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‘Background of the Invention The invention relates to 5§P°sc‘*ﬁ}’
pol ycarbonate resins and nore particularly to pol ycarbonate resin

nol ded articles. This invention further relates to pol ycar bonate resin
nol ded articles conprising dyes, which may be phot ochrom c, and/or
netallic particles. 5 Pol ycarbonate i s an anor phous, thernoplastic
resin that has properties desirable for nmany articles. For exanple,

gl azi ngs, | enses and autonotive headl i ght | enses nmade of pol ycarbonate
have hi gh inpact resistance and strength. Pol ycarbonate resin also can
be highly transparent and has a desirably high refractive index.
Furthernore, the thermal properties of 10 polycarbonate resin makes the
resin conducive to processing by conventional t echni ques, such as

i njection nolding. However, there are also various short com ngs
relating to polycarbonate articles. For exanple, no nethod presently
exi sts for making high quality dyed or photochrom c dyed pol ycar bonat e
articles such as gl azings. Mreover, no nethod presently 15 exists for
maki ng high quality pol ycarbonate articles that possess a netallic, or
glitter appearance. Two current nethods of incorporating organic
dyes into thernoplastic materi als, such as pol ycarbonate, involve

el ther i nl usi gay LR VRl ST i SRR
Background of the Invention |
The invention relates to polycarbonate resins and more particularly to

polycarbonate resin molded articles. This invention further relates to
polycarbonate resin molded articles comprising dyes, which may be
photochromic, and/or metallic particles.

5 Polycarbonate is an amorphous, thermoplastic resin that has properties
desirable for many articles. For example, glazings, lenses and automotive
headlight lenses made of polycarbonate have high impact resistance and
strength. Polycarbonaté resin also can be highly transparent and has a
~desirably high refractive index. Furthermore, the thermal properties of

10 polycarbonate resin makes the resin conducive to processing by conventional
techniques, such as injection molding. However, there are also various
shortcomings relating to polycarbonate articles. For example, no method
presently exists for making high quality dyed or photochromic dyed
polycarbonate articles such as glazings. Moreover, no method presently

15  exists for making high quality polycarbonate articles that possess a metallic,
or glitter appearance.

Two current methods of incorporating organic dyes into thermoplastic
materials, such as polycarbonate, involve either inclusion of organic dye
throughout the molded thermoplastic material or imbibition of dye into a

20 surface of the thermoplastic material. Existing techniques, such as injection



20 surface of the thernoplastic material. Existing techniques, such as

i nj ection 2 nol di ng for

i ncl udi ng organi c dyes throughout t hermopl astic materials, such as

pol ycarbonate, typically do not yield satisfactory results The
unsatisfactory results occur for several reasons, including the relatively

hi gh terrperat ures required for satisfactory injection nolding and the
relatively 5 high gl ass transition tenperatures of polycarbonate. For
exanpl e, mamﬁ% dﬂﬁg %M&%%iﬁ'ﬁergﬁﬁg &{H@Qﬂﬁg

and Spi rooxazi nés that are co- rreltgggvmth ol ycar bonat e ?ypl cal 'y oreak
down when asmﬂymtbbnatdaeypmhﬁydbahqt nt resaltspTheent during -
pol yrer - meltin As anot her. exanpl e, poI ycar bonat e has a. stiff
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t he photochromT st go th omatrlctrans |on in the
pol ycar bonat e plmtechromica:lyes suchasnapﬂthb Spied: dﬂ&@mﬁ%ﬁdaces of
pol ycarbonate al so yiel ds unsati sfactory resul ts, refated to the

rel atively hi giPirpaxaginesdhat arexgo-melted withepolycarbonete typically breakidowht i s
t hought that the stiff ul ar_str, [ prevents dye from
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pol ycarbonate surface structure to accept However, the net hod
descri bed Ieam&mgﬂphqmmmd\hmhkdm@msﬂhnge peel
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material s and g d‘@g cg)@em tﬁﬂm e have-
al so incl uded m)ldlng of th r'ticles tgl roomtenp raturego é{étlng
techni ques; segedmetrictrapsforhintioteincthepolpcdrbonaté € adtiviatalt s 5, 219, 497

and 5, 531, 940 Howeyer ., in many instances it is desirable to use thernal
Imbib ition of Jyes into surfaces of polycarbonate also yields
unsatlsfacbory results, related to the relatively high glass transition
temperatures of polycarbonate. It is thought that the stiff molecular structure
prevents dye from penetrating the polycarbonate. Modification of the
surface structure of polycarbonate resin by treatment with a solvent is said to
20  improve imbibition of dyes into polycarbonate. U.S. Patent No. 5,268,231

discloses that cyclohexanone is an effective solvent for modifying the

polyéarbonate surface structure to accept dyes. However, the method
described leaves the surface of the polycarbonate with a rough, orange-peel
type texture that is unacceptable for many purposes.

25 Approaches to manufacturing photochromic articles from

' thermoplastic resin materials and to avoid thermal degradation to the dye
additive have also included molding of the articles by room temperature
casting techniques; see for example the descriptions in U.S. Patents 5,219,497
and 5,531,940. However, in many instances it is desirable to use thermal

30 processing techniques.



30 processing techni ques. The Japanese Pat ent

‘Application No. 59-128192 filed June 21,1984 and | ai d open on January
11, 1986 describes films with photochrom c additives that are inserted
into a nold following which the nold i filled (insert- i njection

nol di ng). However, the filns used (W th photochrom c properties) 5 are
prepared by inbibing, or coating a pre-fornmed film The photochromc
colorants are not honpbgeneously dispersed in the filmand lack the quality

of a honogeneous di spersi_on. .. roQ 0 nuf acturin

pol ycarbonate arti MJaPmseWM%Pth%ﬁ%?'@%qgif'&?@%&ﬁgﬂf@@ ave
thus far been,l.grael f ' L Lal . e
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relatively hi ghad fadhee irko3ndld followiigowhich ARANOIE®EH filled(inseite 2
nmetal | i c appearance, which exacerbates the degradation problem It would be
desirable to jpmjectiormalding) Iloweven, thefilms msed (with photochzomicproperties)

metal | i c appearance, but a relatively | ow netal |oadjng, for applications
such 15 asSsuage prepared by inbibing, oy soptingaprestarmng hﬁncr{fhﬁapﬁp mic
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netallic additive. t ture is then cast to 20 forma fil m of

pol ycar bonat e havi nyppbeaches ta mirarfactetririg polyesarbanate articles thathayereous| y
di spersed therein. The cast filmcan be placed jn nol d agai nst a
heen lorgely beca
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resin bl end s anetailit appearandej which exacerlmates theedegradation problem. It would be

desirable to produce semi-transparent polycarbonate articles having a '

metallic appearance, but a relatively low metal loading, for applications such

15 assunglasses. It would also be desirable if such metallic polycarbonate

articles were also photochromic.

The method of the present invention disperses homogeneously
throughout a solvated polycarbonate resin, the dyes, which may be
photochromic, and/or a metallic additive. The solvent mixture is then cast to

20 form a film of polycarbonate having the dye and/or metallic additive
hémogeneously dispersed therein.  The cast film can be placed in a mold
against a mold wall and a substrate resin injected into the mold behind the
insert. The article is thus molded without exposing the dye to high
temperature for long periods of time, thus avoiding degradation of the dye.

Summary Of The Invention '

25 The present invention comprises a process for the manufacture of a
dyed and/or metallic polycarbonate resin blends and articles, which
comprise; |

dissolving a thermoplastic, aromatic polycarbonate resin in an organic
solvent;



di ssolving a thernoplastic, aromatic pol ycarbonate resin i.n an organic

*sol vent ; 4

honobgeneously m xing with the dissolved resin, an effective - proportion
of a photochrom c dye, and/or an effective proportion of a metallic
additive to inpart a netallic appearance to the article and/or an
effective proportion of a dye that is Mot photochronmic; 5 casting a
filmof the m xture; and renovi ng the sol vent. ’ The

cast filmcan be inserted into a nold against a nold wall and
I nsert-nol ded to a pol ycarbonate resin substrate.

Brief Description hbnidgeneoasiynaixing with the dlﬁbbaedereém;lapieﬁecuvae
generalized structures of Chronmene and 10 S i roxazi ne photochrom_c dyes.
Det ai | ed Descproponioncef arphotqehme;dye, Ofmemvsrmoﬁ&fl?onat e
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3,027, 814; sand 4, l%ﬁsﬁléafﬂiﬂopﬁ\e\mxthr@;r@d ncor por at ed herein by reference
thereto. In"general, the nethod of interfacial polynerization

conprises the renmnngmescplvgnuu hydri c phenol with a carbonyl halide

(the carbonate re sor 20 éth h the,reac ondi t-i ons

of the preparative B’F‘g‘?égﬂ‘? ertegép E&ﬂ‘gw fdp&?i“g

processes typ'lﬁgétItXn ﬂéal @S% ubstratesper sing the di phenol .
I ng- t e resu

reactants In aqueous cau ti ng m xture to a

suitabl e water i mm scible soI vnﬁ@fméuﬁm thggt’ he reactants
wi th the carbonate precursor, such as phosgene, in the presence of a

igure 1 depicts the generalized structures of Chromene and

10 Spn'oxazme photochro:mc dyes.
Detailed Description Of The Invention

- The aromatic carbonate polymers useful in the mventxon are
polycarbonates. The method of preparation of polycarbonates by mterfacwl
polymerization are well known; see for example the details prowded in the
U.S. Patents 3,028,365; 3,334,154; 3,275,601;' 3,915,926; 3,030,331; 3,169,121;'

15 3,027,814; and 4,188,314, all of which are incorporated herein by reference
thereto. '

" In general, the method of interfacial polymerization comprises the
reaction of a dihydric phenol with a carbonyl halide (the carbonate
precursor).

