2210049 -1- SI LOXANE- BASED TI NTABLE COATI NG, Thi s invention relates to a

si | oxane-based tintable coating conposi'tidn for forning abr asi on-r esi st ant
coatings on | enses or other optical articles, especially those formed from
synthetic plastics. In recent years, synthetlc pl astics such as

pol ycar bonat e have replaced glass in many opti cal appllcatlﬁzz é;
particularly ophthal mc | enses, because of the lighter weig é%ﬁ)ghﬂ' I or

i npact resistance of the plastics. However, plastics such as pol ycarbonate
are relatively soft, and nust receive an abrasion-resistant coating to
provi de an acceptable | evel of abrasion or scratch resistance. Mny

abrasi on-resi stant coating conpositions of the prior art are of the

pol ysi | oxane type, in which crosslinking is provided by condensation of
silane groups fornmed by hydrol ysis of al koxysilanes.. Conpositions of this
type are described in Treadway et al U S. patent specification no.
4,378,250 and the references cited therein. Al though these conpositions are
useful in the formation of abrasion-resistant- coatings, considerable room
for inprovenent remains in terns of abrasion resistance and tintability. W
have now devi sed a conposition for coating plastics lenses and the like to
provi de a coating of good abrasion-resisthnee, and which is readily
tintable. According to the present invention, an abrasion-

SILOXANE-BASED TINTABLE COATING

U : This invention relates to a siloxane-based

' tintable coating composition for forming abrasion-resistant
coatings on lenses or other optical articles, especially
those formed from synthetic plastics.

In recent years, synthetic plastics such as
polycarbonate have replaced glass in many optical
applications, particularly ophthalmic lenses, because of the
lighter wéight and superior impact resistance of the
plastics. However, plastics such as polycarbonate are
relatively soft, and must receive an abrasion-resistant
coating to provide an acceptable level of abrasion or

. scratch resistance. Many abrasion-resistant coating
compositions of the priof'art aré of the poiysiloxane type,
in which crosslinking is provided by condensation of silane
groups formed by hydrolysis of alkoxysilanes. Compositions
of this type are described in Treadway et al U.S. patent
specification no. 4,378,250 and the references cited
therein. Although these compositions are useful in the
formation of abrasion-resistant coatings, considerable room
for improvement remains in terms of abrasion resistance and
tintability. '

We have now devised a composition for coating
plastics lenses and the like to provide a coating of good

? abrasion-resistance, and which is readily tintable.

| According to the present invention, an abrasion-

resistant coating composition, for use on transparent

C



resj stant coating éonpqéition, for use on transparent -2- plastic
substrates and the l'ike, i's formed from a+fi'rst conponent derived by
partial hydrolysis froma hydrol yzabl e epoxysilane, and a second conponent
conpri sing the reaction product of a non-sil ane-based ‘aliphatic pol yam ne
and fawtar bonyl - cont ai ni ng conpound which is a ketone or al dehyde, the
pquanine being present in an amount suf?icient to react with the majority
of .t he epoxy groups of said epoxy-silane. The first and second conponents
are mxed to allow regenerated. am no groups of the second conpqdént to '
react with tMAPHKSYRIARELT aHe $19 shikenpbhetrraey tigieh 2 Ritgtal Iy -
pdl yneri zed conpotient Wetivéd By | pd ek ad thy @r DY yRA £ 616 AP} drfL fa e
substrate and_ heat to conplete the curin rocess. .The second conponen
of the compollTTLRE 120G Rl | FEGIPE EUPRORGHY | CTRIRETHRE (1 JARA
regener at ed phedwdt oo to nEactilnidrbaeedroabiphytind pdikeyaapine groups

ot herwi se aval f ' tJ40. r ty, v e
shoul d be en%ﬁ;lﬂ‘p%flttgéen{pﬁ%%née&gg‘é@gﬁtw?%l?eggtgvﬁ%tﬁgng FJ%EIdeHM’
subst anti al | $hel pobyamins bebrgsPraPent|hp|srsandunt guffigien cottract
am nes presepih {ife REY oS RNGE baPEde fbk Phet b Ep P AU SPRB)LSS1 TR OF

portion of the apm no groups that react- wth the epoxy groups to formth
final cured %I£1 t "and "'second components are mixed to allow :

regeneréted amino groups of the second component to react.
with the epoxy groups of the first component to form a '
partially polymerized mixture, which is diluted with a
- solvent and applied to the substrate and heated to complete
the curing process. _ '

The second component of the composition is present
in an amount sufficient for the polyamine regenerated
therefrom to react with the majority of the epoxy groups
otherwise available for forming the reaction product.
Preferably, there should be enough of the polyamine présent
to react with all or substantially all of such groups. This
implies that if there are other amines present, the non-
silane-based aliphatic polyamine supplies a major .portion of
the amino groups that react with the epoxy groups to form
the final cured coating.

