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The instant invention relates to weat herabl e conpositions

(bl ends/fornul ati ons) conprising polycarboofte, cycloaliphatic polyester
resins, ultraviolet |ight absorbers, and a catal yst quencher.

POLYCARBONATE COMPOSITIONS COMPRISING POLYESTER
RESINS AND ULTRAVIOLET LIGHT ABSORBERS

FIELD OF INVENTION

The instant invention relates to weatherable compositions
(blends/formulations) comprising polycarbonate, cycloaliphatic polyester
resins, ultraviolet light absorbers, and a catalyst quencher.

10 BACKGROUND OF THE INVENTION

Formulations and blends comprising polycarbc—~tes are known to
degrade upon prolonged exposure to sunlight or other trorms of light. One
of the effects observed is vyellowing of the polycarbonate

15 blendformulation. This problem has been pattially alleviated by the use
of light absorbers or light blockers in the polycarbonate blends. Thus
ultraviolet light absorbers (UVA) are known to be used in polycarbonate
formulations to protect these formulations from degradation due to
exposure to different sources of light.

20 It has been known that aliphatic polyesters are resistant to light
induced photo-yellowing in particular, because they do not absorb light
wavelengths normally encountered in outdoor exposure. Blends of
polycarbonates and poly(1,4-cyclohexanedimethanol-1,4-
cyclohexanedicarboxylate) (PCCD) have been studied and reported in

25 Polymer Intemnational, 36, 127 (1995) and the Joumal of Physics:
Condensed Matter, 8, 311 (1996). However, their photostability has not
been examined.

The use of light stabilizing additives, UVA's in particular, to
improve the photostability of polymers is known. Use of UVA's, however,

30 does not offer a complete protection of polycarbonate formulations from
light induced degradation or discoloration. There is thus a continued
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10 -BACKGROUND OF THE | NVENTI ON Fornmul ati ons and bl ends

conpri sing pol ycarbonates are known to degrade upon prol onged exposure
*to sunlight or otherforms of |light. One of the effects observed is
yellowing of the polycarbonate 15 blengd/ fornulation. This problem has
-been partially alleviated by the-use | i ght absorbers or I|ight

bl ockers in the pol ycarbonate bl ends. Thus ultraviolet Iight absorbers

(UVA) are known to be used g n pol ycarponat e formul ati ons to protect

these fornul ati oRgefr & degiosmuiation dhat Wil help gygtagt polysarhanale e based
f ligh ; s | |
sources o 10N cuatony i o TR ISk BT FRAS,.

they do not absotight.i ght wavel engt hs normal’ly encountered in outdoor
exposur e. Bl ends of car bonat

pol y( 1, 4- cycl o_hexanedi"rﬂ!;&aﬁaﬁg%’i4 _1?‘4’-p“s'“9?}"5398ﬂ9hma?gg‘é§ﬁ _coofr GoXoask one pbaw)
andthe. Jour rl - BPRRTIERBR, WefzbBhéhond Akl R iriaAhEaReY U - ipfmpgdbnd ™)
t hei r phot ost abi comprising potycarbonate and cycloaliphatic polyester resins exhibits a
synergistic effect and, affords enhanced protection and increased
weatherability, to the polycarconate comnositions against light induced
degradation. This synergi:  increas: -~therability, is greater than -
10 the additive protective effec of the polyestc ssin and the UVA. The
protection afforded is gene:zily measured ir: terms the Yellowness
Index (YI). Improvements in retention of gloss and mecnanical properties

are also expected. -
15 SUMMARY OF THE INVENTION

The instant invention provides a composition comprising a
polycarbonate, a cycloaliphatic polyester resin, at least one of a
benzotriazole, benzophenone, and triazine based UVA, and a catalyst

20 quencher. Incorporation of the benzotriazole, benzophenone, and
triazine based UVA, and a cycloaliphatic polyester resin in the
polycarbonate composition surprisingly displays a synergistic effect in
protecting the polycarbonate compositions from the undesired
degradatidn or discoloration due to exposure to light, thereby rendering

25 weatherable polycarbonate compositions.

DETAILED DESCRIPTION OF THE INVENTION

The instant invention provides a composition comprising, a
30 polycarbonate, a cycloaliphatic polyester resin, at least one of a
benzotriazole, benzophenone, and triazine based UV absorber, and a
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beén “exani ned. The use of light stabilizing additives, WA s in

particular, to | nprove the photostability of polyners is known. Use of
*UVA's, however, 30 does not offer a conplete protection of polycarbonate
formul ati ons from | i ght induced degra%at ion or discoloration. There is
t hus a conti nued I : - 2-

need for a fornmulation that will help protect pol ycarbonate based

formul ati ons/ bl ends from degradati on or discoloration due to exposure to

li ght. catalyst quencher.  Another embodiment of the invention provides a

composition wherein, (a) the polycarbonate and the cycloaliphatic
polyester resin, taken together, comprise from about 70% to about
99.94% by weight of the total compositibn, the ratio of the polycarbonate
s to the cycloaliphatic polyester resin being from about 50:50 to about
90:10; (b) the benzotriazole, benzcphenone, and triazine based UV
absorber comprises from-about 0.05% to about 10% by weight of the total
composition; and (c) the catalyst quencher comprises from about 0.001%
to about 3% by weight of 2 total composition. A further preferred
10 embodiment provides a cor .sition wherein the polycarbonate is BPA
polycarbonate, the cycloa: -tic pc. :ter resin iz derived from :'—.1
cycloaliphatic diol and a cycloaliphatic diacid. The preferred
cycloaliphatic  resin  being  poly(1,4-cyclohexanedimethanoi-1,4-
cyclohexanedicarboxylate) (PCCD), and further, wherein the ratio of the
15 BPA polycarbonate to PCCD is from about 60:40 to about 75:25.
Other preferred embodiments of the instant invention provide a
composition wherein the benzotriazole, benzophenone, or triazine based
UVA comprises from about 0.3% to about 10% by weight of the total
composition. Another preferred embodiment provides a compositic
20 wherein the benzotriazole, benzophenone, or triazine based UVa
comprises from about 0.3% to about 1% by weight of the total
composition.
The ultraviolet light absorbers (UVA) useful in the present
invention are those which are generally compatible with polycarbonates.
25 Preferred are benzotriazole, benzophenone, and triazine based UVA
represented by the following structural formula:
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Tt *has\ been surprisingly found that use of at least one of a 5

benzotri azol e, benzophenone, and a tri azine based UVA in conpositions
“conprising polycarbonate and cycl oal i phatic polyester resins exhibits a
synergi stic effect and, affords enhanced prptecti on and increased

weat herability, to the polycarbonate conpos'tions agai nst |ight induced
degradation. This synergistic increase in weatherability, |s'greater t han
the 10 additive protective effect of the polyster resin the A The

protection afforded i geperally geaguregd in terns o gumness
i ndex (Y1). ovrre _ |nreten|o of glossmd REChg caI
properties are al sﬁ . »@ OF TH

The instant invergs Vi d a co NI, AL g ﬁ/
pol ycarbonate, a cycl oali phat [ cﬂpol §est Br resilp, ‘at | eastgone of a
benzotri azol e, benzophenone, and triazife bas@d UVA, and a cat al yst
Formula | Formuia Il Formuia il
wherein:

R' is OH or SO.CeHs;
5 R? is H, Ci-Cis branched or straight chain alkyl, C{CHa):CeHs.

O HO gz\
X
N
- H 2c R‘ No .
Ra

H
d OCgHy7

R® is H, C4-C1s branched or straight chain alkyl, -C(CH 3),CeHs,
«(CH2)2-C(0)-0-CgHyz, -CH2-CHz-C(0)-0~(CzH,0)s-H, -CHCH,-0—C(O)-
C(CHs)=CH, or -C(Ph)»-CHs;

10 R*is H, C-C¢ alkyl, or a halogen;
R® | is H, OH, -OCi-Ciaalkyl, -O-CH,CH=CH,, -O-(CH,)s;Si(OEt)s,
OCH,COOH, -O(CH,)>,0C(0)-CH=CH,, -OCH,CH-OH, or
-O-CH>-CH(OH)-CH,0-CgH17;
R®is H, benzoyl, SOsH, or SO3Na;

15 R’is H, C4-Cs alkyl, SO3H, or SOsNa;
R%is H, OH, OCHs, C;-Cq alkyl, or -C(CH3)s;
R?is H or OH;
R" is -C;-Cyo alkyl, or -Cq-s branched or straight chain alkyl-O-C1¢-Cis
straight chain alkyi; and

20 R" and R"¥ independently represent a phenyl radical optionally
substituted with up to two C+-C, alkyl substituents.

Further preferred UVA are those represented by Formula I,

Formula Il, and Formuia (Il wherein:
R'is OH;

25  R?is C(CHj)s, C(CHj3)2CzHs, C(CHa)2Ph, or CH(CH;3)C,Hs;
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20 quencher. Incorporation of the benzotriazole, benzophenone, and
triazine based UVA, and a cycl oaliphatic polyester resin in the

“pol ycar bonat e conposition surprisingly displays a synergistic effect in
protecting the polycarbonate conpositiogs from the undesired
degradation or discoloration due to exposure to light, thereby rendering 25
weat her abl e pol ycarbonate conpositions. DETAI LED DESCRI PTI ON OF THE

L(%rNTL |Or\llg, a 30R polsycé"goingf(bwa& %ﬁ%ﬂ%ﬂ)ﬁp}hat @Z‘ﬁi@éékgi)&'}bﬂm PEast

one of a be ¥ nzophenone, and triazine based UV absorber,
one o e H}BHL-E(CRER:
R*is Hor Cl;

R®is OH or OC; -C, alkyl;
5 ReisH;
R’ is H;
R® is H, OH, or OCHj3;
R%is H or OH;
R'" is C alkyl; and R"' and R* independently represent a phenyl radical

10 substituted with C,.; alkyl.

Specifically preferred UVA's are 2-(2-hydroxy-5-t-octylphenyl)
benzotriazole  (Tinuvin® 234), 2-(2-hydroxy-3,5-dicumyiphenyl)-
benzotriazole (Mixxim® BB/200), or bis[2-hydroxy-5-methyl-3-
(benzotriazoly-2yl)phenyl] methane (Cyasorb® UV 5411).

