diluted'withllil weight
ratio isopropanol/butanol to 25% solids and then’
shaken for three hours. The diluted resins, 50 gms.



he \sanpl e designations in Table Il are for the coating conp05|t|on
.ch'red fromthe sane letter 24 designation of the formula on Table |
NaL/ exanpl e, coating conposition AA was prepared from sanple A resin
formul ation. This designation system prevails throughout the exanpl es.
“Further, sanples of coated 1enses and/or panels will be designated as being
prepared fromthe sane letter fornulation, for exanple, AAA on Table IV was
prepared fromthe coating conposition AA on Table Ill. Exanple 6 A
conparison of freshly prepared coati.ng conposi'tion ver sus aged coating o~
conposi tion. The coatings prepared in Exanple 5, which contained the 't .
crosslinker and catal yst as shown in Table I'1l, were. aged 5 days. Flfty
gnB of freshly : - 34 :

were then comblned with 1 6 gms. succinimide and 0. 3
‘gms. dlcyandlamlde and coated on CR—39 lenses. These
coated lenses were cured at 85°C for 16 hours. The
lenses were tested and the results can be found on
Table XXIII

Example 17

The base re51n from Example 11D 20 gms.,
was comblned with 0.4 gms. of succinimide and 0.2 gms.’
of 10% aqueous sodium acetate and mlxed for 2 1/2 to 3
hours to form a coating comp051tlon, this comp051tlon
was'desiqﬁated "AA", The coatlng composition was .

coated unto caustic, etched CR—39 lenses and then cured
at 85°C for 16 hours._ '

_ The coatlng re31n from above contalnlng the
sodium acetate, 16.4 gms., was comblned with an
additional 0.4 gms. of - 10% aqueous sodium acetate and’
mixed for 1/2 hour. This material was coated on a
CR-39 lenses andrcured at 85°C.for 16 hours. This _
'compositiop was designated "BB", This composition was
then treated by combining 13.1 gms. of "BB" with an
additional 0.4 gms. of 10% aqueous sodium acetate.
This compositibn was designated "CC". ‘This material



prepaf ed coating conpositon containing a ratio of 55:23.5:21.5 of coll o _
silica, CH3SI 03/2 and 03/2Si (CH2) 30CH2CHCH2 and 1.25 gns. of succinimd
gnd 0.3 gns. .of dieyandi ami de was prepared in the sane manner as in Exawpt®
5. .This.material was |abel ed Sanple HH. As soon as the naterlals in Sample -
. HH .had. been conbined and mi'xed for 1 1/2 hours, CR-39 |enses, which had
been caustic etched, were coated with the 25 above conp03|tions and -
cured at 850C for 16 hours. The coated | enses were tinted at 93[err]Cin a
- BPI Sun Brown dye bath in the same manner as.in Exanple 5. The coatings .

e tested for adhesion, steel. wool abrasion resistance and tintability.
Thé‘?esults ‘can be found in Table V. One can conpare the sanpl es GGG and
HHH ' ' : - - '

35

was coated on a_CR—39 lens and cured at 85°C for 16
houfs. o o '

A third comp051tlon was prepared u51ng 9 5
gms. of *cc” and 0.5 gms. of acetic acid. This
material was de51qnated "DD" and was coated on a CR-39
lens and cured at 85°C for 16 hours. The results

7follow:' .
Steel % Transmission
Sample % Adhesion Wool ~ 5 Min. 15 Min.. 30 Min.
AAA 100 1 69 44 a3
BBB 100 1 C 87 72 35
ccc 100 1 82 62. 33
DDD 100 1

83 68 40

Polycarbonate panels were primed with an

. organofunctional silane and aif_dried about 15
minutes. The panels were Lexan , manufactured by the
General Eiectric Co., Plastics DiVisioﬁ;'Pittsfield,
Mass., U.S.A. These panels'werg flow cbated with
coating composition AA to DD and cured at 85°C for
about 16 hours. The abrasion résistance was tested on
each panel usihg the Tabor Abrasor described above.
AAAA through DDDD are the pocharbonate'panels coated
with the formulatlons AA through DD, and cured. The
results follow: ' '



ch have essentlally the same conposition fornu- lations and concl ude
N bot h freshly prepared coating conpositions and aged conpositions give
S dane accept abl e coatings. Aging did not inpair the properties of the
ifjously prepared sanples since Table V, sanpl es AAA through GGG, “when
-conpared with Table 1V, Sanples AAA through GGG ‘show essentially the sane
results on testing. Exanple 7 A 40 weight percent solids solution of. the
base resin from Exanple 1 of this specification is treated with a -
~crosslinker and a catalyst as follows: Sanple AA contains 39.9 gns. of the\
~ 40% base resin; 1.35 gns.. of succinimde and 8.5 gns: of 1:1 weight rathhj

of butanol and isopropanol.. Sanple BB was- fornulated to contain 39.9 gns‘
of the 4096solution'of | 26 36
' Sample = % Haze - Comments
AAAA 12,1 . Good Coating
BBBB 4.3 - Good Coating
ccce - 3.8 - Good Coating

DDDD - 4.2 _ Sllght Craze at
' - Bottom of Lens
After-30-Miﬁ.“

‘Dye Bath |

These materials were hard, abrasion
reSLStant coatlngs hav1ng excellent tlntablllty.



