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PHOTOCHROM C POLYURETHANE COATI NG _ AND ARTI CLES HAVI NG
SUCH A WOABBNGS .; CROSS REFERENCE TO RELATEFGWABIEATIBONS - 5
Thi's application clains pri orty to provisional application Serial No.
60/ 037,428 filed February 21, 1997, and provi sional application Serial
No. 60/ 060, 334 filed Sept enber 29, -1897. DESCRI PTI ON
OF THE I NVENTION 10 The present invention relates to

phot ochrom c pol yur amrmmnmg@maaamm@@m ng such coati ngs.

Mor e particul arly, t phot ochrom ¢

pol yur et hane coati ngs t%&b ﬁh‘gﬁ(e‘g%%%‘éﬂ%%tﬁ# subs g and wexposed to
activating light radiation exhibit inmproved 15 phot ochrom c perfornmance
properties. Furthernore, this i nvention reI ates 19 ho ochrom c

p?I ygre;jha][\e coatl ng;:i ¥ REFERGNCE _,..;__~ R — B "cosnetic"
Stanaarfls Tor optic iéEl:%’.cﬁP hagfst rS?Si-t': o @B Hionag. J-

| enses. LT‘IO'[ ochrom ¢ conpound g exh |%|t ?reverm bl e change
20 in col mpplieatérpoSediab ¥¢ g0/ ét%%ﬁﬂﬁ@o??bﬁ@awt?’a'vﬂ(ﬂ9é7t' and rgys,
such as the ul.tr. I URlJ-g t 4 mer cury
| anp. Var iF0Us € %éégsg%?i%%%%ﬁﬁoénﬁgﬁ o %égﬁ%s ?ive n f%g“ﬁgg, zed
and suggestsd ifber7.use in applications | n Whl ch a sunli ght-l nduced
reversi ble color 25 changmm, The nost widely
]geisc_rijbed cl asses of 5_ - m o aédg;s pyLans and

ul g agpe The prAéd€eriengivainuionhaalates eseoptsd antict he
reversibl e change in color, i.e., a change in the absorption spectrumin

30 the vi QQS‘I}EWP&W%F°PF§H$S (m a5 Shes, haYRng fugh pgoatings. More

particularly, this invention relates to certain photochromic

polyurethane coatings that when applied onto a substrate and
exposed to-activaﬁing light radiation exhibit improved
15 photochromic performance properties. Furthermore, this
invention relates to photochromic polyurethane coatings that
meet commercially acceptable "cosmetic" standards for optical
coatings applied to optical eiements, e.g., lenses.
Photochromic compounds exhibit a reversible change
20 in color when exposed to light radiation involving ultraviolet
rays, such as the ultraviolet radiation in sunlight or the
light of a mercury lamp. Various classes of photochromic
compounds have been synthesized and suggested for use in
applications in which a sunlight-induced reversible color
25 change or darkening is desired. The most widély described
classes of photochromic compounds are oxazines, pyrans and
fulgides. _
The general mechanism responsible for the reversible
change in color, i.e., a change in the absorption spectrum in
30 the visible range of light (400-700 nm), exhibited by
different types of photocﬁromic compounds has been described

and categorized. See John C. Crano, "Chromogenic Materials
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different types of photochrom c conpounds has been descri bed and
categori zed. See John C. Crano, "Chronobgenic Materials WO 98/ 37115
PCT/ US98/ Qithisis7115 _ - 2- (FRITARISI8IO2358i C) ",
Ki rk-Q hmer Encycl opedi a of Chem cal Technol ogy, Fourth Edition, 1993,
pp. 321-332. The general mechani sm for the nobst common cl asses of

phot ochrom ¢ conpounds, e.g., indold 2o-spiropyrans and indolino 5

spi rooxazi nes, involves an el ect rocycl i ¢ mechani sm Wen exposed to

activating r aplh@&ddmontzla:ese EDFROOK IS MRS Eobpediaf oD Iieendaladr | ess cl osed

ring conpound inta a.colored oggn [ing species, In_contrast, the_col ored

form of ful gEeehnoloayy FONFEH ESLbHFOUMRS3i s PBr ottt atf by ﬂeeﬁé’fBFFaéycl iC

10 mechani s%ééwaﬁenn&otmehéraagé%csfaﬁdrpruatssasceko%ﬂls@&mmc ring form
into a colored closed ring form e af oredescri bed

el ect rocycl i eompeyngf s @s 9.+ héndolinetsrinopyrans oapd uhe¥iaui re an
~ envi ronmegt é i%@umlm%y %{3 Iél é{é?i o'i:#?ﬂﬂ:%é%h&rﬁsﬁrpl | Gnag! ymer
r the pho

matri ces, ates at C processeés of actlvation,
i.e., for expcpmd dfo @@mwabmngarkmw,amﬁe‘sadcagpoundﬁ ,trame £orliur n
to the ori g|€ orI ess tat pccur_are ellgved tcﬁlﬁﬁed dependent
on the free B%rﬁecf %rl}?sﬁof’g nﬁrﬁfom?ﬁ r 88° 2\ PpFﬁerﬁ)B?yrrer
matrix is deppestsd. umgen coherbbexi the idolotedofotheot hbbIyisRgnent s of the
pol ymer environment surround;ag.ggjg Jtthe hot ochrom c¢ conpound, ,i.e., the

i

| ocal nobi | | PYOHRTYC comp ducedcRYi AR se ey i si ng t he

Matrix. $6€ mechdrdibin Bnve19¢Bgache my&f%&ﬂﬁeaanoa&f PR I@EsS Bkl Bul K
Pol ymers", Phot ographi c Sci ence and Engi neering, 1979, pp. 25 183-190. One

of the main 5HBY KT ingeo At 6819573‘@]%1%9@ ringEfe®Abach, for the |ar ger
comrer cial application o cne BRGHAMNAMea XS BER c'élw%e%hgmage Phe

phot ochrom ¢ actlvatlon and ade 1n a soli y mat ri Xx.
The use of phbetethramis compounds rmmey@metemmegnmhasx hédiehdebelrosed.

Cor man DemOoLal | So BRAUANLE LALERLAO. AGonsa B30 dERCHRS S, TERIOT O

preparing pho ochrom ¢ | yirer syste O¢hIrom c

or t ho- ni tisobeates al:mmﬂmmdshe photochromic processes &J%MEEOSHEETe( RULE

26) formation of color or darkening, and fading, ife., the return
to the original or colorless state, occur are believed to be
dependent on the free volume in the polymer matrix. The free
volume of the polymer matrix is dependent upon the flexibility

20 of the chain segments of the polymer environment surrounding
the photochromic compound, i.e., the local mobility or local
viscosity of the chain segments domprising the matrix. See
claus D. Eisenbach, "New Aépects of Photochromism in Bulk
Polymers", Photographic Science and Enginéering, 1979, pp.

~25 183-190. One of the main obstacles reported by Claus D.
Eisenbach, for the larger commercial application of
photochromic systems, is the slow rate of photochromic
activation and fade in a solid polymer matrix.

The use of photochromic compounds in polyurethanes

30 has been disclosed. German Democratic Republic: Patent No. 116

520 describes a method of preparing photochromic polymer

systems which include photochromic ortho-nitrobenzyl compounds
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- 3- added to reaction systens which | ead to pol yuret hanes. Eur opean
Pat ent AWO d&3MiIHN Nunber 0 146 136 describes an opti cal PETARABMP25%Et h a
phot ochrom ¢ coating, such as a pol yur et hane | acquer in which are '

I ncorporated one or nore 5 phototropic substances. U S. Patent 4,889,413
descri bes a process for producing a potyurethane plastic having

phot ochrom ¢ properties. Japanese Patent Application 3-269507 descri bes
a |light adjaddedgogplresicitdonesystenpovhichflead|tasrmicdyurebhanegnterial, a
prinmer |ayeL _consisty f (R |y ur. L.hing a
phot ochr om %uxé?ﬁ)%afnar% g%ﬁ%aé gﬁiggé‘gﬁg I{,‘%‘l‘gg%llagoeﬁg%stye& r3%tapggﬁgiggé 'a‘f!ulgcone
resin har dcoptidaly alemaner wigh a phetpchyomit hooat ilnmy esuchapanase Pat ent

Application 5-2875 escribes a coating naterial wth photochromc
properti es POLEYR aﬁ’iengaﬁ’ﬂé‘feﬁaﬁﬁ'ﬁ}rlb%ﬁcﬁgef’cﬁccfmﬁegn"gie PRe™®BAti ng 15

matrix apd QhEEGY KogiROlREtakcesCONPosNdsatent 4,889,413 abkbBopEs 4 he use
of photochrom c conpounds in pol yur et hanes has been described in the *

i t erat ur e, Procesftith PRRdICBEy 8r BohYwesEoane PIRatiq 8aVERdt havé coating
thlcknessesaﬂgfgmc}% skgateg &gegé%%@mggﬁgaemﬂeﬁlw 0t €
ade at accCeptabl nd to

to color an e rates achi eve a dark enoug
col ored st aflescritsgs medtightt adihstdugi plastic dmneetdoriposedndsr dsplastic ed

by the industry and t.h consuni ublic_have not. he ttaiped, which

oy ool o nEebd a0 o BRIREE RAVRH DGR e Ao EHPRbRL Elho

Zoah i ?g3ﬂ25p§wuﬁlmﬂaeadt rc}:@ﬁ;ﬂajim?goaSprh;eat;@?]hrémembscu?nglenp%gca%aﬁabl e.
pnotocnromcC (6] ure an coO 1'Ng, a as -, cce a I scher .

7 o ohar SRS HRES ARSI AN P8, Po B e Tetin Handdoatn LAVEE CUOTSRARG h s

novel coati gge ¥ Ridethdne 1Eyseher gapahobarsinast: Qlppliearsent 9-ddPsNewt ons

per mm, and 30 _inproved photochrom ¢ properties, i.e., the formati on of
dar ker acti 98Se¥iRef & Soatdrg wpEprial c¥ibh PRRARTIHWHCCPToPgEELSSti on and

fade when ipoadi Al Rt Wddtndnle! B¥baliets! £GPt formation WP 8Be3&44Ping
PCT/ US98/ 02558 _4-
DETAI LEDS DEGORFP7 | ani QR IRl RUBRPrEKomic compounds.

Although the use of photochromic compounds in
polyurethanes has been described in the literature,
f photochromic polyurethane coated articles that have coating
thicknesses necessary to demonstrate good photochromic
20 properties, i.e., to color and fade at acceptable rates And.to
achieve a dark enough colored state, that meet optical coating
-toosmetic" standards re@uired by the industry and the
consuming public have not been attained, which may explain
why there are no commgrcial-photoéhromic polyurethane coatings
25 for optical applications, e.g., lemnses, currently available.
A photochromic polyurethane coating that has
acceptable Fischer microhardness and photochromic properties
has now been discovered. This novel coating exhibits a
Fischer microhardmness of from 50 to 150 Newtons perxr umﬁ, and
30 improved photochromic properties, i.e., the formation of
darker activated colors and faster rates of photochromic

activation and fade when irradiated with ultraviolet light.
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I'n recent years, photochromc articles, particularly phot ochrom ¢
plastic materials for optical applications, have 5 been the sub | ect of

consi der agbesarienti on. In particul ar, phot ochr omi ¢ opht RET/MSIBAASER i -
| enses have been investi.gated because of the wei ght advantage they
offer, vis-a-vis, glass | enses. Mbreover, photochrom c transparencies
for vehicles, such as cars and airplarfes, have been of interest because
of 10 the potential safety features that such transparencies offer.

Phot ochromi c articles that are nost useful are those in which t he

phot ochromi ¢ compounds iy b an bl Gl Sy et LGOSk Yo @ i o
coloration rate and an . use=of
phot ochrom ¢ pol yur et han&eceatl pgaré,'s Iﬂtmia:lceﬁomhe ptE]beleSJ cpa:m‘lcularly
phot ochrom ¢ pI astic t hout fhe ne o] |n or at e

phot ochr oni Bbeb %)PlaStllﬁ‘t B‘aFﬁE"ﬁ%\ % °PFHF§ gpg 'f’a%'ésdu%‘a\men t he

plastic, s pgefl. thé hauitaYiE eoR8 J6AIIN alttendan . not:nhlaanecmm
internal free volume for the hot ochroni c corrpounds to 20 function

properly. Coheraghiemic R wiGi Phasthie demsesy havecBApBsHETFF @t
present i nveapLoles e9ARLES JuigRer a&vgﬂt&ge theRQYe@el! OPlig BLYE L] @A ded Ng

t hese plastics. Another advantage t hat -a phot ochfom c coati ng provides

i s the norelehbesi eriforeoven,| phatpchrahipHutanspesenciesnfounashimias,
preparing 25 o] [ v0| di ot gchrom ¢
conpounds a??%gl %.% %é Eﬁ‘f %:lgﬁés %‘(’f’s T r?(%grlhgrgg%gﬁzbgéa‘g%cﬁ%c
materi al ® | the pbashtix) safpty Esbtbrés othay qmmrma-hneparencles offer. :
Q her than |E!L3the ogeratln xanp %% or where e i ndi cat.ed, all
val ves. | aucRRaEORRBRBLE AnteeT R, LhEE et R meetulaREr: FBS=5rER AHEN ent s,
ranges or reaet pRBtochESi [dompdunds eekxhibitiss HighC bcpiatedanihdditsity,

acconpanyi ng WO 98/ 37115 -
PCT/U898/0255919h coloration rate and an acceptable f&de rat@iains are to be

understood as nodi fi edpid (gl E”éﬁéﬂ&@iﬁ:&&ic poliliSetBEAL '€0Ntings
Pol yur et hanes that may be used to prepare thé phot ochrom ¢ poI yuret hane

coating ¥f emebpeesthe prARANEtiAnapE Bhotorlomicopdastinyarhtcke al yzed or
uncat al yzed o} f A de gnat e
conponent tﬁ{at%ﬁv\h{: the'n i-necgflh‘tgg §€€€%e%e 3’8’%&?&?2‘5‘% C&ﬁ%osmlon and
when applinsd alseapl:w:lmg Shdscliseadvantadaaus abBnstherplaspier ohar dness
phot ochr om &-ger ¢ SRRl dhets pPRYLaBRARte TRl ol "Rl LB 00

per formance iptepaal i ﬁ:see:o.rﬁ]mml gbedthe photochromlc compounds to

20 function properly. éoating such plastics with the coating
composition of the present invention enables preparation of
photochromic articles using these plastics. Another advantage
that a photochromic coating provides is the more efficient
utilization of photochromic compounds when preparing

25 photochromic articles, i.e., avoiding the loss of photochromic
compounds associated with transfer methods of incorporating
such materials into plastics, e.g., imbibition or permeation.

Other than in the operating examples, or where
otherwise indicated, all values, such as those expressing

30 wavelengths, quantities of ingredients, ranges or reaction

conditions, used in this description and the accompanying
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herein are a [err]OD of at |least 0.15 after 30 seconds and at | east 0. 44
after 30 mnutes, and a Bl each rate of |ess than 200 seconds - all as
measur eWwo 9873785 72[err] F (22[err] C) Photochrom c 15 Perfor 8 . -
defined in Part D of Exanple 10 herein. Preferably, the Fischer

m crohardness is between 70 and 140 Newt ons per mmjerr], the [err]ODis
at least 0.17 after 30 seconds and . atSleast 0.45 after 30 minutes, and
the Bl each rate is |ess than 180 seconds. Most .preferably, the Fischer
m cr ohar dnetsim@0a¥s o hehandemgsootl asonedbbied XBRNedmsHanges Rrijerr],

t he [err]\Cﬁ I S at. legst 0.18 after 30 seconds and at |east 0.46 after
30 nmi nuf §,t3’ﬁ'8 t?ﬁc’% e€ach rate is |less than 150 seconds. -

The af oredescri bed phedlnaiverNanepethatmaagebe ugad =y prepase the

pol yur et hane coati ng, of the r%sent 25 i,nven%i n are a functi

h an.of the
t enper at ur BRAFOFRFARLF R} angs ceghd dnd HIRFGIR éLf’\ngg 881 8tfed

for detgrmfaksOProfiuced B3R Ra®AAkzedSor FOAc APl rearitaohr offi &n .
pol yur et hane coatings within the scope of this invention denmpnstrate in
t he gopgeniF pobyel rqamparesto @mdo ARC 1 PREY MM (PTRANEN FRREGWRRR Py t
C of 30  fed Vo p AR SRtletBadd BbhsdsilbicieeRrwnand at
| east O. 3(%%??{?%}% it\:/%alr)n nut%%,égor(]:'& a Bl each ratlgé%f | ess than 60
seconds; pappaied! §saa|evatiGRy endtcuredst eghiBits taFieheyreconds WO
98/ 37115 . . 02558 2
-6- anBigropandpess sin fhe Fange. of FiPusS0.5 X gﬁeeacﬁ Fa §§o¥m | ess
t han 5010s eaaadsinpBadedDshoscirndld perdohkmantépodparttiesast The 0. 15 after
16 seconds and at least 0.34 after five mnute a Bl egga rate of

e

; tes . _and
| ess than AGPTEVEAIERCFACHFRINGE RALEOETRESEPFPRST &L SRTFHHEBer f or mance

Test defined b8,Park D AépF¥anmt ackdt o.15"8rpbet 96 &uBaPInOarANCE
properties of the photochromc pol yur et hane coatings of the present

i nventi on deass Peff] Efrer 39 mimytesst apds Bieaphrtehdestng | east

0.35 after fifteen m nut es nd ch..rat ge0f : eeQnds;
~preferabl yzofosﬁcfg‘fi?] (Dag# 3% 'ﬁ?eeaass}g:% g‘%‘ g??erﬁfg (ggggﬁldghgggé%%lggst
0. 38 1s:af tmefrfbrinhaes Testt@sfimedl in Baaach ofit Bxafipless0 tHenein)

seconds; and nost _preferably, a ACOD of .at J|east.0.28 after conds
and at Ieaﬁreé.efaggﬁ’ert ?fF%%‘FP‘?ﬁ T RODAL RS pt BaRRT Ve 70°&nd 139

Newtons per umﬁ, the AOD is at least 0.17 after 30 seconds and

at least 0.45 after 30 minutes, and the Bleach rate is less
than 180 seconds. Most preferably, the Fischer microhardness
20 is in the range of from 100 to 130 Newtons.per mm?, the AOD is
at least 0.18 after 30 seconds and at least 0.46 after 30
miﬁutes, and the Bleach rate is less than 150 seconds.
‘The aforedescribed photochromic performance )
pfoperties of the polyurethane cbating of the present
25 invention are a function of the temperature at which testing
is done and the time intervals selected for determination of
those properties. For example, photochromic polyurethane
coatings within the scope of this invention demonstrate in the
85°F (29°C) Photochromic Performance Test defined in Part C of
30 Example 10, a AOD of at least 0.12 after 16 seconds and at
least 0.30 after five minutes, and a Bleach rate of less than

60 seconds; preferably a AOD of at least 0.13 after 16 seconds
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rate of less than 30 seconds. 15 Pol yur et hane coatings having a
m cr ohardness wi thin the aforestated ranges can be produced by bal anci ng
t he har dwo 98aTtl15sof t segments conpri sing the pol yur et hane. PATAUSO8/92%58: -

t hat pol yuret hanes nay be conposed of hard and soft segnents connect ed

t hrough urethane |inkages is known in the art. See 20 "Structure - Property
- Rel ationship in Pol yurethanes", Pol ﬁur'et hane Handbook, edited by
GQunter Certel, 2nd Ed., . Hanser Publishers, 1994, pages 37-53. Typically,

the hard antb@tedeast 8:32(xEEey iiva PHABLEF . sERd -2 rBA9anh i53¢Sr €§i on of
the uret hang DOlIRN sof Eubhgs | 0B Wike! BICELONLE), (D% 0D dS AR/ 3pgLE and
€. g or as the

chain extencﬁar, ., as chain poly suc ow nol ecul ar
wei ght pol yol15 ddftieretds heeeonds tand at l€aser al By, aftber shifte sdguers, i.e.,
t he anor phous, ruhber region of the urethane gol ymer, resylts fromthe

reaction ofand & I?é-eiaggﬁﬁﬁ%\t%fa*ﬁ{s% ey A8 SBSERBINe B T SRIFlas a

30 pol yest eppdiQcom@t PAL¥SLAS P WY defined in Part D IJE 3@kphanibo the
af or edescri bed pol yol s, other pol yol s, e.g., am de-containing polyols, *

pol yacryl i ctlpp|phasitochromic performance properSipSTeH Ut StEpchrOmET26)
WD 98/ 37115 . . . PCT/.1JS98/,025
BRI ASRRES SRRSHRTR 1F (IS PFRFFTS) OVERLiH (A% & Adhoot at
pol yol s, corgadthut.@st aftbe harsecmbiorangiohbt Iegsentd s3sveitersad fteeas

pol yur et hane-form n onpopents. The .contribution of a articul a
organi ¢ pol SHI*ESF e FPHeP ?ﬂﬁa%r?rcﬁ % s§e§¥?€’ﬁt4 ?/ﬁfé??dr#)’xé’d'e ﬁﬁ“#’%&ct ed

With ot her DA BaNSLE0E TS a3 RYN@RLENA8NaRE deadidst @eBgr M ned by
nmeasuri ng the Fischer m crohardness of the resulting pol yurethane

coating:  after fifteenTminntes. |nfenBleachuzahy of gkefz ey 40, as
5, 3oROMRORCRL AL 1 MPA Soacbeyely of  J G, Weerghardggss to

defi ned hergé'é\dn#
the resulting polYurethane c I'ng | ncreases as the concenfration

of the har dsesgrdntangr aduteast 0.dorafuerc fidkgeh nimubssesnd/iasBiewch, the
soft segnent - rroduci o onent, The soft segnent-produci ng organic
pol yol , as TRYY r?glﬁ&FeFﬁ,gni gggs%% ent that inparts a |evel 15 of

m crohansiness to the pelyuréethane dnalingg Walthg 0e ditasfardneas whehin
concentration of_ the soft sgzgment- roduci nqg o

( _ A Uedhs rgani CbalarPO:i!xyOlt iengr eases,
Vi s-a-vis, §SEERENTERIR fe Progupsiehy . cidg the hayxfe parg
segment - pr Oghie | SEtOls@abAt BOLNRbr LIHRP HRR! pdlyhpethgies. bide iconbepel i M ted
to, Jow nol ecul ar wei ght polyols,. -am de- cont ai ni ng cg)ol yol s, polyacrylic
pol yol s, ep@y@p mlwrgthanes may be composed of hard and soft segments
connected through urethane linkages is known in the art. See
20 "Structure - Propei:‘ty_ - Relationship in Polyurethanes",
Polyurethane Handbook, edited by Giinter Oertel, 2nd Ed.,
Hanser Publishers, 1994, pages 37-53. Typically, the hard
segment, i.e., the crystalline or semi-crystalline region of
the urethane polymer, -results from the reaction of the
25 isocyanate and chain extehder, e.g., a short chain polyol such
as the low molecular weight polyols defined hereinafter.
Generally, the soft segment, i.e., the amorphous, rubbery
region of the urethane polymer, results from the reaction of
the isocyanate and a polymer backbone component, such as a
30 polyester polyocl or polyether polyol. . _
In addition to the aforedescribed polyols, other

polyols, e.g., amide-containing polyols, polyacrylic polyols,
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and uret hane pol yols. Sone of the hard segnent-producing organi ¢ pol yols
may al so contribute to the soft segnent, as is known by those skilled in
the art. wiessmiis segnent - produci ng 25 organi ¢ pol yol conpoREAUSBERMEes, -
but is not Iimted to, pol yester polyols and pol yether polyols, e.g.
pol yoxyal kyl enes .and pol y(oxytetranet hﬁl ene) di ol s. The
physi cal properties of pol yurethanes ar® derived fromtheir nolecul ar
structure and are determ ned by the 30 choice of building blocks, e.g., the
choi ce of téapoxeaeelamls, polyhwdrici pobyvimyl mlaphedd soft useghames, and

{/\geggyg;iiSPQIYO SOUMe MG LoeEnEHEEd Ma AL Dot gﬁﬁ%@ég?@ﬁg&%”

chai ns. Mat gsi pbByiretinaididdeniioy tbeppnemes at iThe aontripokjonedfismes are
described in U] nmann's Encycl '

opedi a of | ndystrial, Chem sfr Fifth
i £ on, - 10BITCAGHL S PESe SOAKBL S0\ SLEARE SR CREG S PBEF oReTEHer i n
i ncor por gt egnby Bt AP rea’ted with othe# pdTfuitittlapehEefinengol yur et hane
coatings of the present invention, it is believed that the soft segnent

provi des a SONPORERLS RARKA FEIFEAY fBFerRingd b ARAGWERT CEBnPHEFRRT (o
reversibly bt giShOLaddPBL U rsfL Lnd bl filkecnagticbBeliig har d segrent

provi des structur Integrity for the 10 codting. A proper bal ance of these
bui | di ng bl ocks achi evidee hardt seghentfpreduding arigeabicepphpeder®ni c

pol yur et han pat | R BT LN Vi n Fi scher nmicrohardness in
t he range oﬁegm‘?égrgné?ou%'o o) %8&?%%%?%{%‘%]%%&“%%533‘& i%?ts good

phot ochriom @icroh®sdosse tohahac reshdting. pdbyurethane coathag which

pol yur et hane-form ng conponents, such,as rgani c, pol yol s and .
"sotyanat 65 12GFERRIRAhOPY G FSLERTLORSF | ThE R SCIREPRGETotRELI% at i ve
anounts of bbgah@reshiPilt Sincredises!, yphigaklyiexpies s tagegmeatio of the

avai | abl e nunber of reactive i'socyanate groups to the avail abl e nunber
of reacti veP¥OIRGIRYGITRANSHSs, The Sohf eeQmsrl RRedusing SFIRREFOH. For

exanpl e, a pai01 Of a N AL nbr@ih, 05552 0BLRbAheMigRA Lt RRpare el Hdvef one
NCO equi val ént” of the supplied formof the | socyanate conponent is
react ed Mi t bft micyehapdness i the polyyuethieetcadt inge whdshl feareases of t he

or gani ¢ pol yql . 2 Qe 4 f L O, 9?194 A t ol QYENLT ON
i ncl ude é% gé%i%%nt rattllo-(gpgtf E&gu%)@(ﬂr:aﬁé ngn‘%%?ﬁ'/gel%ig%?fgo and
3.0:1.0. Prpbyebl incrémsamuivis-dntvicat the chanNC@Gegmept -phreducipgot ochroni ¢

pol yyret hang_coat i ngs of the present invention ranges between 0.9:1.0

and 2.0:1. O,COWB?%e%ref erably, between 30 1.0:1.0 and 1.5:1.0, and nost

preferably between 1. ITHe el segment-producing organic polyol component
20 includes, but is not limited to, low molecular weight polyols,
amide-containing polyols, polyacrylic polyols, epoxy polyols
and urethane polyols. Some of the hard segment-producing
organic polyols may also contribute to the soft segment, as is
known by those skilled in the art. The soft segment-producing
25 organic polyol component includes, but is not iimited to,
polyester polyols and polyether polyols, e.g. polyoxyalkylenes
and poly(oxytetramethylene)diols.
The physical properties of polyurethanes are derived
from their molecular structure and are determined by the
30 choice of building blocks(_e.g., the choice of the reactants,
the ratio of the hard and scft segments, and the supra-

molecular structures caused by atomic interactions between
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1.3:1.0, e.g., 1.2:1.0. WO 98/ 37115