15 The diols useful in the preparation of the cycloaliphatic polyester
resins of the present invention are straight chain, branched, or
cycloaliphatic, preferably cycloalkane diols, and may contain from 2 to 12
carbon atoms. Examples include, but are not limited to, _ethylené glycol,
propylene glycol, i.e., 1,2- and 1,3-propylene glycol, butane diol, i.e., 1,3-

20 and 1,4-butane diol, diethylene glycol, 2,2-dimethyl-1,3-propane diol, 2-
ethyl, 2-methyl, 1,3-propane diol, 1,3- and 1,5-pentane diol, dipropylene
glycol, 2-methyi-1,5-pentane diol, 1,6-hexane diol, 1,4-cyclohexane
dimethanol and particularly its trans isomer, dimethanol decalin,
triethylene glycol, 1,10-decane diol, dimethanol bicyclooctane, and

25 mixtures of any of the foregoing. Particularly preferred is dimethanol
bicyclooctane, dimethanol decalin, or another cycloaliphatic diol or
chemical equivalent thereof and patrticularly 1,4-cyclohexane dimethanol
or its chemical equivalents. When using cycloaliphatic diol components,
a mixture of cis- and trans isomers may be employed, the ratio ranging

30 from about 1:1 to about 1:5, and further a high trans isomer cohtent
(>70%) is moét preferred. Mixtures of diols or chemical equivalents of the

-
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132 catal yst quencher. Another enbodi nent of the invention provides
a conposition wherein, (a) the polycarbonate and the cycloaliphatic
‘polyester resin, taken together, conprise fromabout 70%to about

99. 94% by wei ght of the total conposition,-g-he ratio of the pol ycarbonate

5 to the cycloaliphatic polyester resin being from about 50:50 to about
90:-10; (b) the benzotriazole, benzophenone, and triazi ne based UV

Covpos 11 oot ane co LRGeSt A4RIIBEM, Banl¥id ghe
to about 3% by w&h@hkeoanﬁmﬂlbetméﬂnonp05|t|on A further preferred 10

ol ycar bonat . the. cy IEHIABIR YR IdnBe REPPRER of e eV eloaliphatspalyester

resins of the present invention are almhatic diacids. This is meant to

5 include carboxylic acids having twc rboxyl groups each of which is

attached to a saturated carbon. Preterred diacids are cyclo or bicyclo

aliphatic, for example 1,4-cyclohexanedicaraboxylic acid and most

preferred is trans-1 ,4-cyclohexanedicaraboxylic acid. Other cycloaliphatic

acids include decahydronaphthalene dicarboxylic acid, norbornene

10 dicarboxylic acids, bicyclooctane dicarboxylic acids. Mixtures of diacids,
and linear aliphatic diacids are also useful provided the polyester has at
least one monomer containing a cycloaliphatic ring. lllustrative examples
of linear aliphatic diacids are succinic acid, adipic acid, dimethyl succinic
acid, and azelaic acid.

15 Cyclohexanedicarboxylic acids and their chemical equivalents can
be prepared, for example, by the hydrogenation of cycloaromatic diacids
and corresponding derivatives such as isophthalic acid, terephthalic acid
or naphthalene dicarboxylic acids in a suitable solvent, water or acetic
acid at room temperature and at atmospheric pressure using suitable

20 catalysts such as rhodium supported on a suitable carrier of carbon or
alumina. See, Friefelder et al., Journal of Organic Chemistry, 31, 3438
(1966); U.S. Patent Nos. 2,675,390 and 4,754,064. They may also be
prepared by the use of an inert liquid medium in which a acid is at least
partially soluble under reaction conditions and a catalyst of palladium or

25 ruthenium in carbon or silica. See, U.S. Patent Nos. 2,888,484 and
3,444,237.

Typically, during hydrogenation, two or more isomers are obtained
in which the carboxylic acid groups are in cis- or trans-positions. The cis-
and trans-diastereomers can be separated by crystallization with or

30 without a solvent, for example, n-heptane, or by distillation. The cis-
isomer tends to blend better; however, the trans-diastereomer has higher
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‘cyel bal i phatic diol and a cycloaliphatic diacid. The preferred

cycl oal i phatic resin being

- pol y( 1, 4- cycl ohexanedi net hanol - 1, 4- cycl ohexanedi car boxyl at e) (PCCD),
and further, wherein the ratio of the BPA % | ycarbonate to PCCD 15 is from
about 60:40 to about 75:25. Her preferred enbodi nents of the

I nstant invention provide a conp05|t|on wherein the benzotriazol e,
benzophenone, or triazine based UVA conprises fromabout 0.3%to about
10% by wei ght of melting cand crystallizahipnstempuatmt aad j5 efspeciallye poeférmeit

provides a conp tlon 2 wherein nzotrlazole ben nqne, or
triazi ne based xtures °€5%ﬁ'§e§nq& Bﬁﬁe rePragrs AU UEB@B‘?}"\/@? yeall, of
the total ﬁHOBkéfbﬂibl when such & 'Wixtile” 3 'Qéé?i iHéhPar@%h%r %flll
(UVA) useful in the present i nvention are those which are general

conpati bl e with pomptiaehahdeast about Fifparised ameightnaodr thez siszisomer W|Il
benzophenone.. andottl224AS rbifafler ¥ased upoh fUSBERL B iight'St 48! A4 ils-
isomers combined. A mixture of diasteresmers or more than one diacid

may be used in the cycloaliphatic polyester resins of this invention.
Chemical equivalents of these diacids include esters, alkyl esters,
diaryl esters, anhydrides, acid chlorides, acid bromides, salts, and the

10 like. The preferred chemical equivalents cor arise the dialkyl esters of
the cycloaliphatic diacids, and the most preferred chemical equivalent
comprise the dimethyl ester of the acid, particularly dimethyi-trans-1,4-
cyclohexanedicarboxylate.

Dimethyl-1,4-cyclohexanedicarboxylate can be obtained by ring

15 hydrogenation of dimethylterephthalate, and two diastereomers having
the éarboxylic acid groups in the cis- and trans-positions are obtained.
The diastereomers can be separated, the trans-isomer being especially
preferred. Mixtures of the isomers are suitable as explained above and
preferably in the ratios as explained above.

20 The polyester resins of the present invention are typically obtained
through the condensation or ester interchange polymerization of the diol
or diol equivalent component with the diacid or diacid chemical equivalent
component and having recurring units of the Formula 1V:

13 9 14 9
0-R"¥—0~C-R"—C

Formula IV

25

wherein R* represents an alkyl or cycloalkyl radical containing 2 to 12
carbon atoms and whish is the residue of a straight chain, branched, or
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Y/ [err] | [err] and [err]
Formul a | Formula 11 Formula 111 wher ei n:
‘Rlerr] is OHor SJerr]Cerr]Herr]; 5 Rlerr] is H derr]-Cerr]
branched or straight chain alkyl, ‘C(CH[grr])[err]C[err]H[err],

cyclbaliphatic alkane diol having 2 to 12 carbon atoms or chemical
equivalents thereof; and R is an alkyl or a cycloaliphatic radical which is
the decarboXyIated residue derived from a diacid, wifh'the proviso that at
least one of R™ or R" is a cycloalkyl group.

5 A Preferred cycloaliphatic polyester is poly(1,4-cyclohexane-
dimethanol-1,4-cyclohexanedicarboxylate)-(PCCD) having recurring units
of Formula V: |

0
° I
—éo-cHz—O—CHz-og—O— C-}-

Formula V
10 wherein R™ is a cyclohexane ring, and wherein R' is a cyclohexane ring
derived from cyclohexanedicarboxylate or a chemical equivalent thereof
and is selected from the cis- or trans-isomer or a mixture of cis- and trans-
isomers thereof.
Cycloaliphatic polyesters resins of the instant invention can be
15 generally made following the teachings of, for example, U.S. Patent
2,465,319, which is incorporated herein by reference. The reaction is
generally run in the presence of a suitable catalyst such as a tetrakis(2-
ethyl hexyljtitanate, in a suitable amount, typically about 50 to 400 ppm of
titanium based upon the final product. '
20 As used in the instant invention, a polycarbonate comprises
multiple structural units represented by the formula
[-0-A1-0-C(0)]
Formula Vi
wherein Al is a divalent aromatic hydrocarbon radical. Suitable Al
25 radicals include m-phenylene, p-phenylene, 4,4"-biphenylene, 4,4'-bi(3,5-
dimethyl)-phenylene, 2,2-bis(4-phenylene)propane and similar radicals
such as those which correspond to the dihydroxy-substituted aromatic
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rr'"]:,'-, | [err] ' , or [err] Rlerr] is H,
err]-Cerr] branched or straight chain al kyl,

C(CHerr])[err]Cerr]Herr], (CH[err])[err] CO-O0derr]Herr],
-CH2-CH2-C( O - O (C2H40 8- H, -CHZCHZ-O(O)- C(CH3) =CH2, or
(
-

Ph) 2- CH3; 10 Rlerr] is H Cl1-C6 al kyl B-or a hal ogen; Rlerr] is
OH, -OCl- cOL2al kyl, -O CH2CHECH2, - O (CH2) 3Si ( OEt) 3, OCH2 COOH,
CH2) 20C( O) - CH=CH2, - OCH2CH20H, or - O CH2- CH( OH) - CH20- C8HL7;
Rlerr] is H, benzm);drocamris disclesediby ridme dr[fermiilai cgellierlelefﬁp@dlml in GSH,
or SO3Na; OI}Lerr OH, OCH3, Cl-C6 alkyl, or -C(CH3)3

Rlerr] is Hor atent 4,23 4381 is -c1-C10 alkyl, or -Cl-6 branched or

strai ght chain al kyl - %%12.1%3%! prefer%‘i)'ifﬁgsh Pal rﬁlaal kyl ;- and
-A2-Y-AS-
S Formula Vil

wherein each of A2 and A3 is a mono cyclic divalent aromatic
hydrocarbon radical and Y is a bridging radical in which one or two atoms

separate A2 from A3. The free valence bonds in formula VI are usually in
the meta or para positions of A2 and A3 in relation to Y. Compounds in

10 which Al has formula VIl are bisphenols, and for the sake of brevity the
term *bisphenol” is sometimes used herein to designate the dihydroxy-
substituted aromatic hydrocarbons; it should be understood, however,
that non-bisphenol compounds of this type may also be employed as
appropriate.

15 In formula VI, the A2 and A3 values may be unsubstituted
phenylene or hydrocarbon-substituted or halogen-substituted derivatives
thereof, illustrative substituents (one or more) being alkyl and alkenyl.

Unsubstituted phenylene radicals are preferred. Both A2 and A3 are
preferably p-phenylene, aithough both may be o- or m-phenylene or one

20 o- or m-phenylene and the other p-phenylene. '
The bridging radical, Y, is one in which one or two atoms,

preferably one, separate A2 from AS. [ilustrative radicals of this type are
methylene,  cyclohexylmethylene,  2-[2.2.1]-bicycioheptylmethylene,
ethylene, isopropylidene, neopentylidene, cyclohexylidene,
25 cyclopentadecylidene, cyclododedylidene and adamantylidene; gem-
alkylene (alkylidene) radicals are preferred. Also included, however, are
unsaturated radicals. The bridging radical Y can aiso be O, SO,, SO, or

S. Bisphenols wherein A2 and A3 are directly linked are also useful. For
reasons of availability and particular suitability for the purposes of this

-This Sheet Has Been Replaced




20 Rlerr] and R err] independently represent a phenyl

r adi cal

optionally substituted with up to two CL-C4 al kyl substituents.

‘Further preferred UVA are those represented by Fornula 1,
and Formula Il wherein: Rlerr] is Oi'; 25 Rl err]
C(CH3) 2C2Hs, O(CH3) 2Ph, or CH(CH3) c2Hs:;  -10-

Formula I I,
is C(CH3) 3,

- 5- Rlerr] is CH3, C(CH3)3, C(CH3)2Ph, CH2- CH2-C(O) - O (C2HAOH) 8,

or C( CH3) 2CH2- C( CH3) 3;

invention, the preferred bisphenol is 2,2-bis(4-hydroxyphenyl)propane

(“BPA"), in which Y is isopropylidene and A2 and A3 are each p-
phenylene. A detailed description of polycarbonates used in the instant
invention is described in U.S. Patent No. 5,441,987 and is incorporated

5 herein by reference.

As used in the instant invention; a quencher is a phosphite

represented by Formula VIIi:

R'*O—p—OR"’

OR'S
10 Formula VIIi

wherein R, R”, and R' are independently selected from the group

consisting of H, alkyl, aryl, alkyl substituted aryl, and wherein at least one

of R', R, and R" is H or alkyl. Preferred quenchers are phosphorus

oxo acids. Phosphoric acid and phosphorous acid are more preferred.

