POLYMERI ZABLE POLYCL( ALLYL CARBONATE) COWVPCSI TI ONS
DESCRI PTION OF THE | NVENTI ON This application is a
Continuation-ln-Part (CIP) of 5 United States Patent
Application having Serial Nunmber 09/459, 796 which was
filed on Decenber 13, 1999 and is pending in the
United States Patent and Trademark O fice. The present
invention relates to a polynerizable conposition.
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lenses, sunglasses, and automotive and aircraft
transparencies. It has been observed that tinting of
25- polymerizates prepared from such compositions by surface
impregnation of dyes can, in certain instances, result in an
“uneven tinting of the surface. Such uneven tinting is
referred to as tinting failure.
When tinting failure occurs, it is often manifested as
30 visually observable defects on the tinted surface({s) of the
polymerizate, which are commonly referred to as “ferns” or
‘moons.” In the case of tinted ophthalmic lenses, such as
tinted ophthalmic lenses having a positive diopter, i.e., plus
lenses, and non-corrective lenses, e.g., sunglasses, sguch
35 tinting failure often results in rejec'tion and scrapping of

"the tinted lens. A solution to tinting failure is desirable




the tinted lens- A solution to tinting failure is
desirable 2 in order to avoid the econom c | o0ss that
results fromthe scrapping of |enses having tinting
defects. United States Patent No.'s 4,994, 208,
5,084,529, 5,110,881, 5,221,721, 5,236,978 and

5, 246, 630 describe 5 polynerizable conpositions
conposed of polyol (allyl carbonate) nonomer and at
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provided a polymerizable composition comprising:
{a) a major amount of a radically polymerizable
20 first monomer represented by the following general formula I,
. I .
R-[~0-C(0) ~0-R,1;
wherein R is a polyvalent residue of a polyol having at least
two hydroxy groups, R; is an allyl or substituted allyl group,
25 and i is a whole number from 2 to 4; and
(b) a minor amount of a radically polymerizable
second monomer represented by the following general formula
k 11,
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wherein R, is a polyvalent linking group that is free of

urethane linkages; R; is a residue of a material having a

single hydroxy group and at least one allyl group, R, being




H 30 wherein R2 is a polyvalent linking group that is
free of wurethane linkages; R3 is a residue of a

mat eri al having a single hydroxy group and at | east
one allyl group, R3 being 3 free of urethane

I i nkages, acryloyl.groups and net hacryl oyl - groups;
and | is a nunber from2 to 4, e.g., 2, 3 or 4. In an
embodi ment of the present inventjon, said second
nmononer (b) is present in said conposition in an
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20 : BRIEF DESCRIPTION OF THE DRAWING

, Figure 1 is a representation of a negative image of a

tinted lens having tinting defects.

DETAILED DESCRIPTION OF THE INVENTION

25 In an embodiment of the present invention, the second
monomer described with reference to general formula II is
present in the polymerizable compositions in an amount at
least sufficient such that polYmerizates prepared from such
compositions are substantially free of tinting defects. As

30 wused herein and in the claims, the term “tinting defects” and
similar terms refer generally to a visually observable uneven
distribution of dye over the surface of a tinted polymerizate,
such as a tinted lens. More particularly, tinting defects are
often visually observable as lighter colored or untinted

35 surface patterns, sometimes in the form of ferns or moons.



simlar ternms refer generally to a visually observabl e
uneven distribution of dye over the surface of a
tinted polynerizate, such as atinted |ens. Mre
particularly, tinting defects are often visually
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patterns, sonetines in the formof ferns or noons. - 4
Tinting defects in the form of -férAs can be further
described with reference to Figure 1. The tinted
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defects," more than one polymerlaate, e.g., several lenses,
- should be prepared. Optionally, a set of comparative
polymerizates may also be prepared under similar conditions,
25 e.g., using the same cure cycle, from a composition that is
known to result in tinting defects. The specific number of
polymerizates that must be prepared is often determined by
trial and error. In the case of ophthalmic lenses, typically
between 10 and 100 lenses are prepared to determine if they
30 are substantially free of tinting defects. Such a
determination is described in further detail in the Examples
herein. Typically, a set of polymerizates, e.g., 100
ophthalmic plus lenses, prepared from a polymerizable
composition according to the present inention, is considered
35 to be substantially free of tinting defects if 10 pexrcent or

less, preferably 5 percent or less, and more preferably 0




between 10 and 100 | enses are prepared to determne if
they 30 are substantially free of tinting defects.
Such a determnation is described in further detai
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pol yneri zates, e.g., 100 ophthalmc plus |enses,
prepared froma polynerizable conposition according
to the present inention, is considered 35 to be
substantially free of tinting defects if 10 percent or
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With reference to general formula II, second monomer (b)
is distinguishable from polyurethanes having terminal allyl
functional groﬁps as described in, for example, United States

25 Patent No.'s 4,994,208, 5,084,529, 5,110,881, 5,221,721,
5,236,978 and 5,246,630. In general formula II, R, and R, are
each free of urethane linkages, more particularly, Rz and R,
are each free of intermal urethane linkages. As used herein
and in the claims, the term "urethane linkage" is meant to

30 refer to the following structural linkage, -N(H)-C(0)-0-. 1In
the case when R, is a residue of a polyisocyanate, second -
monomer (b} can be described as a polyisocyanate that is
capped with the mono- hydroxy functional mater:l.al of which R, is
a residue.

- 35 Depending on the method by which second monomer (b) is

prepared, R; may be a residue of, for example, a




5,236,978 and 5, 246, 630. In general formula Il, R and
R3 are each free of urethane |inkages, nore
particularly, R2 and R3 are each free of interna

ur et hane |inkages. As used herein and in the clains,
the term"urethane |inkage" is nmeant 'to 30 refer to
the followi ng structural linkage, -N(H-C(O-0O. In
the case when R2 is a residue of. a polyisocyanate,
second nononer (b) can be described as a
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ring, e.g., a,a'~xy1éne diisocyanate; and aromatic
polyisocyanates wherein the isocyanate groups are bonded
directly to the aromatic ring, e.g., benzene diisocyanate;

25 Examples of aromatic polyisocyanates having isocyanate
groups bonded directly to the aromatic ring, of which R, may be
a residue include, but are not limited to, phenylene
diisocyanate, ethylphenylene diisocyamate, isopropylphenylehe
diisocyanate, dimethylphenylene diisocyanate, diethylphenylene

30 diisocyanate, diisopropylphenylene diisocyanate,
trimethylbenzene triisocyanate, benzene triisocyanate,
naphthalene diisocyanate, methylnaphthalene diisocyanate,
biphenyl diisocyanate, ortho-tolidine diisocyanate, 4,47-
diphenylmethane diisocyanate; bis(3-methyl-4-

35 isocyanatophenyl)methane, bis (isocyanatophenyl)ethylene, 3,3’-
dimethoxy-biphenyl-4,4’-diisocyanate, triphenylmethane




pol yi socyanates wherein the isocyanate groups are
bonded directly to the aromatic ring, e.g., benzene
di i socyanate. 25 Exanples of aromatic pol yi socyanates
havi ng i socyanate groups bonded directly to the
aromatic ring, of which  R2 may be a residue include,
but are not limted to, phenylene diisocyanate,
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triisocyanate, 1,8-diisocyanato-4- (isocyanatomethyl)octane,
2,5,7-trimethyl-1,8-diisocyanato-5-(isocyanatomethyl)octane,
'bis(isocyanatoethyl)—carbonate, bis(isocyanatoethyl)ether, 2-
isocyanatopropyl-2, 6-diisocyanatchexanocate, lys inediisocyanate

30 methyl ester and lysinetriisocyanate methyl ester.