20 Altliough the reaction conditions of the preparative processes may
vary, several of the preferred processes typically involve dissolving or
dispersing the diphenol reactants in aqueous caustic, adding the resulting
mixture to a suitable water immiscible solvent medium and contacting the
reactants with the carbonate precursor, such as phosgene, in the presence of a

25 suitable catalyst and under controlled pH conditions. The most commonly
used water immiscible solvents include methylene chloride, 1,2~

dichloroethane, chlorobenzene, toluene, and the like.



25 suitable catal yst and under _controlled pH conditions. The nobst conmonly
used water imm scible solvents intlude nethylene chloride, 1, 2-

di chl or oet hane, chl orobenzene, toluene, and the |ike.

The catal yst enpl oyed accel erates the rate of pol ynerization of the

di hydrt c phenol reactant with the carbonate precursor. Representative

catal ysts include but are not limted to tertiary am nes such as

triethyl am ne, guat er nary phosphonlun1conpounds, guat er nary anmoni um

ds, 5 d ki
conpounds, and THSCARIE: erBlofiARbleidiad tRE R Jfgioggg%g’ﬁgtag of the

polycarbonate resins o 'on conpri ses

reaction. The & 61 Adacudtitatith tke carbopafspritaticy) Represématipeoceeds
may vary frombelow O C, t.o-above 100 C: The phosgenation redction

preferably prcatalysts mdudawataruneslmﬁtadwrmﬂmmnmestsmbasmmmaq
to 50 C Since the reaction js exothermc,, the rate of 10 ,ohos ene addition

may be used. t GUARINAEY PHOEP SAMRARTIs, AHAtEINATY AMMONINY COMPOUNGSs gene

and.the. anbunele ke, f@?”ﬁs%'?*@@rbg%@%siﬁp QP%E%E%PS‘YW"&“M%B? !

di hydri c pheng 6?% gﬂgjups ) &rﬂp&‘dﬁ&eatwﬁfcﬁ&@e

two phenolic hyd ne-of the dlhydrlc phenol s are
represent ed bmhdsgegeﬁenaéadthxmpi'ateeds may vary from below{ @€}, o above 100WQer ei n

A is a dival ent hydrocarbon radical containing from1 to about 15
carbon at ons; H\%BBQQEWWM%RFM m esphiram roam 1
to | about g Car%%&?t&@ﬁ'é@ﬁé&Bié%%c&éﬁh?éx&ﬁ%&%ﬁe%‘i%%@

10 phosgene addition may be used to control the reaction temperature. The

amount of phosgene required will generally depend upon the amount of the -
dihydric phenol and the amount of any dicarboxylic acid also present.
The dihydric phenols employed are known, and the reactive groups
are the two phenolic hydroxyl groups. Some of the dihydric phenols are
15 represented by the general formula:

(o (x) -
HO—/.—%( = r( A ) = ‘ OH
\ W L \ n (@

wherein A is a divalent hydrocarbon radical containing from 1 to about 15

carbon atoms; a substituted divalent hydrocarbon radical containing from 1 to
about 15 carbon atoms and substituent groups such as halogen;

wherein each X is iqdep__endently selecbed from the group consisting of
20 hydrogen, halogen, and a monovalent hydrocarbon radical such as an alkyl -



[err] 0

‘wherein each X is independently sel ected fromthe group consisting of 20
hydr ogen, hal ogen, and a nonoval ent hydrocarbon radi cal such as an al kyl

6 : group of from1l to about 8 carbon atons, an aryl group of from

6- 18 carbon atons, an aral kyl group of fron17 to about 14 carbon atons,
an al karyl group of from7 to about®14 carbon atons, an al koxy group of
from1l to about 8 carbon atons, or an aryloxy group of from6 to 18
carbon atons; and wherein 5 mis zero or 1 and nis an integer of fromO
to 5. Typi cal of sone of the dihydric phenols that can be .

enpl oyed in t kgoup of framatl weabutifearbor atorns; axvaryl igrouprof fivm- 618 catbons uch

as (4-hydroxy- phenyl)nethan 2, 2- bi s(4- hydr oxyphenyl ) propane_(al so
known as bi splesemis, an aralkyl gro Qfg‘PmZWﬁng §4 CATHOn; atABEHER bgEorp

b 2{3%%."2‘5?#&%@%@@&%“ B3 e, xR BB krh I abat 8, o

P, p -di hydfoxy aﬁgﬁ% 6f&om6mdsmx$xﬁbwwhemm
- di hydr oxyaryl ones suc roxyphenyl) fone, bis
- (3, 5-di net byl rﬂnb!éf@éyvlaﬁmﬁisauiﬁtegaaﬁwmtojﬁenzenes such as

resorcinol, hydroquinone, halo- and al kyl.substituted dlhydroxybenzenes 15
such as 1, 4-di hydr okypizabofisame of the dilwicric pt

L AR i o i g
hydroxypheny| )pﬁéﬁﬁ%bﬂfaneﬁz%@%&o@%ehm%p&wwd EnéWA bisphénol-

AQ,22Aﬁs@bhydroxy4&5<ﬁbnnnophenybpmopane;dﬂqﬁhﬁ:phenoleﬂuus )

10 such as bis(4-hydroxyphenyl) ether, bis(3,5-dichloro-4-hydroxyphenyl) ether; -
dihydroxydiphenyls such as p,p'-dihydroxydiphenyl, 3,3'-dichloro-4,4'-
dihydroxydiphenyl; dihydroxyaryl sulfones such as bis(4-hydroxyphenyl)
sulfone, bis (3,5-dimethyl-4-hydroxyphenyl) sulfone, dihydroxybenzenes such
asn&xmdnoLtthoquﬁunu»hak»andaﬂgdﬁuhﬂﬁnuxidﬂnnhnxybenmaum

15 suchas1AbdﬂqnhnmyélsqﬁchknobenzeneﬁL4<ﬁhydnmqhsqneﬂqdbenzene;
and dihydroxydiphenyl sulfides and sulfoxides such as bis(4-hydroxyphenyl)

 sulfide, bis(4-hydroxyphenyl) sulfoxide and bis(3,5-dibromo-4-

hydroxyphenyl) sulfoxide. A variety of additional dihydric phenols are
available and are cliscloéed- in U.S. Pat. Nos. 2,999,835; 3,028,365 and 3,153,008;

20  all of which are incorporated herein by reference. Itis, of course, possible to
emplby two or more different dihydric phenols or a combination of a dihydric
phenol with glycol.

The carbonate precursor can be either a carbonyl halide, a

diarylcarbonate or a bishaloformate. The carbony! halides include carbonyl

25 bromide, carbonyl chloride, and mixtures thereof. The bishaloformates
include the bishaloformates of dihydric phénols such as bischloroformates of
2;2-bi§(4-hydroxy-phenyl)propag\e, 2,2-bis(4-hydroxy-3,5-
diclﬂor_opﬁenyl)propane, hydroquinone, and the like, or bishaloformates of
glycols such as bishaloformates of ethylene glycol, and the like. Whﬁe all of .



avai | abl e and are disclosed in US. Pat. Nos. 2,999, 835; 3,028, 365 and

'3, 153,008; 20 all of which are incorporated herein by reference. It is, of
course, possible to enploy two or nore different dihydric phenols or a
conmbi nation of a dihydric phenol -with glycol. The
carbonate precursor can be either a caronyl halide, a

di aryl carbonate or a bishal oformate. The carbonyl halides include carbonyl
25 brom de, carbonyl .chloride, and m xtures thereof. The bi shal of or mat es

i ncl ude the bishal of ormates of dihydric phenols such as bischl orof or mat es

ST chl or opheny&i %ﬁ%@rgﬁéaﬁw(ﬁ @M&%ﬁﬁdﬁgﬁﬁq g?‘ﬂ%%%s of

gl ycol s such aﬁopgé{plip{,%a_s of ethyl ene gl ycoI , and the like. Wile all

of t he above carbonate
precursors are usefAlso mdudedwhthinitbmsdepeafﬁme present irventionretheddghi s
preferred. Al so_included within the scope of the resent

i nvent i on - ar e moleculagaveight thermoplasti mwm yﬂiﬂ%hched
pol ycar bon tes ran RO yca nat es ar repared by
coreacti ngga J@&Pﬁ%ﬁﬁ%&% ﬁ FF@'*‘ gr%edescri bed

di hydric pheng;oty functio ﬂﬁ%ﬁﬂrth Ewg il'ﬁfiﬁ“ic

conmpounds useful rra ng t &?'I branched pol ycarbonat es are se? or h in

U.S. Pat. Nos anacﬁﬂboﬁaﬁ: precursot. TheGiolgfirhctionahorganic compourdsatsebeliai n by
ref erence. These 10 _pal yfunctlonal conmpounds airfs g nerally aromatic and

contain at | ednaking the branched polysathonatesare sat éJSan@k{ns 363689y i c
anhydlri des],c f%&@ﬁ&ﬁﬂllﬁﬁ aI forg#gipom% tures ff t he -r.i(.);fceﬂ me nonlimting
exarrp es o C- CORpPU