\_ Suitable hydrolyzable epoxysilanes in;lu@gw

compounds of the formula

(R2)p |

Q—Rl—Si—(QR3)3—m ' (D

where Q is a group containing the epoxy structure

| - | . _/(j\;- | | . . (1I)



SU|tabIe hydrolyzable epoxy5|lanes i ncl ude conpounds of the fornula [ ERR]
where Qis a group containing the époxy structure O [ERR] -3- [err] is a
bi val ent” ‘hydrocarbon radical; R2 and R3 are independently sel ected
hydrocarbon radicals; - and mis 0, 1. or 2. Preferably the epoxy- cont ai ni ng
<group Qis glycidoxy or epoxycyclohexyl, preferably 3,4- epoxycyclohexyI\Jk
“thetlatter. [err] is preferably [er6]~[err] al kyl ene, .especial ly
trinethylene [err] if Qis glycidoxy and ethyl ene [err] if Qis

3, 4- epoxycycl.ohexyl Thus the preferred choices for QJ[err]- are

[err]- gI%Glé@xﬁp@éﬁ?ﬁeaﬁthSGPV@f dogh&ediicedtiy| RapeefleRabryeerr] is

[err]- [e&hhe@lemlentqspe@wclt)édmtyfaylo,cawohe rdiicalpief ahabhyikeoyliferr] -
al kyl, geilally met hyl or ethyl, or al kenyl, espeC|aIIy i sopropenyl. -
Although t “i*s possible to use conpounds of Fornula [ in which mis 2, mis

preferably 0or 1 andfm&melgreher@@qu;coﬁfhannmgfgtbad Qofrpound of Fornula_:
h’y o 5 L g SR Ry IR A0 A1 P IR R B8 9Ly ERE A | 27
if the latter, Rj is preferably C1-C4 alkylene, especially
trimethylene (—CHQCHQCHz-)'if Q is glycidoxy and ethylene
(- CH20H2 =) if Q is 3 4'epoxycyclohex71 Thus the preferred
choices for Q—Rl— are X glyc:Ldoxypropyl and ﬂ_-—(S 4
epoxycyclohexyl)ethyl o
' Preferably Rj is C1-C4 alkyl, espec1a11y methyl
whlle R3 is preferably Ci-C4 alkyl, especially methyl or
ethyl, or alkenyl, espec1a11y isopropenyl. Although it is
p0351b1e to use compounds of Formula I in vwhich m is 2, m is -
preferably O or 1 and more preferably 0. The_preferred
compound of Formula I, is )¥-glycidoxypropyl- '
trimethoxysilane. :
Compounds of Formula I are hydrolyzed to.a
st01ch10metr1ca11y determlned degree by the addltlon of

appropriate amounts of water followed by modest heating, in

accordance with the following reaction scheme:




sto;chlonetrlcally detennlned degree by the addition of appropriate amounts
of water followed by nodest heating, |n accordance with the foll ow ng
reaction schene: [ERR] where [err] is defined as above. Hydrolysis
(reaction A).. occurs when the [err] groups of the epoxysilane (1) react
mntbﬁuater to generate a sil anol (III) beari ng hydroxy groups, together

wi th~thé al cohol Jern Fwdro ySi s .SO acco ni ed by sonme degree of
condensat i on (re‘%tla%o , L |Eﬁ9th ih droxfggfoups of the silanol (I111)
condense to formthe S|ony nnlety (Irv). Sufficient water should be used to
produce at | east about 40% hydr ol ysi s, and preferably between about 70% and .
about 95@6hydro|y3|s Iof the epoxyS|IaHé JThe al cohol [err] formed by the
condensation re- mains in the system  Residual hydroxy groups are
converted to S|ony groups by condensati on when the final coating conposi -
tionis cured. #Pbenérﬁi,3any fof- srranesdsEd at i B5¥ti c pol yamine will -
satisfy the requirenents for the polyfunctlonal am ne. By "pol yam ne" as
used .herein is nmeant a conpound having at |east two reactive (i.e. primry
or secondary) amno groug®. By ™aliphatic" @¥ used herein is nmeant a
cormpound i n which the reactive-anino nitrogens are attached to carbon atons
that do not formpart of an aromatic nucleus. Suitabl-e am nes include
conpounds of t hewhexrenB) ds-defined as above. - S

Hydrolysis (reaction &) occurs whén the -OR3 groups
:of the epoxysilane (I) react w1th water to generate a silanol
\_/ '_' (III), bearing hydroxy groups, together w1th the alcohol R OH.
Hydrolysis is also accompanied by some degree of condensation
(reaction B), in which the hydroxy groups of the silanol (III)
condense to form the siloxy moiety‘(IV}. Sufficient water
;houid be used.to produce at least about 40% hydrolysis, and
preferably between about 70% aﬁd aboutl95% hydrolysis, of the
| epoxysilane.' The alcohol R3OH formed by the condensation re-
mains in the system., Residual hydroxy groups are converted
to éi}oxy groups by condenéation when the final coating composi-
.tion is cured. .
In general, any non-silane-based aliphatic polyamine
will satisfy thé requirements for the polyfunctiona1 émine.
By "polyamine” as used herein is meant a compound having at
least two reéctiVe (i.er primary'or secoﬁdary) amino groups.
By “aliphatic“ as used herein is.meaht a compound in which |
the reactive-amino nitrogens are attaéhed to carbon atoms that'
Ho not form part of an aromatic nucleus.