PCT/ US98/ 02558 : - 9-

The i socwemesaTie®nponent of the present invention, RCT/Y8AB/03858%i. n -
i ncl udes "nodified", "unnodified' and m xtures of the "nodified" and
"unnodi fi ed” isocyanate conpounds havi ng "free", "blocked" or
partially blocked isocyanate groups. The® - 5 isocyanate may be sel ected
fromthe group consisting of al i phatic, aromatic, cycloaliphatic and

heterocyclichains Maseyandsesnd aneichdda (ficgs the pueharsbigmmftes. The term

odi {1 ed" IEARS-ddiakebhe B GLEENLONGH h3QRKANS! BRcHfopeasa dhanged in a
known nanne? roduce bi ure

|socyanurat_JggggugL_EmggQ__;gasEﬁfth Editiionme iBBdeVeﬂ".Aznp;amaBeSES
obt ai ned by, cy, a rocesses t.o eld diners .and triners of
Che T socyanibatie. ahich’descripPad L2 ¥kelit EnkoroREdted B Getesirrs  ng

| socyanakes are Tdeghel ?ﬁ&ééhﬂdl@%l%ﬁéﬁﬁﬁh@p@dﬁﬁﬁs lopdgskr i al
~Chemi stry, 15 Fifth Edition, 1989, Vol. Al4, pages 611 to 625, and in*

uU. S. PEERSRE Anvention, cdt k% beligved shatothg) ﬁﬂfﬂt FegReRt 3T whi ch
di scl osures f&ﬁ&l@é &l réo'l%%ﬁgiﬁée&wr&ﬁ{e%{te%% the photochromic Fl€e

i socyanat e groups are extrenely Teactive. order to control the
reactivity gﬁmP®@@¥aﬁat@egﬁgapbbﬁnteanﬁﬁq;m ﬁZ@mcsqﬁgnbﬁs% to eolig@edgr oups

be bl d
ey be OClSﬁgleY."' dfb %%&tda'sggﬁ.gﬂ; ?éﬁf&eﬁe%\}%ﬁ%%g%lg%ﬂg%%&%t £hENCEr

t he i socyanate group 0 reac room
tenperaﬂnrecoatlng \Nme@rbgareﬂalaneéemfuuhéseeMpanaingebloekg)acﬂmavmeen 90

and Oflerr the bIocked i socyanat es rel ease the bl ocki ng.agent and
o0 eact i LB SRR ERS RN LAR R A M TR

i socyanate. iTae, léafdm@be&ausﬁg 4 OF DE G @nildi®haeahesgsi®fthe rangehot
present invention can be fully bl ocked, .as_described in U. S. Patent

3,984,299, E£BPRNFP o |315r9eN5?'tPﬁF6‘a‘§h thatyAksg, exhibits ;gRod phogpchyemig) | v

bl ocked and égg&ﬁégidﬂgygckgglggkyger - 30 backbone, as described in U S.
Pat ent 947 , colum 2, line 65 to colum 4, line 30, which

di scl osullses are WhesoPpdrarethars ST pgy spEpeReRts, such agp 98/ 37115
PCT/USQS/OZQ?Banlc polyols and isocyanates, are comblﬁgd to produce

polyurethane coatings, the relative amounts of the ingredients
f are typically expressed as a ratio of the available number of

reactive isocyanate groups to the available number of reactive

20 hydroxyl groups, i.e., an equivalent ratio of NCO:0H. For
example, a.ratio of NCO:0H of 1.0:1.0 is obtained when the
weight of one NCO equivalent of the supplied form of the
isocyanate component is reacted with the weight of one OH
equivalent of the supplied form of the organic polyol

25 component. The formulations of the present invention include
an equivalent ratio of NCO:0H ranging betweeﬁ 0.3:1.0 and
3.0:1.0. Prefefably, the equivalent ratio of NCO:0H of the
photochromic polyurethane coatings of the present invention
' ranges between 0.9:1.0 and 2.0:1.0, more preferably, between

30 1.0:1.0 and 1.5:1.0, and most preferably between 1.1:1.0 and
1.3:2.0, e.g., 1.2:1.0.
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As used herein, the NCOin the NCOCOH ratio represents the free'.

| socyanaiy® g¥f37igsee i socyanat e-contai ni ng - conpounds, an®QIVUSBHLSSEd. or.
partially bl ocked isocyanat e- cont ai ni ng conpounds after the rel ease of
the bl ocking agent. 5 In sonme cases, it is not possible to renove all of

t he bl ocki ng agent. In those situati 8ns,” nore of the bl ocked

| socyanat e: cont ai ni ng conpound woul d be used to attain the desired

| evel of free NCO The isocyanatEedmponpgapnade cloeporesentofinveation,

pol yuret hane 10 coatings of h resent. i nventi on al so incl.ude the .
pol yi so( t hi®§ Mpashberesd %‘r% e ien "y, Lunmy ‘ilng%’f %f‘% ¥5eS The

di scl osure %@'eﬂé n"iho&@fié'&h and POlnthc (e iae) exaafaga@@rmg&mass naeaagn

i ncor porate ref erence. 15 Preferably, the isocyanate
conponent |'Sf3&ﬂ“ect"@é°<=ke¢|’oﬂ¥ tW’gﬁ%ﬂp’ Slockedy hRAcERRIR FHAURG -coAPBuUNds

consi stipg liaP @g?é 0 es, bl ocked
al i phat |€ |’§So°ccyan%[ S RQ I ock %fé(yc ogsﬁ &é&ecg%gﬁﬁggﬁg?iés gry?a% m xtures
of such |smtfatd:n akfbmat(oceferwlﬁqlipﬂa&msan@ahater@@rw@onent S

sel ect ed fr the group_c st| ocked al | phati ocyanat es,

b1 ocked oy cHAREER: | FOSCTAFERERs Hify Pt Rpryalat ey cofhd W

pref erably, nhdes f i@y aeahe enaﬁmtaforéu@nmbheakwoaﬁﬁwés @Gdesocyanat e

that includes the , isocyanurate group, ., a bl ocked isocyanate
conponent 2GRAFARS i1 ﬁngP%kW%c%%ﬁd’&ngé‘ch biugphor¥fRAdi i socyanat e.
General hy, SORRAIANGS ddSedrbenheClr iR dRataRatl Zoups &f er g GageEpounds
t hat have active hydrogen atons, e.g. vol at i al cohol s,

epsi | on- capthg atmmfeedmeaswmempmMamedl\/evecggb@wclmqry t he

bl ocki ng conpo I f oy LSi of; phenol ,
cresol, n@ °%encﬁ S’EF?)% Sﬂgg%a&?(g}t qlmae%ga%g 9$§§#| i(etlo% re.

Pr ef erabl Y, pcpr.sothalnambsng onhpnumthcﬁsreﬁtdtyhtoaﬁ.hyingeisn@mates are WO
98/ 37115 3/

11 - described 1nS 1lma ¢ feieml st
unnodi f ijgd ﬁ?ﬂmermlmawglbase v:bipd@ﬂ Q{agé@’ tsn.ml w bizs»;:kaaih in U.s.
i socyanat e-containin con‘gonent s of the gr oup consi st ng o

t ol uene- 2, 4PaFeRO &y t GPUEMR- 2, 6LiRe S \FanSPLUTR; bhe}r’ﬂe 51, which
met hane- 4, 4&9&1&&&@1%&@ héhakzﬁnyﬂcaﬁs&aAﬁ@b@ Qfé%@ﬁ&!@”ate

par a- phenylene di i socyanate; biphenyl "diisocyanate; 3,3
di met hyl - 4, 4' - di phenyFere dspoyryatritarounst exseeRyrenely zzreactwe In

di i socyanat g s exU RIS BRC e de rgéééﬂﬁﬁgp%ﬁ?is%caaﬁaEé'8@5&9400nta1ning

20 components, the NCO groups may be blocked with certain

selected organic compounds that render the isocyanate group
inert to reactive hydrogen compounds at room temperature.
When heated to elevated temperatures, e.g., between 90 and
200°C, the blocked isocyanates release the blocking agent and

25 react in the same way as the original unblocked or free
isocyanate. ihe isocyanates used to prepare the coatings of
the present invention can be fully blocked, as described in
U.S. Patent 3,984,299, column 1, line 57 through column 3,
line 15, or partially blocked and reacted with the polymer

30 backbone, as described in U.S. Patent 3,947,338, column 2,
line 65 to column 4, line 30, which disclosures are

incorporated herein by reference.

SUBSTITUTE SHEET (RULE 26)



hexane- 1, 6-di i socyanate; |ysine nmethyl ester diisocyanate; bis 10
(i'socyanato ethyl)fumarate; isophorone diisocyanate; ethylene

" di i socya¥Q@e¥371tdecane- 1, 12-di i socyanate; cycl obut ane- 1, 3-PCI/URY Q838 anat e;
cycl ohexane- 1, 3-di i socyanate; cycl ohexane-1, 4- di i socyanate; nethyl
cycl ohexyl diisocyanate; hexahydr ot ol uene- 2, 4-di i socyanat e;
hexahydr ot ol uene- 2, 6- 15 dii socyanat e h&xahydrophenyl ene- 1, 3-di i socyanat e;
hexahydr ophenyl ene- 1, 4-di i socyanat e, perhyd(odighen | met hane-

2,4' -diisocyanate; p@shpaedohereiryi flehHFe- 4n4they NS @Hhratde - and

m xtures t r ,d Lhe j /¢ : onent is
sel ected f?%érﬁe%]eenégas; g&% ?%%é é%?ﬁﬁ%%%g’ﬁg%ge?ﬁ?%%‘ﬁé’?%%ﬁgy nat e;

i sophor onecohpsocisgnang, of b2obkédner giarsdajdpabiocked isocyanate-
dodecane-1, 12-dj i socyanate; .and cycl ohexane-1_3-di i.socyanate an

mxtures {RETEORLA FORBPERdE BFeeE e FolRaRERE iR RRLACRAR FESETanat e,

i sophor snein sdhid Scaeanatie, ist hyt epssdlivisotyapahevansliog wmes t hereof. 25
The optional catalyst of the present, invention may be sel ected fromthe
group consPiPFRPDHRIERK-s BRsEROSE cfftyations; juorR °f fhs Rigrckestal yst s

descri bed jgoddddBtlcontaibRayCe i QlovhRdBat hsdd CHeEtHiny that h .
Edition, 1992, Vol unme A21, "pp. 673 to 674, which description is herein
30 i ncor pofesepdlavelepdnfreePNEPerably, the catal yst is sel ected from

the group consistingmf t_lggc?%%%é@t&mp%in%yégi/ %ﬁl%c’m%th%% di butyltin

di laurate, dibutyltin nmercap _
PCT/ US98/ 0€6a8ings of the present invention may alse iclude thai butyltin

di mal eat e, _djnet hyl.t.in diacetate dinethyltin .di r i methyltin
et capt 1 QRO TRS i SYaPRER cepipSutiy Wiskhfioe, 180 MY Beber® THC T LT
hydr oxi de, 5 1576,412 .di ahabidigetofire . Aletiimae ot su€hhyl ami ne and m xtures

t hereof. 5 re eferably, the catalyst, is selected fromthe_ group

consi sti ng® Y’is,cg-td? ERoFIROINdS: i BeTRIB I FITRPTAtS D¥et at e,
di butyl ti nprdidsaicd.e and m xtures thereof. The organic
polyol, i.e., diol, triol, etc., conponent (s) used to prepare the

coatind3conposi tion SFeEREaRBY preRRHASINPBALLOACBPRIRA id SelraFefeact with
an | socyangiém the YHSRAPEBIE E.Qo@?&ﬂé’t?é‘»&n‘%@.'ﬁ‘;&ﬁgt E&R%ouﬁl@_d&ls&%’i:%&ane
coating of the presént invention is produced by balancing the hard and
sof t segnmeff sakmhRtis dgocanpbeyurefHasdipBRtpr oteesYRpatessodilraledi n

whi ¢h the i f L ggm e ' . B i pol yol
to the sof %’ﬂé Iganéé'n% tl%(r%g ucl \r%lsbg%?/%ﬁgze& %ﬁ\%&gﬁég?ég%e of or :i’lr%%r gggki Il in
the art cawmixeiwestiafe suchr éadeysmates Fi dorer prefeviblyinadw discoclyenateul ting
coatin nd identify_whic onbination of hard segne nd.saf t
-segnen%apof?/'g?%neﬁ:ellﬁs s%%&%??nér%t ea'qﬁoélghg?nﬁ%%?]o rc%](? é’cf%ai n the
range of fabipiltiico ikodyhaatess pPesckey efvicloaliphasidl isdcyanates and

mixtures thereof. Most preferably, the isocyanate component
is a blocked aliphatic isocyanate that includes the
isocyanurate group, e.g., a blocked isocyanate component

25 comprising blocked isocyénurates of isophorone diisocyanate.

Generally, compounds used to block the isocyanates

are organic compounds that have active hydrogen atoms, e.g.,
volatile alcochols, epsilon-caprolactam or ketoxime compounds.
More specifically, the blocking compounds may be selected from

30 the group consisting of phenol, cresol, nonylphenol, epsilon-
caprolactam and methyl ethyl ketoxime. Preferably, the
blocking compound is methyl ethyl ketoxime.
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manner, one may identify which conbinations of hard segnent and soft
segnent pol yols yields a coating that denonstrates - the requisite

phot ochr ewmp o8/p/n$ or mance properties. It is contenpl ated & ﬁﬂM@”ﬁPgan.c
pol yol conponent may be a single 25 pol yol conposed itself of sections of

hard and soft segnent - produci ng pol yol s. Preferably, the
organi ¢ pol yol conponent conprises hatd Segnent - produci ng pol yol s
sel ected fromthe group consi sting of polyacrylic polyols, |ow nolecular

wei ght 30 pol yol s andsmxabi@slsﬁeymtq IRavReRentEy dnelnde madi fied ®r

wei ght percent f aty. [ te
grogps pandu%?#) segrren -E%éh&gﬁgggffég bl&g{etd ! Ba?c'ﬂ?ally ﬁP&M@é@

SUBSTI TUTE $Sivardid-lcofpining coMﬁbﬂeﬂﬁﬁﬂdethe group cons1st1ng of

PCT/ US98/ 02558 oI

than the haFeleRRfEmt ﬁPa&ﬁEWHaaBSryBPE“e?$mﬁ 6- d%ﬁﬁ%ﬂyaﬁag %#ﬁ%ﬁ?i&) 10
vei ght psfCﬁ@&h&iewex'hmrl@@dyagaeupsmphém rieRainaAi2t, Iaft-aelseopgm;e
groups. Stated ot herw se,_the rati o of, hard se nentogrodu0|ng

pol yol s to pata- wx%@mﬁ %J@eayﬁﬁatﬁol%v%emél FigBoryasates 9 Nor e
preferably, ;i hee a'%i d*ne o [Hne&"yﬁﬂﬂﬁ' Hﬂlgawﬁﬁaééﬂwﬁaheﬂh@ene i g5

wei ght percent segnent - produci ng pol yol is sel ected from
the group cdihssetyanpus: pgexpoetbylsoeydl 6 dilsqnﬁ%nﬂﬂﬁer2p8b9ot§1wﬁﬁhyl

m xtures thegreof t 25 I

pr ef er abl y,g?ﬁ%nv\e?git&lgf@?# @e 1&8%.%2”@%9(%10 flqﬁéﬁ g‘% ngﬂggﬁbebslsfrom
45 to 700pensedtyanded eﬁhyl)ﬂumarameL segpnatene(ﬂmnsqqgapatyolethylemm130

to 55 percent* t he ha ucin acr | i.C
copol ymer  G13POFRRALES f%ﬁ%?%ﬂﬁ ?ﬁ Féﬁ?%%¥ P tﬁrgggaxfn%t%)acryllc
15 nononer s gafofieir et fbs}arbreadah)e unsaam@é@pbmnmmomdahéel 4-soft

segnent - produci ng pol yol is a poly conponent ot her than pol yacrylic
polyol , e.gdiigoprrgRieveme énczyml?hs ofbFPEYanatsy yol is used to
pr ovi de t he naL 3P0 SAldnS o0 Y 4 SURGaRANE; hekdijdordilehetg,5he hard and

soft segnent - produci ng sections 20 of "t hat pon ol .
Conbi natiSondidsocranater hexrhydpephenylensct ny- Q&EF°°Y3§§FP

segment - pr ogucin gg%y& id 1y R - aset:gaﬁgegcr ARy 1BEhAné ANgES

may be used ot ochr'om ¢ ret%ane coatlngs whi ch exhi bi t
accept abl e Euschén1QécynmamﬁuﬂaﬁnhxﬁﬂaduphsnnhuethﬁnﬁnﬂmﬁdbﬁélﬁﬁsvééﬁF%n1c

perfqrnanceﬁnﬁag ert'ﬁéhégeqﬁ”(”ifé%E§§b%yrnthe aforede%@%} ? s of organic

pol yol s t ha resen vention 1nc | ow
mol ecul ar wWdisgbirapatyotemponent is selected from the group consmstlng of

20 hexamethylene-1,6-diisocyanate; isophorcne diisocyanate;
ethylene diisocyanate; dodecane-1,12-diisocyanate; and
cyclohexane-l,3-diisocyanate-aﬁd mixtures thereof; and more
preferably, hexamethylene-l,6-diisocyanéte, isophorone

* diisocyanate, ethylene diisocyanate and mixtures thereof.

25 The optional catalyst of_the present invention may
be selected from the group consisting of lLewis bases, Lewis
acids and insertion catalysts described in Ullmann’s
Encyclopedia of Industrial Chemistry, Sth Edition, 1992,
Volume A21, pp. 673 to 674, which description is herein

30 incorporated by reference. Preferably, the catalyst is
selected from the group consisting of tin octylate, dibutyltin

diacetate, dibutyltin dilaurate, dibutyltin mercaptide,
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~

i .e., polyols having a weight average nol ecul ar weight |less 30 than 400,

e.g., aliphatic diols, such as (Jerr]-CJerr] aliphatic diols, triols and
pol yhydnwo 9s8miabol s; (b) pol yester polyols; (c) pol yet RET/HEBBEFES. (o)
am de-cont ai ni ng pol yols; (e) WO 98/ 37115 '
PCT/ US98/ 02558 -14 - pol yacrylic

pol yols; (f) epoxy polyols; (g) pol yhydriZx - pol yvi nyl alcohols; (h)

uret hane polyols and (i) m xtures of such polyols. Preferably, the

organi ¢ poldidusydrinseimeieate, dimeshylhéndirgetanti sdmgghylcinw nol ecul ar
wei ght pol yql po | s RQI Y, V.0 ster

pol yol s "an ﬁurraﬁé?f u{%‘g&% e]F%g? %%gégtbggf e%‘ﬁﬁll}ﬂt %1 gﬁ'&??igléygbuym S are
sel ect ed f noriphleeaydtinpacetestiest ity pbenpdt ymachydraxists,ydl, ¢~ pol yest er

P01 Y0, PSS BOLYEY 5 Al WSSAUEAGRLe o DR, pRLSLSE 201

Exanpl ess ofMdrewpirekesabry, whegdatpalyyel $st Selecwsd rom thesgdotp prepare
t he pol yurethane used in the_ coat iig:g cor‘rgosi tion aof,  the Etesent :
i nventi on iGRASHEEINT of { bt 4 ARG FEPAZNS; 21 oGk ansgye BUEYLRiRt oT; 15

trinethyl ol gtxharate! r 1BV ©OIP'BAARCaLE and mixtures thereof.
(trimethyl ol propane)di met hyl ol propionic acid; ethylene gl ycol ;
propyl ene glycol ; 1, ZThritrganisl polyalpui ededidiol 1 txiol, etgut anedi ol ;

2,2,4-tri - o] M =P a L al -pe iol; 1,6
hexanedi olrméég&ggnhéggggg&{l%@%& rt y ?1%'& ggg%%'n% a":nocla7n iogﬁféggﬁﬁg%ﬁgnedi ol ;
2- et hyl 10, dreseatednvent or®-are paliyedshphat  Segetopeatddiapl isocyanate

1, 4- cycl ohexanedi o

;e 2, 2-di hyl - 3- : .
iy oy pr ORUTESTERY, HB1 RS SRS ERENR: o THR RGyFEREhane coating

of the present invention is produced by balancing the hard and
soft segments comprising the polyurethane. By producing
coatings in which the ratio of the equivalents of the hard

15 segment-producing polyol to the soft segment-producing polyol
is varied, one of ordinary skill in the art can determine
readily the Fischer wmicrohardness of the resulting coatings
and identify which combination of hard segment and soft
segment polyols yields a coating with a Fischer microhardness

20 in the range of from 50 to 150 Newtons per mm'. In a similar
manner, one may identify which combinations of hard segment
and soft segment polyols yields a coating that demonétrates
the requisite photochromic performance properties. It is
contemplated that the organic polyol component may be a single

25 polyol composed itself of secﬁions of hard and soft segment-
producing poiyols.

Preferably, the organic polyol component comprises
hard segment-producing polyols selected from the group
consisting of polyacrylic polyols, low-molecular weight

30 polyols and mixtures thereof that contribute ﬁrom'lo to 90
weight percent of the hydroxyl groupshéhat react with the

isocyanate groups, and soft segment-producing polyols, i.e.,
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glycolf triethylene glycol; tetracthylene glycol; dipropylene gl ycol ;
tripropylene glycol; 1,4-cycl ohexanedi nethanol; 1,2- 25
bi s( hydWx98¥%1ky | ) cycl ohexane; 1, 2-bi s(hydroxyet hyl) - cfEFgﬁ%Qgﬁg?'

bi shydroxypropyl hydantoins; tris hydroxyethyl | socyanurate; the
al koxyl ati on product of 1 nole of 2,2-bis(4- hydr oxyphenyl ) pr opane
(i.e., bisphenol-A and 2 nol es of ~ propyl ene oxide; and the like, e.g.,

et hoxyl ated or 30 propoxylated trimethylol propane or pentaer thgt | havi ng
a nunbpelHobs agehed| Waan fbhededs: SPERENt RRFCHMRENS Polyoldn §8757115

PCT/ US98/ Oggﬁgrib%%e from 90 to 10PWeightCpePOLNO! St Al MREHCHYLY gkbaps and
can have a nunber average nol ecul ar weight in the r%r;%e of  frem500 to

10, 000. Thehaareeacepeith the daonyanassagreovpfni Rkated erwisgey FB®%

nol ecul ar wej, diols, trio | ' IS gy@en in the art,
i ncl udi ng Bﬁi"gﬂgt r?ﬂﬁ’t%% If‘%]!'?h%%&%r ﬁ\%g{ﬁé??gé%c#l EeJ'%I ow nol ecul ar

wei ght gol ¥ebmehopprodating polyvleorils Eabmonowpo htoroMbiRr i doalecohol s) with
pol ycar boxyl 1 ¢ aci ds, anpl es_of suitabl e pol ycarboxylic i ds  iyncl ude:
pht hal i ¢ aBraferabp¥t nthe 3%%? cﬁemmimnﬁcﬁfm ra%ﬁ,qer%ﬁ‘ipﬂi 3baci d, -
t et rahydr opht hal ;61 gkt OpePelrit GritCitthe softUseqiest aStsudfing adlyoaciid,
fumaric acid, and m xtures thereof. Anhydrides of the above acids,

wher e t hey sekpstedcERom the Fronp SRRsdpEdngnat PRl e RYNP the term

" pol ycar bo }Sll.&gtﬁgi:'d"oly$fsa%ttﬁig&ur%@sr tRbPebR! Shi @l Sanf Glkokb 25e@et in a
manner Ssi ar to ac?ds to formpol yester polyols _are also useful. Such
mat eri alos 60c wedghtapevaest . e Mest prefsyedlict he veidh: fadihhdazdd
butyrol actgne. _and_hy ' ' e ydEO .Gt d e3¢ of

di et hyl ol sﬁ?gﬁflgn gXQﬁQéﬁé?d?ofx?ég%[ r og §?°§o?§h§ad??‘g a zcq:ohol its usgd, a
20 nonocar lekey sbftasedmentiepraduaion ipplyoldisnfron Hen®i%s @aEnsent; may be

used in the_preparation of the.polyester polyals n . for poses,
such a pol i@&g‘PrﬂoF?Weﬁﬁ?pﬁ%d ¢ 85 _acryx%r%%f;%?} Jb%l%/g%%%"%%/ol s
are under siggpothyaebfi/n thict Déhall et hy el iyl §r upshyeratedd{ded auryllikat ty
acids or glyceride oils 25 of fatty acids (i.e., conyentional alk %%I yol s
cont ai nihgmonoseEk ABE PFREF %T'B‘Yl%i‘tﬂﬂéry &E‘F%Fe%o‘f‘%‘?m?ﬂﬁ (i ’?%ff e
utilized i gqpe sQ@ﬁEﬁEeErQ&uéﬁﬁQ?cﬂﬁrﬂn id lay beNgolXESfporterit othexetthghene
oxi de, propylene Oxide, etc., and the glycidyl esters )
polyacrylic polyol, e.g., a polyether. When only one organic
polyol is used to provide the hard and soft segment, the same
ratios apply to the hard and soft segment-producing sections
20 of that pelyol.
Combinations of certain hard segment-producing and
soft segment-producing polyels within the aforedescribed
weight ratio ranges may be used to produce photochromic
polyurethane coatings which exhibit acceptable Fischer
_ 25 microhardness levels and unacceptable photochromic performance
properties and vice versa.
Examples of organic polyols that may be used in the
present invention include (a) low molecular weight polyols,
i.e., polyols having a weight average molecular weight less
30 than 400, e.g., aliphatic diols, such as C,-C;, aliphatic
diols, triols and polyhydric alcohols; (b) polyester polyols;
(c) polyether polyols; (d) amide-containing polyols; (e)
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of versatic acid with nethacrylic acid to formthe 30 corresponding ester.
Pol yet her pol yols are generally known and can have a

n ge
mol ecul WOWETHH in the range of from 400 to : WO 98%%@)6%5% '
PCT/ US98/ 02558 - 16 - 10, 000. Exanpl es
of pol yether polyols include various _ pol yoxyal kyl ene pol yol s,
pol yal koxyl at ed pol yol s havi ng a nu er average nDIecuIar melght

reater than 400, _e. nd m xt ures
?her eof . Yagréﬁ'&?‘y'g&’eja’(% en%f ?%J w&m accor d| ng to well -

known et hassribylCcandsnsing Gli)kydzﬁt&aﬁél ﬂelyolsaamrixt:ljr enipftures alfkyl ene

oxi des using acid or base.catalyzed addition, f a’ﬁ, { eé.[e% ri.c

initiator Bich PALYPLFe o?r?ﬁﬁﬁﬁﬁkﬁﬂ(FthPFEQPbFsP° YO gﬁghe

glycol , ﬁ%é:l e gryag! coﬂéi@@ir{& ,ofs%w h@hec&ﬂaﬁnﬁbighﬁ: lbgo1kl,l ustrative
oxi de

aIkerne s 1 nClude et hyl ene oxi d gro pyl ene oxi de,. butyl ene
oxi de, ampah@aryilde, polyoh$a|m4xaréaesxméyo &/ gPol¥estun PP¥odE anfd the

hal ogenat ed%tureaél @(‘ng om%&s‘?%ﬁr& o ox cghgrg? ,yi@r&@glgeaagd SO

forth. nmore preferre des 1 ncltde propyl ene oxi de and
15 et hyl er\aaxacum @from thatgreup rmraﬁstumgngfraqanmwlm qeliods ,

oxyal kyl ati on. f suc I ene lyde
pol yoxyet I‘Rf?]éf?é‘tel n§°§YBnge?‘ﬁ€Y%§eé/ &nd +§’gt§<§%r opy e%%g .e.,
pol ypr opy| gixe nHstc prefeFaplp uniwxyacryn\cemggomat epolystisdr $milyols

pol yoxyal kyl ene polyol s used as the 20 soft segnment is preferably equal to
or gredf erandmixgyges bpgreot. hreferably, equal to or greater than 725, and

nmost preferably, ERAMBI ed OoP1&H SRI1Rcul B2Nwd Q8B polyols that can be

used to prepare the polyurethane used in the coating

composition of the present invention include:
tetramethylolmethane, i.e.; pentaerythritol;