15 The enhanced protection afforded to the polycarbonate

compositions in Examples 5 and 6, by the incorporation of UVA, is most
likely independent of the structure of the UVA used and the aliphatic
~ polyester resin used. UVA’s can also be used in combination with

conventional antioxidants, such as hindered phenols, phosphites, and

20 thioesters. Preferred hindered phenols are octadecyl 3,5-bis(1,1-
dimethyl)-4-hydroxy benzenepropanoate (Irganox® 1076), 2,2-bis[[3-[3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyl]-1-oxopropoxy]methyl}-1,3-
propanediyl-3,5-bis(1,1-dimethylethyl)-4-hydroxybenzenepropanoate
(rganox® 1010) and 4,4'4"-[(2,4,6-trimethyl-1,3,5-benzenetriyl) tris

25 (methlylene)] tris[2,6-bis(1,1-dimethylethyl)]phenol (Irganox® 1330), sold

by Ciba Specialty Chemicals.

Cycloaliphatic polyester resins that produce transparent, miscible

blends with polycarbonates are preferred. Catalyst quenchers, as used

herein, are agents that quench any residual polymerization catalyst that

- This Sheet Has Been Reilaced :
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Rlerr] is Hor O Rlerr] is OHor OCl -C4alkyl; 5 Rerr] is H

Rlerr] is H, Rlerr] is H OH or OCH3; Rlerr] is Hor OH

‘Rlerr] is Cl-4 alkyl; and Rlerr] and R err] independently represent a
phenyl radical 10 substituted with Cl1-2 alLkyl. Specifically
preferred UVA's are 2-(2-hydroxy-5-t-octyl phenyl)- benzotri azol e
(Tinuvin 234), 2-(2- hydroxy 3, 5- dlcunylphenyl) benzotri azol e
(Mxxinferr] BB/ 200 2 h

(benzotriazol y- ZW?}SI)‘P&Y?OH %&%’5& the ﬁ)(ﬂtgéﬁ'sﬂf thggJoncarbonqweordﬁm s

useful in the prepajal BtnefpélpSﬁt {eY e, pgahégllg ')ﬂ‘éé&t‘?ﬁtson of oal | Sﬂg%ti c.

t he present invention e stra chain, bran
preferably cycl oeddemhedlcahsbe ﬁmlidrmyU SoRatent fﬂo.oﬁ;431t997i%nd ls mcom;iwated
atons. Exanpl es |nclud% egt are n(}% tﬁ’ ed to Iene
propyl ene gl ycol hareld by, reference. | Fre Eﬁfifl"é’ﬁ@cg??c ve fan ﬁgl‘qntmcolquqss
é,3|— 20 andgl, zblgx,@sqne di ol , diethylene glycol, 2 di nmet hyl - 1, 3- propane
iol, 2-

Also, as used herein, additives may include such materials as

colorants, whitening agents, thermal stabilizers, impact modifiers,
extenders, antistatic agents, and processing aids. The different additives
that can be incorporated in the compositions of the instant invention are

10 commonly used and known to one skilled in the art. lllustrative
descriptions of such additives may be found in R. Gachter and H. Muller,
Plastics Additives Handbook, 4" edition, 1993, and are incorporated
herein by reference.

15 EXPERIMENTAL
Compositions comprising BPA polycarbonate (BPA-PC), poly(1,4-
cyclohexanedimethanol-1,4-cyclohexanedicarboxylate) (PCCD), a UVA,
and a catalyst quencher were prepared by the general procedure outlined
below. These compositions were generally transparent. The improved
20 efficacy of UVA in blends of BPA polycarbonate with PCCD is appreciated
by comparing the weatherability of BPA-PC and the BPA-PC/PCCD
blends with and without UV absorbers.
The blends of interest consisted of BPA-PC, PCCD, benzotriazole
based UVA, and phosphorous acid (0.08% by weight, using a 45%
25 aqueous phosphorous acid solution). The phosphorous acid acts as a
catalyst quencher to quench the residual polymerization catalyst, that may
have been left behind from the synthesis of the polycarbonate or the
cycloaliphatic polyester resin, thereby preventing trans esterification of
the PCCD and BPA-PC. Formulations were prepared with and without
30 0.3% (by weight) of Cyasorb® UV 5411, a benzotriazole based UVA, a
product of Cytec Industries. The formulations were blended by means of a
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‘ethyl”, 2-nethyl, 1,3-propane diol, 1,3- and 1,5-pentane-diol, dipropylene
gl ycol , 2- nEthyI 1, 5-pentane diol, 1,6-hexane diol, 1,4-cyclohexane

~di met hanol  and particularly its trans isomer, dinethanol decalin,
triethylene glycol, 1,1 O-decane diol, dimeihanol bicyclooctane, and 25
m xtures of any of the foregoing. Particularly preferred is dinethanol

bi cycl ooct ane, di net hanol decalin, or another cycloaliphatic diol or

o 1t s chem cal S AEBrPhr AL AR A 3B ey yotod WA e BRfidecer
a mxture of cis25@@ atnaaaso pAEIRellBly WareediedYor 3ht 8E 1260 %ﬂdaﬂﬁéétﬁarﬁo
fromabout 1:1 to about 1:5, and further a high trans isomer content

(>709% is nost pmeldad en. af?\/ﬁQt'[ﬁfbganDQfﬂd'ﬂgdwe(ﬁﬂ!rﬁtc?&lo qu%k%mperasurq he
of 65°C, at 30 seconds per cycle into transparent plaques 2" x 3" x 1/8"

-

5 under standard conditions.
The plaques were expdsed in an Atlas Ci35a xenon arc Weather-
Ometer equipped with Type S borosilicate inner and outer filters. The
light cycle was 160 minutes long with an irradiance of 0.77 W/m? at 340
nm, black panel temperature of 75° C, dry bulb temperature of 45° C, and
10 wet bulb depression of 10° C. There was a 20 minute dark cycle with
water spray during the last 15 minutes. Exposure is measured in total
kilojoules {(kJ) of irradiance at 340 nm.
The change in Yellowness Index (AYl, ASTM D-1925) of the

plaques relative to their initial values, as well as the degree of
15 improvement relative to the control BPA-PC (Ex.1) are shown in Table 1.

Table 1: Photo yellowing of Transparent BPA-PC/PCCD Blends

1205 kJ 1570 kd
AYl improvement* AYI improvement*

1 | BPA-PC 10.8 | 0(0%) 12.9 | 0(0%)
2 | BPA-PC(90%) + PCCD (10%) { - - 11.3 1.6 (12%)
3 [ BPA-PC(70%) + PCCD (30%) | 9.7 1.1 (10%) _ 10.3 | 2.6 (20%) -
4 | BPA-PC + UVA(0.3%) 3.1 7.7 (71%) 4.8 8.1 (63%)
5 [BPA-PC(89.73%) + PCCD - - - 2.6 10.3 (80%)

(9.97%) + UVA(0.299%)
6 | BPA-PC(69.79%) + PCCD, | 0.1 | 10.7 (99%) 0.5 12.4 (96%)

(29.91%) + UVA(0.299%) "

20 * Improvement is calculated by subtracting the Y1 for a given example
from the Y1 of Example 1, i.e., Ylgparc) - YI; % improvement is equal to
100 x AY1/ Yl@gparcy - Yi
** Ratio of BPA-PC: PCCD = 90:10
*** Ratio of BPA-PC: PCCD = 70:30
25
Incorporation of PCCD improves the weatherability of transparent

BPA-PC only slightly, as observed by comparing Example 1, which
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-6-- diols including esters and ethers, such as dial kyl esters,

di aryl esters, and the like can al so be useful. The

'di aci ds useful in the preparation of the cycloaliphatic polyester

resins of the present invention are allohalgg diacids. This is neant to 5
I ncl ude carboxylic acids having two carboxyl groups each of which is
attached to a saturated carbon. Preterred diacids are cyclo or bicyclo

o eror e 501 - oxEORpfses onfy BbBAEG M Wi EBkHISS Llara 8 which Sorfbntn BPMES ¢
aci ds include decaﬁdc#@oapm b g . dCea; p*aﬁhplE)Earﬁabg 1-3%&&%%&@9 Jhat th

di carboxylic acids, bicyclooctane di car boxyFic aci ds. M xtures I'acl ds,
and |inear ali phaweathﬁrabﬁllt}s measuied in teratswof tb&éﬂa insteases, polyyslightly (b.beuat

| east one nononer b n I rati.ve exanp
of linear aliphat ?63&& @" l éﬁﬁ}f@?%@ngg 'fﬁ%ppt é’ﬁ% Pragyt ﬁlﬁﬂ?ygr 267
succinic 5 aCintbro@8fhent fBIEAiFE Jhowéver, the comsinaliéix A QIVAARPEECD
acids and their chem cal equival ents can
imparts a much more dramatic improvement (about 80% to 99%) in the
weatherability, as measured by the Yl index, illustrated by comparing

Examples 5, and 6 with Examples 1, 2 and 3.

10 Table 2: Improved Weatherability of Transparent BPA-PC/PCCD Blends

1205 kJd 1570 kd
Actual Calculated * | Actual Calculated *
Improvement | Improvement | Improvement | Improvement
Ex.5: BPA-PC(89.73%) + PCCD 10.3 (80%) ( 9.7 (75%)
{9.97%) + UVA(0.299%)
Ex.6: BPA-PC(69.79%)+PCCD | 10.7 (99%) | 8.8 (81%) 12.4 (96%) | 10.7 (83%)
(29.91%) + UVA(0.299%)

* Calculated improvement is obtained from the data in Table 1 by summing the
observed improvements for PCCD and UVA alone in BPA-PC; % improvement

15 is equalto 100 x AYl/ Ylgearc) - Yl

** Ratio of BPA-PC: PCCD = 90:10
*** Ratio of BPA-PC: PCCD = 70:30

The effectiveness of the PCCD and UVA combination in BPA-PC is

20 greater than the additive effect of PCCD and UVA. Table 2 summarizes

the observed improvement in the blends (Examples 5 and 6) relative to

the control BPA-PC (Example 1) and the calculated improvement

expected for the compositions in Examples 5 and 6 if the effects of the

benzotriazole based UVA and PCCD were additive. The data in Table 2

25 indicates that the use of a benzotriazole based UVA in the BPA-PC/PCCD

blend exhibits a synergistic effect with PCCD and provides a significantly

greater than expected improvement in the weatherability of the
polycarbonate compositions. '
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f)e prepared, for exanpl i “iﬁghe hydr ogenati on of cycl oaromatic di acids

and corre’spg II gﬂ ’ :u such as isophthalic acid, terephthalic acid
‘or napht hal [

cids in a suitable solvent, water or acetic
acid at roomtenperature and at atnospherjc pressure using suitable 20
catal ysts such as rhodi um supported on a>stUitable carrier of carbon or
alum na. See, Friefelder et al., Journal of Organic Chem stry, 31, 3438
(1966); U.S. Patent Nos. 2,675,390 and 4, 754,064. They may al so be
prepared by theWhat istlaimetissrt |iquid nediumin which a acid is at |east
partially sol ubl e under, r tian conditions and a catal yst of palladium or
25 rutheniumin car Eor{‘8$'%§f’§'i‘88.°°§b°é!s“lﬁ-s. Pat ent Nos. 2, 888,484 and
3,444, 237. Ty pa)c algaotycaibomdtg; hydr ogenation, two or nore isomers
are obtained in which the carboxylic acid groups are in cis- or
trans-positions. The cis-(b) acyglegliphaticpelyesteeresider s can be separated by

by di oti11 4 on. The of s (0 al'ipa8bpd, s BhaotilzaR RbeHRndRE, Aty
trans-di ast ereoner hgiazinegbssed UVA; and .
(d) a catalyst quencher.