Suitable amines include compounds of the formula

. _ R-N-A-N-R ' (v)

R R

in which each R is independently hydrogen, a univalent aliphatic



[[ERR] in which each Ris |ndependently hydrogen
hydrocarbon radical or [ERR] with-eaeh R of the latter 'group bei ng

| east two R s on different nitrogens being -
“hydrogen; and each Ais an- i ndependent|y sel ected bivalent aliphatic:
¢hydr.ocar bon radical. Preferably A is &l Rylene, especially a straight- ch@kn
t he fornul a [err] , mhlle each Ris [ERR] or hydrogen.
roup of said am nes:include conpounds of 'the fornula [ERR] -~

simlarly defined and with at

alkylene of

particul ar sub

a .uni val ent allphatlc'e

A

i n which m i Bydropyion; 3a4iFat @Jer and each A-is a bivalent ali- phatic

hydr ocar bon radi cal .
[err] include ethylenediamne (m= 1),
triethylenetetram ne-frif=® 3). Mst of our work involved the use of

et hyl enedi am ne,  which ls the preferred polyam ne. The pol yam ne uItlnater

Particul ar amines of -Formula Va in which Ais ethylene
di et hyl enetriamne (m = 2) and

reacts with-the epoxy groups of the epoxysilane to forma crosslinked

.polynmeric network. The pol yam ne is however, first stabilized by the -
31é:hareta)ghn}él ethzgt alart!}.en grou gu{ln% glml‘?\laflyad .teltng eangr al de'hy(_je)

addi ti on of

with at least. two R's on dlfferent nltrogens belng hydrogen,

and each A is an zndependently selected b;valent aliphatic

hydrocarbon rad;cal Preferably A is alkylene, eSpec1ally

- a straxght-chain alkylene of the formula -(CH ) n whl}e each
R is
- =A-N-R
-
R

or hydrogen.
A particular subgroup of said amines include compounds
of the formula

H2N—(-A-N-)m—H . (va)

in which m is a positive'integer and each A is a bivalent ali-

. phatic hydrocarbon radical. Particular amines of Formula Va

in which A is'ephylene (-CHZCHZ—) ipclude ethylenediamine {m’
= 1}, diethylenetriamine (m = 2} and trieth§lenetetramine (m

= 3). Most ef our work involved the use of ethylenediamine,

which is the preferred polyamine.

. The polyamine uitimately reacts with-the epoxy groups
of the epoxysilane to form a crosslinked polymeric network.
The polyamine is, however, first stabilized by the addition-
of a ca;bonyl-containiné eompound (i;e.,'a ketone or aldehyde)

to form a reaction product. The reaction product regenerates

-5~



to form-a reaction product. . The reaction product regenerates -5- t he
am ne when heated during the curing cycle,~ alldowing it to crosslink the
network at that time. The reaction product of the polyam ne and the
carbonyl conmpound depends on the. starting maerials. Primary am no groups
of . Lﬁe/pol yam ne react with the car bonyl conpound (VI)) to form ketim ne
groups (VIl) according to the schene [ERR] Secondary ami no groups react

with carbonyl copROuRdse (RO dHebidid aby iMMOFIR0ESingVEYd1p, t116WinH enani nes (1 X)
actording to the reaction scheme [ERR] (1X) and w th carbonyl conpounds

cont ai ni ng no [ ete]crhyeikipletng podworl FtorkatatiPml s (Xl ) according to the

overall reaction schene i ped in
further detail in Mrch, TRdvarl%cai(TI Iéogﬁ%% O&Jél?nerggﬁed?‘u@%dat%‘%%%%ﬁ%??) and

t he references. cictamuhdiciepems Suuﬂhaut@rcardomalwraslﬁu abmimagy @dipounds

:gglbﬂ'([jsl ali phat ) Igupléegfo ﬁe pol.JlgahmJ.%g Pe%%‘: Ow@%h {’;}E yrbo P)éomgg(o%tngn(%).mt hyl

to form ketimine groups (VII) according to the scheme

B Ry + HpNRy  —
0

. (VI})

-ﬁ R2 + _ 520

NR3
(VII)

Secondary amino groups react with carbonyl compounds
contalnlng A~ hydrogens (VI1I) to form enamines (IX) accordlng
to the reaction scheme

(D) R-Cii~-C~R

+ HNR3R4 —3 .

LN

R, O

(VI1I)

(IX)

and with carbonyl compounds containing no d-hydrogens (X) to

form aminals (XI) according to the overall rééction_ scheme
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ket one and di acetone al cohol ; aromatic ketones such as, acet©o- pheénone.and
benzophenone; aliphatic al dehydés Such 'as acetal de- hyde and
propi onal dehyde; and aronatic al dehydeg such as benz- al dehyde. Di acetone
al cohol, however, is preferred. Utinately the carbonyl-containing conmpound