-

base resin; 1.1 gms. of dicyandiam-de and 8.8 gns. of 1:1 wei 'ght' rati o

butanol and Dowanol ' EE. Two additional sanples were al so prepared. - Ong
contai ned a total weight of 15 weight .percent succininide (Sanple COC)
‘the second contained a total weight of 15 wei ght percent dlcyandlanlde
(Sanpl e DD). -Sanple CC was prepared by adding 0.8 gns. of succininide to
43.9 gns. of Sanple AA and Sanple DD was prepared by adding 0.7 gns. of

di cyandi ami de to 38.2 gns. of Sanple BB. A fifth sanple was prepared by .
addi-ng 0.2 gms. of. dicyandianide to 30.4 gns. of Sanple CC to give -a sanple
con{ai ni ng 15 wei ght percent' succini mde and 2.5 wei ght percent -
di cyandi-am de. This material was designated EE. These conpositions, AA

t hrough -EE, were then .coated on CR-39 | enses after-the CR-39 | enses were
etched with caustic, washed and dried. The conpositions were also coated on
4" x-4" x 1/8" polycarbonate panels. Thé coated articles were heated to
85[err]C for 16 hours to cure. They were then subjected to testing and the
results can be found on- =~ o

Example 18

Following Fxample 1 of U.K. Patent
Application Number 2,044,787A, a coating composition
5 was prepared using 200 gms..of
. (CH;0) 351 (CHy) JOCH,CH-CH); 46 ml of

0.12 NHC1; 40 gms. methanol and 160 éms. of
'hethylethylketone.' To 100 qméf of this material was.
10 added 2.05 gms. of-triméllitic anhydride and it was
' mixed for two hours and fﬁen 2.3 gms. of cobalt
acetvlaretondfn was .added W1th mixing. This coating
‘composition was doq1anated "AA" and it was flow coated
unto CR-39 lenses and also onto,CR-39 panels, wh;ch
15 were 4" x 4" squarés,_I/B“ thick, and cured 16 hours
at 80°C. - o
| Two coating compositions were prepared
accordihg to this invehtion by preparing a base resin
‘bv a method similar to that found in Example 1 of thls
20 %pecxflcatlon wherein the ratio of '
. SfD /R' 8103/?/R' 9103/2 was about 50:20:30 and
whercln R"'5103/2 was (CH30,351(CHZ).QCH2%HF52
| . _ _ Y
_These base resins were diluted to about 30% solids
25 using 1:1 weight ratio butanol/Dowanol EE (Trade Mark) and to °




“Table VII while the general fornulations can be found on Table VI. Sanple
AA\‘failed the steel wool abrasion test and .the Tabor Abrasor*test in %A~
k. Sanple-BBB fail ed adhesion on a pol ycarbonate substrate and 27 . .
&) Tabor Abrasor test and in addition the coatings had visible spots in
T™HEm Sanple CCC was too soft as can be observed fromthe steel wool and -
Tabor Abrasor test where the %[err].haze was 45. - Sanple DDD failed all -
tests. Sanple EEE, the material of this invention passed every test and
gave -an abrasion resistant, tintable, hard coating. Exanple 8 Several - .
coating conpositions were prepared to illustrate succinimde as a - N\
.crosslinker using the curing catal yst dicyandiam de. The conpositions
- AA- GG C IR : 8 I

100.gms. of the first base?reSinftﬁefe was added 2.2
gms. of itaconic acid and 0.5 gms. of aluminum acetyl
acetonate this was designated "BBY, Touloo-gms.'of '
the second base resin, there was added 2.2 gms. of
itaconic acid and 0.5 gms. of cobalt acetyl acetonate
this was designated "cet. Thefeafter, there was added
24.3 additional grams of solvent to formulations "BB"
and "CC". These compositions were flow coated unto
CR-39 lenses and cured at 80°C for 16 hours. After
cure, the-lenses'wére tested and the results follow:

$ = Steel . % Transmission
Sample Adhesion Wool 0 Min. 15 Min.
AAA . ‘100 3 89 2.5
 BBB 100 1 94 - 66

eccc - 100 1 93 22

- Coating compositions”BB and CC were shelved
for 1 month and then were coated on CR-39 lenses and
cured at 85°C for 16 hours. 'Samples'BBBB and CCCC are
coated with formulations BB and CC after'éging the
fofmulationé for one month. The results on testing
the cured lenses follows: ' '



bef ore coating on caustic etched CR-39 | enses. Table VIII contains the
f,ornul ati ons and Table |1 X shows the results of testing. Exanple' 9 ,
-Exanple to |nvést|gate the effect's of dicyandi ami.de concentration. A base .
resin prepared in a manner anal ogous to Exanple 1 of this application was
prepared and diluted to 25%solids using butanol and isopropanol in " 28 a
1:1 weight ratio. This resin was used with varying amounts of '
di cyandi ani de as the catalyst_qn a coat.ing conpositi.on. where the
crqgsslinker was succinimde. Table X contains the formulations. The coating -
Cogbﬁsitions_were coated unto CR-39 | enses after the |l enses had been etched
in 10% caustic; washed and dried and cured at 85[err]C for 16 hours. The:

| enses were ' ' ' .

were diluted to 25%solids with 1:1 wei ght ratio of butanol/isopropanol @
()

39
$ Transmission .
% 01 3.5 8.5 15 - 30
Sample = Adhesion Min. Min. Min.. Min, Min.
BBBB 100 83 72 56 38 18

ccee 100 - 59 35 18 9 3

| Aging the coating compositions for one month
appeers-to enhance tintability of the cured coatings.

"Example 19

A base resin was prepared by the ‘method set

forth in Example" 1. The resin had a ratlo of
$io,/R' Sl(OCH3)3/RP"S;(OCH3)3 of 55:23.5:21.5 and was
prepared using 1470 gms. of Nalco 1041 colloidal
silica; 44 gms. aeetic,aqid; 405 gme. CH3Si(OCH3)3 and
305 gms . of (CH3O)3Si(CH2)3OCH2§ﬁ9H2. The base

- . x4
resin was diluted with 1:1 weight ratio of
_bntanol/iéopropanol to 25% solids. This base resin
was used to prepare a series 6f-coating'eomp6sitions'
containing various corsslihkers and catalysts within
the scope_ofjthis invention. The formulations are on
Table XXIV. The_compositionsIWere flow coated on



B\) tested and the results can be found in Table XI. Exanple 10 In a

njer simlar to Exanple 1, a 25%sol ution of base resin was.prepared
@/I ng a wei ght -ratio of SiQ2: CH3Si O32: O82Si ( CH2) 30CH2CHCH2 of
55:23.5:21.5. [érr] This base resin was fornul ated as shown in Table XlI.
.Tre fornul ated .coating conpositions were then coated unto CR-39 lenses and
cured at 85[err]C for 16 hours. The’ | enses were first etched in 10%
caustic, washed and dried. The results are shown in Table X II. 29
Exanple 11  Variability of the ratios of SIQ2:R Si812: R "' S O 3/2 3/ 2

The- follomnng base re5|ns in |sopropano I/butanol solvent wer e prepared Qp
n1xnng . _ .

- 40

 CR-39 lenses and cured at 85°C for 16 hours. The
results can be found on Table XXIV.



the col | oi dal SI|IC8. with a mxture of- the R‘Sl(OCHB)S and R'"Sl(OCHB)S
si | anes and then addi ng water and aceti¢ acid in isopropanol/butanol

sol vent. The resi-ns were ni xed at anbient.tenperatures for 16 hours and
diluted to 25% solids with 1:1 isopropanol /butanol, before use. The base
resin formulations are shown in Table XIV. ‘The coat i ng conposition
formul ati ons are shown on Table XV. The coatlng conpositions were. .

fl ow coat ed unt-o CR-39 | enses which had been- previously etched in 10%
caustic, washed and dried,,and cured at.850C for 16. -hours and then tested.
The\,esults can be found in Table XVI. In sarrpl e FFF, -the coati ng cracked -

and fl aked such that the adhesion t est coul d not be carri ed out . 30
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le 12 Effect of increasing epoxy content in coating conpositions.
ﬁgy ral coating resins were prepared in which the anount of epoxy group in
e/conposition was varied from 30 wei.ght percent to 80 wei ght percent. The .-
base resins were prepared simlar to Exanple 1 except that after all the
base resin ingredients were mxed, they were stirred for about 45 ninutes
and allowed to stand three days before fornul ating into the coating
"conpositions. The solvent used was 1:1 weight ratio of _ _
i sopropanol / butanol. The resins were_all 25%solids in solvent. The base
resin fornul ati ons can. be found in - 4B e XVII. The base resins were then
formulated into coating conpositions.-The fornul ati ons for the coating
conposi tions can be foung-ipg Tabl g,XV[] . CRQ39 | enses were caustic etched
-as indi- cated in previous e»xanspl es washed @and dried and coated with the

above coating corrpoglﬁl QBS oal bdrmedmf Ol’m 15.ni nutes and then cured at
85[err]C for 16 houﬁﬁ‘ LA SN S M A A
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. The results of testing on these | enses are shown on Table Xl X 31
Exanpl e- 13- Preparation containing [err]-(3 '