2. A composition of claim 1 wherein:

(a) the polycarbonate and the cycloaliphatic polyester resin

10 taken together comprise from about 70% to about 99.94% by
weight of the total composition, the ratio of the polycarbonate to the -
cycloaliphatic polyester resin being from about 50:50 to about

90:10; |

(b) the benzotriazole, benzophenone, and triazine based
15 UVA comprises from about 0.05% to about 10% by weight of the
total composition; and
(c) the catalyst quencher comprises from about 0.01% to
about 1% by weight of the total composition.

3. A composition of Claim 2 wherein the polycarbonate is BPA

20 polycarbonate, and the cycloaliphatic polyester resin is derived from a
cycloaliphatic diol and a cycloaliphatic diacid.

4. A composition of claim 3 wherein the cycloaliphatic polyester
resin is PCCD.

5. A compositioﬁ of claim 4 wherein, the ratio of the polycarbonate

25 to the cycloaliphatic polyester resin is from about 60:40 to about 75:25.

6. A composition of claim 5 wherein the benzotriazole,
benzophenone, and triazine based UVA compfises from about 0.3% to
about 7% by weight of the total composition.

7. A composition of claim 6 wherein the benzotriazole,

30 benzophenone, and triazine based UVA comprises from about 4% to 7%
by weight of the total composition.
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7 T melting and crystallization tenperatures and is especially
preferred. ”“'“mﬂ Il Le cis- and trans-di astereoners are useful
‘herein as wel | ! rably when such a m xture is used, the

trans-i soner wl |l corrprl se at |east .ggout 70 parts by weight and the
cis-isomer will 5 conprise the remainder based uponl 00 parts by weight of
cis- and trans- I soners conbi ned. A m xture of diastereoners or nore

t han one diacid Ry b y | i-ph olyes i.ns_ of
this invention. R Ethodhioncef Va7 ofhpfaific e behebiiatine
esters, alkyl estwnzophenongli and'tnaziherlsasethhmIodﬁﬂarls@slf@omhémutdes%%' d
brom des salts, and the 10 . |ike. referred chem cal _equival ents

conprise the di aldAbput 3% by yeight of the total composition.
9. A composition of claim 8 wherein the benzotriazole,

5 benzophenone, and triazine based UVA is represented by:

‘ HO. (o}
R! R2 R® - OH N m;@( g
N, R N
JosT ol o T
g R RS Y.
/7 R® |
Formula | Formula Il Formula [ll
10 wherein:
R'is OH;

R? is H, Ci-Cys branched or straight chain alkyl, C(CH;):CeHs,

Hy
z HO C
e
-Hzc R‘ S Nl
RS

OCgHy7

15 R%is H, C4-Cys branched or straight chain alkyl, -C(CHs)2Ph, -(CHz)>-C(O)-
0-CgHy7, -CH,-CH,-C(0)-0O-(CH,0)s-H, -CHZCHg-Oé-C(O)-C(CHa)=CH'§,
or -C(Ph).-CHj; '

R‘isHorCl;
R® is H, OH, -OC;-Cyzalkyl, -O-CH,CH=CH,, -O-(CH,)sSi(OE)3,

20 -OCH,COOH, -O(CH,).0C(0)-CH=CH,, -OCH,CH,OH, or -O-CH,-
CH(OH)-CH.0-CgH7;

R® is H, benzoyl, SOsH, or SOsNa;
R is H, C-Cs alkyl, SO3H, or SOsNa;
R®is H, OH, OCH3, or -C(CH3)s; This Shoet Has Been Rep
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the Cycl oal i phatic diacids—ane—the nost preferred chem cal equival ent
conprise the dimethyl ester of the acid, parti cuI arly dinmethyl-trans-1, 4-

‘cycl ohexanedi.ca mml(“ﬂ “ ‘U!L Di et hyl -
, 4- cyclohexaned e obtai negdgby rlng 15 hydr.ogenati on of

d| net hyl t er epht hdl at’e, "and two di ast ereorrers havi ng t he carboxylic
acid groups in the cis- and trans- p03|t|ons are obt al ned. The

di ast ereoners can.f@e s ate t he oner b eci al |
preferred. M xtures 1§f %f?é‘ol kil ¥ - ‘esg’ °5§r ta&ﬁ% %l%‘é@'(aw 15
preferably in th%tr‘ai?qﬁt%aﬁaﬁkgf?'aﬁﬂnw above 20 The pol yester
resins of the present invention are typically obtained t hrough the

condensation or @Y eranldntB{rlc Hadwqdﬂqﬂma repeasent af phﬁﬂYﬂl cddical  optioruiilly!
caul val e oo oSl SRR B SEhS Sv en
| | Il s 10. A composition of claimd wHafdi®r ' | - OCRerr] -G)- 25
R%is C(CHas)s, C(CH3)2CaHs, C(CH3)2Ph, or CH(CH3)CoHs;
R® is CHs, C(CHas)s, C(CHs)Ph, CHo-CH.-C(0)-O-(C,H:OH)s, or
C(CHj3).CH,-C(CHa)s;
R*is H;
10 R®is OH or OC, -C, alkyl;
R%is H;
R’ is H;
R® is H, OH, or OCHg;
R°is H or OH;
15 R"is Cy4 alkyl; and
R'" and R'? independently represent a phenyl radical substituted with C,.. -
alkyl.
11. A composition of claim 10 wherein the UVA is 2-(2-hydroxy-5-t-
octylphenyl)-benzotriazole, or 2-(2-hydroxy-~ 3-dicumyiphenyl)-
20 benzotriazole, or bis[2-hydroxy-5-methyl-3-(benzc -:zoly-2yl)phenyl]
methane. .
12. A composition of claim 9 wherein the catalyst quencher is a
phosphite represented by Formula VIIl:

R'*0—p—OR"

25 | OR™
Formula VHI
wherein R, R, and R™ are independently selected from the group
consisting of H, alkyl, aryl, alkyl substituted aryl, and wherein at least one

of R, R", and R*® is H or alkyl. .
-
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Forul a 'V wherein Rlerr] represents an al kyl or cycloal kyl radical

cont ai ni ng 2 to ons and which is the residue of a straight
chai . "o ancne, (I TV ° 8.
cycl oal i phatic alkarfe di ot having 2 ?f bon atons or chem cal

equi val ents thereof; and Rerr] is an aI kyI' or a cycloaliphatic radical
which is t he decar boxyl at ed resi due derived froma diacid, with the

provi so that at
13. A composition of claim 12 wherein the catalyst quencher is a
phosphorus oxo acid.
14. A composition of claim 13 wherein the catalyst quencher is
5 phosphoric acid or phosphorous acid. |

\\
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T'east ‘one of Rlerr] or Rlerr] is a cycloalkyl group. 5 A Preferred
cycl oal i phatic polyester is poly(1,4-cyclohexane-

“di met hanol - 1, 4- cycl ohexanedi car boxyl ate) (PCCD) having recurring units

of Formula V: Jerr] -18- Formula V 10
wherein R err] is a cycl ohexane ring, and d%erein Rlerr] is a cycl ohexane
ring derived from cycl ohexanedi car boxyl ate or a chem cal equival ent

ci'e. and trane PORYEAREONATEGEMPOSITONS CRJmaRING By asTEhL for e

resins of the instant ImﬁeswsmouLernﬁwomu@HWABseméehsow ng the
teachings of, for exanple, U S. Patent 319, which is

i ncorporated herein by reference. The reactlon |s generally run in the
Rexyl )t i tanate, in a JYeanBrag AicerBinRe SmBosBace (oamuisiags ophiecs)

5 comprise polycarbonate, cycloaliphatic polyester resins, at least one of a
benzotriazole, benzophenone, and triazine based UVA, and a catalyst
quencher. The incorporation of the cycloaliphatic polyester resin and the
benzotriazole, benzophenone, and triazine based UVA exhibits a
synergistic effect, thereby resuiting in unexpected enhanced protection of

10 the polycarbonate compositions by imparting photostability to the
polycarbonate formulations, thereby reducing yellowing or other forms of
light induced degradation.
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tTtanl um based upon the final product“’“Z‘E) m @"D@@ﬁbﬁdﬂ, tgaged Nsti@Paged 3
invention, a pol ycar bonate conprises’i * t| pl b DCImaisy al. gagbd s\q-m paged 17’

represent ed by the fornula (] Drawmg(e[) abb® L lto paged.....
-0 CO-] For mu N® 14\ -
is a divalent aromatic hydrocarbon radical .-1Sui tao%&fsgﬁ é‘gdﬁ c@l@géd

I ncl ude m phenyl ene, p-phenyl ene, 4, 4'-biphenyl eng Hu
di met hyl ) - phenyl ene, 2, 2-bi s(4-phenyl ene) propane thﬁan &%':%Hn \-Jvl ---------

such as those whi ch FOLYEARBONATE COMPOSITIONSSCOMPRISIRG POUVESTER
RESINS AND ULTRAVIOLET LIGHT ABSORBERS

FIELD OF INVENTION

The instant invention relates to weatherable compositions
(blends/formulations) comprising polycarbonate, cycloaliphatic polyester
resins, ultraviolet light absorbers, and a catalyst quencher.

10 BACKGROUND OF THE INVENTION

Formulations and blends comprising polycarbonates are known to
degrade upon prolonged exposure to sunlight or otherforms of light. One
of the effects observed is vyellowing of the polycarbonate

15 blendfformulation. This problem has been partially alleviated by the-use
of light absorbers or light blockers in the polycarbonate blends. Thus
ultraviolet light absorbers (UVA) are known to be used in polycarbonate
formulations to protect these formulations from degradation due to
exposure to different sources of light.

20 It has been known that aliphatic polyesters are resistant to light
induced photo-yellowing in particular, because they do not absorb light
wavelengths normally encountered in outdoor exposure. Blends of
polycarbonates and poly(1,4-cyclohexanedimethanol-1,4-
cyclohexanedicarboxylate) (PCCD) have been studied and reported in

25 Polymer Intemational, 36, 127 (1995) and the Joumal of Physics:
Condensed Matter, 8, 311 (1996). However, their photostability has not
been ex:;mined.

The use of light stabilizing additives, UVA's in particular, to
improve the photostability of polymers is known. Use of UVA's, however,

30 does not offer a complete protectior)_ of polycarbonate formulations from

light induced degradation or discoloration. There is thus a continued
REPLAGEMENT SHEET
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hydt ocar bons di scl osed by nane or fornmula (generic or specific) in U.S.

Patent 4,217, 438. The-Alerr] radical preferably has the
formul a -Alerr]-Y-Alerr]- 5
Formul a VI wherein each of Alerr] a{ud Alerr] is a nmono cyclic

di val ent aronatic hydrocarbon radi cal“'and Y is a bridging radical in
whi ch one or two atons separate Alerr] fromAlerr]. The free val ence
bonds in fornmula VI are usually in the neta or para positions of

Alerr] and Alerrfeed fal a iformtiation dbapositiddieim Aroteathipolycdirbonbid 186550
b1 Sphenol * s SORECHHIERNS] bl e S¢dreialig s raletalion, e s9-cxposute o
light. |

(t has been surprisingly found thaf use of at least one of a

S  benzotriazole, benzophenone, and a triazine based UVA in compositions
comprising - polycarbonate and cycloaliphatic polyester resins exhibits a

synergistic effect and, affords enﬁanced protection and increased

weatherability, to the polycarbonate compositions against light induced

degradation. This synergistic increase in weatherability, is greater than the

10  additive protective effect of the polyster resin and the UVA. The protection

afforded is generally measured in terms of the Yellowness index TY1).