1,1,1 tr|( -h FW}% IE{EE gehE# dbh | I.LicC
aci d, trlrrellﬁag tric OI’I(?O a#g ﬁoforrry alca}g!]éhyd&hl&E

pyronel litic dfuindtionyt gioaips Whithhrerthybbxydpcarboxylxﬂahhvdndeg@lﬁndlﬁl litic
anhydride, trinesic acrd, benzophenonetacarboxylic ~acid,

benzophenonet chalaformyls primixiuresthereof. Same nenlimiting wxemplesiafithese
polyfunctional aromatic compounds include 1,1,1-tri(4-hydroxyphenyl)

ethane, trimellitic anhydride, trimellitic acid, trimellitoyl trichloride, 4-

Is chloroformyl phthalic anhydride, pyromellitic acid, pyromellitic dianhydride,
mellitic acid, mellitic anhydride, trimesic acid, benzophenonetetracarboxylic
acid, benzophenonetetracarboxylic anhydride, and the like. The preferred
polyfunctional aromatic compounds are 1,1,1-tri(4-hydroxyphenyl)ethane,
trimellitic anhydricie or trimellitic acid or their haloformyl derivatives. Also

20 included herein are blen&s of a linear polycarbonate and a branched

polycarbonate.

The term "polycarbonate” as used herein is inclusive of copolyester-
polycarbonates, i.e., resins which contain, in addition to recurring

polycarbonate chain units of the formula:-

o)

i
—jane O =D = QO = C =}
(IIa)



pol yfunctional aromatic conmpounds are 1,1, 1-tri(4-hydroxyphenyl)ethane,
trinmellitic anhydride or trinellitic acid or -their hal ofornyl derivatives.
Al so 20 included herein are blends of a |inear polycarbonate and a

branched pol ycar bonat e. 8 The term "pol ycarbonat e” as used
herein is inclusive of copolyester- . 'polycarbonates, i.e., resins which
contain, in addition to recurring pol ycarbonate chain units of the
formula:- [err] wherein Dis a dlvalent aronatlc radi cal of

t he di hydric phenol_enployed in t he y t act repeat i ng
or recurringw Fﬁa‘!é“{ﬂiﬁ%“‘r%ﬂc c@??a‘r?g% é?h 19“1’1 &

s e R merl&'@i‘?@fﬂ%& ycar%ow.n%é%%?%%éﬁﬁ%nﬁ* veo

i nterfacial | upt technique, well known to those skilled in
the art; see ?orﬁmdfﬁe%afrérpﬁlhe the US. patents 3,169, 121 and 4, 487, 896.

In general the copol yester-pol ycarbonate resins are prepared as

descri bed above for the preparation of | ycar bonaf e honmopol yners, but by o
t he added presence of a dicarboxylic aC| (ester ecur sorb in the water

i mm sci bl e sol vent. rfy&her & arﬁr @ CRrpoRyT |
conventionally used in the preparati on of linear polyesters n@i»nb)e
utilized in the preparation of the copol yester-carbonate resins of the
instant invention. Generally, the 5 dicarboxylic acids which rray be
utilized i nclwhiereto® slas;deﬁnedabmmmlscas efined below.

5 - The copolyester-polycarbonate resins are also prepared by interfacial
polymerization technique, well known to those skilled in the art; see for
example the U.S. patents 3,169,121 and 4/487,8%.

In general the copolyester-polycarbonate resins are prepared as
described above for the preparation of polycarbonate homopolymers, but by

0 the added presenceof a diearboxylic acid (ester precursor) in the water
immiscible solvent.

In general, any dicarboxylic acid conventionally used in the
preparation of linear polyesters may be utilized in the preparation of the
copolvester-carbonate resins of the instant invention. Generally, the

5: dicarboxvlic acids which may be utilized include the aliphatic dicarboxylic
acids, the aromatic dicarboxylic acids, and the aliphatic-aromatic dicarboxylic
. acids. These acids are well known and are disclosed for example in U.S. Pat.
No. 3,169,121 which is hereby incorporated herein by reference:.
Representative of such aromatic dicarboxylic acids are those represented by.
0 the general formula:
| 'HOOC- Rt -COOH
(1)
wherein R! feprsents an aromatic radical such as phenylene, naphthylene,
biphenylene, substituted phetiy_ler_te and the like; a divalent dith{C@mmﬁc
hydrocarbon radical such as an aralkyl e;: alkaryl radical; or two.or more
aroniaﬁc groupé cox'mected. th::'ough_ non-aromatic linkages of the formula:



acids, the aromatic dicarboxylic acids, and the aliphatic-aromatic

- di carboxylic acids. These acids are well known and are discl osed for
exanple in US. Pat No. 3,169,121 which is hereby incorporated herein
by reference. Representative of such aromatic dicarboxylic acids are
those represented by 20 the general fgprmla:

[err] wherein R err] represents an aromatic radi cal such as

phenyl ene, napht hyl ene, bi phenyl ene, substituted phenyl ene and the
i ke; a divalent aliphatic-aromatic - hydrocarbon radi cal such as an
aral kyl or alkaryl radical; or two or nor aronatic groups connect ed

t hrough non-aromatic |inkages of the fornuta:

9 whed [ glémﬁ e : d Lfidco al so
consi st of lfi\t!'tr\%oulzﬁorléa re a t%&e orégﬁl@éﬁé#&?ogg@aﬁlconnegtﬁe y a
non- al kyl ene tai or moseé hmyletwer aikylidene groeps,conhgctedinna abkydlkpleneror

non-al kyl i dene group, such as an aromatl ¢ |inkage, a tertiary am no
| i nkage, an ene gy, cannestgéhmaaonﬁﬂﬂdg@e og t@nralkmhdmgmw@ch

'fsln”fké‘%i and o e sebmatic ke, Ahrtiary BESHR f@%“ 2 stherlikase a itborl of
O ve’*‘?ﬁo“ééven gSny Eral .n‘cﬁ'ﬂ’gﬁ,’ﬁ“ﬂﬁ%

cycl ohexyl i dendfide, suliokide, Gaifomenindothieililtea Ja adidiibn B may ch:ﬂlipmti&e or
10 sulfone; an ether |inkage; a carbonyl qgroup; a dlrect bond a tertiary

ni trogen group of-five ta:sevien casbon atams ives (e gecyslopentyl, syclohexyl),
"n the art heﬁqfr&‘fﬁga;@yd&peo? ve g Eaﬂo%“éwé“r%‘ C“”ﬁm o t“°f.ec5k' e
g: fcﬁagg)i(glrdalc %Wc acl g{sl?&%fgr%ngm\kagr c ra |ca$&{§’ha such as
phenyl.eneio bi siflfond; anethasiihkiyd; avarbonylgtoup; & diﬂﬁt pbrdya tertiary nitrogen
group; or a silicon-containing linkage such as silane or siloxy. Other groups
which E may represent will occur to those skilled in the art. For purposes of
the present invention, the aromatic dicarboxylic acids are preferred. Thus, in
the preferred aromatic difunctional carboxylic acids, R! is an aromatic radical
15 such as phenylene, biphenylene, naphthylene, or substituted phenylene. .

Some non-limiting examples of suitable aromatic dicarboxylic acids which
may be used in preparing the poly(ester-carbonate) or polyarylate resins of
the instant invention include phthalic acid, isophthalic acid, terep,htﬁalic acid,
homophthalic acid, o-, m-, and p-phenylenediacetic acid, and the polynuclear

20 aromatic acids such as diphenyl dicarboxylic acid, and isomeric naphthalene
dicarboxylic acids. The aromatics may be substituted with Y groups. Y may
be an inorganic atom such as chlorine, bromine, fluorine and the like; an
organic group such as the nitro group; an organic group such as alkyl; or an
oxy group such as alkoxy, it being only necessary that Y be inert to and

25 unaffected by the reactants and the reaction conditions. Particularly useful
aromatic dicarboxylic acids are those represented by the general formula: -



Some non-limting exanples of suitable aromatic dicarboxylic acids which
‘may be used in preparing the poly(ester-carbonate) or polyarylate resins of
the instant invention include phthalic acid, isophthalic acid, terephthalic

aci d, homopht halic acid, o-, m, and p-phenyl enedi acetic acid, and the
pol ynucl ear 20 aromatic acids such as gi phenyl dicarboxylic acid, and

| soneri ¢ napht hal ene di carboxylic acids. The aromatics nay be
substituted with Y groups. Y may be an inorgani c atom such as
chlorine, bromne, fluorine and the |ike; organi c group such as
the nitro group; an or.ganic group such as(égiwl; or an oXy group such

as al koxy, it being only necessary that Y e inert to and 25 wunaffected
by the reactants and the reaction_conditifogs.\ Particul arly useful

aromatic di carboxylic acids are tHRE @ e \WCARE general formula -
10 [err] wherein j is a pY ve whol e integer {Ng a
value of fromO to 4 . Lnclusiyve; and each R3 is independently sel ected
fromthe group cons¥bereiRj isa positiyepyholeinteger havinga valus of from® tadkyl (1