,*4- epoxycycl ohexyl') et hyl'tri met hoxy- silane. ‘A base resin was’ prepared v
contained the[err]- (3, 4- epoxycyclohexyl)ethyltrlnethoxy3|lane hydronS|s
product by conbining 34.3 gns. of

[err]-(3,4- epoxycyclohexyl)ethyltrlnethoxy5|lane 50.7 gns.. of L
CH3SI (OCH3) 3; 147.1 gns. of Nalco 1041 colloidal silica and 2.0 gns of
acetic acid in a round-bottomed glass flask as used in Exanple 1. - The
reaction mass was stirred for 1 -hour and then 160 gns. of 1:1 melght ratio
“of i.sopropanol and-butanol was added and the reaction mass stirred for an
~addi ti onal 30 m-nut es. ﬁﬁter standlng 43fem1hours t he base
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TABLE IIIX
Coating Compositions Containiﬁg Crosslinker and Catalyst

Sample
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position. Thus, 1.4 gnms. of succinimnmide and 0..35 gns..of .di cyandi ani de

Ne added to 50 gns. of the base resin. The m xture was shaken for about
hour and left to stand for 24 hours before coatrng on CR-39 | enses

whi ch ‘had ‘been caustic etched, washed and dried.  The coated |enses were

cured at 850C for 16 hours. The | enses when tested showed 100% adhesi on;

st eel wool -.abrasi on of one and- 32 tintability of 87/77/57 at 5, 15, and

30 minute tinting tinmes, respectively. Exanple 14 A base resin was prepar ed

as in Exanple |1D. To 50 gns. of this resin was added 1.6 gms. of. W

succinimde and 0.1 gqnms. of zinc acetyl acetonate to prepare a coatlng
resin. This coating was cured on 44
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caustic etched CR-39 lenses and cured at 85[err]C for 16 hours. The |ens
when tested showed 100% adhesi on, a steel wool abrasion resistance of 2-
and'a tintability of 38/23/7 at 5 min./15 mn./and 30 mn.., respectivelly.-
The -coating was soft -but highly .tintable. Exanple 15  Exanples where m Xt
R Si (O3 are used. In a manner similar to Exanple 1, several base resins:
were prepared fromm xed sil anes wherein there was almays present sone
amount of CH3Si (OH)3. The fornul ations for the base resins can be found in -
Table XX. R ''Si(OCH3)3 is CH2CHCH2Q( CH2 3Si (OCH3).3 [err] 33 These base
rests were diluted to 25% solids with 1:1 weight ratio butanolllsopropanol_
and were in turn conbined with a crosslinker and catalyst to
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obtain a coating conposition. Each coating conposition therefore consisted
.. 50 gns. of base resin; 0.4 gns. of succinimde and 0.1 gns..

yyandi ami de. Then coating conpositions were then coated on CR- 39 | enses
ch had been etched, washed and dried and were then cured at 85[err]C for
hours. The results can be found in-Table XXI. Exanple 16 In a -manner

si.m lar to Exanple 15, addi tional R Sl(CH)3 m xed silanes were tested. _
Several base resins were prepared as. in Exanple 1. The formul ations for the
.base resins can be found in [err] Table XXI'I. R ""Si(OCH3)3 is
CH2CHCH20( CH2) 3-" Si (OCH) 3 3 The base resins were diluted with 1:1 melght\d
rati o i sopropanol/butanol to 25%solids and then shaken for three hours.

The diluted resins, 50 gmns. :

»*
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34 were then conbined wi,ith 1.6 gns. succinimde and 0.3 gns. dicyandia
and ‘coated on CR-39 | enses. - These coated | enses were cured at 850C for
‘hours. - The lenses were tested and the results can be found on Table XXMT.
Exanpl e 17 The base resin. fron1Exaane 11D, 20 gms., was. combined with 0.4 -~
~gns: of succi-ni m de and 0.2 gns. of 10% aqueous sodlun1acetate and mi xed .
for 2 1/2 to 3 hours to forma coating conposi tion; this conposition was

‘desi ghat ed " AA" The coating conposition was coated unto caustic et ched

CR- 39 | enses and then cured at 85[err]C.for 16 hours. The coating resin
from-above containi.ng the sodiumacetate, 16.4 gns., was combined with an
'addfflonal 0.4 gns. of 10% aqueous sodlﬁﬁ1acetate and m xed for 1/2 hour.