#As driven off as a vapor when the am ne is regenerated during cure. [

£
“Preferably an excesggpf caghedyl conpound, gygrr t he_stoi chionetric annunt?f%_
used to ensure-that reactiohjC2D or E is dri¥én to conpletion. Suitable
sol vents include al cohols su®h as nethanol, ethanol, n-propanol, ' .
i sopropanol and n-butanol; ketones such as acetone; nethyl ethyl ketone, -
met hyl isobutyl ketone and di acetone al cohol; and m xtures thereof. Al'so
contenpl ated are glycol  ethergxpuch as propyl eneglycol nethyl ether (avail-
- 8 - able under the trademark:Dowanol (PM), higher acetate esters and the
li.ke. The preferred solvent is a mxture of isopropanol, n-butanol and

di acet one al cohol, preferablyygykmka volunmetric ratio of 4:3:3. The
particul ar step at which the so?fent is added is not critical. The first

and second conponents may b-Br®pared in dgPution, or all or part of ‘the

sol vent added | ater. W have fguypd it convenient, however, to add part of
the solvent chilled to the reactifon mxture of the first and second
conponents to quench the pol ynmerization reaction and later add the rest of

t he solvent- to achi eve the'de§§fpd vi scosi ty.

v

The particular reactions are described in further detail in : _ Y

March, Advanced Organic Chemistiy, pp. 817-818 (1977) and the

references cited fherein.

Suitable carbényl—éoﬁtaining gompouhds include aliphat-
ic ketones such as acetohe,.methyl_ethyl ketone, méthyl isobutyl
kefone and diacetone alcohol; aromatic ketones such aS'aceté-'
phenone and benzophenone; aliphatic aldehydes such as.acetalde—
hyde and propionaldehyde; and aromatic aldehydes such as benz-
aldehyde. Diacétoné dlcohol, however, is preferred. Ultimately

"the carbonyl—contaiﬁing.compound is driveﬁ off as a vapor wheh

the amine is regenerated'dufing cure. Preferably an excess

of carbényl c§mpound over the ;toichiometric amount is used

to ensure tﬁat'reaction C, Dor E is'driven to completion.
Suitable solvents include alcohols suﬁh as methanol,

ethanol, n-propanol, isopfopanol and n-butanol; ketones such

as aéetone, methyl ethyl ketone, methyl isobutyl-ketone and

diacetone alcohoi; and mixtures thereof. Also contemplated

are glycol ethers such as prdpyleneglyccl methyl ether (avail-



The conp05|t|on preferably |ncludes a surfactant, used as a flow control
agent for regulating filmthickness and eﬁhanC|ng t he cosnetic appearance
of the coated article. O the nunerous surfactants that are known, a
commnly avail able one used in the preferred conposition is the fluorinated
sur fAGt ant avail able from M nnesota M ni%? and Manufacturing Co. under the
trademar k Fl uorad FC-430. The conpositiorP may also include a partially
hydrol yzed al kyl trial koxysilane such as methyltriethoxysilane to increase
‘the siloxy content of the network. However,. no |@Frovenent i n abrasion

resistance wiPIoterAses efi e tirademark Revwangly (BM) ) (Hehsmoacet@te ncl uded
in.the preferdggeforand fh@Mike., OrTie jhefedsd lmﬂtorim i tidee oftul |y

der st ood, the foll b | lLustr I
SR L R SR F e L L R S e R P
with 188 m df \cblsmétteﬂcv\me:tobg/fa!drﬁrm tkﬁatgmimxlanckw mmgrtﬁmh[ err]
for one hour gf, Ué‘&i&eﬁ@%é“é‘&d‘éc? pidiy M >‘Jflhm d e tc‘?mc‘-"o'

to.room terrper ature 1n Vel’ edé contal ner.
hydrol ysi's. mnzap@watat@ax:om anmarqdzlmns@fufenmy,l @mchldmtm part of

the solvent added later. We have found it convenient,
however, to add part of the solvent chilled to the reaction
mixture of the first and second components to quench_qhé
‘polymerization reaction and later add the rest of the
solvenf to achieve the desired viscosity. |

The composition preferably includes a surfactant,
used as a flow-control agent for regulating film thickness
and ehhancing thé_cosmétic appearance of the coated
afticle. Of the numerous surfactants that are known, a _
commonly available one used in the preferred composition is
the fluorinated surfactant available from Minnesota Mining
and Manufacturing Co. under the trademark Fluorad FC-430.

' The composition may also include a partially
hydroiyZed alkyltrialkoxysilane such as
methyltriethoxysilang to increase the siloxy content of the
network. However, no improvement in abrasion resistance was

- noted -using this additive, and it is therefore not included
. in the preferred formulation.. | ' |
In order that the 1nvent10n may be more fully
understood the following Examples are given by way of
illustration only. | ' |

EXAMPLE 1

807 ml of&'—glycidoxypropylﬁrimethoxysilane is
A hydrolyzed with 188 ml of distilled water by adding them
’ ' together and warming to 80°C for one hour or umtil the
mixture clarifies. The mixture is allowed to cool to room

temperature in




IS mxed with 1302 ml of diacetone al cohol, -1 nole of the diam ne per 6
nmol es of diacetone al cohol. This.latter mxture is all'owed to stand at"
roomtenperature for one hour to allow the am no groups of the diamne to
“react with the carbonyl groups- of the alcohol to formketimne functional
ggroups. The -two prepared conponents are’ then mxed together with stirri ngﬁ,m
*at foomtenperature. This effects a ratio of 2 noles of epoxysilane to ¥
nol e of ethyl enedi anine. The nolec- ul ar’ weight builds as the system °
under goes anaesvened wpctar:eac~ ﬂ'hweffmaLﬂS%om@rhb!ﬁiSI-at er the reaction is