15 trimethylolethane; trimethylolpropane; di- |
(trimethylolpropane) dimethylol propionic acid; ethylene
glycol; propylene glycol; 1,2-butanediol; 1,4-butanediol; 1,3-

: butanediol; 2,2,4-trimethy1—1,3-pentanediol; 1,5-pentanediol;
2,4-pentanediol; 1,6 hexanediol; 2,5-hexanediol; 2-methyl-1,3

20 pentanediol; 2,4-heptanediol; 2-ethyl-1,3-hexanediol; 2,2-
dimethylel,3-propanediol; 1,4—cyclohexanediol; 2,2-dimethyl-3-~
hydroxypropyl-z,2-dimethyl—3-hydroxypropionate; diethylene
glycol; triethylene glycol; tetracthylene glycol; dipropylene
glycol; tripropylene glycol; 1,4-cyclohexanediﬁethanol; 1,2-

25 bis (hydroxymethyl)cyclohexane; 1,2-bis(hydroxyethyl)-
cyclohexane; bishydroxypropyl hydantoins; tris hydroxyethyl
isocyanurate; the alkoxylation product of 1 mole of 2,2-bis(4-
hydroxyphenyl)propane (i.e., bisphenol-A) and 2 moles of
propylene oxide; and the like, e.g., ethoxylated or

30 propoxylated trimethylolpropane or pentaerythitol having a
number average molecular weight iess than'400.
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Pol yal koxyl at ed pol yol s having a nunber average nol ecul ar wei ght greater
than 400 may be represented by the 25 follow ng general fornula I

I WO 98/37115 [err] wherein mand n are each a po¥fHi NﬁéS/ﬂ%ﬁ?Ber
the sumof mand n being from5 to 70, Rerr] and R err] are each

hydr ogen, nethyl or 30 ethyl, preferabl)é_ hydrogen or nethyl and Ais a

di val ent | i nki ng group selected from ﬁe'group consi sting of straight
WD 98/ 37115 PCT/ US98/ 02558

- 17 - or branche®2WESHeE RPLEALS (3% L TNaiRNG BREnFantRage a

carbon at Onﬁ&mb&heavéﬁ%%b de1@cuhar GEEght Bhkithe Stisdd IO# eeoa.hgaw gge

and a group represente y the follow nhg general fornula ,
[err] 10, 00QherBiey Rne p]re@mteﬂz[bvr?ozavenmmlqt@thlqueperr] al kyl ,

fg:ofelsgﬁt grﬁgifn‘ nI\?/%tl °élr?z°é*ﬁi§gg?’8§ ﬁte&c'g%igVa% c;‘?r{dr %exg’hghgroup, and
D IS © &lcokoDé Gmdv)n Ain Ehe) a;ct- Ciheluding - mm; Hi8GiCHden] ¥herr] -
10, el L pe I 8 men et e OFE poprote cabsbbban
in combination with monohydric alcohols) with polycarboxylic
acids. Examples of suitable ?olycarboxylic'acids_include:
phthalic acdid, isophthalic acid, terephthalic acid,

10 trimellitic acid, tetrahydrophthalic acid, adipic acid,
succinic acid, glutaric acid, fumaric acid, and mixtures
thereof. Anhydrides of the above acids, where they exist, can
also be employed and are encompassed by the term _
l“polycarboxylic acid". In addition, certain materials which

15 react in a manner Eimiiar to acids to form polyester polyols
are also useful. Such materials include lactones, e.g.,
caprolactone, propiolactone and butyrolactone, and hydroxy
acids such as hydroxycaproic acid and dimethylol propionic
acid. If a triol or polyhydric alcohol is used, a

20 monocarboxylic acid, such as acetic acid and/or benzoic acid,
may be used in the preparation of the pelyeste; polyols, and
for some purposes, such a polyester polyol may be desirable.
Moreover, polyester polyols- are understoocd herein to include
polyester polyols modified with fatty acids or glyceride oils

25 of fatty acids'(i.ef, conventional alkyd polyols containing
such modification). Another polyester polyol which may be
utilized is one prepared by reacting an alkylene oxide, e.g.,
ethylene oxide, propylene oxide, etc., and the glycidyl esters
of versatic acid with methacrylic acid to form the

30 corresponding ester.

Polyether polyols are generally known and can have a

number average molecular weight in the range of from 400 to
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Is the d| val ent cycl ohexane group. Preferably, the pol yal koxyl at ed
polyol is one wherein the sumof mand n is froml1l5 to 40I &9851 5to

35, . R eWQs@3M1IR err] are each hydrogen, and 15 Ais a di v ‘ng -
group according to general fornula I wher'ei n represents
a dival ent benzene group, p and g are each 0, and Dis -C(CH3)2-, and
nost preferably, the sum of mand 7 i*¢ from 25 to 35, e.g., 30. Such

materi al s may be prepared by nethods which are well known in the art.
One such 280, E8AmpnfXARRIRF Mmft PO YPRDOF VRRI YR tintdudepyrydriuse. g., 4,4 -
WO 98/ 3711341 voxyalkylene polyols, polyalkoxylated polyBtd/ H298A§2%058
- 18 - |sgp)rc¥>pyl | denedi phenol ,-"w Th an ‘oxi rané cont ai ni ng subst ance,
for exanpl eumbly| average deolgsudiay wedgbki geeaterh ithane#@0oxpdg-, 42%r

[err]-butyl ene,oxi f,.Qr-m s L nl LI 0 n
cthoxyl at SEOLEASRbEST i ler T Bhond, SRR ThRE G o8
functi osal pblyoxyalkylene polyclanghasbefppeaparndd, suidoridliagf bo wekl4n
prepari ng t he pol yal koxyl ated pol yols jnclude he | ow npl ecul ar_wei ght
o1 ol 5 de KEPPBOReREPLE 1 5% GPhdereipey AyRul H1o daeain g™ = Bt i t o
phenyl ene Qhﬁkieﬁécbxi’&e_é)rﬁm,q R 8Pdpass Scdithiddvalaasy thenz embn al kyl
substituted 2 enyl ene diols such as 2, 6-di hydroxytol uene,

3- net hyl caPeRNBYAric iRihiakar oR, mpxture of RPRETLF infEdREPTS

3- hydr oxyb | 28! eehPlend ol, p2¥ ePRYdor! kro1, bitol
di hydroxyb%g%}eiﬁl S suche%sr%}%o- pgd?%%%‘%xybu pohen%?ggngo sorniEe

2,2" - di Wydeodybhphbhlpe; bDFEpiatvsitd veushkybena oxides iingdndpy etuekent phenol ;
44" 0yl SRHGRO! ettt ame AL AKYDENE ERIEN UG ot cslibOP! SPhenOl

phenol pht halérn;, ne
4, 4" - (1, 2- errherellene) bxsddendcd.g., sagtededoxids f amd rhephedogendtddgenat ed

bi sphenol s ch as .4, 4" -isopropyl.i denebj s 6- di br.ognophenol ), 4,4'- 20

i sopropyl i 8‘3#33???2?’6’-‘%‘?% h?‘b‘a'bﬁ?e%llfggﬁﬁoﬁ‘}éyﬁene °X1%e_ Bnd"g0’ fores.

i sopropyl i dneeRbgé’plefefrédidlagleneopireaes)incRitie probyienel ohbaarmids,

whi ch can behg’repar ed, b% hydr ogenat i ng t he c,orresp%ndl ng bis _henol S,
such asl®s, £thylepeop¥iidctie-2 Mixhurey EheReREnyfing Fapdom, X, sEeD i xanol ;

4,4 - 25 hiyahkgtuciohexaneinpidid Ji shényeL poranatyalaneapehyses hane.

include polyoxyethylene, i.e.,-polyethylene glycol,

t : polyoxypropylene, i.e., polypropylene glycol. The number
average molecular of such polyoxyalkylene polyols used as the
20 soft segment is preferably equal to or greater than 600, more
preferably, equal to or gréater than 725, and most preferably,
equal to or greater than 1000. '
Polyalkoxylated polyols having a number average
molecular weight greater than 400 may be represented by the
‘25 following general formula I,

I
H—(o-—cn ——cnzino—-A-—o—(caz-c'H —o-)ﬁH
, Tk

wherein m and n are each a positive number, the sum of m and n
being from S to 70, R, and R, are each hydrogen, methyl or
30 ethyl, preferably hydrogen or methyl and A is a divalent

linking group selected from the group consisting of straight
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The pol yether polyols also include the generally known

pol y( oxywetessmsrashyl ene) di ol s prepared by the pol yrer i zatRCIUPP/02558
tetrahydrofuran in the presence of Lew s acid catal ysts such as boron
trifluoride, tin (1V) chloride 30 and sul fonyl chloride. The nunber average
nol ecul ar wei ght of pol y(oxyt et ramet hyTene) di ol s used as the soft
segnent ranges . WO 98/ 37115

PCT/ US98/ 02&5 & ranched chain allcylene (usually containdng from f:ro:m 800 to

5000, preferahl from re pre bl fro 0 2000,
and nost pr&& 105 eny e, "¢ B ?ﬁ@fa‘ler%ﬁsfltf’ﬁs Bg ];1

pol yol s ar eax§§lae<§zeﬂpf kefresentd@ ¥ Aihe EVIIoWingUgehepal yfmmi:}ay lrane
pol yol's, 5 polyalkoxylated polyols, poly(oxytetranethylene)diols and «

m xtures thereof, and nost preferably, pdFyoxyal kyl ene pol yol s havi ng a
nunber aver age rml ecul ar wei ght of eual to or greater than 1, 000,

et hoxyl at ed Bi sphenol A having (R P oxi mat eiRe) 80 et hoxy groups and

pol y(oxytetramet hyl ene) 10 diols pap aver age nol ecul ar wei ght

general |y known and
typi cal I y are prepared fromthe reacty on of W& acids or | act ones and | ow
mol ecul af wei ght pol yol s descri bed Wt h di am nes or

am noal cohodisexsini®scanieR, Ferecicazht € .- Rty alkytxachplerimriale ocoriaeni pg
pol yol s may be prepared by the reacti on of neopentyl glycol, adipic
acid and hexanet hyl enedi am ne. The am de-cont ai fy ng\pol yols may al so

be prepared through am nolysis by the reaction, foI e, of

car boxyl at es, _carboxyli ¢ aci or lactones with a 0 al cohol s.

ds
Exanpl es of 23%i 4 #H1& eﬁ%aﬁeénSﬁgeﬁn‘f%“aq dhdirs | ncI (EfePresents a

hexanet hyl egaggll far) Sensiday bepagdi ap ae&waleﬂﬂﬁwh@,aeﬁaﬁm $foup, and D
nonoet hanol am ne, di et hanol am ne, i sophorone diam ne and the |ike

Epoxy pol yois @« esugerﬁ?e(toapt‘y k@lb%rand:fbam bEHSCH pr epseh@E) 2f.or exanpl e, by
the reaction of glycidyl ethers of_ - _polyphenols such as the diglycidyl

et her of 2,2-bis(4- hydr ox ||;n bxpropane, w th pol yphenols such as
) a —

2, 2-bi s(4- hydr oxyphenyl ) epoxy pol yols of varying nol ecul ar

wei ght s _and aver age hydroxyl ity canepar ed
y )

10 -~C(CH;) (CgHs) - or when is the divalent

benzene group, and D is O, S, -CH,~, or -C(CH,)'Z- when

polyalkoxylated polyol is one wherein the sum of m and n is

is the divalent cyclohexane group. Preferably, the

from 15 to 40, e.g., 25 to 35, R, and R, are each hydrogen, and

15 A is a divalent linking group according to general formula II

wherein represents a divalent benzene group, p and
g are each 0, and D is -C(CH;),~, and most preferably, the sum -
of m and n is from 25 to 35, e.g., 30. Such materials may be
prepared by methc_:ds which are well known in the art. One such

20 commonly used method involves reacting a polyol, e.g., 4,4'-

SUBSTITUTE SHEET (RULE 26)



-

30 dependi ng upon the ratio of starting materials used.
Pol yhydri c pol yvi nyl al cohols are generally known and can I?JS?JI&@% ed,

for examW@98BA1% he pol.ynerization of Wo 98/ 37115 P _
PCT/ US98/ 02558 - 20 - vinyl acetate
In the presence of suitable initiators fqllowed by hydrol ysis of at

| east a portion of the acetate noieties. 8 “I'n the hydr ol ysi s process,
hydroxyl groups are, formed which .are attached directly to the %)I mer

backbone. | A58BEPRY LIFEEH BERG 0l YHER 20 cFHTaRR SONGAITERY| SURREREE and
nmonomers sugh..a | J i a f 1d o1 b 42800k i
A e R o A oxde

chl ori de copel prieutsylene oxide, to formtvizae jlomimendyergfearred|go lamvan and

can be 10 prepared, for exanple, by reaction of pol.yi socyanat tth
excess or gafif °§¥5f§7‘6?8't @??%Yiai’f?ﬁr 8§3¥u?mfa}%lpoﬁ$8§u§¥ymg%s of
pol yi socyanghastuseddieyn the preparation of ur et hane pol yol s include

t hose described herein. Exanpl es of organi ¢ pol yols useful in the

preparation of uretharf&3Rigs ©f1polyelseuttbls HSPy dP SPRIRITFHEJ

herein, €. gcnel B¥iyal iOLPGHH pMIVERE PREYOAS £ 1RO RS R eBAL YS! Seifipt Yot her

pol yol s, am de-tontai ni ng pol yol s, pol yacrylic pol yols, epoxy pol yol s,

pol yhydri c polyeisyfesg¢riding hienednm ftdr estrimgtiuyflolpropane and  The

pol yacrylic neral 0 d re d

free-radi capgg%élgﬁ%%%%&n&rh%? t |eo% pg%ﬁ%i Sq‘t%(gtg 4 %&h%ﬁng\grr%rgsa %s%ar‘rl%ed

her ei nafwer diRyafexpbibenzmmieat alkydl gabsyitaetedlphoirgy lemec ddobsi ghth aver age

nol ecul ar wei ght, . of fram 500 to 50, 000 an hydr oxyl .nunbe f from 20

B TR L e A e e M T e S T

1000 to 30, @QhranrgbéheyDydicondl ,NBHBYErbRyhen#y B IcphdI). and Mbst

preferably, the average nol ecular weight 1s_ from3,000 to 20,000 and the

hydroxyl nubErorEbeRent Rraiplzosihydroxybiphenyl Huctc A5 fe4pol yol s

i ncl ude, - bii ngheoRPbiphddyeGrd 2,2 -hﬂﬁy&?@i&%bib&%zﬁ)ﬂyﬂ phigpakhenal sweldi tion
me

pol ymers and copol ynmers 30 of acrylic and hacrylic acids; their ester
deri vat i Wes as 4 AtrLerPEPPidenediphgnedd ¢ot’ 19reRisppg@rotyl 44 6ntti onal

\e/\zt .Sg ) 37lggﬁiﬁ%k¥£§benfé&?éﬁﬂéﬁr@ ; Y4V 0Xds SHDEInanAl i ’*‘%é%@}h%%%%m
' bis (4-hydroxyphenyl)methane; 4,4‘-(1,2-ethenediyl)bisphenol;
‘and 4,4’'-sulfonylbisphencl; halogenated bisphenols such as
4,4'-iéspropylidenebis(2,6—dibromophenol), 4,4’ ~
20 isopropylidenebis(2,6-dichlorophenol) and 4,4'-
isopropylidénebié(2,3,5,G—tetrachlorophenol); and
biscyclohexanols, whiéh can be prepared by hydrogenating the
corresponding bisphenols, such as 4,4’-isopropylidene-
biscyclohexanol; 4,4‘-oxybiscyclohexanol; 4,4'-
25 thiobiscyclohexanol; and bis (4-hydroxycyclohexanol)methane.
The polyether polyols also include the generally
known poly(oxytetramethylene)diols prepared by the
- polymerization of tetrahydrofuran in the presence of Lewis
acid catalysts such as boron trifluori&e, tin (IV)} chloride
30 and sulfonyl chlori@e. The number average molecular weight of

poly (oxytetramethylene)diols used as the soft segment ranges
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- 21 - | unsat urated nononers to be used in the preparation of the
hydr oxy-f.unctional addition polynmers include hydroxyet hyl
(meth) acM@98A7115 e hydroxyethyl acrylate and hydr oxyet hyFCTUSI8/02558 .
met hacryl ate, hydroxypropyl (neth)acrylate, hydroxybutyl 5 (neth)acrylate
hydr oxynmet hyl et hyl acryl ate, hydroxynﬁﬁhxlpropyl acrylate and m xtures
t her eof . More preferably, e polyacrylic polyol is a

copol ymer - of hydroxy-functional _ethy|en |caI unsat ur at ed nef h rylic
nononers arfF 140 é?t%)?IOé‘Hl'CRF’ﬁeﬁﬁég uFERR EZLQ) %ﬁ&ﬁ@rsmgﬁ?eéf%%e’%mt he
group CO“S'%idnﬂaofbfo 1l 0dl, OBBHI fost pPEFORESSy i gooostyrene a- net hyl
styrene, utyl styrene and vinyl toluene; vinyl aliphatic non@ners

such as ethyl ene, r?ﬁ@ﬁ?lréhél’anﬁhﬁ BOZbYﬁ@EﬁT‘er?@lYPH‘Et ﬁfﬂc???-%‘ﬁ"r% ;£xrom

(et h) acryl n| tr ;oL I n vinyl 15 chl oride
and vinyl i gt#ﬁug’ ég@iftg égté 98£§aﬂ?yiél-f‘esl»poﬁ acet ate; al kyl esters
of acrylsc wmyam{dm"a;ded: p@d.mtis i pely(oxﬁtmamlsnei d(.qts hamrylic

i ds, havi f t 17 b t th
methyl | (RORHARR e O, AP CRBERPEEIOTANE By ORREER] Bae S LD
cycl ohexyl ﬁéﬁ?iri‘ﬁ af Mdndex aRre&fan)él b@x;buwftwbe)fgltwlofﬂ equal teobsr nyl
(nmeth)acrylate and | auryl (neth)acryl at

poxy- functlonal
ethylenlcaJ$§e§ﬁﬁ%u§H%ﬂ(%j noﬁéP?xguéﬁeé Bﬁ%ﬁﬂﬁ A haypBgny acryl at e;
car boxy-fu 0 Y eRhokyUBsahEE 3588 polRIGRESamEERyBenarr Yl i C
and net hacpgilsl c aci ds -and m xturés of gS such et'hyl eni cal ly ulr:saturat ed
monomer 40 dlols having aﬂn?mkﬁgrGWFIFEﬁcmeﬁgmlﬁﬂlﬂﬁh@#ﬁcaﬁl}Oﬁﬂsaturated
(meth)acrylic nononer e t he
pol yacrylic polyol (Ié‘f yrrer ergb?€1$€l%§an££§%?%rggig ﬁﬁgwgoal\%el ght
per cent, andy-gm:alnr eafm @b&gp,artelde fhroor bRg- r&dct fameifi diakidshgkeni caily
unsaturated net h) ac ¢ ONQer (S). . C rises u er cent
of the tota}é % rﬁﬁ'/Ci Tow 1 &§%Y§7i§§gpP°f&éisl%escrlgegphggelg

PCT/US98/02553h diamines or aminocalcohols as describe? hereinafter. For The
pol yacrylic pol oI s descrl bed her.ein can be e ared gy free radical

initiatdd aSARTRLH IRTSOREIGING: PO Y°f'ﬁem"f‘?6 BY 5Pani c

sol ution pof&ﬂ@iiéﬁtdﬂ&eopeﬂt%ﬂh@lw Zaepﬂenﬁmwe typi cally
di ssolved in an or gam c solvent or mxture of, solvents includin ketones

such as mwhﬁm esigites, Toet amddenernRInRY PodYel §t BaYt

be prepared through aminolys;s by the reactiocn, for example,

of carboxylates, carboxylic acids, or lactones with amino

20 alcohols. Examples of sﬁitahle diamines and amino alcohols
include hexamethylenediamines, ethylenediamines,
phenylenediamine, moncethanolamine, diethanolamine, isophorone
diamine and the like.

Epoxy polyols are generally known and can be

25 prepared, for example, by the reactlon of glycidyl ethers of
polyphenols such as the diglycidyl ether of 2,2-bis(4-

. hydroxyphenyl) propane, with polyphenols such as 2,2-bis(4-.
hydroxyphenyl)propgne. Epoxy polyols of varying molecular
weights and average hydroxyl functionality can be prepared

30 depgnding upon the ratio of starting materials used.
Polyhydric polyvinyl alcopols are generally known

and can be prepared, for example, by the polymerization of
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acetate of propylene glycol, and hexyl acetate, al cohols such as

et hanol and but anol, ethers such as propyl ene gl ycol no _ her
and et hy|WQ@98BHARypr opi onate, and aromatic 10 sol vents suc%ggéﬁ§§+%§g and
SOLVESSO 100, a m xture of high boi | i ng hydrocarbon sol vents avail abl e
from Exxon Chem cal Co. The solvent_ ig first heated to reflux, usually
70 to 160[err]C, and t he nononer or a " m xture of nononmers and free

r adi cal initiator is slowy added to the refl.uxi,ng, solvent er 15
period of abdBYl13¢%fFareddy &7 RIGFRBCE h%’grﬁi’rﬁo'%?ebr’se th t&&it8EFyf°ﬁ/°"f’%‘§

cause poor gONMEESEOFsIY o RitdNedBE hapbfc BXOISIEIUAL acecateambiobieshich is
a safety hazard. Suitable free radical initiators include t-amgl
per oxyacet aff®, the-bydrglysis DFOCesFachYRrexyhEEOUPs aF6piformed which

(2- et hyl bupanepi s L) -as o128l 168 patihAdl ddibhldie h Wiaheabh o

present in € reaction m Xture at Trom1 to 10 percent, based on total
wei ght ofs t hemopolymewsercopcllymeps| phievinpykpagathtn ande monomedar sech as

d i bed . herein | -gel | ed _and f el
ol ecular ERBKE SRLTTIN SUBES S5oB0°R e paianind i st akcLa0e
Phot ochr om gaeRfipa utslSEdtimtpcInphyldeiat pblyeihyi tdl ddll-~polystiinyl et hane

coating conpositions of the present invention are organi ¢ photochrom c
conpounds t FROESEYrCRP red hue. They typically have at |east one

activated absorpti on MdtHine potybllbNatdegémdian) 16f KIRAME @RdaBaH b 00 and
700 nanoneters. 30 They may be used individually or. may be used in
combi nat WonPrepagpdn A1 ISETRIA.c BYoNPBORESN t Platd RAMIISEYRNRRE| V18Rt i vat ed

color. Furthgheskn§-fiof ©YUIQPTIC 0 FR2HNLSnPEYoRRL functional product.
Examples of polyisocyanates useful in the preparation of
ureéhane polyols include those described herein. Examples of
organic polyols useful in the preparation of urethane polyols
15 include the other ﬁolyols described hérein, e.g., low
molecular weight polyols, polyester polyols; polyether
polyols, amide-containing polyols, polyacrylic polyéls,.epoxy
s polyols, polyhydric polyvinyl alcohols and mixtures thereof.
The polyacrylic polyols are generally known and can
20 be prepared by free-radical addition polymerization techniques
of monomers described hereinafter. Preferably said
polyacrylic polyols have a weight average molecular weight of
£from 500 to 50,000 and a h&droxyl number of from 20 to 270.
More preferably, the weight average molecular weight is from
25 1000 to 30,000 and the hydroxyl number is from 80 to 250.
Most preferably, the average molecular weight is from 3,000 to
20,000 and the hydroxyl number is from 100 to 225.
Polyacrylic polypls include,- but are not limited to,
the known hxgrqul—fuﬁétional addition polymers and copolymers
30 of acrylic‘and methacrylic acids; their ester derivatives
including, but not limited to, their hydroxyl-functional ester

derivatives. Examples of hydroxy-functional ethylenically

SUBSTITUTE SHEET (RULE 26)



-

- 23 - I ncorporated, e.g., dissolved or dispersed, in the

pol yur et hane coating conposition, which is used to prepare '
phot.ochrwoiessamsi cl es. More particul arly, RCE/GSARSS.
phot ochrom ¢ materi al 5 conpri ses: (a) at |east one

phot ochrom ¢ organi ¢ conpound having a visible |lanbda max of from 400
nanoneters to 525 nanometers; and- 41 - (b) at |east one
phot ochromi ¢ organi c conmpound 10 having a visible | anrbda nmax_of from
greater thamsspmrated penowRersr 5otke 70t dibeepyeparation of the

Exanpl f_ syl | ' 4 |
anples o ,;&yo&ﬁ,%c)s' l&t&%ﬂﬁ;ir tgﬁgf%fgrggé#ﬁ.mrfso i 043 Qde hyﬁi.%%c%%té%yl‘

polynerizagfe co I on O I nvent1on .
benzopyr ans{metapkidrydpteans i . e. ¢. hydegkyduyll 2dryirtensnd1Bydaoxyethyl

napht ho[ 2, 1-b rans, phenant hr opyr ans i_ndenonapht hopys an e.g., the
i ndeno- f us&f . r'aﬁé’gaf’xypggpﬁsgm%‘?ﬁf’f,r‘y fte, Byr SRy

spi ro(i nglol i eitaeRatie) e hydtdxymethylethyl acrylate,
spiro(benzoindoIine)gyridobenzoxazines, napht hoxazi nes,

spi r o( i ndol B¥PHMISHARFORYZ| AEEYIAES 3w mixtures thereof. =

spi ro(benzi ndol i ne) napRtoxazkBesn1y SNAM il yaxayRliespbigbiides a  the
novel naphthopyrans of U. S’ Patent %,658, Ol and’t he conpl enentary

or gahi ¢ photepstinmexe ofubydxesys functionall sthylenicaldypungaturatsd col um
11, line 57 I [ 6 r t ] bst ances
cont erpl at o980 Kkl Benbisrk B8, ounes krpytellcally G60AOT £

di t hi zonat esonameys sedrected fromdthéi gomad eondiistingr ef desnyl beexbmat;id or

exanple, U S. Patent 3,361, 706; and ful gides and fglgigides, e.g. fhe
3-furyl andonomershiSefylr FEFIPRBs ARBCHRY 4 FHFERe Wi PHEY! eSHESRS BB i n
U.S. vinyl toluene; vinyl aliphatic monomers such as ethylene,

propylene and 1,3-butadiene; (meth)acrylamide;
(meth)acrylonitrile; vinyl and vinylidene halides, e.g., vinyl

15 chloride and vinylidene chloride; vinyl esters, e.g., vinyl
acetate; alkyl ésters of acrylic and methacrylic acids, i.e.
alkyl esters of (meth)acrylic acids, having from 1 to 17
carbon atoms in the alkyl group, including methyl |
(meth) acrylate, éthyl (meth)acrylate, butyl (meth)acrylate,

20 cyclohexyl (meth)acrylaﬁe, 2-ethylhexyl (meth)acrylate,
isobornyl (meth)acrylate and lauryl (meth)acrylate; epoxy-
functional ethylenically unsaturated monomers such as glycidyl
(meth) acrylate; carboxy-functional ethylenically unsaturated
monomers such as acrylic and methacrylic acids and mixtures of

25 such ethylenically unsaturated monomers.