Improvements in retention of gloss and mechanical properties are .also

expected.
15 SUMMARY OF THE INVENTION

The instant invention provides a composition compiising a
polycarbonate, a cycloaliphatic polyester resin, at least ofie of a
benzotriazole, benzophenone, and trazine based UVA, and a catalyst

20 quencher. [ncorporation of the benzotldazole, benzophenone, and
tdazine based UVA, and a cycloaliphalic polyester resin in the
polycarbonate composition surpdsingly displays a synecgistic effect in
protecting the polycarbonate compositions from (he undesired
degradation or discoloration due to exposure o light, thereby cendedng

25  weatherable polycarbonate compositions.
DETAILED OESCRIPTION OfF THE INVENTION

The instant inveation provides a composition comprising, a

30 polycarbonate, a cycloaliphalic polyester resin, at least onc of a

beazotriazole, benzophenone, and tdazine based UV absorber, and a
REPLACEMENT SHEET
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substituted aromatic hydrocarbons; it shoul d be understood, however,

t hat non- birsphenol conpounds of this type may al so be enpl oyed as
appropriate. 15 In formula VII, the Alerr] and Alerr] val ues may be
unsubsti tut ed phenyl ene or hydrocar bon-substituted or

hal ogen-substituted derivatives thergof, illustrative substituents
(one or nore) being al kyl and al kenyl . Unsubstituted phenyl ene
radicals are preferred. Both Alerr] and A[err] are preferably

p- phenyl ene, al t hough both be ,o- or nyl ene one 2
m phenyl ene and ‘iaﬁﬁﬂféﬂ r&**ef]&hﬁﬁeny‘l'\gﬂg'er SrRoaMef oﬁ-ﬂ@e ?HB PERJW@% avy,

I's one in which dﬁ?dc}ﬂPB&tt#JYiD vﬂ{é?gﬁtﬁe (a) ther ‘if%@é?h%r&fée afﬁfpﬂ{éat Syé}gaf(ﬁﬂﬁ%a‘?’

I[llustrative ra t hi are

cycl ohexyl met hyl gslgester 2edsin, Ztéke]n tloggttiemheqmnpm H;dmnabout 70%t gl abeut
| sopropyl i dene, neo entyI| cl ohex

cycl opent adecyl | HbRE% deQSEBH@E&q @éﬂéy Hélﬁﬁﬂfﬂe@n%l%ﬂgth%Mycarbonate
nsat ur at ed Padi Sae YRBHBHaNE FoPESEETREE HEIE tk A5G SIS Al

S. Bisphenol's whea:40n (B} thed b%zatrbzdler ebehyoptienone, aand airizginés Baded AV

absorber comprises from about 0.05% to about 10% by weight of the total

composition; and (c) the catalyst quencher comprises from about 0.001%

to about 3% by weight of the total composition. A further .preferred

10 embodiment provides a composition wherein the polycarbonate is BPA

polycarbonate, the cycloaliphatic polyester resin is derived from a

cycloaliphatic diol and a cycloaliphatic diacid. The preferred cycloaliphatic

resin being poly(1,4-cyclohexanedimethanol-1,4-cyclohexanedicarboxylate)

(PCCD), and further, wherein the ratio of the BPA polycarbonate to PCCD

15  is from about 60:40 to about 75:25.
Other preferred embodiments of the instant -invention- provide a

composition wherein the benzotriazole, benzophenone, or triazine based

UVA comprises from about 0.3% to about 10% by weight of ‘the total

composition. Another preferred embodiment provides a composition

20 wherein the benzotriazole, benzophenone, or triazine based UVA

comprises from about 0.3% to about 1% by weight of the total
compasition.

The ultraviolet light absorbers (UVA) useful in the present

invention are those which are generally compatible with polycarbonates.

25 Prefecred are benzotrdazole, benzophenone, and lriazine based UVA

represented by the following structural formula:
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reasons of avail abili ty and particular suitability-for the purposes of this

-~ 10- I nvention, the preferred bisphenol is
2, 2- bi s(4- hydr oxyphenyl ) propane ("BPA"), in which Y is
i sopropylidene and Alerr] and Alerr] are eagh p- phenyl ene. A
detail ed description of polycarbonates used in the instant " invention
Is described in U S. Patent No. 5,441,997 and is incorporated 5 herein
by reference. As used in the instant inventioge a_guepcher is
a phosphite al a2 R O OH gt
/N R'z /N
4/<IN'N ’ ‘ - and \"“/\' 'N
R /& U as f
R’ R R
Formula { - Formula Il - Formula lli
wherein:
R'is OH or SO,CeHs:
s R? is H, C-Cis branched or straight chain alkyl, C(CHz).CeHs.
H,
. C\
Qﬁa N

R? is H, C-Cis branched or straight chain alkyl, -C(CH 3),CsHs,
~(CH2)>-C(O)-0-CgHi7, -CHz-CH2-G(0)-0O-(CoH,0)s-H, -CHCH-O—C(O)-
C(CH3)=CH,, or -C(Ph),-CHj;

10 R*is H, C-Cs alkyl, or a halogen;
R® is H, OH, -OCi-Cralkyl, -O-CH,CH=CH,, -O~«(GH):Si(OE);,
OCH,COOH, -O(CH,),0C(0)-CH=CH,, -OCH,CH,0H, or
-0-CH,-CH(OH)-CH0O-CgH7;
R® is H, benzoyl, SO3H, or SO;3Na;

15 R’ is H, C-Ce alkyl, SOsH, or SO;sNa;
R® is H, OH, OCHs, C(-Cs alkyl, or -C(CHa)s;
R%is H or OH; L s
R' is -C;-Cyo alkyl, or -Cy-¢ branched or straight chain alkyl-O-C-Cis
straight chain alkyl; and

20 R'" and R" independently represent a phenyl radical optionally
substituted with up to two C-C, alkyl substituents.

Further preferred UVA are those represented by Formula |,

Formula i, and Formula (l{ wherein:
R'is OH;

25  R%is C(CHa)s, C(CH3)sCaHs, C(CHa)oPh, or CH(CH;)C,Hs;

REPLAGEMENT SHEET
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represented by Formula VII1:

Rlerr]OP-OR[err] 10 ' Formula VI |

wherein R err], Rerr], and R err] are independently selected fromthe
group consisting of H alkyl, aryl, agkyl substituted aryl, and
wherein at |east one of Rlerr], Rerr], and Rerr] is Hor alkyl.
Preferred quenchers are phosphorus ' oxo acids. Phosphoric acid and
phosphor ous aC|d h nGe ection
afforded to Dy ¢ %onéf‘é“s &Qﬁﬁ)ﬁggt t i%l%‘@'h@@ﬁ@@?"@ & 69T by
t he incorporat | orcngw,{ | i kel y i ndependent of the structure
of the UVA used an TI phat | c pol yester resin used. UVA s can

al so be used in d%) d—hathm with conventional antioxidants, such as

hi nder ed phenol s, t(%(? q’1 %kgp t hi oesters. Preferred hindered
phenols are octa Y di met hyl ) - 4- hydr oxy

benzenepropangat qqﬁ(igr;g}’anox[ err] , 1076), 2,2-bis([3-[3,5-
R’ is H; |
R®is H, OH, or OCHj;
R%s H or OH;
R'™ is Cy alkyl; and R"' and R* independently represent a phenyl radical

10 substituted with Cy alkyl.

Specifically preferred UVA's are 2-(2-hydroxy-5-t-octylphenyf)-
benzotriazole  (Tinuvin® 234), 2-(2-hydroxy-3,5-dicumylphenyl)-
benzotriazole (Mixxim® BB/200), or bis[2-hydroxy-5-methyi-3-
(benzotriazoly-2yl)phenyl] methane (Cyasorb® UV 5411).

15 . The diols useful in the preparation of the cycloaliphatic polyester
resins of the present invention are straight chain, branched, or
cycloatiphatic, preferably cycloalkane diols, and may-centain from 2 te 12
carbon atoms. Examples include, but are not limited to, .emyjené glycol,
propylene glycol, i.e., 1,2- and 1,3-propylene glycol, butane diol, i.e., 1,3-

20 and 1,4-butane diol, diethylene glycol, 2,2-dimethyl-1,3-propane diol, 2-
ethyl, 2-methyl, 1,3-propane diol, 1,3- and 1,5-pentane-diol, -dipropylene
glycol, 2-methyl-1,5-pentane diol, 1,6-hexane diol, 1,4-cyclohexane
dimethanol and patticularly its trans isomer, dimethanol decalin,
triethylene glycol, 1,10-decane diol, dimethanol bicyclooctane, and

25 mixtures of any of the foregoing. Particularly preferred is dimethanol
bicyclooctane, dimethanol decalin, or another cycloaliphatic diol or
chemical equivalent thereof and particularly 1,4-cyclohexane dimethanol
or its chemical equivalents. When using cycloaliphatic diol components,
a mixture of cis- and trans isomers may be employed, the ratio ranging

30 from about 1:1 to about 1:5, and further a high trans isomer content

(>70%) is most preferred. Mixtures of diols or chemical equivalents of the
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bis(1,1 -dinethylethyl) -4-hydroxyphenyl]- 1 -oxopropoxy]nethyl]-1, 3-
propanedi yl -3,5-bis( 1,1 -dinethylethyl).-4-hydroxybenzenepropanoate
(Irganox[err] 1010) and 4,4',4"-[(2,4,6-trinethyl-1, 3, 5-benzenetriyl) tris
25 (methlylene)] tris[2,6-bis(1,1 -dinethglethyl)]phenof (I'rganox 1330),

sold by G ba Specialty Chem cal s. Cycl oal i phati c- pol yester
resins that produce transparent, mscible bl ends with pol ycarbonat es
are preferred. Catal yst quenchers, as used herein, are agents that

quench any resi diiels ipcudingrestats andedbeatsy such last dialkylesters, diaryl esters, and
the like can also be useful.

The diacids useful in the preparation of the cycloaliphatic polyester
resins of the present invention are aliphatic diacids. This is meant to

S include carboxylic acids having two carboxyl groups each of which is
attached to a saturated carbon. Preterred diacids are cyclo or bicyclo
aliphatic, for example 1,4-cyclohexanedicaraboxylic acid and most
preferred is trans-1,4-cyclohexanedicaraboxylic acid. Other cycloaliphatic
acids include decahydronaphthalene dicérboxy(ic acid, notbornene

10 dicarboxylic acids, bicyclooctane dicarboxylic acids. Mixtures of diacids,
and linear aliphatic diacids are also useful provided the polyester has ‘at
least one monomer containing a cycloaliphatic ring. lllustrative examples
of linear aliphatic diacids are succinic acid, adipic acid, dimethyl succinic
acid, and azelaic acid. _

15 Cyclohexanedicarboxylic acids and their chemical equivalents can
be prepared, for example, by the hydrogenation of cycloaromatic diacids
and corresponding derivatives such as isophthalic acid,-tetephthalic-acid
or naphthalene dicarboxylic acids in a suitable solvent,water ‘ot acetic
acid at room temperature and at atmospheric pressure using suitable

20 catalysts such as rhodium supported on a suitable carrier of carbon or
alumina. See, Friefelder et al., Journal of Organic Chenmiistry, 31, 3438
(1966); U.S. Patent Nos. 2,675,390 and 4,754,064. They may also be
prepared by the use of an inert liquid tmedium in which a acid is at least
partially soluble under reaction conditions and a catalyst of palladium or

25 ruthenium in carbon or silica. See, U.S. Patent Nos. 2,888,484 and
3.444,237.