In an embodiment of the present invention, R, of general
formula IT is a residue of a cycloaliphatic polyisocyanate.
Examples of cycloaliphatic polyisocyanates of which R, may be a
residue include, but are not limited to, isophorone

35 diisocyanate, cyclohexane diisocyanate, methylcyclohexane

diisocyanate, bis(isocyanatomethyl)cyclohexane,
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di i socyanat e, , hexanet hyl ene dii socyanat e,
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di i socyanate, 2,2'-dinethyl pentane diisocyanate,
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dii socyanate, 2,4, 4,-trinmethyl hexanet hyl ene
diisocyanate, 25 1,6, 11-undecangfrii socyanate,

1, 3, 6- hexanmet hyl ene triisocyanate, 1,

8-dbis @Wﬁﬁhgtécyéléﬁﬁﬁpﬁé%@y | t):, so(qgaefanatoc%/clohehyl) -

2,5, 7-triméthyl -1 ||soc¥anato- (1.socyanat one

ct ahe? P%ﬁﬂﬂﬂesoky%ﬁﬁ¥6§ﬁﬁ§ ?CY%h@%@ﬁdﬂgl 2-ethane, hyl)o
bi Sisswmehﬁylﬁ @Lh8bey@natopropyl) -5-isocyanatomethyl -

BSOS enenR e o

Iy s naed:yane&ﬁ@ytapﬁl e~ GFEJShukﬂjaﬁétﬁrhetﬂxﬁ «'mcgv&’uze@lm n:anl] héptane,

r eP oo orngt ByEe Tk 3 1 BOpRr O oA 6o - e EBethy1-
of bycyobd ipRatll ehqmiariesotyanatesnafondtbgil -B2(3rmy be a

res &QH&&M&&‘S%#’WG 5 g.{aakbﬂééﬁ)gjf 1 c88PHY ON€ndBtane,

||socyanat oh xane I SOC
et ylléwaﬂﬁéimﬁ‘éhﬂh?{s(écyaﬁaVénatoprOPYI) -6-{2-

o S(EsepMRIVIRNB yﬂ):)éibﬁqloqaeéaﬂ?v—heplgan@| $-isocyanatomethyl-2-
(|s anat ocycl ohex net hane,

bi 53 sb%?%‘fﬁ%’&f??ﬁ?%%le&)ﬁ')(z “3SOCKRBRERREMH)sbicyclol2.2.11 -

(i sheptmas Os(rytDGBEdwénatbmeﬁhyet—bar(lE-lé?ocyanatopropyl) -6-(2-

Lﬁ?ﬁ‘égE?cyc Y TR 2 PR ey o P e

embodiment of the present invention, R; is a residue of a
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net lﬂl}ﬁ'thybtﬁdlﬂt l"%ﬁcang éiié&ﬁgtaaﬁ%e .
cyanat one
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pt abd s ( 1§e¢m@tangt:mam@aj ymdthdmes Ob}tﬁm:ﬂ:ﬁmfmyb):yﬁltﬁ%xyl} -
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(3- |m6§yaﬁattdw@pﬁl ) - Wi R.sbsyanaeobdiy IOF bi dytéwfyanate, such

- 1] 2shgPLaREAGhatic di t 1 formula IT
2 |§gcyanatonet yﬁ-ic(fﬁﬁﬁﬁg?gﬁéﬁbpgo I?eneﬁa ormuia is

i so@yanat oet hyl ) - bi cycl o[ 2. 2. 1] - heptane In a
preferrediaeabedbimgilvahi h8s OF aCNEh IH}VREY 1.2 Résiidue,

reS| ue of a 15 cyclopal phatic di.isocyanate sel ected
iPetiie o amptic  Pebibre alieieyinarevanines,
CyCl@hén&hﬁalﬁhUﬁD@}b&ﬁ&h:&ms, each having at least two primary
amines, and mixtures thereof. As is known to the skilled
artisan, polyisocyanates are typically prepared from the
corresponding polyamine precursors having two or more primary
30 amine groups. Accérdingly, specific examples of polyamines
within these recited classes include, but are not limited to,
polyamine precursors corresponding to those polyisocyanates as
recited previously herein.
With further reference to general formula II, R; is a
35 residue of a waterial having a single hydroxy group and one or

more allyl groups. The mono-hydroxy functional waterial of



nmet hyl cycl ohexane dii socyanate, his
(i socyanat onet hyl ) cycl ohexane, his
(i socyanat ocycl ohexyl ) net hane,
bi s(i socyanat ocycl ohexyl)- 20 2, 2-propane, his
(i socyanat ocycl ohexyl) -1, 2 -ethane, and m xtures
thereof. When R2 is a residue of a diisocyanate, such
as a cycloaliphatic diisocyanate, j of general fornula
is 2. Casses of polyam nes f- which R2 may be a
reS| ue 25 include, aromatic polyam nes, aliphatic
pol &ﬁcﬁ‘e & 150?01-'%"&4%&& Er?ﬁ)lcyfamcneboybmunavan@ at
| ea&ﬁeﬂh&@rmm@touem Nege amgy wq&! HChal 6L 801 urddinhfituted
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- pr ecilres dod 1 badtiongehepa DIfdrk@apfifary 30 am ne groups.
cordingly, specific exanples of polyan1nes
W thin.these recited classes inthude, but are not

limted to, polyanine preeLramirg) e responding to
t ho l; 0 S cited i ousl| in
W R Rl Por APty nefaotonr b £y Sy Grgue-
35 r&yied GEPB‘Fa]éYnaRerMSahYﬁawarg amds boghentedigxyegesald formula
and 0Ne represHre %hEY&néHHE%R§u5§$§§f§?i GPYEs O%y, C—CH—CHz-
ﬁj Q&Aona rmtegal of a%resi dué 1 s i
3 SRFGH R ldveutie &ldyingxeie ofl she lgﬂttéﬁ}{i@l Thging a
al | WlIQﬂGUhydmy{ybgr&ﬁprJb&EbﬁLﬁﬁgs Al +di WHQURY bR an allyl