The hydroxy-functional ethylenically unsaturated
(meth)acrylic monomer(s) may comprise up to 95 weight percent
of the polyacrylic polybl%cdpquﬁer. Preferably it cbmposes
up to 70 we;ghp“pgycegt; and more preferably, the hydroxy-

30 ﬁgnctionai:gééilgﬁiggily unsaturated (meth)acrylic monomer (s)

comprises up to 45 weight percent of the total copolymer.
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Pat ent 4,931, 220 at colum-20, line 5 through colum 21, line 30 38.

The disclosures_relating to such photochromc conpoundg.i

af or ede VO ¥t Datent s are i ncor por ated ic‘rRJsbﬁ}ﬁ'zssq T
'AMENDED SHEET REPLACEMENT PAGE WO 98/ 37115
PCT/ US98/ 02558 - 22 - - 24 - herein, in
toto, by reference. The photochrom c articles of the present invention

may contain one phot Qghrom.c._conpound or m re,of photochrom c
conpounds, as desire 1 qr%é’acr 6§t?cﬁg¥°ﬁx ?Jsrcelzétbo Bﬁﬁ?g%h?%nm o conpounds
may be usegrépabedilhiifirere riagiinadcting 8iated chddit isuc poagmarneatice s al

gray or br own. A neuytral_gray color exhibits a spectrum
that has CEBPCROROMRR (Fleqnd B¥sGPRERLR FRATFASR RAIBMELAABE et woen 400

and 700 napgBRhfiSes A MUY h¥indRie@dN e8! Byp LN B} I skoIReat EHMad0 in which
t he absorption in the 400-550 nanoneter range is noderately |arger than

in the S5007ganhanepisiant mgdxtage ofapelyerts iadlaiisg BeseredisHFitol or
(S |0 LE MgOhethp] ecyY WICHELY o6RALY! DaLR%as Wl dBSELEDS LA '

qualities Ition to 1rts Tumnancé factor, 1.e., its 15
chromati ci agetabe td Bdpyshesteeglyichd , chndnbexyl tacetadedi pdtebols such

obtai ned by takin he tios qf the tristi | us val ues to heir sum
e.g., x=x/ R+ ‘9%%03%3‘7“(5@?% st Eﬁfo?uﬁguas RFSEer FBSdgFX"? e CIE system
can be pl ombAEpAtpYL Cdualana lerhyl -d-agheRypridsidiratey phat apdmitic

chromatjcity_coordinates x and 20 y.. See gages 47-52 of Pri ngig] es of
Col or TchABLBETES Rugh as wlegs EPLVEFSO Lty wapishprengh, RisBtond

Edition, JgBA1ingWy@odiboPRolviin¥s £4381db1 A Srrtut ExRi8hethemfediedo.

neutral color is one in which the chromaticity coordi nate val ues of
"x" and "yTheosolventdisfimss hegted theréblyonivayaldigd9 to6E69%E, and

11 nant Lo Xz 8o 260,1 Q. Qi o7 RoBB0 10 Ml iddoLLattg

activation percen um nous transm SSion by exposure sol ar
radi ati on @Aitidtes is glly added to the rdfibwping eciiventec cvepainds
descriqﬁd-93£§é gf%ﬂ%iﬁgl.to 7-hours. Adding the monomers too quickly
may cause poor conversion or a high and rapid exothermic '
reaction, which is a safety hazard. Suitable free radical
¢ initiators include t-amyl peroxyacetate, di-t-amyl
peroxyacetate and 2,2’-azobis (2-methylbutanenitrile). The

20 free radical initiator is typically present in the reaction
mixture at from 1 to 10 percent,'based on total weight of the
monomers. The pblymer prepared by the procedures described
herein is non-gelled and preferably has a weight average
molecular weight of from 500 to 50,000 grams per mole.

25 Photochromic compounds that may be utilized with the
polyurethane coating compositions of the present invention are
organic photdchromic compoundé that color to a desired hue.
They typically have at least one activated absorption maxima |
within the range of between about 400 and 700 nanometers.

30 They may be used individually or may be used in combination
with photochromié.compounds that complement their activated

color. Further, the photochromic compounds may be
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I n photochrom ¢ amobunts and in a ratio (when m xtures are 30 wused) such
that- a coating conposition to which the conmpound(s) IS a | |
L ECH Rk

which it WO% orated exhibits a desired resul tant co
substantially neutral color such as WO 98/ 37115
PCT/ US98/ 02558 - _ 23 - - 25 - | THISGHBEE HAS BREEN
or brown when activated with unfiltered sunlight, i.e}, as RERLACED
iven t.he colo

neutral col or as possible s_of. the actiyated

phot ochr oni c”&ﬁ?r’ﬁg?ﬁﬁ)%‘? rarftt TxhiBresvedi RE é’e%??resae‘ﬁntlé’ng‘? , as nmeasured
by the changgoipusethfid cdatiersicompobttidhp)whicly is aidedt thOPrepabes or
nore when tested at 95[err]F after 15 mnutes of activation uskng the
95F Phot ochr BRpEochremig Ayffd@®SFest described in Part D of Exanple. 10.

General ly, the amount q&o@f%%%mahweﬁé%rgamé RHHFRRh2bAY i i e titel
coating conposition ranges fromO0.1 to 10 40 wei ght percent based on the

wei ght of 5t heolpgiselscoati ng conposition. Preferably, the concentration

of photochrom c mat e ')allea}%ﬁ%g%% foh@”bﬁo@oé&%{?i%‘fge erg%le%gﬁsgu? re *

preferably, from3 to 2 ercenty and no rom5 to
15 wei ght pehaeihg 2.¢isibbiorhahkida hédxweLghtod 54 @@ neaninetexseto0h28 he
wei ght of the |liqujd coating conposition. The phot ochrom c
compound(s) BEREFPHBEEhet: n may be i ncorporated into the coating

conposi tion by dissol vi{®) Gt leaditSpaeSpREtbBRrehid Gry=aiiicC conbstace
within the organic 20 polyol conponent or the isocyanate conponent, or by

addi ng it10 DhE¥iRINRXTIFERLH taRPdFomps efnARe™f SFORIRF SAPEst s

Al ternativel yanbher BROTOS M AU fardBeyadS - MBYt PEatLAINGA 3L, e¢ne okghRiENe
cured coatlngaﬁy | nbi bition, perneation or other transfer nethods is

known by t hopbotkihrewni¢ nceupounds 3% naphtho(l, Zopdeityasise (chemnical |y and
color-wise) tints, i.e€e.q.: d ' | I tLon,
& mxamp UL Le R £081800R0e S Ond O £ WnipBAAGATROP | h1&

applied to the coa e or applied e prior to
coati ng t dnachiepel pmeni zakles (dmaipositdsnl of €be preSant imyeotdon or

o7 oS Shch ARl e e Rt U bhiRa38) o810, st 2L, iR
dye may be sahacheghthol2, Tasjyers, phenaakhropgsamsi ng fromthe activated
indencnaphthopyrans, e.g., the indeno-fused naphthcpyrans of
U.S. 5,645,767, spiro(indoline)benzoxazines and
naphthoxazines, spiro(indoline)pyridobenzoxazines and
20 spiro(indoline)benzoxazines. Specific examples include the
novel naphthopyrans of ﬁ.s. Patent 5,658,501.and the
complementary organic photochromic substances disclosed in
this patent from column 11, line 57 through column 13, line
36. Other photochrdmic substances contemplatéd for use herein
25 are the photochromic organo-metal dithizonates, e.g., mercury
"dithizdnates which are described in, for example, U.S. Patent
!3,361,706; and fulgides and fulgimides, e.g. the 3-furyl and
3~-thienyl fulgides and fulgimides, which are described in U.s.
Patent 4,931,220 at column 20, line S5 through column 21, line
30 3s8.
. The disclosures relating to such photochromic

compounds in the aforedescribed patents are incorporated

. This Sheet Has Been Rerlaced
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- 26- hot ochrom ¢ substances, e.g., to achieve a nore col or
or absorwga"sﬁaﬁgi cul ar wavel ength of incident |ight. Inq’;dr‘liz? elrozsss' T
enbodi ment, the dye may be selected to provide a desired hue to the
substrate and/or coated article when the,,5 _photochrom ¢ substances is in
an unactivated state. Adj uvant materials may al so be

i ncor por at egalrgggl t;l

he . c [ sit) ' 0 ]
mator i usBarert: B, torqo ML AIEeFARET | $AL MIcbEnTar hBERR Cor

appl i cati onthe presémeoipanaiicm raly tbatabntaohmmtmaebed cabonpourdt or
coating 10 <conposition or cured coating. _For ex le,. ultraviolet |ight
absor bers niy™bECUHR %CPWQQFL{HI‘PHFSC ﬁPUﬁgEngﬁbﬁsa i 6Pe£§e their

addi tion tochbheingat | MxEEW I iphidt8EhsUfilc SBASIE mayTB¥ BSedUfer posed,
e.g., superinposed, as a |layer between the phot ochromi c coating and the
i nci dent 3| | ghtaipyfererin EEtivaied selerfayudh 3k PEFTWPEHEERE gray or

phot ochrom ¢ gilst ances prior to their addition to the coating_

conmposition to I nprove the light fatigue resistance of the photochronic
subst ances: St abi 1A zeukradudrays chlodeeghikitisng Ispghtruymabhat ass

(HALS) , a i c_diaryl.oxal am de.(oxani]lj C n sj AWl et
20 oxygen qﬁggéﬁg}ggye&? .‘-{H aabnsloc emlnoﬁgcgﬁre)l‘g%]ﬁ%%gr ggﬁﬁg& 4Wgand,
or m xturesaati spabhénamstsers e ometrphat Bdowd eylor eximpibe asspeaimme or

I n conbi pnati.on. Such stahilizers are described in U S. Patenfs

4,720, 358 afd 33’?13911, gbe a s‘?’?%"s‘p?é’cﬁ‘?‘vépﬁ. 49¢-550 nancmetefie *BAST othr oni c
pol yur et hangoa@aht 8%y COMRASH tiiath G the 5BE-POE IRMongte@NichAge MBYAL Ur t her
conpri se additional conventional ingredients which inpart desired

char act eri sBE8¥Rative yae o RRASRIDIRT 6P1RRI th W Fa8FuPfedtfor the
process CReemhPi PR Yosbhh i R d h%hﬁ.gﬂpﬁébéf% i RRaldbstsade pr 30

whi ch enhance the cured coating nade therefrom Such addi ti onal
i ngr edi ent s codepr Lncaddibpiony\ta dits dumigence, factoy evielsi-ngikgents, e.g.,
SurfathgtsbhEQEEL§EQE§: G &he cie system, the chromaticity coordinates
' are obtained by taking the ratios of the tristimulus values to
their sum, e.g., xX=X/(X+¥+Z) and y=Y/(X+¥+Z). Color as
{ described in.the CIE system can be plotted on a chromaticity
diagram, usually a plot of the chromaticity coordinates x and
20 y. See pages 47-52 of Principles of Color Technology, by F.
W. Billmeyer, Jr., and Max Saltzman, Second Edition, John
Wiley and Sons, N.Y. (1981). As used herein, a near neutral
color is one in which the chromaticity coordinate values of
"*x* ‘and "y" for the color are within the following ranges (D65
25 illuminant): x = 0.260 to 0.400, y = 0.280 to 0.400 following
activation to 40 percent luminous transmissién by exposure to
solar radiation (Air Mass 1 or 2). |
The photochromic compounds described herein are used
in photochromic amounts and in a ratio (when mixtures are
30 used) such that a coating composition to which the compound(s)
is applied.éf in which it ié incorporated exhibits a desired

resultant color, e.g., a substantially neutral color such as
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27. . inhibiting agents, free radical scavengers and ap&elﬁ .
pron:otl NYOSIBAE  such as trial koxysilanes preferably having . —an a?skoXy."
substituent of 1 to 4 carbon atons, including
y-gl yci doxypropyl trimethoxysilane, 5 y- %[gl nopropyl trimet hoxysil ane,
3, 4- epoxycycl ohexyl et hyl tri met hoxysi | ane “and am noet hyl tri met hoxysi | ane.

The coating conpositions used in accordance enti.on may be
applied to § R HTIY EF %m § pot iﬁa%$cwr$hﬂ&2¥ﬁﬁ§dconp03| tion
i's applied, s@f1 8t | P& SUEE neadSa heuteX2NPbIoPafihosghinis, gleeRNtKs,
wood, masonry, textiles, netals and organic polyneric material sy

Preferably, C@lﬁé‘-’%lﬂfsttr% @Gtd vatres, PRRTEChEPPHE FNRANS, gpnd exhibits
particul arly, rﬁ:’é‘i‘abstl her,maR! dekbG 9&%}?'&1@@!&?&%&' GnlapbPeLr i al s,
p? ast I C poI ycar f

e.g., therno onat'e type pol yners and copolyners and .
honopol ysrer demsiepptdoDier & of. aa Aqmobfob(al by | moze hdrent €pstededt a35Wr gani ¢
optical materials anount . of the cqati osj tion )

applied to aft?%e’-%dﬁs"c‘ﬁﬁse SES a&r’flé(ﬁﬁﬁﬁf‘ Heirg the 1HF; R 8’!"‘5‘5}? ey 20

sufficient Suaplihindd ddit Qi%%%elahghoﬁéfﬁ%%ﬁmﬂ( gh. to produce a
coating that exhibits the reswred change in optical density ([err] QD)

when ‘the cured coatingene se&hﬁoawmt ‘P%cﬁ’%ﬁqqs?(hr%?t maLeEiaY, the
.amount of p g]g]?é &a %toQ%'iﬁ I t he
substrate is é %Eamlt?r??p g"‘%g%ll n the yf%err?ﬁ ?Zg[ée‘?r] @)
Phot ochnomnm ¢0 weight @exrgss medplc@dmbeswalgbt rdfohef ldgulidasoating after
30 seconds_and. a | ea fer 30 minutes .and a of
Pass than oumeagtfled 2l O B R Al BELRREBEENR e L 0 ¢
10. The curestéfbdl Nfangs h‘&\cm a .hitek Besee 3ghofpdraEmty wmoxr200 m crons.

Preferably, the caating thickness i,s.from5 to 100 m crons, _nore
pr ef er abl y,PT‘?fﬁﬁ' o 3 to @B ¥eighiRercent, and most preferably,
PCT/US98/025§@h 5 to 15 weight percent, e.g., from-7 &% 14 weifh€rons, e.g.,
20 mcrons, and nost preferably from 10 to 25 mcrons, e.g., 15 mcrons.
If requil? edPBFREERE. BAfeshqmitdie weight; pfi Ehe 1iguid coating

composn.t:.on.

The photochromic compound (s) described herein may be
incorporated into the coating composition by dissolving or
dispersing the photochromic substance within the organic

20 polyol component or the isocyanate component, or by adding it
to a mixture of the polyurethane-forming components.
Alternatively, the photéchrcmic compounds may be incorporated
into the cured coating by imbibition, permeation or other
transfer methods is known by those skilled in the art.

25 Compatible (chemically and color-wise) tints, i.e.,
dyes, may be added to the coating composition, applied to the
coated article or applied to the substrate prior to coating
to achieve a more aesthetic result, for medical reasons, or
for reasons of fashion. The particular dye selected will

30 vary and depend on the aforesaid need and result to be
.Achieved. In one embodiment, the dye may be selected to

complement the color resulting from the activated
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cl ean the surface of the substrate to be coated prior to 5 applying the

coating conposition of the present invention for the pu f

pronot i NP 8&FALI on of the coating. Effective treat ment {"g’g’?}ﬁ?ﬁ@é? for

pl astics, such as those prepared from di et hyl ene gl ycol bis(allyl
carbonate) nononer or t hernopl astic pgl ycarbonate, e.g., a resin derived
from 10 bi sphenol A and phosgene, include ultrasonic cleaning; washing

wi th an aqueous .mj Xt. f ic_solvent, e. .H0 Xt ur e -of

| sopropano :°t\"/\‘/%1ct'l{egr8§“()lg:r g’t gﬁgﬁ:gé%at%fé,)’ Uf')'n? raecg’t %evr?t% ggrgc ?1\"/% e%l gas

treat ment, c6lgy , o1 radaiorbnt warbitalat erpeslangtd of phasdenorlightona

di scharge, _and chem cal treatnent such as 15 hydroxyl ati on, S %T_ﬂetchi ng

l.e
of the surF%c@%’rtEe}f LEBEHE - Fhﬁo YR (WY &ie Fedscre ,eF_a.Pr%\b‘(ﬁ
hydroxi de gésPedf3fidiFo thlyduBstdgre t4d/dP¥oisd 6081818 when the
fluorosurfactant. See U. S Patent 3,971,872, colum 3, lines 13 to 25;
U.S. Pafenphotochmmmics =ubsggnghfy §8 in Al uwgatdvagedafates. Patent 20
5,104, 692, colum 1343Li068 dQclfidfs Y GHdeBE iRBoSPSAGE indd RARMENS
of organic polyneric %at er?aﬁg. * “My S The trga ment uslencfgor
cl eani ng gtestingirdampesiwion withephedhotadigamigemgtedial psedent on the
gl ass surfacge, ch . reatments are known.to those skil | the art.
dor 25" exaRPLEE VMl LoARERAsy 0 O Srdsbdaord: rentloariony
contai n a invoimpswdtign &fsichy: phosechtwiid geitieriadl HaweHebyoating nsi ng and
drying wwth a lint-free cloth; and,ul trasonic bath treatpent_jin heated
(about 18] EPTRI=HEATR (2R GerefoFPERRE by For (SXREPAG aHACHRYLPES B8 cani ng
with an al @E@ib@@é@&ﬁ@ébg&a&édom@ﬁg%&m&@ﬁuam sBbk0antSs Wiy may be
required to | renove adhesives from | abels or tapes.

SUBSTI TUTEtBFE'Ia‘zmlEnZG)o the coging eompogition or such absorbers
PCT/ US98/ 0 e superposed, e.g., superimposed, aS'aZQa?er between the |1
some cases, 1t nmay be necessary to apply a priner to the surface of the
substrat e pheepchrgmld ceEitdngofndhthe ingidanthdigh®posFurbhens the present
I nvent i,Qn. | e . barr,l er ' A

inter acltgi oﬁt%ﬁf%%é%%ggaf%néﬁﬁzﬁggd‘?:én séﬂ\l/ﬁet%h%t %%hggglgs'?rgﬁg&g%{ S ce
versa, andpoior to their addition to the coating composition to improve

the light fatigue resistance of the photochromic substances.
Stabilizers, such as hindered amine light stabilizers (HALS),
asymmetric diaryloxélamide (oxanilide) compounds and singlet

20 oxygen quenchers, e.g.; a nickel ion complex with an organic
ligand, or mixtures of stabilizers are contemplated. They
may be used alone or in combination. Such stabilizers are -
described in U.S. Patents 4,720,356 and 5,391,327,
respectively. )

25 The photochromic polyurethane coating composition of
the present invention may further comprise additional
conventional ingredients which impart desired characteristics
to the composition, or which are required for the process
used to apply and cure the composition to the substrate or

30 which enhance the cured coating made therefrom. Such
additional ingredients comprise rheology control agents,

leveling agents, e.g., surfactants, initiators, cure-
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as an adhesive | ayer to adhere the coating conposition to the substrate:
Applicapjon of the prinmer nmay be by any of the nmet hods L ting

t echnol Y@28&1Y as, for exanpl e, spray ~coating, spin cog |&Jg?ﬂ%%rg§-ad
coating, dip coating, casting or 10 roll-coating. B The use of-
protective coatings, some of which may 5,4 contain polyner-form ng .
organosil anes, as priners to inprove adhesi on of subsequently applied
coati ngs has..he i.hed. I i C -fintable
coati ngs i”srﬁ'blr%e]fq:grn%gﬁge&’ggléxgﬁgfeegagg&cj{)rﬁ%ﬁeﬁn Q%o%?‘ ?ngaggggﬁ%ts i ncl ude
S| LVUE 124 xonsbt ingHlag@flRB, c sathngs, tavalkabtsi fanems SPEL&pabiygsavimg. and

PPG I ndustries, Inc., . respectively. | n addition, dependi on %he

i ntended &R at}fkcl’ﬁ’e-si’g’ﬁté&u&gﬁ 8'I‘-e,g ‘\'/? %ﬁ?’%&?%@%@?&tr 5“?%“39"%pp| y an
appropri atﬁgg%gagkwgoﬁggggméﬁ@x&sﬁaneqn abrasion 20 resistant coating
and/ or coatings that serve as oxygen barriers, onto the exposed surface

of the foat-amgdnoprppyltirdmethoxyspkanent scratches fromthe effects of
friction d, abr asi nd i ctian : 1240 wi th the photochromc-
corrpounds,af"*'erpe%’f}'ectll\?&e%yqﬁlﬁﬂ&g{'ﬁgl%%‘g%és’fg 1e pr i%erléir and protective 25
coati ngs amincsdtdndtarigeabloxystilane.t he same coating may be used as the

primer and the protective coating(s).. Q her cQatings or surfage .
treatments, e.g., a nF&BFéngoﬁgé‘ﬂé‘fltm%t"tsFéif I"ch‘Fg‘érgﬁ?‘F%cvél,ébtt&e, may

al so be apphvettich ey B eppliedotbi SebHErddes PHESLNt mhB¥eNa1ONo 30
The coat i %porrpom tion of the present invention may be applied using
the sah® ifhiLhe SAaag FoPPPAitdPn is Appliady Ofc2pYi FEPS aFidCR he

protective, £oatd NQLs) A —1 i7el5 wood ,
PCT/ USo8) 03556 e Yok, slase/ LRI woog, masonryy | i known

in the arttextilss usmmtaly @ngr abgnichpolyeerin) mategdapgsition is applied

ot of or abl y o ehenatiih A (ASeall B an SARLIDD JVARM BREERIL ) o

t he coati nepxroimosE®liygn thernoskee andatkermoplasns coforgheisupelymeéxict he
coating.is cured. Depending on.the,i socyanate conponent_selected, i.e.,
free 5! nateiing. sadhin PR IBRBIREGLC Ho G RR HaOVES BRLGIRET

t enper at ur £54 r e Nand el Maid BombPoll pmebd[ &F rddpolhimeltgabicng i s required

to obtain a curegacoati n tenperatures of between 10 80[err]C and a
t enper at urROLHRY W%ﬁ%’?@@&ﬁ%vr&?‘édi 38 RFRRFYSE PpEical PatRERIHY, e.g.,

80[err] C to 150[ err] @neaatovii 62! t¥e UsOk i 'compoR 8iBheappELdditb Or gani ¢
polynmeric materials may be heated up to 130[err]C for a period of 1 to
16 hours i resPRtGAE ERe aMOURE RPAGSSRYARR IOSPEPAE2HSNRge to t he

he com ed e o B eI T TS ] 1 1 he
art t hako terpiucs & arasimer thasnexhbbitsl the ceapivederhanag be
optical density (AOD) when the cured coating is exposed to UV
radiation. Particularly, the amount of photochromic
prolyurethane coating composition applied to the substrate is
- 25 that amount which, when tested in the 72°F (22°C) Photochromic
Performance Test produces a AOD of at least 0.15 after 30
seconds and at least 0.44 after 30 minutes and a Bleach rate
of less than 200 seconds using the procedure described iﬁ_
Part D of Example 10. The cured coating may have a thickness
30 of from 5 to 200 microns. Preferably, the coating thickness

is from 5 to 100 microns, more preferably, from 10 to 40
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used. Additional methods for curing the photochromc pol yur et hane
coating conposition include irradiating the 20 coating wt
ul t r.avi owan}) #E ! {%ﬁﬁﬁgss

or electron radiation so as to initiaté :
pol ymeri zati on react i on of the pol ynmeri zabl e conponents in the coating.
This may be fol |l owed by a heating stepg . I n accordance

with the present invention, the cured 25 poI yur et hane coating neets
comerci al | y acceptabl e t |

Exanpl es of'g'85gﬂ§t |g% ef ezcut)%‘G"%&I(’%‘oljnanan‘%(g)%?l gﬁ?é | ngf%%%“ngﬁa{c:ie bits,
spots, inchiisirens, e.g.c,rar&smambnsram ng of the coat| ng. Preferably, the
coati ngs prepared u t.he photochrom c ur et,hane coating 39
conposi tion of the prreé %“}’Tﬁféir[: gr@%ﬁ%‘@’f’a%‘fef ali%y gé’pb?a‘g t%osmeti c
defects. glean the surface of the substrate to be Hoated prior to

Exanpl es of organic polyneric materials that may be substrates _for the

cogt i ng Scompedvingntls Q?ﬁe‘-’-%m%lt”’ﬁv@ﬁt?’éﬁ RFRSSRH RVPELLPRpEP®Rd from
i ndi vi dual n I I
o 8{1?{;27% =4 x)(ﬁr&ai{éeirggrs gl}lren%t?ﬁﬂ”@fstﬁé &E5dadhd.r OBeEbe {4d | owi ny

gr oups: acryl ate eonpounds represented
by graphic tfraanmEatl techiiquds for plastics, swhleras rEiRjss prepate®] £r¢mmy

T R T
or di nmet haahghabplastiouskycefestr,ced.g., by gesjxhiderdioretuifaonV:

10 bisphenol A and phosgene, include ultrasonic cleaning; washing
with an aqueous mixture of organic solvent, e.g., a 50:50
mixture of isopropancl: water or ethanol: water; UV treatment;
activated gas treatment, e.g., treatment with low temperature
plasma or corona discharge, and chemical treatment such as

15 hydroxylation, i.e., etching of the surface with an aqueous
solution of alkali, e.g., sodium hydroxide or potassium
hydroxide, that may also contain a fluorosurfactant. See U.S.