Thi-s material was coatﬁd on a o
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"9 | enses and cured at 850C for 16 hours. This conpositi on was
gnated "BB". This conposition was then treated by conbining 13.1 gns.
BB" with an additional 0.4 gnms. of 10% aqueous sodi um acetate. This

lens and cured at 850C for 16 hours. A third conposition was prepared using
9.5 gns. of "CC' and 0.5 gns. of acetic acid. This material was designated
"DD' and was coated on a CR-39 lens and cured at 85[err]C for 16 hours. The:

results follow Steel " % Transm ssion Sanple % Adhesion Wol 5
M n. 15 M n. 30 M n. AAA ~ . 100. o1 _ 69 @ 44 ,'13\:)---
: BBB - - 100 1 . - 87 - 712 _ 35 : :
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CCC 100 -1 . 82 62 .33 ‘DDD 100

83 68 °~ . 40 Polycarbonate panels were primed with an

or ganof unctional  silane and air .dried about 15 m nutes. .The panels wer
Lexan , manufactured by the Gener al El ectric Co., Plastics Division,
Pittsfield, Mass., U S. A These panels were fIOM/coated W th coating
conposi tion AA to DD and cured at .85[err]C for about 16 hours. The"
.abrasi on resi stance was tested on each panel using the Tabor Abrasor
descri bed above. AAAA through DDDD are t he pol ycar bonat e panel s coat ed with

t heidormul ati ons AA through DD, and cured. ‘The results follow 36
-Sanple % Haze - Comment s AQAA 121 ~ Good Coating
BBBB. 4.3 Good COatlng . _
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)

onposition 5 was prepared using 200 gns.. of (CH30)3Si (CH2) 30CH2CH H2; 46

SR 3.8 Cood Coati ng DDDD 4.2 Slight Craze
Bottom of "Lens After 30 Mn. Dye Bath These materials were ‘hard,
isi on resi stant coatings having excellent tintability. 37 Example 18

«

m of [err] 0.12 NHC; 40 gns. nethanol- and 160 qns. of nethyl et hyl ket one. -

To 100 gns. of this material- was. 10 added 2.05 gns. of trinellitic
anhydride and it was . C . -
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m xed for two. hours and then 2.3 gns. of cobalt acetylacetonatc was adde

wi th mxing. This coating conposition was designated "AA" and it was flo
coated unto CR-39 lenses and also onto CR-39 panels, which 15 were 4" X 4"
squares, 1/8" thick, and cured 16 hours at 80[err]C. Two coating

‘conposi tions were. prepared according.to this invention by preparing a base -

resin by a nethod simlar to that found in Exanple 1 of this 20
specification wherein the ratio of Si2 /R Si8/2/R "' Si /2 was about
50:20: 30 and wherein R''Si 3/ 2 was (C}BC»BS|(CH2)BOCH2CHCH2 ferr]
{erg]- These base resins were-diluted to about 30% solids 25 using 1:1.
wei ght rati o butanol / Dowanol EE (Trade Nhrk) and to = 38" 100 gns. of the
first base re5|n t here vas added 2. 2

_51
. | I~ R~ |
4 &4 O O ©o
nl] 0 O A e~ =~
4 4 ~ O 0 .0
2] 0 O L L ©
9] ©O ©O
TR EE
QfF @@ © O ©O O
Ol 84 S 4 4 N
O m m m
: =
w oret .
V] S =| @ M <
®wf O - N ™M ®Nn ™
g} o )
o ue
-] o
o
Nl E o .
0o )
o] R-A
- U=l ~ © 1 wn v
Q3 M T N w0 W
g BHu )
: [0} -4
: Xl L [ .
- [ g
x Q o
Wl oal - )
SR O] el SN N N o«
= B 1] BET-T o S T A
2 8 |
B '
FE)
0]
o] ~ _
H| O~
.1 uo
Wl PO A - - -
O] eI
0
o+
-4 =
. 3] L0 .
m g-A
O O m o QO O ©o ©
!+ VY © o © o o
- Nl 4 A - A~
QT
T
Q .
';.. A O A KB
Egmoorﬂ
t‘g a O A ®\