(2, 7B0UL oSO ac s eph A BB 55, R i
TR, L3, M Bty S5O S 7 O
di carboxyl i c aci ds Mixtutesafithesd dicartixylic acids siagrte @npleyet.i Therel _
m xtures thereqf. A particularly useful difunctional carboxylic acid
conpri ses a n¥heresheterm digarbaxylic agidds userd hereiniit isdoibe understoqd that thisn
e 2151 " e B 5 R ol R S0 51T,
e £ 5, Mes et By RESSREL Bl SO e g ARYERSIC .
reactive deri verephésaliy acidbcaratinixtuees tigeof] & pareitelarRruseful difunctional
carboxylic acid comprises a mixture of isophthalic acid and terephthalic acid -
wherein the weiéht ratio of terepitthalic acid to isophthalic acid is in the range
-of from about 10:1 to about 0.2:9.8.
Rather than utilizing the dicarboxylic acid per se, it is possible, and
10 sometimes even preferred, to employ the reactive derivatives of said acid.
Nlustrative of these reactive derivatives are the acid halides. The preferfed
acid halides are the acid dichlorides and the acid dibromides. Thus, for
example instead of using _isophthalic acid, terephthalic acid or mixtures
thereof, it is possible to employ isophthaloyl dichloride, terephthaloyl
15 dichloride, and mixtures thereof. | '

-

The proportions of reactants employed to prepare the copolyester-
carbonate resins will vary in accordance with the proposed use of the product
resin. Those skilled in the art are aware of useful proportions, as described in
the US. patents referred to above. In general, the amount of the ester bonds

20 may be from about 5 to about 90 mole perceﬁt, relative to the carbonate
bonds. For example, 5 moles of bisphenol A reacting completely with 4 moles
of isophthaloyl dichloride and 1 mole of phosgene would give a copolyester-
carbonate of 80 mole percent ester bonds.



acid halides are the acid dichlorides and the acid di brom des. Thus, for
exanpl e instead of using isophthalic acid, terephthalic acid or m xtures
thereof, it is possible to enploy isophthal oyl dichloride, terephthal oyl 15
di chl oride, and m xtures thereof. The proportions of reactants
enpl oyed to prepare the copol yester- carbonate resins will vary in
accordance with the proposed use of thetiproduct resin. Those skilled
in the art are aware of useful proportions, as described in t he US.
patents referred to above. In general, the amobunt of the ester bonds 20

may be from about 5 to about 90 nole percent, relative to the carbonate

bonds. For. exarrplem‘éj, 1;%1 Pa&ég q@#l _ h&g\;pﬁy Ies
of isophthal oyl dichl O?B an %’ﬁ %gggﬁe e a copgfééster-
carbonate of 8Gbsteate qoenpemeéntdstmantfantire amdes of the mvenuon be

pol ycarbonate resin which is nold-injectable ma be used as the

substrate cowM&#beeaMﬂmm@msmdﬁpmmo lm‘@nhmxmd:dgaes. The

ol ycarbonate fil . C | Niygn i spersi on .of th hqt qchr o es.. The
Br e1¥er red pol Y&&Y éﬁfﬁcﬁ‘ﬁf)feﬁuﬁf 4!5&'%885‘?’?51@%?@ henol
bi sphenol !ﬂ{& Vﬁgg &&’s‘i{lﬁsr g&&? t 0.3
to gbout 1.55 ﬂaﬁd eci ?I tgrsgaggr gﬁ?ﬁln et ﬁgpcﬁorl e ?2%3{%

The pol ycar boMtempermpiuyméth;denedl‘doﬁdEﬁ%I h the phot ochromi c
dye and cast to obtgin the filmfor nold_ insertion is advant ageously a

relatively high nol WWeWGMOY%fmmmﬂuﬂle free of haze
bj ecti . T ' , ' fil d f
() ot Toast  dptafibuic s it et o b the Bnor mileipetion g (i11) o
m nor anount (ﬁdv%ﬁtié% ﬁiﬁ%&gﬂﬁ%ﬁ%ﬁ%hﬁe@ﬁﬁﬁ[ﬁéﬂaﬁéﬁm@ r%éitner

precursor is select e group-consistin
i sopht hal i10 acftd:oflﬁzeob]ecuons ThesepwéfebﬁdmhﬁfdrcasUngafﬂmaredenved

sophthal oyl @ S &) atieast one dihydric ph
ydric phenol, (ii) a carbonate precursor, and (iii) a
minor amount of an aromatic ester precursor. The preferred aromatic ester
precursor is selected from the group consisting of
_ isophthalic acid; | |
£s terephthalic acid;
isophthaloyl dichloride; and
terephthaloyl dichoride.

In the practice of the instant invention only one aromatic ester

precursor is used or a mixture of two or more different ester precursors may
20 be employed.
The amount of the aromatic ester precursor used in the prepaz;atidn of
the low haze carbonate polymers is an optical property improving amouht.
By optical property improving amount is meant an amount which is effective
to improve the optical properties of the solvent cast films; i.e., effective to
25 reduce the haze of said films. Generally this amount is from about 1 to about
10 mole percent, preferably from about 2 to about 9 mole percent, and more
preferably from about 3 to about 8 mole percent. Mole percent of the
aromatic ester precursor is based on the total amounts of said ester precursor

and said dihydric phgnol utilized in the preparation of the carbonate polymer.



t er epht hal oyl di chori de. In the practice of the instant

invention only one aromatic ester precursor is used or a m xture of
two or nore different ester precursors nmay 20 be enpl oyed. The
anount of the aromatic ester precursor used in-the preparation of t he

| ow haze carbonate polyners is an optital property inproving anount.

By optical property inproving anmount is neant an anmount which is effective
to inmprove the optical properties of the solvent cast filnms, i e.,
effective to 25 reduce the haze of said filnms. Generally this anmpunt is

fromabout 1 to akgafierally, if 158 tﬁ%ﬁbaﬁiéﬁéholﬂﬁé‘é lzif%aide%&?gegtggé?{g

about 9 nole percent, ant nore pr ef er abl m-about

nol e per cent ushﬁlthe:asmﬂgniﬁdaheunprovemenhhtﬁ'e optical ppopertiesf the fidas ed
on the total armunts of sal d ester precursor and said di hti/ldrl ¢ phenol
utilized in dhewqsedbanabryhl@malepezesniofsaid edeypracursor is used the polymer

12 ecur begE ROl e phad SBRoL B BRRL 2R 1 BRICON Ol S

opti cal paopertlemlrk%émgmmoecuiérmgﬁt&ﬁ@gl fEing dhdiatic ceﬁfb%%%e of

said ester precursor 1s used-the polyner

advant ageous polemeridontains pedurtirg datbpnh&cgbhpsﬂ&a'bbﬁylaﬂé?gr&ps, and The
i nstant” hi gh nol ecul ar vvel ht solvent casting aronmatic carbonate

pol ymer cont Arpgaticcarbp Ge&lﬁb‘l?&tl%t@ bsner:@haguxyl @tm,sommbf the

aromati c- carboc clic s |n t,he .p chai whi ch at ast: sone of
t he car bdfa c&ﬂ aﬁtlF%% "X%?éﬂ‘&fﬁfﬁ@‘ﬂa Ware

bonded dldﬁeéd td éﬁﬁ chAsh: gagmcl sbocyclic
groups. 10 'I)% ﬁéze e uced car onate pgéayrrers con alémﬁﬁer bonds

and war bonat eThe teize reduded carbprate polyi mhonﬁme&d&@b@iﬂd@n@f the
ester bonds S |n t he range of from about to about 10 nol e percent,

preferably fréarbonate bonds ingthe palymer m)wétep@ndbmamm Qfd:be qsterflmmdﬂ y
from about 3 }a_gpout e c
bi sphenol - A ﬁa‘&%ﬁﬁ%ﬁﬁf&?&%ﬂ)ﬁ‘& Qﬁu%ﬁﬁm@ Yg@%hl oride
and 4.5 nole 8b6u ﬁ}g%q
percent est er%&?w ¢9itidle %ﬁelﬁ %r%dé r&g ced car bonia‘{ geEE cﬁﬁ%ﬂ%@?@u&
contain at | enwslepleecdrd! Foweragmple, 5 moles of bisphenol-A reacting completely with
15 0-5 mole of isophthaloyl dichloride and 4.5 mole of phosgene would give a
carbonate polymer of 10 mole percent ester bonds.
The haze reduced carbonate polymers contain at least the following
two recurring structural units:

(V)
(4]
-— 0 4 N\ / °0-¢— and
O/ 0 |
(VI)
(R3); ©
o I
i c—

. (X) 0-4 '_(j)_‘;} o-c— O
| Q/—-,uu,,, O



two recurring structural units: _ [err]