. Patent 3,971,872, column 3, lines 13 to 25; U.S. Patent
4,904,525, column 6, lines 10 to 48; and U.S. Patent

20 5,104,692, column 13, lines 10 to 59, which describe surface
treatments of organic polymeric materials.

The treatment used for cleaning glass surfaces will
depend on the type of dirt-presént on the glass surface. Such
treatments are known to those skilled in the art. For

25 example, washing the glass with an aqueous solution that may
contain a low foaming, easily rinsed detergent, followed by
rinsing and drying with a lint-free cloth; and ultrasonic bath
treatment in heated (about 50°C) wash water,'followed by
rinsing and drying. Pre-cleaning with an alcohol-based

30 cleaner or organic solvent prior to washing may be required to

remove adhesives from labels or tapes.
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et .

[err] wherein Gis a N al kyl ene group containing from2 to 4
car bon ¥ and s is an integer of from1l to 50; and perysosndsss an
acrylate or " a neéhacrylate conmpound having an 20 epoxy group represented
by graphic fornmula V: WD 98/ 37115

PCT/ US98/ 02558 - 29 - - 32 - [err]

wherein R err] is hydrogen or nethyl. ' I n graphic fornul ae

L1, IVand V, like | eff abmelegdes, Mt hnéf%@%ée%s%’igxgﬁfp %ﬁbiiroal?zoﬂ‘mer

substituents have the sane meani ng. i pl es of acrylate
or di net hacty|the swfiaames ther spbettatedeforny appldcrsinnl @€ the and |V

i ot haor yi STR A comebettliol dETkARCHN AR, S Tl BEtner ) one

di met hacryl séreds a= r bapolipeet kpheirg gty gutevesl))interdictdthacfythe e.

Exanpl es_of acryl ate or t hacr yl at onpounds repr.esent ed by hi c
formil a ¥ | SORGARS ents ¥EFD Ehe sykFiona ad ecRatPyrar ciahor
Further exagpl&s findyiganiayed YeehtRer@t€lid addating Sofipos@tysii €o Optid cal
resins, which nay be coated with the pol ynmeri zabl e conpositions

descri bed h%WQﬁ?F?qﬂHlﬂﬁﬁpﬁiﬂ§F§€Ps?f the primer may be by any of the
methods used in coating technology such as, for example, spray

coating, spin coating, spread coating, dip coating, casting or
lb roll-coating. :

The use of protecti#e coatings, some of which may
contain polymer-forming organosilanes, as primers to improve
adhesion of subsequently applied coatings has been described.
In particular, the use of non-tintable coatings is preferred.

15 Examples of commercial coating products include SILVUE 124 and
HI-GARD coatings, available from SDC Coatings, Inc. and PPG
Industries, Inc., respectively. 1In addition, depending on the
intended use of the coated article, it may be necessary to
apply an appropriate protective coating(s), i.e., an abrasion

20 resistant coating and/or coatings that serve as oxygen
barriers, onto the exposed surface of the'coating composition
to prevent'scratches from the effects of friction and abrasion
and interactions of oxygen with the photochromic compounds,
respectively. In some cases, the primer and protective

25 coatings are interchangeable, i.e., the same coating may be
used as the primer and the protective coating(s). Other
doatings or surface treatments, e.g., a tintable coating,
antireflective surface, etc., may also be applied to the cured
coating of the present invention. _

30 The coating composition of the present invention may
be applied using the same methods described herein for

applying the primer and the protective coating(s) or other
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I .e., honopol yners ‘and copol yners, of the nononmers and m xt ures of

nononersG‘gblsglskgﬁ%d in U S Patent 5,658,501 from 20 col “”“p%‘imés»blagses:ﬁ,s,t?

colum 1 7. Exanpl es of such nononers and polymers 1 nclu

bi s(allyl carbonate)nononers, e.g., diethylene glycol bis(allyl
carbonate), which nononer is sol d undersot he trademark CR-39;

pol yol (net h) acryl oyl term nat ed carbonate nononer; ethoxyl ated bi sphenol

A 25 di met hageyhad® WRARAITERS ci1Rf Bykesanoby Coded) SMMidTReepl] ethe EEMWITRY S;
pol y(et hyl ene glycol)bis nethacryl ate nonomners; uret hane acryl ate

nononers; st $PERRS1EI (iHAPRIAECa Y SPin ePtinde 4N SOBLAPS; O TR RS

acetate propj aftnods, an®medt3ftéPerably, by spi ting methods.
nCr] so8) 020EeReky Wetnods, an ftfezably, by spin coatin yrate.

pol y(vinyl acetate); pdEoidewipg appdhchyiopohf (thienydoatinghterpasdtion to

pol y(vi nylLi dene chloride): nolyur n er I Le _poLy nat es,
such as the §§?b§ﬁ% %é-‘?igrﬁ‘{efgacg%rfgg?’% gélr)lst\:/’é%é?'r om ic;%%tr‘]:ér?]lgl 95 g‘%édé) 3
phosgene, whDepeh&is®|sh Thendavodylanateadenpskeht-)ddleqrekdyedter s, £Bagh .

.th terjal | d d the_ trad k MYLAR | t hyl = '
Fer epht hal at BRocked b BARHAL st HHoGRE0an o F gt PR BENFEFSRARE) . such
as the Nt ghbélae@tdk %iﬁ%rbhaggs@ré‘o Rge¥tCLABF heating is Mor e

particularly contenplated, iI's e use of 10 optically clear polynerizates,
i .e., materiapquined i oltRin a gyriedakoapbhy cteRRerataryers ai bprvesn

el ements,, €. gne~ Pl.aN0Q and _yision correcting.ophthalmc |enses. w.ndows,
clear 180i Hnes ey remRaEREr ! SR5TT it S ausBkrhte | i Wilialid g0
aircraft tragspRe&PLhes e 4 astdoecshbeecisore, ake. tPpfbalby Qiddial IFprcl ear

pol yneri zates may_have a refractive index that rr,a)a range. from1.48 to
1.75, e.g., PrBWHPle40SEItRIN @Fganic,prLyRarif | jR¥eGiRle payobe Beated up
Specifically.go | 4, ; tic q{q;ﬁiss- desimplgatic

pol ycar bonat gg 16w d g’%%llc\)/gstgep%r'%cﬁ arly céﬁ?gﬁg?%téegd?él S tt?% use of
a 20 conbi natpehing witheitaoiniog dapebputet tdcswsiriatg. Whdheosition of
the present | t] ] lC I t . rodu t rom

opti cal :lrgt i € egg ggg%%%%%s:lpgg Sg%ﬁe%%%(gﬁl%eﬁ)s%%u%ﬁf igggl gﬁ%pﬁ%ﬁc"ﬁ’b to
the optical stbsenate, it pilierhe treeoghdtedhbpnpersmisy skdllhadeinorip Attt on -

of the 25 presept _invention and.appropriaie proiectiv oating(s)., The
resul ting cugéagcﬁﬁtf'?%ﬁa?}brﬁ% ‘%&'f#&;&gﬂl %"ﬁ%c ’pﬁ‘%‘rﬂs@% %e.rg&gnxé?%che
standards fousefti caddinidrndlgmettiddispEekeeablyg tite photiehiranical |y free of
cosnetic defec resent _invention i nmpre gart icularly

descri bed BOPPE%‘H%':W‘F o?/ﬁarfg"'r&é’r-gg%é’g}%ﬂ?c?F‘%}‘éd‘? AEERGeataRY| st rati ve
only, singe suARiAY Swiewi fGalidd)s vakdavdbiat] dreielebtbbn  be
apparent 1o L i Ceion'as s ko Muitinte the poiymdrizAtion seaction of the
polymerizable components in the coatihg. This-may be followed
by a heating step.
In accordance with the present invention, the cured
25 polyurethane coating meets commercially acceptable "cosmetic®
standards for optical coatings. Examples of cosmetic defects
found in optical coatings include pits, spots, inclusions,
cracks and crazing of the coating. Preferably, the coatings
prepared using the photochromic polyurethane coating
30 composition of the present invention are substantially free of

cosmetic defects.
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WO 98/ 37115. : PCT/ US98/ 02558
- 34 - tes mthetablesfoundlnthe exanpl es ref
. . |wa?§§%§1% | l?cfwﬁ%s/ozsss .

i denti ca ces.

and manner descrl bed to a suitable reagtion vessel
agitator, a reflux colum, an addition funnel, nitrogen 10 _in

Conposition A The followng materials vvere iﬁﬁg&‘ﬁ} %Qéﬂs?
I

internal tenperature pﬂ%f@{@ft%aﬁﬁcaﬁoﬁﬁéwé'materf‘Af‘sCtt{HHE' Cﬁ'arge L

controller and a heating

Mat eri al substrates for the V@cpghtng g:rcmppp:.tn.oARﬁ/Aﬁh@ pogse vent [err]
200 15 t e re ﬁ?rom individual monoml\é.ict ekl Al
Vei ght  ( gr amdVentigiyREgy RORFe TR B c?asﬁe 586

Butyl acryl ah#ctures of monomers selected from tR€0follSkiMie NProups:

120 . ,Charh%e- 3 MVat eri al

Vei ght (gfans)  (RROVAFREIVIRES (1% gHmethacrylate compounds represgifed
LUPEROX 555-1\p %ﬂa@hlbaqgghn{@grin 22.5 (1) Mxture-
of high tenperature boiling solvents 20 avai | abl e from Texaco.

(2) Tertiary anyl peracetate avaRfable fromEf ARechem

CH2 ==CCO —(F) r —OCC ==CH2

T

II1T

wherein R; and R; may be the same or different and are hydrogen

10 or methyl, F is methylene (CH;) and r is an integer of from 1
to 20;

(b) diacrylate or dimethacrylate compounds represented
by graphic formula IV:

Rsg Rg

. CHZ—-—-CC (O-G) s ——OCC ==CH;

ll |

wherein G is CH,CR¢R;, R, is hydrogen or methylene and s is an
integer of from 1 to 50; and
(¢) an acrylate or a methacrylate compound having an

20 epoxy group represented by graphic formula V:

This Sheet Has Been Reﬂlaced
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- 3 - Charge-1 was added to the reaction vessel; nitrogen
was intﬁﬂgggﬁﬁlgnto the vessel; the agitator was turned opcr/USISIORSSHeat. was
applied to the charge in the reaction vessel. When the charge reached a
tenperature of 125[err]C, Charge-3 was 5 added in a continuous nmanner over
a period of 3.5 hours. Fifteen mnutes after initiating thé addition of
Charge 3, Charge-2 was added in a continuous manner over a period of 3
hours. Upon conpl eting the additiogg of Charge-3, the reaction m xt ure
was held at 125[err]C for one hour{ The contents of the 10 reaction vessel
were then cooled and transferred tio a suitable ~container. The resulting
pol ymer sol ution had a cal cGHat=eekCCO t-o+aFHgGl ias—€¥ht ent, based on tota
sol uti on wei ght, of about 65 pernent The pol yper had a wei ght average
nmol ecul ar wei ght, as measured by gel pernmeatpdn chronmat ography using 15
pol ystyrene as a standard, of about©® 13, 500 and a hydroxyl val ue of about
129, based on pol yner sol i ds. Conposition B

The procedure for preparing Conposition YA was 20 fol | oned except that the
amount of LUPEROX 555- M0 initiator was 43 grams. The resulting pol ymer

sol ution had a theoretl al total sol ids content, based on total solution
wei ght, of YBEEEED Re 4§ %@Fﬁ@ﬂ?n qﬁé“ﬁ%Wéner had a wei ght average nol ecul ar

wei ght, as neasured byn gfla ga geNesiindiae manaroossdhy, Uikeglabterd ysded ene
as a standard, of about 7,600 and a hydroxyl val ue of about 127, based
on p0|y§érw§§plggspect to the defxnltlons o substltqgﬂﬁﬁ) bave fhe same

- The procedy ggn%d§ preparing Conposition A was 30 followed except that the
anount of LUPE 555- MB0 i niti ator was 90 granms. The resultlng pol yrmer
sol ution had a t hé@xaapilesl of odbacxyiates orofivethagrydageororRRRdssol ut i on

oSt ar GEVERR b R ey R PELEEe £oBSoOLy ELCRA BupEkgtnverooc
' glycol dimethacrylate, trlethylene glycol dimethacrylate,

10 etc., butanediol dimethacrylate and poly(oxyalkylene
dimethacrylates), e.qg., polyethylene_glycol (660)
dimethacrylate. Examples of acrylate or methacrylate
compounds represented by graphic formula V include glycidyl
acrylate and glycidyl methacrylate. '

15 ) Further examples of organic polymeric materials,
e.g., organic optical resins, which may be coated with the
polymerizable compositions described herein inciude: polymers,
i.e., homopolymers and copolymers, of the monomers and
mixtures of monomers disclosed in U. S. Patent 5,658,501 from

20 column 15, line 28 to column 16, line 17. Examples of such
monomers and polymers include: ' bis(allyl carbonate)monomers,
e.g., diethylene glycol bis(allyl carbona;e), which monomer is
‘sold under the trademark CR-39; polyol (meth)acryloyl
terminated carbonate monomer} ethoxylated bisphenol A

25 dimethacrylate monomers; ethylene glycol bismethacrylate
monomers; poly{ethylene glycol)bis methacrylate monomers;
urethane acrylate monomers; styrene; cellulose acetate;

cellulose triacetate; cellulose acetate propionate and
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usi ng pol ystyrene as a standard, of about 2,900 and a hydroxyl val ue
of about 119, based on pol yner SO|IdS 5

Conposi t wayesB7115 The followi ng materi al s wer e PERAISYS/DISSS he -
order and manner described to a suitable reaction vessel equipped with
an agitator, a reflux colum, an addition funnel, nitrogen 10 inlet, an
internal tenperature probe connected to %h ®xternal el ectronic

controller and a heating mantl e: : Char ae--
Material  butyrate; poly(vmymmat(ear,awjty(vmma\lmglloozsgbﬂ'mxrbrr]
iéo 15 Xylgﬂ'faorlde); poly(v1ny11dene(ﬁ%%ggégﬁ); polyuretﬁgﬂ%s, walZ?nganO|

Wi aht ( gr afleérmoplasedicoppbyoaybomsted aistich as the carbonate-linked 448
Butyl acryl ate, . X 212.8 B t¥ neigacrylate
207. 2 SE?§¥Rngr1ved from bisphenol A and phosgene, wh;g%n § s Acrylic

aci d 5 under the trademark LEXAN; pol{esfers, SEiHMs @%bh&ﬁﬁ¥£§éﬁ
5.6 Tertiary dodecyl nercaptan WO

08/ 37115 sold under the trademark MYLAR; poly(ethquugnhgggphgpg@gte),
- 37 - polyvinyl butyral; and. poly(methyl methacrylate), such as the
material sold under the trademark PLEXIGLAS. .
More particularly contemplated, is the use of
10 optically clear polymerizates, i.e., materials'suitaple for
optical applications, such as optical elements, e.g., plano .
and vision correcting ophthalmic lenses, windows, clear
polymeric films, automotive transparencies, e.g., windshields,
aircraft transparencies, plastic sheeting, etc. Such
15 optically clear polymerizates may have a refract;ve index that
may range from 1.48 to 1.75, e.g., from 1.495 to 1.66,
particularly from 1.5 to 1.6. Specifically contemplated are
optical elements made of thermoplastic polycarbonates. |
_ Most particularly contemplated, is the use of a
20 combination of the photochromic pquurethane coating
composition of the present invention with optical elements to
produce photochromic optical articles. Such articles are
Prepared by sequentially applying to the optical.element a
primer, the photochromic polyurethane composition of the
25 present invention and appropriate protective coating(s). The
resulting cured coating meets commercialiy acceptable
"cosmetic" standards for optical coatings, and preferably, is
substantially free of cosmetic defects.
The present_inﬁention'is more particularly described
30 in the following examples, which are intended as illustrative
only, since numerocus modifications and variations therein will

~ be apparent to those skilled in the art. Identically numbered
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Char ge- 3 Mat eri al Wi ght (gramns)

Xyl ene ' 96 SOLVESSO 100 .

sol vent[ _ 72 VAZO 67 i niti atperrjwsosp2sss .

56 - WoGkam1s ' Char ge- 4 Mat eri al

Wi ght (grans) SCLVESSO 100 sol vent [err] 12
VAZO- 67 initiator [err] - 34 - 4.5 5

Charge-5 Mat eri al Wi ght (gramns)
SOLVESSO 1(fbctmiocest ihethi¢ tables found in the exaiples rel& @67
initiatorferr] 4.5 (3) Aromatic sol vent

avai | abl e fidsmtEgRensSUDSLARGAS. > > _470bi s- (2- et hyl butyronitrile)

avai lable fromE. I. duPont de Nempurs and Company. 10

Charge-1 was added to the reaction vessel; nitrogen was i ntroduced into
the vessel, and with the agitator running heat was applied to the
reaction.vessel to maintain a 15 te dr£ at which reflux of the

sol vent -'occurred. After reachi ng-p%éi—re’% ux tenperature, Charges-2 and

-3 were added separ ately to theCompogitwiprya@®ssel in a continuous nanner
over . a period of 2 Subsequent | Char ge ) ded he
reaction m xture was oéc'fsldlrowfnﬁog?g %/:Hse Y& ﬁ?éﬁgﬂ%%%er zﬁrﬁrgg'. gf’:ﬁarge-S |
was then adﬁ&ﬁe&“@ebb?:ﬁ@@&fé@ﬂdﬁﬂhﬂle reactith Rekgedneqiiifgedrdkbnl. 5

hours at the reflux tenperature. The contents of the reaftl on vessel
were then cBblagdtakex., 2 ref% ®9lypn; san addition funnel, n

PCT/ US98¢ 02528 ¢, an internal temperature probe connecggd to ante,rx%'é%hﬁﬂ.red to
a suitable container. The resulting pol ymer

electronic corntroller and a heating mantle:

_ Charge-1
Material . Weight (grams)
AROMATIC 100 solvent '™ 200 '
15 Charge-~2
Material ' ' Weight (grams)
Hydroxyetpyl methacrylate 180
Butyi acrylate 300
Styrene ' 120
C e-3 )
Material - Weight (grams)
AROMATIC 100 solvent‘ S 116
LUPEROX 555-M60 initiator‘® . 22.5

(1) Mixture of high temperature boiling solvents
20 . available from Texaco.

(2) Tertiary amyl peracetate available from E1f Atochem.
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solution had a calculated total solids content, based on total sol ution

wei ght, of about 70.7 percent. The polyner had a  weight- average

nmol ecul ¢wo 0973798 . as neasured by gel perneation 5 chromaipogrusIBg2sssi ng .
pol ystyrene as a standard, of about 9, 000 and a hydroxyl value of about
170, based on pol yner. solids. Exanpl e 2

The following naterials were added i n-t3® order and 10 the manner
described to a containéer suitable for use with a BRI NKMAN PT- 3000

“honogeni zer: Charge-1 was added to the redt¥i@e~vkssel; nitrogen
Material g ns) Phot ochr.om ¢ No 1
0.673 PIRA oS eRo 125 eFRE essel} the agitator wag) tyrged offNuy| N

292[err] lhhdtrahid hwagr agflled to the ctﬁr@éG:m c RO R ddorP et ddi ti ve
PL[err] 0. 015 Tin catalyst[err]

0.103 Nfgrertiie charge reached a temperature of 125°C, ghagge-3 Mms

Char ge- . Mat er i . Wei ght (grans)
Pol yacrél 39954 7 oF°88ﬁBBS“?|‘B?P”E over a period of 355 h°ljﬁgPG_YNEG 1000
diol[err] Pifteen minutes after 1n1tiéﬁ¥ig the addition of Charge-3

Char ge- 3 f rans)
VESTANAT EhaEge-2 pagc E&‘&ed 2' & continuous manpeyprer a F&%;}Péo fanat e

[err] hours. Upon completdiAPAHD Zdd \Oh 98¢ 3Hahyye-3, the reaction
T 99 mixture was held at 125°C for one hour. The contents of the
10 reaction vessel were then cooled and transferred to a suitable
container. The resulting polymer solution had a calculated
total solids content, based on.total.solution weight, of about
65 percent. The polymer had a weight average molecular
weight, as measured by gel permeation chromatography using
15 polystyrene as a standard,.of-about 13,500 and a hydroxyl

value of about 129, based on polymer-eolids;

Composition B
" The procedure for preparing Composition A was
20 followed except that the amount of LUPEROX 555-M60 initiator
was 43 grams. The resulting polymer solution had a theoretical
total solids content, based on total solution weight, of about
65 percent. The polymer had a weight average molecular
weight, as measured by gel permeation chromatography using
25 polystyrene as a standard, of about 7,600 and a hydroxyl value
of about 127, based on polymer.soiids.

Composition C
The procedure for preparing Composition A was

30 followed except that the amount of LUPEROX 555-M60 initiator
was 90 grams. The resulting polymer solution had a

theoretical total solids content, based on total solution
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(5) A naphtho[1, 2-b]pyran that exhibits a blue col or when

irradiated with ultraviolet |ight. (6) A naphthot][, 2-b] pyran that :
exhi bi t syg og8F8" ange col or when irradiated wth pcyasospbsis | ight.
5 (7) Hndered amne ultraviolet light stabilizer (CAS reqistry

No. 41556-26-7) avail able from Cl BA- GEl GY Corp. (8) HWBHEEV‘PWSYBEEN

pol ysi | oxane avail abl e from Bayer - 36 €orporation. pAegpyl tin
ILHACM

di l aurate avail able as DABCO T-12 catal yst or 10
T-12-cat al yalight, 4 @bdtmeshpbresrit Ol ITE@oI9heenhadia Gkigitcanbragsity.
(11) Pol y(oxytetranet hyl ene)di ol having a nunber average nmo] ecul ar
wei ght of Teﬁecv}ﬂ% IFeighty apFaBeRSHFIRY @l Pemeatl?;‘hlé‘é’é"’@?&ﬁﬁEéP Y

Cor por at i 03g3 A8 1?%) stid@RleN¥k &t Qyéndﬁ‘f@x'd?agbﬁﬁkﬁd%@'dn@%t h?drogarge L

pol yi socyanat e avai'l able fromHuls Arerica Inc.
was added valueeof @hauthddanbasedcen polivimer28ohdd®geni zer at a speed of

5000 rp for 2 mnutes. Charge-2 was then added to the container and
m xed for an additional 2 m nutes at 5000 rpm The resulting solution
was transferred to a sui t abl e coonpwgiaioand Char ge- 3 was added. The
resul ting rati o of

0., Subsequ e co tai ner was -
25 placed on a roll erThr?i PﬁB‘E’%{‘E‘?rfba%ﬁr"?éﬁ P’Bﬁ???;&o‘*w TASRFIRE war ds,
the sol uti gankes déddraRd tBr QUshivarhe Hedlc®ion vaysel é‘qdlbgédaaﬂtﬂegassed

under vacuum for about 5 m nutes. Exampl e 3
30 an mtab‘?%e&uFéféPxEﬁ‘a#ﬁ!‘% ?W@SFP%ME‘&F@?OeBPtFﬁS?n 5. 66
grams qb t98180) VAL Heernde! ¥Opola W rdbeBofhdbida to WiCExternay VWO
98/ 37115 PCT/ U898/ 02558
- 40 - electronic controller and a heat:@gampnglq The
procedure of Exanple 2 was foll owed except that 6. 07 granms of the
pol yacrylic polyol of Conposition C was 5 used. :
_ Charge-~1 :
Material Weight (grams)
SOLVESSO 100 solvent‘® - 120
Aylene 120
Isobutanol _ : 48
15 - Charge-2
Material - Weight rams
Hydroxypropyl acrylate - 448
Butyl acrylate _ 212.8
Butyl methacrylate _ ' 207.2
Styrene ' _ . 22.4
Acrylic acid 22.4
Methyl methacrylate : ' 5.6
Tertiary dodecyl mercaptan 11.2
This Sheet Has Been R

MM
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Exanpl e 5 The prbcedure of Exanple 2 was foll owed except

t hat 5.53 grans of the polyacrylic polyol of Conposition D was 10 used.
Exanpl wobes/37115 The procedure of Exanple 2 was PEEUSIRORSEE cept-
t hat TINUIN 144, a hindered amne UV stabilizer, was used in place 15
of TINUVIN 292. Two sol utions were pre:Pared with the  materials and
anounts |isted bel ow 7 Solution No. 1
Charge-1 Mat eri al Wi ght (gramns)
Phot ochronic No. 1 Charge-3 = ) g3 Phot ochromi ¢ No. 2
1.89 TINUVI N 1444 ld\.stabi | i zer Weight (drams BAYSI LONE
pai nt additive PL[err] 0. 006 . Tin c;af aryst[err]
0.43 W@r] 9619. 68 20
Char ge- Beri al Wi ght (gramns) QO
PorveG ESSS ﬁ‘err]s°"""""'v“El 27.0 72\0 98/ 37115
PCT/ US98/ @& 7 initiator! - 486-
Char ge- 3 Material - Wi ght (gramns)
VESTANAT B 1358 A bl ocked 34.0 - pol yi socyanate (12)
Solution No. 2 5 Charge-4 Charge-1
Mat eri al _ . Wei ght (crans) Phot ochrom c No. 1
4.28 Material Weight (grams)

SOLVESSO 100 solvent '’ 12

VAZO-67 initiator!: 4.5

S Charge-5
Material ' Weight ams
SOLVESSO 100 solvent '’ . 12
VAZO-67 initiator‘¥ 4.5

{3) Aromatic solvent available from Exxon.
(4) 2,2’-azobis-{2-methylbutyronitrile) available from E.I.
duPont de Nemours and Company.
10 '

Charge-1 was added to the reaction vessel; nitrogen
was introduced into the vessel, and with the agitaéor running
heat was applied to the reaction vessel to maintain a .