El

quenched by the addllt r;}ﬂ r;gt‘_:lg)jm.co_llﬂl [n? °[fe % etne, al cohol, and the- )

entire mixture is pl acedse are rigerator 3" Wi mum of 3 to 4.
hours. To thas mméalmitarrsoe hein ofidil@de thbd anicomfl nexbut adﬂnal pf 50 m of

i sopropanol, . and -2 f Fluorad, FC-430,_all { } The. sol ution thus
fornmed i-s m )?éﬂ"’ﬂﬁt‘?elr gd’??&&%r?f gjoacﬁﬁ%“ f’%“é‘al at ? teerpiXtiiSve- descri bed
formul ati on peatidesa Qaestgah | 2Nxédm ea@telra@reTwl Sl hyudt ke &abwtian i s

mai ntai ned at a workin ““a"t n%)erature of [err]. The viscosity of the sol ution

prepared in A S"BH§E dPp] 5amingy tee"rﬁandF%E the GA%PA-Ycont ent is 18%
The coating igsowpidPbi Qe ) cPRA1Y €3I 2R MR s hBIAS BisncOVordh Piolgs L hem i nto. the

2

sol ution and withdrawing themat a rate of 0.2 inch per second.. The |enses

are pre-cured at [er™E ¥r PIsP2Red FOBRONEALE RFRAPPY ™EiPedoPHMe8 hours at
[err]. The 1 gstd ballrih§NRCSoMPEEndea{ L. aSnioldrel&s a ratio of

2 moles of epoxysilane to 1 mole of ethylenedlamlne. Thé.moiec—
ular weight builds as the system undergoes an exothermlc reac- -
tion. ?bout_one hour later the reaction is quenched by the \-)
@ddition of 414 ml of cold (10°F) diacetone alcohol, and the
entire mixtuie is placed in'a.refrigefator at ;0‘? for a minimhm
of 37to 4 hours. |

-  To the mlxture are then added 414 ml of n-butanol,
550 ml of 1sopropanol and 2 ml of Fluorad FC-430, all at 10°F.
‘The solution thus formed is mixed uptil homogenized and stored
at 10°F. The above-described formulation provides one gallon
of coating.

Typically.the solution is maintained at a working

temperature of 30°F. The viscosity 6f_the'solution prépared
in this manner at 30°F is 27 centipoise. Soliés'content is _ \
18%. The coating is apblied to.polycarbonate lenses by dipping
thém into the solution and withdrawing them at a raté of 0.2
inch per second. .The lenses are pre-cured.at 167°F for 15
minutes and finally cured for 3 hours at 265°F.

The resultant lenseé were tested as follows:



- 10 - Test " . Method : Resul t Adhesi on Crosshat ch,
100% adhesi on 16 squares Abr asi on -+ 84 psi No scratches 0000
steel wool Tintability 25 minutes, - 10 - 15%transnission Gentone Tru-
(}ey Pye at [err] Adhesion Crosshatch, 100% adhesi-on after-
16 gﬁ%ﬁres tinting Coating I nterferoneter 4.5 0.5 mcrons :
t'hj ckness EXAMPLE 2 The %eneral procedure of Exanple 1 is fol | owed except
that the ethylenedlanrne—$%~n1xed wi 28 i of mEBRYAE et hyl ket one

i nstead of diacetone al cohol. The resultant |enses exhibited properties
sim-lar to thosé noted abovesibut Wit [trasstadeist decneosedhesibhe coat i ng
adhesi on after tinting. EXAMPLE 3 Théﬁg%h@Fﬁi procedure of Exanple 1.is
foll owed except that instgadigf the Qqsgﬂ - sopromgr@ragé@getone al cohol
system described, a system conprisingo Ltab1 mebhanol’, 481 i sopro- panol
and 206 m diacetone al cohol -is used. - The resul tant Ienses al t hough
useful , exhibited surfacé"”&@ﬁ%’tﬁyc déPepingtes, 158 transmission

entone Tru-~
Crey Dye at

. 205° F _
Adhesion Croséhatch; 100% adhesion
after . 16 squares
Ttinting e
Coating = . Interferometer 4.5 % 0.5 microns
thickness ’
— _ _ _ ' EXAMPLE 2 ~

The general procedure of Example 1 is followed except
that the ethylenedlamlne is mixed w1th 953 ml of methyl ethyl
ketohe'instead of diacetone alcohol. The resultant lenses
exhibited properfies'similaf to those noted above hut with

a modest decrease in the coating adhesion after tinting.
EXAMPLE 3

The gene:a;'procedufe of Example 1 ishfollowed except
that instead of the_butanol—isopropanei-diacetone alcohol system.
described, a'sys;em'comprisiné 621 ml methabol, 481 ml isopro-

— ' panolland 206 m} diacetone alcohol is used. The resultant
lenses, although useful, exhibited surface cosmetic defects

éohmonly known as orange peél.
' EXAMPLE 4

The general procedure of Example 1 is followed except
that 390 ml of methyltriethoxysilane is independently hydrolyzed
© with 84 ml of distilled water at 80°C for one hour. The mixture

is cooled to room temperature and added to the hydrolyzed epoxy-



. commonly known as or ange'peel . EXAMPLE 4 The general procedure of Exén_pl el
is followed except that 390 ml of -methyltriethoxysilane’is independently ~
hydrolyzed with 84 nl of distilled water at [err] for one hour. The - _

m xture is cooled to roomtenperaturld and added to the hydrolyzed epoxy- -
{silane just -as it is added to the stabilized diam ne. The resultant coatgg:.