Typically, during hydrogenation, two or more isomers are.obtained
in which the carboxylic acid groups are in cis- or trans-positions. The cis-
and trans-diastereomers can be separated by crystallization with or

30 without a solvent, for example, n-heptane, or by distillation. The cis-

isomer tends to blend better; howevec, the trans-diastereomer has higher
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may have been | eft behind fromthe synthesis of -t he polycarbonate or the
cycl oal i phatic polyester resin. A detailed description of the catalyst

guencher can be found in U S. Patent No. 5,441,997, and is incorporated
herein by reference. Preferred quenchers give transparent, colorless 5

bl ends. Al so, as used herein, -Additives may include such
material s as colorants, whitening agents, thermal stabilizers, inpact
nodi fiers, extenders, antistatic agents, and processing aids. The
different addit | t i i kh I 1 0
the instant i nvewn%qﬁrc\)% %?% ?@Etaﬁ:%n ;}Qﬁ@gg&gﬁéf gandodv]m'tst gsgﬁé@gii H%%%ieﬁ{t he
art. |1llustrat Migtures of des wis-pandrtsand-diastdreadutirs i aes usefulbieedednngs weliR
Gachter and H Ml ler, Pl asti cs, Addit.i ves Handbgoli AEerr]_ edition,
1993, and are i ABEr peeigrally whennsughnapfnixgre isndsed. the tapsdepmeaTall

O e o PBERE0oET8o80 LYo R0l Bl ALY i gmer i
s  comprise the remainder based upon100 narts by weight of cis- and trans-
isomers combined. A mixture of diastereomers or more than one diacid
may be used in the cycloaliphatic polyester resins of this invention.
Chemical equivalents of these diacids include esters, alkyl esters,
diaryl esters, anhydrides, acid chlorides, acid bromides, salts, and the
10 like. The preferred chemical equivalents comprise the dialkyl esters of
the cycloaliphatic diacids, and the most preferred chemical -equivaie';-nt
comprise the dimethyl ester of the acid, particularly dimethyl-trans-1,4-
cyclohexanedicarboxylate. |
Dimethyl-1,4-cyclohexanedicarboxylate can be obtained by ring
15 hydrogenation of dimethylterephthalate, and two diastereomers ‘having
the carboxylic acid groups in the cis- and trans-positions are obtained.
The diastereomers can be separated, the trans-isomer ‘being especially
preferred. Mixtures of the isomers are suitable as explained aBos}e and
preferably in the ratios as explained above.
20 The polyester resins of the present invention are typically obtained
through the condensation or ester interchange polymerization of the diol
or diol equivalent component with the diacid or diacid chemical equivalent

component and having recurring units of the Formula (V:

13 (“) 14 (‘?
O-R“"—0O-C-R"—C

Formmula [V

25

wherein R" represents an alkyl or cycloalkyl radical containing 2 to 12

carbon atoms and which is_the residue of a S1e ight chain, branched, or
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and ‘a catal yst. quencher were prepared by the general procedure outlined
bel ow. These conpositions were generally transparent. The inproved 20
ef ficacy of UVA in bl ends of BPA polycarbonate with PCCD i s appreciated

by conparing the weatherability of BPA-PC and the BPA-PC/ PCCD bl ends
wi th and wi thout UV absorbers. THe bl ends of interest consisted
of BPA-PC, PCCD, benzotriazole based UVA, and phosphorous acid (0.08%

by weight, using a 45% 25 aqueous phosphorous acid solution). The
phosphorous aci d eydisaliphatic alkaneadioly bavinge Bclteer12 carpem citonise areshdmital

Gyt hesi & of 1 ne. paiyelante hrech and 3 1S SR IR Fyhianiohsls ydFel whish i
thereby preventi n@lé&@&%ﬁ%&{éﬁf ge%g&d\ﬁ’tﬂﬁﬁf/ed from %@a&%&i%eﬁ vgéfa that at

Forrmul ati ons were prepare out . 3% wel g
Cyasorb[err] UV Siéast ome beRIbor RAvisl ecyclsalllyllgraupa product of Cytec

| ndustries. Th '
ndustries Se f or mul %IIS)rg?erp(le gngﬁgogﬁpﬁﬁ%nspaye&er is poly(1,4-cyclohexane-

dimethanol-1,4-cyclohexanedicarboxylate)-(PCCD) having recurring units

of Formula V:
0O
/[ @ [
\ O-CH, O—CHZ-O-C——O—C%

Formula V.

10 wherein R is a cyclohexane ring, and wherein R" is a cyclohexane ring
derived from cyclohexanedicarboxylate or a chemical equivalent thereof
and is selected from the cis- or trans-isomer or a mixture.of cis-.and trans-
isomers thereof.

Cycloaliphatic polyesters resins of the instant invention can be

15 generally made following the teachings of, for example, U:S. Paternt
2,465,319, which is incorporated herein by reference. The reaction is
generally run in the presence of a suitable catalyst such as a tetrakis(2-
ethyl hexyl)titanate, in a suitable amount, typically about 50 to 400 ppm of
titanium based upon the final product.

20 As used in the instant invention, a polycarbonate comprises
multiple structural units represented by‘the formula

(-0-A1-0-C(0)-]
Fomula VI
wherein Al is a divalent aromatic hydrocarbon radical. Suitable Al

25 radicals include m-phenylene, p-phenylene, 4,4"-biphenylene, 4,4'-bi(3,5-

dimethyl)-phenylene, 2,2-bis(4-phenylene)propane and similar radicals

such as those which correspond to the dihydroxy-substituted aromatic
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m xer then extruded on a 30 mm vacuum vented twi n screw extruder at
250[err] C and 250 rpm Pellets were dried for 3h at 125[err]C and injection
nol ded on an 80 Ton van Dom machi ne set at 250[err]C, nold tenperature

of 65[err]C at 30 seconds per cycle into transparent plaques 2" x 3" x

1/ 8" 5 under standard conditions. The pl agues were exposed
In an Atlas C 35a xenon arc Wat her- - Oneter equi pped with Type S
borosilicate inner and outer filters. The i ght cycle was 160 m nutes

long with an irraaydiesarasinsodiseloned) ey npma ogiarmula (generic lraspedidelein U, S

tenperature of 75 bul b tenperature of 45 C, and 10 wet bulb
depr essi on of 10[%%9]&(60‘21?1%5% was a 20 mnute dark cycle with wat er

spray during the | ast n i red in total
Kilojoules (kJ) of ir r?ggl amnc{'eétcz lg%@%énﬂp%asﬁhg‘?gﬁ#uﬁ
-A2.y-A3-

5 Formula VIl

wherein each of A2 and A3 is a mono cyclic divalent aromatic
hydrocarbon radical and Y is a bridging radical in which one or two atoms

separate A2 from A3. The free valence bonds in formula VI are usually in
the meta or para positions of A2 and A3 in relation to Y. Compounds in

10 which AT has formula Vil are bisphenols, and for the sake of brevity the
term “bisphenol® is sometimes used herein to designate the dihydroxy-
substituted aromatic hydrocarbons; it should be understood, however,
that non-bisphenol compounds of this type may also be employed as
appropriate.

15 In formula VII, the A2 and A3 values may be unsubstituted
phenylene or hydrocarbon-substituted or halogen-substituted derivatives
thereof, illustrative substituents (one or more) being alkyl and alkenyl.

Unsubstituted phenylene radicals are preferred.-Beth A2 and-A3-are
preferably p-phenylene, although both may be o- or m-phenylene or one
20 o-or m-phenylene and the other p-phenylene.

The bridging radical, Y, is.one in which one or two atoms,
preferab!.y one, separate A2 from AS. lllustrative radicals of this type are
methylene, cyclohexylmethylene, 2-[2.2.1]-bicycloheptylmethylene,
ethylene, isopropylidene, neopentylidene, cyclohexylidene,

25  cyclopentadecylidene, cyclododecylidene and -adamantylidene; gem-
alkylene (alkylidene) radicals are preferred. Also included, however, are

unsaturated radicals. The bridging radical Y can also be O, SO,, SO, or

S. Bisphenols wherein A2 and A3 are directly linked are also useful. For

reasons of availability and particular suitability for the purposes of this
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The change in Yell owness I ndex (AYl; ASTM D-1925) of the pl aques
relative to their initial values, as well as the degree of 15 i nprovenent

relative to the control BPA-PC (Ex.1l) are shown in Table 1. Tabl e 1:
Phot o yel |l owi ng of Transparent BPA-PC/ PCCD-®-ends

1205 kJ 1570 kJ [err]V

| nprovenent [err]Yl |nprovenent* 1 BPA-PC 10.8

0( 0% 12.9 invé@{tdsd, the ptefdsRAd RSIEPRSAOIHIPLERHI@%ydroxyph

11.3 1.6 (12% 3" BPA-PC(70% + PCCD (300 34 Pydroxyp e“y')fb’&fa“e

10. 3 2.6 (20%(“BPA™M inBRdC ¥ iVidprapdlidene and3A£ and?pﬁ?éf@ zeagh

8.1 (63% 5 BPA- PC(89. 730
10. 3(2?% ' E% A@&deégﬁﬂfﬂoﬂ of &Olﬁcafbgzoam(m in thé instant
BPA- PC(69. 79% +; [
(29.91% + UWVA( 0( %on lf desc,Qijed &p\ye%eﬁt% ?@iné r\é%l gﬁ?‘a{tgeg}f&r/‘dsﬁbﬁcﬁ’éﬁ‘i’ﬁ’ée@ he
YI for a giveh ehangihdy reference

As used in the instant mventton a quencher is a phosphlte

represented by Formula VI{:

R'°*0—p—O0R"

OR'™®

10 Formula Vili
wherein R, R", and R" are independently selecied from the group
consisting of H, alkyl, aryl, alkyl substituted aryl, and wherein at [east one
of R, R, and R" is H or alkyl. Preferred quenchers are phosphorus
oxo acids. Phosphoric acid and phosphorous acid are more preferred.

15 " The enhanced protection afforded to 1he polycatbonate
compositions in Examples 6 and 6, by the incorporation of U\/A, is most
likely independent of the structure of the UVA used and the aliphatic
polyester resin used. UVA'_s can also be used in combination -with
conventional antioxidants, such as hindered phenols, phosphites, and |

20 thicesters. Preferred hindered phenols are octadecyl 3,5-bis(1,1-
dimethyl)-4-hydroxy benzenepropanbate (Irganox® 1076), 2.2-bis{[3-(3,5-
bis(1, 1-dimethylethyl)-4-hydroxyphenyl]-1-oxopropoxy]methyl]-1,3-
propanediyl-3,5-bis(1, 1-dimethylethyl)-4-hydroxybenzenepropanoate
(frganox® 1010) and 4,4',4°{(2.4,6-trimethyl-1,3,5-benzenetriyl) tris

25 (methlylene)] tris[2,6-bis(1,{-dimethylethyl)]phenol (lrganox® 1 330), sold
by Ciba Specialty Chemicals.