15 temperature at which reflux of the solvent occﬁrred. After
reaching the reflux temperature, Charges-2 and -3 were added
separately to the reaction vessel in a continuous manner over
‘a period of 2 hours. Subsequently, Charge-4 was added and the
reaction mixture was held for 1 hour at the reflux

20 temperature. Charge-5 was then added and the reaction mixture
was held an additional 1.5 hours at the reflux temperature.

The contents of the reaction vessel were then cooled and

SUBSTITUTE SHEET (RULE 26)



Phot ochrom ¢ No. 2 .. 2.86 TINUVIN 144 WV

stabilizer 1.74 BAYSI LONE paint additive PL[err]-
0.10 wo';g,g,ﬁgt al yst[ err] : _ 0 PEF/USIB/O23S®| er |
29.75 Char ge- 2 o

Mat eri al Wi ght (grams) PoI yacrylic Polyol of
Conposition D 37.96 - ' Char ge- 3
Mat eri al Vi ght (grans) VESTANAT B 1358 A bl ocked

' 51.54 p‘dayxsﬁecyadnat@ § styitable container. The TREulFARIRCYMEFed bel ow,

of pol yacAwioh a8 iopiarda FEEER Rt R RO hat nhpd T BBEET, 0

to a @mﬁmuaﬁr wéilgmablcff fambuuseowtjsemﬁﬁl NKWhel PI18eD0 hadnegeni zer 15
and were m xed for 2 m nutes 5000 r

- 42 - welght average molecu ar E&?F as measuiﬁgugy %ﬁl Permeatknnunt of
of 5 chroph¥byPapky us1ng'§%h9Et9£eﬂe as a sthxasplip ob.about 9,000P: D
(grans) gramns) 70: 30 14

6 and agBydroxyl value @f. ghout 170 based)gn polymer solids. -7

Example 2 _ _
:The following materials were added in the order and

' 10 the manner described to a container suitable for use with a

"BRINKMAN PT-3000 homogenizer:

Charge-1

Material ﬂgigg;_ig;gmgl
Photochromic No. 1'% | | 0.673
Photéchromic No. 2'¢ . 0.449
TINUVIN 2927 UV stabilizer 0.546

' BAYSILONE paint additive PL'® : 0.015
Tin catalyst”’ ' 0.103
mpo . 3.163
15 : Charge-2
. Material Weight ;gfamsz
Polyacrylic Polyol of Composition A 5.66
QO POLYMEG 1000 diol®™ 2.25
_ Charge-3

Material | Weight (grams)

'VESTANAT B 1358 A blocked ' 8.098

polyisocyanateu?*

SUBSTITUTE SHEET (RULE 26)



jrzr'

6C 60: 40 12 ' 8 6D

55:45 11 9 _ 6E 50:50

10 .  woosms71s 10 6F ' 45: 55 PCT/US98/02558 .

11 6G 40: 60 8 12

Compar ative Example 1 (CE1) The procedure of Exanple 6 was
foll owed. The anmounts |isted bel 0\/\/390T Solution 1 and Sol ution 2

necessary 5 to yield the |isted vvelg rati o of pol éacryl i C poI yol to the
Q PO_YI\/EG(il)OOAdPéPht%FJe: aRiayey hesn%rahmt%m PaPeeSPHPT When 5o with

a BRI NKVAN PT- 3000 §o0Dae N, Z8{ ﬁ'%‘i‘aW%@eE“ Xfhd Or m nutes at 5000
rpm Am)unt of Amount of
of . (6 50! &t haphtho (1,2~ m@lymanonhgt exhibibe @prednprange color p: D

(grans) ¢80: 20 _ 16

4 ghgg 1rrad1ateg5g%§h CE%rav1olet ;&gh 5 . 10

CO”paraBiV@vﬁxaH@hﬂeﬁed(éﬁiﬁe ultraviolet lightIlsrabdlliaern¢castwssgistrywer e
added in the order Iisted to a_container suitable for use with a
BRI NKMAN PT- 30080 41p3fmfeni )z dvailable fygn fgBRrFEIGY Corp.

PCT/U598/O%§§8 Phenyl methyl pRNg 1loxane available frof Bayer
Mat eri al i ght (grans)
Corporat;on.
(9)  Dibutyltin dilaurate avallable as DABCO T-12 catalyst or
10 METACURE' T~-12- catalyst.
(10) N-methyl pyrrolidone solvent of 99 percent purity.
(11) Pely(oxytetramethylene)diol having a number average
molecular weight of 1000 which is availaple from Great
Lakes Chemical Corporation.
15 (12) A methyl ethyl ketoxime blocked, aliphatic

polyisocyanate available from Huls America Inc.

. Charge-1 was added to the container and mixed by the
20 homogenizet at a speed of 5000 rpm for 2 minutes. Charge-2
was then added to the container and mixed for an additional 2
minutes at 5000 rpm. The resulting solution was transferred
to a suitable container and Charge-3 was added. The resulting
._ratio of NCO:0H was 1.2:1.0. Subsequently, the container was
25 placed on a roller mili rotating at 200 rpm for one hour.
Afterwards, the solution was filtered through a 10 micron

nylon filter and degassed under vacuum for about 5 minutes.

Example 3
30 The procedure of Example 2 was followed except that

5.66 grams of the polyacrylic polyol of Composition B were

used.
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Phot ochromic No. 1 8.749 Phot ochrom ¢ No. 2

5. 837 TINUVIN 144 TV stabilizer 3. 549 BAYSI LONE
pai nt  age dgistprsPLL err] 0. 195 Ti n cat al ystperns98/02558 .

1. 339 JI(’}Ibgf‘rr] 60. 775 :

The contents in the container were mixed for 2 m nutes at 5000 rpm.
Aliquots of 6.188 grans of the resultigqog- solution were transferred to

sui tabl e contai ners. The anounts 5 of the polyacrylic polyol of Conposition
D. and the QO POLYMEG 1000 diol listed bel ow were added to i ndivi dual

cont ai ners of the 6.188 grans of solution to yield the |isted weight
ratio of the polyacrylic polyol E¥gmelesdsition D to the QO POLYMEG
1000 diol. 10 The procedure of Example 2 was followéﬁﬁé&ﬁeﬂﬁ that

Pol yacrylic Amount ? pol yol of
QO POLYMEG .07 gramgxafiptbe polyacrylicopolyol of C@mpssnmrp ¥as 1000 di ol
No. 5 used P: D (grans) (grans) - CE2A

100: 0 ° 5.964 0 : CE2B 95: 5

5. 686 0. 300 CE2C 90: 10 5. 407

0. 600 CE2D 85: 15 5.125 0. 904

CE2E T 25: 75 1. pEgample 5 4.728 CE2F

20: 80 1. 26@pe procedure 5f0ﬁ§amp1e 2 wasCE3®lowed except tha8b

0. 953 5. 400 10: 90 0. 638

5. 740 5.53 gngms| of the polyaquggc polyol of Qpmpogition D was g (82
CE2J 0: 100 .- 0 6. 427 WD 98/ 37115
pcT/ usdd Bty _ S a4 -

VESTANAT B 1358 A bl ocked pol yi socyanate (8.09S grans) was added to each
of the resulting solutions. The Eeﬁﬁl ji ng ratio of NCO OH was 1.2:1.0.
Each solution was 5 m xed using a B T- 3000 honogeni zer for 2

m nut es at 5000 rphe fgitcedael biEnExawple i 2D asWELRLbwed sdaraped that
TINUVIN 144, a hindered amine UV stabilizer, was used in place
15 of TINUVIN 292. Two solutions were prepared with the

materials and amounts listed below:

Solution No. 1

. Charge-1
Material : | Weight (grams)
Photochromic No. 1 2.83
Photochromic No. 2 | o 1.89
TINUVIN 144 UV stabilizer - 1.15
BAYSILONE paint additive PL'” 0.06
Tin catalyst'®’ 0.43
NMp 29 19.68
.20
Charge-~-2
Material Weight (grams)
QO POLYMEG 1000 diol ¥ - .' 1 27.0
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suitable containers, filtered through a 10 nicron nylon filter and

degassed under vacuum for about 20 ni nutes. 10

Exanpl %398/37115 The following material s were addegct/osdisnassy der.
listed to a container suitable for use with a BRI NKMAN PT- 3000

honogeni zer . . -Mat eri al - Wi ght (gramns)
Photochrom c No. 1 - 41 - 2.02 Phot ochrom ¢ No. 2
1. 347 TINUVIN 144 UV stabilizer. 0. 819 BAYSI LONE

pai nt additive PL[err] ~ cRaBd4é-3 T| n catalyst[err]

0. 309° NVPt [err] ) _ . 14. 025 VESTANAT B
1358 Abl ocked -  Matexial 24. 29 pol ﬁ%&é}aé&ﬁe—f-brr] 15

The cont e@ﬁﬁm.lt@elgg@t glgﬁgcme m xed for 2 m gytgs at 5000 rpm and
di vided into aliquots 7 grans. To each aliquot was added the
anount s c@ollswi%mmadteg | isted below. The resulting solutions were

m xed for 2 20 m nutes at 5000 rpm and degassed under vacuum for about 15

m nutes. The weight ratio of the polyol to the diol is 40:60. Each
solution had an NCO OH ratio of 1.2:1.0. . WD 98/37115
-PCT/ US98/ 02558 ' } - 45 - '
Corrposi tion D | .S,_OLEQ;%!]L,%Q.-(.%. ~ Diol (D Exanpl e
No. (grams) (grarﬂs) Charge-1 '
PEG( 1000) [err] . 45 . 0. 67 (13)
Pol yet hyl ene gl ycol Mﬁ&ﬁgl-a nunber average nol aiight (grams)  \ejght of
1000. Sphotochromic N Exanple 8 The
fol |l owi ng n%toerrfra sl vve?e added in the order Ilsted to a cont ai ner
sui t abl e Phetesivramitch Ne. BRI NKMAN PT- 3000 2.86

TINUVIN 144 UV stabilizer - 1.74

BAYSILONE paint additive PL'® 0.10

Tin catalyst”’ : ' 0.66

NMp 29 : ' . 29.75

_ c e-2
Material _ Weight (grams)
Polyacrylic Polyol of Composition D ' 37.96
Charge-3
Material Weight (grams)
VESTANAT B 1358 A blocked : 51.54
polyisocyanateu”
10

The amounts listed.below, of Solution 1 and Solution
2 necessary to yield the.listed weight ratio of polyacrylic
polyol (P) to the QO POLYMEG 1000 diol (D), were added to a
container suitable for use with a BRINKMAN PT-3000 homogenizer

I35 and were mixed for 2 minutes at 5000 rpm.
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honogeni zer. ,. Mat eri al Wi ght (gramns)
Phot ochrom ¢ No. 1 8.076 Phot ochromi ¢ No. 2

5. 388 I 144 UV stabilizer 3. ptAfusesossiy S LONE
pai nt adﬂi;ts%%lgu err] 0.18  Tin catal ystlerrl

1.236  NwP[err] | FUSISHEET NASBEENT B
1358 A bl ocked ' 97.17p - polyisocyahate HRFPLACED
The contents in the container were mxed for 2 . m nut

divided into aliquots of 14.86 gyak5. To gaGkheldguot wagmageke b he
anounts of polyol and di ol | isted below. The resulting solutions were

m xed for 2 15 minutes at 5000 r®f and dega$sedytimde? vaculfpiudionbdut 15

m nut es. -The gtio of theg pplyol to th for each ution is
60: 40 and th%%g#mtlo s 15 3 Feger, 197, 0% arar)

PCT/ US98/ 02558 6a 70:30 14 - 46 - 6
Conmposition D - Polyol (P Di ol (D)
Exanpl e- No. B (gr ans) 65:35 (4r ans) ks ' o7
PPG100) [err] e6C 8A 60:40 3.699 12 2.466 g
POTM 1000) [err] 8B 3. 697 2. 465
BPA (30) EJerr] © ~ 8C 55:45 4.23111 2.82% (14)
Pol ypr opyl ene gl y@l having a nyyuagr average nohgcul ar 10 Wei ght of
1000. (15) Pol y(oxytetranet hyl'ene) .di ol having a nunber average
mol ecul ar wei ght & 1000. 5 (1&5:Bi5sphenol A hav& ng approxi mat éty 30
et hyl ene oxi de unéés - - | nunber aver gge nol ecul ar wg_bght of 1500
which is avallablefrom G I ndustries, Inc.

Comparative Ex e 1 El

The procedure of Example 6 was followed. The
amounts listed below, of Solution 1 and Solﬁtion 2 necessary
5 to yield the listed weight ratio of polyacrylic polyol to the
QO POLYMEG 1000 diol, were added to a container suitable for
use with a BRINKMAN PT-3000 homogenizer and were mixed for 2
minutes at 5000 rpm. |

Raf.io "~ Amount of Amount of
of Solution 1 Solution 2
Example No. P:D {grams) (grams)
| CElA 80:20 16 .
CE1lB 75:25 15 5
10 Comparative Example 2 (CE2)

The following materials were added in the order
listed to a container suitable for use with a BRINKMAN PT-3000

homogenizer.

eet Has Been Replaced

A |I|\
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-Exanple 9 10 The followng materials were added in the order

and manner described to a suitable vessel equipped with an agitator:
Char ge- wio 98/37115 Mat eri al WPOJVUS96025385) .
Phot ochrom ¢ No. 1 - : 2.691 Phot echrom ¢ No.
2 2.154 Phot ochromi ¢ No. 3 '
0. 538 TI NUVI N 144 W stabilizer - 43 - 1. 309

. BAYSI LONE pai nt additive PL[err] - 0.072 Tin catalyst[err]
0.494 NVP[err] Material Weight (gZam#’8 WO
98/ 37115 ' PCT/ US98/ 02558
- 47 - Photochromic No. 1 ' Char ge- 2 749

~Material Wi ght (grans) - Pol yagrg4+ ¢ pol yol of
Conposi t i opPgrochromie No. 2., 170 Q0 POLYNEG 1008§d§ié|g:'[err]
12. 329 TINUVIN 144 UV stabilizer Char ge- 3 3.548
Mat eri al tee gr ans) VEST 1358 A bl ocked
38. 849 %%’Fi‘ﬁ‘é%?ﬁé?& FS??’T”“"% 11bs® Char ge- 4
Material Tin catalyst‘® Wi ght (grans) SI LQUBESB3A 187[ err]

1.961 1QN&égh A spi ronapht hoxazi ne whi ch col ors blgg.¥Q§n irradiated

The contents in the container were mixed for 2
minutes at 5000 }pﬁ.' Aliquots of 6.188 grams of the resulting
solution were‘transfefred to suitable containers. The amounts

5 of the polyacrylic polyol of Composition D. and the QO POLYMEG
1000 diél'listed below were added to individual containers of
the 6.188 grams of solution to yield the listed weight ratio
of the polyacrylic polyol of Composition D to the QO POLYMEG

~ 1000 diol.
10
Amount of
Polyacrylic Amount of
Ratio polyol of QO POLYMEG
Exampie . of COmposition D 1000 diol
No. BP:D | (grams) {grams)
CE2A 100:0 5.964 0
CE2B 95:5 5.686 ' 0.300
CE2C . 90:10 5.407 0.600
CE2D 85:15 5.125 0.964
CE2E 25:75 1.576 4.728
‘CE2F ~ 20:80 1.266 5.063
CE2G 15:85 | 0.953 5.400
CE2H ©10:90 0.638 | 5.740
CE2I 5:95 0.320 6.082

CE2J 0:100 0 ' 6.427
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with ultraviol et l'i ght. (18) A [err]-glycidoxypropyltrimethoxysilane

avai l abl e from CSi Speci al ti es. 15 - Charge-1 was
added tgﬁ%?xgssel, t he agitator was turned on and thpcgRIRdBEsSs Wer e
m xed u solids were di ssol ved. Charges 2, 3, and 4 were :
‘separately added and after each addition, the solution was m xed. The
resulting 20 solution was filtered theoggh-a 10 mcron filter and degassed
under vacuum for about 20 n nutes. WO 98/ 37115

PCT/ US98/ 02558 ' _ - : - 48 - _ '
Conpar ati ve Exanple 3 (CE3) The follow ng materials were

added in the order VESTANAE BoliS& dnbibaked mpliviisosyrBatesE8 it a
BRI NKMAN PT- ni.ze : ; idls. Th
Vi ght (gr ﬁ%?g)o ‘;ﬁ%tlgagloc%r ('g.?h %aﬁ%_oﬁi thel resulting Q@Sﬁf‘t&oﬂs eo_ 673
Phot ochr onirestbtirdy ratio of NCO:0H was 1.2:1.0.0.Haéh solfithioul Mag44 WV

stabilizer |, . 0.273 BAYSI LONE pfai nt_. addi %i ve_Pl[err]
0.015 2 me%%t%% [aEIB,R]INIG\dAN PT-3000 homogenlzer for 20% es [err]

4.675 . PebyaCiphi C 1R !@Eu@f:ing. solutions were transferked@o  Conposition
D QO POLYMEG 1000 pol yol [err] , 4. 060 VESTANAT B 1358
Abl ocked suitable containers, filbegred thaopgboryhh by aylon filter

The contentsyi feaddlss q%%gge(, y:\@‘g,g 1 X8 hi®r 28 mindBdRit €s at 5000 rpm The
resul ting é%?’u??%n V\é/ads? | tergd 1 ft%wough a 1Omﬁi1cron nylon filter and
degassed under vacuum for about 20 mnutes. The resulting solution had a -
wei ght ratio of the polvyacrylic ol, of Conposition Dto the QO
PoLYMEG? 1000 diol of . 35:65 and a%@ﬂ&r atio of 1.2:1.0. 15
‘Conparative Exanpl e 4HeCEé)lowing materials wéee paddeeilime the Godpmrative
Exoﬁp”‘;'sﬁ 3 482 L8 L E ContaTheePiui Ll 27 452" hidl LERATNAN BrPOISP! ©f

homogeniier.
Material I Weight (grams)
Photochromic No. 1 : 2.02
Photochromic. No. 2 . 1.347
TINUVIN 144 UV stabilizer ' 0.819
BAYSILONE paint additive PL'® 0.045
Tin catalyst‘® - 0.309
Nmp ! | | 14.025
VESTANAT B 1358 A blocked . 24.29
~ polyisocyanate* |

15
The contents in the container were mixed for 2

minutes at 5000 rpm and divided into aliquots of 3.67 grams.
To each aliquot was added the amounts of polyol and diol
listed below. The resulting soclutions were mixed for 2

20 minutes at 5000 rpm and degassed under vacuum for about 15
minutes. The weight ratio of the polyol to the diol is 40:60.
Each solution had an NCO:OH ratio of 1.2:1.0. _
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and 4.40 granms of QO POLYMEG 1000 di ol were used. The resulting solution

had a weight ratio of the polyacrylic WO 98/ 37115
PCT/ USO8 485 1s _ - 49 - PCT/\S9SPRS580f.
Conposition Dto the QO POLYMEG 1000 diol of 30:70 and an NCOOH ratio
of 1.2:1.0. Conparative Exanple 5 (CE5) 5
The procedure of Conparative Exanple 2 4%s- fol | owed. To each ali quot
was added the anounts of polyol and diol | i sted bel ow.
Conposition D Conpar atompositionPdl yol ( P) ~Di ol (D)
P: D Exanpl e No. r ) ratio
PEG(600) [ err] 5A P‘gﬂ’&n&)) 0. 45 Dg'g{%s 0. 67
40: 60 Example No. {grams) {gBisX 725) 20 oB
POTM (650)[err] . 5C 0 BBE (2000) 0.51
42: 58 7 0.45 PGy (530)[err] | 5D
0 0.85 . 0:100
PCL (1250) 23 5E 0.72 . 0. 66
52: 48 9) _Pol vet hyl ene .gl ycol _having _a_nunb ular 10
wei ght of 6%{1)) P°9Y¥%’B%/elﬁol%}g'?§gy*’%‘ﬁ:en%l%c?o -%gv?{r{agés%u eérm&\%%r age
nmol ecul ar weighi€i ghtiowfo.725. (21) Pol y(oxytetranethyl ene) diol
havi ng a nunber average nmol ecul ar wei ght of 650. 15 (22)
Pol ycapr ol actene—di-e- having a nunber average '

5 . - -

Example 8

. The following materials were added in the order

listed to a container suitable for use with a BRINKMAN PT-3000

homogenizer.

Material Wei : ra
Photochromic No. 1 8.076
Photochromic No. 2 5.388
TINUVIN 144 UV stabilizer _ 3.276
BAYSILONE paint additive PL'® 0.18
Tin catalyst‘® 1.236
Nmp 20! ) - s6.1
VESTANAT B 1358 A blocked - 97.176
polyisocyanate *?

10

The contents in the container were mixed for 2
minutes at 5000 rpm and divided into aliqubts of 14.86 grams.
To each aliquot was added the amounts of polyol and diol
iisted below. The resulting solutions were mixed for 2
I5 minutes at 5000 rpm and degassed under vacuum for about 15
minutes. The weight ratio of the polyol to the diol for each

solution is 60:40 and the NCO:0H ratio is 1.2:1.0.
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nmol ecul ar wei ght of 530. (23) Pol ycaprol actone di ol having a nunber
aver age nol ecul ar wei ght of 1250.

- 50 - Exanmpl e 10 8/02558 . . -
Part AWO98ATILS The sol utions prepared in Exanpl esPc5,USS9were appl i ed
5 via a spincoating nmethod to thernoplastic polycarbonate |enses t hat
were previously coated with a non-tintgdle hardcoat by t he supplier.
The I enses were 76 millineters in diameter and wer e obtained from
Gentex Optics, Inc.; O CobbhfSostidn/ipsi on. of Benson Eyecare Corp.;

Vi sion-Ease, a unit of BMC 710 Industries, Inc.; and/or SOLA Optical USA.
Prior to application oPOJéYFelQRiatl ng, eBipt Qz)ns was i mersed for 30

seconds i n@g E%ﬁgeﬁgs pot assj drOXI de s ”g%#%%l havi ng a normal ity
of about 2 S rral at ate of 55[err]C., and

then rinsed with deionized water. In sorrePcPssmeOO)JIS t he i mersi on and

rinsing steps We%e conduct ed i ns%l soni cat or 6 operating at a conparable
power |evel as e Branson trasoni c MI® 5200 soni cator descri bed
her ei n. Approxi mately 800 milligranspefm @@os)*dn was di spensed onto

each lens that was spinning at 2000 rpm which resulted in a 20 wet film
wei ght of appro® mately 200 n?iqﬁ"gram; per |®rk8S The

_ BPA(30)EO
8C 4.231 - 2.821

(_14) Polypropylen:a glycol having a number. average molecular
weight of 1000. |

(15) Poly(oxytetramethylene) diol having a number average
molecular wéight of 1000. | -

5 (16) .Bisphenol A having approximately 30 ethylene oxide units

and a number average molecular weight of 1500 which is

available from PPG Industries, Inc.

Exg,mg. le 9
10 The following materials were added in the orxder and

manner describéd to a suitable vessel equipped with an

agitator:
- Charge-1
Material Weight (grams

Photochromic No. 1 | ' 2.691
Photochromic No. 2 2.154
Photochromic No. 347 : 0.538
TINUVIN 144 UV stabilizer 1.309
BAYSILONE paint additive pL'® : 0.072
Tin c_atalyst(” _ - 0.494
nMp 22.428
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coated lenses were initially exposed to infrared Iight for a tinme _
sufficient to reduce the sticky nature of the coated | enses and t hen
were cuf%p”fﬁi’h 0 mnutes in a convection oven mai nt pIOTATLISN25SS.

1407 err inal thickness of the dried coatings 25 were approxi mately
20 m crons. : The solutions prepared in Exanples 6-9 and
Conparative Exarrpl es 1 to 5 were appl ed7via a spincoating met hod to

| enses made of CR-39[err] nonomer. The | enses were 76 mllimeters in

di aneter and were obtai ned from SOLAcER¢&eap 30 USA. Prior to application
of the coating, each lens (except those of Exanple 9) was immersed for
3 minutes in an aqueous pot assi um hydr oxi de solution having a normality

of about 2.4 aterial weight ?;a:ms) t hat
was nai ntained at a terrpeLF;ra ugi're of 55[err]C. and then rrnse W th

dei oni zed" Relyacryitic polyedi of Gempositsiony st eps were  17.FBhducted in a
Branson U 0 (19pni cat or . Appr oxi mat £l y, O milligrans
of soluti oha\?\gm%?gd ﬁ? 5 each lens that was splénm%rzg at 2000

rpm which resulted in a wet f| | m wei ght of approximtely 200.
~mlligrams per. lens. The coated | enses were cured for 40 minutes in a
convection oven- mai nt ai ned at 1$9F€$?—]4: The final thickness of the
dried cgating .was approxi mately 20 microns. Lenses coated with the

solution 10 of Exanple 9 were separated into 2 groups, 9A and 9B. Both
groups were coat ed asl’@ésﬁ-.é&ed above, but the | eledght (grams)

. VESTANAT B 1358 Ablocked _ 38.849%
polyisocyanate“z’
Charge-4
Material . Weight ggramgl
SILQUEST A-1874% _ © 1.961

10 (17) A spironaphthoxazine which colors blue when irradiated
with ultraviolet light.
(18) A y-glycidoxypropyltrimethoxysilane available from OSi

Specialties.

15
Charge-1 w§S'added to the vessel, the agiéator was
turned on and the contents werelmixed until the solids were
dissolved. Charges 2, 3, and 4 were separately added and
~after each addition, the sdlution was mixed. The resulting
20 solution was filtered through a 10 micron filter and degassed

under vacuum for about 20 minutes.
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et .
designated 9B were additionally coated with an organosil ane-
containing protective coating and cured. The thickness of the

resul ti oat was 2 mcrons. 15 ' PCT/US98/02558 . .Part
B - Wg&}j’;‘if? The photochromic coated | enses prepared in Part A :
were subjected to m crohardness testing using a Fischerscope HCV,
Model - H 100 avail able from Fi scher Tec#fotogy, Inc. The .20 m crohardness,
measured in Newtons per mm2, of the coated | enses of Exanples 2
through 5 was determ ned under the- conditions of a 10 m|1i Newt on

| oad, 30 | oad steps and 0.% . SECOo ayse &%ﬁen | oad st eps.
M crohar dness testing for =NR2fRaiie e before and after an

| PA wipe, i.e., theThb fc206RSnyaiLaptiRde Wekl addedojn apnerdepaked cloth

8 tines . forward and 8 tinmes backward. Wping wth isopropanol before
ni cr ohar dh&8Eeg c5Q ih Fantadsre Fuitrhis rﬁ%“tsﬁewéﬁBn?cBaRmM &8%r3P3fce and
struct ur ahohB4&giddy. of the coating. The m crohardness results for an
acceptabl e coating tested before 30 the I PA wi pe should not differ by nore
than 20 percent from the m crohardness results of the sane coating
tested after the P!A _pe. M crohardness res a fEEE Me | PA wi pe
out si de of L : Heifnd - - t he
accept abl ehoeogeramia: iNedi aati ve of coatings that absar.ls73 i sopr opanol
t her eby eEngééﬂlgomrgccrN%tlarzdness -and coating 0.249

TINUVIN 144 UV stabilizer . 0.273

BAYSILONE paint additive PL'® 0.015

Tin catalyst® | 0.103

np9 - 4.675

Polyacrylic Polyol of 2.190

Composition D

QO POLYMEG 1000 polyol ‘¥ ‘ | 4.060

VESTANAT B 1358 A blocked | 8.098

polyisocyanate *? ' ' '

The contents in the container were mixed for 2
minutes at S000 rpm. The resulting solution was filtered
10 through a 10 micron nylon filter and degassed under vacuum for .
about 20 minutes. The resulting solution had a weight ratio
of the polyac:fylic polycl of Composition D to the QO POLYMEG
1000 diol of 35:65 and an NCO:OH ratio of 1.2:1.0.