H K



ns. of itaconic acid and 0.5 gns. of alum num acetyl acetonate thi S was
gsignated "BB'. To 100 gns. of the second base resin, there.was added 2.2
ghs. of itaconic acid and 0.5 gms. of cobalt acetyl acetonate thi's was

desi gnated "CC'. Ther eafter, there was added 24.3 additional  grans .of
.solvent to fornmulations "BB" and "CC'. These conpositions were flow coat ed'
unto CR-39 lenses and cured at - 80[err]C for 16 hours. After cure, the

| enses were tested and the results follow Steel . % Transni ssion Sanpl e
Adhesi on Vol 0 Mn. 15 Mn. AAA 100 -3 - 89
2.5BBB .~ - 100 1 94 66 CCC . - 100 ¥y
93 . 22 Coati ng conpositions BB aRd CC were shelved for 1 nmonth and t hen

were coated on CR-39 |enses ang,cured at 85[err]C for 16 hours. Sanpl es
BBBB and CCCC are coaed?w tth f9r mil aty ons BB and CC after aging the -
formul ati ons for oneammh. o Th:e r-esubts on testing the cured -lenses
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39 % Transmission % 1 3.5 8.5 15 30 Sanpl e Adhesi on
Mn. Mn. Mn. Mn. Mn: BBBB . 100 - 83 72 56 38
-1.8 CCCC 100' S 59 35 18 .~ .9 - 3 Aging the coatlng

- CONPOSi ti ons for’ one nonth appears to enhance tint abl lity of .the cured
“coatings. Exanple 19 A base resin was prepared by -the nethod set forth in
Exanhpl e ‘1. .The resin had a ratio of SlOZ/RSl(OCI—B)3/R"S|(OCI—|3)3 of
55:23.5:21.5 and was prepar ed. usi ng 1470 gnms. of Nalco 1041 col | oi dal
silica; 44 gns. acetic acid; 405 gns. CH3S (OCH3) 3 and 305 gns. of

(CHZQ) 3Si ( CH2) 30CH2CHCH2 _The base [er_r] re5| n was dil ut ed with 1:1 wei ght
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lLysts within the scope of this invention. The formulations are on

e XXIV.- The conpositions were flow coated on 40 CR-39 |l enses and
gured at 85[err]C for 16 hours. The results can be found on Table XX V.
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and X the percentages gi ven are based on the total

As regards Exanple 8 and Table-VII1,

-25% and 5
:10.

ver e diluted to 40%

respectively,

1WO
- -
= -
) 0
[« J——
— O S
QO n —
© —
— 4— O
(@]
(@] (&)
C o
—
552
C.l
323
a_o
c
() ]
e
=l
o= .
s =%
N~
(o] (%))
(&)
— (4o
—_ wn -
- LL
() LL
e d
[
©
L
L

sanmpl es CC,

DD,

65

ptoe Oﬂa0masmo=mcumsouo=AMAnu JO 3TeS SuUTWe we JO UOTINTOS %09

*I93eM UT

e ST 0CG-Od«

AIXX JI9VL -

_ | proe : :
9¢. 8S 08 001 80°0 x029-0d  §8°0 otuodelT 0§ WH
| ptTo®
oTuoyNS
: ' —aueylou pro¥ o
(Al eV 59 001 L0"0 -oIOTRITAL S8°0 OtuodelI 0§ T
| _ spture . proe
09 78 06 00T  €£°0 ~-Tpuedotra 68°0 oTuodell 0§ qA
uTWe .
| -TAyzsu : ptoe _
- 81 0 EL 00T 9¢°0 -TpTAzusd G870 oTuode3lI 0§ re
- | - oupwe . _ _ _
_ ~-TAyzou aptapiyue
- 8¢ 79 €8 001 05°0 ~-TprAzued ~ L°Z OTITITSWEAL 00T I
| | . ouTwe :
: B . =TAyjzeu aptapiAyue |
ot 19 L8 001 06°0 ~—TprAzusg z'z OTITITSUWEAL 001 HH
*UTW *UTH m:ﬁz TOOM UOTSOUpY ‘swH/3sATeied “Su9 /ISHUTTSSOI) Uusad o1dures
- 0¢ S1 S L WMMM :
uoTSSTWSURIL, % : sud
- (ponuT3uo0)) 1



Ms: 1. A conposition characterized by: (A) a.base resin consisting
queous- al coholic dispersion of (i) 5 to-.75 weight. percent, based on.
al solids of (A), of colloidal silica, (ii) 0 to 50 weight percent,

_ based'on t he total sollds'of (A), of a partial condensate of 'a silanol

is selected froma group consisting of silanols having the fornul a
(@I%MOﬂ3WmmnnR|snmhw {(b) RSi(OH3 wherein R is a mxture of
met hyl. with a radical selected fron1the group consisting of vinyl, phenyl,
et hyl, propyl, 3,3,3-trifluoropropyl,- ganma- net hacryl oxypropyl,

e
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gamma- mer capt opr-op¥l and ganmma-chl oropropyl wherein the ratio of nethyl
radicals to the other, radiccals:.* -- in the mxture is at | east
11, and (c) R'Si(OH)3 wherein. R is sel ected froma group conS|st|ng of
vinyl, phenyl, "ethyl, propyl, 3,3,3-trifluoropropyl,