. sub ted al as re resented by t he
' fgl f%ﬂw %g gléner it ?%ﬁ?}%ﬂa&% R &1 1341yl I—I?E:E‘E:I(ERZB“P' ' The

whereterial | af hjpdebgen ishal ogeither tap{dally; Ghsabkylieast one

: groqgijbgehéthﬁﬁFIy R4 i s hydrogen and consequently
eneral formul a represents the unsubstituted

lyl gr s mprpetodrony- funaigiavedemsbecidli ofl Wichh, is a
al | ylesgaaepm&®f Heh@ellBdELd @roﬂaé&&ﬁhtﬂ_c %i@gimcg}r%]ydiﬂﬁatlc

groug,, %ﬁlWhlccl IS a residu may an
et hér, ar | Hetear hehaltie SHCgHOH )HOlé.fé{ieijg¢% [Elyreds)
mat evacal hetindiarh 183st Sore @3 UUSrduRi aahl ¥ohethalions
lea%ﬁw&%%f Examples of aromatic alcohols having at least one
20 allyl group include, but are not limited to, allyloxy phenol,
,&-9-, 4-allyloxy phenol, allyloxybenzyl alcohol, e.g., 4-
allyloxybenzyl alcohol, and 4-allyl-2, 6-dimethoxyphenol .
Cycloaliphatic alcohols having at least one allyl group of
which R; may be a residue include, for example, allyloxymethyl
25 - cyclohexylmethanols, e.g., 4-allyloxymethyl
cyclohexylmethanol.
| ‘ Examples of aliphatic alcohols having.at least one allyl
group, of which R; may be a residue include, but are not
limited to, allyl alcohol, substituted allyl alcohels, e.qg.,
30 methallyl alcohol, allyl ethers of alkylene glycels, e.g., Cp-
Cy alkylene glycols, such 55, ethylene glycol allyl ether and
1,2- or 1,3-propylene glycol allyl ether. A preferred class
of aliphatic alcohols, of which R, may be a residue, are
poly(allyl ethers) of aliphatic polyols, e.g., trimethylol
35 propane di(allyl ether), trimethylol ethane di{allyl ether),



allyl ether group. 15 The nono- hydroxy functiona
material of which R3 is a residue may be sel ected
fromaromatic al cohols, aliphatic alcohols,

cycl oal i phati c al cohols, poly(al kyl ene glycols), each
having at |east one allyl group, and conbi nations

t hereof . Exanples of aromatic al cohols having at |east
one 20 allyl group include, but.gare not limted to,
aIIonxy phenol e.g., 4- aIIonxy phenol ,
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aICéEKg | [ -
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©triERHyRs| 913:50 oﬁéﬁé’lduet@srl- ypole*x é@hylepm astiep) ob-
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18 p%iy‘%’. B-pELz 2 Tl AIOEK SRSt 10 erben ona
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havbﬁgyyéngqngigygléﬂﬁefﬂ:her group and a single hydroxy
group. Exanples of poly alkylenela col) allyl ethers
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of which @%H?&y(a%y EP@ssaMéol)na eiﬁlmr%pénﬁhech Ry may be
pol y (eidiyluenRa e ya:t@'])eaﬁﬁtl V. ale@EB@retH?ﬁl Yinfts. For example,

of; DERLARS AL eely AL Sher ROt LSS e
un:.ts, i.e., HyC=CHCH,O- (-CH,CH,-0O-),-H . Typically, the
poly(alkylene glycol) allyl ether has less than 100 alkylene
ether units, e.g., less than 50, less than 20 or less than 15
alkylene ether units. The poly(alkylene glycol) allyl ether

25 may have a number of alkylene ether units ranging between any
combination of thése values, inclusive of the recited values,
e.g., from 2 to 100, 2 to 50, 2 to 20 or 2 to 15 alkylene
ether units.

In an embodiment of the present invention, the material

30 of which R; is a residue is selected from a C,-C, alkylene
glycol allyl ether, a poly(C,-C, alkylene glycol) allyl ether,
trimethylol propane di(allyl ether), trimethylol ethane
di(allyl ether), pentaexythritol tri(allyl ether), di-
trimethylolpropane tri(allyl ether) and mixtures thereof. In

35 a preferred embodiment of the present invention, the material

of which R, is a residue is selected from poly(ethylene glycol)}




poly (1, 2-propylene glycol) allyl ether, poly (1,
2-propyl ene glycol)-b-poly(ethylene glycol) allyl
ether, poly (1, 2-butylene glycol)-b-poly(ethylene
glycol) allyl ether, poly(ethylene 15 glycol)
-b-pol y(1, 2-butyl ene glycol) allyl ether and

pol y(ethyl ene glycol) -b -poly (1, 2 -propyl ene
glycol) -b-poly(1,2- butylene) allyl ether. The
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describ ove WI F&f eFefice T dgaretlad figr Huf o Patents
mhl@h3ﬁﬁy5@EE$m&nhem3dE$sribed as a polyol (allyl
N L
rgg Le Crbqf,pé:g ﬁe@q:rabeda‘}vil;&h reference to general formula III.
:I‘he allyl group R, of general formula I may be substituted at
the 2-position with a halogen, most notably chlorine or
bromine, or an alkyl group containing from l1or 4, e.g., 1 to
2, carbon atoms, in which case R, is a substituted allyl group.
25 More commonly, and with reference to general formula IIT, R, is
. hydrogen and consequently R, of general formula I is the
unsubstituted allyl group, H,C=CH-CH,-
With reference to general formula I, R is a polyvalent
residue of a polyol, vwhich can, for example, be an aliphatic
30 or cycloaliphatic polyol, containing 2, 3 or 4 hydroxy groups.
Typically, the polyol contains 2 hydroxy groupsg, i.e., a
glycol. When the polyol is an aliphatic polyol, it may be
linear or branched and contain from 2 to 10 carben atoms.
Commonly, the aliphatic polyocl is an alkylene glycol having
35 from 2 to 4 carbons atoms, e.g., ethylene glycol, propylene
glycol, trimethylene glycol, tetramethylene glycol, or a




carbonates of, for exanple, linear or branched

al i phatic 10 polyols, e.g., aliphatic glycol bis(allyl
carbonate) conpounds, and cycloaliphatic polyols. The
scope of the present invention also includes allyl
carbonates of aromatic polyols, e.g., '

4, 4" -isopropylidenedi phenol bis(allyl carbonate)
These nononers may further be dg?cribed as 15
unsat ur at ed pol ycar bonates of pofyols, e. g , glycols.
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+No. 142-22-3, available from PPG Industries, Inc.