15 Comparative Example 4 (CE4)

The procedure of Comparative Example 3 was followed
except that 1.89 grams of polyacrylic polyol of Composition D
and 4.40 grams of QO POLYMEG 1000 diol were used. The

- resulting solution had a weight ratio of the polYacrylic
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integri ty' Such a coat | ng woul d be expected to have reduced chem cal

resi stance and nmay not.remain intact during further 5 processing. Each
| ens wa gk 3 times and the nurrerl cal aver age of PCTAIN98/02558.
results ts Iisted in Table 1. The m crohardness of the °
coated | enses of Exanples 7 t hrough 9 and Conparatijve Exanples 5A
t hr ough -5E was + determned without g0 1PA w pe. Each | ens was tested
once 10 under conditions of 300 mlliNewton | oad, 30 | oad steps and

0.5 secondgRseeO UL 088 516D Tns 88! pbEaMES L GYeR dibal 8¢ 39701 1 Tabl e

2. he phot ochronic
coated | eranedt 337 EO:OH ratbaref A.2:1. \nere screened for ult raV| ol et
absor bance and | enses having conpar abl e UV absorbance at 390
nanoneters were tested for- phot ochrom c response on an optical bench.

Prior to testing on th taisilved @ h 1éhe ochrom'c | enses were

exposed_to 20 365 naponeter ItraV| al et ght for out 20 m.nutes to
activat® the phot ocht8fi B¥eg i 5!?&9?5% "’ﬁeﬁ?@&'ﬂ f 3 V’S‘fefn} wed.  oyen
for about 29 dddiilAlquetPlaachadddats wabeheser polyRlokaahaesic conpounds.
The coated | enses were then cooled to room tenperature, exposed to
fl uor escentigtsinbiglgMt-i ng for at 25 least 2 hours and then kept covered
for at |least 2 hours prior -to testing on an optical bench. The bench
was fitted with a - 300 watt Xenon arc |anp, a renote controlled
shutter, a Schott 3rrnC¢t®@silJzim pass filter, which renoves short
wavel engt h ralatlon ral ensity filt avvater |1/ sanpl e
30 hol der hm gé?’f’z Wi n%#}yq qm&u nt ai.n ?‘@fééfnpl e lgrat ure in
whi ch the Imp_n_o_ested wesranzger t ed. {grams) ratlo
PEG(600) *?
© BA 0.45 0.67 40:60
| PPG(725) *°
5B . 0.a3 0.55 1 44:56
POTM(650) **
sc - 0.37 0.51 42:58
PCL(530) %
SD . ' 0 - 0.85 0:100
PCL(1250) 2
SE 0.72 0.66 52:48

(19) Polyethylene glycol having a number average molecular
10 weight of 600.

(20) Polypropylene glycol having a number average molecular

~weight of 72S.
- {(21) Poly(oxytetramethylene) diol having a number average

' molecular weight of 650.
15 (22) Polycaprolactone diol having a number average

_ molecular weight of 530.

(23) Polycaprolactone diol having a number average

molecular weight of 12S0.
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- 53 - The power output of the optical bench, i.e., the
dosage of light that the sanple | ens woul d be exposed to, was adj ust ed

to 1.4 r@o[’j#%%s per square centineter (mMNcnierr]) for pcTrUSosrIEsses 2
t hr ough 0.83 mWcnjerr] for Exanples 6 through 5 9 and

Conpar ative Exanples 1 through 5. Measurement of the Y )
made using a GRASEBY Optronics Mdel S-34l._ portab g”bﬁi@%ﬁeﬁ@b %@é’r aI
#21536) with a UV-A detector (Serl al # 22411) or | UI pme
The  UV- A det ect or was placed into the sanple holder and the T1gnht
output was 10 neasured. Adjustnents to the.power output were nmade by

i ncreasing or decreasing the | anp wagtsa@leorroby addi ng or renovi ng
neutral density filters in the |ight path. A noni toring,
coll i mated beamof light froma tBA¥sfen | anp was passed through the

sanpl e at 30[err] norggk é&luc’%ﬂéﬂgréﬁa}é&emfsﬁam@lbenﬁ 5 Aldrd apPIseRy

t hrough the lens, the - light fromthe tungsten | anp was directed
t hr ough & pwic ms@incoatmmmtmq mguemonlw:étwﬁycmomﬁa&ten#gnm s

fromthe det ect : a_r 3_.{553._ 1T of the
test condi t‘l"lbah% "}ae%(? §5&¥J>,|ES| T n o ?gtv}gxlvlvas ﬁgﬁ N 20 La tech

Not ebook Prmes@‘dpgﬂﬂerandméelm&éedsldnﬂlmmtx&rs m dlameter and Change
in optical densit er fromthe bl eac te to e .dar kened
Srats wae dORER AARAITGY ESPRLFTSIRn GREAGE, TRC| hQEoR b S R TRACE

openi ng t heos Hidrdsin fage&hkéecaﬁnon Vi@iBn-Ease| Ga find¢i &€ BMET avi ol et
radi ation to change t test-lens from 25 the bl eached state to an

activat df (¥n@15tzb‘iﬁ5keﬁ§6) i SRBA4O%SOLA OPEEFRE (YRR nFEAPEI E%0f ti ne,
measuring t£5bf{éHE¥QhFB@nﬁﬁe'ébééﬁig, each lens was immersed for 30

seconds in an agqueous potassium hydroxide'solution having a

normality of about 2.4, which was maintained at a temperature
of 55°C., and then rinsed with deionized water. In some cases,

15 the immersion and rinsing steps were conducted in a sonicator
operating at a comparable power level as the Branson
Ultrasonic Model 5200 sonicator described herein.

~ Approximately 800 milligrams of solution was dispensed onto
each lens .that was spinning at 2000 rpm, which resulted in a

20 wet film weight of approximately 200 milligrams per lemns. The
coated lenses were initially exposed to infrared light for a
time sufficient to reduce the sticky nature of the coated
lenses and then were cured for 40 minuﬁes in a convection oven
maintained at 140°C. The final thickness of the dried coatings

25 were approximately 20 microns.

. The solutions prepared in Examples 6-9 and
Comparative Examples 1 and 2 were applied via a spincoating
method to lenses made of CR-39® monomer. The lenses were 76
millimeters in diameter and were obtained from SOLA Optical

30 Usa. Prior to application of the coating, each lens (except
those of Example 9) was immersed for 3 minutes in an agueous

potassium hydroxide solution having a normality of about 2.4
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activated state, and cal culating the change in optical density

according to the fornula: [err]OD = | og(%b/%a), where %b is the
per cent v%égm jtance in the bl eached state, %a is the 3JcTnsosm2sss. -
transmittance in the actlvated state and the logarithm is to the base
10. -5

The [err] OD was measured after the fi r.SgaSixt een (16) THIS § gg BBFNLJ\/
exposure and then after five (5) mnutes in the 85[erB errl] {0

Phot ochr om er f or mance .Test _usin o I bed
her ei nafteFﬁ E Hi2e B gaf%élre%po%er 5 \E Erdiiite gfsgtstﬁ:g%h%g‘zggﬁégal

det er m ni ngithede®sniisda atatiy.er u‘hE :.:ftmrﬁcamalnds nns:mg gteps oegle 5, t he
data nmay be normalized tq that of Exangtil 9 and

Oorrpar at | vEORIEFPEEsiT A (BHARFeR Bt B9= ’tﬁd?‘??@l 5200 s?ﬂggal *econd results

- andAngoﬁlﬁ&Mﬁ oS ‘!Hit]ﬁJ.Q!'aﬂis 40f solutiohN@aBl adsperdd® ontol/ 2) is
the t| me intérval 1n seconds for . 10 the [err]OD of the activated form of

t he photSoclerchi ten®nham¥as spmningt wé 2008 e eWbdsh FeFRsd dRedhal f the
hi ghest [er] %0? ﬁhtﬁgﬁ{r‘r 1de ﬁgg’uf’%‘%@%ﬁ?r’m fl&?%réﬂg‘)ﬁ!@:l‘ Qfpd heqgg@urce

of activati he phot ochrom ¢ coat ed | enses
tested arecbaséadlenses were Exired Sor 40]Minutes in a convection oven

Part D The mcroh es mg? Cri ededl réoagrt B was
perfor med Sirkaigedidh 14hSes B i‘éﬁ&’ PPP A I?j‘,e ok

: was approxlmately 20 microns. 'Lenses coated with the solution

10 of Example 9 were ;eparated into 2 groups, 92 and 9B. Both
groups were'céated as described above, but the lenses
desigﬁated 9B were additionally coated with an organosilane-
containing protective coating and cured. The thickness of the
resulting hardcoat was 2 microns. '

15

Part B
The photochromic coated lenses prepared in part A

were subjected to microhardness testing_using a Fischerscope
HCV, Model H-100 available from Fischer Technology, Inc. The

20 microhardness, measured in Newtons per mm®, of the coated
lenses of Examples 2 through 6 and Comparative Examples 1 and
2 was determined under the conditions of a 10 milliNewton
load, 30 load steps and 0.5 second pauses between load steps.
Microhardness testing for these samples was done before and

25 after an IPA wipe, i.e., the lenses were wiped with an
'isopropanol soaked cloth 8 times forward and 8 times backward.
Wiping with isopropanol before microhardness testing is done
to determine the chemical resistance and structural integrity
of the coating.. The microhardness results for an écceptable

30 coating tested before the IPA wipe should not differ by more
than + 20 percent from the microhardness results of the same

coating tested after the IPA wipe. Microhardness results
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Exanpl e 6 and Corrparativ'e Exanpl es 1 through 4 were tested
w t hout- an | PA wi pe under the conditions of a 300 m |

20 with and

| i Newt on | oad,

30 Ioadﬁéggﬁlzgd 0.5 second pauses between | oad st@gqmsga}bgsgesults

are rep Tabl e 4 in decreasing order of the we

i ght ratio of

the polyacrylic polyol of Conmposition D to the ﬁ_&i‘vs@%rlgggﬁm .
e b

25 The phot ochrom c respons%testl ng descri
was conduct ed on the photochrom c coated | enses of Parti_A

ﬁ&hagenL

t hat measur enent made when. ' t erature was
72[err]F (22t% r%wfg*dwégﬁe?ﬁ?‘i fgg?'fc? fﬁ%&fzfé’r“?ﬁggﬁ)d 95[err] F
Phot ochr onisa:Reid BrdTRiEc ecdeshgs Wty abserbessoproperrtler sher@By descr i bed

herei nafter for each te erature. $c power
]

bench was @ffectRE MH<F rﬁW%‘h{aé? ARfrdA ﬁﬁtggnty t eﬁﬁgi‘

the opti cal
at ¥

72[ err] F (gshfd rﬂ&)e:&ié@t%@ éo ﬂévé’“&’é&‘ﬁc@ﬁr Ehéffdal Nesistance and may

tenperature was 95[err]F (35[err]C). The photoc

hrom ¢ coat ed

| enses 5 nmrzeemmectoﬂuams ¢ aresesRing afachcheRS YAR/i ng

conpar abl e éJV SPSPTINGE BT Cg@}:@% C#&t %rﬁgg%ylé o%w 9

absor bance"%2 ue gi ves an |n unt o

st r?]sults

otochromc

C

conpounds is& listexbain mMablde Lhe | ens. When the terrperature of 72[err]F

(22[err]C) was used, .the l.enses re activated for nd t he
ACD was neasur ed’ aft(?}‘et RACFPhRTangss °%sg§8nﬁga%ﬁ1ddlt ?{'per 3‘%’5‘[ %n(t}t es.
Wien the tenpsligh W and compadatfve |Hxampikesr 8] Chrovwsh ISSGds dbeeelmitess were
activated for. 15 mnutes -10 and the [err] OD was neasured _ after the first

30 secdfdsvakeythan IPA wipe. Each lens was tested once under

conditions of 300 milliNewton load, 30 load steps and 0.5

second pauses between load steps. Test results are listed in

Table 2.

15 ‘part C

The photochromic coated lenses prepared in Part A

were screened for ultraviolet absorbance and lenses having

comparable UV absorbance at 390 nanometers were tested for

photochromic response on an optical bench. Priorx to

testing

20

25

30

on the optical bench, the photochromic lenses were exposed to
365 nanometer ultraviolet 1ight.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 coated lenses were then cooled to
room temperature, exposed to fluorescent room lighting for at
least 2 hours and then kept covered for at least 2 hours prioxr
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 quartz plated water
cell/sample holder fof maintaining sample temperatuie in which

the lens to be tested was inserted.
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after 15 minutes. The results are reported in Table 5 in decr easi ng

order of the weight ratio of the polyacrylic polyol of Conposition D to
t he QO Wolo¥hH®s1000 diol and in Table 6 for Exanpl es 7rPOT/HISOB/2S5Bar ati ve
Exarrpl es 5A - BE. 15 _ Table 1

M. cr ohar dness - M crohardness S
per nmmjerr] Newt ons per mmijerr] 33 - Exanpl e I\LH‘S sgiEEPEl._TACEA‘ﬁ‘gFgge

| PA W pe) (after | PA W pe) 2

105 - 3 The power output of tgg optical bench, i.e., r0@

4

122 dosage of iig%xqiﬁat the sample lens Qz5ou1d be exposed t5o_, was

REPLACEMEMNEjR4€68d to 1.4 WR198W3Eta5per square centimeter (mW/cm®) for
PCT/ US98/ 02558 56
Tabl e 2 Examples 5 throqgaaﬁppgd to 0.83 mW/cm’ for Exampqﬂ c PofiBFARER s

5 13 and Comparative Examples 1, 2 and 3. Measurement of the
power output was made using a GRASEBY 0ptronics'Model‘s-371
portable photometer (Serial #21536) with a UV-A detector
(Serial # 22411) or comparable equipment. The UV-A detector
was placed into the sample holder and the lighF output was

10 measured. Adjustments to the power output were made by
increasing or decreasing the lamp wattage or by adding or
removing neutral density filtérs in the light path.

A monitoring, collimated beam of light from a
tungsten lamp was passed through the sample at 30° normal to

15 the surface of the lens. After passing through the lens, the
light from the-tungsﬁén lamp was directed through a photopic
filter attached to a detector. The output signals from the
detector were processed by a radiometer. The control of the
test conditions and acqﬁisition of data was handled by the

20 Labtech Nofebook Pro software and the recommended I/0 board.
'Change in optical density (AOD) from the bleached
state to the darkened state was determined by estahlishihg the
initial transmittance, opening the shutter from the Xenon lamp
to provide ultraviolet radiation to change.the test lens from
25 the bleached state to.an activated (i.e., dafkened) state at
selected intervals of time, measuring the transmittance in the
activated state, and calculating the change in optical density

'~ according to the formula: AOD = log(%Tb/%Ta), where %Tb is

the percent transmittance in the bleached state, %Ta is the
30 percent transmittance in the activated state and the logarithm

is to the base 10.
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Nunber Newt ons per mmierr] 7

111 8A : 115

8B 119 PEPIUS98/02558
119° WO 98/37115 9A 104

CE5A o o 115 '

T1n . CE5C L, m%’g’ﬁmys BEEN
CE5D | 122 CEREPLACED

126 WO 98/ 3711151e AOD was measured after the f:.rst s:.xteen (16)

PCT/ US98/ 02558 57

Tabl e 3 seconds of UV exposure and thgg[a,;‘me]zpflve (5) m’SB{t@sr ig the

_ ?-5|-[ i/r rz% F 85°%X%| g) I\Bhot:ochr:cm\:x.c [%68%5‘2‘7’-‘[‘&’[ r‘ﬂesthusE.ﬁgnﬁ?ee S%eeJLf 1CD [err] _5

(seconds) parameters described heren.naflr.e'&? - Since a highe¥ ptver output

28 3 0. 27 0. 49 2

4 5 setting was used for detergpiming the AOD at 85%?7 for Examples;

8 421623 _ 2 throughos:G,gQ:he data may7be z?é.imallzed to(():l.t_l?% of Examples 700138
56 th€6gh 9 and Compara@itv¢ Examples 2 throu@ly 5 by dividing theg
CESC .08 .30 . : CE5D
0.09 1é .secomg.%%sults by 1.5 ang % S minute &%xgtSQ%y l.4. Thtb

0. 30 Bleach Rat&4(T 1/2) is th€Atime interval in(Osddonds for the A 0.40
44 : 8B . - - 0. 16, 0, 35 - ' - 35

10 OD of the activated form of the photochromic compound in the
coated lenses to reach one half the highest AOD at 85°F (29°C)
after removal of the source of activating light. Results for

the photochromic coated lenses tested are listed in Table 3.

15 : Part D _
| The same procedure described in Part A was used~to
apply the solutions of Examples 6 through 9 and Comparative
Examples 1 through 5 to the lenses prepared from CR-39®’_
diethylene glycol bis(éllyl carbonate) monomer except that all

20 the lenses (except those of Example 9) were treated for 1

| minute instead of 30 secondé or 3 minutes in the 2.4 N agueous
potassium hydroxide solution. The lenses coéted with the.
soiution of Example 9 were not treated with a caustic solution

. prior to coating. | _

25 - The microhardness testing described in Part B was
performed on the coated lenses and the results are reported in
Table 4 in decreasing order of the weight ratis of the
polyacrylic polyol of Composition D to the QO POLYMEG 1000
diol.

30 _ The photochromic response testing described in Part
C was conducted on the photochromic coated lenses described in

this Part D, except that measurements were made when the
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sC . 0.17 ' 0. 39 40 9A

0.19 ' 0. 38 32 9B ' 0.19
0.38  wo 9837115 31 PCT/US98/02558.
SUBSTI TUTE SHEET (RULE 26) WO 98/ 37115 '
PCr / US98/ 02558 : ' - = o '

Tabl e 4 Mgy ghar dness IS SH r&gégﬂgﬁgﬂéss
Newt ons per m err] Newt ons per mi err] Exar’r'ﬁﬁ . _
gggfore | R3eWek®) bench ééﬁﬁé%add%% W%Ee%2°F (22°C) andBPp (35°) in the
215 72°F afE295°F Photochrom:.c Perfbi-mance Tests using thel86st

%EED parameters deiééfged heréinafEEiB;or éﬁgh temperaturegﬁaﬁé

176 power BAtput of the optical bafdéh was adjusted to 0.83%W/cm’

6B 140 139

128 5 when the tempgpature was 72°F (22°C) and to 1.41 mW/cmg: when

| the temperature was 95°F (35°C). The photochromic coated
lenses were screened for ultraviolet absorbance and lenses
having comparable UV absorbance were tested further. The
ultraviolet absorbance value gives an indication of the amount

.10 of photochromi‘c corr.tﬁound_s in the coating on the lens. When
the temperature of 72°F (22°C) was used, the lenses were
activated for 30 minutes and the AOD was measured after the
first 30 seconds and then after 30 minutes. When the
temperature of 95°F (35°C) was ﬁsed, | the lenses were activated

15 for 15 minutes and the AOD was measured after the first 30

seconds and then after 15 minutes. The results are reported
in Table 5 in decreasing order of the weight ratio of the

polyacrylic polyol of Composition D to the QO POLYMEG 1000

diol.
20
Table 1
Microhardness Microhardness
. Newtons per mm? Newtons per mm®

Example No. . {before iéA Wipe) | (after IPA Wipe)
2 ' 10eé 105
3 98 102
4 | 80 _ 65
5 122 | 127
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6D 105
127 | 128
72 G .
30 wos»smn? g
14 CE2E - .
CE2F 11
8 7
6 CE2| -
CE2J 7
- 99 - Example
72[err]F 72[err
[err]OD[err] 30 [er%ﬁi
1/ 2 No.
CE2A 0. 03 - 0.23
0.04 0.27 1898
0. 06 0.32 9%8
0.37 - 646 0.13
371 ‘0.18 0.3%
0.21 0.39 - 5
0.41 30 e
29 6C 0.CEBA
6D 0.24 . 0.50 -
0. 20 0.-48 16658
0.50 58 0.césc
50 - 0. 37 0.42
' CESD
CESE

rr] 30
seconds mnutes

0.11 .

103 6E
6F _ ' 79 .
8 ' ssg . . CE3
= Pcﬁégm&mz .
13 8 :
- 56 - 6 CE2G
CE2H 4
gg ' 6
Table 2 6 - WD 98/ 37115

- Tabl e Microhardness 72[err] F
Exanpl e

95[err] F 95 err | =
T1/2 [er r] oD@s. T

seconds. seconds a1gnnutes seconds :
0. 05 0. 26 1019 CE2B
0. 30 CE2C
0.34 2649 CE2D 0. 08
176 CE1A 0.11 0.41
CE1B 0.1313 0.44 226
0.19 ' 0 ég 118 0. 27
0. 48 11 0.27 0. 40
94 0. 28s 0.41 24
0.31 0.4 20 6E.
0.40 2%18- 6F 0.28
16 _ 1-7 0. 30 0.51
122
126
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4

CE3 0.33 0.51 46 0.38 0.41 12 CE4
0.34 ' 0.51 41 0. 37 0.41 12 CE2E
0. 36 wobsB711s 37 0. 37 0. 39 11 PCT/USYN02858. . 0. 36
0.51 35 0. 36 0. 39 10 CE2G - 0. 37 '
0.51 34 0. 37 0. 38 10 - CE2H 0. 38
0.49 31 0. 36 0.38 = 57 40 CE2| 0. 38 0. 49
30 0. 36 0. 38 10 CE2J 0. 38 0. 49 30
0.36" 0.38 10 WD 98/ 37115
PCT/ US98/ 02558 - - 60 -
Table 6, 72[err]F I2Ri& @ 1F 72[err] F 95[err]F
95[err] F 95[err] F Exanpl e [err]Oerr]30 [ err] OD@O T1/2
[err] O err]30 [err]ODerr] 15 T 1/2 I\lO seconds njnutes
seconds seconds - minutes 85°F seconds85°F CE5A 85°FL5 0.57
284 0. 29 0. 46 7 9 0.5 192
2
0. 28 0. 43 44 Atgts g dom 830, %372 1%,
0.45 Fxample NOESC (ekdnds) 0. 44 (minutedns, Let®nds) 0.40
83 CE5D 0.10 - 0. 49 338 0, 22 0. 44 46
CESE"  0.13 2 0.44 2827 0.20 -°'40%.38 4828 8A
0.17 0.47 s3.... 137 d.230 0.45 o0.49 29 Bes 0. 20
0. 46 96 0. 27 0. 39 24 8C 0.21 0. 53
- 128 0.30 4 0.42 g 29 9A 0.3 23 0. 4927 - 83
0. 30 0.40 ¢ 21 * - Bg 0.23 .5 48 8lsg 0. 30
0. 40 20 The results of Tables 1 and 2 show that the
phot ochrom ¢ ccased | enses preépdrded using thed & utions of 68 Exanpl es 2
t hrough 5, 7 thrpugh 9, and C_(I)d’rq ative Examp, 5A t hr opgh 5E had
accept abl e m crohar dness. 2 3, all of 6% the | ensesy&;xcept t hose
prepared with thsBsol uti ons ofo.11 - 0.37 78
CESC 0.08 0.30 92
CESD 0.09 10.35 76
CESE 0.10 0.30 64
8A 0.16 0.40 44
8B 0.16 0.35 35
8C 0.17 0.39 40
. 92 0.19 0.38 32
9B 0.19 0.38 31

SUBSTITUTE SHEET (RULE 26)



Conpar ati ve Exanpl es SA through 5E denonstrated acceptabl e

phot ochrom c performance properties at 85[err]F (29C), i.e., a [err]OD 10
of at | eqpjog7iyd after 16 seconds and at | east 0.30 after PCHUS9I8NO2558M nut es
with a Bleach rate (T 1/2) of less than 60 seconds. Comparative
Exanpl es 5A through 5E were prepared using as the di ol conponent,
polyols and diols disclosed in the . . gfarenentioned prior art, i.e.,

U S. Patent 4, 899 413 and 15 Japanese Patent Applications 3- 269507 and
5-28753. - The resul tsqgfdapl es 4 and 5 show that only the
phot ochrom ¢ coated | enses prepared ustng the sol utions of Exanpl es

6A through 6G have microhardness rébsrphamﬁn¢#$1ttua- Mlcrohagﬂge$37115
PCT/ US98/ 2558 2 - N l.L.ed.fange of
50 to 150 New ons per m® and accepet Y65Pg per rm'ﬁot ochromc p %orrr&m :

results for 72[examdid ajerr]C) a__{e__A__p_).méf% erpA Fiipe) (35[ daftédr . IPA 6liped
[err]OD of at- least 0.15 after 30 seconds and at | east 0.44 after 30

mnutes with a Bl e&ER&Brate of |ess than2*3 200 seconds, and18 AOD of at

| east 0.25 after 3@gsgconds and at leggt 0.35 after fiftegg mnutes with
a Bleach rate of less = than 45 seconds, respectively. Conparative
Exanpl es 1 throughCEB2C4 were prepared udftg wei ght ratios of8fhe. _

pol yacrylic polyol agopof Conposition D jogthe QO POLYMEG 10Q§ gdiol that did
not 10 yield coateg Fenses denonstrating either the desired Fi scher

m cr ohar dness and/ Eiphot ochrom ¢ perfol@tnce. |I'n Table 6, 197all of the

phot ochrom c coate% Bﬁnses except thoselgi Conparative | es 5A
through 5E had ac EpFabl e phot ochroni c performance resdl'ts when tested
at 72[err]F (22[errk®) and 95[err]F (35pewr]C). 15 139Al t hough t he
present invention has been descri bed with reference to the specific
details of particul &P enbodi nents th&t®of, it is not intédded that such
details be = regarged as linitations upeg t he scope of thejbgvention
except as and to the extent that they are included in the 20
acconpanyi ng cl ai ns 8P 105 103
' 6E 127 128
6F ' 79 . 72
6G 58 _ - 47
CE3 . 30 . 8
cEe- E 27 14
CE2E ' 13 8
CE2F ' 11 6
CE2G 8 7
CE2H 4 6
CE2X 6 6
7 6

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26)
claim 1.