‘13 wherein X, A, m R err] andj are as defined herein-before.
Units VI are present in amounts of fromabout 1 to about 10 nole
percent, based on the total anounts of jgnits V and VI present, depending on
the amounts of the aromatic ester precursor used. 5 The reduced haze
hi gh nol ecul ar wei ght t her no-pl astic aromatic carbonate polyners for
m xing with the photochrom c dyes generally have an. intrinsic
viscosity, as measured in nethylene chloride at 25 C, of _at |east about
0.5 d /g, preferably at |east about 0.6 d /g. I n accordance
with the procedwereih X, &, i, R and jiate as defined HeteitPbefogé.ycar bonate resin
enpl oyed for cold-casting a filmis first dissolved in an organic

sol vent. Any inert Usi ﬁmﬂwm&ﬁ@omuﬁrtomﬂﬂmole

solvent is an tha doe into r act. the m xture '
conmponent s @" 3?%3@?’%"%@ QHP%F% P@Wﬂ?l ene
chloride. A rga hﬁq %&ﬁrﬁ{ solution is

advant ageously W t |nt§ﬁe range o %E #rom abou 1 0 to about 25 percent

by wei ght.s _ The redaced hage higlentsleailar weight thekmolpiastié AftMatic
honogeneously m xed an effective proportion of a dye to inpart color

1ao a fi Id;n and pobonemfpcnuxlultgmﬂedte phOlpcbmmiqh em:faﬂpﬂnvbmm c
ye, and/or a, prtjon netal |l i,C t ha ective to

i npart a neta ‘ﬂ‘% ﬁé@séﬁf@éﬁrﬁq ff'é‘ Eétﬁxﬁ:sé’iﬂﬁlqaﬁbébout
proportion of gdy I ge of from about 0.1 to
about 10.0 percen/%ygg\%%lﬂ&&fl%gbraggp%&?gf erably 0.1 to 03% An

ef fective proporti di aetordintevith ¥he prooess ?i'&éﬁ@imeﬁu% n} the- 0 % by

wei ght of the resin. Mxing is carrled ou room t enperat ure.

The sol veld® c@eolycarbopatsires yed forcoldrcastinga filbneis firspdissolvied ihfam
organic solvent. Any inert organic solvent may be used. An inert organic

- solvent is any that does not enter into reaction with the mixture components
or adversely affects them. A preferred solvent is methylene chloride. A resin
concentration in the organic solution is advantageousiy within the range of

15 from about 1.0 to about 25 percent by weight.

To the polycarbonate resin solution, there is homogeneously mixed an
effective proportion of a dye to impart color to a film and/or a photochromic
effective proportion of a photochromic dye, and/ or a proportion of a metallic
additive that is effective to impart a metallic or glitter appearance to the film.

20 An effective proportion of dye is generally within the range of from about 0.1
to about 10.0 percent by wéight of the resin preferably 0.1 to 0.3%. An
effective proportion of metallic additive is preferably 0.1 to 5.0 % by weight of
the resin. Mixing is carried out at room temperature.

The solvent cast films of the instant invention may be i)repared by the

2% conventional and well known solvent casting process which comprises
pouring the solution into a template, and evaporating the solvent to form the
film. Preferably evaporation is at room temperatures. These films generally

have a thickness of from about 0.5 to about 25 mils, preferably from about 1 to
about 15 mils.



25 conventional and well known sol vent casting process which conprises
‘pouring the solution into a tenplate, and evaporating the solvent to form

t he . film Preferably evaporation is at roomtenp
general |y have a thickness of fromabout 0.5 to ,qhig@heé{@agggén Replacec
preferably fromabout 1 to about 15 nils

Phot ochrom ¢ dyes are a well known cl ass of corrpounds JJH!HM' MHI m{
their preparation. Exanpl es of napht hopyran co

for inmparting 5 photochrom c properties nay be represented by forimul a

(VIl) as follows: [err] wherein R err], Rerr], Rerr],
Rlerr], Rerr], Rerr], Rerr and R err], res ctrvely be hydrogen;
a stabl e or gariPkotoghromic mr%wg{ likpown, pfc 8% ¥ or

substituted n na cycl oal kyl, furyl, alkoyl, alkoyl oxy,
aroyl, ar oyI ﬁPQéga/flmﬁgt‘gﬁgB% group haI ogen; a nitrogen-substituted

group, such as am chegygxex}emﬁﬁbﬁﬁ 48 BuitdbR for

ihg9
conmpound, such as norp o or piperazino, Z ig hydr ogen,
a substitut eopmte_ahfomtc)p@psmes may be represented by formula (VII) as follows:

I
A e
p 7\ _4
v _ 1]
ta Re

(VII)

wherein Ry, Rs, Re, R7, Rs, Rg,-Ri0, and Ry, respectively, may be hydrogen; a
stable organic radical, such as alky], alkoxy, unsubstituted or substituted
phenyl, nz_tphﬂ*tyl, cycloalkyl, furyl, alkoyl, alkoyloxy, aroyl, aroyloxy; a
heterocyclic group: halogen; a nitrogen-substituted group, such as amino or

10 nitro; or a nitrogen-substituted ring compound, such as morpholino,
piperidino, or piperazino; Z is hydrogen, a substituted phenyl' grdup ora
substitufed naphthyl grorxp; and V is hydrogen, a substituted phenyl group or
a substituted naphthyl group, provided that at least one of Z and V is
substituted phenyl or substituted naphthyl. The substituents of any phenyl or

15 naphthyl group or groupe at Z or V are selected from the following: a stable
organic radical, such as alkyl, alkoxy, unsubstituted or substituted phenyl,
naphthyl, cycloalkyl, furyl, alkoyl, alkoyloxy, aroy.l, aroyloxy; a heterocyclic
group; halogen; a nitrogen-substituted group, such as amino or nitro; and a
nitrogen-substituted ring compound, such as morpholino, piperidino, or

20 piperazino; provided that at least one substituent of at least one substituted
phenyl or substituted naphthyl at either A or B is phenyl, naphthyi or furyl.

THIS SHEET HAS BEEN
REPLASL U




substituted naphthyl group; and V is hydrogen, a substituted phenyl .group

‘or a substituted naphthyl group, provided that at |east one of Z and V
i's substituted phenyl or substituted naphthyl. The substituents of any
phenyl or 15 napht hyl group or gr oupddat Z or V are sel ect ed fromthe
following a stable organi c radi cal, such as al kyl, al k¥kyheetHas Been Replaced'
unsubstituted or substituted phenyl, napht hyl , cycl oal k "mlmmsml Iu"

al koyl , al koyl oxy, aroyl, aroyloxy; a heterocycllc grou

ni t r ogen- substi t ut We@rmdmaphbhbpymmmmpoun un u deand a
ni trogen-substitute | i no, piperidino, or 20
pi perazi no; p%ﬁb&?geﬂﬂ?ﬂb ﬁ'ﬂ’rﬂ%&i fB?FX‘%H T °of at | east one

bsti d henyl ,
SUbSTI LAt o0 1o 1 FHRAN, o R DRy Y oo R a5 W pyBaan S PPETY

REPLACEMENT S ounds i ncl ude
3- (4- bi phenyl gﬁfi&é«_i-bxghen y I)SB{%GR%.@H‘&&EP%& 1%2 1b]

met hoxy-3H nap . , 1b] pyr an,
3- (4-bi phesiyl yl ) - SEﬂamprlesaﬂspnphaphﬂ'{ ytafh pompoundds may be represented b
3, 3-di (4-bi ph nnyI) y- 3H napht ho [2, 1b] pyran. 5 Exanpl es of
spi r onapht hopyPEmulay Oﬁﬂ‘fs’oe represented by formula (M11) as
follows: [err] wherein R err], Rerr], Rerr], Rerr],

Rlerr], Rerr], Rerr], and Rerr], respectively, may be hydrogen; a
stabl e organic radical, such as alky]l, phenyl, napht hyl ,.

cycl oal kyl , furyl, al koyl, alkoy “aroyl oxy; a heterocyclic
group; a hal ogen; a

(VIII)

wherein Ry, Ra, Rs Re; Rz, Rs, Ry, and Rug, respectively, may be hydrogen; a
stable organic radical, such as alkyl, alkoxy, phenyl, naphthyl, cycloalkyl,
furyl, alkoyl, alkoyloxy, aroyl, aroyloxy} a heterocyclic group; a halogen'; a
10 nitrogen-substituted group, such.as amino or nitro; or a nitrogen-substituted
ring compound, such as morpholino, piperidino, or piperazino; A isa
substituted divalent aromatic radical. The substituents of the divalent
aromatic radical may be hydrogen or a stable organic radical such as alkyi,
alkoxy, phenyl, naphthyl, cycloalkyl, fury], alkoyl, alkoyloxy, aroyl, or
15 aroyloxy. Additionally, the substituents of the substituted divalent fhay also
be substituted with alkyl, alkoxy, phenyl, nephthyl, cycloalkyl, furyl, alkoyl,
alkoyloxy, aroyl, or aroyloxy.
Preferred spironaphthopyran compounds for imparting photochromic
effects include 8-methoxyspiro(3H- naphtho(2,1-
20 b]pyran-3,9'-fluorene),spiro(3H-naphtho
[21-b]pyran-3,9*-fluorene),8-methoxyspiro(3H- )
" naphtho(2,1-b]pyran-3 I'-tetralone), 6',7'-
dimethoxy-8-methoxyspiro(3H-naphtho[2,1-b]pyran-3, I'-tetralone)