A detailed description of polyol (allyl carbonate)
monomers that may be used in the polymerizable organic
compositions of the present invention may be found in U.S.

25 Patent No. 4,637,698 at column 3, line 33 through column 5,
line 61. That disclosure is hereby incorporated by reference,
and is summarized above.

As used in the present description with reference to the
radically polymerizable monomer represented by general formula

30 I, the term “polyol(allyl carbonate) monomer” and like names,
e.g., diethylene glycol bis(allyl carbonate), is intended to
mean and include the named monomers or prepolymers thereof and
any related monomer or oligomer species contained therein.

The polyol{allyl carbonate) monomer is present in the

35 polymerizable composition of the present invention in a major

amount, e.g., from 51 percent by weight to 92.9 percent by




et hyl ene glycol bis(allyl carbonate), diethylene

gl ycol bis(2- nethylallyl carbonate), diethylene

gl ycol bis(allyl carbonate), triethylene glyco

bi s(allyl carbonate), propylene glyco

bi s(2-ethylallyl carbonate), 1, 3-propanediol bis(allyl
10 carbonate), 1, 3-butanediol bis(allyl carbonate),
1,4 butanediol bis(2-bronoallyl carbonate),
dipropylene gl ycol bis(allyl c&fbonate), trinethylene
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carbonate) compositions are well known to the skilled artisan
and any of those well known techniques may be used to
polymerize the aforedescribed polymerizable compositions.

25 Suitable examples of organic peroxy compounds, that may
be used as initiators include: peroxymonocarbonate esters,
such as tertiarybutylperoxy isopropyl carbonate;
peroxydicarbonate esters, such as di (2-ethylhexyl)
peroxydicarbonate, di(secondary butyl) peroxydicarbonate and

30 diisopropylperoxydicarbonate; diacylperoxides, such as 2,4-
dichlorobenzoyl peroxide, isobutyryl peroxide, decanoyl
peroxid§, lauroyl peroxide, propionyl peroxide, acetyl
peroxide, benzoyl peroxide, p-chlorobenzoyl peroxide;
peroxyesters such as t-butylperoxy pivalate, t~-butylperoxy

35 octylate, and t-butylperoxyisobutyrate; methylethylketone

peroxide, acetylcyclohexane sulfonyl peroxide, and




is present in the polynerizable conposition of the
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conposi tion. Al so, the polyol (allyl carbonate)
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conventional additives may include light stabilizers, heat

stabilizers, ultraviolet light absorbers, mold release agents,
25 pigments and flexibilizing additives that are not radically
polymerizable, e.g., alkoxylated phenol benzoates and
poly(alkylene glycol) dibenzoates. Conventional additives are
typically present in the compositions of the present invention
in amounts totaling less than 10 percent by weight, more
30 typically less than 5 percent by. weight, and commonly less
than 3 percent by weight, based on the total weight of the
polymerizable composition.
Polymerizates obtained from polymerization of
polymerizable organic compositions of the present invention
35 will be solid, transparent and substantially free of tinting

defects. Solid articles that may be prepared from the




14 azobisisobutyronitrile. Preferred initiators are
those that do not discolor the resulting

pol ynmeri zate. A preferred initiator is diisopropyl

per oxydi carbonate. The amount of initiator used to
initiate and polynerize 5 the polynerizable

conpositions of the present invention may vary and
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In a non-limiting embodiment, suitable organic

photochromic substances for use in the present invention can

25 have an activated absorption maximum within the visgible range
of greater than 590 nanometers, or between greatexr than 59 to
700 nanometers. These materials can exhibit a blue, bluish-

. green, or bluish-purple color when exposéd to ultraviolet

light in an appropriate solvent or matrix. Non-limiting

30 examples of such substances can include but are not limited to
spiro(indoline)naphthoxazines and
spiro(indoline)benzoxazines. Further non-limiting exémples of

- these and other such photochromic substances are described in

the open literature. See, for example, U.S. Patentg:

35 3,562,172; 3,578,602; 4,215,010; 4,342,668; 5,405,958;
4,637,698; 4,931,219; 4,816,584; 4,880,667; 4,818,096.




pol yneri zabl e organi c conpositions of the present
invention 35 will be solid, transparent and
substantially free of tinting defects. Solid articles
that may be prepared fromthe - 15 polynerizable
conpositions of the present invention include, but

are not limted to, optical |enses, such as piano and
ophthal m c | enses, sun | enses or sungl asses, W ndows,

aut onoti ve transparencies, e.g. 6w ndshields,

sidelights and 5 backlights, and aircraft

t r anspar éfcipasthemn npnndami ting ienbodivzodi, nenitabde organic
Pol YRBELERE SR LR ncdd PUPQLY EY ?:ﬁgt%xoense?ﬁ: é?nventlon can
pol yeri zabl e organi ¢ conposition o

i nvaRELBAe calh Is@sts eae taPsrepare megphan oa‘;mMm bhe visible

art irghBe 8HGbtARcR hB0Sand NebBi SHAEMREH MEMHmetbPE. 1n a
%?I¥H§tgzate 10 shoul d be transparent to that portion

PECEYREGRERPS S dmentn \ifiiec Argraics Rbekoromic
phobﬁbhtaﬁté SD Shaneeé Shwo |aﬁ§6£~;_5}£ﬂo§1t ﬁgxitﬁh t hengdt naterials

the veIen ul travj ol et ht that
pro&ucegx?ﬁ 8 3%gg°8r CBPET FEEMT W?Fnt?%P?ﬁ%%t58h?%ﬁﬁ§¥l°1et
S E bdtighteinreh tapgtropoidiosaifrehheow metbi:el 1 moaﬁ BEDE L
t ha e r Xi e en
thegghgl?% % éarI '1%&988 &Efo%nng 1.15@ aC t n%g %lelted to

rom c substance I n vate
30, ebenFﬁEYI%EﬁuﬁqdaPﬁphtkﬁpﬂﬂamet|rﬁpnghanpmanhmmltlng examples

phowc Bheni %ﬁt&k@nae& ad DAL pERYi P rMt bhdd qqt%&@uf@e see

%nerlzates of the esent invention can includ

but SFe KRS nit-&d Fat%?*g%r% C6206PhiotoBhe ci’c S- 066, 818;
congoerdsony; Sisteansees £oMMaBENG SAAEoYNALS MY, oFE; and
|ncgr59ra%§ .e.g., dissolved, dispersed or di f f used

nto“ suét polynerlzates In a non-limting
lenbodi merfin asuplbbteaty goni-tinjthogoehbahinens | bst Hrdds organic

for pﬁ%@obﬂr&h?c pgtﬁ%%%hcégvﬂg Iu%g JC.I‘?Q: eZBrQ rgﬁ %.leentg:ion can

activated absorption maxi mum w thi
of gPedter these é%’lﬁanemlaogpte@n b@tfwem *gx@etnerthe visible

tharahf8 be LdORIRNBIELES! S00 H&ﬁéﬁeﬂ'@:tseéhal andiHer absorptlon
exhi bit a blue,. bl ui sh- green, or bl uish- ﬁ?le col or