: - 62- e
An article conprising, in co
substrate and a pol yurethane

a
coating cont ai ni ng %%h’*é@éﬁ%rom C

corrpouW@(9§537b‘t§ at | east one surface of said substrate, said
phot ochrom ¢ pol yur et hané coati ng havi ng a Fischer m crohardness of
from50 to 150 Newtons per mP _agenmeasured with a Fi scherscope[err]
H 100 using a 300 mlliNewton |load, 30 |oad steps and 0.5 second
pauses 10 and exhibiting a [err] ODpgfyé@ts | east 0.15 after 30 seconds :
and at |east 0.44 after 30 mnutes, and a Bl each Rate 3%‘, I$§£Fthan 200
seconds - all as measgefed i n7ade 72[ e13°FF 9580t ochPGml ¢ Per or/mance
Test . - - 15 2. The artic of ol Waebens t ha RBi/@her
ni cr ohar dgeessplasf  SADB@3Oat iA@D@%ofroh &86 toﬂlgo

Newt ons pser 0?&-3 err] ,
the [err]OD is at |east, 0. 13 Riced’ 2@conasndseqonds minutes 529
30 m nut es,¥@nd th%g%ile%‘sc H

Fate | fter
3. The ardgxgl e ob.osl aihm glg3l/vlier e?‘?fl’aetsflet hoa.rbS:FSO S%Cf%%ds' 2019
| CE2B 0.04 . 0.27 1998 0.07  0.30 576
CE2C 0.06 0.32 976 0.11 0.34 264
cE2p  0.08  0.37 646  0.13 0.37 176
CElA  0.11 0.41 371 0.18 0.38 96
CE1B 0.13  0.44 226 0.21 o.;s 56
6a 0.19 0.48 118 0.27  0.41 30
6B 0.19 0.48 113 0.27 0.40 29
6C 0.22 0.49 94 0.29  0.41 24
6D 0.24 0.50 76 ~0.31 0.41 20
6E  0.20 0.48 100 0.29 0.40 27
6F 0.28 0.50 58 0.34 0.41 16
6G 0.30 0.51" ‘50 0.37 0.42 14
CE3 0.33 0.51 46  0.38 0.41 12
CE4 .0.34 0.51 41 0.37 042 12
CE2E 0.36 0.51 37 0.37 0.39 11
CE2F 0.36 0.51 35 0.36 0.39 10
' CE2G 0.37 0.51 34 ~o0.37  0.38 10
CE2H - 0.38 0.49 31 0.36 0.38 10
CE2I 0.38 0.49 30 0.36 0.38 10
cﬁzJ 0.38 0.49 30 0.36 0.38 10
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f{ol yur et hane of said photochrom ¢ pol yurethane coating I's prepared from

conponents conpri si ng: (a) an organic polyol; and 25

(b) an isocyanate; and (c) optional catalyst; t he WW@?P rati o of
the N®@DESBUARS in the isocyanate conponent to the --OH groups in the
.organi ¢ pol yol conponent .ranges fromO0.3:1 to 3:1. 30 4.
The article of claim 3 wherein_ ggid organi c polyol is selected
fromthe group consisting of | ow nol ecular weight polyols,

pol yester polyols, pol yet her am de- cont ai ni ng pol yol s,

pol yacrylic oI yol's, epoxy pol'y%'s—'ol yhydric polg/v'i nyl a_,’lsgghol s, 35

ur et hane pol on s an I epg o suchzzSEI on S 95°F

qzxgsxt u
- 63 - The article 3 Adb@ILi N TSayd
organi ¢ pstamleconpoDe3e i SAD@Hhbi nat ?'6?1 %Bbgb A (a) hard .

segnent - produ0| ng .or ds seconds minuges 5seconds
(b) soft iﬁé&&ﬁ (?L QEEI cgg%?'nﬁ 6.7 The

article of éfs%y m 5 ghesein sais7hard 284 segn@n?gprodum ‘r‘lg organi ¢ pol yol
is selecte romthe gr oup %on3| stlbgg of pakyacryl ocapol yol s44 | ow
mol ecul-ar 107 wei gh®-p8l yol s OaR8 nixtdrés of said pol yal s

7. The aéégncl e @f 13cl ainyp, §2V\Inere|2|92 sai d 0.24 pol y&c#?l I C po"i_'yol s a

copol yner: ydr oxy- unct i onal lenicgllypy ungakprated 83 nononers
and - otheamesks et tw-llénl cal Py44 unsat t‘ed nonomers sel ected. from t he
group consi st ng of I ar @i ¢ noywer s, v 122 °a|4#phat|c ﬁDnorrers
al kyl est er' 3R (metq“u') acryllc -acids, epoxy- % nctl 3lg mMonongss,
car boxy- fun@ggpnal onarer s 9.44and nidd%Ur es oF-ch et hyI eni cal Ig
unsaturated nononers. 20 f7 Theogsdicl e M5l aim B wher ei n

- said soft BAsegmen‘f ’p7rodu0| ng poI yol 1s select ed fror’g t3t§e groug
consi sting ofgpol yetheso poI y(n.,46pol yes®ér pol th m xt ures of said
pol yol's. 25 arjigle op, 3@I al mo B2 vvhere|2ﬁ sai d

pol yet her poB@ol is Sef®ct ed ¢ m t he group. consi st ng

pol yoxyal kyl gRe pol yobs haveygp a nudber afPePlge 4h°o| ecul é"rl wei ght
of equal to greater than 1o 000, 81 0.30 0.40 20
' 0.23 . _ : :

The results of Tables 1 and 2 show that the

photochromic coated lenses prepared using the solutions of

and Comparative Examples 5A

5 * Examples 2.through 5, 7 through 9,
In Table 3, all of

. through SE had ‘acceptable microhardness.

' the lenses except those prepared with the solutions of

Comparatlve Examples SA through 5E demonstrated acceptable

©
photochromic performance propertles at.BS F (2 '
fter 16 seconds and at least 0.30 after five

9°C), i.e., a AOD

10 of at least 0.12 a

minutes with a Bleach rate (T 1/2) of less than 60 seconds.

Comparative Examples SA through S5E were prepared using as the

nt, polyols and diocls disclosed in the
U.S. Patent 4,899,413 and

diol compone
aforementioned prior art, i.e.,

15 Japanese Patent Applications 3—269507'and 5-28753.
The results of Tables 4_and 5 show that only the

photochromic coated lenses prepared using the soluticns of

| Examples 6A through 6G have microhardness results within the
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30 " bi sphenol A having approxi mately' 30 ethoxy groups,

pol y(oxyt etranet hyl ene) diols having a nunber average nol ecul ar wei ght
of © 1000 and m xtures t her eof . 10. The article aof .
claim 3 WOQMBB#IA said 35 isocyanate conponent is sel REEUSISREH the.
group - 64- consi sting of :

al i phatic | socyanat es, aromatic ~ 6D-socyanat es, cycloaliphatic

i socyanat es, het erocycl i i socyanat es and m xt ures thereof. 5

11. The aetsu.té& ra:ige odfaisn td 1Memevtrnnst pex mm’ aqiuar:a:le@mablet io of the
--NCO groups_in the isocyanate nPonent to,th ? S)—Iag |nthe.
pol yol ~conpBReRpchromis IT“PBﬁFlris t&) £p372°F (335C The

article of <3§‘>é5' e whRb8! B¢ §@'ﬂaast 0.h805¥REAf srée&a@eaad ats a
bl ocked or JT | socyanat e. 13 article-

of claim 1aasmmre4 naftsazr ammnuseeymam Bdeapbneate ¢§'1e§a sbead  from

(e 0P 2 SE0 3 O agB bE"EL!Fead STy BB IR ¢

claim 13 wheighg: 6adsl aa'.Q:erl FoEYaEA RimOM Witht a Bleadle! e df heem t he
gr oup consi sting hexanet hyl ene- 1, 6- dllsogyanate

i sophor one thap; S%c%‘?féﬁ‘%s' respERGLERLY. GAWRSF@fiMet EXamples do&b(?&ﬁghl
12-dii SOCyaQaEJEre prepared |d¥1%a%1&ht rat:%éj'dfseﬁ&aﬁéifaﬂﬂfiﬂ? BB

t her eof . The “article cl al 14 © wherei n sai d
i socyanat e o@nﬁgmmltzsora Eblt@cltbé Q@oE@TaWGatJ@O@f diol tb@tpr@rdomt

dii socy%at e:.eld?’g ated ﬁ(égemogggraﬁrg%%ﬁ:heg t:hgI dé@.re]dls F‘Qﬁ*&%&g sai d

bl ocked T'so yanura e |s npoun ed from

t he group cmﬂsrehaﬂ@n@és rﬁmﬂ@ir phbeeoh:.‘omlc ptmfptrphnqel In Table 6,

epsi | on- capr Cimotoctm:yom:r.c coai\.{ed len.'s:keest %):(ccept those of
Comparative Examples SA through 5E had acceptable photochrom:.c
performance results when tested at 72°F (22°C) and 95°F (35°C).

15 Although the present invention has been described
with reference to the specific details of particular
embodiments thereof, it is not intended that such deta.ils be
regarded as limitations upon the scope of the invention except
as and to the extent that they are included inl the

20 accompanying claims.
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el ' _
35 - 65- 17. The article

of claim 1 wherein said pﬁot ochrom ¢ conpound(s) is selected from -
the groyRg 9837139 NS iThik B Has BeenREplaced NApPht hopyr ans, PEAAEON RS .
phenant hr opyr ans wm !“ill i ndenonapht hopyrans,” 5

spi ro(i ndoline) napht spi ro(indoline) pyr_L_d.o.h.e.az.g;ea-z-l—ne-s-——
spi'ro(benzi ndol e) pyri - g2SPiro(benzi ﬂq’@l|$ me‘ams&&t nes,
spi ro(indol i ne) - benzoxa2| nes, organo metal  di{t hi ZOHEPL@EGED

ful gi des, w10 fuI gi m des and m Xt ures of SuGh——ptrotoctmon c.
corrpounds 18. The article of claim1l wherein a prinmer

| ayer -is |nterposed " between the substrate and the 15 pol yurethane
coating cont ai ni ng phot ochrom ¢ npoun

d(s
19. The article oflclaid® aﬂ?é'-lq?oﬁeFBF‘Hn?a‘i‘%' in cﬁ’#“?"i‘rﬁt”‘t}%&era is a

-non-tint abls%bgﬁi'gﬁé’aind ZPhotochromic poXifirethdfe 8bitL{nh f orPfat Gkakfn 1
wherein said pol yuret'hane coating contai ni ng photochrom c conpound(s)

has a tHi clonessuvface of Baid B0bshratenssaid polyurethane gomptingThe art icle

phot ochr PR VARAre st wilempraBaplY ) Jh SETLLTERE YAl fer mr

22.  The ahtl ekmbmmgzlaalm"plmmm @ith leagtdo 305 Afdeat 3ot eecobsids salect ed
fromthe group con5| sting paper, glass, ceranic, od, nmasonry,
textile, n@FatedRb 0-4¢ ALEET 8°pB¥-‘9’1’r'é?$-c & Pipach rate ‘of less thapg
The -artich@o 8bcofdsi M 22 wherein said 35 organic polymeric materi al
Is selected fromthe group -

2.1 The article of claim 1 wherein the Fisher
microhardness of said coating is from 100 to 130 Newtons per
wm’, the AOD is at least 0.18 after 30 seconds and at least -
0.46 after 30 mlnutes, and the Bleach rate is less than 150

15 seconds

3.  The article of claim 1 wherein said
polyurethane coating'is prepared from components comprising:
- (a) an'organic polyol; and
20 ' (b) an isocyanate, the equivalent ratio of the —
NCO groups in the isocyanate component to the -—OH groups in

‘the organic polyol component ranges from 0.3:1 to 3:1.

4. The article of claim 3 whefein said organic
25 polyél is selected from the group consisting of low molecular
weight polyols, polyester polyols, polyether polyols, amide-
containing polyols, polyacrylic polyols, epoxy_polyols,
polyhydric polyvinyl alcohols, urethane polyols and mixtures
of such polyols.
00
S. The article of claim 3 whereiﬁ said organic

polyol component is a combination of:

* [+ L L S *
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-66 - 'consi.sti ng of ssrge]m iacad) al kyl met hacryl at es),

pol y(oxyal kyl ene di net hacryl a koxyl at ed phenol

met hacrwmgmhs cellul ose ace t r i acetP@IAIS9802958| ose
te bu

acetate propionate, cellulose 5 yrate, pal yv(viny
acet at e) pol y(vi nyl al cohol ), pol y(vi nyl I8 ISHEET "HAS BEEN
pol y(vi nylidene chl oride), thermplgasti.c pol ycar bgnat esREchAQBﬂst ers,
pol yur et hanes, pol y(et hyl ene ~ terepht hal at e)k potyStyTene,
~poly(alpha = methyl ghyreRgka seantilntolicihs! deRerdTRidiybIRE NACLId at e)
copol y(styrene- acr Ionltrlel'e) pol yvi nyl'butyral and pol yners of
- menbers of the (br ougofcmnwrodncmgs@mmc rodyodhal e)
nononer s, pol yfuncti onal acryl ate nononer s, pol yfuncti onal

met hacryl at e nononers, di et hyl ene gl ycol 15 dinet hacryl at e nononers,

di i sopropenyl benzene. nongrera&rticle eifh@lnh.ﬁt edwhé&éﬁphenol A
di met hacryl ate nonomner s, et hyI eneﬁg col_ bi_snet hacr %e nonomner s,

pol y( ethyiS@id hard;segmestRraducizg; oFg 185.FRbRGFeE fFPBhenol bi s

met hacryl ahfe BRBAREESHs Sk&ingy oA 5@1?ab¥pyﬂélﬁoﬁ}da@1ohoaomopé¢m ylate
nononers, styrene_ nDhoners, ur et hane acryl ate nmononers, glycidyl
acryl at e medghtr polyeieiand NIXtWha€r§$ﬁ@mrs and diallylidene
‘pent aeryt hrit ol nononers. 25 24. The article of claim
23 wherein the = organic polynmeric material is a solid transparent

pol ymer selected Trom 'rheeart:g:xmp:f ca.a:lmi 6t wingreirof pol y( et hyl

nmet hacy yl at e) t hacryl ate

pol y(ei 81§ %ﬁ%‘h |po i a‘A"" %Y‘Pfﬁ H’? ?"3’55 ¥H‘é‘f’#§ﬁ astic |
pol ycar bou&gleaabauynmhsaturaa;@at abApmepS| anvd rodHent ﬁthirleﬂﬂd:amlryet hane and
pol ymers of menhers of the group _consisting of dieth Iene rﬂlj%/col '

bi s(al Iyl %%Pr&?@)m°n‘?ﬁﬁﬁﬁ7§ﬁ‘ge°teﬂl EreR | R 9Ty £BRS sn’&ﬁ hacryl ate
nmononer s, r:]'.nﬁ}lhgi%hééfé moriiild, viky? 3PipHBlAGionbakes ”Dé'ﬂESﬁlr S, '

di i soprope benzene nononers
esters of (meth)acryllc acids, epoxy-functional monomers,

15 carboxy-functional monomers and mixtures of such ethylenically

- unsaturated monomers.

8. The article of claim 5 wherein said soft
segment-producing polyol is selected from the group consisting
20 of polyether polyol, polyester polyol and mixtures of said
polyols.

‘9. The article of claim B8 wherein said polyether
polyol is selected from the group cqnsisting of
25 polyoxyalkylene polyols having a number average molecular
weight of equal to or greater than 1,000, bisphenol A having
approximately 30 ethoxy groups, poly(oxytetramethylene) diols
having a number average molecular weight of 1000 and mixtures
thereof. |
30
io. The article of claim 3 wherein said isocyanate

component is selected from the group consisting of aliphatic

———— ]



and et hoxyl at ed trimethyl-et—propane triacrylate nononers.

25. The articl e of cI al ere| n said>5 substrate is an opti cal
el ement”o 8/37115 Sheet art icle of «claim ZSP&msgg,&ssgal d.

opti cal ement is Hl‘l‘t el“l 27. The article —8 26
wherein the - of sald lens is frofi-d4yd® HBETJHNS:).

28. The articl e of claim 1 V\/ner a protgcti veggpamﬂb .S
applied to the surface of the 15 polyurethane coall ont al ni ng

phot ochrom ¢ canp article claim
D5 wher chpocxamares T S5BReEle  {nocyamatag: R TR
30. Thengtdrddyeldic GbatfFadatée r@id mixpur@®theredfayer is interposed

bet ween the substrate and the ~ pol yur et hane coati ng cont ai ni ng

phot ochrom ¢ conpound(s) and a protective coating is applied to the
surface of 25 said BQ'yUﬁEkhQBElEPéléfmblalm 3 wherein thedbquivdles¥ ticle
conprising, in conbination, substrate of an organic polyneric

mat eri &l bakiex of th@ol‘yHﬁ@tMﬂ:Gat ithg tspcyandtey qempeaent it Eheonpound(s)
30 on at |east f t pol t hane coating
havi ng a th‘?% %@%Fﬁ‘f ?grgng%lfgi w%ﬁg{rlnéc’?orieaé qf:"’.IS’ 'S e? #%?ohardness of

from50 to.1480. Newt ons per mmjerr] as nmeasured wth a Fischerscope[err]
H 100 using a 300 mlliNewon |oad, 30 |oad steps and 0.5 35 second
pauses and exhibiting a [err] OD of at Ieast 0.15

- 68 - after 3Q2secandsagfilcbé dfadaith 46 whérsimdGaianutes, and a
Bl each rate of less than-200 seconds - all as neasured I n the 72[err]F
Photodﬂroﬁ??@¥¥ﬂ§qﬂ'ﬁﬁﬁ?@n?ﬁgtls a blocked or modified isocyanate.

13. The article of claim 12 wherein said
isocyanate component is selected from the group consisting of
aliphatic isocyanates, cycloaliphatic isocyanates and mixtures

15 thereof.

14. The article of claim 13 wherein said
isocyanate component is selected from the group consisting of
hexamethylene-1,6-diisocyanate, isophorone diisocyanate,

20 e;hylene_diisocyanate; dodecane-1,12-diisocyanate,

cyclohexane-1,3-diisocyanate and mixtures thereof.

" 15. The article of claim 14 wherein said
isocyanate component is a blocked isocyanufate of isophorone

25 'diisocyanate.

' 16. The article of claim 15 wherein said blocked
isocyanurate is blocked with a blocking compound selected from
the group consisting of phenol, cresol, nonylphenocl, epsilon-

30 caprolactam and methyl ethyl ketoxime.

% £ L M S %
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5 article f claim 31 wherein the

pol yur et hane of % QgL Pedire qsd)l yuret hane coating is prepared from
CONPON&M 883URS| S (a) pHo8as02588c - -
conmpound(s); ﬁ““!m M‘“ﬁ ganl ¢ polyol (s) corpsising—10

(i) hard segne organi c THIS SHEET HAS BEEN

pol yol (s); (i1) =8 - segnent-{pr oduREPIACED or gani c
pol yol (s); : (c) an isocyanate; and 15 ' eh—
optionally cat al yst17t heThgquayeierd dﬁﬂdﬂalm 1 wherein said of the NCO
‘groups in_ the | spcyanat e conmponent to the, - roups
in the Photochromic:compoypd df selscheh Eﬁ%&%t%ranPﬁﬁlbe?ﬁ °tg

1.1: 1 t onhpBthopgPans, benzopyddns, Phenadhthebsyang! ai m 32 wherein said
har d segnent - gr oduci ng organi c polyol is selected fromthe group

consi st i AgdgnopaPhahepYFanHO|SRILS, (beamaéob:sm)anaphthomrgns. pol yol s and

m Xt ures claim 33
wher ei 5?1 %f:.r%fiiﬂdBﬂ%(gg%ﬁ O%;kpa(?l YOFpllgoé'%g%%]b yrrer pgl?: hégsoxy f uncti onal
et hyl eni cspl:th:;o(1ndniane)@h3nbpyrmnospiso(:.ndmll:.ne)wtans et hylenically
unsat ur at ed A d framthe .consi sti.ng of vinyl
aromatic P&ﬁglr?ré gei étﬁmé?alzﬁ‘ﬁ&ﬁ csﬁbﬁ%ﬂ’e‘fiﬁléﬁek PrTEdPers of

(et h) acbehzexagifes, splmm@wﬁlmeuﬁaabyﬂmwm@xa@ahbexy functi onal
NDNONEr S %d m xtures of such ethylenically unsatur at ed nononers,

and sai d SPAFPIBEREINAPLiRe )APhTCrarines o s IR \APd0Ldge) -
tri netmyhaahaaﬁaamseshaaﬁfaneraegwr&ganoam&@ﬂealrmh%uheés35fuy&cﬁﬁ I ess

t han 500. The -
articl e dnlgimidesoangapistturas ¢fsepeh phowgmwtmppewem@s pol on i s
selected from the group consi sting of polyether polyol, polyester -
pol yol and m xtures of said polyols. 5 : - 36. The article

of claim 35 wherels. s'ahel artigis y:efc h:é.lalpolly@he:'re;i.zsei @rtimdrf Layet he group
consi sti oL Y, k I nher..average
nol ecul arq'gvvl:a'lmg-'ﬁ%lEJ ‘lle %a cgyo‘ri gf ea?é ??l Alr}g’ﬁop#gu R

havi niy epptangoately 30 et hoxy groups, pol y(oxyt et ranet hyl ene)
~dioels having a. number average nol ecul ar wei ght of 1000 and m xtures
t her eof . .
19. The article of claim 18 wherein said primer is

a non-tintable hardcoat.

20 . 20. The article of claim 1 wherein said

polyurethane coating has a thickness of from 5 to 200 microns.

21. The article of claim 20 whereln said

polyurethane coating has a thickness of from 10 to 40 microns.

25
22. The article of claim 1 wherein said substrate is
'sglected from the group consisting of paper, glass, ceramic,
wood, masonry, textile, metal and organic polymeric materials.
30 23. The article of claim 22 wherein said organic

polyme:ic material is selected from the group consisting of

poly(Cq-Cq2 alkyl methacrylates), poly(oxyalkylene

weormoreseerousze [T



37. ‘The articte of——cTraim—32— wherein said 15 isocyanate conponent

is selected frgggspidBasHL aced  CONSIi sting of hexamet hyl ene- 1,

6-.di i seeyRNRis, di i socyanat e, et hyl ererIUS98mzsssacyanat e,
dodecane- 1, Ilﬁ ’%ﬁ cycl ohexane- 3. di-iseevanat e
and mi xtures t her The arti qims SHEETHAS B»E.E&
wherein said poI yuret hane of sat dscphot ochrom c pdgl yureRﬁmeEn)atl n
has a thickness of from 10 to 25 microns. 25 39 Cle

?f cl alh m fmettrgilates) , poSﬁ(dilkoxyl@ltlganpheﬁ@Zl]. Wmhe&léskﬁj is selected
romthe ou consi stin Yy err rr a

met hacr yl g? lose acﬁ&?ﬁ?oxfjg}%ﬂ?ﬁ% tgl&F%EC%ﬁ%cr "éégfe acﬁﬁ%ﬁ al koxyl at ed
phenol ”%B@ﬁdﬁéﬁees ke188h bbb Osce AR Mhulyratt! %&ﬁﬂﬁ@xylt bbaegtey e,

cellul ose acetate propionate, cellulose acetate butyrate,
pol y(vi nyPolytekmtle glco. péry(mhy(vmyl shiendde) . P (yipyhidene chioride),

ol yur St renfsite) . chRrhbbigbesc PuRRBEhLfebD poRidBaRES. BD YO S
poI y( al phpolmlﬁgﬁwsehnpplyéewt ¥ Jefraet Weeaphthalar;ee)n, polysty:rilert:er, .

70 - a )
poI YVi nyl%?& 5%?@%1@ %ﬁ) 'rrecr?ﬁ’gﬁgc(#g'f?% e‘iﬁ?&“‘gkﬁz‘%%ir%ﬁ%)ng of

bi s(alt |yl copona(rmﬁ-ehe)-acrynmmrma) ' polwizﬁmmmlahnd pﬁlyﬁl@fﬁ
| at e nmononers, diethyl ene glycol

nonomner s, eyf unct i ﬁg net hacr, X
di met hacr§f d?%“b R5ns rgm‘éﬁ’ | STFHIEEERG| Ob P il L¥dn GAEPERA®hoxy | at ed
bi sphqpol méhsthevd hwykahetm&ymwyhsﬁem&ycqiol funbt$omdnacryl ate

nononer s, pol y( t hyl ene gl ycol") bi smet hacrylate_  nononers,
et hoxy| at®ethagspidiase Woppmexs,  diathydepragtysehdtimerhacaykaks| at ed

pol yhydri e(i:%hoh %;zg_ gmononer s,
ur et hane rﬁon&%cr atlil-‘-fs 8#re )ﬂg ycinggﬁgfalgﬁ'/ ate non m%rgs gI ycCi dyI

met hacr ylb;tsphﬂn@mr Q}mahhadr}elabﬂ imd:anmepenta@rgﬂténa gilgkol - nononers. 15
Opt i cal ell-,o Stle tr']é[hlcalcq:ylgtze ﬁlag&ﬁgrsg,g po\ﬁ@ﬁ gi’xyl Ié!‘l.ycol)SUbSt rat € I's an
15 Dbismethacrylate monomers, ethoxylated phenol bis methacrylate
' monomers, aikoxylated polyhydric alcohol polyacrylate
monomers, styrene wmonomers, urethane acrylate monomers,
glycidyl acrylate monomers, lecidyl methacrylate monomers,
and diallylidene pentaerythritol monomers. |
20 ' o
24. The article of claim 23 wherein the polymeric
organié material is a solid t:.fanspa*_rent polymer selected from
the group consisting of polj(methyl methacrylate), )
poly (ethylene glycol I_:ismet:hac_rylate.) . poly(ethoxylated
25 bisphenol A dimethacrylate), thermoplastic polycarbonate,
poly(vinyl acetate), 'polyvinylbutyral, polyurethane and
polymers of members of the group consisting of diethylene
glycol bis(allyl carbonate) monomers, diethylene glycol
dimethacrylate monomers, ethoxylated phenol bis methacrylate
30 monomers, diisopropeﬁyl benzene monomers and ethoxylated

trimethylol propane triacrylate monomers.
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25. The article of claim 24 whereln said substrate

is an opt:.cal element.

26. The article of claim 25 wherein said optical

5 element is a lens.

27. The article of claim 26 wherein the refractive

index of said lens is from 1.48 to 1.75.
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