THIS SHEET HAS BEEN
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10 nitrogen-substituted group, such as amino or nitro; or a

‘ni trogen-substituted ring conpound, such as norpholino, piperidino, or
pi perazino; Ais a substituted divalent aromatic radical. The
substituents of the divalent aromatic radi cal may be hydrogen or a
stabl e organi c radical such as al kyl, al koxy, phenyl, naphthyl,
cycl oal kyl, fury], al koyl, al koyl oxy, aﬂ%yl or 15 . aroyl oxy.
Additionally, the substituents of the substituted dival ent may al so be
substituted wth al kyl, al koxy, phenyl napht hyl , cycl oal kyl, furyl,

al koyl ,. al koyl oxy, aroyI or aro | oxy. Preferred

spi r onapht hopyP-anethoxpdmethexyspire(3 |1'Wh§h@[t25ch]?ﬁm3 1'-tewplang)s i ncI ude
h h -
Fzrrgt bfngghrag‘%ﬂ’%ﬁ g| 2i i: 20 ., b@ran\bﬁjoshlu)foren_%)rspl ro(3H napht ho

ht ho[ 2, 1- b
S?get hgiy 8 rrL oxy %r r&%ﬁ&naﬂﬂgﬁ(’[’?@g&g 35-}? al?h§h?. _tetral one)
16 TiBjpyranr heeratomie), A-HiethybBhnbthoxyl- b] pyr an

3,1 -tetral one

%- 3 - ﬂr {)hénylslﬂm(ﬁfﬁmphﬂlo(udﬂpmﬂbpﬂ@)b?'&/dmh@ﬂ* tetral one)
gjihﬁﬁ h?l e 7o '%&%@e&%lﬁ&(‘zﬁww%ﬁﬁv%b ndan) - ‘z’”eé
2! I,OB'en)d/i r)henyl%é{%pﬁé‘){ spr r%%@ﬁﬁéb@%ﬁﬂyﬁl J{'e ra on T2 -

met hy! - 8- met howyetRyE (3H-hal hmd - Wﬁk&%bne Q‘iﬁéﬂw‘lﬁ
met hoxyspi r o( 3H napht ho[ 2, ?b%] pyr an- ?Ir}da 4
2', 3' - di phenyl ntethexyspire(d, [@;i»fb]p;{mn b] pyran-3, 1' - i ndene)

ot S T bt L el e A ARG o ™
i ncor por at ed h%&é&)f)y ref erence thereto.
Further details and methods for manufacturing the compound of
formula (VIIT) may be found in the U.S. Patents 4,851,530 and 4,913,544,
incorporated herein by reference thereto.
15 A number of photochromic dyes are commercially available from
Keystone Aniline Company under the trivial names Reversocal Storm Purple,
Plum Red, Berry Red, Corn Yellow, Oxford Blue and the like. Corn Yellow
and Berry Red are Chromene compormds, while Storm Purple and Plum Red
are Spirooxazics. The general structures of Chromene and Spirookazene
v compounds are depicted in Figure 1.
| Preferred metallic additives suitable for use in the present
compositions include metals, such as aluminum. Other nonmetallic reflective
additives such as mica, may also be incorporated to provide a reflective
material. It is preferred for the metallic additives to be powdered, and to
have a particle size less than about 100 microns. The particles may be
spherical or planar flakes. Suitable grades of aluminum particles are sold by
the Silberline Corporation under the grades SSP-95020-C, SSP-504AR, ESS-
800AR, and ESS-605AR. The properties of these grades are as follows:



15 A nunber of photochrom c dyes are commercially available from
‘Keyst one Aniline Conpany under the trivial names Reversocal Storm Purple,
Plum Red, Berry Red, Corn Yellow, Oxford Blue and the like. Corn Yell ow
and Berry Red are Chronene conpounds, yhile Storm Purple and Pl um Red

are Spirooxazics. The general structures of Chronmene and Spirooxazene 20

conpounds are depicted in Figure 1. . Preferred netallic
additives suitable for use in the present conpositions include netals,
such as alum num Oher nonnetallic reflective additives such as mca,
may al so be incorporated to provide a reflective material. It is
preferred for the netallic additives toTASI®WWered, and to have a
particle size |l ess than about 100 m crons. e particles nmay be

spherical or planar flakes. Suitable grades of alum numparticles are sold

by the Silberline Corpo —t-he—giades—SSP-05020—-C—SSP-504AR,
ESS- 80PAR, andGESi® 605AR Fhe M%Em@é’sbﬂe t hgse grad?baaﬁe as

fol | ows: D(50%) 1y

TABLE | cCp. W 18 Miaonkarticle §ize flakes Shape
D(50% ss‘lg-sgéépé - ' 18 mierons : flakes

SSP- 504- AR SSP-504-AR i crons 40 microns _ f| akgs flales 809- AR

8 mcrons shheres —ESS. 604 AR 10— H{-C+ORS
spher es ESS-809¢A&aI ly, afn andBBHCKONSa net al | ilc part |§Hl'€fﬁ§ added
whi ch i s suf ficien {-o—H-0art4 ' ; t
is not suffi |erﬁssr@4f‘6|ﬁy bl ock E%ﬂ?%sion of i ght t¥R the

film Preferteg—teoeat iy oo o

Typically, an amount of a metallic particle is added which is sufficient
to create a metallic appearance t the article, but is not sufficient to fully block
transmission of light through the film. Preferred loading for aluminum
particles range from 0.1 to 0.5 % by weight. The “flake” shaped metallic

" s particles are preferred because they require less loading to create the same
degree of metallic appearance.

The mixing of the solvated compositions of the invention is done by
solvent blending. The sequence of addition is not critical but all components
should be thoroughly blended. ‘Blending can be done continuously or

10 batchwise. One or more pilotochromic dyes may be blended with the

solva;ted polycarbonate resin. .
The invention will be better understood with reference to the following

examples, which are preéented for purposes of illustration rather than for

_ limitation, and which set forth the best mode contemplated for carrying out
15 the invention. |

The resin and dye and/or metallic particle blends of the invention may

be further modified by the addition of other types of additives known to the

art of plastics compounding. Such additives can include, for example, impact

modifiers, other resins, plasticizers, flow promoters‘and other processing aids,

20  stabilizers, mold release agents, ultraviolet screening agents and the like.



particles range fromO0.1 to 0.5 '%by wei ght. The "fl ake" shaped netallic 5
‘particles are preferred because they require less loading to create the

same degree of netallic appearance. The m xi ng of the

sol vated conpositions of the invention is done by sol vent bl endi ng. The
sequence of addition is not critical bujgall conponents shoul d be

t horoughly bl ended. Bl endi ng can be done continuously or 10 batchw se. One.
or nore photochrom c dyes may be bl ended with the sol vat ed

pol ycar bonat e resin. The invention will be better understood

W th referenc& to the fgllomﬁng exanpl es, which are presented for

pur poses of i rat her than for limtation, and which set

forth the best node Iy <] - hani@al ishyFep &

The resin and dye aAngpg? rretgﬁ‘\lggﬁggfltg?%@e&glg‘g%g%%the ir?ventf%?nrray
be further mg&&beﬂa@eddﬁaada&: inlebtube ida Claiser adaptarddiwhichss attached a
t he art of plastics conpounding. Such additives can include, for

exanpl e, i npacdry ice condeiserand a gasinlet wbenZo the fask areadded B m pvatesi er s
e S e P Sh e 008 B85 028 el
18 P | ' | ' i th
a mechani calr' e??ilg ﬁir‘éeér&,ﬂ'-é' ?)ﬁ‘l & (0'%0r1gt§§? @%&Mﬁﬂﬁ%ﬁﬁ ?ﬁ’%gsmgéw :

e

Cl ai sen adapt emolé% Haséd onbispherndleAl) of terephthaloyl dichiogieles Withstirei
inlet tube. To the flask are added 300 mwater, 5 450 m net hyl ene chl ori de,
0.7 mitri et hyl pEhismaised tod9 byvthe)adslitionof 25% aguegus sodiumshy de, 0-24 ¢

(0.0016 nole) 4-tertigrybutyl enol 0,0125 .no . | e% bas on

bi sphenol - A) oPhessese Natreynodr b e Bask ok e eatf P ¢ i for 0 iiuies '3

raised to b hLi 20 | ; %gigfiﬁnn gene

s int rodui(gd h@%ﬂ%ﬂ%@éﬁggygeﬁ li%gl%@#g{f 30m nﬁtsgls .3 10

mol e) with theTRE réghlhpérB@eparatéd Boni thobrinkdayaswakhadivithBivweighe! ut i on.

The resin layer is separated fromthe brine |layer, washed with 3 wei ght
percent aqueous HC until the washmg remains acidic, and twice

- with distilled water. The resin is then precipitated into 1500 m of methanol in

a Waring blender and washed with 500 m more methanol and allowed to air

15 dry. . o

This resin is then formed into a film by dissolving 5 g of this resin in 95
g of methylene chloride and pouring the solution into a 5 in. x 10 in. stainless
steel temf:late resting on a glass plate. An inverted glass dish is loosely
placed over the glass plate and the solvent is gradually evaporated.