\Aheﬁ‘aé‘wag‘eﬁl‘flbumttf&eawa’r e nangRtof rlpegweaa Yhrtiea 780
290! vienbmetesat I iThesNofat i 411 ¢adOcaxdAR| 8616F (53U ANging from

SUb?&iEgg?br wnltnodplillgrle)lg}‘l traayr %hggt e:lcplorgetd gott(a.)ltraviolet light
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these substances can include benzopyran compounds, having
substituents at the 2-position of the pyran ring and a

25 substituted or unsubstituted heterocyclic ring, such as but
not limited to a benzothieno or benzofurano ring fused to the
benzene portion of the benzopyran. Non-limiting examples of
such materials are disclosed in U.S. Patent.No. 5,429,774.

In a further non-liwmiting embodiment, the photochromic
30 substance for use in the present invention can include
photochromic organo-metal dithizonates, such as but not
limited to (arylazo) -thioformic arylhydrazidates, such as but
not limited to mercury dithizonates which are described in,
for example, U.S. Patent 3,361,706; and fulgides and
35 fulgimides, such as but not limited to 3-furyl and 3-thienyl



spi ro(i ndol i ne) napht hoxazi nes and
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polymerizate to produce a substantially neutxal color such as
a shade of gray or brown when activated with unfiltered
sunlight. The relative amounts of the aforesaid photochromic

25 substances used can vary and depend upon the relative
intensities of the color of the activated species of such
compounds, and the ultimate color desired.

The photochromic compounds or substances described herein

can be applied to or incorporated into the polymerizate by

30 wvarious methods_described in the art. In a non-limiting
embodiment, ﬁhe photochromic substance can be dissolved or
dispersed within the polymerizate, such as imbibition of the
photochromic substance into the polymerizate by immersion of
the polymerizate in a hot solution of the photochromic

35 substance or by thermal transfer. In an alternate embodiment,

the photochromic substance can be a separate layer between



such materials are disclosed in U S. Patent-No.
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25 the wmore photochromic substance applied or incorporated, the
- greater is the color intensity. In a non-limiting embodiment,
the amount of total photochromic substance incorporated into
or applied to a photochromic optical polymerizate may range
from 0.15 to 0.35 milligrams per square centimeter of surface
30 to which the photochromic substance is incorporated or
applied.
In a non-limiting embodiment, the photochromic substance
~ can be added prior to polymerizing, e.g., cast curing, a
polymerizable organic composition of the present invention.
35 In this embodiment, the photochromic substaﬁce can be chosen

such that it is essentially resistant to potentially adverse
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Casting Composition Examples

The following summarizes polymerizable casting
compositions that are comparative and compositions that are in
accordance with the present invention. Casting composition A
is a comparative composition, and Casting compositions B and C

represent compositions according to the present invention.
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can s PﬁEé?b%Ya‘%lé‘ﬂ S0 PERECRe (ORESELMIGHCAs itead

to motiyngribecetisisdaidid 986086 GRMRAAEN SithifgetfHeiitions)

Thefpresent i nyentiqn |s nDre part%%ularl descri bed

in composition A, e.g., having out 35 percent
‘transmission. The percent transmittance was determined using

15 . a HunterLab Model ColorQuest IT colorimeter employing the CIE

Tristimulus XYZ scale, illuminant D65 and 10°C observer.

(c) Diallyl urethane monomer obtained from Sartomer Company,

Inc. and having the designation NTX-4434.

20
{d) Tetraallyl urethane monomer obtained from Sartomer
Company, Inc. and having the designation NTX-4439.
Cast Lens Examples
25 The casting composgitions A - C were each ﬁixed at room

temperature and injected separately into glass lens molds used
to prepare circular lenses having a +5 diopter and an outer
rim diameter of 6.5 cm. Twenty (20} lens molds were filled at

a time and their contents polymerized using the same cure




20 the follow ng exanples, which are intended to be
illustrative only, since nunerous nodifications and
variations therein will be apparent to those skilled

in the art. Unless otherwise specified, all parts and
percent ages are by weight. 25 Casting Conposition

Exanpl es The foll owi ng sumrari zes pol yneri zabl e

casting conpositions that are conparative and
conpositions that are in accordanee with the present

i nvention. Casting conposition A is a conparative
conpusilei onThanchféasythe (e afvdlwss hBadity €hd0molds in an

| mocar e o b e M el Pt s P B YRt 5 over =
Castheagod| agr &8lilentrs, Céfvﬂplameﬁl bp @widesi tbcand holding at 60°C

Conpeghtli mer (a) 100.0 99.0 99.0
ﬂ%l soprlo?]g_’amggﬁj? 8%}?% %g(b) 2.6 3.0 3.2 Second

nomer e Fasto Ws%ewéﬁﬁ frhﬁmrtent(Ed)b)O igbibDnd thap with a

- CR- th al I car b n te
nono%(r%é?){ g%/,gl y%'?%%g%ﬁrxr%ﬁlcllna lfl% 552: i Egl®
| nc Mo(lle):uuarea@tax;ftleavstmagkcwmos&otnm@ﬁglaa:@nav&latﬂl% from

sopro xydi_carbonate initjator was
adj S’Jstaea‘ BURE ﬂ%ﬁd%fag tn S P VRS, dedenifich PREGT was
f r orealede tooapd Sidlidons ahaﬂan@ulaatam il loyethe sxame The
REr G r n Jeri zages obtap ed
(und %?ltsteﬁeeggg]e tél"g%ag‘s'”té% émﬁog n%lem %on%éa&ffll
A, é“ﬂ‘ersﬁéviﬁgt%élﬁﬁtsé cneer @@ﬁutlw dimanaspéwind ﬂﬁes minutes,

per “a&lﬁtert LARSH AN GR riash Giehek ﬁ? di Q:gtllailé‘lonlzed water.
Hun Col or Quest 11 “cof orineter enpl oyl ng

t he E ?Fth{L ‘?fs“"f(’?? Sedvetef| femitiarinpatriasgs10tbe

obseresents(of WhidH Wreutetdhane-ADNENMEILIRDRAI ned from
rtomer Conpany, Inc. and having the designation -
X-4434. 20 :

TABLE 1

Evaluation of Tinted Lenses

. Casting Number of Tinted Number of Tinted Percent of

. Composition { Lenses Evaluated Lenses Having Tinted Lenses
Tinting Defects (e} Having Tinting
. ' Defects {f)

A 228 57 25
529 3¢ 5.7
C 436 23 5.3

20 (e) The lenses were evaluated for tinting defects by means of
vigual naked eye inspection. Tinting defects were observed as

having a lighter colored vein or fern-like appearance relative
to the rest of the tinted lens.