. lTenses exhibited good adhesion and only noder- ate abrasion, and tinted 8-
a-transmitt atidenefivet 28 {P8% addsAste whesitahdliaed [ddpprinein Fige dye bat h. o
EXAVPLES S Q40 42 LINLENGLLLATLNG, ¢ Dl Aboa 'dahEL AN SRELRLY ABbdle (TTA) and .
p- phenyl enedi am ne ( f were evaluated "as alternatives to ethyl enedi am ne.

I n each exangtlecabdalstord,i asd téovgonerd twarsmiitvaveed dfr 0n30425f trans- _ .
[err]-glycidoxyprqpyl tripethoxysilane and 21.6:'ml water, while the second :
conponent vva“é"‘%g?"ﬁeél fzro(%rrget"ﬁ_e *nd¥e ®85%%ed anount of the amine listed in the
tabl e bel ow and (except for Exanple 10) 150 nl di acetone al cohol, in a 6:1
mol ar ratio of alcohol to am neEXAMERESSHMPelt used in each exanple was a
m xture of 46 ml n-butanol, 46 nl diacetone al cohol and 61 nl isopropanol,
to which 0.2 m of thRchyienacsAnindl(voxpdeFltagnsseahse agdnd. |In R
Exanpl es 7 and 9, equinolar amounts of amine were used with respect to the.

‘ani ne of Ex&tffl &repenyienediamire d PRAL YT B SVARATAE oo P L tETPAE VRRr e used that
vere equi va-td eflyieRediahiR0eNTf @RS Rkadf el NheaFiNG Sdmpbxatnb&s 5.  Reaction

formed from 94 ml. Y—glycidoxypropyltrimethoxysilane'and 21.6 '
ml water, while-the second component was formed from the indi- .

cated amount of the amine listed ih the table below and (except ' - ;_)
for Example 10) 150 ml diacetone alcohol, in a 6:1 molar ratio

of alcohol to amine.  The sqlvenf-used in éach example was

a mixture-bf 46 ml n-butanol, 46 mi diacetoné aléohol and Gi

ml i;opropanol,'tg'whiqh 0.2 ml of the surfactant ?1uorad FC-430 '

was a;sa”added.. In Examples 7 and.9,'eqnimolar amounts of

amine were used with respect to the amine of Examﬁle 5; in

Examples 6 and 8, amounts of amine were used that were equiva-

‘lent in nitrogen.éontent to the amine of Example 5. Reaction

conditions were otherwise similar to those of Example 1. Per-

cent transmission (T) was measured after.a tinting time of

30 minutes. The results are summarized in the following table:

\
Exam- S ' Adhe- . '
5 EDA 14 m1 Paés 15%
6 DTA 15 ml | Pass 13
7 DTa - 23 ml © Pass. 43 .
:8'_ TTA 16 ml Pass 54%
9  TTA 32 ml | Pass 108

.10 PDA 22,5 ml R -



condi ti ens were ot herw ée simlar to those of Exanple 1. Per- cent
transm-'ssion (T) was nmeasured after a tintsd ng-tinme of 30 m nutes The
results are sumarized-in the follow ng table: Exam

Adhe-- pI e Ami ne - . sion- 12 - W 5 EDA 14 m
Passy i 15% 6 DTA 15 m I Pass 1% 7 - DTA
23 m Pass 6 Pass. 54% 9
TTA 32 ni patis Bohenyiepfifipine exhiplllea oty jyer®Bhiame

- - 12 - Theopupﬂmmylﬁneﬂhcaﬁbﬁeeawduomtaeﬂtam ¥r \i@ityySlekpyt sol ubility
in di acet one al cohol, acetone or. met hyl ethyl ketone. W were unable to
make a coating JERBPE UL YGTF HPaPlE SAIAKE A FPARIPIOTITRS (5 PE LhPBOr

solubility in thgosaeeihihel E5tiRE toT BEs BbEL01 M H1RBRLL CerRNESRRnE£AdI | Y
formed coatings. he trlethyl enetetram ne of Exanple 8 was |less tintable

t han the controltegFedxafffl LR peirhphicapBinesprerdaby £8rmAd Featiissant .
EXAMPLES 11 to %evé’xf;thﬁe%@{&QQMineCQf‘tﬁhnﬁﬁl%ga%@pi?éé@d&r}‘t%f‘e R}&) uated as
alternatives to diacetone al cohol. In each case 150 of the carbonyl
conmpound was usedde ¢917gre¥i|°én$>§ma¥ﬁj S, clat PrERased diore mamner@uh‘e#w se
simlar to those of Exanple 5. The results are summarized in the follow ng-

t_ab'l e. - EXAMPLES 11 to 15

-

various carbonyl-contazn;ng compounds were evaluateu
'as_alternatxves to diacetone alcohol. In each case 150 ml
K_/ of the carbonyl compound was used. Ingredlents and reaction
bonditibns were otherwise similar ﬁo those of Example 5. 'Thg

results are summarized in the following table:

. - Carbonyl Adhe-

Example Compound sion &T
11 Propionaldehyde  Fail 3
12 Ethyl propionate - -- -~
13 Acetqphenone : Pass 10
14 Benzaldehyde - Pass 10

is Diacetone alcohol Pass 6

In.Example 12, a l1liquid coating was formed which
precipitated on the lens. The adhesion test of Example 11
and the other examples is ‘a relatively severe test normally
rerformed on commercial articles; the coating of Example 11
" wvielded a useful a:ticle, Improved adhesion results would
be expgcted given suitable reaction conditions such as a longer
curing time. The'éldehydes of Examples 11 and 14 reacted eko—
thermically with the amine, which had to be added dropwise

o ~ to prevent the solution from boiling over.



* Car bonyl ' Adhe- Exanpl e Corrpound' .7 si'on 0w 11,

~ Prqpional dehyde = Faill " 3«12  Ethyl propionate - -
-~ 13 - Acetophenone - Pass 10 14 Benzal dehyde :
< Pass 10 15 Di acet one (fl| cohol Pass . "6 I'n Exanple 12,

¢a liquid coating was fornmed which p?e’ci pitated on the lens. The adhesiq"cqr}‘;'-.._
test -of Exanple 11 and the other exanples is a relatively severe test - 7~

: normal |y performed on conmerci articles; the coating of Exanple 11
~yielded a useful article. | rrpaﬁ!xp‘m; : esion results woul d be expected

gi ven suitable reaction co’n’di.t i.ons such as a |longer curing tinme. The
al dehydes of Exanpl &% mi1ofian Ceekidecdl&x - (Brtnerprxayeiohikyhlt he anmine, - °

~which had t ' JOTIRS t Ol QaRboi |l i ng over. -
e e E o e e D Cy el onbnyi ) -

et hyl t ri met #o®yafilants waBeassdon icapdidddnoiverhothtgpdrelpipsidrane of Exanpl e
15. Reactign %Qékf‘l'at ie%%s %;r § & Q%é’&aé.ﬁié‘aﬂ%é %E-ap 8¢ 1‘683&%95:111 ns tinted to
0. f n) an

a transmttance o %ot ransm s- S0 passed the adhesion test.
EXAMPLE 17 4G8)ndndobaddetir ehec haEG180 teet s | - gl yci doxypr opyl met hyl -

EXAMPLE 17

. 108 ml of-Petrafch 66710 ¥-glycidoxypropylmethyl-
d{ethoxysiléne was used iﬁstead of the trialkoxysilane of.
Example 15. 3eaction cdﬁdifions'were otherwise similar. The | \_)
qoéted lens tinted ﬁo a transmittance of 0.03 and passéd_the
adhesion test. Bofh this'compgsition and that éf Example 16
'formed.good coatings. o
| It will be seen that we havé achieved tﬁe objects
of our invénfion} Our coating composition, which is readily:
applied to the substrate, pfovides'a highly abrasion-resistant,
readily tintable coéting that satisfactorily adheres to the

substrate to which it is applied, both before and after tinting.

combinations are of utility and may be employed without re

ence to other features and subcombinations. Thi S contem-

plated by and is within the scope of ¢ Claims. It'is further : \v}
obvious that various changes be made in details within
the scope of our i ion. It is, therefore, to be understood

that our iavéntion is not to be limited to the specific details



di et hoxy5| | ane was used instead of the tri aI koxysi | ane of Exanple 15.
Reaction conditions were otherw se sim‘lar. -The coated |ens-tinted to a

transmttance of 0.03 and passed the adhesion test. Boththis—cenmposition
and that of Exanple 16 fornmed good coatings, It will be s mll}‘ﬂﬂ we have

achigdwed the objects of our invention. Qur coating conpo uu l”“'
readily applied to the substrate, providasg a highly abras

readi | y ‘tintable coating that satisfactorily adheres to t-he substrate to
which it is applied, both before and after tinting. [ERR - 14 - CLAI I\/S:
1, An CAlaIMsi:on-resi stant coati ng conposition conprising a first.
conponent derived by partial hydrolysis froma hydrol yzabl e epoxysil ane,
and a second conponent derived by reaction of a non-silane-based aliphatic
pol.yam ne wi tlh an al detiyde bora si@neme, s isdtiath th alogdriinge cogipegipiesent in an

amount SUff'%'§$El%q e%@%f@§d1ddM$&Hyﬂy'é iQfed RS $89¥¥f9r929§09gﬁ§§'d

epoxy- si | ane ositiron accordi ng to clFaim sai d

pol yani ne coframs é’tydlr@dé'tzatw RROFIS laieno agﬁdo@p§eci9nd compongnt

tc?]rrp]?s' ti Ion %%wdn@yt @ &lc@iiBnl o Ao s32ath 1Y laqllpﬁa%leorrpound of
e 1ornmul a

% lfgllne with an aldehyde or ketone, said polyamine belng
present in an amount sufficient to react w1th the majority

of the epoxy groups of said epoxy-silane.

K,/ 2. A composition éccording to claim 1, in which said

'polyamlne contains at least two primary amino groups.