20 Samples for % haze determination are cut from the center of the film.
The % haze values are determined on a Gardner Pivotable-Sphere Hazemeter
(Model HG-1204). The results are set forth in Table I, below.

Preparations 2-4
The procedure of Preparation 1, supra., is substantially repeated except

25  that the 0.0125 mole of teréphthaloyl dichloride is replaced with 0.0125 mole

of other aromatic ester precursors as set forth in Table II, below.

The % haze of these films is determined and the results are set forth in
Table 11, below.



percent aqueous HC until the washing remains acidic, and tw ce W th
‘distilled water. The resin is then precipitated into 1500 m of nethanol in
a Waring bl ender and washed with 500 m nore nethanol and allowed to air 15
dry. . This resin is thenformed into a filmby dissolving 5 g of
this resin in 95 g of nethylene chloride and pouring the solution into
ab5in x 10 in. stainless steel .tenplate resting on a glass plate. An
inverted glass dish is |oosely pﬂgced over the glass plate and the
solvent is gradually evaporated. 20 Sanmpl es for % haze determ nation
are cut fromthe center of the film The % haze val ues are determ ned
on a Gardner Pivotabl e- Sphere Hazeneter (Model HG 1204). The results .
are set forth in Tablge I, bel ow Preparations 2-4 The
procedure of Prepara®on 1, supra., is substantially repeated except 25

that the 0.0125 nol egof ferephthal oyl dichloride is replaced with 0.0125
mol e of other g oftic ¢@ter pBecurs& s asshet forth in Table I
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20 Example 1 To.22.5 g of the resin obtained in the

‘Preparation 1, supra., there is added with mxing 277.5 gm of nethylene
chl oride (10% solution). To 150 gmof the solution there is added with
stirring 5 0.0675 g of Berry Red photochrom c dye (Keystone Aniline). The
dye may be pre-dissolved in a suitaggﬁ I nert solvent such as butyl
acetat e; hexane; cycl ohexane; vario al cohol s, including ethanol and
met hanol ; and vari ous ketones; such as cycl ohexanone and net hyl et hyl
ket one. Approximately 6.0 g of the resulting m xture was cast 10 into each

. of a series of 12nm nmpl ds as described in Preparation 1 above and the
sol vent al | owe orate at room tenperature, | eaving a

pol ycarbonate resin nple 2

To 300 g of the sol lﬁégﬂb&%ﬁ%&g& %@%@%&M@gﬁere added
0.15 g of Cyasqhbreihtdedvith miih V\P alllbﬁde(m% 0.0225 g

erry Red and O. g rn Yellow (a ree phdt ochrom ¢ yestuffs
B Red and 0.0225 g Corn Yell (al h dyest uf f

obt ai ned from Kejstiong Pol50 gaj ofthtersolution ghere is addedrwithrstireing 30 g of the
resul ting sol utlon was cast |géo each of a series of 12 mndi aneter

nol ds and t e <bP& pheteshepmic dye{Keystong Agilinadol Lredyenat e

phot ochr o ¢ f Pﬁx%t%&%é&@ﬂiﬁtﬁt@kmﬁ&% Sl as nigd agetates o2
are useful 10 Ph&RRHERcyABhBRrR; RaF0RS AlWHOls, includirfg btifHrdt alid | nsert

injection nolding.to adhere thémto a | ens substrat 25 of pol ycar bonate

resin. The techmiethenalf andmtousrlgeﬁmﬁespmdohsicy@ohmnone andwmidthyhown; see
for exanple the descrl ptlons given in U S. Patents 4,898, 706 and

4,961, 894, bot hethtyl ketane. Approxisately 08¢ ofdheiresul{ing mixture was cast ¢

tﬂgrfltlom Ad (gnta ous*%5 t he, tg? ﬁ I S f I’I’I&% ﬁ ﬁ% q%gaau&nfcenent of

above and the solvent allowed to evaporate at room temperature,

~ leaving a polycarbonate resin film with photochromic properties.
Example 2
To 300 g of the solution obtained in the Exatngle 1, supra.,

15 were added 0.15 g of Cyasorb 5411 (F528) (Cytec), 0.09 g Oxford Blue,
0.0225 g Berry Red and 0.0225 g Corn Yellow (all three photochromic
dyestuffs obtained from Keystone Aniline) with mixing. '
Approximately 30 g of the resulting solution was cast into each of a
series of 12 mm diameter molds and the solvent allowed to evaporate,

20 leaving a polycarbonate resin film with photothromic behavior
properties. |

The photochromic films prepared in accordance with
Examples 1-2, supra., are useful to prepare laminate photochromic
articles by insert injection molding to adhere them to a lens substrate
25  of polycarbonate resin. The technique of insert injection molding is
well known; see for example the descriptions given in U.S. Patents
4,898,706 and 4,961,894, both of which are incorporated herein by
reference thereto. Advantageously, the molding is carried out by

placement of the film insert into the front portion of the mold and the



21 resin substrate is injected at a nelt tenperature within the
‘range of about 450 F to 500 F. The filminsert may be
pre-shaped using any suitable film shapi ng process. 5 Prior to
nol ding the article in a nolding nmachine,2the filmis pl aced against a
recess of the nold plate before the nold hal ves are cl osed. The recess
may be defined by a notch in the nold surface. After placenent
of the filmagainst the recesses, the nolding machine is closed to
formthe mold. %ﬁﬁwsm%wﬁ%&té&atamatwﬂ?eﬂa@mWieﬁﬁeﬂetam%we |
cavities in the nolten state tO fill that portion of the cavities in
the nolten st at eabomti4S0IF td800 Rorti on of the cavities not occupi ed by

the filmand formthe_ Janinate article: After the_ injected resin
solidifies, the cavi tﬁ\ﬁ%ﬂﬁ@swmk’swﬁﬂﬁs&m@&%ﬂmﬁwmﬂﬂnﬁm ves away
fromeach other. 415, le 3 . Thi s exanpl e denonstrates
formation of a |5$Iﬁ%ﬁ’&$5’x’$‘g%§ usi ng the filmproduced in Exanple 1 to

i ncorporate tshe phot Ophge%'emldin BRORAAY in d RtoldinFHRRNING the fildlis O

mat ch the nold shape and is %I aced agai nst one surface of an open

injection nold. plaeedualgdiri® a teeéssaf the enoldeplate befode théirtodd hatvesrare
pol ycarbonate resin (Ceneral Electric Co., Pittsfield, MA) is
injected into t heloseddTheyeesss maybedefined by a ngigh in theaeld surdacs. ¢ he
machine is 575 F, and jghe

After cooling, the nof: aﬁqglé%“tsﬁggg%&ﬁﬁ“%ﬁ{%%%&g%mam& e
ejected fromt heuﬂ&ﬂx@ﬂ&cséwm&ﬁ%d&mé%&&ﬁoﬁﬁsﬁékéﬁﬂ' then
Exanple 4 | Ilse

phot ochrom ¢ behavi or. S exanp

denonst r at es 16 or imjected into thepedvities trothetrmolteh state to filk that pbation oféhel | i C,

littering appearance and i ncorporates 0 hot ochrom ¢ dyes.
J J app cavities in the molte% state to fiﬁthatpportion of the cav¥ﬁes not

occupied by the film and form the laminate article. After the injected

‘resin solidifies, the cavity may be opened by moving the molding
halves away from each other.
15 Example3 | .

This example demonstrates formationvof a laminate lens using
the film produced in Example 1 to incorporate the photochromic
property. The film portion is cut to match the mold shape and is
placed against one surface of an open injection mold. The mold

20 halves are then closed. Molten Lexan® polycai:bonate resin (General
Electric Co., Pittsfield, MA.) is injected into the mold cavity. The resin
melt temperature of the machine is 575" F, and the mold temperature
is 180" F. _

-After cooling, the mold halves are opened and the molded

25 article ejected from the mold half. When tested, the article exhibited
photochromic behavior.

Example 4
This example demonstrates formation of a polycarbonate film

that has a metallic, glittering appearance and incorporates
30 photochromic dyes.



22 Four different filnms (A-D) were prepared by nmaking a resin
‘substantially according to Preparation 1, and mixing in the I ngredi ents
listed in Table Il below to forma honbgeneous resin m xture. The resin
m xture was formed into a filmby drying 2h a 5 dish. The ingredients
|isted below are all described supra, with the exception of F528, which
Is a UV-absorber al so known as Cyasorb 5411, available from Cytec.