25 (f) 100 x (the number of tinted lenses observed to have
tinting defects / the number of tinted lenses evaluated). For
example, with casting composition A: 100 x (57/228) = 25
pexcent (%).

The results summarized in Table 1 show that articles,

30 e.g., lensges, cast from polymerizable compositions according




(d) Tetraallyl urethane nonomer obtained from Sartoner
Conpany, Inc. and having the designation NTX-4439.
Cast Lens Exanpl es 25 The casting conpositions A - C
were each m xed at room tenperature and injected
separately into glass lens nolds used to prepare
circular lenses having a +5 diopter and an outer rim
di ameter of 6.5 cm Twenty (20),ens nolds were filled
at a tinme and their contents pol ynerized using the
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denol the Tenses The cast | enses were then
tinted by inbibing themwith a black dye. An aqueous

ginting sol ution of prlodRRhtoRbd (ricVB! Behale
Catal ytictm Bl ack from

Brai n PoWRr8-fcBFpe? atfedichhrleare ﬁdVFQldéF—éﬁlﬂéﬂ- Wagbpnate)
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The_10 | enses cast from casting conpositions A -
wer Enfygusiesy nfrg sedder e desacedtiye GtR® ownfomera was

perboendfa 2.5 gHtES tetﬁééﬂylwrgbhm@ym&@a&ﬂ henByEbiYg a

rinsed with deionized water. The tinted | enses were
18y aFyardd o Br~t | rﬁl}En@’AHe‘rae%t@tatlﬁéd FEQY| FaF tOmeFheRPany .

ar elﬁdmmfdlei‘edhd: rueEa.bhetﬂon MrxTABLE, 1 Ty ahiddhuireNwds blended
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i nESh PERECRD DI polt (U PERBRCRD b - oRleR!
Havﬂpng@Hﬂpya pgwuxﬁﬁicithmmauy Dafett ss () ey imgical

Tin hf‘gla[t),%f ect §h§1fraj]xtérg2§aé7tl‘?e§l b?eé&g 3 of_’ a?n agdéggonal 10

23 5,3 20 (e) enses were eva uate or tinting
lGef BERYLHY neans of

A control sample was prepared using the same procedure
with the exception that the sample did not contain TAU
monomer. ‘

The resulting mixtures were poured between two flat glass

20 sheets and cured by heating the sheets in an electric forced
air oven in stages from 48°C to 85°C over a period of 18
hours, followed by cooling to and holding at 60°C. The flat
sheets were cut into 1.5 x 1.5" square samples which were

used for photochromic dye imbibition. A photbchrordic dye was

25 prepared and imbibed at a temperature of 135°C, for a time

period of 4 hours.

Imbibition Coating

The following photochromic mixture was used in the
30 imbibition coating. The total concentration of photochromic
in the coating was 4 weight percent. The materials were added
in the order and manner shown below, to a vessel equipped with

an agitator and a means for heating.




vi sual naked eye inspection. Tinting defects were
observed as having a |ighter colored vein or
fern-1i ke appearance relative to the rest of the
tinted lens. 25 (f) 100 x (the nunber of tinted | enses
observed to have tinting defects / the nunber -of-----------
tinted | enses eval uated) For exanple, wth casting
conmposition A: 100 x (57/228) = 25 percent (% . The
results summarized in Table 1-skBew-that articles, 30
e.g., lenses, cast from polynerizabl e conpositions
accYP8PREEL2 to the present "i nvemeight semterss of
Conpositions B and C, have femerlkkg%kggoﬁkg5§ﬁ$ﬁ t han
| enses_cast from conparative conpositiions, Ssuc S
ConBBEYENEH A. 5 Photochronic Article Exanple In 98.5
gr ametehnhpi:RIrhyEaper gliwepbibi s(allyl cafbenate)

ggn%ner (md ADC‘?raﬁ ), comercially available from
GPLPRBYLRsdy ot ritimaphydethee desi gnasi-Gn CR-39(r)
monemer, was bl ended 1.5 gm of tetraaljylk urethane
mongner (TAU)using a 10 nagnetic bar. %he TAU was
obt XPHERCH® artomer Conpany, Inc. wsdar the
desi gnation NTX-4439. The m xture was bl ended for
abo 30 mnutes. To this blend was added 2.8 gm of
_ % i%&ﬁéﬁ%ylﬂﬁeroxydicarbonate (IPP) as a free radica
1oni traPol .~ PhdOfi xture was then bl ended-Bor an

n

addkhgg al 10 15 mnutes. A control sanple was

pre usi ng.t he me procedure wth the exception
PG

t ha RXLNE g €contain TAU nohdHr. The

152 BhibinG il oS oured between two flat glass
20 st ting the sheets in an

el e®bpreciomdedNopi3ven in stages fropm. 48¢€ to 85C
overna ' of, 18 (yhours, followed by cooling to and
holgpnaggghﬁgﬁ.k?hégflat sheets were cOt3Phto 1.5" x
- 1. 5Phogaahenganpbess ¥hi ch were used fon.phoet ochronic

dye phabiL oL d.AR. phet ochrom ¢ dye was 25_prepared and
i mbi bed at gﬁ?eﬁéérgtqre of 135C, for a%t?ﬁ%

Photochromic No. 7942 0.079
Photochromic No. g8W¥ : 0.628
Photochromic No. g@4 0.314

/

STABILIZER PACKAGE
25 TINUVIN © 144 uv

Stabilizey 09 - 1.718
ITRGANOX ® 33114
Antioxidant _ 0.736

30

&lp Photochrowmic naphtho[l,2-blpyran that exhibits a blue
§olor when irradiated with ultraviolet light.
35 ™ A Photochromic naphthoil,2-b]pyran that exhibits a blue-
green color when irradiated with ultraviolet light.
' A Photochromic naphthofl,2-blpyran that exhibits a yellow-
orange color when irradiated with ultraviolet light.
) A Photochromic naphtho[1,2-blpyran that exhibits a yellow-

40 orange color when irradiated with ultraviolet light.