3. A composition according to claim 1 in which said

polyamine is a compound of the formula

R R-y-A-y-R
R R

in which each R is independently hydrogen, a univalent

aliphatic hydrocarbon radical or

' : —A—?—R
o - | ' R

with each R of the latter group being siﬁilarly defined and
with at least two R's on different nitrogens being hydrogen;
and each A is an independently selectéd bivalent aliphatic

hydrocarbon radical.

4, A composition according to claim 1, in which said

= polyamine'is a compound of the formula

P
HoN-(-A-N-)p-H



" in"which each Ris 1 hdep-endent |y hydrogen, a unival.ent f‘al i phatic
hydrocarbon radical or [ERR] with-ea¢ch R of the |latter group being
simlarly defined and with at least two Rs on different nitrogens being

ghvarocarbon raatcar " o " ' "R compes! o sccor ML I UMAREENA

oy :

‘sai d polyanmine is a conpound of the fgrnula [ERR =" 14a M i A which mT§~

‘a positive integer and each Ais an i n(fependent |y sel ected bivalent SF
al i phatic hydrocarbon radical. ~ 15 - 5. A conmposition according to . .
claim4, in which Ais alkylene. 6. A conposition according to claim

4, in which mis 1,2 or 3. 7.. . - A conposition according to claiml, in <
whi ch saii® pdiiednimd s @ aasiltdyalilafieeer dn inacdnédk disamione or - '
tf{®t“¥'%&ﬁ@¥éﬁﬁ@d¥iy selected bivalent aliphatic hydrocarbon

- radical.

N




8. : e A corrposi'tion' according to any of claims 1 to 7, in which said
car bonyl - cont ai ni ng conpound i s an aliphatic-Ketone. 9. A
conposition according to claim8, in which said ketone is diacetone

al cohol . 10. - A conposi tion according to any of cl

Whi'; ‘h.zsal d epoxy silane is a glycidoxyal kyltri- al koxysi Ilmﬂ]"m“mwmw "’
=[err] gl yci doxypropyl t ri net hoxysi | ane.-115 - A et hod fbrnfngsan
-abrasi on-resi stant coating on a substrate including the steps of mxing a
partially hydrolyzed epoxysilane with the reaction product of a non-

si | ane-based>al i phat i cApodyposhbiont aceordinie yoecaiket onigy weich Folimni ne
belng presen&l eamount sufficient to react with-the najority of the
epoxy groups o sald epoxy- silane; and applying said mxture to the
surface of said substrate. 12. . A method according to claim11,

wher ei n sai dgfeaction Aregupbsotisal ch@mﬁ%n@ovuémm Al e Rtecrom ks one,
I s adapt ed t? éegen rate sald pol yam ne. A net hod
¢

according to (1 or in which said n1xture S applled whi | e
di ssolved in an orgam o soI vent. 14. ‘A substrate having an

gg; f‘fgf’ryresbsta”t coakl DgnbOEs €98nCRBRLLELRY thecigarti onPradust Sfid

polyamine is ethylenedlamlne, dlethylenetrlamlne or
trlethylenetetramlne.

- 8. _-Axcomposition'according to any of claims 1 to 7,
in which said carbonyl contalnlng compound is an allphatlc
ketone.

9. 'A composition according to claim 8, in which said
ketone is diacetone alcohol.

10. - A composition according to any of claims 1 to 9,
in which said epoxy-silane is a glycidoxyalkyltri;
alkoxysilane, preferably ¥ -glycidoxypropyltrimethoxysilane.

1. A method of forming an abrasion-resistant coating
on a substrate including the steps of mixing a paftially

U hydrolyzed epoxysilane with the reaction product of a non-
silane-based aliphatic polyamine with an aldehyde or ketone,
said polyamine.being present in an amount sufficient to
react With_the majority of the'epoxy groups of said epoxy-
silane; and applying said mixture to the surface of said
substrate. ' ' -

12. - A method according to claim 11, wherein said
reaction product of said polyamine with an aldehyde or

ketone, is adapted to regenerate said polyamine,



.hydrol yzed epoxysil ane and a second conponeht sai d second conponent hei ng
derived by reaction of a non-silane+based aliphatic pol yami ne with an
al dehyde or ketone, said polyam ne being present in an anount sufficient to

qenmmyattane' 1™ b S Lt R

ptically transparent. 16. - AT dftical substraté atcotdimg to clai
~or 15. 17. . A substrate according to claim 14,15 or 16, which o ¥
compr i seq AN or gani,C RlASH SRS o (WaiiATPLE 7Y, Y4a bRRALS .
' said mixture is applied while dissolved in an organic ' - '%
solvent. .
14. | A substrate having an abrasién—resistant éoating

thereon comprising the reaction product of a partially

hydrolyzed epoxysilane and a second component, said second

component being derlved by reactlon of a non- 51lane—based

aliphatic polyamine with an aldehyde or ketone, said -

polyamine being present in an amount sufflclent to react

with the_majority'of-the epoxy groﬁpé.of said partially .
hydrolyzed epoxysilane. _ : | \_)_'

15. A substrate accordlng to claim 14, which is
optically transparent.

16. An optical substrate aCcordiné to claim 14 or 15.
17. - A substrate according to claim 14,15 or 16, which
comprises an organic plastics material, for example
polycarbonate. -