Cycloaliphatic polyester resins that produce transparent, miscible
blends with polycarbonates are preferred. Catalyst quenchers, as used

herein, are agents that quench any residual polymerization catalyst that
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fromthe Yl of Exanple 1, i.e.. Yi[err] - Yl; %inprovenent is equal to
100 x [err]Vl

[ Yl[err] - VI ** Ratio of BPA-PC. PCCD = 90:1 O
*** Ratio of BPA-PC. PCCD = 70:30 25

| ncor poration of PCCD

| nproves the weatherability of transparent_qq. BPA-PC only slightly, as
observed by conparing Exanple 1, which

-13-

10

15

20

25

30

may have been left behind from the synthesis of the polycarbonate or the
cycloaliphatic polyester resin. A detailed description of the catalyst
quencher can be found in U.S. Patent No. 5,441,997, and is incorporated
herein by reference. Preferred quenchers give transparent, colorless
blends.

Also, as used herein, additives may include such materals as
colorants, whitening agents, thermal stabilizers, irﬁpact modifiers,
extenders, antistatic agents, and processing aids. The different additives
that can be incorporated in the compositions of the instant invention are
commonly used and known to one skilled in.the art. [Wlustrative
descriptions of such additives may be found in R. Gachter and H. Muller,
Plastics Additives Handbook, 4" edition, 1993, and are incorporated

herein by reference.

EXPERIMENTAL
Compositions comprising BPA polycarbonate (BPA-PC), poly(1,4-

| cyclohexanedimethanol-1,4-cyclohexanedicarboxylate) -(PCCD), a UVA,

and a catalyst quencher were prepared by the general proceduré outlined
below. These compositions were generally transparent. The improved
efficacy of UVA in blends of BPA polycarbonate with PCCD is appreciated
by comparing the weatherability of BPA-PC and the BPA-PC/PCCD
blends with and without UV absorbers.

The blends of interest consisted of BPA-PC, PCCD, benzotriazole
based UVA, and phosphorous acid (0.08% by weight, using a 45%
aqueous phosphorous acid solution). Thé phosphorous acid acts as a
catalyst quencher to quench the residual polymerization catalyst, that may
have been left behind from the synthesis of the polycarbonate or the
cycloaliphatic polyester resin, thereby preventing trans esterification of
the PCCD and BPA-PC. Formulations were prepared with and without
0.3% (by weight) of Cyasorb® UV 5411, a benzotriazole based UVA, a

product of Cytec Industries. The formulations were blended by means of a
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corrpﬂ ses only BPA-PC, with Exanples 2 and 3, which conprise BPA-PC
and PCCD, in Table 1. Conparing Exanples 1-3 denobnstrates that the

weat herability, measured in terms of the Yl, increases, only slightly

(about 10-20%, with PCCD incor.poratios. The use of a UVA provides a

greater 5 i mprovenment in BPA-PC, however, the combination of WVA and

PCCD I nparts a nuch nore dramatic irrproverrent (about 80%to 99% in
ured y the Yl index, illustrated by

t he weat herabl I |
compari ng én ‘34%";0%% ROERamYAeUUR ven tad dwin sciew extaidee &1:

|1r2fgr50\é§d Veeat hera@gd,od é{}lgf %6 IprParEallet SRee BURSE 0B dE 125°G and injection

Cal cul at ed* Act uablded ﬁhlamBatTeIh van Dom machine set at 250°C; mold't@%‘(&ﬁﬁ@t

| nprovenent | rrpr ove roverrent Ex, 5: BPA- PC( 89. 739
10. 3 (80% ?ﬁ% 3 pecarydy per cileointgdransparent piaques 2" x 3" x 1/8"

5 under standard conditions.
The plaques were exposed.in an Atlas Ci35a xenon arc Weather-
Ometer equipped with Type S borosilicate inner and outer filters. The
light cycle was 160 minutes long with an irradiance -of 0.77 W/m? at 340
nm, black panel temperature of 75° C, dry bulb temperature of 45° C, and
10 wet bulb depression of 10° C. There was a 20 minute dark cycle with
water spray during the last 15 minutes. Exposure is measured.in total
kilojoules (kJ) of irradiance at 340 nm. |
The change in Yellowness Index (AY!, ASTM D-1925) of the
plaques relative to their initial values, as well as the degrée of

15 improvement relative to the control BPA-PC (Ex.1) are shown in Table 1.

Table 1: Photo yellowing of Transparent BPA-PC/PCCD Blends

1205 kJ 1570 kJ
AYI Improvement* AYI Improvement*

1 |8PAPC 108 _|10(0%) .. | 129 | 0(0%)
2 | BPA-PC(30%) + PCCD (10%) - - 11.3 1.6 (12%)
3 | BPA-PC(70%) + PCCD (30%) | 9.7 1.1 (10%) 10.3 2.6 (20%)
4 | BPA-PC + UVA(0.3%) 3.1 7.7 (71%) 4.8 8.1 (63%)
5 | BPA-PC(89.73%) + PCCD - . . . %
(9.97%) + UVA(0.299%) 26 10-3 (80%)
6 | BPA-PC(69.79%) + PCCD_ 0.1 10.7 (99% . %
(29.91%) + UVA(0.299%) (99%) 05 | 12.4(%6%)

20 * Improvement is calculated by subtracting the YI for a gwen example
from the Yl of Example 1, i.e.. Ylgrarc) - YI; % improvement is equal to
100 x AYI/ Yl(gpA PC) Yi
** Ratio of BPA-PC: PCCD =90:10
*** Ratio of BPA-PC: PCCD = 70:30
25
Incorporation of PCCD improves the weatherability of transparent

BPA-PC only slightly, as “observed by comparmg Example 1, which

e '
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Ex. 6: BPA-PC(69.79% +PCCD 10.7 (99% - 8.8 (81% 12.4 (96% 10.7 (83%

(29.91% + UWVA(O0.299%
data in Table 1 by summ ng the

al one in BPA-PC, % i nprovenent 15
** Ratio of BPA-PC. PCCD = 90:10

i s equal

* Cal cul ated i nprovenent
observed i nprovenents for
to 100 x [err]Yil

is obtained fromthe
PCCD and UVA
I Yl[err]

Rati o of BPA-PC. PCCD = 70:30

The effectiveness of the PCCD and UVA conbination in BPA-PC is 20 greater
than the additive effect of PCCD and UA. T&dpl e 2 summari zes t he
observed i nprovenent in the blends (Exanples 5 and 6) relative to t he

control BPA-PC (Exanple 1) and the cal cul ated i nprovenent expected for

t he conpositions | appl n s e f .

benzotri azol e basggnﬁf}%ggr?ﬁﬁb a/ecféd“fé‘ | W@%E%@d gaﬂﬁﬁcwgef%@c
i ndi cates that thandsRCGD, in Tablett.i ConparirasEdariplesi (-3 HemBRABEIPEHE?P the
bl end exhibits a s rovides . a significantly

greater than ex pel‘}égg{%h%ﬁi&éﬁ%ﬁe&tﬁﬁ% %ﬁ)ﬁg;ﬁb naregses anteshightly (about
10-20%), with PCCD incorporation. The use of a UVA provides a greater

s improvement in BPA-PC, however, the combination of UVA and PCCD

imparts a much more dramatic improvement (about 80% to 99%) in the

weatherability, as measured by the Yl index, illustrated by comparing
Examples 5, and 6 with Examples 1, 2 and 3.

10 Table 2: Improved Weatherability of Transparent BPA-PC/PCCD Blends

1205 kJ
Calculated *
Improvement

1570 kJ 4
Calculated *
improvement

9.7 (75%)

Actual
improvement

Actual
Improvement

10.3 (80%)

Ex.5: BPA-PC(89.73%) « PCCD
(9.97%) + UVA(0.299%)

Ex.6: BPA-PC(69.79%)+PCCD
(29.91%) + UVA(0.299%)

10.7 (99%) | 8.8 (81%) | 12.4 (96%) | 10.7 (83%)

* Calculated improvement is obtained from the data in Table 1 by summing the
observed improvements for PCCD and UVA alone in BPA-PC; % improvement
is equal to 100 x AY!/ Ylgparc) - Yl
** Ratio of BPA-PC: PCCD = 90:10
*** Ratio of BPA-PC: PCCD = 70:30

15

The effectiveness of the PCCD and UVA combination in BPA-PC is
greater than the additive effect of PCCD and UVA. Table 2 summarizes
the observed improvement in the blends (Examples 5 and 6) relative to

20

the control BPA-PC (Example 1i and the calculated improvement
expected for the compositions in Examples 5 and 6 if the effects of the
benzotriazole based UVA and PCCD were additive. The data in Table 2
indicates that the use of a benzotriazole based UVA in the BPA-PC/PCCD
blend exhibits a synergistic effect with PCCD and provides a significantly

25

greater than expected improvement in the weatherability of the
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pol yc ons. . -14-
.V\hat D Blga@imﬁli lm 1. A conposition conprising: ) (a) a
pol yc (b) a cycloaliphatic polyester resin;

(c) at |east one of a benzotri azol e, benzo1phenone, and triazi ne based
UVA, and -14- -

What is claimed is:
1. A composition comprising:
(a) a polycarbonate;
(b) a cycloaliphatic polyester resin;
S (c) at least one of a benzotriazole, benzophenone, and
triazine based UVA; and |
(d) a catalyst quencher.

2. A composition of claim 1 wherein:

(a) the polycarbonate and the cycloaliphatic polyester resin

10 taken together comptise from about 70% to about 99.94% by
weight of the total composition, the ratio of the polycarbonate to the -
cycloaliphatic polyester resin being from about 50:50 to about

90:10;

(b) the benzotriazole, benzophenone, and triazine based
15 UVA comprises from about 0.05% to about 10% by weight of the
total composition; and ' |
(c) the catalyst quencher comprises from about 0.01% to
about 1% by weight of the total composition.

3. A composition of Claim 2 wherein the polycarbonate is BPA

20 polycarbonate, and the cycloaliphatic polyester resin is derived from a
cycloaliphatic diol and a cycloaliphatic diacid.
, 4. A composition of claim.3 wherein the cycloaliphatic polyester
resin is PCCD. ‘

5. A composition of claim 4 wherein, the ratio of the polycarbonate

25  to the cycloaliphatic polyester resin is from about 60:40 to about 75:25.

6. A composition of claim 5 wherein the benzotrazole,
benzophenone, and trdazine based UVA comprises from about 0.3% to
about 7% by weight of the total composition.

7. A composition of claim 6 wherein the benzotriazole,

30 benzophenone, and triazine based UVA comprises from about 4% to 7%

by weight of the total composition.
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uencher wherein the catal yst quencher is a phosphite
represennmﬁﬁﬂllﬁlllnmln e LEUCRC N
OR[ err] Formula VI11 wherein Rlerr], Rerr],
and R[err] R[err are’ |ndependently selected fromthe group consisting of H,
al kyl, aryl, alkyl substituted aryl, and Whl ein at |east one of Rlerr],
Rlerr], and Rerr] is H or alkyl. 2. A'¢onposition of claim1l V\/nerel n:
(a) the polycarbonate and the cycloaliphatic polyester resin t aken
t oget her conprise from about 70% to about 99.94% by wei ght of the total
conposition, the rati B-of AheCyoPYiieBoRat &laia t he Whel’evbl el | pbazoteiazole,

pol yester resin BRUBBLhERBREPRNY Yz HIsEP WA comprtses from about 0, 3% t
about 1% by weight of the total composition.
9. A composition of claim 8 wherein the benzotriazole,
5 benzophenone, and triazine based UVA is represented by:

Formula ( Formula {t Formula (Il
10 wherein:
R'is OH; .
R® is H, C-Cis branched or straight chain aliy, . C(CH:,)ZGGHS,

%%;j'j‘H‘ LE—CY

OCeH 7

15 R’is H, C(-Cys branched o straight chain alkyl, -C(CH,)sPh,. {CH,)2-C(O)-
0-CgHy7, -CH,-CH,-C(0)-O- (CzH4O)a~H ~CH2CH,-0O—C(0)-C(CH3)=CH,,
or -C(Ph),-CHa;

RYisHorCl;
R®is H, OH, -OC-Cuaalkyl, -O-CH,CH=CH,, -O-(CH,),Si(OEt)s,

20 -OCHCOOH, -O(CH;),0C(0)-CH=CH,, -OCH,CH,OH, or -O-CH,-
CH(OH)-CH,0-CgH 7
R® is H, benzoyl, SO3H, or SO;Na;
R’ is H, C(-Cs alky!, SO3H, or SO4Na;
R%is H, OH, OCH3, or -C(CHa)s;

25 R%isH or OH;
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(b) the benzotri azol e, benzophenone, and triazi ne based UVA conpri ses

from abouummﬂuﬁ um 10% by wei ght of the total conposition; and
(c) the c m Eﬂl'conpri ses fromabout 0.01%to about 1 % by
wei ght of t'he®total™ cdnpdsition. - 15
- 3. A conposition of Caim2 whereidtéthe pol ycarbonate i s BPA

pol ycarbonate, and the cycloaliphatic polyester resin is derived froma
cycloali phatic diol and a cycl oaliphatic diacid.