period of 4 hours. Inbibition Coating The foll ow ng
phot ochrom ¢ m xture was used in the 30 inbibition
coating. The total concentration of photochromc in
the coating was 4 weight percent. The materials were
added in the order and manner shown below, to a
vessel equipped with an agitator and a neans for
heating. - 23 Material Wight percent of |nbibition
coating SOLVENTS Tetrahydrofur?&ryl al cohol 24.6 5

gos\/gﬂo}:h?nf%ai%glﬁmg%l e't iﬁg]gf lstlgg;\iw fvgllable from

RESPibaHyrigyy poppytaciet ul ose 9 818 15 PHOTOCHROM C
DYEuf 0,70 h i
O PO PISME AL 3 070, I0 L PIALARIE Goton-

PhO@?ﬂﬂﬂQNﬂQiONOWhSB9irﬂﬁdﬁﬁﬁeﬂowﬁhbtwﬂﬂm&@n@l€ﬂ“3igh§12)

059 2 FCBR e BRonBIdR) Dr888alhobeCcOROMiEsNe vel1ou-

9(14) 0. 314 STRE 2

UVIN o 144

St aBFFY é?0163130)’h$n7181a¢m>€1§h311]1&r%?¥-%§(|JdﬁﬁP
0.786 A&Sh&@ch&o%a@t ASPHheRd 1 RARNbYed 2kl Bxiasi tkhatpurple

exhi
bior W en 1rrad1ated with ultraviolet light.
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15

20

25

30

35

The imbibition coating was imbibed into the sample sheets
by applying a £ilm of the imbibition coating onto the surface
of the sample sheets. The film was applied by spin coating.
The applied film was allowed to dry. The sample sheets were
then heated in a hot-air oven at 135-140°C for 4 hours. After
cooling, the resin film was removed from the test samples by
rinsing with water and wiping with an acetone soaked tissue.

The samples were screened for ultraviolet absorbance and
test samples having comparable UV absorbance at 390 nanometers
were tested for photochromic response on an optical bench. The
ultraviolet absorbance value gives an indication of the amount
of photochromic compounds in the sample. The optical bench was
;naintained at a -temperature of 72°F (22°C). The sample sheets
imbibed with the imbibition coating were activated for 15
minutes and the Percent Transmission (%Ta) was measured aftex
15 minutes.

Prior to testing on the optical bench,; the photochromic
samples were exposed to 365 nanometer ultraviolet light for
about 20 minutes to activate the photochromic compounds and
then placed in a 75°C oven for about 20 minutes to bleach
(inactivate) the photochromic compounds. The samples were then
cooled to room temperature, exposed to fluorescent room
lighting for at least 3 hours and then kept covered for at
least 1 hour prior to testing on an optical bench. The bench
was fitted with a 300 watt Xenon arc lamp, a remote controlled
shutter, a Schott 3mm KG-2 band- pass filter, which removes

short wavelength radiation, neutral density filter(s), a




color when irradiated with ultraviolet light. 35 ") A
Phot ochrom ¢ napht ho[ 1, 2-b] pyran that exhibits a bl ue-
green color when irradiated with ultraviolet |ight.

(0) A Photochrom c naphtho[ 1, 2-b] pyran that exhibits a
yel | ow--er-ange col or when irradiated wth ultraviol et
light. (9) A Photochrom c naphtho[1, 2-b] pyran that
exhibits a yell ow 40 orange col or when irradiated
with ultraviolet light. - 24 (161 _Hi ndered am ne
ultraviolet light stabilizer available from

G bﬂu&t@wzafﬁglrpﬁém/ﬁmpt . ](elzl)ﬁl'ge?hﬁéﬁcr&lhl@ﬁ'aﬁnlng sample
nap n exnli pLts a e ow orang

~col Qfeﬂ%%% 4 re]rg% Jec&l \?\tﬁ%} S&HPP‘EVFB”& QesgRe. W?ss(%erﬁ\w
Phoﬂ"foehume@taa@d&ttélaﬁaﬂdé{hi EheaBpt Ned) @ehichi ifi ehe

yel | when irradiate th ultravjolet _.
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she@ksectddie (bekiaas ﬁ)ﬂll)edbrbﬁoﬁgépaﬁi@téqﬂgpmegbe The UV-A
ilmwas_allowed to_dr he sa heet s
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P ety MBR It e othat 19 SPBhs dioves. sagcehoyLight
Hourutpwf tvers ﬁéamdnmdjdﬂtﬂe%&bnt6l iﬁﬁ WRSrekeBBYHEE were made

fro t anpl es b rinsing wat er and
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The results are shown in Table 2 below.

TABLE 2
25 Ssample Ipp TAU Imbibition Photochromic %Ta
(wt%) (wt%) Time (hx) abs @ 390 nm {activated)
Control 2.8 0 4 0.188% 62.4
‘30 Invention 2.8 1.5 4 1.09 18

These results show that TAU has a significant effect on
the photochromic imbibition when compared with a control
sample.

35 The present invention has been described with reference
to specific details of particular ewbodiments thereof. It is

not intended that such details be regarded as limitations upon




about 20 mnutes to activate the photochromc
conpounds and then placed in a 75C oven for about 20
m nutes to bleach 30 (inactivate) the photochrom c
conmpounds. The sanples were then cooled to room
tenperature, exposed to fluorescent room |Iighting for
at least 3 hours and then kept covered for at |least 1
hour prior to testing on an optb%al bench. The bench
was fitted with a 300 watt Xenon "arc Ianp, a renote
contehQl lsedyd %f.s et ‘?Lﬁve %{1 %Eckeé g:r: b% 45aP@8Sthe extent
filter, which renoves ort wav radi ation,
neuttddt §besiaxe fmctléfl(ﬁ@)l,n ati@saccmr@ﬁnxmm@alms

cel | /sanpl e hol der for maintaining sanple tenperature
in which the sanple to be tested was inserted.
Measurenments were nade on the optical bench in the
Phot ochrom ¢ Performance Test with the power output
adjusted 5to 0.67 mlliwatts per square centineter
(mMNcm Z). The power output was neasured using a
GRASEBY Optronics Model S-371 portable photoneter
(Serial #21536) with a U/-A detector (Serial It
22411) or conparabl e equi pment. The WA detector was
pl aced into the sanple holder and the Iight 10 out put
was neasured. Adjustnents to the power output were
made by increasing or decreasing the |anp wattage or
by adding or renoving neutral density filters in the
l'ight path. A nonitoring, collinmted beam of |ight
froma tungsten |lanp was passed through the sanple at
300 normal to the surface of 15 the lens. After
passi ng through the sanple sheet, the light fromthe

“ tungsten lanp was directed through a photopic filter
attached to a detector. The output signals fromthe
detector were processed by a radi ometer. The control
of the test conditions and acquisition of data was
handl ed by the Labtech 20 Not ebook Pro software and
the recommended 1/0O board. The results are shown in
Tabl e 2 below. TABLE 2 25 Sanple | PP TAU I nbi bition
Phot ochromc %9a (W% (w% Tine (hr) abs o 390 nm
(activat ed)