ganmma- nethacryloxypropyl _ 69 -gamma- nercaptopropyl and ganma- chl or opr opyl
and m xtures thereof, wherein'mhen (c) is selected, .the anobunt of (¢) in
(A) cannot exceed 10 wei ght ~percent. based on the total weight of (A); (iii)
10 to. 55 wei ght percent, based on the total solids. of (A), of a partial
condensate of a 2 . L -
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il anol of the formula R''Si (OH)3 wherein R'" is select-eéd fromthe group
consisting of (a) -R'' "OCHR'''")C CHwherei.n R'"" is an-.alkylene
’gﬁlcal containing 1 to 4 -carbon atons, R'''' is a hydrogen atomor an . =
al kyl radical of 1 or 2 carbon atoms and (b) -R e [err] =~ whérein:
R™"" has the neaning set forth_above; (B) a.crrosslinker for (A) and, (O
~a.curing catalyst. 70 . 2. @ %onp05|t|on as claimed in cIa|n11 mhereln
“(A)(i) is present at 30 to 70 wei ght percent; (A) (ii) is present at 5 to

25 melght per cent andn(é&élpréceélpgesehleetvzo VDI140andi ght percent, al+

the percentages given are based on the total weight . SJc

-df solids. As regards Example 8 and Table VIII,
-samples AA, BB and GG were dlluted to 25% and

5 samples CC, DD, EE and FF, respectlvely, were
diluted to 40%.

10
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5 based on the total. weiight -of solids . in (A). 3. A conposition as !
claimed in claim2 wherein there is also present sufficient conponent (B

t0 react with 25 to 200 percent of available epoxy 10 = groups in conpo 4
(A)(iii.) and 0.05 to 5 weight percent based on the total solids of (A)

(B) and (C), of conponent (0. 4. A conp05|t|on as .cl ai meg—TmmTctarm3—15

‘wherein conponent (B) is a polycarboxyllc acid, a p0|ycarb0 "”Iﬂﬂﬂrﬂ“ Mrmﬂ" '

or a pol vfunctional imde. 5. A conposition as clained in
conponent . (C), the catalyst, is a netal-acetyl: 20 acetonates amde
imgdazol e, an amine, an organic sulfonic acid, an am ne salt of an organlc
sul¥%n|c acid, or an alkall met al salt of - a carboxyllc aci d. 25

. 68
CLAIMS:

1. A composition characterized by:

() a- base resin consisting of an aqueous-alcohollc
d1spers10n of _

(i) 5 to 75 welght percent, based on the total

_ solids of (A), of colloidal silica,

(ii) -0 to 50 welght percent based on the total
sol;ds of (A), of a partial condensate of a
silanollwbich is selected from a group

 consisting of silanois having the fermule

(2) RSi(OH) ; wherein R is methyl,

(b) R'Si(.OH)3 wherein R' is a mixture of
methyl with a radical selected from the
~group consisting of vinyl, phenyl,
ethyl, propyl, 3,3,3¥trifluordpropyl,

. gamma-methaeryloxypropyl,
gamma-mercaptopropyl and
gamma-chloroprole whereiﬁ the'ratid of -

. -'methyl radicals to the other radlcals

- ' 'in the mixture is at least 1:1, and
' {c) R"Sl(QH)3 wherein R" is selected from a
group consisting of vinyl, phenyl,
ethyl, propyl, 3,3,3-trifluoropropyl, "
gammaAmethae:yloxypropyl,



osition of matter as clained in claim1 wherein there is
(i) 5-75 weight percent of colloidal silica; (it) 0-50 weight
Eﬂﬁ[ﬁu nd (iii).10-55 wei ght percent of ' x
n all based.on [err] the weight of (i), (ii), and - .
): (B) “suffi'iént *succinimde to react with 25 to 200 * percent of . -
. avail abl e epoxy" groups in (A)(iii) and (C) ~0.05 to 5 weight percent, based
on the total solids in the conposition, of di cyandi am de. 72 7. A

conposition as clainmed in claim®é wherein there is present (A) (1) - 50 .~7;
melght percent based on the t ot al SO|IdS A

69

gamma-mercaptopropyl and
Qamma-chloropropyl and mixtures
‘thereof, wherein when (c) is selecteqd,
the amount of (c) in () cannot exceed
10 welght percent based on the total
weight of (A); L :

(111) 10 to 55 welght percent based on the total

' solids of ' (A), of a partlal condensate of a

silanol of the formula-R'!'sl(OH)3 wherein
R''' is select=d from the group consisting

of _ S
(a) ..__Rllll_oc'H’;(Rl 1111 )C-CH -
A NT 2
_ , ' _ 0
. wherein R'''' is an alkylene radical

containing 1 to 4 carboh atbms, RUUIT
is a hydragen atom or: an alkyl radical
" of 1 or 2 carbon atoms and
(b) -R''"'- E:j=0 wherein R'''' has the .
meaning set forth above; '
(B} a ecrosslinker for (A) and,