R' is -C(-Cyo alkyl, or -Cy-s branched or straight chain alkyl-O-Cyo-Cis
straight chain alkyl; and
R and R¥ independently represent a phenyl radical optionally
substituted with up to two C-Cq alkyl substituents.
© 10. A composition of claim 9 wherein:
R%is C(CHa)s, C(CHs)2C2Hs, C(CHa):Ph, or CH(CH3)C,Hs;
R® ‘is CH; C(CHj)s, C(CHs):Ph, CH,-CH,-C(0)-O-(C,HOH)s, or
C(CH3)2CH2-C(CHs3)s;
R'is H;
10  R%is OH or OC, -C, alkyl;
R®is H;
R is H;
R® is H, OH, or OCHj;
R%s H or OH:
15 R"is Ci4alkyl; and
R" and R independently represent a pheny! radical-substituted with Gy
alkyl. -
11. A composition of claim 10 wherein the UVA is 2-{2-hydroxy-5-t-
octylphenyl)-benzotriazole, or 2-(2-hydroxy-3., 5dicurmylphenyl)-
20 benzotriazole, or bis[2-hydroxy-5-methyi-3-(benzotriazoly-2yl)phenyt]
methane.
12. A composition of claim 9 V\;'herein the catalyst quencheris a

phosphite represented by Formula vilt:

R‘?O-—P——OR”

25 OR'
Fomula Vill
wherein R, RV, and R® are independently selected from the group

~ consisting of H, alkyl, aryl, alkyl substituted aryl, and wherein at least one
f R, RY, and R"®is H or alkyl.
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4 A conp osition of claim3 wherein the cycloaliphatic polyester resin is

lllﬂlﬂlmﬂliﬂilﬂjlllll"” of olaima wherein, the ratio of the
IOOI YCar bo al i phatic polyester resin is fromabout 60:40 to

about 75:25 . corrp05| tion of claimb5 wherein the benzotriazol e,
benzophenone, and tr| azi ne based UVA conpri¥es from about 0.3%to- about 7%
by weight of the total conposition. 7. A conposition of claim 6
wherein the benzotriazol e, benzophenone, and triazine based UVA conprises
fromabout 4% to 7% by wei ght of the tot al conposition. 8. A
conposition of claim \/}Qer ein the b Qt ri azol e, . benzophenone, and

triazi ne based UVA corré' £oMnosH AL S 1° “B%tW%rssuihqc%aiystmingmf ist he
total conpositi o conposition of claim 8 wherein the
benzotri azol e, °58P8F1%sﬁ%"° a@iéi triazine based UVA is represented by:

HO 0 14. A composition of claim 13 wherein the catalyst quencher is

5 phosphoric acid or phosphorous acid.
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[erT] . . [err] ,and . | [err] Formul a |

Formul a 11 ) Formula Il wherein: Rlerr] is OH Rerr] is H,
Cl- C15 branched or straight chain al kyl, C(CH3)2C6H5, [err] ,
[err] , or [err] -18-

POLYCARBONATE COMPOSITIONS COMPRISING POLYESTER
RESINS AND ULTRAVIOLET LIGHT ABSORBERS
ABSTRACT '

Weatherable polycarbonate compositions (formulations or blends)

5 comprise polycarbonate, cycloaliphatic polyester resins, at least one of a

benzotriazole, benzophenone, and triazine based UVA, and a catalyst

quencher. The incorporation of the cycloaliphatic polyester resin and the

benzotriazole, benzophenone, and triazine based UVA exhibits a

synergistic effect, thereby resulting in unexpected enhanced protection of

10 the polycarbonate compositions by imparting photostability to the

polycarbonate formulations, thereby reducing yellowing or other forms of
light induced degradation.
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- 16 - © Rerr] is H C=Ct5branched—er straight chain- alkyl, -C(CHI)2Pr%

(Cg';g_é ggo)o'c(mc:j%7 M ih O (C2H40) 8- H, 1IPoc e copy |
] i ; o e
OH, -OCk- Cl2al kyl , ) I# @‘HIEZ?BSIRE&HB'S gcarz 1R[err] is H

O GH2) 200( O) - CHECHR, - OOHRGHROH, © o - O G-
-14-

What is claimed is:
1. A composition comprising:
(a) a polycarbonate;
{(b) a cycloaliphatic polyester resin;
(c) at least one of a benzotriazole, benzophenone, and
triazine based UVA; and

(d) a catalyst quencher wherein the catalyst quencher is a

phosphite represented by Formula VIII:

R'*0O—p—O0R'"’

OR'®

Formula Vil
wherein R'®, R”, and R™ are independently selected from the group
consisting of H, alkyl, aryl, alkyl substituted aryl, and wherein at least one
of R, R, and R" is H or alkyl.

2. A composition of claim 1 wherein:
| (a) the polycarbonate and the cycloaliphatic polyester resin
taken together comprise from about 70% to about 99.94% by
weight of the total composition, the ratio of the polycarbonate to the -
~ cycloaliphatic polyester resin being from about 50:50 to about
90:10;
(b) the benzotriazole, benzophenone, and triazine based
UVA comprises from about 0.05% to about 10% by weight of the
total composition; and
(c) the catalyst quencher comprises from about 0.01% to
about 1% by weight of the total composition.
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CH( OH) - CHZOC8H17 R[WT‘FS—H—-beﬁ—zeyL SCBH or SBNa; Rerr] is H Cl-C6

al kyl; SGBH, or OCH3, -C(CH3)3; R err] is Hor
OH Rerr] is -CI !' , luﬂl, ,H!lG branched or straight chain .
al kyl -O-'C 0-C15 strai g and Rlerr] and Rerr] independently

represent a phenyl radi cal optionally substituted with up to two Cl1-C4

al kyl substituents. 10. A conpositid® of claim9 wherein: Rerr] is

C(CHS):;» C{ CH3) 2C2H5, C(CHS)ZPh or'CH(CHS)CZHS R[Srr] S CH:; C(CHS)S,
CH3) 2Ph, CH2- CHz-

g[(err% is OH or OCl - ?é;posmg{n gf j:lqlg\ g,c\ﬁm@@?(fﬁ égl onate is BPA

polycarbonate, and the cycloaliphatic polyester resin is derived from a
cycloaliphatic diol and a cycloaliphatic diacid.

4. A composition of claim 3 wherein the cycloaliphatic polyester
resin is PCCD.

5. A composition of claim 4 wherein, the ratio of the polycarbonate
to the cycloaliphatic polyester resin is from about 60:40 to about 75:25.

,6. A composition of claim 5 wherein the benzotriazole,
benzophenone, and triazine based UVA comprises from about 0.3% to

(% about 7% by weight of the total composition.

7. A composition of claim 6 wherein the benzotriazole,
benzophenone, and triazine based UVA comprises from about 4% to 7%
by weight of the total composition.

8. A composition of claim 7 wherein the benzotriazole,
benzophenone, and triazine based IUVA comprises from about 0.3% to
about 1% by weight of the total composition. '

9. A composition of claim 8 wherein the benzotriazole,
benzophenone, and triazine based UVA is represented by:

- °\Rm
U, .
Bevtof o 0 e 1
R"
Formula | : Formuia Il Formula Il
‘wherein:
R' is OH;
R® is H, Ci-Cis branched or straight chain alkyl, C(CHa)2CeHs,
OH O H
0 _c e c
SO NP SACERNG 2y,
_ , ,or g N ;
d OCgHy7 g3
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Rlerr] sis H OH or OCH3; Rerr] is Hor OH Rerr] is C2-4 alkyl; and
Rl err] and R[err] sent a phenyl radical substituted with
Cl-2 alk -17- . 11. A

coreost it o AT = > oo

- 16 -

R®is H, C4-Cys branched or straight chain alkyl, -C(CHs).Ph, -(CH,).-C(O)-
O-CgHi7, -CHa-CHo-C(0)-O-(C.H4O)s-H, -CH;CH,-O—C(0)- C(CHa)-CHg,
or -C(Ph),-CHs:

R*isHorCl

R® is H, OH, -OC+-Calkyl, -O-CH,CH=CH,, -O-(CH,)sSi{OE),,
-OCH,COOH, -O(CH,);0C(0)-CH=CH,, -OCH,CH,OH, or -O-CH,-
CH(OH)-CH,0O-CgHy7;

R°® is H, benzoyl, SO4H, or SOsNa;

R” is H, C4-Ce alkyl, SO3H, or SOsNa:

R® is H, OH, OCHj, or -C(CHa)a;

R®is H or OH:

R'® is -Cy-Cyo alkyl, or -Cy-s branched or straight chain alkyl-O-C1o-Cis

straight chain alkyl; and

R" and R'™ independently represent a phenyl radical optionally

substituted with up to two C,-C, alkyl substituents.

10. A composition of claim 9 wherein:

R2is C(CHa)a, C(CHa)zCaHs, C(CHa)oPh, oF CH(CHa)CzHs;

R® is CHs C(CHs)s, C(CHs)sPh, CHp-CHp-C(O)-O-(CsHsOH)s, or
~ C(CHa)2CH2-C(CHa)s;

R*is H;

R®is OH or OC; -C, alkyl;

R®is H;

R is H;

R®is H, OH, or OCH3;

R%s H or OH;

R' is Cy alkyl; and

R'" and R" independently represent a phenyl radical substituted with C.

alkyl.
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octyl phenyl )-benzotriazol e, or 2- (2-hydroxy- 3, -dicunylphenyl)-
benzotriazole, or bis[2-hydroxy-5-nethyl-3- (benzotriazoly-2yl) phenyl}

nmet hane. 12 immangef claim 1 wherein the catal yst quencher
i s a phosphorus oxmmmmﬂmmm”m A conposition of claim1 wherein the
catal yst quencher i% phosphdrié atid or phogpharous acid.

11. A composition of claim 10 wherein the UVA is 2-(2-hydroxy-5-t-
octylphenyl)-benzotriazole, or 2-(2-hydroxy-3,5-dicumylpheny!)-
benzotriazole, or  bis{2-hydroxy-5-methyl-3-(benzetviazoly-2yl)phenyl]
methane. :

12 A composition of claim 1. wherein the catalyst quencher is a
phosphorus oxo acid. '

13. A composition of claim 1. wherein the catalyst quencher is

phosphoric acid or phosphorous acid.
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