The wei ght of each additive listed belowin Table Ill is given in

grams. Each experi nerﬁouwdxfiueﬂtﬂlmj(w)adehe‘ydphﬁechﬁﬁmkdﬁgdmskﬂ 24. 4g.
of resin. ~ TABLE I [ Additive A

(grans) B (gr &wbstantially-agegydingtpHreparation 1, and mixipgdn the 0. 0248
0. 0248 0. 0245 Oxfard Bl ue 0. 1099
0. 1099 0. 17Bgredie ntsg'sgﬁég‘TabMBF@(”mf a Horpoganepus resin (173

0 086s  corn Vhpfture. Thétllin mixture wag idjpfiibinto a film By Uiyhhg in g, 0%

Particl es SSSRhQEO:I‘&Q -ifigrediefisidted b&loR afedalPBescribed supra, with the O 0348
. ESS-809- AR 0. 0279 ESS- 605- AR
0.0284 exceptiep &f Fi§2d: whichis & UVeahsorberalse knowaas Gpasprb of

- Alum num 15 pig b bt of resin), but different weights are
shown in %ﬁ %Y"f'}%% m edi fferent grades corrprl se varyi ng

anounts of a vol ddBEve PE@H W}Q@ﬂ HEQ
metallic appear a'g%éeweégﬁwfggha very tine netallic appear nce, and C

and D - ~ grams. Each expenment was performed by adding the addltlves to
10 24.4g. of resin.
- TABLE III
Additive = A(grams) B(grams) C(grams) D (grams)
uv _
F528 0.0248 0.0248 0.0245 0.0241
Dye
Oxford Blue 0.1099 0.1099 0.1100 0.1093
Purple 0.0122 00123 0.0125 0122
Claret 0.0858 0.0855 0.0856 0.0854
Corn Yellow 0.248 0.245 0.0248 0.0247
AL Particles |
SSP-950-20-C 0309
SSP-504-AR 0.0348
'ESS-809-AR 00279
ESS-605-AR | 0.0284

Experiments A-D all contained the same weight of Aluminum
15 pigment (0.1% by weight of resin), but different weights are shown in
Table Il because the different grades comprise varying amounts of a
volatile carrier. Experiment A showed a very heavy metallic

appearance, B showed a very fine metallic appearance, and C and D



23 showed no netal lic appearance. Therefore, the flake, shaped
‘Al um num particles provided a superior netallic appearance at | ower

| oadi ng | evel s. Al t hough the present invention has been
described in 5 considerable detail, with reference to certain preferred
versi ons t hereof, other versions are possible. Therefore, the spirit
and scope of t he appended clains shduld not be linmted to the
descriptions of the preferred versions contain herein.

24 Clains Wiat is Clainmed is: 1. A

process for the manufacture of phot ochrom ¢ pol ycarbonate- resi n bl ends and

articles, whi showedmo metallic appeariineen Therefore, tthe flakp) steiped, ar onatic

pol ycar bonat e resi nin an_qQrganic _solvent to forma dissolved resin;
honogeneous! y Ayninymparti q(iwepm‘g ed asuperior metallisappeanance at lowerct i ve
proportion of ;a phot oc romc dye casting a filmof the m xture; and
renovi ng the é The process of claim 1 wherein the

polvearbonat e 1! Iiodss “}Eeﬁfﬁs‘*ﬁ@ﬁ*"@%“?ﬂ%‘% B U Sor
5 consxderable detail, with reference to certain preferred versions
thereof, other versions are possible. Therefore, the spirit and scope of
the appended claims should not be limited to the descriptions of the
preferred versions contain herem.



(i1i) an effective ambunt of an aromatic ester precursor to reduce haze.

> 3. The process of claim2 wherein said amount of aromatic ester

" precursor is fromabout 1 to about 10 nol e percent, based on the total
amounts of said dihydric phenol and said aromatic ester pre- cur sor used.
4. The process of claim3 wherein said anount of said st er

precursor i ﬂlﬂmnaabout 9 8l e percent ==
of cl ai m2 Imnl‘ W l tic ester precursonl ke
[lerr]

it he
general formalac L '
25 nis an interger fromO to 4. R i tIy selected
f rom nonoval ent hydrocarbon radi cal sChighshal ogen r adi cal S; X is
i ndependent |y sel ected from hydroxyl  and hal ogen radicals; and t he

- COX radi cal tesmammdwet a or para position relative to each other.
Cepr esent d by R dre sdh BEOEEFo ﬁe&nﬁﬁv&c&w SPGB . ol i and
e o Blasbonate s bERMS RRARFGACHIw L kgt 1 <o) o Tonoval en
dissolving a thermoplastic, aromatic polycarbonate resin in an
organic solvent to form a dissolved resin;
homogeneously mixing with the dissolved resin, a
photochromic effective propor-tior; of a photochromic dye;

casting a film of the mixture; and

remc;ving the solvent.

2 The process of claim 1 wherein the polycarbonate resin
is a solvent-castable polycarbonate reaction product of

(1) atleast one dihydric phenol;

(ii) acarbonate precursor; and

(ili) an effective amount of an aromatic ester precursor to
reduce haze. "

3. The process of claim 2 wherein said amount of aromatic
ester precursor is from about 1 to about 10 mole percent, based on the
total amounts of said dihydric phenol and said aromatic ester pre-
cursor used.

4. The process of claim 3 wherein said amount of said
aromatic ester precursor is from about 2 to about 9 mole percenf.

5. The process of claim 1 wherein said aromatic ester

precursor is represented by the general formula

(R),. O

f C -
X -cC X

wherein:

heet Has Been Replaced

i
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radicals. 8. The process of claim5 wherein said hal ogen radicals
represented by R are selected fromchlorine and brom ne. 9. The
process of—elarm-5—whererm i s zero.

wherein X is_ a hydr 11. opreT ,Qé‘éﬁi 10
wherein n | Eﬂ ﬂ i ﬂ The process of E Miepei n s_.i=d

aromati c es sel ect ed f&¥om i sof

acid, and mxtures thereof 13. The priete claim5 whetein X is
a haI ogen radical . : The process of claim 13 wherein said hal ogen
radical is chlorine. The process of claim 14 wherein n is
zero. 16. Rrisandepemé@tbf selectechfimumonovalenh hyrdrocarbonc est er

precursor is t ed om i sopht hal oyl di - chI ori de, terephthal oyl
di chl ori de, ﬁ@cgfs é%l &cafs The process of claim 2,

wherei n said carb
26 %}gt‘ﬁ?o@ess 0 %%ﬁq&wqﬁ%é'?ﬁyls%ﬁ‘%h&}mi ¢ phenol is

bi sphenol - A radlcals,iﬁd The process of claim1 wherein the organic sol vent

i s met hyl ene chl ori de. 20. The process of claim1l wherein mxing is
at room terrperaturthe -COX radigals arq i the metpor parapositionrelativectess of claim
22 filmof claim?21 insert injection nolded to a
poI ycar bonat @aFlé ubstrate. . 23. The article of the process of

clai m 22. _ 6.  The process of claim 5, wherein said monovalent

hydrocarbon radicals represented by R are selected from alkyl,
cycloalkyl, aryl, aralkyl and alkaryl radicals.
7. The process of claim 6 wherein said monovalent
| hydrocarbon radicals represented by R are selected from alkyl
radicals. | '

8. The process of claim 5 wherein said halogen radicals
represented by R are selected from chlorine and bromine.

9. The process of claim 5 wherein n is zero.

10.  The process of claim 5 wherein X is a hydroxyl radical.

11.  The process of claim 10 wherein n is zero.

12.  The process of claim 11 wherein said aromatic ester
precursor is selected from isophthalic acid, terephthalic acid, and
mixtures thereof. _

13.  The process of claim 1 wherein X is a halogen radical.

14.  The process of claim 13 wherein said halogen radical is
chlorine.

15.  The process of claim 14 wherein n is zero.
16.  The process of claim 15 wherein said aromatic ester

precursor is selected from isophthaloyl di-chloride, terephthaloyl

dichloride, and mixtures thereof.

17.  The process of claim 1, wherein said carbonate

precursor is phosgene. [

Sheet Has Been Re|p|ace0
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24. A process for the manufacture of thernoplastic film which conprises:
di ssolving a thernoplastic, aromatic pol ycarbonate resin in an organic
solvent to forma dissol ved resin; honbgeneously m xing with

t he dissolved resin an additive selected fromthe group consisting of: an

anount of non- photochrom c dye, an anount of phot ochron‘”",m ;

of nmetallic particles, and conbi nati $hs t her eof X = mlﬂzﬂ'”]mm'
filmof the mxtures; and renovi ng the solvefit.© Lt n s2bs
A process according to claim?24, wherein the additive is an anount of

metal lic particles: 26. A process according to claim?25, wherein
the metallic pad&i clEhe precess of elaimalyewherein said dilydric phenoldisss

according t 'Cllﬁi ml\%{ wherein the additive is an anmount of netallic
particles t 9%t h a photochronic dye.

19.  The process of claim 1 wherein the organic solvent is
methylene chioride.

20.  The process of claim 1 wherein mixing is at room
temperature.
21.  The film prepared by the process of claim 1.
22.  The film of claim 21 insert injection molded to a
polycarbonate resin substrate.
23.  The article of the process of claim 22.
~ 24. A process for the manufacture of thermoplastic film,
which comprises:
dissolving a thermoplastic, aromatic polycarbonate
resin in an organic solvent to form a dissolved resin;
homogeneously mixing with the dissolved resin an
additive selected from the group consisting of: an amount of hon—
photochromic dye, an amount of photochromic dye, an amount of
metallic partides, and combinations thereof;
casting a film of the mixtures; and
removing the solvent.
25. A process according to claim 24, wherein the additive is
an amount of metallic particles.
26. A process aécording to claim 25, wherein the metallic
particles are flake shaped.
27. A process according to claim 24, wherein the additive is

an amount of metallic particles together with a photochromic dye.