(C) a curing catalyst.

o —



in (AS of colloidal silica, (ii) 25 weight percent, based on.the total
salids in (A af CH3SI (O3, (iii) 25 melght percent, -based-on-the taotal
solids*in (A, of CH2CHCH2Q( CH2) .3Si (OH) 3; (B) . suffici ccininmde to -
feact with.85%of the availabl'e epoxy groups in (A)(ii ﬂMB lﬁ"’
wei ght percent, based on the weight of the total solids on,
-of ‘di cyandi anide. 8. - A conposition as claimed in claimé6 mhereln t her'e |s
present (A). (i) 50 weight percent, based on the total solids in (A), of
"col loidal silica, (B) suffici ent |taCOnic acid to react with 85%of the .
avai | abl e epoxy groups in (A)(|||) and, (C) .5.0 weight percent; based on
_the\melght -of the total SO|IdS I n the conp05|t|on " of sodium acet at e. -
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. : '-.- 2.. A conpoqlflon as claimed in claim 1
' threln (A)(J) is present at 30 to 70 weight percent;
(A (i) is present at 5 to 25 wpight.perCent and
(A)(111) is preqpnt at 20 to 40 wc1ght percent, all
> 5  pased on the total wexght of solids in (A).

3. A com0031t10n as claimed 1n claim 2
wheroln therc is also present suff1c1cnt componpnt (B)
to react with 25 to 200 percent of available epoxy
10, groups 1in compnnont (A)(iii)'and 0.05 to 5 weight
percent based on thé tota1_so1ids of (A), (B) and (C),
of component (C). | | '

4. A ﬂompoq1r10n as clalmed 1n clalm 3
15 wher91n component (B) ls_a polycarboxyllc acid, a
polycarboxslxc anhydride, or a polvfunctional_imide.
.o . o 'S. A composition as claimed in claim 3
| wherein cdhponent (C), the catalyst, is a metal acetyl’
20 acetonate, a diamide, an imidazole, an amine, an
" - organic sulfonic acid, an amine salt of an organic
' .sulfonic'acid, or an alkali metal salt of a carboxylic
acid. ' ' ; |

25



or_coating solid substrates whi-ch conprtses contactlng a
~pFeggss—i_?ﬁ_E“EﬁﬁT)oleon of claim1 and thereafter curing the -
substrate by heating the conp05|t|on and substrate
im ﬂﬂ’éﬂ,’er than 50[err]C. 10. A solid substrate prepared
in accordance witH clsai m 9. | _
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6. A composition of matter as clalmed in
claim 1 wherein there is present :
(A) (i) s5- 75 welght percent of c01101da1 5111ca-
C (ii) 0-50 welght percent of CH Sl(0H3)3 and
(iii) 10-55 welght percent of
(HO) Sl(CH ) OFHZCH CH2,_a11 based on
O _

the weight of (1), (11), and (111),
- (B) suff1c1ent succinimide to react w1th 25 to 200
' :percent of avalrable_epoxy groups in (A)(lll) and
0.05 to 5 welght percent, based on the total
SOlldS in the compos1tlon, of dlcyandlamlde.'

(C)
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7. A comp051tlon as c1a1med in clalm 6 wherein

_ there is present

(A).: (i) 50 weight. percent, based ‘on the total solids
_ "1n (A), of colloidal silica,
'}ii) 25 welght percent, based on the total SOlldS
- in (A) of CH Sl(OH)3,
"{iii) 25 weight percent based on the total
' solldsﬁtn_(A), °f,QEZEHCHZO(CHZ)SSl(QH)B#
(B) sufficient succinimide.tc,react with 85% of the
o available'epoxy groups in (A)(iii) and, |

(C)"l'S'weight'percent' based on the weight of the

total solids in the composxtlon, of
'dlcyandlamlde.__ '

8. A comp051tlon as clalmed 1n clalm 6 whereln

| there is present

(A).! (1) 50 welght percent, based on the total SOlldS
in (A), of c01101da1 silica, )

. (B) sufficient 1tacon1c ac1d to react w1th 85% of the

_ .. available epoxy groups in (A)(111) and

-(C) 5.0 weight percent, based on the weight of the

_ total solids in the comp031tlon, of sodium
acetate. ' ' ' '
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9. A proceSs for coaﬁing solid substrates
' which comprises contacting a solid subét:afe with a
composition of claim 1 and thereafter curing the
composition on the solid substrate by heating'the
,cbmpdsition and subsfraté to a temperature'Of greéter
than 50°C. B | |

10. A solid substrate prepared in
accordance with claim 9.