/




Control 2.8 0 4 0.1889 62.4 30 Invention 2.8 1.5 4
1.09 18 These results show that TAU has a significant
effect on the photochrom c inbibition when conpared
with a control sanple. 35 The present invention has
been described with reference to specific details of
particul ar enbodi nents thereof. It is not intended
that such details be regarded as |limtations upon 26
the scope of the invention except insofar as and to
the extent that they are included in the acconmpanying
clains. -27- What is claim@@ 1. A photochromic article
adapted to be free of -tinting defects conprising an
at least partially cured substrate, at |east a

phot oaiam s adMulithe®f: @ phot ochrom ¢ substance and a
tinting defect inhibiting additive. 2. The

phot ochrom k. ark i]_:(ﬁoeoolﬁrcadia:i arﬂicvihelaéhwtesiaitd be free of
phot Oﬁﬁﬁ’@mgf d%f@éésa%gﬁ :LSJ. ‘rE 1%§EE' ?Agtx_a'l'i'p' beka

into Sal substrate. OOC romec ticle Of :
cl ai MPYPHRERE nas alapstsa mhq’cavrcbrmsuatampee%tofp&r pharpgpromic

coat edubktinck 6Qatd NAntif9RASIL O BAFRAY SldW tale .
| east a photochrom c anbunt of a photochromc

substance. 4. The photochronmic article of claim1
wher ei n saig. tirheipgptdehechid Iahri:bblé mgf atﬂa‘iitii vewhsrein said

prese such.t hat sal fhe ia
conposrﬁht(ﬁltgnﬁ?%ﬁggg% Ve AR a‘_Trlegg g‘é ﬁlbcts. o sa
5. A phdesschkonic article adapted to be free of

tinting defects conprising at | east a photochromc

anmpunt of a_ photochrom ¢ substance, a tinting defect

i nhi biting addi tiipephobpmiramiataltdsde partlival y c‘thee‘%?m said

subst r@i‘rﬁstﬁ:&l&f@ri@d%gle&@ f[ﬁlr@hﬂy EHBAHQ& withda coatlng

radi cal Ly pal Xmerl zabl, e nmononer repr esent ed by

the folTOMNG ﬁlénwlisb‘i‘%ﬁta efSt & photolironic smoust of a
Photochromic substance.

4. The photochromic article of claim 1- wherein said

tinting defect inhibiting additive is present in an amount
such that a polymerizate of said composition is substantially

free of tinting defects.

5. A photochromic article adapted to be free of
tinting defects comprising at least a photochromic amount of a
photochromic substance, a tinting defect inhibiting additive,
and an at least partially cured substfate_ comprising:

(a) a major amount of a radically polymerizable
first monomex represented by the following general formula,

R-[-0-C(0) -O-R;};




R[-OC(O-0ORl]i -28- wherein Ris a polyval ent

resi due of a polyol having at |east two hydroxy
groups, Rl is an allyl group, and i is a whole nunber
from2 to 4; and (b) a minor anopunt of a radically

pol yneri zabl e second nononmer represented by the
follow ng general fornula, O 1l R +NGO-R3 H
wherein R is a polyval ent éé nking group that is free
of urethane |inkages; a residue of a materi al
having a single hydroxy group and at | east one allyl

group,a, n fre of. uret han kage

nunber™ o’rﬁ § ?% % PB: Wﬁ]p% SERt Ot E’E gy‘éfgba‘}]tngdae least
to be tWDeEydIfoxytgnﬁiipBg ’lefiechs a(ldjj?prgﬁ:lupg ami at ﬂseasWhole
parti g ub trate conprising diethyl ene

gl ycoI s]faro?l é’r On%'?‘g) nonomer, at |east a

phot ochr om ¢ amfiinta afiner pheiechedrd Qadﬁdﬂﬂtyapobymnizable
tinti ect inhibitin
phot oc r%rgnéc APTTE 1 ERSFS ngﬁ"‘ﬁwb@ %ﬁ%rféﬂ?\c’%’é}% general formula,

phot ochrom ¢ substance. is at |east partially inbibed
into said substrate. 8. The phot'dchrom c article of
claim6 wherein said phot ogg_[om‘ subst ance conpri ses
at | east one napht hopyr anRz & NrrepRoTsdhr oni ¢
article of claim6 wherein sai phot ochr om

substance i s chosen from

spir O(WMZlhnﬁi RaPDtRAXQIANBRS 1inking group that is free of

spiro(indqline)pbenzoxazi nes, benzopyrans,
napht h‘é’ﬁ%&?ﬁ’? qR%: et AP al‘f?ﬁlfb‘ﬁaﬁfeg ma?%ﬁ’g?t]dé‘?“m’ a

and f ubimgiied dgdrauyd gibup WS atheegaf ond 1141 group, R; being
phot OCREOISr QLLLENE FARRLEG | 8aRS; 148 Rlund FrbRI2 o 4.

def ects conprising at Ieastcd partdar § Cure
substrate, a photochrom c anmount of a photochromc
material -2%. A photochromic article adapted to be free of
tinting defects comprising an at least partially cured
substrate comprising diethylene glycol bis(allyl carbonate)
mohomer, at least a photochromié amount of a photochromic

substance and a tinting defect inhibiting additive.

7. The photochromic article of claim 6 wherein said
photochromic substance is at least partially imbibed into said
substrate.

8. The photochromic article of claim g wherein said

photochromic substance comprises at least one naphthopyran.

9 The photochromic article of claim 6 wherein said
photochromic substance is chosen from
spiro{indoline)naphthoxazines, spiro(indoline)benzoxazines,
benzopyrans, naphthopyrans, organo-metal dithizpnates,

fulgides and fulgimides, and wmixtures thereof.

10. A photochromic article adapted to be free of
tinting defects comprising at least a partially cured

substrate, a photochromic amount of a photochromic material



wherei n said photochromc material is at |east

partially inbibed into said substrate, and a tinting

defect inhibiting additive. 11. A photochromc

article adapted to be free of tinting defects

conprising at least a partially cured substate

wherein said substrate is at |east partially coated

with a coating conpositiom®onprising at |east a

phot ochrom ¢ anount of a photochromic material, and a

tint kvﬁgr&%{ %gg_dlpr}xllgttt)jlc Irg%i atgg\l,én_li\ﬁ' is at least partially
iwbibed into said substrate, and a tinting defect inhibiting

additive..

'11. A photochromic article adapted to be free of
tinting defects comprising at least a partially cured substate
wherein said substrate is at least partially coated with a
coating composition cémprising at least a photochromic amount
of a photochromic material, and a tinting defect iphibiting

additive.



